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allotment
plan

h e lp s  w o rk e rs  p ro ­
v id e  fo r  th e  fu tu re ;

h e lp s  s to re  u p  to ­
m o r r o w ’s b u y i n g  
p o w e r;

h e lp s  d e fen d  A m er­
ica today .

B usiness h e a d s  a re  ad o p tin g  th e  V o l­
u n ta ry  P ay -R o ll A llo tm e n t P la n  as a 
sim p le  w ay fo r  ev ery  w o rk e r  to  s ta rt 
a systematic a n d  continuous D efense  
B o n d  sav ings p ro g ra m . I t  is  a sen­
sib le  step  to w a rd  re d u c in g  th e  ra n k s  
of th e  post-w ar n eed y . I t  w ill h e lp  
sp read  th e  f in an c ia l p a r tic ip a tio n  in  
n a tio n a l de fen se  am o n g  a ll of A m er­
ica’s w age-earners. I t  w ill m a te ria lly  
re ta rd  in fla tio n  b y  “ s to r in g ”  p a r t  o f 
o u r  p y ra m id in g  n a tio n a l incom e, 
th u s  re d u c in g  th e  d e m a n d  fo r  o u r  
d im in ish in g  su p p ly  o f  co n su m e r 
goods.

In em ergencies, America doesn’t 
do things “hit-or-miss.”  W e w o u ld  
get th e re  eventually  if  w e ju s t le f t i t  
to ev ery b o d y ’s w h im  to  b u y  D efense  
B o n d s w hen  th ey  th o u g h t o f it. B u t 
we’re  a  n a tio n  o f b u sin e ssm e n  w ho 
u n d e rs ta n d  th a t th e  w ay tc  get a 
th in g  d o n e  is to  systematize  th e  o p ­
e ra tio n . T h a t is w hy so m an y  em ­
p lo y e rs  a re  ge ttin g  b a c k  o f th is  vo l­
u n ta ry  sav ings p lan .

A ll you  h av e  to  d o  is o ffer y o u r  
em plo y ees th e  co n v en ien ce  o f h av in g  
a fixed sum  a llo tte d  f ro m  each  pay  
en v e lo p e  to  th e  p u rc h a se  o f D efense  
B onds. E ach  em p lo y ee  w ho  chooses 
to  s ta rt th is  sav ings p la n  d ec id es  th e  
d e n o m in a tio n  o f th e  b o n d s  to  b e  
p u rc h a se d , a n d  th e  a m o u n t to  be  
a llo ca ted  f ro m  h is  w ages e ach  pay  
day. Y o u  d e liv e r  a b o n d  to  th e  
em p lo y ee  e a c h  tim e  h is  a llo tm e n ts  
accu m u la te  to  a su ffic ien t a m o u n t.

P len ty o f  help  available.  T h e  
T re a su ry  D e p a r tm e n t is 
re a d y  a n d  w illin g  to 
give y o u  a ll  k in d s  of 
h e l p .  L o c a l  c i v i l i a n  
co m m ittee s  in  48 S tates 
a re  se t u p  to  w o rk  w ith  
y o u  ju s t  as m u c h  as you  
w an t th em  to , an d  no 
m o re . W e w ill su p p ly  
m o st o f th e  n ecessary  
m a te ria l.

The first step  is to take a closer 
look.  W ritin g  fo r  d e ta ils  in  n o  w ay 
o b lig a te s  you  to  in s ta ll  th e  p la n . I t  
s im p ly  in d ic a te s  th a t  y o u ’d  l ik e  to  
do  something  to  h e lp  k e e p  y o u r  
p e o p le  off re lie f  w h en  defen se  p ro ­
d u c tio n  slo u g h s o ff; something  to  
e n a b le  all w age-earners to  p a r tic ip a te  
in  fin an c in g  n a tio n a l d e fe n se ; some­
thing  to  r e ta rd  in fla tio n  a n d  s to re  u p  
to m o rro w ’s b u y in g  po w er. So, w rite  
fo r  th e  f re e  k i t  o f m a te r ia l  b e in g  u se d  
by  co m p an ies th a t have  in s ta lle d  th e  
V o lu n ta ry  D efense  S avings P ay -R o ll 
A llo tm en t P la n . A d d ress : T re a su ry  
D e p a rtm e n t, S ection  A , 709 T w e lfth  
S tre e t N W ., W ash in g to n , D . G.
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"A m erica n " Cam p Regulator

T h e  C a m p  R e g u l a t o r  is  a  r e c t a n g u l a r  c o n t r o l  s e c t i o n  f o r  a c c u r a t e l y  
C O N T R O L L I N G  a n d  R E G U L A T I N G  t h e  v e lo c i ty  o f  f lo w  t h r o u g h  a  g r i t  
c h a m b e r  o v e r  a l l  r a n g e s  o f  f lo w .

B y  a p p l y i n g  a  C a m p  R e g u l a t o r ,  t h e  D e s i g n e r  is  n o t  r e q u i r e d  t o  p r e ­
d e t e r m i n e  t h e  o p e r a t i n g  g r i t  c h a n n e l  v e lo c i ty .

T h e  C a m p  R e g u l a t o r  a l l o w s  t h e  O p e r a t o r  t o  r u n  t h e  g r i t  c h a m b e r  
a t  a n y  v e lo c i ty  e x p e r i e n c e  p r o v e s  b e s t .

A f t e r  t h e  v e lo c i ty  h a s  b e e n  s e l e c t e d ,  t h e  C a m p  R e g u l a t o r  w i l l  h o l d  
t h e  v e lo c i ty  c o n s t a n t  t h r o u g h o u t  t h e  e n t i r e  r a n g e  in  f lo w .

★  ★  ★

Send for Bulletin No. 249
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WH A T  

E Q U I P M E N T  DO

Y O U
N E E D

DO you want to treat ten million 
gallons of sewage a day— or ten 

thousand? Will 70-80% solids re­
moval do the trick— or will you need 
to use chemicals? The answers to 
these questions vary with each job— 
but Dorr equipment for the basic steps 
of preflocculation and sedimentation 
can be tailored to fit your require­
ments.

For instance, the Dorrco Squarex Clar­
ifier in combination with the Dorrco 
Flocculator is designed specifically for 
square and rectangular tanks. This 
combination can be installed in bat­
teries—with common walls or no di­
viding walls at all— to handle large 
flows. Or it can be supplied in a com-

pact “ package plant” for small flows.

Then there’s the Dorrco Clarifloc- 
culator, a self-contained combination 
unit for the same basic steps of pre­
flocculation and sedimentation. If 
your design calls for round tanks, the 
Clariflocculator will produce the same 
high solids removal possible with the 
Squarex Clarifier-Flocculator combi­
nation.
There’s a carefully developed Dorr 
unit for every size and type of plant. 
Why not write for our 48 page bulletin 
“ Sedimentation”— it tells the whole 
story? Or better 
still, call in a Dorr 
engineer to help you 
with your planning.

THE DORR COMPANY, INC. • ENGINEERS
570 LEXINGTON AVE. • NEW YORK 

ATLANTA . TORONTO • CH ICAG O  • DENVER • LOS ANGELES
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R. D. Wood Co. offers 
IMPROVED PRODUCTS FOR  

SEW AGE PLANTS

PIPING: 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  p rovid ed  w ith  
cem en t or tar lin ing, or the h igh ly  and  p erm an en tly  im pervious  
Hi-Co Lining. R. D. W ood p ip e  is centrifu gally  cast in  san d-lin ed  
m olds for ligh tness, strength, flexibility, an d  uniform ity.

FITTINGS: Every sized  p ip e , from 3 ” to 30" c a n  b e  a cco m p a n ied  b y  
its ow n com p lete lin e  of fittings, prod ucts of o n e  of A m erica 's  
old est and b est eq u ip p ed  foundries. S p e c ia l fittings m ake p ossi­
b le  com p licated  p ip in g  arrangem ents in  a m inim um  of sp a ce .

VALVES: R. D. W ood g a te  va lves are u n iq u e in  th e  sim p licity  of their 
construction and th e d ep en d ab ility  of their operation . T h ey u se  
only three m oving parts. W e p rovid e them  in  a ll s izes for m anual 
or p ow er operation , a s  w e ll a s  c h e c k  va lves, foot va lves, etc .

FLOOR STANDS and A CCESSO RIES: A cc esso r ie s  n e c e s ­
sary to the p ip in g  and  control of se w a g e , w ater, or g a s . O u r  
E n gin eerin g  D epartm ent w ill g la d ly  g iv e  inform ation, ad v ice , 
su ggestion s, p rices, an d  other assistan ce.

R. D. WOOD COMPANY
400 CHESTNUT STREET, PHILADELPHIA, PA. • ESTABLISHED 1803
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Dedicated to a  Great Task 
9 T hat Lies Before Us

W O RLD ’S L A R G ­
EST A C TIV A T ED  
SLU DG E P LA N T , 
Sou thw est Sew age 
T re a tm e n t W orks, 
S anitary D istric t of 
Chicago, is equip­
ped w ith Link-Belt 
S traightline sludge 
collectors for p ri­
m ary and concentra­
tion  tanks; straight- 
line m echanically- 
cleaned bar screens; 
mixers, screw con­
v e y o r s ,  a n d  b e l t  
conveyors for han ­
d lin g  f il te r  c a k e ; 
w aterintakescreens; 
coal handling con­
veyors, as well as 
power transm ission 
equipm ent, such as 
v a r i a b l e  s p e e d  
transm issions, speed 
r e d u c e r s ,  g e a r s ,  
bearings, etc.

LINK-BELT looks ahead w ith engineers 
who plan for better sanitation
•  Link-Belt, a company that has developed mechanical equipment for many of the 
world’s most efficient sewage and water treatment plants, now looks ahead to the 
great task of keeping America the cleanest, healthiest country in a world at peace. 
The post-war planning of every community should and will include facilities for 
the proper handling of its sewage and industrial wastes.

With a history of outstanding achievements in the development and manufac­
ture of mechanical handling, screening, aeration and mixing equipment, we offer our 
experience and facilities to the engineers and operators of America’s sewage and 
water treatment plants in the accomplishment of the great task that lies before them.

L I N K - B E L T  C O M P A N Y
S p ec ia lis ts  in  th e  M a n u f a c tu re  of E q u ip m e n t  for W a te r  a n d  S ew age T re a tm e n t  P la n ts  

P h ila d e lp h ia  C h ic ag o  C le v e la n d  In d ia n a p o lis  L os A ngeles T o ro n to

Offices in  p rin c ip a l  cities

U N / C - B F L T

SCREENS* COLLECTORS • AERATORS • GRIT CHAM B E R S -MIXERS



QUICK FACTS ON  
TRANSITE SEWER PIPE

FAST INSTALLATION . . .
T r a n s i t e ’s  lo n g  l e n g t h s  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 ig 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 ic a l  h a n d l in g .

LESS INFILTRATION . . .
F e w e r ,  t i g h t e r  j o i n t s  m in im iz e  
l e a k a g e ,  c u t t i n g  d o w n  o n  t h e  
l o a d  a t  t h e  d is p o s a l  p l a n t .

HIGH DELIVERY CAPACITY . . .
T h i s  a d v a n t a g e  o f  T r a n s i t e  P ip e  
f r e q u e n t l y  p e r m i t s  s m a l l 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 .

AVAILABLE BOTH FOR FORCE 
MAINS AND GRAVITY LINES

Complete information is given 
in brochure TR-21 A. And for de­
tails on lower-cost water trans­
portation, send for Transite 
Water Pipe Brochure TR-11A. 
Johns-Manville, 22 East 40th 
Street, New York, N .Y .

C'°«4~/g„

T - r —C/(1r  r I  _ P G f  lint. r.
a resf men 

• pe' linear h das, 2 r, '• 
Class 3

Class I 
4125  
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2880 
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25  80 
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2200 
2/20 
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2290  
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P*BSÜ*errpe „».0(0
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£>ic blanC or c^m a/í,
A L U M I N U M  I S M A K I N G  M A I N T E N A N C E  E A S I E R

Aluminum windows and doors, in­
stalled before aluminum went to 
war, grace all of these buildings; 
the little isolated pumping station, 
the small town and big city dis­
posal plants. And elsewhere 
throughout these buildings, alumi­
num is contributing to their fine 
appearance and lower upkeep costs.

In these days when manpower 
for maintaining sewage treatment 
plants is at a premium, operators 
are valuing their aluminum fittings 
and equipment more than ever. 
Where used for decorative pur­
poses, it is easy to keep bright and 
shining. Where it was installed 
primarily as a barrier against 
corrosion, it goes about that

job with a minimum of attention.
Decorative aluminum, handrails, 

window sills, light reflectors and 
instrument housings usually have 
an Alumilite finish*. They need 
only an occasional dusting off or 
washing with mild soap and water. 
Aluminum window frames, sky­
lights, coping, spandrels, air ducts, 
and the like, should be cleaned peri­
odically. This prevents the accumu­
lation of moisture-holding pockets 
of dirt which might cause trouble.

Alcoa engineers will gladly help 
you decide on ways of assuring 
maximum life for irreplaceable 
aluminum alloys in your plant. 
A l u m i n u m  C o m p a n y  o f  A m e r i c a ,  
2111 Gulf Building, Pittsburgh, Pa.

Process patented

ALCOA © ALUMINUM
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He Does More Than MAKE Them

Tow-Bro Sludge Remover S lo -M ixer

M a n u f a c tu r i n g  s a n i t a t i o n  e q u i p m e n t  i s  o n ly  
p a r t  o f  h i s  w o r k .

H i s  b u s i n e s s  i s  m e c h a n i c a l  e n g i n e e r i n g ,  t h e  
d e s i g n  . . . m a n u f a c t u r e  . . . a p p l i c a t i o n  . . . 
s e l l i n g  a n d  m a i n t e n a n c e  o f  s p e c i a l  a p p a r a t u s  
f o r  s e w a g e  d i s p o s a l  a n d  w a t e r - t r e a t m e n t .

In order to properly design an d  manufacture 
his products, Rex M echanical Engineering—Rex 
M. E .—must also perform the functions of appli­
cation andselling.These are, in some ways, his most 
important obligations to the Sanitation Engineer.

A p p l i c a t i o n  a n d  s e l l i n g  a r e  t e c h n i c a l  i n ­
f o r m a t i o n  s e r v i c e s  p r o v i d e d  b y  s p e c i a l i s t s  t o  
h e l p  t h e  s a n i t a t i o n  e n g i n e e r  a n a ly z e  h i s  d if f i­
c u l t i e s  a n d  f in d  t h e  b e s t  w a y s  f o r  s u r m o u n t i n g  
th e m .

F o r  t h i s  s e r v i c e  R e x  M e c h a n i c a l  E n g i n e e r ­
i n g — R e x  M . E .— m a i n t a i n s  a  t e r r i t o r i a l  o r ­
g a n i z a t i o n .  M a n y  o f  t h e  m e n  i n  i t  h a v e  s e r v e d  
t h e i r  a p p r e n t i c e s h i p  i n  h i s  d r a f t i n g  r o o m s  a n d  
p l a n t s .  F o r  a d d i t i o n a l  c o u n s e l ,  t h e s e  f ie ld  m e n  
c a l l  o n  h i s  d e s i g n i n g  e n g i n e e r s  i n  M i l w a u k e e  
w h o h a v e  t h e  a d v a n t a g e s  o f  n a t i o n a l  e x p e r i e n c e .

Through the work of a ll  these men in many 
fields, Rex M . E. is learning—an d making avail­
able—much that is helpful in the g rea t work in 
which a ll  engineers are engaged, namely, t o  
a c h i e v e  a  m a x i m a l  r e s u l t  a t  m i n i m a l  c o s t  a n d  
w a s te .  F o r  c o m p l e t e  i n f o r m a t i o n  w r i t e  C h a in  
B e l t  C o m p a n y ,  1 6 0 6  W .  B r u c e  S t ., M i l w a u k e e ,  
W i s c o n s i n .

Triturator

S A N I T A T I O N  E Q U I P M E N T
Triturators • Bar Screens • Tow-Bro Sludge Rem overs • Slo-Mixers 

A ero-F ilters  • R apid  M ix ers  • G rit Collectors and W ashers

Bar Screen

C H A I N  B E L T  C O M P A N Y  O F  M I L W A U K E E
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c Announcing

A  W a r t im e  P u b lic  H ea l t h  
C o n f e r e n c e

AN D  THE

72n d  A n n u a l  B u s in e s s  M e e t i n g

OF THE

A m e r ic a n  
P u blic  H e a l t h  A s s o c ia t io n

N e w  Y o r k , N .  Y.

October 12, 13 a n d  14

A m e r i c a n  P u b l i c  H e a l t h  A s s o c i a t i o n

1790 B r o a d w a y  N e w  Y o r k ,  N. Y.





Valves... Sluice Gates 
...Motor Units

HAVE THE S A M E  BUILT-IH

"PERFORMANCE BOND"
S u re ty  o f  l o n g - t e r m  s e r v i c e  f r o m  a l l  C h a p m a n  S e w a g e  W o r k s  E q u i p m e n t  is  t r i p l y  u n d e r ­

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

C h a p m a n ’s o w n  f o u n d r i e s  . .  . a n d  b y  p e r m a n e n t  m e c h a n i c a l  f i tn e s s  p r e d e t e r m i n e d  in  

C h a p m a n  m a c h i n e  s h o p s  a n d  t e s t i n g  l a b o r a t o r i e s .

O n ly  C h a p m a n  g iv e s  y o u  t h e  5 o p e r a t i n g  a d v a n t a g e s  o f  t h e  A u t o m a t i c  C o n e  V a l v e . . .  

th e  w id e  r a n g e  o f  t y p e s  a n d  s iz e s  in  S t a n d a r d i z e d  V a lv e s  a n d  S lu ic e  G a t e s  . . .  a n d  t h e  

s a v in g s  o f  t i m e  a n d  l a b o r  a f f o r d e d  b y  C h a p m a n  M o t o r  U n i t s .  B e  s u r e  t o  g e t  t h e s e  

a d v a n ta g e s  w h e n  you  b u y  s e w a g e  w o r k s  e q u i p m e n t .

Above: Typical Iron-Body, Solid-W edge
Gate Valve. Left: M otor-O perated Floor- 
sta n d  fo r  Valves a n d  Gates. R igh t :  S ta n ­
dard ized  Rectangular Sluice Gate.

l , ’  n ;  a
RING CO .
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N o b o d y  h a s  to  r e m in d  F ra n k  M a r ic le ,  
p r e s s  o p e r a to r  a t  th e  B u ffa lo  p la n t  o f  
T h e  A m e r ic a n  B ra s s  C o m p a n y , a b o u t  
th e  im p o r ta n c e  o f  a l l - o u t  p r o d u c t io n  
f o r  U . S. w a r  n e e d s . H e  h a s  th e  b e s t  o f  
a l l  r e m in d e r s  a n d  " in c e n t iv e  p la n s ” 
in  h is  s o n ,  B e n  . . . U . S. A rm y  A ir  
C o rp s  S e rg e a n t.

A n d  so  i t  i s  w i th  th o u s a n d s  o f  o th e r  
A m e r ic a n  B ra s s  w o r k e r s  w h o  h av e  
s o n s  a n d  b r o th e r s ,  c o u s in s  a n d  n e p h ­
e w s , in  th e  a rm e d  fo rc e s . T h e y  k n o w  
th e y  a re  p r o d u c in g  n o t  m e re ly  
m e ta ls  b u t  c o p p e r  a n d  b r a s s  
w a r  m a te r ia ls  f o r  them . . .  to

h e lp  b r i n g  v ic to ry  s o o n e r .  T o  d a te , 
o v e r  3 ,5 0 0  f o r m e r  A m e r ic a n  B ra s s  
f e l lo w  w o r k e r s ,  th e m se lv e s , a r e  s e rv ­
in g  w i th  U n c le  S am .

T o d a y ,  o u r  r e c o r d - b r e a k in g  p r o ­
d u c t io n  o f  A n a c o n d a  C o p p e r  a n d  
B ra s s  is  d e v o te d  t o  w a r  n e e d s . N o n e  
c a n  b e  s p a r e d  f o r  o th e r  u se s . B u t w e  
c a n  ta k e  s a t is f a c t io n  in  k n o w in g  th a t  
th e  r e s t r i c t i o n s  a n d  sa c r if ic e s  o f  to d a y  
a re  n e c e s sa ry  f o r  t o m o r r o w ’s v ic to ry .

434 I E

THE A M E R I C A N  B R A S S  C O M P A N Y
G en era l O ffices: W aterbury , C onn. 
Subsidiary o f Anaconda Copper M ining  

o n d A  C om pany  • In  C a n a d a :  A naconda 
j J J -r-' American Brass Ltd., N ew  Toronto, Ont.

c ^ K a c o H ^ a V M M

HERE’S THE FINEST

WE KNOW

•  Technical Sergeant Ben 
M aricle, U. S. A rm y A ir  
Corps, a t home on leave, con­
gratulates his fa ther, Frank 
M a rie  le, A m erica n  Brass 
press operator, on the pro­
duction job he is doing.
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D E L I V E R Y !
ON THIS DEPENDABLE SEWAGE EJECTION

—  D e s i g n e d  f o r  s m a l l  f l o w s

Two important advantages are 
offered you in this Yeomans Pneu­
matic Pumping System designed to 
handle small flows:

•  it is good equipm ent, thoroughly 
proved by years of efficient service

•  you can get prompt delivery

With this system you avoid the 
difficulties inescapable when a centrif­
ugal pump has been scaled down so 
small that a screen or mechanical 
shredder is necessary to pass normal 
and troublesome solids.

Yeomans Pneumatic Systems are 
designed specifically to handle small 
flows— to handle actual flow s effectively, 
in the simplestpossiblemanner; equip­
ment suited to the job— which is cer­
tainly the objective of  sound engineer­
ing.

Better performance and greatly 
simplified maintenance are the pleas­
ant results— at a cost usually lower, 
rarely if ever higher than that of cen­
trifugals.

Yeomans Bulletins belong in every 
file. Write for Bulletin 4401.

Four types of pneum atic pumping equipm ent to fit varying n eed s

YEOMANS r „ ™
1411 D A Y T O N  S T R E E T ,  C H I C A G O ,  I L L .

DEI

The YEO M ANS E X P E L S C R

•  no screens or shredders

•  no im pellers

•  no moving parts

•  no unsanitary sump

•  no leakage herm etically
sealed

•  no noxious gases

•  no m ultip lied  m a in te ­
nance p ro b lem  —  no 
stuffing boxes

•  can be operated on ex­
isting air supply
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Conference on

W i I ? 8  O peration

C l e v e l a n d  — J u n e  1 5 - 1 8 ,  1 9 4 3  

At t h e  C a r t e r  a n d  S t a t l e r  H o t e l s

Full technical program on: afternoon o f  
June 15, all day June 16, all day June 17, 
and morning o f June 18. Postwar plan­

ning on evening o f June 16.

MAKE RESERVATIONS NOW BY WRITING DIRECTLY T O :

C A R T E R  H O T E L  or S T A T L E R  H O T E L

$3.00, 3.50, 4.00, 4.50 S ing le  R o o m s  $3.00, 3.50, 4.00, 4.50, 5.00, 6.00

$5.00, 5.50, 6.00, 6.50 Do^  $5.00, 5.50, 6.50, 7.00, 8.00

$6.00, 7.00, 8.00 T ivin  B edroom s  $5.00, 5.50, 6.00, 6.50, 7.00, 7.50, 8.00
( f o r  tw o )

From 12 to 20 available . From 10 to 15 availableSuites _ .
(describe by le tte r ) (describe b y  le tte r )

F O R  B E S T  R E S E R V A T IO N S , W R IT E  N O W ­

A N D  R E F E R  S P E C IF IC A L L Y  A N D  C L E A R L Y  T O  T H E

A B O V E  S C H E D U L E

The Sixty-Third  Annual Meeting of the 

AMERICAN WATER W ORKS ASSOCIATION
New Address: 500 Fifth A v e ., New York, N. Y .
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N o t a b l e  C o n t r i b u t i o n s  t o

W A R -T IM E  SE W A G E
a n d

W A S T E  T R E A T M E N T
Our Foremost Contributions Are:

EXPERIENCE, ENGINEERING  DATA, APPLI­
CATION INFORMATION, PROVEN SIMPLIFIED  
PROCESS AND OPERATOR TRAINING SERVICE

E X P E R IE N C E  includes ten years of con­
centrated efforts specializing in the Activated 
Sludge Process for the complete treatment of 
sewage and in the treatment of industrial 
wastes. We have furnished process equipment 
and operator training service for the success­
ful operation of 231 complete treatment 
plants. There are 125 “Chicago”-equipped 
War-Time plants in operation. Fifty of them 
are for complete treatment of sewage, and 
seventy-five are for waste treatment.

E N G IN E E R IN G  D A T A  has been compiled 
during the 10-year period of constant research 
and development operations both in the lab­
oratory and in the field, and include actual 
operation records of over a hundred existing 
“Chicago” installations.

A P P L IC A T IO N  IN F O R M A T IO N  on “Chi­
cago” equipment covers actual performance 
data gathered under a wide variety of condi­
tions and from many différent sizes of plants.

P R O V E N  S IM P L I F I E D  P R O C E S S , on
which we have been working for some years, 
has been adapted to plants of extremely sim­
ple design. They require less critical materials, 
the least amount of mechanical equipment for 
volume handled, less time and labor for in­
stallation and are more economical than other 
types of plants for comparable treatment up 
to 85 per cent purification.
O P E R A T O R  T R A IN IN G  S E R V IC E  by
our Operating Sanitary Engineers with defi­
nite knowledge of process control and plant 
regulation, based on ten years experience, 
trains plant operators to produce a consist­
ently high degree of purification under widely 
varying sewage flows and strengths.
W R IT E  T O D A Y  T O  O U R  S E W A G E  

E Q U IP M E N T  D IV IS IO N  
Full Information, Estimates and Sketches are 
available to Consulting Engineers and Gov­
ernment Designing Engineers.

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

---------------------------------------------------------------1 e
2336 Wolfram Street, C H I C A G O ,  ILL.

Phone BRUnswick 4110 n--------  J
r e p r e s e n t a t i v e s  t h r o u g h o u t  t h e  u n i t e d

--------------------------------------------------------------- (•»

V A C U U M — C O N D E N S A T I O N  —  CIRCULATING —  BILGE 
FIRE -  H O U S E  -  S E W A G E  -  SCRU-PELLER PU MP S 
A E R A T O R S  -  C O M M I N U T O R S  -  S A M P L E R S

STATES A N D  F O R E I G N  C O U N T R I E S
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Public Health must be maintained/
T h e  n e c e s s i ty  o f  m a in t a in in g  p u b l ic  
h e a lth  in  w a r tim e  is se lf-ev iden t. M u n ic i­
p al officers in  ch arg e  o f w a te r  pu rifica­
tio n  and  sew age d isp o sa l have  a  v ita l 
re sp o n s ib ility  in  g u a rd in g  the  n a tio n ’s 
h ea lth , th a t sh o u ld  n o t be  u n d e res tim a ted  
as a  c o n tr ib u tin g  fac to r to  final v icto ry .

H o w ev er, th e  p ro b lem s o f m a in ta in in g  
p u b lic  h e a lth  are  becoming increasingly 
difficult in the face of material shortages 
and transportation handicaps. In  o rd e r  to

ease th is s itu a tio n  in  re g a rd  to  Aluminum 
Sulfate as m uch  as po ss ib le , w o n ’t you 
h e lp  u s by o b se rv in g  the  fo llo w in g  sim p le  
ru le s ?

O rd e r  "m a x im u m ” cars to  conserve 
tra n sp o rta tio n  space and  reduce  the 
h au lag e  necessary  to  se rve y o u r needs.

P lace  y o u r o rd e rs  as far ah ead  as 
you  can  so th a t  w e m ay sc hedu le  o u r  p ro ­
du c tio n  on  an efficient basis.

W hy M o s t A m e rican  C itie s P re fe r G e n eral C hem ical Alum inum  S u lfa te
G en era l C hem ical A lu m in u m  S u lfa te  is 
an especia lly  dev e lo p ed  "A lu m !’ H ig h  
q u a lity  and  constan t u n ifo rm ity  have

g iven  it  a time-tested re p u ta tio n  am ong  
w a te r  w o rk s  en g in ee rs  an d  sew age p la n t 
op e ra to rs .

★  FOR W AT E R W O R K S
1. M akes w a te r  c rysta l c lear.
2. L onger filte r ru n s  are  ob ta in ab le .
3. Is econom ical, u sed  p ro p e rly  w ill  con ­
serve ch lo rin e  su p p lies  . . . because i t  does 
n o t re q u ire  o x id a tio n  to  m ake it  effective.
4. S u p e rio r  in tests ag a in s t o th e r  co ag u ­
lan ts.
5. H ig h  in  q u a lity , its  constan t u n ifo rm ­
ity  can  be co u n ted  upon .

★  FOR S E W A G E  P L A N T S
1. C lean , easy to  h an d le  an d  econom ical 
to  use.
2. S im ple ap p lica tio n , re q u ire s  on ly  lo w  
cost feed in g  a p p a ra tu s  an d  m in im u m  
a tten tio n .
3. C lea r, co lo rless effluents are  possib le .
4. P re c ip ita te d  s lu d g e  d ig es ts  read ily .
5. T re a te d  d ig es te d  sludge d rie s  qu ick ly , 
w ith o u t odor.

G E N E R A L  C H E M I C A L  C O M P A N Y
40 REC TO R  S T R E E T , NEW Y O R K , N. Y.

Technical Service Offices: Atlanta • Baltimore • Boston • Bridgeport (Conn.) 
Buffalo • Charlotte (N. C.) • Chicago • Cleveland • Denver • Detroit • Houston 
Kansas City • Milwaukee • Minneapolis • New York • Philadelphia • Pittsburgh 

Providence (R. I.) • St. Louis • Utica (N. Y.)
Pacific Coast Technical Service Offices: San Francisco • Los Angeles 

Pacific Northwest Technical Service Offices: Wenatchee (Wash.) • Yakima (Wash.) 
I n  Canada: The Nichols Chemical Co., Ltd. • Montreal • Toronto • Vancouver
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YOUR JO B TO MAINTAIN A VITAL SERVICE 

. . .T O  CONSERVE CRITICAL MATERIALS

H o w  to  m ain ta in  a vital serv ice to  the  figh ting , hom e and  in ­
d u str ia l fro n ts  w h ile  co n serv in g  m ateria ls is a to u g h  assig n ­
m ent. Y et the  jo b  m ust be do n e . M uch o f the  success o f  w ar 
p ro d u c tio n  d ep en d s u p o n  your service.

W e d o n ’t p re ten d  to  have a ll the  answ ers bu t w hen  your jo b  
involves the  m ain tenance , the  ex tension  o r  the  sa lvag ing  o f  
p ip e  lines, we can help . H e re ’s how .

PRODUCTS AND REPLACEMENT PARTS

D resser C oup lings , F ittings, R e p a ir  Sleeves an d  C lam ps, are 
peacetim e p ro d u c ts  w h ich  have assum ed w ar tim e significance.

O u r J o b  is the  p ro d u c tio n  o f  actual figh ting  g o o d s  an d  in 
ad d itio n , the  em ergency  p ro d u c ts  needed  fo r p ro tec tio n , rep a ir  
and  ex ten sio n  o f  vital p ip e  lines.

M any D resser p ro d u c ts  are  s till available  fro m  stock  on  
sh o r t no tice— w ith  p ro p e r  p rio rity . O th e rs  can be m ade and 
sh ip p ed  fairly  p rom ptly .

So w hatever your needs, g e t in  touch  w ith  us. N in e  tim es 
ou t o f  ten  w e are  ab le  to  m eet your req u irem en ts o r  to  sug ­
gest sa tisfacto ry  a lternates.

O u r J o b  is to  h e lp  you d o  Y o u r Jo b . W rite , w ire  o r  phone—

DRESSER MANUFACTURING COMPANY • BRADFORD, PA.

PIPE COU PLIN GS
AND REPAIR DEVICES!
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When the Whistles Blow at War's ENL
will your Plans for Improvements be ready ?
P r e p a r e d n e ss  fo r  p e a c e —c o m p le t e ,  
d e t a i le d  p la n s  fo r  w a r -d e fe r r e d  
w a te r  s u p p ly ,  g a s  a n d  s e w a g e  
w o r k s  c o n s t r u c t io n —is  a p r a c t ic a l  
a n d  p a tr io t ic  c o n t r ib u t io n  to  t h e  
N a t io n ’s p o s t -w a r  w e lfa r e .

W ar d e m a n d s  h a v e  m a d e  i t  i m ­
p o s s ib le  to  ca rry  o n  n o r m a l i m ­
p r o v e m e n t s  a n d  e x t e n s io n s  t o  
t h e s e  v ita l  s e r v ic e s . In  s o m e  i n ­
s t a n c e s  w h e r e  c o n s t r u c t io n  c o u ld  
n o t  b e  d e fe r r e d , m a te r ia ls  h a v e  
b e e n  u s e d  w h ic h  w o u ld  n o t  o r d i­
n a r ily  b e  c o n s id e r e d  fo r  p e r m a ­
n e n t  c o n s t r u c t i o n .  A u t h o r it ie s  
e s t im a t e  t h a t  m o r e  t h a n  a b i l l io n  
d o lla r s  o f  s u c h  im p r o v e m e n t s ,  ex ­
t e n s io n s  a n d  r e p la c e m e n t s ,  n e c ­
e s sa r y  to  p u b lic  h e a l t h  a n d  s a f e t y ,  
h a s  b e e n  d e fe r r e d .

T h is  re se rv o ir  o f  a c c u m u la t e d  
p u b lic  w o rk s r e p r e s e n ts  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  s o ld ie r s  a n d  j o b le s s  w ar  
w o rk er s .

T h e  t im e  to  p r e p a r e  w o r k in g  
p la n s  a n d  s p e c if ic a t io n s  fo r  im ­
p r o v e m e n ts ,  fo r  e x t e n s io n s ,  a n d  
fo r  r e p l a c e m e n t  o f  t e m p o r a r y  
c o n s t r u c t io n  w i t h  p e r m a n e n t

m a t e r ia l s ,  is  N O W , w h e n  e n g i ­
n e e r in g  d e p a r t m e n t s  a n d  c o n ­
s u l t in g  e n g in e e r s  a re  n o t  r u s h e d  
w it h  w o rk . P la n s  in  r e a d in e s s  w ill  
sa v e  m o n t h s  o f  d e la y  a t  a  t im e  
w h e n  t h e  t r a n s i t io n  f r o m  w a r ­
t im e  to  p e a c e t im e  e c o n o m y  w ill  
b e  t h e  N a t i o n ’ s n u m b e r - o n e  
p r o b le m .

A n y  o f  t h e  m e m b e r s  o f  t h is  A s­
s o c ia t io n  w il l  fu r n is h  p r o m p t ly  
in fo 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 i t h  
t h e  n e w  A . S . A . L aw  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  se r v ic e  r e q u ir e m e n ts .

* D e v e lo p e d  u n d e r  t h e  a u s p i c e s  o f  t h e  
A m e r i c a n  S t a n d a r d s  A s s o c ia t io n  i n  c o ­
o p e r a t i o n  w i t h  t h e  A m e r i c a n  G a s  A s so ­
c i a t i o n ,  A m e r i c a n  W a t e r  W o r k s  A s so ­
c i a t i o n ,  N e w  E n g l a n d  W a t e r  W o r k s  
A s s o c ia t io n ,  A m e r i c a n  S o c ie ty  f o r  T e s t ­
in g  M a t e r i a l s  a n d  t h e  m e m h e r s  o f  C a s t  
I r o n  P ip e  R e s e a r c h  A s s o c i a t i o n .

(¡AST IKO N  P IP I
UK SEARCH ASSOCIATION, CIIICAGl
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Plant Operation

B y  A b e l  W o l m a n

Prof. o f Sanitary Engineering, The Johns HopTcins University, Baltimore, Md.

O n e  o f  t h e  a d v a n t a g e s  i n  t a l k i n g  a b o u t  t h e  f u t u r e  is  t h a t  t h e r e  i s  n o  
l i m i t  to  y o u r  i m a g i n a t i o n ,  a n d  t h e r e  o f  c o u r s e  c a n  b e  n o  c o n t r o v e r s y  
a b o u t  y o u r  p r e d i c t i o n .  A n y  o n e  i n  t h e  a u d ie n c e  i s  a t  l i b e r t y  t o  a r g u e  
w i th  t h e  s p e a k e r  a b o u t  t h e  f u t u r e ,  b u t  h e  c a n n o t  s u m m o n  u p  a n y  d a t a  
w h ic h  w i l l  c o n t r o v e r t  a n y  o f  t h e  p r o p h e c i e s  w h ic h  I  m a y  v e n t u r e  to  
m a k e  t h i s  e v e n in g .  I  a m  w e l l  a w a r e  o f  t h a t  s t r a t e g i c  a d v a n t a g e ,  a n d  
I  a m  t a k i n g  a d v a n t a g e  o f  i t  p r i m a r i l y  to  d i s c u s s  w i t h  y o u ,  m o r e  o r  le s s  
i n  a  c o n v e r s a t i o n a l  m o o d ,  w h a t  i t  i s  t h a t  I  p r e t e n d  t o  e n v i s io n  i n  t h e  
f u t u r e .

I  d o  i t  n o t  o n ly  to  a m u s e  y o u — w h ic h  i s  o n e  o f  t h e  p r i m a r y  f u n c t i o n s  
o f  a n  a f t e r - d i n n e r  s p e a k e r — b u t  r e a l l y  to  e x p l o r e  w i t h  y o u ,  a s  s e r io u s -  
m in d e d  p a r t i c i p a n t s  i n  s a n i t a r y  e n g i n e e r i n g  p r a c t i c e ,  w h a t  t h e  f u t u r e  
h o ld s .  W e  m a y  a l l  b e  w r o n g .  W e  m a y  a l l  h a v e  g u e s s e d  w r o n g ;  a n d  
c e r t a i n l y  I  h o p e  t h a t  a l l  o f  u s  w i l l  h a v e  a n  o p p o r t u n i t y  t o  t e s t  t h a t  o u t ,  
i f  f a t e  i s  k i n d  to  u s ,  a n d ,  i f  w e  s u r v i v e  u n t i l  a f t e r  t h e  w a r ,  t o  b e  a b le  to  
t a k e  s to c k  o n c e  a g a i n  a t  s u c h  a  m e e t i n g  a s  t h i s ,  i n  o r d e r  t o  d e t e r m i n e  
h o w  f a r  f r o m  a c c u r a c y  w e  w e r e .

B u t  c e r t a i n l y  t h e r e  i s  n o  h a r m  in  t a k i n g  s t o c k ;  t h e r e  i s  n o  h a r m  in  
a l lo w in g  o u r  i m a g i n a t i o n  to  r o a m  o v e r  t h e  s c e n e ,  a n d  to  t r y  to  v i s u a l i z e  
i f  w e  c a n  w h a t  i t  i s  t h a t  t h e  f u t u r e  h o ld s  f o r  u s .  T h a t  p a r t i c u l a r  t a s k  
h a s  b e e n  a s s i g n e d  to  m e .  O n e  o f  t h e  r e a s o n s  f o r  i t ,  I  a s s u m e ,  i s  t h a t  
a lm o s t  e v e r y  o n e  i n  t h i s  r o o m ,  m a n  a n d  w o m a n ,  i s  e n g a g e d ,  a n d  h a s  
b e e n  f o r  t h e  l a s t  e i g h t e e n  m o n t h s ,  in  t h e  s t r e n u o u s  a n d  p r i m a r y  t a s k  o f  
w in n in g  th e  w a r .  A s  I  lo o k  a r o u n d ,  I  s e e  n o  i n d i v i d u a l  w h o  i s  n o t  a c ­
t i v e ly  e n g a g e d  i n  a  d a y - b y - d a y  a s s i g n m e n t ,  a l l  o f  w h ic h  i s  d i r e c t e d  t o ­
w a r d s  m e e t i n g  t h e  c o n t i n g e n c y  o f  w a r .

I t  p e r h a p s  i s  a  r e l i e f  t h a t  t h i s  a s s i g n m e n t  i s  d i r e c t e d  t o w a r d s ,  n o t  
th e  p r e s e n t ,  b u t  t h e  f u t u r e .  I t  i s  a  r e l a x a t i o n ,  l e t ’s  c a l l  i t ,  i n  t h e  d i r e c ­
t io n  o f  l e a v i n g  t h e  p r o b l e m s  o f  t h e  d a y ,  w h ic h  a r e  c e r t a i n l y  a c u t e  e n o u g h  
to  w a r r a n t  d e v o t i n g  a l l  o f  y o u r  t i m e  to  t h e  p r e s e n t .  P e r h a p s  a t  m i d ­
n ig h t ,  w h e n  y o u  a r e  e x h a u s t e d  f r o m  th e  p r e s e n t ,  y o u  s h o u l d  b e  a l l o w e d  
a n  o p p o r t u n i t y  to  e n v i s i o n  t h e  f u t u r e .  A n d  m y  f u n c t i o n  i s  p r i m a r i l y ,  
a c c o r d in g  to  y o u r  P r o g r a m  C o m m i t t e e ,  t o  l e a d  y o u  i n t o  t h a t  f u t u r e  i n  
o r d e r  to  t r y  to  s e e  w h e r e  w e  m a y  s t a n d  i n  1 9 4 4 , o r  1 9 4 5  o r  1 9 4 6 , w h e n  
th e  w a r  is  o v e r .

* Address Before the Joint Banquet of the Sanitary Division of the American Society of 
Civil Engineers and the New York State Sewage Works Association, New York City, Jan. 22,
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P r o b l e m s  of D e m o b l iz a t io n

N o w , w h y  t a l k  a b o u t  w h a t  w e  h a v e  l e a r n e d  to  s p e a k  o f  a s  “ D ”  d a y ,  
D e m o b i l i z a t i o n  d a y ?  A l l  o f  u s  a r e  f a m i l i a r  w i t h  “ M ”  d a y ,  t h e  f a m i l i a r  
A r m y  t e r m  f o r  m o b i l i z a t i o n  o f  a l l  o f  o u r  r e s o u r c e s  f o r  w i n n i n g  t h e  w a r .  
W e  a r e  n o w  t u r n i n g ,  p e r h a p s  f o r  t h e  n e x t  t w e n t y  m i n u t e s  o r  s o ,  t o  “ D ”  
d a y ,  t h a t  d a y  w h ic h  w i l l  a r r i v e .  V e r y  f e w  o f  u s  h a v e  a n y  d o u b t  b u t  t h a t  
w e  s h a l l  w i n  t h i s  w a r ,  a n d  w e  s h a l l  r e a c h  t h e  d a y  o f  D e m o b i l i z a t i o n .

A n d  w h e n  t h a t  “ D ”  d a y  i s  r e a c h e d ,  w h e r e  w i l l  w e  s t a n d ?  H o w  w i l l  
w e  h e  p r e p a r e d  f o r  i t ?  A n d  w h a t ,  i f  a n y t h i n g ,  c a n  a  g r o u p  s u c h  a s  t h i s  
d o  i n  p r e p a r a t i o n  f o r  i t ?

I  h a v e  p o i n t e d  o u t ,  w i t h i n  t h e  l a s t  t e n  d a y s ,  i n  a  g r o u p  s i m i l a r  t o  t h i s ,  
t h a t  t h e r e  i s  a n  o ff ic ia l  s a n c t i o n  f o r  t h i n k i n g  a b o u t  t h e  f u t u r e .  S t r a n g e l y  
e n o u g h ,  t h e r e  a r e  a  l o t  o f  p e o p l e  w h o  b e l i e v e  w e  s h o u l d  n o t  t h i n k  a b o u t  
t h e  f u t u r e ,  t h a t  t h e  p r o b l e m s  o f  t o d a y  a r e  a c u t e  e n o u g h  to  t a k e  a l l  o f  
o u r  a t t e n t i o n .  T h e r e  a r e  s o m e  w h o  b e l i e v e  t h a t  w e  s h o u l d  n o t  b e  
u t o p i a n ,  t h a t  w e  s h o u l d  n o t  b e  t o o  t h e o r e t i c a l  o r  a c a d e m ic ,  t o  t h i n k  t h a t  
t h e r e  w i l l  b e  a  f u t u r e .

O f f ic ia l ly ,  h o w e v e r ,  t h e  S e l e c t i v e  S e r v i c e  A c t ,  w h i c h  p r o v i d e s  f o r  
m o b i l i z a t i o n  o f  a l l  o f  t h e  p e r s o n n e l  o f  t h e  U n i t e d  S t a t e s  f o r  t o t a l  w a r ,  
i n c l u d e s  a  d i r e c t i v e  f o r  d e m o b i l i z a t i o n .  I  a m  n o t  s u r e  h o w  m a n y  o f  
y o u  a r e  a w a r e  o f  t h a t  f a c t ,  t h a t  t h e r e  w a s  w i s d o m  i n  t h e  d r a f t i n g  o f  
t h e  S e l e c t iv e  S e r v i c e  A c t  w h ic h  r e c a l l e d  t h a t  t h e r e  w i l l  b e  a n  a f t e r - t h e -  
w a r  p e r i o d ,  a n d  d i r e c t e d  t h e  S e l e c t i v e  S e r v i c e  g r o u p ,  a t  t h e  s a m e  t i m e  
t h a t  i t  w a s  b u s y  w i t h  m o b i l i z a t i o n ,  t o  c o n c e r n  i t s e l f  w i t h  t h e  e q u a l l y  i m ­
p o r t a n t  a n d  e q u a l l y  i m m i n e n t  j o b  o f  d e m o b i l i z a t i o n ,  t o  t a k e  c a r e  o f  a  
p o s t - w a r  U n i t e d  S t a t e s .

I n  t h e  p a s t ,  f r o m  t h e  s t a n d p o i n t  o f  s a n i t a r y  e n g i n e e r s ,  w e  h a d  a  l o n g  
r e c o r d  o f  a c c o m p l i s h m e n t ,  a l l  o f  u s ,  o f  c o u r s e ,  q u i t e  u n s a t i s f i e d  w i t h  t h e  
d e g r e e  o f  t h a t  a c c o m p l i s h m e n t .  I f  w e  m e a s u r e  i t ,  h o w e v e r ,  b y  t h e  n u m ­
b e r  o f  d o l l a r s  s p e n t  i n  t h e  i n s t a l l a t i o n  o f  s e w a g e  t r e a t m e n t  d e v ic e s ,  in  
t h e  d e v e l o p m e n t  o f  w a t e r  s u p p l y ,  i n  t h e  c o n s t r u c t i o n  o f  n e w  h o u s i n g ,  
w e  h a v e  a  m e a s u r e  o f  w h a t  t h a t  p a r t  w a s  i n  t h e  p r e - w a r  p e r i o d .  W e  
c a n  a s  s t a t i s t i c i a n s  i n d i c a t e  w h a t  i t s  v o l u m e  w a s .  I n  t h a t  p r e - w a r  
p e r i o d  w e  w e r e  a c c u s t o m e d  t o  s p e n d  f o r  s e w a g e  d i s p o s a l  a l o n e  a n y ­
w h e r e  f r o m  $ 5 0 ,0 0 0 ,0 0 0  t o  $ 1 5 0 ,0 0 0 ,0 0 0  a  y e a r ,  a n d  i n  t h e  w a t e r  s u p p l y  
f i e ld  a  s l i g h t l y  h i g h e r  a m o u n t .

T h a t  w a s  t h e  u s u a l  r u n - o f - t h e - m i n e  t y p e  o f  e x p e n d i t u r e  n o r m a l l y  
a v a i l a b l e  t o  t h e  s a n i t a r y  f ie ld .  T h e r e  w e r e  o t h e r  e x p e n d i t u r e s ,  o f  
c o u r s e ,  i n  o u r  c o u n t r y  w h ic h  w e r e  r e l a t e d  t o  t h e  g e n e r a l  s a n i t a r y  f i e ld  
a n d  to  t h e  c o n t r o l  o f  e n v i r o n m e n t .

T h e n  w e  e n t e r e d  t h e  p r e s e n t ,  a  h i g h l y  c o m p l i c a t e d  p r e s e n t ,  a  s i t u a ­
t i o n  a b n o r m a l  i n  t h e  s e n s e  o f  a d j u s t m e n t  o f  a l l  o f  o u r  p e r s p e c t i v e ,  a b ­
n o r m a l  i n  t h e  d i v e r s i o n  w h ic h  o c c u r r e d  f r o m  o u r  a c c u s t o m e d  p e a c e t i m e  
a c t i v i t i e s .  W h e n  w e  p a s s  o u t  o f  t h e  p r e s e n t  w e  h a v e  f o u r  o r  f iv e  f u n d a ­
m e n t a l  a d j u s t m e n t s  t o  m a k e .  I  m e n t i o n  t h e m  w i t h o u t  d i s c u s s i o n ,  
m e r e l y  t o  b r i n g  t o  y o u r  m i n d s  t h e  f a c t  t h a t  w e  h a v e  t o  m a k e  t h e m  i n  a
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f a s h i o n  w h ic h  s h o u l d  b e  a s  l o g i c a l  a n d  a s  i n t e l l i g e n t  a s  a  g r o u p  o f  e n g i ­
n e e r s  c a n  p o s s i b l y  m a k e  th e m .

W e  w i l l  d e m a n d  a  s h i f t  i n  n a t i o n a l  in c o m e  t o w a r d s  p e a c e t i m e  p u r ­
p o s e s  o f  a p p r o x i m a t e l y  o n e - h a l f  o f  o u r  t o t a l  a n n u a l  e x p e n d i t u r e ,  a  
p r o d i g i o u s  s u m ,  a  s u m  w h ic h  i s  n o w  d e v o t e d  e x c lu s iv e l y  to  w a r t i m e  e x ­
p e n d i t u r e .  W e  w i l l  h a v e  t o  f in d  a  w a y  to  s h i f t  t e n  m i l l i o n  p e o p le  f r o m  
m i l i t a r y  o c c u p a t i o n  to  p e a c e t i m e  o c c u p a t i o n ; t o  s h i f t  t w e n t y  m i l l i o n  a d ­
d i t i o n a l  p e o p le  f r o m  w a r t i m e  i n d u s t r y  t o  p e a c e t i m e  i n d u s t r y .  W e  w i l l  
h a v e  t o  s h i f t  a l l  o f  i n d u s t r y  f r o m  t h e  m a k i n g  o f  w a r t i m e  t o  p e a c e t i m e  
i m p le m e n t s .  W e  w i l l  h a v e  to  r e - o r i e n t  t h e  d i s t u r b e d  a n d  u p s e t  c o m ­
m u n i t i e s  w i t h  w h ic h  w e  a r e  f a m i l i a r ,  t h e  H a m p t o n  R o a d s  a r e a s ,  t h e  
H o u s t o n ,  T e x a s ,  t h e  S a n  D ie g o ,  C a l i f o r n i a ,  t h e  B a l t i m o r e ,  t h e  K a n k a k e e  
a n d  P e o r i a ,  I l l i n o i s ,  a r e a s  to  a  p e a c e t i m e  s t a t u s ,  a n  a d j u s t m e n t  o f  h e r o i c  
p r o p o r t i o n s  a n d  o n e  w h ic h  m o s t  p e o p le  d e c id e  to  m e e t  b y  p r e t e n d i n g  to  
f o r g e t  i t ,  h u t  w h ic h  I  s u b m i t  t h e  e n g i n e e r i n g  p r o f e s s i o n  c a n n o t  m e e t  in  
t h a t  f a s h io n .

T h o s e  a r e  t h e  p r o b l e m s  o f  t h e  p r e s e n t .  W h a t  m a y  w e  e x p e c t  a s  to  
t h e  f u t u r e ,  w h e n  w e  a t t e m p t  to  m a k e  t h a t  a d j u s t m e n t ?  T h a t  i s  t h e  f ie ld  
in  w h ic h  t h e  s a n i t a r y  e n g i n e e r s ,  a m o n g  m a n y  o t h e r s ,  a s  c i t i z e n s  o f  t h i s  
c o u n t r y  a n d  a s  p r o f e s s i o n a l  o p e r a t i v e s ,  a r e  n a t u r a l l y  i n t e r e s t e d .  W h a t  
w il l  t h a t  p r o s p e c t  b e ?

W h a t  of t h e  F u t u r e ?

T h e  c o u n t r y  d i v i d e s  i t s e l f ,  in  i t s  p o p u l a r  o p in i o n ,  i n t o  tw o  s c h o o l s  
w i th  r e s p e c t  to  t h e  p o s t - w a r  p e r i o d .  I f  w e  c o n s i d e r  t h e  e x t r e m e s ,  o n e  
e x p e c t s  n o t h i n g  b u t  t h e  d i s m a l ,  a  c o l l a p s e  o f  t h e  U n i t e d  S t a t e s  i f  n o t  o f  
th e  w o r ld .  T h e  o t h e r  e x p e c t s  a  p r o s p e r o u s  p e r i o d  o f  u n p r e c e d e n t e d  
c h a r a c t e r ,  a  d e s i r e  to  f u l f i l l  a  l o n g  d e f e r r e d  s e t  o f  n e e d s  o f  t h e  c o m ­
m u n i ty .  S o  f a r  a s  I  h a v e  b e e n  a b l e  to  d e t e r m i n e ,  t h e r e  a p p e a r s  to  b e  
n o th i n g  in  t h e  p r e s e n t ,  i n  t h e  p a s t  o r  i n  t h e  f u t u r e  w h ic h  i s  o n  t h e  s id e  
o f  th e  d i s m a l  p r o s p e c t .  T h e r e  i s  e v e r y  r e a s o n  to  s u p p o s e  t h a t  i f  w e  
a r e  i n t e l l i g e n t ,  i f  w e  a r e  c o u r a g e o u s ,  t h e  f u t u r e  n e e d  n o t  b e  a n y t h i n g  
b u t  h e lp f u l  a n d  h o p e f u l .  T h e r e  i s  n o  r e a s o n  to  s u p p o s e  t h a t  t h e  w o r ld  
w ill  c o l l a p s e  a f t e r  t h e  p e a c e .  I t  i s  c o n t i n g e n t ,  m o s t  p e o p le  b e l i e v e ,  o n  
h o w  w e ll  w e  a r e  in  p o s i t i o n  to  s u p p o r t  t h a t  w o r l d  w i t h i n  o r  o u t s i d e  o u r  
c o u n t r y .

I  h a v e  p r e s u p p o s e d  f o r  m o s t  o f  m y  r e m a r k s  t h e  m o r e  o p t i m i s t i c  
f u t u r e .  I  c a n ’t  t a l k ,  a t  a n y  l e n g t h ,  a b o u t  t h e  k in d  o f  a  p r o s p e c t  i n  
w h ic h  th e  U n i t e d  S t a t e s  i s  r u i n e d .  I  s e e  n o  p o i n t  i n  d i s c u s s i n g  a  f u t u r e  
in  w h ic h  o u r  o w n  c o u n t r y  h a s  c o l l a p s e d .  I  c h o o s e — n o t  o n ly  b e c a u s e  I  
p r e f e r  to  c h o o s e  i t ,  b u t  b e c a u s e  I  p r e f e r  to  b e l i e v e  t h a t  i t  i s  t h e  p r o s p e c t  
t h a t  i s  m o s t  l i k e ly  t o  c o m e — t h a t  t h e  U n i t e d  S t a t e s  o f  N o r t h  A m e r i c a  
w ill  s u r v iv e ,  a n d  t h a t  w h e n  i t  s u r v i v e s  i t  w i l l  h a v e  t h e  c o u r a g e  a n d  t h e  
m e a n s  b y  w h ic h  to  g o  o n  a t  a  h i g h  l e v e l  o f  p r o s p e r i t y .

P u b l ic  W o r k s  N e e d s

O n e  o f  m y  r e a s o n s  f o r  f e e l i n g  t h a t  w a y ,  f r o m  a n  e n g i n e e r i n g  s t a n d ­
p o in t ,  i s  t h a t  b y  t h a t  t i m e ,  w h e t h e r  a t  t h e  e n d  o f  1 9 4 3  o r  a t  t h e  e n d  o f
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1 9 4 4 , o r  1 9 4 5 , w e  w i l l  h a v e  a c c u m u l a t e d  a  s e t  o f  d e f e r r e d  e n g i n e e r i n g  
d e m a n d s  w h ic h  w i l l  b e  o f  h e r o i c  p r o p o r t i o n s .  O n ly  a  p r o d i g i o u s  l a c k  
o f  f o r e t h o u g h t ,  a  c o m p l e t e  l a c k  o f  i n t e l l i g e n c e ,  s h o u l d  r e s u l t  i n  t h a t  
d a m m e d - u p  s u p p l y  o f  d e f e r r e d  d e m a n d s  f a i l i n g  to  c r e a t e  a  p r o s p e r i t y  

p e r i o d .
W i t h i n  o u r  o w n  f ie ld ,  w h ic h  i s  r e l a t i v e l y  r e s t r i c t e d ,  I  w o u l d  e s t i m a t e  

t h a t  w e  w i l l  h a v e  a  d e f e r r e d  d e m a n d  w i t h  r e s p e c t  t o  h o u s i n g  o f  3 .7  b i l ­
l i o n s  o f  d o l l a r s  o f  c o n s t r u c t i o n  b y  t h e  m i d d l e  o f  1 9 4 4 . W e  s h o u l d  h a v e  
a  d e f e r r e d  d e m a n d  i n  t h e  g e n e r a l '  p u b l i c  w o r k s  f i e ld  o f  1 .8  b i l l i o n  d o l l a r s  
o f  c o n s t r u c t i o n ;  i n  t h e  w a t e r  s u p p l y  a n d  s e w e r a g e  f i e ld ,  o f  a p p r o x i ­
m a t e l y  0 .7 5  b i l l i o n  d o l l a r s .  T h e s e  f i g u r e s  w h ic h  I  a m  s u g g e s t i n g  t o  y o u  
a r e  n o t  p u l l e d  o u t  o f  t h e  a i r .  T h e y  r e p r e s e n t  a  c a r e f u l  c a n v a s s  o f  w h a t  
h a s  n o t  b e e n  d o n e  s i n c e  1 9 4 0 ;  o f  w h a t  w e  h a v e  b e e n  a c c u s t o m e d  t o  d o  i n  
n o r m a l  i n t e r v a l s  a n d  w h a t  w e  h a v e  n o t  b e e n  d o i n g  f r o m  1 9 4 0  t o  1 9 4 2 , 
i n c l u s i v e .  I f  w e  a d d  t o  t h a t  t h e  d e f e r r e d  j o b s  w h ic h  w e  p r o b a b l y  w i l l  
n o t  d o  in  1 9 4 3 , w e  a r r i v e  a t  t h e  f i g u r e s  I  h a v e  q u o t e d  t o  y o u .  T h o s e  
f i g u r e s  m a y  s e e m , a t  f i r s t  s i g h t ,  a s  o u t l a n d i s h ,  a s  o p t i m i s t i c .  T h e y  n e e d  
n o t  b e .

T h e  f o r t h c o m i n g  r e p o r t ,  f o r  e x a m p l e ,  o n  t h e  O h io  R i v e r  p o l l u t i o n  
s u r v e y ,  w i l l  i n d i c a t e  t h a t  i n  t h a t  o n e  d r a i n a g e  b a s i n  a l o n e  a p p r o x i ­
m a t e l y  2 0 0  m i l l i o n  d o l l a r s  o f  s e w a g e  t r e a t m e n t ,  p u b l i c  a n d  p r i v a t e ,  
w a i t s  t o  b e  a c c o m p l i s h e d ,  i n  t h a t  o n e  b a s i n .  I t  r e p r e s e n t s  t h e  r e q u i r e ­
m e n t s  o f  a p p r o x i m a t e l y  2 0  m i l l i o n  p e o p l e .  I f  y o u  w e r e  t o  a p p l y  s i m i l a r  
f i g u r e s  t o  t h e  u r b a n  p o p u l a t i o n  o f  t h e  U n i t e d  S t a t e s ,  t h e  p r o g r a m  f o r  
p r i v a t e  a n d  p u b l i c  a b a t e m e n t  o f  s t r e a m  p o l l u t i o n  a p p r o a c h e s ,  f o r  t h e  
U n i t e d  S t a t e s ,  a p p r o x i m a t e l y  1 .0  b i l l i o n  d o l l a r s .

I  c o u ld  g o  o n  t o  e n u m e r a t e  a l l  o f  t h e  p o s s i b i l i t i e s  o f  w o r k  i n  o u r  o w n  
c o u n t r y .  I  t h i n k  n o  f r u i t f u l  p u r p o s e  w o u l d  b e  s e r v e d  i f  I  l i s t  s t a t i s t i ­
c a l l y  f o r  y o u ,  w i t h  t h e  l i m i t e d  a m o u n t  o f  t i m e  a v a i l a b l e ,  h o w  m a n y  m i l ­
l i o n s ,  i f  n o t  b i l l i o n s  o f  d o l l a r s  o f  w o r k  r e m a i n  t o  b e  d o n e  i n  a  c o u n t r y  
w h ic h  i s  l i v i n g  a n d  w h ic h ,  a s  I  s a y ,  I  h a v e  a s s u m e d  w i l l  c o n t i n u e  t o  l i v e  
d u r i n g  t h e  p o s t - w a r  p e r i o d .  I  a m  s u f f i c i e n t ly  f r e e ,  a t  t h e  m o m e n t ,  o f  
h a r d e n i n g  o f  t h e  a r t e r i e s — a l t h o u g h  n o t  v e r y  f a r  a w a y  f r o m  i t — t o  f e e l  
t h a t  t h e  f u t u r e  h a s  t o  b e  v i e w e d  w i t h  s u f f ic i e n t  c o u r a g e  t o  b e l i e v e  t h a t  i t  
w i l l  b e  a l i v e ,  t h a t  i t  w i l l  o f f e r  c h a l l e n g e s  i n  t h e  s a n i t a r y  f i e ld ,  t h a t  t h e r e  
w i l l  n o t  b e  a  m o r i b u n d  p o p u l a t i o n ,  t h a t  t h e r e  w i l l  b e  a n  e x p a n s i o n ,  e v e n  
t h o u g h  p e r h a p s  s lo w , o f  o u r  c o u n t r y ’s  o p p o r t u n i t i e s  a n d  n e c e s s i t i e s .

I n t e r n a t io n a l  A s p e c t s

I  l e a v e  t h e  d o m e s t i c  o r  n a t i o n a l  s c e n e  t o  r e f e r ,  f o r  a  m o m e n t ,  t o  t h e  
i n t e r n a t i o n a l  p r o b l e m  a n d  p o s s i b i l i t i e s .  O b v io u s l y ,  a n y b o d y  w h o  t a l k s  
a b o u t  f u t u r e  p r o s p e c t s  o n  a  g l o b a l  b a s i s  c a n  t a l k  a b o u t  i t  o n l y  o n  t h e  a s ­
s u m p t i o n  t h a t  i f  a n d  w h e n  p e a c e  i s  d e c l a r e d  t h i s  c o u n t r y  a g a i n  w i l l  b e  a  
p a r t i c i p a n t  i n  p o s t - w a r  o p e r a t i o n .  A g a i n  I  m a k e  t h a t  a s s u m p t i o n  b e ­
c a u s e  I  c a n  m a k e  n o  o t h e r  i n  t h e  l i g h t  o f  t h e  e x p e r i e n c e  o f  t h e  p a s t  f iv e  
y e a r s .  N o  l o n g e r  d o  I  t h i n k  i t  i s  p o s s i b l e  f o r  t h e  U n i t e d  S t a t e s  t o  r e ­
t i r e — a n d  I  u s e  t h e  w o r d  “ r e t i r e ”  a d v i s e d l y — t o  i n s u l a r  a n d  i s o l a t e d  a s ­



Vol. 15, No. 3 POST-WAR ROLE OF SANITARY ENGINEER 4 4 9

s u m p t i o n  o f  i t s  w o r l d  p o w e r .  I  c a n ’t  c o n c e iv e  t h a t  w e  c a n  w i t h d r a w  
i n t o  a n  i n s u l a t e d ,  c o n t i n e n t a l ,  n a t i o n a l ,  N o r t h  A m e r i c a n  a c t i v i t y .  I f  
t h a t  i s  t h e  c a s e ,  w e  t h e n  h a v e ,  i n  a d d i t i o n  to  o u r  n a t i o n a l  o b l i g a t i o n  a n d ,  
in c i d e n t a l l y ,  o p p o r t u n i t y ,  a n  o b l i g a t i o n  a n d  o p p o r t u n i t y  i n  t h e  w o r l d  a t  
l a r g e .

T h a t  d o e s  n o t  m e a n ,  a s  s o m e  p e o p l e  f e e l ,  t h a t  w e  b e c o m e  t h e  u n i ­
v e r s a l  S a n t a  C la u s ,  f i n a n c i a l l y ,  f o r  t h e  w o r ld .  I t  d o e s  m e a n  t h a t  p e r ­
h a p s  f o r  t h e  f i r s t  t i m e  s in c e  1 7 8 9  w e  r e c o g n i z e  t h a t  w e  a r e  p a r t  o f  t h e  
u n i v e r s e ,  t h a t  a s  c i t i z e n s  o f  t h i s  c o u n t r y  w e  h a v e  a n  o b l i g a t i o n  t o  t h e  
r e s t  o f  t h e  w o r ld .  T h a t  p e r h a p s  i s  a  n e w  o b l i g a t i o n ,  b u t  i t  i s  o n e  w h ic h  
I  f o r  o n e  f e e l  t h a t  o u r  c o u n t r y  w i l l  h a v e  to  a s s u m e .

W h e n  i t  i s  r e a l i z e d  t h a t  i n  t h e  c o u r s e  o f  t h e  l a s t  f iv e  y e a r s  t h e  m a j o r  
c a p i t a l s  o f  t h e  m o s t  i m p o r t a n t  c o u n t r i e s  i n  t h e  w o r l d  a r e  n o  l o n g e r  m o r e  
t h a n  tw o  d a y s  d i s t a n t  f r o m  W a s h i n g t o n ,  w e  c a n  n o  l o n g e r  a s s u m e  t h a t  
w e  a r e  i n s u l a t e d  a n d  i s o l a t e d .

R e g a r d l e s s  o f  t h e  t e c h n i q u e — a n d  I  w a n t  t o  s a y  a  w o r d  a b o u t  t h a t  
l a t e r  o n — r e g a r d l e s s  o f  t h e  t e c h n i q u e ,  f i n a n c ia l ,  l e g a l  o r  a d m i n i s t r a t i v e ,  
w e  w il l  p r o b a b l y  e n t e r  a  w o r l d  i n  w h ic h  t h i s  c o u n t r y  w i l l  b e  a  p a r t i c i ­
p a n t ,  n o t  n e c e s s a r i l y  a  d o m i n a n t  f a c t o r ,  i n  g l o b a l  r e c o n s t r u c t i o n .  I  c a n  
c o n c e iv e  o f  n o  g l o b a l  r e c o n s t r u c t i o n  i n  w h ic h  t h e  s a n i t a r y  e n g i n e e r  w i l l  
n o t  b e  a  p a r t .

T h e r e  i s  n o  c o u n t r y  i n  t h e  w o r l d  w h ic h  m a t c h e s  t h e  U n i t e d  S t a t e s  in  
th e  p h y s i c a l  f a c i l i t i e s  f o r  t h e  p r o t e c t i o n  o f  l i f e ,  f o r  t h e  p r e s e r v a t i o n  o f  
s a f e ty ,  a n d  f o r  t h e  m a x i m u m  p r o t e c t i o n  o f  p u b l i c  h e a l t h .  T h e  s t a n d ­
a r d s  w h ic h  w e  h a v e  e s t a b l i s h e d  m u s t  p a s s  t o  o t h e r  c o u n t r i e s .  T h e  e x ­
p e r i e n c e  w h ic h  w e  h a v e  a c q u i r e d  m u s t  b e  m a d e  u s e f u l  to  o t h e r  p e o p le .

I f  t h a t  a s s u m p t i o n  i s  c o r r e c t ,  I  c a n  v i s u a l i z e — a n d  I  d o  n o t  b e l i e v e  I  
a m  b e in g  e n t i r e l y  u t o p i a n  o r  a c a d e m ic — t h a t  o u r  e x a m p l e s  o f  o p e r a t i o n s  
in  th e  f o r m  o f  c o - o p e r a t i v e  e n g i n e e r i n g  e f f o r t  w i l l  p a s s  t o  e v e r y  c o u n t r y  
in  th e  w o r ld ,  i f  f o r  n o  o t h e r  r e a s o n  t h a n  t h a t  t h e  e x p e r i e n c e  w h ic h  w e  
m a y  h a v e  l a t e n t  a n d  d e v e lo p e d  i n  t h i s  c o u n t r y  m u s t  b e  m a d e  a v a i l a b l e  
to  e v e r y  o t h e r  c o u n t r y .

I  h a v e  n o  p a t i e n c e — I  d o  n o t  k n o w  w h e t h e r  y o u  h a v e — w i t h  t h o s e  
g r o u p s  in  t h i s  c o u n t r y  w h o  s c o f f  a t  t h e  p o s s i b i l i t y  o f  e n l a r g i n g  t h e  s a n i ­
t a r y  s a f e t y  o f  e v e r y  c o u n t r y  i n  t h e  w o r ld .  I t  i s  a n  i d e a l  w h ic h  I ,  f o r  
o n e , f e e l  i s  a  d e s i r a b l e  i d e a l .  I  c a n ’t  s h a r e  t h e  v ie w  o f  t h e  m o s t  r e c e n t  
P r e s i d e n t  o f  t h e  N a t i o n a l  A s s o c i a t i o n  o f  M a n u f a c t u r e r s  t h a t  t h a t  v ie w  
is  a  k in d  o f  i n t e r n a t i o n a l  jo k e .  I  c a n ’t  s h a r e  t h e  v ie w ,  f o r  e x a m p l e ,  
t h a t  a  T .V .A .  o n  t h e  D a n u b e  i s  a  k i n d  o f  J o e  M i l l e r  r e s u r r e c t e d  jo k e .  
I f  i t  m e a n s  th e  r e s u r r e c t i o n  o f  a n y  c o u n t r y  i n  t h e  w o r ld ,  I  a m  f o r  i t  a s  
a n  e n g in e e r  a n d  a s  a  c i t i z e n  o f  t h a t  w o r ld .

I n  e v e r y  c o u n t r y  i n  t h e  w o r l d  t h e r e  a r e  p o t e n t i a l i t i e s  i n  t h e  f ie ld  o f  
s a n i t a r y  e n g i n e e r i n g  w h ic h  h a v e  n o t  e v e n  a p p r o a c h e d  t h e  p o s s i b i l i t y  o f  
c o m p le te  c o n s u m m a t io n .  T h e r e  a r e  m a n y  c o u n t r i e s  i n  t h e  w o r l d  w h ic h  
a l ig n  th e m s e l v e s  in  t h e  l i s t  o f  t r y i n g  to  r e a c h  o u r  s t a n d a r d s .  S o m e  o f  
th o s e  c o u n t r i e s  I  t h i n k  h a v e  s u r p a s s e d  o u r  e f f o r t s  i n  c e r t a i n  d i r e c t i o n s .

T h e r e  i s  in  t h i s  a u d ie n c e ,  f o r  e x a m p l e ,  a  g e n t l e m a n  f r o m  S o u t h  
A m e r i c a  w h o , I  t h i n k ,  h a s  m o v e d  f o r w a r d  in  t h e  d i r e c t i o n  o f  p r o v i d i n g
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s a n i t a r y  f a c i l i t i e s  i n  s c o p e ,  i n  p e r s p e c t i v e  a n d  in  v i s u a l i z a t i o n  o f  t l i e  
n e c e s s i t i e s  o f  t h e  c o m m o n  p e o p l e  o f  h i s  c o u n t r y  t h a t  w e  i n  N o r t h  A m e r ­
i c a  m i g h t  w e l l  e m u l a t e .  I  r e f e r  t o  M r .  S a n c h e z .  I n  h i s  o ffice  i n  L a t i n  
A m e r i c a ,  i n  P e r u ,  I  w a s  t r e m e n d o u s l y  i m p r e s s e d ,  n o t  o n ly  b y  t h e  s c o p e  
o f  h i s  v i s i o n  b u t  b y  t h e  g e n e r a l  d i r e c t i o n  i n  w h ic h  h i s  G o v e r n m e n t  t e n d s  
t o  m o v e .  I t  i s  a  p a g e  w h ic h  I  t h i n k  N o r t h  A m e r i c a n  s a n i t a r y  e n g i n e e r s  
m i g h t  w e l l  r e a d  w i t h  c a r e ,  a n d  m i g h t  w e l l  a p p l y  w i t h  c a r e .

I n  E n g l a n d ,  f o r  e x a m p l e ,  w i t h i n  t h e  p a s t  f e w  w e e k s ,  a  P a r l i a m e n t a r y  
C o m m i s s i o n  h a s  r e p o r t e d — m i n d  y o u ,  i n  t h e  m i d s t  o f  t h e  m o s t  s e v e r e  
b o m b i n g  a n d  d e s t r u c t i o n  t h a t  t h e  w o r l d  h a s  e v e r  k n o w n ,  E n g l a n d  f i n d s  
t h e  t i m e  t o  t h i n k  a b o u t  t h e  f u t u r e — o n e  o f  t h e  m o s t  a m a z i n g  c o n t r i b u ­
t i o n s ,  I  t h i n k ,  to  p l a n n i n g  f o r  t h e  f u t u r e  t h a t  w e  h a v e  o n  t h e  p r o b l e m ,  
o f  a l l  t h i n g s ,  a s  t o  h o w  to  e x t e n d  p u b l i c  w a t e r  s u p p l y  t o  r u r a l  a r e a s ;  
h o w  to  m a k e  a v a i l a b l e  t o  t h e  s m a l l ,  s c a t t e r e d  r o a d s i d e  c o m m u n i t y  o f  
5 0 0  p e o p l e  o r  l e s s  t h e  b e n e f i t s  a n d  t h e  p r o t e c t i o n  o f  p u b l i c  w a t e r  s u p p l y .  
I t  c a l l s  a t t e n t i o n  to  t h e  f a c t  t h a t  i t  i s  f e a s i b l e ,  t h a t  i t  i s  p r a c t i c a l ,  a n d  
t h a t  i t  s h o u l d  b e  d o n e  a n d  t h a t  i t  s h o u l d  b e  d o n e  n o w ,  n o t  a f t e r  t h e  w a r ! 
I t  i s  o n e  o f  t h e  c u r i o s i t i e s  o f  s a n i t a r y  e n g i n e e r i n g  p r o g r e s s .

W e  h a v e  d i s c u s s e d  i n  t h i s  c o u n t r y ,  f o r  e x a m p l e ,  m o r e  o r  l e s s  a c a ­
d e m i c a l l y ,  t h e  p r o b l e m  o f  p a s s i n g  o n  to  c r o s s r o a d s  c o m m u n i t i e s  t h e  a d ­
v a n t a g e s  o f  c e n t r a l  p u b l i c  w a t e r  s u p p l y .  I n  g e n e r a l ,  i t  h a s  m e t  w i t h  a  
k i n d  o f  w o n d e r  a t  t h e  a c a d e m ic ,  u t o p i a n  p o i n t  o f  v i e w  o f  t h e  m a n  w h o  
s u g g e s t e d  i t .  I n  E n g l a n d  i t  i s  a c c e p t e d  a s  a  d e s i r a b i l i t y ,  a n d  t h e y  p r o ­
c e e d  to  f in d  o u t  h o w  a n d  w h y  i t  c a n  b e  d o n e .

T h e  e n g i n e e r s  i n  t h i s  c o u n t r y ,  a t  t h e  m o m e n t  a r e  e n g a g e d  i n  d i s ­
c u s s i n g  t h e  p o s s i b i l i t y  o f  d e v e l o p i n g ,  o f  a l l  t h i n g s ,  a n d  i n  a l l  p l a c e s ,  t h e  
R i v e r  J o r d a n ,  y o u r  B ib l i c a l  r i v e r  o f  a n c e s t r y ,  t h e  s e a t  o f  y o u r  o r i g i n s ,  
a s  a  J .V . A . ,  a  t r a n s p l a n t e d  T e n n e s s e e  V a l l e y  A u t h o r i t y  o n  t h e  R i v e r  
J o r d a n !  W h y ?  B e c a u s e  s u c h  p r o g r a m s  s e e m  t o  h a v e  t h e  p o t e n t i a l i ­
t i e s  o f  p o w e r ,  t h e  p o t e n t i a l i t i e s  o f  m a k i n g  a  n e w  l i f e  a n d  a  p r o f i t a b l e  l i f e  
f o r  S y r i a ,  f o r  T r a n s - J o r d a n i a ,  f o r  P a l e s t i n e ,  a n d  f o r  I r a n .

W i t h i n  t h e  p a s t  w e e k ,  t h e  r e p o r t  o f  t h e  P a r l i a m e n t a r y  C o m m i s s i o n  
i n  E n g l a n d ,  f o r  e x a m p l e ,  h a s  j u s t  a p p e a r e d ,  o n  e s t a b l i s h i n g  a  T .V .A .  
c o r p o r a t e  a u t h o r i t y  i n  S c o t l a n d ,  t o  r e h a b i l i t a t e  a n  a r e a  t h r o u g h  t h e  
a u s p i c e s  o f  t h e  s a m e  t y p e  o f  s t r u c t u r e  t h a t  t h e y  d e s c r i b e  a s  s u c c e s s f u l  
i n  t h e  T e n n e s s e e  V a l l e y .  I  s a y  t h e y  “ d e s c r i b e ”  w i t h  a  k i n d  o f  s i n i s t e r  
s e n s e  o f  h u m o r ,  b e c a u s e  i t  i s  s t i l l  t a l k e d  o f  i n  o u r  c o u n t r y  a s  o n e  o f  t h e  
c u r i o s i t i e s  o f  t h e  N e w  D e a l .  T h e  E n g l i s h  a c c e p t  i t  a s  a n  a d v a n c e  in  
p u b l i c  e n t e r p r i s e ,  a s  a n  a d v a n c e  o f  o p p o r t u n i t y  i n  t h e  f i e ld  o f  c iv i l  a n d  
s a n i t a r y  e n g i n e e r i n g .

A t  t h i s  v e r y  t i m e ,  C h in a ,  t h a n  w h ic h  t h e r e  i s  n o  m o r e  d i s c o n c e r t e d ,  
n o  m o r e  b o m b e d  o u t  p e o p l e  i n  t h e  w o r l d ,  f i n d s  i t  p r o f i t a b l e  a n d  t i m e l y  
t o  d i s c u s s  t h e  r e c o n s t r u c t i o n  o f  C h in a .  A g a i n ,  o f  a l l  p l a c e s ,  i n  C h u n g ­
k i n g  t h e r e  h a s  b e e n  o p e r a t i n g  f o r  tw o  y e a r s  a  p o s t - w a r  p l a n n i n g  c o m ­
m i t t e e .  H o w  in  t h e  w o r l d  a n y b o d y  i n  C h u n g k i n g  h a s  t h e  t i m e  t o  s i t  
d o w n  a n d  t h i n k  o f  w h a t  y o u  w o u ld  d o  w i t h  C h i n a  a f t e r  y o u  Avin, i s  b e ­
y o n d  m e ,  b u t  t h e y  h a v e  a  p u b l i c  w o r k s  p o s t - w a r  p r o g r a m .  T h e y  h a v e  
a  p r o g r a m  f o r  m a t e r n i t y  h o s p i t a l s ,  f o r  w a t e r  s u p p l y ,  f o r  seA v ag e  d i s ­
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p o s a l ,  f o r  t h e  c o r r e c t i v e s  w h ic h  t h e y  h a v e  b e e n  l o n g  i n  a r r e a r s  in  i n s t i ­
t u t i n g .  T h e y  h a v e  t h a t  t i m e ,  a n d  t h e y  a r e  p u t t i n g  i t  to  p r o f i t a b l e  a d ­
v a n t a g e .

E x p a n d e d  H o r iz o n s  fo r  E n g in e e r s

I  m e n t i o n  t h e s e  e x a m p l e s  o n ly  b e c a u s e  t h e y  i l l u s t r a t e  t h a t  i n  m a n y  
w a y s  m a n y  o f  t h e s e  c o u n t r i e s  lo o k  to  t h e  U n i t e d  S t a t e s  f o r  p r e c e p t ,  f o r  
a d v ic e ,  f o r  g u i d a n c e ,  f o r  c o u r a g e ,  f o r  e n t h u s i a s m .  T h e y  s e e m  t o  t h i n k  
t h a t  w e  a r e  a  n e w  c o u n t r y ,  a n  e n t h u s i a s t i c  c o u n t r y ,  t h a t  w e  h a v e  h a d  a n  
o p p o r t u n i t y  to  d e v e lo p  i d e a s  a n d  id e a l s  t h a t  m a y  b e  u s e f u l  t o  t h e m .

I  d o  n o t  p r e t e n d  to  s a y  t o  t h i s  h a r d - b o i l e d  g r o u p  o f  e n g i n e e r s ,  w h o  
p r e s e r v e ,  p r o p e r l y ,  a  d e g r e e  o f  c y n ic i s m  a b o u t  a n y  a c a d e m ic  s u g g e s t i o n ,  
t h a t  t h e r e  a r e  n o t  p r o b l e m s  a t t a c h e d  to  s u c h  a  p o s t - w a r  p e r i o d  w i t h i n  
a n d  o u t s i d e  o u r  c o u n t r y .  T h e r e  a r e  m a n y  o f  t h e m .  I n  o u r  o w n  c o u n ­
t r y ,  t h e r e  a r e  l e g i s l a t i v e  d i f f ic u l t i e s ,  f i n a n c i a l  o n e s ,  a d m i n i s t r a t i v e  o n e s .  
O n  th e  w o r l d w i d e  b a s i s ,  t h e y  a r e  m u l t i p l i e d  a  t h o u s a n d f o l d .  A l l  I  d o  
s a y  i s  t h a t  i n  s p i t e  o f  t h o s e  o b s t a c l e s ,  f o r  w h ic h ,  i n c i d e n t a l l y ,  m a n y  a r e  
p r e p a r i n g  in  t h i s  c o u n t r y  a n d  o n  a n  i n t e r n a t i o n a l  le v e l ,  i n  s p i t e  o f  t h e m  
t h e r e  is  a  f u t u r e  f o r  s a n i t a r y  e n g i n e e r s ,  a  b r o a d ,  b r i g h t ,  e x c i t i n g ,  c o u r ­
a g e o u s  f u t u r e .

I n  t h e  m a k i n g  o f  t h a t  f u t u r e — I  q u o te  f r o m  M r .  P r i n c e ,  t h e  h a r d -  
b o i le d  V i c e - P r e s i d e n t  o f  t h e  G e n e r a l  E l e c t r i c  C o m p a n y ,  w h o  s a y s  t h a t  
“ th e  p o s t - w a r  p e r i o d  i s  f u l l  o f  o p p o r t u n i t i e s  n e v e r  s u r p a s s e d  in  t h e  h i s ­
t o r y  o f  o u r  c o u n t r y . ”  H e  s a y s ,  “ T h o s e  o p p o r t u n i t i e s  a r e  w o r t h l e s s ,  
h o w e v e r ,  u n l e s s  w e  c a n  i d e n t i f y  t h e m ,  a s s a y  th e m ,  a n d  p r e p a r e  f o r  
th e m . ’ ’ R e m e m b e r  t h o s e  w o r d s ,  ‘ ‘ t h e  o p p o r t u n i t i e s  a r e  u n l i m i t e d ,  a n d  
s u r p a s s  a n y  o f  t h o s e  w h ic h  h a v e  p r e c e d e d  t h i s  w a r ;  t h e y  a r e  u s e l e s s ,  
h o w e v e r ,  u n l e s s  w e  c a n  e s t i m a t e  w h a t  t h e y  a r e  a n d  p r o v i d e  f o r  t h e m . ”

I  e m p h a s i z e  t h e m  b e c a u s e  t h e y  r e q u i r e ,  p a r t i c u l a r l y  f r o m  e n g i n e e r s ,  
a  c h o ic e  b e tw e e n  tw o  r o a d s  t o  t r a v e l .  T h a t  i s  j u s t  a s  a p p l i c a b l e  t o  t h e  
s a n i t a r y  e n g i n e e r  a s  t o  a n y  o t h e r  m a n ,  a  c h o ic e  o f  tw o  r o a d s ,  a  c h o ic e  o f  
l e a d e r s h i p  v e r s u s  c y n ic i s m ,  a  c h o ic e  o f  c o u r a g e  v e r s u s  a  f a t a l i s t i c  a c ­
c e p ta n c e  o f  t h e  d i s m a l .

I  h a v e  n e v e r  b e e n  a b le  to  u n d e r s t a n d  w h y  t h e  e n g i n e e r ,  e q u i p p e d  a s  
h e  a lw a y s  h a s  b e e n  to  m e e t  t h e  d i f f ic u l ty  t e c h n o l o g ic a l ly ,  h a s  a lw a y s  
s to o d  o n  th e  s id e  w h i l e  t h e  l e g a l  o r  t h e  p o l i t i c a l  i n t e r e s t s  m u d d l e  t h e  
s i t u a t io n .  T h e  f u t u r e ,  to  m y  m i n d ,  h o l d s  a  c h a l l e n g e  o f  a  p e c u l i a r  t y p e  
f o r  t h e  s a n i t a r y  e n g i n e e r .  H e  h a s  m a n y  o f  t h e  t e c h n o l o g ic a l  a n s w e r s .  
H e  h a s  f e w  o f  t h e  p o l i t i c a l ,  l e g a l ,  a d m i n i s t r a t i v e  o r  f i s c a l  a n s w e r s .  I  
s u b m i t  t h a t  th e  t i m e  h a s  a r r i v e d  f o r  h i m  to  d e v o t e  p a r t  o f  h i s  e n e r g y ,  
p a r t  o f  h i s  t h i n k i n g ,  to  t h e  s o l u t i o n  o f  t h a t  s u b t l e  g r o u p  o f  h u r d l e s  
w h ic h  p r e v e n t  u s  f r o m  m a k i n g  t h e  m o s t  o f  t h e  f u t u r e .  W h y  s h o u l d n ’t  
h e  b e  o n  th e  s id e  o f  d e v e l o p i n g  t h o s e  a n s w e r s ?

S a n i t a r y  p r o g r e s s  i n  t h i s  c o u n t r y  a n d  t h e  w o r l d  w i l l  m o v e  f o r w a r d  
w h e n  w e  h a v e  f i s c a l  a n s w e r s ,  a d m i n i s t r a t i v e  a n s w e r s ,  a n d  l e g i s l a t i v e  
a n s w e r s .  T h e y  a r e  n o t  i n s u r m o u n t a b l e ,  b u t  I  l e a v e  w i t h  t h i s  g r o u p ,  a s  
o n e  o f  t h e  c h a l l e n g e s  f o r  t h e  f u t u r e ,  a  d i v e r s i o n  f r o m  t h e  t e c h n o l o g ic a l
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a n c l a  h o p e  t h a t  t h e  s a n i t a r y  e n g i n e e r  a n d  h i s  c o l l a t e r a l  g r o u p  o f  e n g i ­
n e e r s  w i l l  d e v o t e  t h e i r  e n e r g i e s  t o  t r y i n g  t o  f i n d  o u t  h o w  to  d o  a  t h i n g ,  
r a t h e r  t h a n  to  s i t  b y  a n d  m e r e l y  d e s c r i b e  t h e  h o p e s  a n d  i d e a l s  o f  t h e  
m a s s e s  o f  t h e  p e o p l e  a s  o n e  o f  t h o s e  s i l l y  c o n c e p t s  w i t h  w h i c h  h e  c a n n o t  
s y m p a t h i z e .

I t  i s  n o t  a  s i l l y  c o n c e p t .  E v e r y  g r o u p  o f  p e o p l e  i n  t h i s  c o u n t r y  a n d  
i n  t h e  w o r l d  h a s  a  r i g h t  t o  e x p e c t  a n d  h o p e  f o r  a n  a d v a n c e m e n t  i n  t h a t  
f i e ld  o f  e n d e a v o r  w i t h  w h ic h  w e  h a v e  b e e n  c o n n e c t e d  o v e r  a  g r e a t  m a n y  
y e a r s .  W e  s h o u l d  t r y  t o  f i n d  t h e  d e v ic e ,  t h e  r o a d ,  t h e  t e c h n i q u e ,  t h e  
f i s c a l  p o l i c y ,  t h e  l e g i s l a t i v e  a u t h o r i t y ,  w h ic h  w i l l  p e r m i t  t h e  p e o p l e  o f  
t h i s  a n d  e v e r y  o t h e r  c o u n t r y  i n  t h e  w o r l d  t o  l i v e  w e l l ,  s a f e l y  a n d  s e ­
c u r e l y  i n  t h e  f u t u r e .
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T h i s  s t u d y  is  a n  a n a ly s i s  o f  c e r t a i n  f o r c e s  a n d  f a c t o r s  w h ic h  a f f e c t  t h e  
e f f ic ie n c y  o f  f u l l - s iz e d  c l a r i f i c a t i o n  u n i t s .  T h e  o p e r a t i o n  o f  t h e  c la r i f ie r s  
a t  t h e  I o w a  C i t y  S e w a g e  T r e a t m e n t  P l a n t  w a s  i n v e s t i g a t e d  f o r  v a r i o u s  
r a t e s  o f  f lo w  a n d  u n d e r  c o n d i t i o n s  o f  a c t u a l  o p e r a t i o n .

M a n y  in v e s t i g a t i o n s  h a v e  b e e n  m a d e  u s i n g  s m a l l  m o d e l s  a n d  l a b o r a ­
t o r y  e q u i p m e n t  f o r  t h e  s t u d y  o f  s e d i m e n t a t i o n  b u t  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  a c t u a l  o p e r a t i o n  o f  f u l l - s iz e d  u n i t s .  I n  1 8 8 9  S e d d o n  (1 2 ) 
n o t e d  t h e  n e e d  f o r  d e f i n i t e  k n o w le d g e  o n  s e d i m e n t a t i o n  o f  s u s p e n d e d  m a t ­
t e r  in  w a te r s .  H a z e n  (1 7 )  in  h is  p a p e r ,  “ O n  S e d i m e n t a t i o n , ”  p r e s e n t e d  
m a n y  o f  t h e  f u n d a m e n t a l  f a c t o r s  c o n c e r n i n g  t h i s  s u b j e c t .  S c h r o e p f e r  
(1 1 ) , M o s e le y  ( 1 3 b ) ,  S la d e  (1 4 ) ,  C a r p e n t e r  a n d  S p e id e n  (4 ) ,  C a m p  (2 ) ,  
B le w  (1 ) , T a r k  (1 8 ) ,  H a t c h  (1 3 b ) ,  W e i t e r s  (2 0 ) ,  M e r k e l  (8 ) ,  S m i t h  (1 5 ) ,  
S c h le n z  (1 0 ) ,  a n d  S t r e l l  (1 7 )  h a v e  e l a b o r a t e d  u p o n  a n d  d is c u s s e d  t h e  fo r c e s  
a n d  f a c t o r s  i n s t r u m e n t a l  in  t h e  s e d i m e n t a t i o n  o f  s u s p e n d e d  m a t t e r  in  
w a te r  a n d  s e w a g e .

T h e  s e w a g e  o f  I o w a  C i t y ,  I o w a  (1 9 ) ,  is  v e r y  l a r g e ly  a  d o m e s t i c  s e w a g e  
f r o m  a n  e s t i m a t e d  p o p u l a t i o n  o f  2 4 ,0 0 0 , c o n t a i n i n g  o n ly  t h e  u s u a l  i n d u s ­
t r i a l  w a s te s  f o u n d  in  a  r e s i d e n t i a l  c i t y .  T h e  o r ig in a l  s e w e r a g e  s y s t e m  w a s  
d e s ig n e d  f o r  c o m b in e d  s e w a g e .  I n  r e c e n t  y e a r s  t h e r e  h a s  b e e n  s o m e  
s e p a r a t i o n  o f  t h e  s t o r m  w a t e r  f r o m  t h e  s y s t e m  a n d  a l l  e x te n s io n s  o f  t h e  
s y s te m  h a v e  b e e n  d e s ig n e d  f o r  o n ly  d o m e s t i c  s e w a g e .  A t  t h e  p r e s e n t  t i m e ,  
th e r e  is  s o m e  in c r e a s e  in  t h e  s e w a g e  f lo w  in  t i m e s  o f  w e t  w e a th e r .  T h e  
s e w a g e  t r e a t m e n t  p l a n t  c o n s i s t s  o f  a  g r i t  c h a m b e r ,  c o a r s e  s c r e e n s ,  p u m p s ,  
c o n t r o l  h o u s e ,  tw o  p r i m a r y  c la r i f ie r s ,  t h r e e  t r i c k l i n g  f i l t e r s ,  o n e  h u m u s  
t a n k  o r  s e c o n d a r y  c la r i f ie r ,  p r i m a r y  a n d  s e c o n d a r y  d ig e s t i o n  t a n k s ,  a n d  
s lu d g e  b e d s .  T h e  p l a n t  e f f lu e n t  is  d i s c h a r g e d  i n t o  t h e  I o w a  R iv e r .

T h e  p r i m a r y  c la r i f ie r s  ( F ig .  1) a r e  o f  t h e  S if e e d  t y p e .  T h e  u n i t s  a r e  
45  f t .  in  d i a m e t e r ,  10 f t .  in  e d g e  d e p t h ,  a n d  1 1 .5  f t .  in  c e n t e r  d e p t h .  T h e  
v o lu m e  o f  e a c h  c la r i f ie r  is  1 2 6 ,4 0 0  g a l lo n s .

S e w a g e  e n t e r s  t h e  c la r i f ie r  t h r o u g h  a  v e r t i c a l  f e e d  p ip e  a t  t h e  c e n t e r  
a n d  p a s s e s  t h r o u g h  t h e  f o u r  l a r g e  o p e n in g s  o f  a  c e n t e r  d r u m  a n d  h e n c e  t o  
th e  d i s t r i b u t i o n  b a f f le .  T h e  c la r i f ie d  s e w a g e  le a v e s  t h e  t a n k  o v e r  a  c i r c u la r  
w e ir  a t  t h e  p e r i p h e r y .  T h e  v e r t i c a l  f e e d  p ip e  is  e x p a n d e d  f r o m  14 t o  2 2  
in . a t  t h e  i n f lu e n t  w e ll .  T h e  c e n t e r  d r u m  is  5 .7 5  f t .  in  d i a m e t e r .  T h e  
c e n te r  d i s t r i b u t i o n  b a f f le  is  9  f t .  in  d i a m e t e r  a n d  5 7  in .  in  d e p t h .  F i f t y -  
fo u r  in c h e s  o f  t h e  b a f f le  is  s u b m e r g e d  in  t h e  s e w a g e  f lo w in g  t h r o u g h  t h e  
t a n k .  A  2 - f t .  s e c t io n  a t  t h e  b o t t o m  o f  t h e  b a f f le  is  p e r f o r a t e d  w i t h  s e v e n  
ro w s  o f  2 \ in .  d i a m e t e r  o p e n in g s .  T h e  h o r i z o n t a l  d i s t a n c e  b e tw e e n  t h e  
c e n te r s  o f  t h e s e  o p e n in g s  is  3  in c h e s .  T h e  t o t a l  a r e a  o f  t h e s e  o r i f ic e s  is

* A digest of a dissertation submitted in partial fulfillment of the requirements for the Degree 
of Doctor of Philosophy in the Department of Civil Engineering in the Graduate College of the 
State University of Iowa, June, 1939.
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1 5 .2 4  s q .  f t .  T h e  c e n t e r  b a f f le  is  e q u i p p e d  w i t h  t w e lv e  d i s t r i b u t i o n  v a n e s .  
T h e s e  v a n e s  a r e  2 6  in .  w id e  a n d  4 6  in .  in  c u r v a t u r e .  T h e  c u r v a t u r e  h a s  a  
4 0  in .  c h o r d .  T h e  p e r p e n d i c u l a r  d i s t a n c e  f r o m  t h e  e x t e n d e d  p r o j e c t e d  
c i r c u l a r  l e n g t h  o n  t h e  c e n t e r  b a f f le  b y  a  v a n e  is  e q u i v a l e n t  t o  2 9  in c h e s .  
T h e  v a n e s  a r e  l o c a t e d  a t  t h e  b o t t o m  s e c t i o n  o f  t h e  b a f f le  a n d  t h e y  m e e t  
t h e  s e w a g e  f lo w in g  t h r o u g h  t h e  p e r f o r a t i o n s  o f  t h a t  s e c t i o n .  O r ig i n a l l y  
b o t h  p r i m a r y  c la r i f i e r s  w e r e  e q u i p p e d  w i t h  d i s t r i b u t i o n  v a n e s  a t t a c h e d  t o  
t h e  c e n t e r  b a f f le .  T h e  v a n e s  i n  o n e  c la r i f i e r  w e r e  r e m o v e d  t o  m a k e  p o s s i ­
b le  a  s t u d y  o f  o p e r a t i o n  w i t h  a n d  w i t h o u t  t h e s e  d i s t r i b u t i o n  v a n e s .

F ig. 1.—Distribution vanes attached to baffle around inlet to clarifier.

T h e  f lo w  o f  s e w a g e  t h r o u g h  t h e  p r i m a r y  c la r i f i e r s  i s  d e p e n d e n t  u p o n  t h e  
p u m p  o r  p u m p s  in  o p e r a t i o n  l i f t i n g  t h e  s e w a g e  f r o m  t h e  p u m p  s u m p  t o  t h e  
c la r i f ie r s .  T h e  c la r i f i e r s  m a y  b e  o p e r a t e d  s e p a r a t e l y  o r  i n  p a r a l l e l .  B y  
e x p e r i m e n t  i t  h a s  b e e n  f o u n d  t h a t  e a c h  p r i m a r y  c la r i f i e r  c a n  h a n d l e  2 ,0 0 0  
g a l .  p e r  m i n .  A t  g r e a t e r  r a t e s  o f  f lo w  s e w a g e  w il l  f lo w  o v e r  t h e  c e n t e r  
i n f l u e n t  b a f f le  a n d  s h o r t  c i r c u i t  t h e  c la r i f ie r .  D u r i n g  t h e  m o r n i n g  h o u r s  
b e tw e e n  t w e l v e  m i d n i g h t  a n d  s e v e n  o ’c lo c k  t h e  f lo w  t h r o u g h  t h e  c la r i f ie r s  
is  s t o p p e d  a b o u t  h a l f  o f  t h e  t i m e .  T h e  m a x i m u m  f lo w  u n d e r  o r d i n a r y  
c i r c u m s t a n c e s  d u r i n g  t h e  d a y  is  2 ,0 0 0  g a l .  p e r  m i n .  A t  t h i s  r a t e  w i t h  tw o  
p r i m a r y  c la r i f i e r s  o p e r a t i n g  in  p a r a l l e l ,  e a c h  r e c e i v e s  1 ,0 0 0  g a l .  p e r  m in .  
f lo w  o f  s e w a g e .

T h e  h u m u s  t a n k  o r  s e c o n d a r y  c la r i f i e r  is  a l s o  o f  t h e  S if e e d  t y p e .  I t  is  
6 0  f t .  in  d i a m e t e r  a n d  h a s  a  s id e  w a l l  w a t e r  d e p t h  o f  7 .5  f t .  a n d  a  c e n t e r  
d e p t h  o f  10  f e e t .  T h e  v o lu m e  o f  t h e  c la r i f i e r  is  1 7 6 ,2 4 0  g a l l o n s .  T h e  
c la r i f i e r  is  e q u i p p e d  w i t h  a  c i r c u l a r  i n f l u e n t  b a f f le  11 f t .  i n  d i a m e t e r  a n d
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4  f t .  i n  d e p t h .  T h e  lo w e r  h a l f  o f  t h e  b a f f le  is  p e r f o r a t e d  w i th  o p e n in g s .  
T h e  b a ff le  is  n o t  e q u i p p e d  w i t h  d i s t r i b u t i o n  v a n e s .  T h e  e f f lu e n t  w e ir  is  
2 1 f  f t .  f r o m  t h e  i n f lu e n t  b a f f le .  T h e  f lo w  o f  s e w a g e  t h r o u g h  t h e  s e c o n d a r y  
c la r i f ie r  is  d e p e n d e n t  u p o n  t h e  p u m p  o r  p u m p s  in  o p e r a t i o n  w h ic h  l i f t  t h e  
se w a g e  t o  t h e  p r i m a r y  c la r i f ie r s .  T h e  f lo w  t h r o u g h  t h e  t r i c k l i n g  f i l t e r s  
a n d  s e c o n d a r y  c la r i f ie r  is  b y  g r a v i t y .  T h e  m a x i m u m  flo w  u n d e r  o r d i n a r y  
c i r c u m s ta n c e s  is  2 ,0 0 0  g a l .  p e r  m in .

M o t o r - o p e r a t e d  s c r a p e r s  m o v e  t h e  s e t t l e d  s lu d g e  t o  t h e  c e n t e r  o f  t h e  
ta n k s  a n d  a  s k i m m in g  d e v ic e  m o v e s  o v e r  t h e  s u r f a c e  o f  t h e  s e w a g e  o f  t h e  
c la r if ie rs .

O p e r a t i n g  R e s u l t s

I n  a  s t u d y  o f  t h e  a v e r a g e  p e r f o r m a n c e  o f  t h e  p r i m a r y  c la r i f ie r s  f o r  t h e  
p e r io d  O c to b e r  1, 1 9 3 6  t o  J a n u a r y  1, 1 9 3 9 , t h e  a v e r a g e  f lo w  r a t e  w a s
1.80 m .g .d . ,  w h ic h  is  e q u i v a l e n t  t o  6 2 5  g a l .  p e r  m in .  p e r  u n i t .

T h e  s e w a g e  h a d  t h e  f o l lo w in g  c h a r a c t e r i s t i c s :
P arts  per M illion 

U n trea ted  Sewage C larified Sewage

Total Solids.................................................................................  968 765
Total Volatile Solids..................................................................  466 330
Suspended Solids........................................................................  300 131
Volatile Suspended Solids.........................................................  198 89
5-Day B.O.D...............................................................................  358 199

T h e  a v e r a g e  r e d u c t i o n  o f  s u s p e n d e d  s o l id s  w a s  5 6 .3  p e r  c e n t ,  a n d  o f 
5 -d a y  B .O .D . 4 4 .4  p e r  c e n t ,  e q u i v a l e n t  t o  2 ,3 8 0  lb .  5 - d a y  B .O .D .  p e r  d a y .

D u r in g  t h e  p e r i o d s  J u n e  2 0  t o  J u l y  1 5 , 1 9 3 8 , a n d  A u g u s t  3  t o  S e p te m b e r  
1, 1938, o n ly  o n e  p r i m a r y  c la r i f ie r  w a s  in  o p e r a t i o n .  T h e  s e w a g e  h a d  t h e  
fo llo w in g  c h a r a c t e r i s t i c s  d u r i n g  t h e  5 3 - d a y  p e r i o d :

P arts  per M illion 
U n trea ted  Sewage C larified Sewage

Total Solids.................................................................................  868 760
Total Volatile Solids.................................................................. 368 294
Suspended Solids........................................................................  258 127
Volatile Suspended Solids.........................................................  176 95
5-Day B.O.D...............................................................................  266 160

T h e  a v e r a g e  f lo w  r a t e  w a s  1 .7 6  m .g .d .  w h ic h  is  e q u i v a l e n t  t o  1 ,2 2 0  
g a l. p e r  m in .  T h e  r e m o v a l  o f  5 - d a y  B .O .D .  w a s  4 0 .0  p e r  c e n t .

I t  w a s  n o t e d  in  c o m p a r in g  t h e  o p e r a t i o n  o f  t h e  p r i m a r y  c la r i f ie r s  f r o m  
th e  d a t a  a t  t h e  r a t e s  o f  6 2 5  a n d  1 ,2 2 0  g a l .  p e r  m in .  t h a t  t h e  c h a r a c t e r i s t i c s  
o f th e  c la r if ie d  s e w a g e  w e r e  s i m i l a r  a n d  t h a t  t h e  p e r  c e n t  r e d u c t i o n s  w e re  
a p p r o x i m a t e ly  e q u a l .  T h e s e  o b s e r v a t i o n s  i n d i c a t e d  t h a t  a p p r o x i m a t e l y  
3 .5  m .g .d .  o f s e w a g e  c a n  b e  t r e a t e d  b y  t h e  tw o  p r i m a r y  c la r i f ie r s  w i t h o u t  
r e d u c in g  t h e  e f f ic ie n c y  o f  s e d i m e n t a t i o n .

E f f e c t  o f  D i s t r i b u t i o n  V a n e s

F o r  a  t h r e e - m o n t h  p e r i o d ,  N o v e m b e r  13 , 1 9 3 8 , t o  F e b r u a r y  1 3 , 1 9 3 9 , 
th e  p r i m a r y  c la r i f ie r s  w e r e  o p e r a t e d  a n d  c o m p o s i t e  s e w a g e  s a m p le s  w e re  
a n a ly z e d  t o  d e t e r m i n e  t h e  e f f e c t  o f  t h e  d i s t r i b u t i o n  v a n e s  u p o n  t h e  e ffi­
c ie n c y  o f o p e r a t i o n  o f  t h e  t a n k s .  O n e  c la r i f ie r  w a s  o p e r a t e d  w i t h o u t  t h e
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d i s t r i b u t i o n  v a n e s  ( F ig .  1) w h i le  t h e  o t h e r  c l a r i f i e r  w a s  o p e r a t e d  w i t h  t h e  
d i s t r i b u t i o n  v a n e s .  T h e  a v e r a g e  d a i l y  f lo w  w a s  1 .7 3  m .g .d .  a n d  h e n c e ,  
e a c h  c la r i f i e r  r e c e i v e d  a n  a v e r a g e  f lo w  o f  6 0 0  g a l .  p e r  m i n .  T h e  e f f lu e n t s  o f  
t h e  c la r i f i e r s  h a d  t h e  f o l lo w in g  c h a r a c t e r i s t i c s :

P a r ts  per M illion  
W ith o u t V anes W ith  V anes

T o ta l  S o l id s .............................................................................................  908 904
T o ta l  V o la tile  S o l id s ........................................................................... 392 308
S u sp e n d e d  S o lid s   131 127
V o la tile  S u sp e n d e d  S o lid s ................................................................. 98 99
5 -D a y  B .O .D ...........................................................................................  245 246
O xy g en  C o n s u m e d ..................................................................................  94 91

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

T h e  o p e r a t i o n  o f  t h e  c la r i f i e r s  w a s  n e x t  s t u d i e d  t o  d e t e r m i n e  t h e  d e g r e e  
o f  s e d i m e n t a t i o n  o f  s u s p e n d e d  s o l id s  a t  v a r i o u s  s e c t i o n s  o f  t h e  u n i t s  a t  
d i f f e r e n t  r a t e s  o f  f lo w . T h e  m o t o r - o p e r a t e d  s c r a p e r s  a n d  s u r f a c e  s k i m m e r  
w e r e  i n  o p e r a t i o n  a t  a l l  t i m e s .  O n e  p r i m a r y  c l a r i f i e r  w a s  o p e r a t e d  w i th  
t h e  d i s t r i b u t i o n ,  v a n e s  w h i le  t h e  o t h e r  w a s  o p e r a t e d  w i t h o u t  t h e m .

S a m p l e s  o f  t h e  s e w a g e  f lo w in g  t h r o u g h  t h e  p r i m a r y  c l a r i f i e r s  w e r e  t a k e n  
a t  d e p t h s  o f  2 , 4 , 6  a n d  8  f t .  f r o m  t h e  s u r f a c e  o f  t h e  l i q u i d  a n d  a t  p o s i t i o n s  
1, 5 , 1 0 , 15  a n d  18  f t .  f r o m  t h e  s id e  w a l l  o f  t h e  t a n k  a t  t h e  f o l lo w in g  r a t e s  
o f  f lo w  o f  6 0 0 , 1 ,1 0 0  a n d  2 ,0 0 0  g a l .  p e r  m in .

T h e  s a m p le s  o f  s e w a g e  o f  t h e  s e c o n d a r y  c la r i f i e r  w e r e  t a k e n  a t  d e p th s  
o f  2 , 4 ,  6  a n d  8  f t .  a t  t h e  c e n t e r  o f  t h e  t a n k .  T h e  s a m p l e s  w e r e  c o l l e c te d  
3 , 1 0 , 1 7 , 2 4  a n d  2 6  f t .  f r o m  t h e  s id e  w a l l .  T h e  o p e r a t i o n  o f  t h e  s e c o n d a r y  
c la r i f i e r  w a s  s t u d i e d  a t  1 ,2 0 0  a n d  2 ,0 0 0  g a l .  p e r  m i n .  r a t e s  o f  s e w a g e  flow .

A ll  s a m p le s  w e r e  t a k e n  f r o m  t h e  s t e e l  w a l k - w a y  o f  t h e  c la r i f i e r s .  S a m ­
p le s  o f  t h e  c la r i f i e r  i n f l u e n t  a n d  e f f lu e n t  w e r e  c o l l e c t e d  b e f o r e  a n d  a f t e r  t h e  
o t h e r  s a m p le s  w e r e  c o l l e c te d .  T h e  a m o u n t s  o f  s u s p e n d e d  s o l id s  i n  th e  
v a r i o u s  s a m p le s  w e r e  d e t e r m i n e d  b y  t h e  G o o c h  c r u c i b l e  m e t h o d  o f  S t a n d ­
a r d  M e t h o d s  o f  W a t e r  a n d  S e w a g e  A n a ly s i s .

T h e  d a t a  w e r e  c o m p o s i t e d  o n  t h e  f o l lo w in g  b a s i s :  T h e  a m o u n t  o f 
s u s p e n d e d  s o l id s  in  t h e  c la r i f i e d  s e w a g e  w a s  t a k e n  a s  a  b a s i s  f o r  c o m p a r i ­
s o n ,  b e c a u s e  t h e  c la r i f ie d  e f f l u e n t  i s  m o r e  u n i f o r m  i n  c o m p o s i t i o n  a n d  a  
l a r g e r  v o lu m e  o f  a  s a m p l e  m a y  b e  u s e d  in  d e t e r m i n i n g  t h e  s u s p e n d e d  s o l id s .

T h e  a r i t h m e t i c a l  a v e r a g e  o f  t h e  a m o u n t  o f  t h e  s u s p e n d e d  s o l id s  o f  t h e  
tw o  e f f lu e n t  s a m p le s  w a s  t a k e n  f o r  a  c o m p a r i s o n  o f  t h e  o t h e r  s a m p le s .  
T h e  a m o u n t  o f  s u s p e n d e d  s o l id s  i n  t h e  v a r i o u s  s a m p le s  w a s  d i v i d e d  b y  t h e  
a v e r a g e  s u s p e n d e d  s o l id s  o f  t h e  e f f lu e n t  s a m p le s  t o  o b t a i n  a  f a c t o r  9. 
T h i s  f a c t o r ,  9, r e l a t e d  t h e  a m o u n t  o f  s u s p e n d e d  s o l id s  a t  a  p o i n t  i n  t h e  t a n k  
t o  t h e  s u s p e n d e d  s o l id s  r e m a i n i n g  in  t h e  e f f lu e n t .  T h e  f a c t o r  o f  t h e  
s u s p e n d e d  s o l id s  i n  t h e  u n t r e a t e d  s e w a g e  e n t e r i n g  t h e  t a n k  w a s  l i k e w is e  
d e t e r m i n e d .  T h e  f a c t o r s ,  9, f o r  e a c h  p o s i t i o n  i n  t h e  t a n k  f o r  t h e  s e v e r a l  
r u n s  w e r e  a v e r a g e d .  T h e  a v e r a g e  f a c t o r ,  9 a v g . ,  w a s  m u l t i p l i e d  b y  t h e  
a v e r a g e  a m o u n t  o f  s u s p e n d e d  s o l id s  o f  t h e  c la r i f i e d  e f f l u e n t  t o  g iv e  a n  
a v e r a g e  s u s p e n d e d  s o l id s  f o r  t h e  v a r i o u s  p o s i t i o n s .  T h i s  a m o u n t  w a s  
t a k e n  a s  a  r e p r e s e n t a t i v e  e x p r e s s io n  o f  t h e  s u s p e n d e d  s o l id s  a t  t h e  d i f f e r e n t  
s a m p l i n g  p o i n t s .
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T h e  a v e r a g e  a m o u n t  o f  s u s p e n d e d  s o l id s  in  t h e  p r i m a r y  c la r i f ie r  
e f f lu e n t s  a t  t h e  6 0 0  g a l .  p e r  m in .  r a t e  o f  f lo w  w a s  1 4 0  p .p .m .  f o r  t h e  c la r i f ie r  
w i t h o u t  t h e  d i s t r i b u t i o n  v a n e s  a n d  1 3 0  p .p .m .  f o r  t h e  c la r i f ie r  w i th  t h e  
d i s t r i b u t i o n  v a n e s .  T h e s e  r e s u l t s  w e r e  s i m i l a r  t o  t h o s e  p r e v i o u s l y  p r e ­
s e n t e d ,  in  t h a t  t h e  s u s p e n d e d  s o l id s  w e r e  131  a n d  12 7  p .p .m .  f o r  t h e  e f f lu ­
e n t s  o f  t h e  c la r i f ie r s  w i t h  a n d  w i t h o u t  t h e  d i s t r i b u t i o n  v a n e s ,  a t  t h e  d a i l y  
a v e r a g e  f lo w  r a t e  o f  6 0 0  g a l .  p e r  m in .  p e r  u n i t .

A t  t h e  r a t e  o f  f lo w  o f  1 ,1 0 0  g a l .  p e r  m i n . ,  t h e  c la r i f ie r  w i t h o u t  t h e  d i s ­
t r i b u t io n  v a n e s  s h o w e d  a  g r e a t e r  a m o u n t  o f  s u s p e n d e d  s o l id s  a t  t h e  2  a n d  
4 f t .  le v e ls  a t  t h e  p o s i t i o n s  1 0 , 15  a n d  18 f t .  f r o m  t h e  p e r i p h e r y .  I n  t h e  
c la r if ie r  w i th  t h e  v a n e s  a t  t h e  p o s i t i o n  10  f t .  f r o m  t h e  p e r i p h e r y ,  t h e  s u s -

T a b l e  I .— Average Suspended Solids in  P.p.m. of the Sewage in  Primary Clarifiers at 
Various Distances from the Periphery *

Flow Gal. 
per 

Min.
C larifier

Suspended Solids in  P .p .m .

U n trea ted
Sewage

D istance  from  P eriphe ry  in  F ee t
C larifier
Effluent

IS 15 10 5 l

600 W ith  V anes 325 210 160 150 125 110 130

W ith o u t
V anes 320 210 165 140 125 115 140

1,100 W ith  V anes 375 235 205 160 145 130 150

W ith o u t
V anes 360 250 210 180 145 125 140

2,000 W ith  V anes 400 290 235 215 200 175 190

W ith o u t
V anes 360 280 230 215 190 175 190

* D iam eter of ta n k  is 45 f t.

p e n d e d  s o l id s  w e r e  1 8 5 , 1 6 0 , 1 5 0  a n d  1 4 0  p .p .m .  f o r  t h e  d e p t h s  2 , 4 , 6  
a n d  8 f e e t .  I n  t h e  c a s e  o f  t h e  c la r i f ie r  w i t h o u t  t h e  d i s t r i b u t i o n  v a n e s  a  
s im i la r  d i s t r i b u t i o n  d id  n o t  a p p e a r  u n t i l  a  p o i n t  b e tw e e n  t h e  5  a n d  10  f t .  
p o s i t io n s  f r o m  t h e  p e r i p h e r y .  A t  5  f t .  f r o m  t h e  p e r i p h e r y  t h e  d i s t r i b u t i o n  
w a s  160, 160 , 13 5  a n d  1 2 0  p .p .m .  f o r  t h e  d e p t h s  2 , 4 , 6  a n d  8  f e e t .

A t  t h e  a b o v e  r a t e s  o f  f lo w  o f  6 0 0  a n d  1 ,1 0 0  g a l .  p e r  m in . ,  a p p r o x i m a t e l y  
o n e - th i r d  o f  t h e  s u s p e n d e d  s o l id s  s e t t l e  o u t  in  t h e  c e n t e r  s e c t io n  e n c lo s e d  
w i th in  t h e  9 - f t .  c e n t e r  b a f f le .  T h e  o v e r - a l l  r e d u c t i o n  a t  t h e s e  r a t e s  w a s  
6 0 .0  p e r  c e n t  f o r  t h e  p r i m a r y  c la r i f ie r  w i t h  t h e  d i s t r i b u t i o n  v a n e s  a n d  5 6 .2  
a n d  6 1 .2  p e r  c e n t  f o r  t h e  p r i m a r y  c la r i f ie r  w i t h o u t  t h e  d i s t r i b u t i o n  v a n e s .  
T h e  l a t t e r  c la r i f ie r  d id  n o t  h a v e  t h e  s a m e  u n i f o r m  d i s t r i b u t i o n  a n d  t h e r e  
a p p e a r e d  t o  b e  s h u n t i n g  o f  t h e  t a n k  a t  a  le v e l  4  f t .  b e lo w  t h e  s u r f a c e  o f  t h e  
se w a g e . A t  t h e s e  r a t e s  o f  f lo w , t h e  a m o u n t  o f  s u s p e n d e d  s o l id s  n e a r  t h e  
s id e  w a ll o f  t h e  t a n k  w a s  le s s  t h a n  t h a t  in  t h e  e f f lu e n t  l e a v i n g  t h e  t a n k .
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A t  t h e  r a t e  o f  2 ,0 0 0  g a l .  p e r  m in .  t h e r e  a p p e a r e d  t o  b e  a  s h u n t i n g  o f  t h e  
f lo w  a c r o s s  t h e  c la r i f i e r  w i t h o u t  t h e  d i s t r i b u t i o n  v a n e s  a t  a  l e v e l  4  f t .  b e lo w  
t h e  s u r f a c e  o f  t h e  s e w a g e .  T h e  c la r i f i e r  o p e r a t i n g  w i t h  t h e  d i s t r i b u t i o n  
v a n e s  h a d  a  m o r e  u n i f o r m  d i s t r i b u t i o n  o f  s u s p e n d e d  s o l id s  t h r o u g h o u t  t h e  
t a n k  t h a n  d id  t h e  c la r i f i e r  o p e r a t i n g  w i t h o u t  t h e  d i s t r i b u t i o n  v a n e s .  
A l t h o u g h  t h e r e  w a s  a  v a r i a t i o n  in  t h e  d i s t r i b u t i o n  o f  s u s p e n d e d  m a t e r i a l  
w i t h i n  t h e  t a n k s ,  t h e  a m o u n t  o f  s u s p e n d e d  s o l id s  i n  t h e  e f f l u e n t  w a s  t h e  
s a m e .

A n  a n a l y s i s  o f  t h e  s u s p e n d e d  s o l id s  d a t a  s h o w e d  t h a t  t h e r e  w a s  a  
g r a d u a l  d e c r e a s e  o f  s u s p e n d e d  s o l id s  a s  t h e  s e w a g e  a p p r o a c h e d  t h e  s id e  
w a l l  a n d  w e i r  o f  t h e  t a n k  ( T a b l e  I )  a n d  t h a t  t h e r e  w e r e  z o n e s  n e a r  t h e  s id e  
w a l l  a n d  b o t t o m  o f  t h e  t a n k  w h e r e  t h e  c o n c e n t r a t i o n  o f  s u s p e n d e d  s o l id s  
w a s  le s s  t h a n  t h a t  o f  t h e  e f f lu e n t .  T h e  a m o u n t  o f  s u s p e n d e d  s o l id s  i n  t h e  
e f f lu e n t  a p p e a r e d  t o  b e  r e l a t e d  t o  t h e  r a t e  o r  v e l o c i t y  o f  f lo w  b e c a u s e  t h e  
s u s p e n d e d  s o l id s  o f  t h e  c la r i f i e d  s e w a g e  w e r e  1 3 0  t o  1 4 0  p .p .m .  f o r  t h e  
6 0 0  g a l .  p e r  m in .  r a t e ,  1 4 0  t o  1 5 0  p .p .m .  f o r  t h e  1 ,1 0 0  g a l .  p e r  m i n .  r a t e  
a n d  1 9 0  p .p .m .  f o r  t h e  2 ,0 0 0  g a l .  p e r  m i n .  r a t e .

S e c o n d a r y  C l a r i f i e r

T h e  s e c o n d a r y  c la r i f i e r  w a s  i n v e s t i g a t e d  a t  1 ,2 0 0  a n d  2 ,0 0 0  g a l .  p e r  
m in .  r a t e s  o f  f lo w . A t  t h e s e  t w o  r a t e s  o f  f lo w  t h e  s u s p e n d e d  s o l id s  o f  th e  
i n f l u e n t  w e r e  1 1 5  p .p .m .  a n d  1 7 5  p . p . m . ,  r e s p e c t i v e l y  ( T a b l e  I I ) .  An

T a b l e  II .— Average Suspended Solids in  P.p.m. of the Sewage in  the Secondary Clarifiers at 
Various Distances from the Periphery *

Flow  G al.
Suspended  Solids in  P .p .m .

per M in.
In flu en t D is tan ce  from  Side W all of C larifier in  F ee t Effluen t

24 17 10 3
1,200 115 74 64 59 54 50
2,000 175 96 58 61 62 50

* Diameter of tank is 60 ft.

a n a l y s i s  o f  t h e  s u s p e n d e d  s o l id s  d a t a  i n d i c a t e d  t h a t  b e y o n d  t h e  12  f t .  
i n f l u e n t  b a f f le  t h e r e  w a s  v e r y  l i t t l e  d i f f e r e n c e  i n  t h e  s u s p e n d e d  s o l id s  
c o n c e n t r a t i o n .  A t  b o t h  r a t e s  t h e  e f f lu e n t  h a d  5 0  p .p .m .  o f  s u s p e n d e d  
s o l id s .

D u r i n g  a  1 3 - m o n th  p e r i o d  ( 1 9 3 7 - 3 8 ) ,  t h e  a v e r a g e  d a i l y  f lo w  w a s  1 .7 5  
m .g .d . ,  e q u i v a l e n t  t o  1 ,2 1 5  g a l l o n s  p e r  m i n u t e .  T h e  a v e r a g e  r e d u c t i o n  in  
s u s p e n d e d  s o l id s  b y  t h e  s e c o n d a r y  c la r i f i e r  w a s  f r o m  7 5  p . p . m .  t o  3 3  p .p .m .  
a n d  t h e  a v e r a g e  r e d u c t i o n  o f  a n y  5 - d a y  B .O .D .  f o r  s a m e  p e r i o d  w a s  f r o m  
6 4  p .p .m .  t o  3 8  p .p .m .

T h e  d a t a  f o r  t h e  s e c o n d a r y  c la r i f i e r  i n d i c a t e d  t h a t  t h e  c la r i f i e r  m a y  b e  
o p e r a t e d  a t  t h e  2 ,0 0 0  g a l .  p e r  m i n .  r a t e  a s  e f f i c i e n t ly  a s  t h e  lo w e r  r a t e s  o f  
f lo w , a n d  f u r t h e r  s u g g e s t s  t h a t  d u e  p e r h a p s  t o  t h e  d i f f e r e n c e  i n  t h e  c h a r a c ­
t e r  o f  t h e  s u s p e n d e d  s o l id s  in  f i l t e r  e f f lu e n t s ,  t h e  s e c o n d a r y  c la r i f i e r s  s h o u l d  
b e  d e s i g n e d  o n  a  d i f f e r e n t  b a s i s  t h a n  t h e  c la r i f i e r s  u s e d  f o r  p r i m a r y  
s e d i m e n t a t i o n .
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F l o w i n g - T h r o u g h  P e r io d

Primary Clarifiers.— O n e  o f  t h e  i m p o r t a n t  f a c t o r s  i n  o p e r a t i o n  o f  t h e  
s e t t l i n g  t a n k  is  t h e  t i m e  t h e  s e w a g e  is  a l l o w e d  t o  s e t t l e  w i t h i n  t h e  t a n k .  
T h e  d e t e n t i o n  p e r i o d  a n d  f l o w in g - th r o u g h  p e r i o d  a r e  t e r m s  u s e d  in  t h e  
d e s ig n  o f  t a n k s  t o  e x p r e s s  t i m e  p e r i o d s  o f  t h e  s e d i m e n t a t i o n  p r o c e s s .

C a p e n  h a s  d e f in e d  t h e  d e t e n t i o n  p e r i o d  a s  t h e  t i m e  e q u i v a l e n t  t o  t h e  
v o lu m e  o f t h e  t a n k  d i v i d e d  b y  t h e  r a t e  o f  f lo w , a n d  t h e  f l o w in g - th r o u g h  
p e r io d  a s  t h e  a v e r a g e  t i m e  r e q u i r e d  f o r  a  s m a l l  u n i t  v o lu m e  o f  s e w a g e  t o  
p a s s  t h r o u g h  a  t a n k  a t  a  g iv e n  f lo w . T o  d e t e r m i n e  t h e  f l o w in g - th r o u g h  
p e r io d , C a p e n  u s e d  s a l t  d i s s o lv e d  in  w a t e r .  H e  e m p t i e d  t h e  s o l u t i o n  i n t o  
th e  s e w a g e  e n t e r i n g  t h e  t a n k  a n d  t i t r a t e d  e f f lu e n t  s a m p le s  e v e r y  5  m i n u te s .  
T h e  f l o w in g - th r o u g h  p e r i o d  w a s  d e t e r m i n e d  b y  p l o t t i n g  t h e  c h lo r id e  t i t r a ­
t io n s  o f t h e  e f f lu e n t  a g a i n s t  t i m e .  H e  n o t e d  t h a t  t h e  in c o m in g  s e w a g e  
c h lo r id e  c o n c e n t r a t i o n  w a s  p r a c t i c a l l y  c o n s t a n t  a n d ,  h e n c e ,  h e  t o o k  t h e  
n o rm a l  c h lo r id e  c o n t e n t  a s  a  z e ro  v a lu e  d e t e r m i n i n g  t h e  c e n t r o id  v e r t i c a l .  
T h e  t im e  c o r r e s p o n d in g  t o  t h e  c e n t r o i d  v e r t i c a l  o f  t h e  a r e a  u n d e r  t h e  c u r v e  
a s  d e te r m in e d  b y  t h e  m e t h o d  o f  m o m e n t s  is  c a l l e d  t h e  f l o w in g - th r o u g h  
t im e .

T h e  c e n t r o id  v e r t i c a l  m e t h o d  w a s  i n t r o d u c e d  b y  C li f f o r d .  H e  s t a t e d  
t h a t  t h e  c e n t r o id  v e r t i c a l  i n d i c a t e s  t h e  t i m e  w h e n  t h e  c e n t e r  o f  g r a v i t y  o f 
th e  m o le c u le s  in  t h e  s o l u t i o n  p a s s e s  t h e  s a m p l i n g  s e c t io n .  H e  a ls o  s t a t e d  
t h a t  t h e  t i m e  o f p a s s a g e  o f  w a t e r  t h r o u g h  a  s e c t io n  is  d i r e c t l y  p r o p o r t i o n a l  
to  t h e  a m o u n t  o f  m o t io n  o f  t h e  m e d i u m  a n d  t h a t  i t  is  p r o b a b l e  t h a t  t h e  
a v e ra g e  f o r w a r d  m o v e m e n t  o f  t h e  m o le c u le s  o f  a  s o l u t i o n  d o e s  n o t  d i f f e r  
a p p r e c ia b ly  f r o m  t h a t  o f  t h e  m o le c u le s  o f  t h e  s o l v e n t .

I n  a n  a t t e m p t  t o  d e t e r m i n e  t h e  f l o w in g - th r o u g h  p e r i o d  o f  t h e  p r i m a r y  
c la r if ie rs  a s  o u t l i n e d  b y  C a p e n ,  a  s u s p e n s io n  o f  s a l t  in  w a t e r  w a s  i n t r o d u c e d  
in to  th e  c e n te r  o f  t h e  c la r i f ie r .  T h e r e  w a s  n o  n o t i c e a b le  r i s e  in  t h e  c h lo r id e  
c o n c e n t r a t i o n  o f  t h e  e f f lu e n t .  T o  in c r e a s e  t h e  c h lo r id e  c o n c e n t r a t i o n ,  a  
fin e  g r a d e  w a te r - s o f t e n in g  s a l t  w a s  p o u r e d  i n t o  t h e  f e e d  p ip e  in  t h e  c e n t e r  
o f th e  c la r if ie r  a n d  a l lo w e d  t o  g o  i n t o  s o l u t i o n  w i t h  t h e  s e w a g e .  T h i s  
m e th o d  a ls o  f a i le d  t o  g iv e  a  n o t i c e a b le  r i s e  in  t h e  c h lo r id e  c o n c e n t r a t i o n  
of th e  e f f lu e n t .  I t  w a s  n o t i c e d ,  h o w e v e r ,  t h a t  t h e  n a t u r a l  c h lo r id e  c o n ­
c e n t r a t i o n  o f  t h e  s e w a g e  v a r i e d  c o n s i d e r a b l y .  B e c a u s e  t h i s  o f  v a r i a t i o n  
in  th e  s e w a g e  c h lo r id e  i t  s e e m e d  a d v i s a b l e  t o  u s e  t h e  n a t u r a l  c h lo r id e s  t o  
d e te r m in e  t h e  f l o w in g - th r o u g h  p e r io d .  T h e  c h lo r id e  c o n c e n t r a t i o n  w a s  
o b s e r v e d  to  v a r y  in  t h e  m o r n in g  w h i le  i n  t h e  a f t e r n o o n  t h e r e  w a s  le s s  
f l u c tu a t io n  a n d  t h e  c o n t e n t  w a s  h ig h e r .

S a m p le s  w e re  c o l l e c te d  e v e r y  f iv e  m i n u t e s  f r o m  t h e  c e n t e r  o f  t h e  
c la r if ie r ,  w h e re  t h e  in c o m in g  s e w a g e  w a s  f lo w in g  f r o m  t h e  f e e d  p ip e ,  a n d  
a t  a  p o in t  w h e re  t h e  c o m b in e d  o v e r f lo w  o f  t h e  p e r i p h e r y  l e f t  t h e  t a n k .  
F r o m  th e s e  s a m p le s  5 0  m l .  p o r t i o n s  w e re  t i t r a t e d  w i th  s t a n d a r d  s i lv e r  
n i t r a t e  s o lu t io n  (1 m l . =  1 m g . C l)  a c c o r d i n g  t o  t h e  s i lv e r  c h r o m a t e  
m e th o d .

I n  F ig s .  2  a n d  3  t h e  c h a r a c t e r i s t i c  c h lo r id e  c o n c e n t r a t i o n  c u r v e s  a r e  
sh o w n  fo r  t h e  p e r io d  f r o m  9 :0 0  A .M .  t o  1 :3 0  P .M .  a n d  1 1 :35 A .M .  t o  3 :1 5  
P .M . ,  r e s p e c t iv e ly .  T h e  r a t e  o f  f lo w  d u r i n g  t h e  a b o v e  p e r i o d s  w a s  1 ,2 0 0  
g a l. p e r  m in .  S in c e  t h e  n a t u r a l  s e w a g e  f lo w  e x c e e d e d  t h i s  r a t e  a t  t i m e s ,
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TIME

F ig . 2.— Show ing varia tions in th e  concentration  in th e  in fluent and effluent of prim ary clarifier
Sept. 2, 1938.

F ig . 3.—Variations in the chloride concentration in the influent and effluent of primary clarifier
Sept. 3, 1938.
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t h e  e x c e s s  f lo w  w a s  h e ld  b a c k .  T h e s e  g r a p h s  s h o w  t h e  w id e  v a r i a t i o n s  in  
t h e  n a t u r a l  c h lo r id e s  o f  s e w a g e .  A  s t u d y  o f  t h e  n a t u r a l  c h lo r id e  c o n c e n ­
t r a t i o n  c u r v e s  o f  t h e  s u m m e r  m o n t h s  s h o w s  t h a t  t h e  c h lo r id e  c o n c e n t r a t i o n  
o f t h e  i n f lu e n t  a t  9 :3 0  A .M .  w a s  u s u a l l y  le s s  t h a n  1 0 0  p .p .m .  a n d  t h a t  a  
p r o n o u n c e d  r i s e  in  c h lo r id e  c o n t e n t  o c c u r r e d  b e tw e e n  9 :3 0  a n d  1 0 :0 0  A .M .  
O th e r  in c r e a s e s  in  c h lo r id e  c o n t e n t  o f  t h e  i n f l u e n t  u s u a l l y  o c c u r r e d  b e tw e e n

F ig. 4.— Showing average results of five different m easurem ents of chloride concentration in the  
influent and effluent of prim ary clarifier a t 1,200 p .p .m . rate of flow.

1 0 :3 0  a n d  1 1 :3 0  A .M .  a n d  1 2 :0 0  a n d  1 2 :3 0  n o o n .  T h e  c h lo r id e  c o n c e n t r a ­
t io n  c u r v e  fo r  t h e  e f f lu e n t  r i s e s  a n d  f a l l s  m o r e  g r a d u a l l y  o v e r  a  n a r r o w e r  
c o n c e n t r a t i o n  r a n g e .  T h i s  i n d i c a t e s  t h a t  t h e  c h lo r id e  c o n t e n t r a t i o n  o f  t h e  
e f f lu e n t w a s  a  r e s u l t a n t  c o n c e n t r a t i o n  o f  t h e  c h lo r id e  c o n c e n t r a t i o n  o f  t h e  
in f lu e n t  a n d  t h e  c h lo r id e  c o n c e n t r a t i o n  o f  t h e  s e w a g e  a l r e a d y  in  t h e  c l a r i ­
f ie r. T h e  h ig h - c h lo r id e  s e w a g e  m i g h t  h a v e  b e e n  t h e  r e s u l t  o f  t h e  d i s c h a r g e  
of c h lo r in a t e d  w a s h  w a te r s  f r o m  d a i r y  p l a n t s  in  t h e  c i t y .

F ig u r e  4  is  a  c o m p o s i t e  g r a p h  o f  f iv e  c u r v e s  o b t a i n e d  u n d e r  t h e  s a m e  
c i r c u m s ta n c e s  a t  1 ,2 0 0  g a l .  p e r  m in .  r a t e  o f  f lo w . I t  s h o w s  a  s h a r p  r i s e  in  
n a tu r a l  s e w a g e  c h lo r id e s  o f  t h e  i n f l u e n t  w h ic h  w a s  m a i n t a i n e d  f o r  a p p r o x i ­
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m a t e l y  6 0  m i n u t e s .  I t  s h o w s  a  p r o n o u n c e d  r i s e  i n  t h e  c h lo r id e  c o n c e n t r a ­
t i o n  o f  t h e  c la r i f i e d  e f f lu e n t  5 0  m i n .  a f t e r  t h e  r i s e  o f  t h e  c h lo r id e  c o n c e n t r a ­
t i o n  o f  t h e  i n f l u e n t  s e w a g e .

T h e  t i m e  o f  t h e  f l o w i n g - th r o u g h  p e r i o d  w a s  d e t e r m i n e d  a s  t h e  t i m e  
e l a p s in g  b e t w e e n  t h e  t i m e  o f  c e n t r o i d  v e r t i c a l  o f  t h e  i n f l u e n t  c h l o r i d e  c u r v e  
a n d  t h e  c e n t r o i d  v e r t i c a l  o f  t h e  e f f lu e n t  c h lo r id e  c u r v e .  F o r  t h e  r a t e  o f  
f lo w  o f  1 ,2 0 0  g a l .  p e r  m i n . ,  t h e  f l o w i n g - th r o u g h  p e r i o d  w a s  4 9  m i n u t e s .

F ig . 5.— Show ing average resu lts of five different m easurem ents of chloride con cen tration s in 
influent and effluent of prim ary clarifier a t 2 ,000 g .p .m . rate of flow.

F i g u r e  5  is  a  c o m p o s i t e  g r a p h  o f  f o u r  c u r v e s  o b t a i n e d  u n d e r  t h e  s a m e  
c i r c u m s t a n c e s  a t  2 ,0 0 0  g a l .  p e r  m in .  r a t e  o f  f lo w . I t  s h o w s  a  p r o n o u n c e d  
r i s e  i n  t h e  c h lo r id e  c o n c e n t r a t i o n  o f  t h e  c la r i f i e d  e f f l u e n t  2 5  m i n u t e s  a f t e r  
t h e  b e g in n i n g  o f  t h e  r i s e  o f  t h e  c h lo r id e  c o n c e n t r a t i o n  o f  t h e  i n f l u e n t .  T h e  
f l o w i n g - th r o u g h  p e r i o d  a s  d e t e r m i n e d  b y  t h e  a b o v e  m e t h o d  w a s  3 0  m i n u t e s .

S in c e  t h e  n a t u r a l  c h lo r id e  c o n c e n t r a t i o n  o f  t h e  s e w a g e  c a n n o t  b e  c o n ­
t r o l l e d ,  t h e  c h lo r id e  c o n c e n t r a t i o n  o f  t h e  i n f l u e n t  a t  t h e  b e g i n n i n g  o f  t h e
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t e s t  w a s  t a k e n  a s  a  b a s e  l in e  f o r  t h e  d e t e r m i n a t i o n  o f  t h e  c e n t r o i d  v e r t i c a l .  
B e c a u s e  t h e  c h lo r id e  c o n c e n t r a t i o n  c u r v e s  d o  n o t  a lw a y s  r e t u r n  t o  t h e  b a s e  
l in e  c o n c e n t r a t i o n ,  i t  w a s  n e c e s s a r y  t o  p r o j e c t  t h e  c u r v e s  t o  t h e  b a s e  l in e .  
( T h e s e  l in e s  h a v e  t h e  s lo p e  o f  t h e  c o n c e n t r a t i o n  c u r v e s  a n d  t h e y  c o m p l e t e  
t h e  c y c le  o f  t h e  c u r v e  t o  t h e  b a s e  l in e .)

T h e  r a t e s  o f  s e w a g e  f lo w  f o r  t h e  p e r i o d  o f  e a c h  t e s t  w e r e  d e t e r m i n e d  b y  
d iv id in g  t h e  f lo w  in  g a l lo n s  a s  i n d i c a t e d  b y  t h e  i n t e g r a t o r  o f  t h e  v e n t u r i  
m e te r  b y  t h e  n u m b e r  o f  m i n u t e s  o f  t h e  t e s t i n g  p e r i o d .  T h e  a v e r a g e  r a t e s  
fo r  t h e  p u m p s  in  o p e r a t i o n  u n d e r  t h e  c o n d i t i o n s  o f  t h e  t e s t s  w e re  1 ,2 0 0  
a n d  2 ,0 0 0  g a l .  p e r  m in .

T h e  c a l c u l a t e d  d e t e n t i o n  p e r i o d s  f o r  t h e  p r i m a r y  c la r i f ie r s  a t  t h e  f lo w s  
of 1 ,2 0 0  a n d  2 ,0 0 0  g a l .  p e r  m in .  w e r e  1 0 5  m i n u t e s  a n d  6 3  m i n u t e s ,  
r e s p e c t iv e ly .

T h e  p e r  c e n t  r e l a t i o n s h i p  o f  t h e  f l o w i n g - th r o u g h  p e r i o d  t o  t h e  d e t e n t i o n

p e r io d  is  g iv e n  b y  t h e  e q u a t i o n  -  * , w h e r e  F t i s  t h e  f lo w in g - th r o u g h
Ut

t im e  in  m i n u te s  a n d  D t is  t h e  d e t e n t i o n  t i m e  i n  m i n u t e s .  T h e  p e r  c e n t  
r e la t io n s h ip  o f  t h e  f l o w i n g - th r o u g h  p e r i o d  t o  t h e  d e t e n t i o n  p e r i o d  w a s  4 7 .6  
fo r  b o th  r a t e s  o f  f lo w  o f  1 ,2 0 0  a n d  2 ,0 0 0  g a l .  p e r  m in .  f o r  a  p r i m a r y  c la r i f ie r .

Secondary Clarifier.— T h e  c h lo r id e  c o n c e n t r a t i o n  o f  t h e  i n f lu e n t  t o  t h e  
s e c o n d a r y  c la r i f ie r  d id  n o t  v a r y  g r e a t l y .  T h e  g r e a t  v a r i a t i o n  o f  t h e  c h lo ­
r id e  c o n c e n t r a t i o n  o f  t h e  s e w a g e  e n t e r i n g  t h e  p l a n t  w a s  s m o o th e d  o u t  in  
f lo w in g  t h r o u g h  t h e  p r i m a r y  c la r i f ie r s  a n d  t h e  t r i c k l i n g  f i l t e r s .  T h e  f o l ­
lo w in g  p r o c e d u r e  w a s  d e v e lo p e d  t o  d e t e r m i n e  t h e  a v e r a g e  l e n g t h  o f  t i m e  
th e  se w a g e  is  r e t a i n e d  w i t h i n  t h e  t a n k .

A  1 0 0 -lb . s a c k  o f  w a t e r - s o f t e n i n g  s a l t  w a s  l a i d  in  t h e  e f f lu e n t  c h a n n e l  o f 
tw o  a d jo in in g  t r i c k l i n g  f i l t e r s .  T h e  f lo w  f r o m  t h e s e  f i l t e r s  w a s  j o i n e d  b y  
th e  e f f lu e n t f r o m  a  t h i r d  f i l t e r ,  a n d  h e n c e  t h e  s a l t  s o l u t i o n ,  o r  s u s p e n s io n ,  
w as  th o r o u g h ly  m ix e d  b e f o r e  i t  e n t e r e d  t h e  s e c o n d a r y  c la r i f ie r .  T h e  
c h lo r id e  c o n c e n t r a t i o n s  o f  t h e  i n f l u e n t  a n d  e f f lu e n t  w e r e  d e t e r m i n e d  e v e r y  
five  m in u te s  b y  t i t r a t i n g  s a m p le s  o f  s e w a g e ,  w h ic h  w e re  c o l l e c te d  a t  t h e  
c e n te r  o f t h e  c la r i f ie r  a n d  a t  t h e  d i s c h a r g e  o f  t h e  t a n k .  T h e  c h lo r id e  c o n ­
c e n t r a t i o n  o f t h e  i n f l u e n t  a n d  e f f lu e n t  w a s  p l o t t e d  a g a i n s t  t h e  t i m e .  T h e  
c h lo r id e  c o n c e n t r a t i o n  o f  t h e  i n f l u e n t  r o s e  a n d  fe l l  q u ic k l y .  T h e  c h lo r id e  
c o n c e n t r a t i o n  o f  t h e  e f f lu e n t  r e m a i n e d  c o n s t a n t  f o r  a  p e r i o d  o f  t i m e  a n d  
th e n  ro s e  s l i g h t ly  a n d  t h e n  r e m a i n e d  c o n s t a n t .  S in c e  t h e  c h lo r id e  c o n ­
c e n t r a t i o n  c u r v e  o f  t h e  e f f lu e n t  d o e s  n o t  h a v e  t h e  p r o p e r t i e s  r e q u i r e d  fo r  
c e n tr o id  v e r t i c a l  a n a ly s i s ,  t h e  i n t e r v a l  o f  t i m e  o c c u r in g  b e tw e e n  t h e  t i m e  
o f th e  f i r s t  in c r e a s e  in  c h lo r id e  c o n c e n t r a t i o n  o f  t h e  i n f l u e n t  a n d  t h e  a v e r a g e  
t im e  fo r  t h e  in c r e a s e  in  t h e  c h lo r id e  c o n c e n t r a t i o n  in  t h e  e f f lu e n t  w a s  t a k e n  
a s  t h e  f l o w in g - th r o u g h  p e r i o d .  T h i s  m e t h o d  is  s i m i l a r  t o  t h e  L a w r e n c e  
M e th o d  o f  A n a ly s i s .  T h e  a v e r a g e  t i m e  f o r  f iv e  d e t e r m i n a t i o n s  a t  1 ,2 0 0  
g a l. p e r  m in .  w a s  7 5  +  9  m i n u t e s  a n d  3 7  +  5  m i n u t e s  f o r  t h e  f lo w  o f  2 ,0 0 0  
g a l. p e r  m in .

T h e  c a lc u la te d  d e t e n t i o n  p e r i o d s  i n  t h e  s e c o n d a r y  c la r i f ie r  a t  t h e  a b o v e  
r a t e s  o f f lo w  w e re  1 47  a n d  8 8  m i n u t e s ,  r e s p e c t i v e ly .  T h e  p e r  c e n t  r e l a ­
t io n s h ip  o f t h e  f l o w in g - th r o u g h  p e r i o d  t o  t h e  d e t e n t i o n  p e r i o d  w a s  5 1 .0  
a n d  4 2 .0 , r e s p e c t iv e ly .
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S u m m a r y

T h e  r e s u l t s  o f  i n v e s t i g a t i o n s  m a d e  t o  d e t e r m i n e  t h e  e f f e c t s  o f  c e r t a i n  
f a c t o r s  o n  t h e  e f f ic ie n c y  o f  tw o  p r i m a r y  c la r i f i e r s  a n d  o n e  s e c o n d a r y  c la r i -  
f ie r ,  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 i o n s ,  a r e  r e p o r t e d  i n  t h i s  p a p e r .  T h e  
d e t e r m i n a t i o n s  w e r e  m a d e  a t  r a t e s  o f  f lo w  o f  1 ,2 0 0  a n d  2 ,0 0 0  g a l .  p e r  m in .

I t  w a s  f o u n d  t h a t  t h e  u s e  o f  d i s t r i b u t i o n  v a n e s  a t t a c h e d  t o  t h e  b a f f le  
a r o u n d  t h e  c la r i f ie r  f e e d  p ip e  h a d  n o  e f f e c t  o n  t h e  e f f ic i e n c y  o f  t h e  r e m o v a l  
o f  s u s p e n d e d  s o l id s  a t  t h e  r a t e s  o f  f lo w  u s e d .  T h e y  d i d  a f f e c t  t h e  d i s t r i b u ­
t i o n  o f  s u s p e n d e d  s o l id s  in  t h e  t a n k .  I t  w a s  n o t e d  t h a t  t h e  d i s t r i b u t i o n  o f 
s u s p e n d e d  s o l id s  in  t h e  s e c o n d a r y  c la r i f i e r  w a s  q u i t e  d i f f e r e n t  f r o m  t h e  
p a t t e r n  f o u n d  in  t h e  p r i m a r y  c la r i f ie r s .

T h e  v a r i a t i o n  in  t h e  c h lo r id e  c o n t e n t  o f  r a w  s e w a g e  w a s  u s e d ,  t o  d e t e r ­
m i n e  t h e  f l o w i n g - th r o u g h  p e r i o d  in  t h e  p r i m a r y  c la r i f i e r s .  F o r  t h e s e  u n i t s  
a n d  f o r  t h e  r a t e s  o f  f lo w  s t u d i e d ,  t h e  r a t i o  o f  d e t e n t i o n  p e r i o d s  t o  f lo w in g -  
t h r o u g h  p e r i o d s  w a s  4 7 .6  p e r  c e n t .  I n  t h e  s e c o n d a r y  c la r i f i e r  t h e  r a t i o  
w a s  51  p e r  c e n t  a t  t h e  1 ,2 0 0  g .p .m .  r a t e ;  a n d  4 2 .0  p e r  c e n t  a t  t h e  2 ,0 0 0  
g .p .m .  r a t e .  A  s a l t  m e t h o d  w a s  u s e d  in  t h e  s e c o n d a r y  c l a r i f i e r  w o r k .
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b e c a u s e  o f  t h e  c o m p a r a t i v e l y  s h o r t  t i m e  a l l o w e d  t h e  m e m b e r s  f o r  c o l l e c t i o n  
o f  t h e  i n f o r m a t i o n .  N e v e r t h e l e s s ,  t h e  C o m m i t t e e  is  a b l e  t o  p r e s e n t  i t s  
f i r s t  l i s t  w i t h  c o n s i d e r a b l e  p r i d e  f o r  t h e  g r a t i f y i n g  r e s p o n s e .  A  l i s t i n g  o f 
a d d i t i o n a l  p r o j e c t s  r e c e i v e d  w ill b e  p u b l i s h e d  in  t h e  n e x t  i s s u e  o f  t h e  
Journal, t o g e t h e r  w i t h  a  l i s t  o f  p r o b l e m s  w h ic h  a r e  d e e m e d  d e s i r a b l e  f o r  
i n v e s t i g a t i o n  a n d  s t u d y .

466
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T h e  l i s t i n g  o f  t h e  p r o j e c t s  u n d e r  s t u d y  h a s  b e e n  m a d e  in  t a b u l a r  f o r m .  
I t  is  h o p e d  t h a t  t h i s  f o r m  o f  l i s t i n g  w ill  f a c i l i t a t e  e x a m i n a t i o n  o f  t h e  
p r o j e c t s .  T h e  n a m e s  a n d  d e s c r ip t i o n s  o f  t h e  p r o j e c t s  w e r e  s e c u r e d  b y  t h e  
m e m b e r s  o f  t h e  C o m m i t t e e  f r o m  v a r i o u s  i n s t i t u t i o n s ,  a g e n c ie s ,  i n d u s t r i e s ,  
c o m p a n ie s ,  e n g in e e r s  a n d  o p e r a t o r s .  T h o s e  w h o  h a v e  p r o j e c t s  a c t i v e l y  
u n d e r  w a y  c a n  h a v e  t h e m  l i s t e d  b y  g e t t i n g  in  t o u c h  w i th  t h e  r e p r e s e n t a t i v e  
o f t h e i r  r e s p e c t i v e  a s s o c ia t i o n .

A l th o u g h  t h e  m a t e r i a l  l i s t e d  is  u n d o u b t e d l y  o n ly  a  p a r t  o f  t h e  r e s e a r c h  
w o rk  b e in g  p r o s e c u t e d ,  a  g la n c e  a t  t h e  t a b l e  s h o w s  t h e  l a r g e  a m o u n t  o f  
r e s e a rc h  w o r k  b e in g  d o n e  a n d  t h e  v a r i e t y  o f  p r o b l e m s  g iv e n  a t t e n t i o n .  
S o m e  o f t h e  p r o b l e m s  a r e  w id e  in  s c o p e ,  r e q u i r i n g  c o n s i d e r a b l e  t i m e ,  
e ffo rt, m o n e y  a n d  in g e n u i t y ,  w h e r e a s  o t h e r s  p e r t a i n  t o  m o r e  sp e c if ic  
p ro b le m s  o f  i m m e d i a t e  b u t ,  n e v e r t h e l e s s ,  g e n e r a l  i n t e r e s t .

T h e  p r o b le m s  u n d e r  s t u d y  h a v e  b e e n  t e n t a t i v e l y  d iv i d e d  i n t o  f o u r  
g ro u p s , n a m e l y :  S e w a g e ,  I n d u s t r i a l  W a s t e ,  S t r e a m  P o l l u t i o n  a n d  M e t h o d s .  
I t  is o f p a r t i c u l a r  i n t e r e s t  t h a t  i n  t h i s  l i s t i n g  a b o u t  o n e - t h i r d  o f  t h e  p r o b ­
lem s u n d e r  a c t i v e  i n v e s t i g a t i o n  d e a l  w i t h  i n d u s t r i a l  w a s te s .  A  c o n s id e r ­
a b le  s h a r e  o f  t h e  p r o b l e m s  p e r t a i n i n g  t o  s e w a g e  s t u d i e s  d e a l s  w i t h  t h e  
q u e s t io n  o f s lu d g e  ( t r e a t m e n t ,  d ig e s t i o n ,  s u p e r n a t a n t  l i q u o r  d i s p o s a l ) .  I t  
is p o s s ib le  t h a t  w h e n  t h e  s e c o n d  p o r t i o n  o f  t h i s  r e p o r t  is  p u b l i s h e d  in  t h e  
n e x t  is su e  o f  t h e  Journal, a  c h a n g e  in  t h e  r e l a t i o n s h i p  m a y  o c c u r .  I t  is  
in te n d e d  to  a n a ly z e  t h e  p r o b l e m s  t o  d e t e r m i n e  w h e t h e r  t h e y  i n d i c a t e  a  
t r e n d  in  t h e  d e v e lo p m e n t  o f  t h e  s c ie n c e  a n d  a r t  o f  w a s t e  d is p o s a l .

Survey of Sewage Research Problems

No. T itle of P ro jec t D escrip tion Investiga to r, O rganization

Storage of Sewage 
Samples

Study of Typical Daily 
B.O.D. and Suspended 
Solids Characteristics by 
Hours for Each Day of 
the Week 

Sewage Colloids

Formation and Con­
trol of Sulfides in Sewers

The Correlation of Hy­
drogen Sulfide in Plant 
Gas Versus Organic and 
Total Sulfur Content of 
the Raw Sewage

Inhibition of Corro­
sion During Acid Clean­
ing

Metal Corrosion

Study of the suspended solids deter­
mination on sewage before and after 
storage of the samples under various 
conditions.

Study of quantity, type and charac­
ter of colloidal materials.

Quantities and causes of sulfide for­
mation and methods of control.

Use of aniline oil as an inhibitor of 
acid corrosion.

Three-year exposure of some 25 or 
30 metals to moist hydrogen sulfide 
contact to note relative corrosion ef­
fects.

K. L. Mick and M. L. 
Robins, Mpls.-St. Paul 
Sanitary District, St. 
Paul, Minn.

Walter A. Sperry, Au­
rora Sanitary District, 
Aurora, 111.

N. J. Agr. Exp. Sta., 
Dept, of Water and Sew­
age Research.

Fred Bowlus and Rich­
ard Pomeroy, Pasadena, 
California.

Walter A. Sperry, Au­
rora Sanitary District, 
Aurora, 111.

M. L. Robins, Mpls.- 
St. Paul Sanitary Dis­
trict, St. Paul, Minn.

Walter A. Sperry, Au­
rora Sanitary District, 
Aurora, 111.
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8

9

10

11

12
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14
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16

17

18

19

20

21

22
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Survey of Sewage Research Problems (continued)

May, 1943

T itle  of P ro jec t

Flocculating Equip­
ment

Disposal of Garbage 
by Discharge into Raw 
Sewage Flow at the 
Treatment Plant

Addition of Chlorine 
Directly to the Air be­
ing Diffused Through 
Grease Flotation Tanks 

Preaeration of Sewage 
and Grease Removal. 
Conducted at Garner, 
Iowa, and at Air Corps 
School, Goldsboro, N. C.

Removal of Grease 
from Sewage

Scum and Grease

Grease in Sewage and 
Sludge

Use of Hot and Cold 
Water in Lime Slaking 
Process 

Use of Other Coagu­
lants to Replace Alum

Use of Special Zeolites

Effect of Lime on 
Phosphates in Sewage

Chemical Treatment 
of Sewage

Aerobic Stabilization 
of Sludge

Effect of Copper and 
Chromium on Sewage 
Sludge Digestion

Effect of Acids and 
Temperature on Sludge 
Digestion

D escrip tion

Design of improved equipment

Extent of load effects on primary 
settlers and loss of gas-producing prod­
ucts by solubility in the sewage flow.

Grease flotation units are American 
Well Works’ standard and chlorine 
gas is being sucked in with the air by 
the mechanical aeration unit.

Increasing removal of B.O.D. and 
suspended solids in clarification proc­
ess by use of short, intensive period of 
atomized aeration.

Comparing the efficiency of aera­
tion, aero-chlorination and ozone 
treatment of sewage for grease re­
moval.

Method of analyses, aeration and 
chlorine flotation, amount and quality 
of grease.

Nature of grease, methods of de­
termination.

To determine whether there is an 
advantage in using hot water instead 
of cold for lime slaking.

Adaptation of other coagulants 
than alum for the treatment of vari­
ous trade wastes before disposal.

Treatment of sewage and wastes for 
removal of dissolved organic and inor­
ganic matter by specific zeolites.

Study of relationship between lime, 
phosphates and coagulation.

Utilization of new chemicals and 
combinations of substances for clari­
fication of sewage.

The stabilization of sludge derived 
from primary tanks and aerobic floc­
culation devices in an aerobic digester.

Effect of copper and chromium 
upon the rate of digestion of sewage 
sludges and the amount that may rea­
sonably be permitted in the sewage.

Effect on digestion of increased and 
altered industrial activity.

In v es tig a to r, O rgan iza tio n

Richard Pomeroy and 
H. D. Kirschman, Pasa­
dena, Calif.

David P. Backmeyer, 
Sewage Disposal Plant, 
Marion, Ind.

R. Eliassen, Fort Dix 
Sewage Treatment Plant, 
N. J.

L. E. Langdon, Pacific 
Flush-Tank Company, 
Research Department, 
Chicago, 111.

Mass. Dept, of Public 
Health, Lawrence Exper­
iment Station, Lawrence, 
Mass.

F. W. Mohlman, The 
Sanitary District of Chi­
cago.

N. J. Agr. Exp. Sta., 
Dept, of Water and Sew­
age Research.

K. L. Mick, Mpls.-St. 
Paul Sanitary District, 
St. Paul, Minn.

Mass. Dept, of Public 
Health, Lawrence Exper­
iment Station, Lawrence, 
Mass.

N. J. Agr. Exp. Sta., 
Dept, of Water and Sew­
age Research.

N. J. Agr. Exp. Sta., 
Dept, of Water and Sew­
age Research.

N. J. Agr. Exp. Sta., 
Dept, of Water and Sew­
age Research.

Aurora, 111., American 
Well Works’ Testing Sta­
tion.

Conn. State Water 
Commission, Hall Lab­
oratory of Chemistry, 
Wesleyan University, 
Middletown, Conn.

Mitzi Heim, Sewage 
Disposal Plant, Racine, 
Wis.
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T itle  of P ro jec t D escrip tion In vestiga to r, O rgan iza tion

Liquefaction of Sludge

Anaerobic Digestion

Stabilization of Sew­
age Sludge

Aerobic and Anaerobic 
Digestion

Aerobic Digestion

Effects of Acids, Poi­
sons and Solvents on 
Sludge Digestion 

Effect of Temperature 
Changes during Thermo­
philic Digestion 

Thermogenic Sludge 
Digestion

Anaerobic Digester Su­
pernatant Liquor Sta­
bilization 

Methods for the Treat­
ment of Supernatant 
Liquor from Separate 
Sludge Digestion Tanks 

Selection of Superna­
tant Liquor from Diges­
tion Tanks, Conducted 
at Camp Shelby, Miss., 
Fort Sheridan, 111. and 
elsewhere 

Supernatant Liquor 
Treatment

Treatment of Digester 
Supernatant Liquor, 
Conducted at Camp 
Shelby, Marietta, 
Georgia 

Concentration of Di­
gested Sewage Sludge 
Prior to Vacuum Filtra­
tion

Effect of seeding and removal of 
waste products on the rate of lique­
faction.

Rate of fat destruction and changes 
in nature of fats.

Long-time experiments to deter­
mine ultimate degree of stabilization.

Comparison and continuation of 
methods to reduce time, under meso- 
philic and thermophilic conditions.

Chemical and biological changes 
occurring during aerobic decomposi­
tion of sludge and factors affecting the 
rate of volatile matter destruction.

Determination of effect of quanti­
ties and type of chemical wastes par­
ticularly on gas production.

Sudden changes in temperature— 
effect of time and magnitude.

Effect of moisture, temperature, 
pH, volatile matter, grease, nitrogen­
ous materials to obtain highest sta­
bilization.

Treatment of anaerobic liquor by 
aerated contact filters employing fine 
media and backwash.

Means of obtaining supernatant li­
quor lowest in suspended solids con­
tent and at uniformly slow rate from 
digestion tanks.

Chemical and biochemical methods 
for the treatment of digester super­
natant.

Clarification of digester supernatant 
liquor and reduction of B.O.D. for re­
turn to treatment processes without 
disturbance of same.

Reduction of sludge handling costs 
by sedimentation, concentration of 
digested sludge solids.

N. J. Agr. Exp. Sta., 
Dept, of Water and Sew­
age Research.

N. J. Agr. Exp.. Sta., 
Dept, of Water and Sew­
age Research.

N. J. Agr. Exp. Sta., 
Dept, of Water and Sew­
age Research.

N. J. Agr. Exp. Sta., 
Dept, of Water and Sew­
age Research.

N. J. Agr. Exp. Sta., 
Dept, of Water and Sew­
age Research.

N. J. Agr. Exp. Sta., 
Dept, of Water and Sew­
age Research.

N. J. Agr. Exp. Sta., 
Dept, of Water and Sew­
age Research.

N. J. Agr. Exp. Sta., 
Dept, of Water and Sew­
age Research.

Aurora, 111., American 
Well Works’ Testing Sta­
tion.

Harold E. Babbitt, 
University of Illinois, 
Urbana, 111.

W. M. Piatt, Pacific 
Flush-Tank Company, 
Research Department, 
Chicago, 111.

N. J. Agr. Exp. Sta., 
Dept, of Water and Sew­
age Research.

H. E. Schlenz, Pacific 
Flush-Tank Company, 
Chicago, 111.

David P. Backmeyer, 
Marion, Ind. Sewage Dis­
posal Plant.
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Survey of Sewage Research Problems (continued)
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N o.

37

38

39

40

41

42

43

44

45

46

47

48

49

T itle  of P ro jec t

Study of Mathemati- 
cal Relationships be­
tween Basic Sludge As­
says and Ferric Chloride 
Dosing for Vacuum Fil­
ters

Conditioning of Acti­
vated Sludge Prior to 
Filtration

Filter Cloth Binding 
on Rotary Drum Filters

Sludge Dewatering

Effect of Phosphates 
on Sludge Dewatering

Removal and Preven­
tion of Scale in Vacuum 
Filter under Drains

Liquid Sludge Disposal

Preparation of Dried 
Activated Sludge for 
Fertilizer

The Use of Sludge 
Cake as a Fertilizer

Preparation and Utili­
zation of Dried Digested 
Sludge 

Aeration in the Acti­
vated Sludge Process 
with High Oxygen Con­
tent in the Atmosphere 

Pickling Liquor, 
Chrome Waste, Cutting 
Oils, and Packing House 
Waste

Settling of Mixed Li­
quor in Activated Sludge 
Plant

D escrip tion

Need for fundamental knowledge to 
advance the art.

Use of chemicals, returned dried 
sludge, electrolysis of aluminum elec­
trodes, application of current (electro­
dialysis), inert substances, élutriation, 
aeration.

Analysis of and use of acid cleaning 
bath to lengthen life of filter cloth 
during operation.

Utilization of combinations of or­
ganic and inorganic materials, includ­
ing substances such as sawdust, soil, 
etc.

Relation between phosphates and 
other constituents.

Calcium carbonate scales formed in 
filter underdrains interfere in some 
cases with proper operation of vacuum 
filters.

Advantages and disadvantages of 
raw and digested sludge used as fer­
tilizer.

Fortifying by treating with am­
monia or acid plus ammonium salts 
under pressure, use of Nitragin, study 
of bacterial content, availability of 
nitrogen by chemical tests.

Use of sludge cake as a soil condi­
tioner from actual field growing tests, 
in comparison with manure-fertilized 
and untreated plots.

Production of digested filter cake 
for aiding war effort in “ Victory Gar­
dening.”

Attempts to speed up oxidation pe­
riod by increasing concentration of 
oxygen in the process.

Effects of industrial wastes on a 
Guggenheim Bio-Chemical sludge 
type sewage plant.

Study of proper weir location in 
final settling tanks.

I n v e s t ig a to r ,  O r g a n iz a t io n

A. L. Genter, Consul­
tant, Baltimore, Md.

E. Hurwitz, The Sani­
tary District of Chicago.

G. J. Schroepfer, K. L. 
Mick, M. L. Robins, 
Mpls.-St. Paul Sanitary 
District, St. Paul, Minn.

N. J. Agr. Exp. Sta., 
Dept, of Water and Sew­
age Research.

N. J. Agr. Exp. Sta., 
Dept, of Water and Sew­
age Research.

N. J. Agr. Exp. Sta., 
Dept, of Water and Sew­
age Research.

G. E. Botkin, Sewage 
Treatment Works, An­
derson, Ind.

F. W. Mohlman, The 
Sanitary District of Chi­
cago, 111.

G. J. Schroepfer, K. L. 
Mick, C. A. Rost, Mpls.- 
St. Paul Sanitary Dis­
trict and Minnesota Agri. 
Exp. Sta., Hennepin and 
Ramsey Counties.

Harry B. Shaw, Wash­
ington Suburban San. 
Com., Hyattsville, Md.

Harold E. Babbitt, 
University of Illinois, 
Urbana, 111.

G. E. Botkin, Sewage 
Treatment Works; An­
derson, Ind.

L. S. Kraus, Peoria 
Sanitary District, Peoria, 
1 1 1 .
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T itle  of P ro jec t

51

52

53

54

55

56

57

58

59

Activated Sludge Op­
eration

Diffusion of Air, Acti­
vated Sludge

Aeration Device

The Fate of Grease in 
the Activated Sludge 
Process

The Influence of Ab­
normal Diets on the Ac­
tivated Sludge Process

Trickling Pulsations 
Through a Trickling Fil­
ter

Flow of Water 
Through Porous 
Materials

Double Reversible 
Flow Filtration

High Rate Secondary 
Sand Filtration of Trick­
ling Filter Effluents

Biology and Biochemi­
cal Changes in Biological 
Filters

D escrip tion

Addition of fly ash to increase min­
eral content of sludge, study of rela­
tion of dissolved oxygen to other con­
trol tests such as sludge index, mixed 
liquor solids, ash content, quality of 
effluent.

Study of loss of head and dissolved 
oxygen using 15, 25, 40 and 80 rating 
diffuser plates, carbon plates, swing 
diffusers, perforated tile plates, verti­
cal plates and slotted pipe; study of 
clogging, use of chlorine, cleaning 
acid and treated plates.

Development of improved aeration 
design for the activated sludge 
process.

A grease balance in the liquid and 
sludge phase during aeration of sewage 
with activated sludge under various 
experimental conditions.

A study of physical, chemical, and 
growth characteristics as influenced by 
high protein, high carbohydrate, and 
high fat diets.

Pulsation or intermittency of trickle 
through trickling filters obtained by 
varying rate of application and dosing 
interval rates between 2 and 20 m.g. 
per acre per day and intervals be­
tween 3 and 30 seconds.

Hydraulics of drainage wells and re­
lation to flow through fine-grained 
filters.

Increasing degree of treatment and
B.O.D. loading on trickling filters by 
use of filters in series with or without 
intermediate clarification and means 
for periodically reversing sequence of 
operation of filters.

High-rate sand filtration of trickling 
filter effluents at rates of 250,000 to 
375,000 gallons per acre per day.

Comparison of flora, fauna and bio­
chemical changes in an operating 
standard trickling filter and a high 
rate filter.

Investiga to r, O rgan iza tion

F. W. Mohlman, The 
Sanitary District of Chi­
cago, 111.

A. J. Beck and C. T. 
Mickle, The Sanitary 
District of Chicago.

N. J. Agr. Exp. Sta., 
Dept, of Water and Sew­
age Research.

N. J. Agr. Exp. Sta., 
Dept, of Water and Sew­
age Research.

Clair N. Sawyer, Uni­
versity of Wisconsin, 
Madison, Wis.

Aurora, 111., American 
Well Works Testing Sta­
tion.

David H. Caldwell and
H. E. Babbitt, Univer­
sity of Illinois, Urbana, 
111.

E. L. Langdon, Pacific 
Flush-Tank Company, 
Chicago, 111.

Mass. Dept, of Public 
Health, Lawrence Exper­
iment Station, Lawrence, 
Mass.

N. J. Agr. Exp. Sta., 
Dept, of Water and Sew­
age Research.
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No.

60

61

62

T itle  of P ro jec t

An Interstate Study of 
High Capacity Sewage 
Filters

Effect of Textile Wastes 
Upon the Chlorine De­
mand of Sewages

Chlorination of Sew­
age and Effluents

D escrip tion

Factors which influence operating 
results and efficiency to be expected 
under different conditions of opera­
tion.

Effect of spent dye wastes upon the 
chlorine demand of treated sewage.

Breakpoint chlorination, changes in 
composition of constituents, effect of 
various factors.

I n v e s t ig a to r ,  O r g a n iz a t io n

The Upper Mississippi 
River Board of Public 
Health Engineers, Min­
nesota, Iowa, Missouri, 
Indiana, Illinois and Wis­
consin, Graham Walton, 
Wis. State Board of 
Health, Madison, Wis., 
conducted in the Upper 
Mississippi River Drain­
age Basin.

Conn. State Water 
Commission, Hall Labo­
ratory of Chemistry, 
Wesleyan University, 
Middletown, Conn.

N . J. Agr. Exp. Sta., 
Dept, of Water and Sew­
age Research.

S u rv ey  of In d u s tr ia l  W a s te  R e se a rc h  P ro b le m s

N o. T itle  of P ro jec t D escrip tio n In v es tig a to r, O rgan iza tion

63

64

65

66

67

Control of Odors in 
Lagoons of Cannery 
Wastes

Treatment of Sugar 
Wastes

Stabilization of Sugar 
Waste

Treatment of Wastes 
Resulting from Fermen­
tation Industries 

Stabilization of Yeast 
Wastes

Use of sodium nitrate to control 
odors so that lagooning might tem­
porarily be used for the treatment of 
cannery wastes.

Stabilizing or developing a treat­
ment process for wastes emanating 
from the maraschino cherry manufac­
turing process.

Development of a biological method 
for the stabilization of sugar wastes 
from candied fruit with a high oxygen 
demand and containing sulfur dioxide 
and salt.

Reduction of suspended and col­
loidal solids in distillery slop.

Changes in the character of wastes 
and stabilization during digestion and 
oxidation.

Wisconsin State Board 
of Health, Wisconsin Can- 
ners Association, and 
National Canners Asso­
ciation, D. L. Snow, State 
Office Building, Madison, 
Wis., conducted at Lake 
Mills, Wis.

Sanitary District of 
Rockford, Illinois, and 
Sanitary District of Bel- 
videre, Illinois, conducted 
at Edenfruit Products 
Company, Poplar Grove, 
111.

N. J. Agr. Exp. Sta., 
Dept, of Water and Sew­
age Research.

Metcalf and Eddy, 
1300 Statler Building, 
Boston, Mass.

N . J. Agr. Exp. Sta., 
Dept, of Water and Sew­
age Research.
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No.

Pit 
I It

Mil i

«Cb» 
il Dir.

Id kit.
liitn,
Œt;,
in,
Exp. Su.
ranis»

rgamtë

itatefc
tonaCt
ition, Si 
intB te 
Snot,Ss 
g.lWi»

District ) 
Uinois, #i 
tiietoiW

t Pré*

,Esp>
iranlS*1'

ni 0* 
Jjuilfc

Esp ^

69

70

71

72

73

74

75

76

77

78

79

T itle  of P ro jec t

Treatment of Wastes 
from Paper and Allied 
Industries

Disposal and Utiliza­
tion of Spent Cooking 
Liquor from the Manu­
facture of Sulfite Pulp

The Digestionof Waste 
Sulfite Liquor

Digestion and Oxida­
tion of Paper Waste

Kraft Waste Disposal 
Studies

Rate of Deoxygenation 
of Certain Organic Indus­
trial Wastes 

Treatment of Wastes 
from Textile Printing 
Plants

Dye Waste Treatment

Treatment of Wastes 
from the Manufacture of 
Artificial Wool from 
Casein

Treatment of Wastes 
Resulting from Wool 
Scouring 

Treatment to Over­
come the Effect of Dis­
persive Agents in Wool 
Scouring

Treatment of Laundry 
Wastes

D escrip tion

To secure more complete removal 
of fiber from paper and paper board 
plants so that the discharged effluents 
will not be objectionable in water­
ways.

Study of methods applicable in a 
practical way to the problem.

Economic factors in digestion of 
waste sulfite liquor.

Digestion and oxidation with and 
without pretreatment of kier liquor.

Study of toxic effects of kraft mill 
wastes.

Progressive biochemical oxygen de­
mand.

Removal of dyes, gums, starches, 
etc., to permit of their discharge into 
waterways or sewer systems.

Utilization of electrodialyses alone 
and in conjunction with chemicals and 
biological methods.

The removal of formaldehydes, 
¿tcids and the high B.O.D. constitu­
ents to permit of their discharge into 
waterways.

Reduction of suspended and col­
loidal solids and recovery of wool 
grease.

Owing to scarcity of soap, more al­
kali and dispersive detergents have 
been used to scour wool. This has 
lowered the degree of removal of wool 
grease by subsidence and centrifugali- 
zation.

Includes experimental treatment on 
trickling filters, coagulation studies 
and digestion and dewatering of 
sludge.

In vestiga to r, O rgan iza tion

Conn. State Water 
Commission, Hall Labo­
ratory of Chemistry, 
Wesleyan University, 
Middletown, Conn.

J. M. Holderby, Sulfite 
Pulp Manufacturers 
Committee on Waste Dis­
posal, The Institute of 
Paper Chemistry, Apple­
ton, Wis.

George Martin, Green 
Bay Metropolitan Sewer­
age District, Green Bay, 
Wis.

N. J. Agr. Exp. Sta., 
Dept, of Water and Sew­
age Research.

C. R. Seaborne, Kraft 
Waste Disposal Commit­
tee, Thilmany Pulp and 
Paper Company, Kau- 
kauna, Wis.

N. J. Agr. Exp. Sta., 
Dept, of Water and Sew­
age Research.

Conn. State Water 
Commission, Hall Labo­
ratory of Chemistry, 
Wesleyan University, 
Middletown, Conn.

N. J. Agr. Exp. Sta., 
Dept, of Water and Sew­
age Research.

Conn. State Water 
Commission, Hall Labo­
ratory of Chemistry, 
Wesleyan University, 
Middletown, Conn.

Metcalf and Eddy,
1300 Statler Building, 
Boston, Mass.

Weston and Sampson, 
Hudson Worsted Co. 
(Wool Scouring), Hud­
son, Mass.

Mass. Dept, of Public 
Health, Lawrence Exper­
iment Station, Lawrence, 
Mass.
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N o .

80

81

82

83

84

85

86

87

88

89

90

T itle  of P ro jec t

Industrial Wastes

Pretreatment of Laun­
dry Wastes

Chemical Treatment 
of Laundry Wastes

Treatment of Cutting 
and Grinding Com­
pounds from the Ma­
chining of Metals

Treatment of Wastes 
from Plating Industries

Treatment of Wastes 
from Brass and Copper 
Industries

Treatment of Wastes 
Resulting from Plating 
and Anodizing

Treatment of Wastes 
from the Manufacture of 
TNT

Treatment and Re­
covery of Pickling and 
Copperas Liquors

Acid Wastes Treat­
ment

Disposal of 
Canning Waste

Citrus

D escrip tion

Use of raw and treated laundry 
wastes for watering plants, use of 
pickle liquor for sludge conditioning, 
grease recovery.

Removal of portion of grease,
B.O.D. and solids from laundry pro­
cesses in army camps.

Effectiveness of various coagulants.

Removal of the objectionable oils 
and ingredients in the wastes.

Production of an effluent practi­
cally free from cyanides, chromium, 
copper, cadmium and zinc, satisfac­
tory for discharge into streams.

Production of a satisfactory effluent 
and study of methods for recovery of 
sulfuric acid, copper, zinc, and chro­
mium.

Removal of inorganic toxic sub­
stances

Removal of intense color and toxins

Physical and chemical treatment of 
wastes with the primary aim of re­
covery of by-products such as iron, 
plaster, board, etc.

Effect of chemicals on neutraliza­
tion, sludge formation, aeration, mix­
ing, etc. to determine basic principles.

Program of study of waste products; 
preliminary experiments indicate that 
the problem may be attacked through 
carbohydrate fermentation.

I n v e s t ig a to r ,  O r g a n iz a t io n

F. W. Mohlman, The 
Sanitary District of Chi­
cago.

Pacific Flush-Tank 
Company, conducted at 
Camp Shelby, Miss., and 
in progress at Camp For­
rest, Tenn.

A. E. Williamson and 
Clair N . Sawyer, (for­
merly) San. Eng. Lab., 
New York University, 
New York City.

Conn. State Water 
Commission, Hall Labo­
ratory of Chemistry, 
Wesleyan University, 
Middletown, Conn.

Conn. State Water 
Commission, Hall Labo­
ratory of Chemistry, 
Wesleyan University, 
Middletown, Conn.

Conn. State Water 
Commission, Sterling 
Chemistry Laboratory, 
Yale University, New 
Haven, Conn.

Metcalf and Eddy, 
1300 Statler Building, 
Boston, Mass.

Metcalf and Eddy, 
1300 Statler Building, 
Boston, Mass.

N. J. Agr. Exp. Sta., 
Dept, of Water and Sew­
age Research.

N. J. Agr. Exp. Sta., 
Dept, of Water and Sew­
age Research.

L. G. MacDowell, 
Florida Citrus Commis-
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No. T itle  of P ro jec t D escrip tion Inv estig a to r, O rgan iza tion

91

92

93

94

A Study of Pollution 
of the Mississippi River 
in the Vicinity of Moline. 
111.

A Survey of Pollution 
in the Madison Lakes

Relation Between 
Stream Flow and Organic 
and Inorganic Substances

Germicidal Effect of 
Dyes

Determination of the percentage of 
fertilizing minerals contributed by 
natural and by unnatural drainage, 
and the importance of the fertilizer 
added from unnatural sources on stim­
ulating additional algal growths.

Determination of origin and fate of 
materials.

Study of effect of dyes and dye 
wastes on the pollutional organisms of 
of a stream.

A. E. Anderson and A. 
X. Johnson, Water De­
partment, Moline, 111.

Clair X . Sawyer, State 
of Wisconsin, Madison, 
Wis.

X. J. Agr. Exp. Sta., 
Dept, of Water and Sew­
age Research.

X. J. Agr. Exp. Sta., 
Dept, of Water and Sew­
age Research.

Survey of Research on Analytical Methods

No. T itle  of P ro jec t D escrip tion In vestiga to r, O rganiza tion

95

96

97

98

B.O.D. Determination

Effect of Minute 
Amounts of Copper on 
Results of B.O.D. De­
termination

The Determination of 
Dissolved Oxygen

Efficacy of Chemical 
Treatment as Measured 
by B.O.D. Removal

Comparison of bicarbonate, phos­
phate and phosphate-ammonium sul­
fate dilution waters, B.O.D. of settled 
activated sludge, B.O.D. of river 
sludge, oxidation of ammonium salts, 
effect of nitrification and micro-or­
ganisms on B.O.D., effect of tempera­
ture of storage of samples, effect of 
acid for preventing oxidation of am­
monia in 5-day B.O.D.

Determination of maximum con­
centration of copper permissible in 
dilution water.

Improvement of analytical methods.

Study of B.O.D. removal from do­
mestic sewage and canning wastes 
utilizing bicarbonate and supple­
mented bicarbonate dilution waters.

F. W. Mohlman, The 
Sanitary District of Chi­
cago, 111.

M. Starr Xichols, Wis. 
State Laboratory of Hy­
giene, Madison, Wis.

Richard Pomeroy and 
H. D. Kirschman, Pasa­
dena, Calif.

Harold Romer and 
Clair X. Sawyer, San. 
Eng. Lab., Xew York 
University, Xew York 
City.



CULTURAL CHARACTERISTICS OF ZOOGLEA-FORMING 
BACTERIA ISOLATED FROM ACTIVATED SLUDGE 

AND TRICKLING FILTERS*

B y  E l s i e  W a t t i e

Associate Bacteriologist, United States Public Health Service,
Stream Pollution Investigations, Cincinnati, Ohio

T h e  i s o l a t i o n  o f  a  z o o g le a - f o r m in g  b a c t e r i u m ,  t e n t a t i v e l y  d e s i g n a t e d  a s  
Zooglea ramigera, f r o m  a c t i v a t e d  s l u d g e  h a s  b e e n  d e s c r i b e d  b y  B u t t e r f i e l d  
(3 ) ,  w h o  a ls o  r e v i e w e d  t h e  l i t e r a t u r e  r e l a t i n g  t o  s u c h  b a c t e r i a  a n d  t h e i r  
f u n c t i o n s  i n  s e w a g e  p u r i f i c a t i o n .  P u b l i c a t i o n s  o f  t h e  s e r i e s  o f  “ S t u d i e s  o f 
S e w a g e  P u r i f i c a t i o n ”  e m a n a t i n g  f r o m  t h e  S t r e a m  P o l l u t i o n  I n v e s t i g a t i o n s  
S t a t i o n  o f  t h e  U n i t e d  S t a t e s  P u b l i c  H e a l t h  S e r v i c e  a t  C i n c i n n a t i ,  O h io ,  a n d  
p a p e r s  o f  o t h e r  l a b o r a t o r i e s  i n t e r e s t e d  i n  t h e  s a m e  f ie ld  h a v e  p r e s e n t e d  a  
l a r g e  a m o u n t  o f  d a t a  o n  t h e  f u n c t i o n  o f  t h i s  t y p e  o f  b a c t e r i a  i n  s e w a g e  
p u r i f i c a t i o n  p r o c e s s e s .  V e r y  l i t t l e  i n f o r m a t i o n  h a s  b e e n  p r o d u c e d  c o n ­
c e r n i n g  t h e  b a c t e r i a l  c h a r a c t e r i s t i c s  e s s e n t i a l  f o r  p u r p o s e s  o f  d e s c r i p t i o n  
o r  o f  i d e n t i f i c a t i o n  o f  s p e c ie s .

T h e  s t u d i e s  o f  B u t t e r f i e l d  e t  a l .  (4 )  i n d i c a t e  t h a t  t h e  f l o c - f o r m i n g  o r ­
g a n i s m s  p r e s e n t  i n  a c t i v a t e d  s l u d g e  w il l  d e v e lo p  u n d e r  a e r a t i o n  a n  a c t i v ­
a t e d  s lu d g e  in  s t e r i l e  s y n t h e t i c  o r  s t e r i l i z e d  n o r m a l  s e w a g e .  A  p u r e  c u l t u r e  
s lu d g e ,  d e v e lo p e d  b y  t h e  f i l l - a n d - d r a w - m e t h o d ,  w il l  o x id i z e  a b o u t  5 0  p e r  
c e n t  o f  t h e  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  ( B .O .D . )  d u r i n g  a  5 - h o u r  
a e r a t i o n  p e r i o d .

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

T h e  d i s t i n c t i v e  c h a r a c t e r i s t i c  o f  t h e s e  b a c t e r i a  w h ic h  h a s  b e e n  e m p h a ­
s iz e d  is  t h a t  t h e y  h a v e  t h e  a b i l i t y  t o  g r o w  i n  a  f lo e , o r  c o lo n y ,  i n  a  l i q u id  
m e d i u m  e v e n  w h e n  t h e y  a r e  s u b j e c t e d  t o  a g i t a t i o n  p r o d u c e d  b y  t h e  a e r a ­
t i o n  s u f f ic i e n t  t o  m a i n t a i n  a e r o b i c  c o n d i t i o n s .  T h i s  f l o c - f o r m i n g  a b i l i t y  
is  d e p e n d e n t  o n  a  g e l a t i n o u s  m a t r i x  o r  c a p s u l e  w h ic h  c a n  b e  d e m o n s t r a t e d  
a b o u t  e a c h  c e ll .  T h i s  g e l a t i n o u s  c o a t i n g  o f  t h e  i n d i v i d u a l  c e l l s  a p p a r e n t l y  
b e c o m e s  t h e  b i n d i n g  a g e n t  i n  t h e  f lo e .

T h e  p u r p o s e  o f  t h e  g e l a t i n o u s  m a s s  w h ic h  b i n d s  t h e  b a c t e r i a  t o g e t h e r  
is  e x p la i n e d  b y  W h i t e h e a d  a n d  O ’S h a u g h n e s s y  ( 1 6 ) .  F r o m  t h e i r  e x p e r i ­
m e n t s  t h e y  c o n c lu d e d  t h a t  t h e  f in e  p a r t i c l e s  f l o a t i n g  i n  s e w a g e  w e r e  h e ld  
b y  t h e  j e l l y - l i k e  m a s s  a n d  u s e d  b y  t h e  b a c t e r i a  e i t h e r  f o r  f o o d  o r  a s  p a r t i ­
c le s  f o r  a t t a c h m e n t .  B u t t e r f i e l d  (3 )  u s e d  s i m i l a r  i n o r g a n i c  p a r t i c l e s  i n  h is  
s t u d i e s  f o r  b a c t e r i a l  f lo e  a t t a c h m e n t .  H o w e v e r ,  t h e  a d d i t i o n  o f  c o t t o n  
f i b e r s  o r  o t h e r  i n e r t  p a r t i c l e s  f o r  f lo e  a t t a c h m e n t  i n  t h e  d e v e l o p m e n t  o f  p u r e  
c u l t u r e  s lu d g e s  i n  s y n t h e t i c  s e w a g e  h a s  b e e n  p r o v e n  u n n e c e s s a r y .  W i t h i n  
4 8  h o u r s  a f t e r  i n o c u l a t i n g ,  w e l l - d e v e lo p e d  f lo e s  w e r e  f o r m e d  in  s t e r i l e  s y n -

* Reprinted from Public Health Reports, Vol. 57, No. 41, Oct. 9, 1942.
476
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i u ?' 1 —Eight-liter culture bottles of synthetic sewage. Bottle on right sterile, bottle on
left with 48-hour growth under aeration of zooglea No. 8 6 . '

F ig. 1 (b).—Floe of zoogleal culture, magnification 1426 X .
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t h e t i c  s e w a g e  c o n t a i n i n g  n o  i n e r t  m a t e r i a l ,  a s  s h o w n  in  F ig .  1. M i c r o ­
s c o p ic  e x a m i n a t i o n s  s h o w  t h e  f lo e s  a r e  c o m p o s e d  e n t i r e l y  o f  b a c t e r i a l  c e l ls  
b o u n d  t o g e t h e r  b y  a  g e l a t i n o u s  m a t r i x .

T h e  a b i l i t y  o f  z o o g le a - f o r m in g  b a c t e r i a ,  i s o l a t e d  f r o m  a c t i v a t e d  s l u d g e ,  
t o  c l a r i f y  s t e r i l e  s e w a g e  e i t h e r  u n d e r  a e r a t i o n  o r  w h i le  t h e  s e w a g e  i s  q u i e s ­
c e n t  h a s  b e e n  s t u d i e d  b y  H e u k e l e k i a n  a n d  S c h u lh o f f  (9 ) .  T h e  c h a r a c t e r i s ­
t i c s  o f  t h e  o r g a n i s m s  i s o l a t e d  a r e  n o t  g iv e n .  T h e i r  r e s u l t s  i n d i c a t e  t h a t  
s t e r i l i z e d  s e w a g e  i n o c u l a t e d  w i t h  a  f l o c - f o r m in g  o r g a n i s m  i s o l a t e d  f r o m  
a c t i v a t e d  s lu d g e  w il l  b e  c la r i f i e d  m o r e  q u i c k l y  u n d e r  a e r a t i o n  t h a n  w h e n  
r e m a i n i n g  q u ie s c e n t .  I n  e i t h e r  c a s e ,  c l a r i f i c a t i o n  d i d  n o t  e x c e e d  t h a t  o f 
a e r a t e d  r a w  s e w a g e .

D i e n e r t  (6 )  i s o l a t e d  s e v e r a l  t y p e s  o f  b a c t e r i a  f r o m  t h e  z o o g le a l  m a s s e s  o f  
a c t i v a t e d  s lu d g e  a n d  t r i c k l i n g  f i l t e r s .  H e  c la s s i f ie d  t h e m  a s  c la r i f y in g ,  
r e d u c i n g ,  a n d  o x id i z in g  o r g a n i s m s .  T h e  c l a r i f i c a t i o n  o f  s e w a g e  w a s  p r o ­
d u c e d  b y  a  l a r g e  c o c c u s ,  b u t  i t  w a s  n o t  o b t a i n e d  i n  p u r e  c u l t u r e .  T h e  r a t e  
o f  c l a r i f i c a t i o n  w a s  d e c r e a s e d  a f t e r  t h e  s l u d g e  f lo e s  h a d  b e e n  m a s h e d  o r  
p r e s s e d  b e tw e e n  g la s s  s l id e s  a n d  t h e  z o o g le a l  m a s s e s  d i s p e r s e d .  T h e  
o x id i z in g  z o o g le a l  b a c t e r i u m  i s o l a t e d  w a s  a  s m a l l ,  G r a m - n e g a t i v e  c o c c u s ,  
e n c lo s e d  i n  a  j e l ly - l i k e  m a s s .  T h i s  o r g a n i s m  d i d  n o t  f e r m e n t  s u g a r .  
D i e n e r t  w a s  n o t  s u c c e s s f u l  in  i s o l a t i n g  f r o m  t h e  z o o g le a l  f i lm  t h e  o r g a n i s m  
c a u s i n g  n i t r i f i c a t i o n  b u t  r e p o r t e d  t h e  b r e a k i n g  d o w n  o f  N H 3 w i t h o u t  t h e  
f o r m a t i o n  o f  H N 0 3.

H e u k e l e k i a n  a n d  L i t t m a n  (8 )  i s o l a t e d  1 4  z o o g le a - f o r m in g  o r g a n i s m s  
f r o m  a c t i v a t e d  s lu d g e .  A l l  t h e  c u l t u r e s  a p p e a r e d  t o  b e  s i m i l a r .  M o r ­
p h o lo g i c a l l y  a n d  c u l t u r a l l y  t h e y  w e r e  i n d i s t i n g u i s h a b l e  f r o m  t h e  z o o g le a l  
b a c t e r i a  i s o l a t e d  b y  B u t t e r f i e l d  (3 ) .

G i lc r e a s  (7 )  s t a t e d  t h a t  l a r g e  r o d - s h a p e d  z o o g le a l  b a c t e r i a  a r e  p r e s e n t  
i n  s e w a g e  a n d  t h e  f i lm  o n  t h e  s t o n e s  o f  a  t r i c k l i n g  f i l t e r  i s  c o m p o s e d  p r i n ­
c ip a l ly  o f  z o o g le a l  a n d  f i l a m e n t o u s  b a c t e r i a .

A  f lo c - f o r m in g  o r g a n i s m  w a s  i s o l a t e d  b y  B u s w e l l  a n d  S u t e r  (2 )  f r o m  
flo e s  p r e s e n t  i n  c h l o r i n a t e d  w a t e r  s u p p l i e s  o f  v a r i o u s  I l l i n o i s  c i t i e s .  M i c r o ­
s c o p ic  e x a m i n a t i o n  s h o w e d  t h a t  t h e s e  f lo e s  w e r e  c o m p o s e d  o f  s m a l l  c a p -  
s u l a t e d  c o c c i  o r  s m a l l  r o d s ,  0 .3  t o  0 .5  m i c r o n s  i n  d i a m e t e r ,  a n d  l a r g e r  
o r g a n i s m s  a s  w e ll  a s  f i l a m e n t o u s  b a c t e r i a .  T h e  o r g a n i s m  i s o l a t e d  w a s  n o n -  
m o t i l e  a n d  f o r m e d  n i t r a t e s  f r o m  a m m o n i a .  T h i s  w o u ld  i n d i c a t e  t h a t  t h e  
o r g a n i s m  is  n o t  r e l a t e d  t o  t h e  a c t i v a t e d  s l u d g e  o r  t r i c k l i n g  f i l t e r  f lo c -  
f o r m in g  o r g a n i s m s  b e in g  d i s c u s s e d  h e r e ,  b u t  t o  t h e  f a m i l y  o f  N i t r o b a c -  
t e r i a e c a e  i s o l a t e d  b y  W in o g r a d s k y .

A  z o o g le a  o r g a n i s m ,  N i t r o c y s t i s ,  h a s  b e e n  i s o l a t e d  b y  W i n o g r a d s k y  (1 7 )  
f r o m  a c t i v a t e d  s lu d g e ,  a s  o n e  o f  t h e  d o m i n a n t  o r g a n i s m s  a n d  i s  m e n t i o n e d  
b y  B e r g e y  (1 ) .  O t h e r  w r i t e r s  h a v e  s t u d i e d  b r i e f ly  a n d  r e p o r t e d  z o o g le a l  
g r o w th s  in  s e w a g e  p u r i f i c a t i o n  p r o c e s s e s .  I t  a p p e a r s  t h a t  a  n u m b e r  o f  
s t r a i n s ,  p o s s ib ly  t y p e s  o f  z o o g le a l  b a c t e r i a ,  h a v e  b e e n  i s o l a t e d  a n d  s t u d i e d  
t o  s o m e  e x t e n t .  B e r g e y  (1 )  i n  h i s  “ M a n u a l  o f  D e t e r m i n a t i v e  B a c t e r i ­
o l o g y ”  l i s t s  o n e  s p e c ie s ,  Zooglea ramigera. I n t e n s i v e  e f f o r t  a t  t h e  S t r e a m  
P o l l u t i o n  I n v e s t i g a t i o n s  L a b o r a t o r y  o f  t h e  U n i t e d  S t a t e s  P u b l i c  H e a l t h  
S e r v i c e  h a s  b e e n  d i r e c t e d  t o  t h e  i s o l a t i o n  a n d  t o  t h e  s t u d y  o f  t h e  c u l t u r a l  
c h a r a c t e r i s t i c s  o f  t h e  z o o g le a l  b a c t e r i a  f o u n d  in  a c t i v a t e d  s l u d g e  a n d  in  
t r i c k l i n g  f i l t e r s .
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M e t h o d s  o f  I s o l a t i o n  o f  Z o o g l e a l  C u l t u r e s

T w o  m e t h o d s  o f  i s o l a t i n g  z o o g le a l  o r g a n i s m s  w e r e  fo l lo w e d .  T h e  f i r s t  
m e t h o d  w a s  s i m i l a r  t o  t h e  t e c h n i q u e  u s e d  b y  B u t t e r f i e l d  ( 3 ) — r e p e a t e d  
w a s h in g  a n d  “ t e a s i n g ”  o f  a  z o o g le a l  f lo e  p i c k e d  f r o m  a c t i v a t e d  s lu d g e ,  o r  
th e  f i lm  w a s h e d  f r o m  t h e  s t o n e s  o f  a  t r i c k l i n g  f i l t e r .  T h r o u g h  t h e  u s e  o f  
t h i s  m e t h o d ,  q u e s t i o n  m i g h t  a r i s e  a s  t o  t h e  f a i l u r e  t o  s e l e c t  a  p r e d o m i n a n t  
z o o g le a l f lo e  f r o m  a  s lu d g e  s a m p le .

I n  t h e  s e c o n d  p r o c e d u r e ,  t h e  s a m p le  o f  s lu d g e  w a s  m ix e d  th o r o u g h l y  
a n d  a  10  m l .  p o r t i o n  w a s  p l a c e d  in  a  s t e r i l e  3 0  m l . g l a s s - s to p p e r e d  b o t t l e  
c o n ta in in g  s t e r i l e  g la s s  b e a d s .  I f  t h e  s lu d g e  u s e d  w a s  h e a v y  a n d  d e n s e ,  
i t  w a s  d i l u t e d  1 : 10  w i t h  s t e r i l e  d i l u t i o n  w a t e r  b e f o r e  r e m o v in g  t h e  p o r t i o n  
to  b e  s h a k e n .  T h e  b o t t l e  w a s  t h e n  s h a k e n  10  m i n u t e s  a t  h ig h  s p e e d  o n  a  
s h a k in g  m a c h i n e ,  b r e a k i n g  u p  t h e  z o o g le a l  f lo e s  a n d  f r e e in g  t h e  o r g a n i s m s  
p r e v io u s ly  h e ld  in  t h e  g e l a t i n o u s  m a s s e s .  W h e n  p o r t i o n s  o f  t h e  s h a k e n  
a n d  u n s h a k e n  s lu d g e  w e r e  e x a m i n e d  m ic r o s c o p ic a l ly ,  a  m a r k e d  d if f e r e n c e  
w as n o te d .  A  m u c h  g r e a t e r  n u m b e r  o f  f r e e  b a c t e r i a l  c e lls  w a s  o b s e r v e d  in  
th e  s h a k e n  s a m p le ,  b u t  c o m p l e t e  d i s p e r s i o n  w a s  n o t  o b t a i n e d  s in c e  s o m e  
sm a ll flo es  r e m a in e d .

T h e  s h a k e n  s lu d g e  s a m p le  w a s  p l a n t e d  in  s e r i a l  d i l u t i o n  in  s t a n d a r d  
la c to s e  b r o t h  a s  s o o n  a s  p o s s ib le  a f t e r  s h a k i n g .  I t  h a s  b e e n  o b s e r v e d  t h a t  
th e  b a c t e r i a l  c e lls  f r e e d  f r o m  t h e i r  g e l a t i n o u s  m a s s  q u i c k l y  u n i t e  a g a in  if  
a llo w e d  to  r e m a i n  q u i e s c e n t  a f t e r  s h a k i n g .  T u b e s  w e r e  i n c u b a t e d  4 8  t o  
120 h o u r s  a t  2 0 °  C . b e f o r e  e x a m i n in g  f o r  t y p i c a l  z o o g le a l  f lo e s .

U p o n  e x a m i n a t i o n ,  t u b e s  o f  t h e  h ig h e s t  d i l u t i o n  s h o w in g  flo e  f o r m a t i o n  
w e re  u s e d  f o r  f u r t h e r  p u r i f i c a t i o n .  T w o  t y p e s  o f  f lo e s  w e r e  o b s e r v e d — t h e  
fin g e re d  t y p e  a n d  t h e  r o u n d ,  s o l id ,  c o m p a c t  t y p e .  P l a n t i n g s  w e re  m a d e  
fro m  th e s e  h ig h  d i l u t i o n  t u b e s ,  u s i n g  s t a n d a r d  n u t r i e n t  a g a r  d i l u t e d  1 : 3 
w ith  s t e r i l e  d i l u t i o n  w a t e r .  A f t e r  9 6  h o u r s ’ i n c u b a t i o n  a t  2 0 °  C . ,  c o lo n ie s  
w ere  p ic k e d  f r o m  t h e  a g a r  p l a t e s  t o  s t a n d a r d  l a c t o s e  b r o t h .  P l a n t i n g  a n d  
p ic k in g  f r o m  d i l u t e  a g a r  w a s  r e p e a t e d  s e v e r a l  t i m e s  t o  i n s u r e  a b s o l u t e  
p u r i ty  o f t h e  c u l t u r e .  T e s t s  w e re  m a d e  t o  d e t e r m i n e  t h e  a b i l i t y  o f  t h e  
is o la te d  p u r e  c u l t u r e s  t o  d e v e lo p ,  u n d e r  a e r a t i o n ,  a n  a c t i v a t e d  s lu d g e  in  
s te r ile  s y n t h e t i c  m e d i a  o f  t h e  s a m e  c o m p o s i t io n  a s  u s e d  b y  B u t t e r f i e l d ,  
R u c h h o f t ,  a n d  M c N a m e e  (4 ) ,  a n d  in  s t e r i l i z e d  d o m e s t i c  s e w a g e .

S a m p le s  o f  a c t i v a t e d  s lu d g e  u s e d  in  t h e  i s o l a t i o n  o f  z o o g le a - f o r m in g  
o rg a n is m s  w e re  o b t a i n e d  f r o m  v a r i o u s  s o u r c e s .  A c t i v a t e d  s lu d g e s  u s e d  
w e re  f r o m  t h e  N o r t h  a n d  S o u t h  p l a n t s  a t  L a n c a s t e r ,  P a . ,  C a l u m e t  S e w a g e  
T r e a t m e n t  W o r k s  o f  t h e  S a n i t a r y  D i s t r i c t  o f  C h ic a g o ,  111., a n d  t h e  e x p e r i ­
m e n ta l  a c t i v a t e d  s lu d g e  p l a n t  a t  t h i s  l a b o r a t o r y .  T r i c k l i n g  f i l t e r  z o o g le a -  
fo rm in g  b a c t e r i a  w e re  i s o l a t e d  f r o m  f i lm - c o v e r e d  s t o n e s  p ic k e d  f r o m  t h e  
e x p e r im e n ta l  t r i c k l in g  f i l t e r  a t  t h i s  l a b o r a t o r y  a n d  f r o m  t h e  m u n i c ip a l  
t r ic k l in g  f i l t e r s  a t  D a y t o n ,  O h io ,  a n d  a t  O s g o o d , I n d .

T h e  e x p e r i m e n t a l  t r i c k l i n g  f i l t e r  a t  t h e  S t r e a m  P o l l u t i o n  I n v e s t i g a t i o n s  
S ta t io n  w a s  c o n s t r u c t e d  in  t h r e e  s e c t io n s  t o  p r o v i d e  f o r  s a m p l i n g  a t  v a r i o u s  
d e p th s .  T h e  f i l t e r  w a s  f e d  s e t t l e d  d o m e s t i c  s e w a g e  a t  a n  a v e r a g e  r a t e  o f 
3 m il l io n  g a l lo n s  p e r  a c r e  p e r  d a y .  I n  t h i s  e x p e r i m e n t a l  u n i t  z o o g le a -  
f o r m in g  o r g a n i s m s  w e re  o b s e r v e d  a f t e r  t h e  f i l t e r  h a d  b e e n  in  o p e r a t i o n  
a b o u t  4 8  h o u r s .
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F lo e s  w e re  m o r e  n u m e r o u s  i n  t h e  f i lm  w a s h e d  f r o m  t h e  s t o n e s  t a k e n  
f r o m  t h e  t o p  s e c t io n  t h a n  f r o m  t h e  c e n t e r  o r  b o t t o m  s e c t io n s .  F in g e r - l i k e  
flo e s  a p p e a r e d  in  t h e  f i lm  c o v e r in g  t h e  s t o n e s  a  f e w  in c h e s  b e lo w  t h e  s u r f a c e  
o f  a n  e x p e r i m e n t a l  c o n t a c t  f i l t e r  a f t e r  t h e  f i l t e r  h a d  b e e n  in  o p e r a t i o n  7 
d a y s ,  b e in g  f e d  tw ic e  d a i l y  w i t h  r a w  d o m e s t i c  s e w a g e .

T h e  f i lm - c o v e r e d  s t o n e s  s e l e c te d  a t  r a n d o m  f o r  e x a m i n a t i o n  w e r e  r e ­
m o v e d  f r o m  t h e  t r i c k l i n g  f i l t e r  w i t h  s t e r i l e  f o r c e p s  a n d  p l a c e d  i n  s t e r i l e  
p e t r i  d i s h e s .  E x t r a n e o u s  m a t t e r  w a s  w a s h e d  g e n t l y  f r o m  t h e  s u r f a c e  o f  
t h e  s t o n e s  w i t h  s t e r i l e  d i l u t i o n  w a t e r .  T h e  a t t a c h e d  f i lm  w a s  t h e n  s c r a p e d  
f r o m  t h e  s t o n e s  a n d  p l a c e d  in  a  s t e r i l e  b o t t l e  c o n t a i n i n g  2 0 .0  m l .  o f  s t e r i l e  
d i l u t i o n  w a t e r .  D u r i n g  t h e  p e r i o d  b e tw e e n  r e m o v in g  t h e  s t o n e s  f r o m  t h e  
f i l te r  a n d  s c r a p in g  o ff t h e  f i lm , c a r e  w a s  t a k e n  t o  k e e p  t h e  s u r f a c e  o f  t h e  
s to n e s  s u f f ic i e n t ly  m o i s t  t o  p r e v e n t  d r y i n g  o f  t h e  f i lm . W h e n  a  p o r t i o n  
o f t h e  w a s h e d  f i lm  w a s  e x a m i n e d  m ic r o s c o p ic a l ly ,  f in g e r l ik e  f lo e s  w e re  
o b s e r v e d ,  s i m i l a r  t o  t h o s e  f o u n d  in  a c t i v a t e d  s lu d g e  f lo e s . T h e  s a m e  tw o  
m e th o d s  w e re  f o l lo w e d  i n  t h e  i s o l a t i o n  o f  f l o c - f o r m in g  o r g a n i s m s  f r o m  t h e  
w a s h e d  f i lm  o f  t h e  t r i c k l i n g  f i l t e r  s t o n e s  a s  w e r e  u s e d  f o r  a c t i v a t e d  s lu d g e .

T h e  o n ly  z o o g le a - f o r m in g  c u l t u r e s  r e t a i n e d  f o r  f u r t h e r  s t u d y  w e re  
th o s e  t h a t  w o u ld  p r o d u c e ,  u n d e r  a e r a t i o n  s u f f ic ie n t  t o  m a i n t a i n  a e r o b ic  
c o n d i t io n s ,  a n  a c t i v a t e d  s l u d g e l ik e  flo e  in  s t e r i l e  s y n t h e t i c  s e w a g e  a n d  in  
s te r i l iz e d  d o m e s t i c  s e w a g e .

T h e  p u r i f i c a t i o n  e f f ic ie n c y  o f  a  p u r e  c u l t u r e  s lu d g e  d e v e lo p e d  b y  t h e  
v a r io u s  z o o g le a l  o r g a n i s m s  i s o l a t e d  i n  s t e r i l e  s y n t h e t i c  s e w a g e  o r  s t e r i l i z e d  
d o m e s tic  s e w a g e  w a s  m e a s u r e d  b y  t h e  t o t a l  o x id i z a b le  m a t e r i a l  r e m o v e d  
f ro m  t h e  s u p e r n a t a n t .  T h i s  p e r c e n t a g e  o f  t h e  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  o f t h e  o x id i z a b le  m a t e r i a l  p r e s e n t  in  t h e  s u b s t r a t e  a f t e r  3  o r  5  h o u r s  
of a e r a t io n  h a s  b e e n  c a l c u l a t e d  f o r  s o m e  o f  t h e  o r g a n i s m s  s t u d i e d .

I s o la t i o n s  o f  14  z o o g le a - f o r m in g  b a c t e r i a  h a v e  b e e n  m a d e  f r o m  a c ­
t i v a te d  s lu d g e  a n d  4  f r o m  t h e  f i lm s  w a s h e d  o ff s t o n e s  t a k e n  f r o m  t r i c k l i n g  
filte rs . F o r  c o n v e n ie n c e  i n  c o m p a r i s o n ,  t h e  c h a r a c t e r i s t i c s  o f  t h e  z o o g le a -  
fo rm in g  o r g a n i s m s  s t u d i e d  a r e  s u m m a r i z e d  in  T a b l e  I .

C u l t u r e s  I s o l a t e d  f r o m  A c t iv a t e d  S l u d g e

C u l t u r e  5 0  w a s  i s o l a t e d  f r o m  s lu d g e  o f  t h e  e x p e r i m e n t a l  a c t i v a t e d  
s lu d g e  p l a n t  o f  t h e  S t r e a m  P o l l u t i o n  S t a t i o n ,  C i n c i n n a t i ,  O h io .  T h i s  
c u l tu r e  w a s  o r ig in a l ly  Z - l ,  r e p o r t e d  b y  B u t t e r f i e l d  (3 ) a n d  is  l i s t e d  b y  
B e rg e y  (1 ) . P u r e  c u l t u r e  s lu d g e s  o f  a b o u t  2 ,0 0 0  p .p .m .  s u s p e n d e d  s o l id s ,  
d e v e lo p e d  b y  t h i s  c u l t u r e  i n  s t e r i l e  s y n t h e t i c  s e w a g e ,  w il l  o x id iz e  d u r i n g  a  
3 -h o u r  a e r a t i o n  p e r i o d  a n  a v e r a g e  o f  7 3 .3  p e r  c e n t  o f  t h e  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  o f  t h e  s u b s t r a t e .  U n d e r  s i m i l a r  c o n d i t io n s ,  w i t h  s lu d g e s  
o f a b o u t  7 9 2  p .p .m . ,  b u t  u s i n g  s t e r i l i z e d  d o m e s t i c  s e w a g e ,  a n  a v e r a g e  o f  
79 .3  p e r  c e n t  o f t h e  o x id iz a b le  m a t e r i a l  w a s  o x id iz e d .  T h i s  c u l t u r e  d i f f e r s  
f ro m  C u l t u r e  8 8 , Zooglea ramigera, i s o l a t e d  b y  S o r i a n o  (1 4 ) ,  i n  r e s p e c t  t o  
f la g e lla , a p p e a r a n c e  o f  g r o w t h  o n  a g a r  s l a n t ,  a n d  l i q u e f a c t i o n  o f  g e l a t i n .

C u l t u r e  53  w a s  i s o l a t e d  f r o m  a  s a m p le  o f  s lu d g e  r e c e i v e d  f r o m  t h e  S o u th  
u n i t  o f t h e  a c t i v a t e d  s lu d g e  p l a n t  a t  L a n c a s t e r ,  P a .  W h e n  t h e  s lu d g e  w a s  
e x a m in e d  m ic r o s c o p ic a l ly  m a n y  f u z z y  t r e e - l i k e  p r o t u b e r a n c e s  w e re  f o u n d ,  
in d i c a t in g  t h a t  t h e  s lu d g e  a t  t h e  t i m e  o f  e x a m i n a t i o n  w a s  in  a  p o o r  c o n d i -
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t i o n  a n d  w o u ld  s e t t l e  s lo w ly .  P u r e  c u l t u r e  s lu d g e s  w i t h  s u s p e n d e d  s o l id s  
o f  a b o u t  1 ,0 4 8  p .p .m . ,  d u r i n g  a  5 - h o u r  a e r a t i o n  p e r i o d ,  o x id i z e d  7 0  p e r  c e n t  
o f  t h e  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  o f  t h e  s u b s t r a t e ,  u s i n g  s t e r i l e  
s y n t h e t i c  s e w a g e  a n d  8 9 .5  p e r  c e n t  in  s t e r i l i z e d  d o m e s t i c  s e w a g e  b y  s lu d g e s  
w i t h  1 ,3 5 1  p .p .m .  s u s p e n d e d  s o l id s .  T h i s  c u l t u r e  w a s  r e p o r t e d  b y  B u t t e r ­
f ie ld  e t  a l .  (4 )  a s  C u l t u r e  Z - 4 .  R u c h h o f t  e t  a l .  (1 1 )  h a v e  r e p o r t e d  t h a t  
t h e r e  is  a  r e m a r k a b l e  s i m i l a r i t y  b e t w e e n  t h e  p u r i f i c a t i o n  a c c o m p l i s h e d  b y  a  
p u r e  c u l t u r e  s lu d g e  d e v e lo p e d  b y  o n e  s p e c i e s  o f  z o o g le a l  b a c t e r i a ,  s u c h  a s  
C u l t u r e  5 3 , a n d  a  n o r m a l  a c t i v a t e d  s lu d g e .  T h e  e f f e c t  o f  d i s p e r s i o n  o f  t h e  
b a c t e r i a l  f lo e s  in  a  p u r e  c u l t u r e  s l u d g e  d e v e l o p e d  b y  t h i s  c u l t u r e  h a s  b e e n  
r e p o r t e d  b y  B u t t e r f i e l d  a n d  t h e  a u t h o r  (5 ) .

C u l t u r e  5 5  w a s  i s o l a t e d  f r o m  a  s a m p l e  o f  a c t i v a t e d  s l u d g e  r e c e i v e d  f r o m  
t h e  N o r t h  p l a n t  a t  L a n c a s t e r ,  P a . ,  d u r i n g  t h e  w i n t e r  m o n t h s .  A  p u r e  
c u l t u r e  s lu d g e  d e v e lo p e d  b y  t h i s  b a c t e r i u m  r e m o v e d  6 9 .1  p e r  c e n t  o f  t h e  
o x id i z a b le  m a t e r i a l  f r o m  s t e r i l e  s y n t h e t i c  s e w a g e  a n d  8 4 .7  p e r  c e n t  f r o m  
s t e r i l i z e d  d o m e s t i c  s e w a g e  d u r i n g  a  5 - h o u r  a e r a t i o n  p e r i o d .  T h e  N o r t h  
p l a n t  s l u d g e  a p p e a r e d  t o  b e  in  b e t t e r  c o n d i t i o n  t h a n  t h e  s l u d g e  f r o m  th e  
S o u t h  p l a n t  a t  t h e  v a r i o u s  t i m e s  e x a m i n a t i o n s  w e r e  m a d e .

Z o o g le a  C u l t u r e  5 8  w a s  i s o l a t e d  f r o m  t h e  s l u d g e  w h ic h  w a s  t h e  s o u r c e  
o f  C u l t u r e  5 5 . T h i s  c u l t u r e  w a s  o r i g i n a l l y  C u l t u r e  Z - 9 ,  r e p o r t e d  b y  B u t ­
te r f i e ld  e t  a l .  (4 ) .  W i t h  p u r e  c u l t u r e  s l u d g e s  o f  a b o u t  1 ,9 0 5  p .p .m .  s u s ­
p e n d e d  s o l id s  d e v e lo p e d  b y  t h i s  c u l t u r e ,  7 8 .2  p e r  c e n t  o f  t h e  5 - d a y  B .O .D .  
w a s  o x id iz e d  d u r i n g  a  5 - h o u r  a e r a t i o n  p e r i o d ,  u s i n g  s t e r i l e  s y n t h e t i c  s e w a g e  
a s  a  m e d i u m ,  w h i le  8 8  p e r  c e n t  o f  t h e  5 - d a y  B .O .D .  w a s  o x id i z e d  f r o m  
s t e r i l i z e d  d o m e s t i c  s e w a g e ,  u s i n g  s lu d g e s  o f  a b o u t  2 ,1 3 8  p . p . m .  s u s p e n d e d  
s o l id s .

T h e  a b o v e  z o o g le a - f o r m in g  c u l t u r e s  h a d  b e e n  i s o l a t e d  f r o m  s a m p le s  of 
s lu d g e  t a k e n  d u r i n g  t h e  w i n t e r  m o n t h s .

C u l t u r e  6 0  w a s  i s o l a t e d  f r o m  s lu d g e  c o l l e c t e d  f r o m  t h e  C a l u m e t  S e w a g e  
T r e a t m e n t  P l a n t  d u r i n g  t h e  s u m m e r  m o n t h s .  T h i s  c u l t u r e  w h e n  in o c u ­
l a t e d  i n t o  s t e r i l e  s y n t h e t i c  a n d  s t e r i l i z e d  d o m e s t i c  s e w a g e  d e v e l o p e d  s l u d g e ­
l ik e  m a s s e s ,  b u t  t h e  d e g r e e  o f  p u r i f i c a t i o n  h a s  n o t  b e e n  d e t e r m i n e d .  A s  
i t  r e q u i r e d  s e v e r a l  w e e k s  t o  d e v e lo p  a  p u r e  c u l t u r e  s l u d g e  s u i t a b l e  f o r  u s e  
i n  p u r i f i c a t i o n  s t u d i e s  in  s t e r i l e  s y n t h e t i c  s e w a g e  a n d  s t e r i l i z e d  s e w a g e ,  
s u c h  r a t e s  h a v e  n o t  b e e n  d e t e r m i n e d  f o r  C u l t u r e s  6 0 , 6 2 , 8 2 , 8 8 ,  1 0 0 , 1 0 4 , 
1 0 5 , 1 1 3 , a n d  8 5 .

C u l t u r e  6 2  w a s  i s o l a t e d  f r o m  t h e  e x p e r i m e n t a l  s l u d g e  p l a n t  a t  t h i s  
l a b o r a t o r y  a f t e r  t h e  s l u d g e  h a d  b e e n  t r e a t e d  w i t h  t o l u e n e ,  i n  a n  a t t e m p t  
t o  g e t  r i d  o f  f u n g u s  a n d  o t h e r  f i l a m e n t o u s  f o r m s .  T h e  p e r c e n t a g e  o f 
p u r i f i c a t i o n  a c c o m p l i s h e d  b y  t h i s  c u l t u r e  w a s  n o t  d e t e r m i n e d .

C u l t u r e  8 2  w a s  i s o l a t e d  f r o m  a  Sphaerotilus  c u l t u r e  w h ic h  h a d  b e e n  
g r o w in g  in  a  m e d i u m  c o n t a i n i n g  1 ,0 0 0  p .p .m .  o f  d e x t r o s e .  N o  e x p e r i ­
m e n t a l  w o r k  h a s  b e e n  d o n e  u s i n g  a  p u r e  c u l t u r e  s l u d g e  d e v e l o p e d  b y  t h i s  
o r g a n i s m .

C u l t u r e  8 3  w a s  i s o l a t e d  f r o m  s l u d g e  d e v e lo p e d  a t  t h i s  l a b o r a t o r y  b y  
a e r a t i n g  s e t t l e d  d o m e s t i c  s e w a g e  a t  r o o m  t e m p e r a t u r e ,  in  a n  8 - l i t e r  s e r u m  
b o t t l e ,  f e d  d a i l y ,  b y  t h e  f i l l - a n d - d r a w  m e t h o d ,  w i t h  s e t t l e d  d o m e s t i c  
s e w a g e .  T h i s  c u l t u r e  w a s  t h e  o n ly  z o o g le a - f o r m in g  b a c t e r i u m  w h ic h  p r o ­
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d u c e d  a  b r o w n is h  c o lo r  w h e n  g r o w n  o n  s t e r i l e  p o t a t o .  P u r e  c u l t u r e  s lu d g e  
w a s  d e v e lo p e d  b y  t h i s  c u l t u r e  in  a  s t e r i l e  s y n t h e t i c  s e w a g e  b y  t h e  f i l l - a n d -  
d r a w  m e t h o d .  T h i s  s lu d g e  t h u s  d e v e lo p e d  w a s  u s e d  a n d  r e p o r t e d  b y  
R u c h h o f t  (1 2 )  in  t h e  s t u d i e s  o f  g lu c o s e  r e m o v a l  f r o m  s u b s t r a t e s  b y  a c ­
t i v a t e d  s lu d g e .

C u l t u r e  8 5  w a s  i s o l a t e d  f r o m  t h e  e x p e r i m e n t a l  a c t i v a t e d  s lu d g e  p l a n t  
a t  t h i s  l a b o r a t o r y .  T h i s  c u l t u r e  d e v e lo p e d  t y p i c a l  z o o g le a l  f lo e s  in  s t e r i l e  
s y n t h e t i c  s e w a g e  u n d e r  a e r a t i o n ,  b u t  n o  p u r i f i c a t i o n  r a t e s  w e r e  d e t e r m i n e d .

C u l t u r e  8 6  w a s  i s o l a t e d  f r o m  s lu d g e  d e v e lo p e d  a t  2 0 °  C . a f t e r  i n o c u l a t ­
in g  8 l i t e r s  o f  s t e r i l e  s y n t h e t i c  s e w a g e  w i t h  5  m l . o f  d o m e s t i c  s e w a g e .  
P u r e  c u l t u r e  s lu d g e  o f  a b o u t  1 ,0 0 0  p .p .m .  d e v e lo p e d  u n d e r  a e r a t i o n  b y  
th is  c u l t u r e  in  s t e r i l e  s y n t h e t i c  s e w a g e  o x id iz e d  a n  a v e r a g e  o f  6 4 .0  p e r  c e n t  
of th e  5 - d a y  B .O .D .  in  5  h o u r s .  T h e  p e r  c e n t  p u r i f i c a t i o n  a c c o m p l i s h e d  
b y  th e  o r g a n i s m  in  s t e r i l e  d o m e s t i c  s e w a g e  h a s  n o t  b e e n  d e t e r m i n e d .  T h e  
c u l tu r e  w a s  t h e  o n ly  z o o g le a - f o r m in g  b a c t e r i u m  i s o l a t e d  f r o m  s lu d g e  t h a t  
p ro d u c e d  a n  o r a n g e  c o lo r  w h e n  g r o w n  o n  p o t a t o  o r  in  s y n t h e t i c  m e d ia .  
T h is  c u l t u r e  w a s  u s e d  b y  B u t t e r f i e l d  a n d  t h e  w r i t e r  (1 9 )  in  a  c o m p a r a t i v e  
s tu d y  o f t h e  g r o w t h  a n d  p u r i f i c a t i o n  o f  a  z o o g le a - f o r m in g  b a c t e r i u m  is o ­
la te d  f r o m  a c t i v a t e d  s lu d g e  w h e n  g r o w n  a n d  o p e r a t e d  a s  a  t r i c k l i n g  f i l t e r  
a n d  a s  a n  a c t i v a t e d  s lu d g e .

C u l tu r e  8 8  w a s  n o t  i s o l a t e d  a t  t h i s  l a b o r a t o r y .  I t  w a s  i s o l a t e d  f r o m  
a c t i v a te d  s lu d g e  a n d  c la s s i f ie d  a s  Zooglea ramigera b y  S o r i a n o  (1 4 ) .  
S lu d g e - lik e  f lo e s  d e v e lo p e d  in  s t e r i l e  s y n t h e t i c  s e w a g e  a n d  s t e r i l i z e d  s e t t l e d  
se w a g e  u n d e r  a e r a t i o n .  N o  p u r i f i c a t i o n  r a t e s  h a v e  b e e n  d e t e r m i n e d .  
T h is  c u l tu r e  is  s i m i l a r  t o  C u l t u r e  8 5  in  c u l t u r a l  c h a r a c t e r i s t i c s .

C u l tu r e s  1 0 4  a n d  1 0 5  w e r e  i s o l a t e d  f r o m  flo e s  p ic k e d  f r o m  a  s lu d g e  
d e v e lo p e d  b y  a e r a t i n g  d o m e s t i c  s e w a g e  a t  r o o m  t e m p e r a t u r e .  T h e  s lu d g e  
w as fed  d a i ly  w i th  1 ,0 0 0  p .p .m .  d e x t r o s e  f o r  a  p e r i o d  o f  10  t o  12  w e e k s  
b e fo re  th e s e  i s o la t io n s  w e re  m a d e .  M ic r o s c o p ic  e x a m i n a t i o n s  s h o w e d  t h e  
s lu d g e  h a d  t h e  a p p e a r a n c e  o f  a  g o o d  a c t i v a t e d  s lu d g e  a t  t h e  t i m e  t h e  
is o la tio n s  w e re  m a d e .  T h e  o x id a t io n  r a t e s  o f  t h e s e  c u l t u r e s  h a v e  n o t  b e e n  
d e te rm in e d .

C u l tu r e  1 13  w a s  p i c k e d  f r o m  f lo e s  f o r m e d  in  a e r a t e d  d o m e s t i c  s e w a g e  
k e p t  a t  r o o m  t e m p e r a t u r e  a n d  f e d  d a i l y  w i th  r a w  s e w a g e .  N o  p u r i f i c a t i o n  
s tu d ie s  h a v e  b e e n  c o m p l e t e d  w i t h  p u r e  c u l t u r e  s lu d g e  d e v e lo p e d  b y  th i s  
o rg a n is m  in  s t e r i l e  s y n t h e t i c  s e w a g e  o r  s t e r i l i z e d  d o m e s t i c  s e w a g e .

C u l t u r e s  I s o l a t e d  f r o m  T r i c k l in g  F il t e r s

A ll o f t h e  z o o g le a - f o r m in g  o r g a n i s m s  f r o m  t r i c k l i n g  f i l t e r s  t h a t  h a v e  
b e e n  s t u d ie d  h a v e  b e e n  i s o l a t e d  f r o m  t h e  e x p e r i m e n t a l  t r i c k l i n g  f i l t e r  a t  
th e  S t r e a m  P o l l u t i o n  S t a t i o n ,  C i n c i n n a t i ,  O h io .  O t h e r  i s o l a t i o n s  h a v e  
b een  m a d e  f r o m  f u l l - s c a le  f i l t e r  u n i t s  a t  O s g o o d , I n d . ,  a n d  a t  D a y t o n ,  
O h io . T h e s e  c u l t u r e s  a l l  p r o d u c e d ,  u n d e r  a e r a t i o n ,  s lu d g e - l i k e  f lo e s  w h e n  
in o c u la te d  i n t o  s t e r i l e  s y n t h e t i c  s e w a g e  o r  s t e r i l i z e d  d o m e s t i c  s e w a g e .

( 'u l t u r e  8 7  is  t h e  o n ly  z o o g le a l  c u l t u r e  i s o l a t e d  t h a t  h a s  a  d i s t i n c t  y e l lo w  
co lo r . I t  w a s  i s o la t e d  f r o m  t h e  f i lm  c o v e r in g  t h e  s t o n e s  t a k e n  f r o m  t h e  t o p  
s e c t io n  o f t h e  e x p e r i m e n t a l  t r i c k l i n g  f i l t e r  d u r i n g  t h e  e a r l y  s p r in g .  T h e
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p e r  c e n t  o f  o v e r - a l l  p u r i f i c a t i o n  a c c o m p l i s h e d  b y  p u r e  c u l t u r e  s l u d g e s  o f  
a b o u t  1 ,1 8 0  p .p .m .  s u s p e n d e d  s o l id s  d e v e lo p e d  b y  C u l t u r e  8 7  in  s t e r i l e  
s y n t h e t i c  s e w a g e  h a s  b e e n  f o u n d  t o  b e  7 3 .6  p e r  c e n t  d u r i n g  a  5 - h o u r  a e r a ­
t i o n  p e r i o d .  T h e  p e r c e n t a g e  p u r i f i c a t i o n ,  w h e n  t h e  s l u d g e  w a s  d e v e lo p e d  
a n d  f e d  s t e r i l i z e d  s e w a g e ,  h a s  n o t  b e e n  d e t e r m i n e d .

C u l t u r e  1 0 0  w a s  i s o l a t e d  f r o m  t h e  t o p  s e c t i o n  o f  s t o n e s .  T h e  f i lm  w a s  
w a s h e d  f r o m  t h e  s t o n e  a n d  a  t y p i c a l  f i n g e r - l ik e  f lo e  w a s  p i c k e d ,  w a s h e d ,  
a n d  t r a n s f e r r e d  t o  l a c t o s e  b r o t h .  A f t e r  f lo e s  h a d  d e v e l o p e d ,  p u r i f i c a t i o n  
w a s  d o n e  u s i n g  t h e  s a m e  t e c h n i q u e  a s  p r e v i o u s l y  e x p l a i n e d .  S lu d g e - l i k e  
f lo e s  d e v e lo p e d  u n d e r  a e r a t i o n  in  s t e r i l e  s y n t h e t i c  s e w a g e  o r  s t e r i l i z e d  
d o m e s t i c  s e w a g e .  N o  p u r i f i c a t i o n  s t u d i e s  h a v e  b e e n  c o m p l e t e d  w i t h  t h i s  
c u l t u r e .

C u l t u r e  1 0 2  w a s  i s o l a t e d  i n  a  m a n n e r  s i m i l a r  t o  C u l t u r e  1 0 0 . T h e  floe  
w a s  p ic k e d  f r o m  f i lm  a d h e r i n g  t o  t h e  s t o n e s  o f  t h e  t o p  l a y e r .  N o  p u r i f i c a ­
t i o n  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  u s i n g  s l u d g e  d e v e l o p e d  b y  t h i s  o r g a n i s m .

C u l t u r e  1 0 3  w a s  i s o l a t e d  f r o m  t h e  f i lm  r e m o v e d  f r o m  t h e  t o p  l a y e r  o f 
s t o n e s  f o l lo w in g  t h e  p r o c e d u r e  u s e d  in  t h e  i s o l a t i o n  o f  C u l t u r e  8 7 .  T h e  
o v e r - a l l  p u r i f i c a t i o n  d u r i n g  t h e  5 - h o u r  a e r a t i o n  p e r i o d  w a s  f o u n d  t o  b e  8 2 .2  
p e r  c e n t  o f  t h e  5 - d a y  B .O .D .  o f  t h e  s t e r i l e  s y n t h e t i c  s e w a g e .  T h e  p u r i f i c a ­
t i o n  p r o p e r t i e s  o f  t h i s  o r g a n i s m  h a v e  n o t  b e e n  d e t e r m i n e d  w h e n  d e v e lo p e d  
o n  a n d  f e d  s t e r i l i z e d  d o m e s t i c  s e w a g e .

C u l t u r e s  1 0 0 , 1 0 2 , a n d  1 0 3  w e r e  i s o l a t e d  f r o m  t h e  t r i c k l i n g  f i l t e r  d u r i n g  
t h e  s u m m e r  m o n t h s .  S lu d g e s  d e v e lo p e d  u n d e r  a e r a t i o n  b y  i n o c u l a t i n g  
s t e r i l e  m e d i a ,  e i t h e r  s y n t h e t i c  o r  d o m e s t i c  s e w a g e ,  a r e  v e r y  s i m i l a r  t o  a  
s lu d g e  d e v e lo p e d  b y  a  z o o g le a - f o r m in g  o r g a n i s m  i s o l a t e d  f r o m  t h e  f i l t e r  
d u r i n g  c o ld e r  m o n t h s .  T h e  p u r e  c u l t u r e  s l u d g e s  d e v e l o p e d  b y  a l l  o f  th e  
t r i c k l i n g  f i l t e r  z o o g le a l  o r g a n i s m s  i s o l a t e d  r e s e m b le  v e r y  c lo s e ly  i n  a p p e a r ­
a n c e  p u r e  c u l t u r e  s lu d g e s  d e v e lo p e d ,  u n d e r  s i m i l a r  c o n d i t i o n s  a n d  in  s im i la r  
m e d i a ,  b y  z o o g le a - f o r m in g  o r g a n i s m s  i s o l a t e d  f r o m  a c t i v a t e d  s l u d g e .  T h e  
r a t e  o f  p u r i f i c a t i o n  in  t h e  s t e r i l e  s y n t h e t i c  s e w a g e  a n d  s t e r i l i z e d  d o m e s t i c  
s e w a g e  is  p r a c t i c a l l y  t h e  s a m e .

T h e  e f f e c ts  o f  c a r b o h y d r a t e s  w e r e  d e t e r m i n e d  b y  t w o  m e t h o d s .  D i lu t e  
a g a r  w a s  p r e p a r e d  b y  d i s s o lv i n g  in  1 l i t e r  o f  d i s t i l l e d  w a t e r  5 .0  g m .  p e p ­
to n e ,  7 .2 5  g m . N a 2H P 0 4, 0 .7  g m . K H 2P 0 4, 1 g m .  a g a r  a n d  5 .0  g m .  o f  t h e  
c a r b o h y d r a t e  b e in g  t e s t e d .  T h e  a g a r  w a s  s t e r i l i z e d  b y  a u t o c l a v i n g  a t  15 
p o u n d s  f o r  15  m i n u t e s  e x c e p t  w h e n  t h e  s u g a r  u n d e r  c o n s i d e r a t i o n  w o u ld  
b r e a k  d o w n  b y  t h i s  m e t h o d ;  i n t e r m i t t e n t  s t e r i l i z a t i o n  w a s  t h e n  u s e d .  
B r o t h  c o n t a i n i n g  t h e  s a m e  p e r c e n t a g e  o f  t h e  v a r i o u s  c a r b o h y d r a t e s  w i th  
t h e  a d d i t i o n  o f  b r o m  c r e s o l  b lu e  w a s  a l s o  u s e d .  A ll  t u b e s  w e r e  r e a d  a f t e r  
i n c u b a t i n g  14  a n d  31  d a y s  a t  2 0 °  C .

T h e  c h a n g e  o f  t h e  p H  v a l u e  in  t h e  v a r i o u s  s u g a r  b r o t h s  s e e m s  t o  i n d i ­
c a t e  s l i g h t  u s e  o f  s u g a r .  N o  g a s  p r o d u c t i o n  w a s  o b s e r v e d .  T h e  r e s u l t s  
p r e s e n t e d  b y  R u c h h o f t ,  K a c h m a r ,  a n d  M o o r e  (1 2 )  s h o w  t h a t  a  p u r e  c u l t u r e  
s lu d g e  o f  a  c o n c e n t r a t i o n  o f  a b o u t  1 ,3 9 5  p .p .m .  d e v e l o p e d  b y  C u l t u r e  8 3 , 
in  s t e r i l e  s y n t h e t i c  s e w a g e  w i t h  a n  a v e r a g e  o f  8 4 0  p .p .m .  g lu c o s e  a d d e d ,  
r e m o v e d  9 0 .5  p e r  c e n t  o f  t h e  g lu c o s e  i n  2 3  h o u r s .  A  p u r e  c u l t u r e  s lu d g e ,  
d e v e lo p e d  in  a  s i m i l a r  m a n n e r  b y  C u l t u r e  8 6 ,  w i t h  i n i t i a l  s u s p e n d e d  s o l id s  
o f  6 8 6  p .p .m .  in  s t e r i l e  s y n t h e t i c  s e w a g e  c o n t a i n i n g  5 0 5  p .p .m .  g lu c o s e ,



utilized 84.7 per cent in 24 hours. The pure culture sludges in the above 
experiments were kept under sufficient aeration to maintain aerobic condi­
tions and the amount of sludge used was much greater; whereas in our tests 
using the pH range as an index of the utilization of sugar, very small 
amounts of inoculum were used and the tubes remained quiescent. In the 
experiments by Ruchhoft et al. (12) the glucose was utilized in the produc­
tion of growth, and appears as bacterial protoplasm without the accumula­
tion of intermediate acid end products. The hydrogen-ion concentration 

b of the substrate as shown by Ruchhoft et al. (12) influences the rate of 
glucose removal as well as growth and floe formation which will be dis- 

M  cussed later in this paper.
The presence of spores was determined by two methods: (1) the heat 

Mi test—tubes being held after heating 20 minutes at 80° C. for 14 days at
pfflfe 20° C., and (2) staining with the Schaeffer and Fulton (13) modification
ipt technique. Liefson’s (10) flagella stain was used. The semisolid K N 03

medium of Zobell and Meyer (18) was used to determine nitrate reduction.
11. Tli If, during incubation, gas was produced with or without the reduction of
;oW nitrate, bubbles would be held in the media. No gas was produced in any
ipurfe instance.
Up From the cultural characteristics it is noted that all zoogleal cultures

isolated are identical in nine characteristics: form, Gram stain, capsule, 
tduE nonchain forming, photic, hydrogen sulfide, Voges-Proskauer, and the reac-
loculate tion with arabinose and raffinose. This would indicate that the zooglea-
milartc: forming organisms isolated from activated sludge and trickling filters were
. the| closely related. Considering in addition the results of the following deter-
alloll minations—spores, production of indol, gelatin liquefaction, methyl red,
¡nappti citrate, and the reaction with cellobiose, dextrin, and salicin—the zoogleal
jiujimli cultures studied may be divided into nine groups as follows:

1. Cultures 53, 55, 62, 82, 88, and 113 isolated from activated sludge.
' " 2. Cultures 58, 60, and 104 isolated from activated sludge.

3. Cultures 102 and 103 isolated from trickling filters.
1 4. Cultures 87 and 105 isolated from activated sludge and trickling

filters.
cl 5. Culture 100 isolated from trickling filter.

6. Culture 50 isolated from activated sludge.
7. Culture 83 isolated from activated sludge.
8. Culture 85 isolated from activated sludge,

drat®®’ g Culture 86 isolated from activated sludge.
ereadafK

By adding the appearance of growth on agar slant, the relation to 
jjjstoî  oxygen and the ability to reduce nitrates, Groups 2 and 4 would be
fjjgjes) subdivided.
ureculb" The close but not all-inclusive similarity brought out by the cultural,
’ultur̂  characteristics is further evidence for the above-mentioned close relation-
)seaddi ship, implying that we are dealing with several varieties of a single group.
re slud? In the first four groups, each including more than one culture, similar
fed solii reactions were obtained in very few of the additional cultural char-
glucoS acteristics studied. The organisms within Group 1 reacted similarly
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in regard to chromogenesis and their relation to oxygen. However, vary­
ing results were obtained from flagella stain, reduction of nitrates, pep­
tonization of milk, and their ability to utilize xylose, glucose, galactose, 
mannose, lactose, melizitose, and mannitol.

Within Group 2 similar results were obtained from growth in milk, 
chromogenesis, and the organisms’ ability to utilize xylose. Differing 
results were obtained from flagella stain, their relation to oxygen, the 
formation of nitrites from nitrates, and their ability to utilize glucose, 
galactose, mannose, sucrose, lactose, melizitose, and mannitol. Both or­
ganisms listed in Group 3 gave similar results with all of the tests used. 
The organisms listed in Group 4 reacted in the same manner in regard to 
their utilization of xylose, lactose, growth in milk, their relation to oxygen, 
and flagella stain. Dissimilar results were obtained by the organisms in 
Group 4 in the following: reduction of nitrates to nitrites, chromogenesis, 
and their utilization of glucose, mannose, sucrose, melizitose, and mannitol.

The results of the reactions used for group classification are presented 
in Table II, and it is shown clearly that the organisms being discussed are

T able II.—Results of the Reactions Used for Group Classification

G roup Spores Indo l
G ela tin
L ique­
fac tion

M eth y l
R ed C itra te

C a rb o h y d ra te s  0.5 P e r C en t

Cellobiose D ex trin Salicin

3 _ + + + + A ± 0 A ±
1 + - + - - A +
9 + - + - - A ± 0 0

4 - - + - — A + A ± 0

8 - - + - A ± 0 A ±
6 - - - - :

2 - - - - - A + A ± A ±
7 - - - - - A + A ± 0

5 — — — — — A ± 0 0

closely related. From the results listed, Groups 1 and 9 differ only in 
utilization of carbohydrates. The same difference is observed for Groups 
4 and 8. Groups 6, 2, 7, and 5 differ in utilization of carbohydrates and 
growth in sodium citrate broth. Greater differences are observed in the 
results of the reactions of Group 3 and the results of the other groups.

E x p e r i m e n t a l  W o r k

The primary characteristics of these zoogleal bacteria were that they 
must grow in pure culture in floes or colony formation in liquid media 
under aeration sufficient to maintain aerobic conditions. Experiments 
were instituted to determine (1) the minimum food requirement, (2) the 
effect of hydrogen-ion concentration on growth and floe formation, and (3) 
the effect of various substances commonly found in sewage in regard to 
growth and sludge production.
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M i n i m u m  F o o d  R e q u i r e m e n t

Culture 86 was used in the tests to determine the minimum food re­
quirement for floe production. Sterile synthetic sewage, of varying con­
centration, was inoculated with Culture 86, incubated at 20° C. under 
aeration. The results given in Table III indicate that synthetic sewage

T a b l e  III .—Growth of Pure Culture Zooglea in Synthetic Media of Varying Food Concentration

C ultu re
P er C en t F ood 

C oncen tra­
t io n 1

P ep tone
P .p .m . R esu lts

8 6  ' 1 3 No growth, aerated 7 days.
8 6 10 30 No growth, aerated 7 days.
86 17.5 52.5 Turbid, no floe, aerated 10 days.
8 6 25 75 Turbid, no fioc, aerated 4 days.
86 37.5 112.5 Turbid, no floe, aerated 10 days.
8 6 50 150 Turbid and floe in bottom, aerated 4 days.
8 6 100 300 Turbid and floc’ throughout, aerated 2 days.

1 Per cent of standard synthetic sewage added.

of less than 10 per cent concentration would not support growth. A 
concentration of 17.5 per cent to 37.5 per cent produced growth but no 
floe formation. In a 50 per cent concentration both growth and floe 
formation were observed after 4 days, but floe formation occurred sooner 
in full strength media.

p H  E f f e c t s

Observations on the influence of hydrogen-ion concentration on growth 
were made as follows: Flasks containing 100 ml. of synthetic sewage were 
sterilized and the pH was adjusted using sterile 10 per cent H3P 0 4 or

T a b l e  IV .—Pure Culture 86 in Standard Synthetic Sewage of Varying pH Readings. 
Flasks and Plates Incubated at 20° C.

pH Readings Series 1, B ac te ria  per M l. Series 2, B ac teria  per M l. Series 3, B ac teria  per M l.

0 Hour 24 H our 0 H our 24 H our 0 H our 24 H our 0 H our 24 H our

3.5 3.8 No growth1
4.0 4.6 No growth1
4.5 4.7 No growth1
5.0 5.5 97 Less than 1 156 Less than 10,000
5.5 5.9 97 Less than 1 156 Less than 10,000 13 Less than 10
6.0 6.4 97 195 156 400,000 13 100
6.5 .6.8 97 21,500 156 650,000 13 200
7.0 7.1 97 3,020,000 156 1,560,000 13 56,900
7.5 7.2 97 267,000,000 156 370,000 13 82,500
8.0 7.4 97 68,000,000 156 35,000 13 120,000
8.5 7.6 97 69,000,000 156 890,000 13 186,000
9.0 8.7 13 57,800
9.5 8.6 No growth1

10.0 9.8 No growth1

1 Observations based on turbidity readings.
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sterilized 10 per cent NaOH to cover the range from pH 3.5 to pH 10.0. 
After such adjustment the flasks were inoculated with a suspension of 
Culture 86, previously shaken with sterile glass beads, and examinations 
to determine the initial total count per ml. and the pH were made. The

T able V.—Effect of Various Substances on Growth of Pure Culture Zooglea Organisms

B asic M edium S ub stan ce  A dded
A m o u n t 
per L iter 

A dded
C ul-
tu re R esu lts

Synthetic sewage Soap1 0.1 gm 53 Floe developed; few free organisms.

Synthetic sewage N a ricinoleate 0.1 gm 53 No floe developed; few free organisms.

Synthetic sewage N a ricinoleate 0.05 gm 53 Little floe developed; supernatant turbid 
pink color.

Synthetic sewage N a ricinoleate 0.025 gm 53 Floe developed.

Synthetic sewage Na ricinoleate 0.05 gm 53 Small amount floe developed; pink color.
Synthetic sewage N a ricinoleate 1.5 gm 53 Small amount floe developed; pink color.

Synthetic sewage N a formate 0.5 gm 53 Normal amount floe developed.
Synthetic sewage N a oleate 0.05 gm 53 Normal amount floe developed.
Synthetic sewage Creatine 0.05 gm 53 Very little floe developed.
Synthetic sewage Certo 5 ml 113 Floe developed.
Synthetic sewage Certo 2 ml 53 Supernatant turbid; small amount floe.
Synthetic sewage Certo 1 ml 113 Growth, but no floe.
Synthetic sewage Pectin2 2 ml 53 Floe developed; no increase in amount.
Synthetic sewage Pectin2 1 ml 53 Small floes; no increase in amount.
Synthetic sewage Pectin2 0.5 ml 53 Small loose floes.
Synthetic sewage3 Glucose 0.1 gm 53 Supernatant turbid; no floes.
Synthetic sewage3 Glucose 0.1 gm 53 Supernatant turbid; no floes.
Synthetic sewage3 Glucose 0.1 gm 113 Floes; no increase in amount sludge.
Synthetic sewage4 Glycerine 0.05 gm 53 Sludge developed.
Synthetic sewage4 Glycerine 0.05 gm 113 Sludge developed.
Synthetic sewage4 Glycerine 0.05 gm 53 Sludge developed.
Synthetic sewage4 Glycerine 0.05 gm 113 Sludge developed.
Synthetic sewage4 Sucrose 0.05 gm 53 No floes; supernatant turbid.
Synthetic sewage4 Glycerine 0.05 gm 53 Floe developed slowly.
Synthetic sewage4 Glucose 10.0 gm 53 No growth.
Synthetic sewage Glycerine 0.5 gm 53 Sludge developed.
Synthetic sewage Glycerine 0.5 gm 60 Sludge developed; no increase in amount.
Synthetic sewage4 Glucose 0.05 gm 53 No increase in amount; floe developed.
Synthetic sewage4 Glycerine 0.05 gm 53 No increase in amount; floe developed.
Synthetic sewage4 Glycerine 0.05 gm 83 No increase in amount; floe developed.
Synthetic sewage Glucose 0.5 gm 87 Amount of floe increased.
Synthetic sewage Glucose 0.5 gm 104 Slight increase in floe.
Synthetic sewage Glucose 0.5 gm 104 Slight increase in floe.
Synthetic sewage Glucose 0.5 gm 83 Amount of floe increased.

1 Bell’s Castile hand soap. 3 Beef extract omitted from synthetic.
2 Pectin extracted from grapefruit rind. 4 Urea omitted from synthetic.

flasks were incubated at 20° C. for 24 hours and the pH value and total 
counts were again determined. From the results presented in Table IV 
it will be observed that there was a tendency for the lower pH to rise during 
the incubation period and for the pH values in the higher range to drop.

The number of organisms per ml. increased most rapidly at a pH of
7.0 to 8.0. Incubating the flasks for an additional 24 hours, for a total of
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48 hours at 20° C., produced very little change in the flasks of the upper 
range. Microscopic examination of the flasks at the end of the 24-hour 
period showed few floes present in the flasks of pH 6.5 and no floes at lower 

'  ̂ pH values. Floe formation increased up to a hydrogen-ion concentration 
of pH 7.5 and decreased with further increase in pH. In the development 
of pure culture sludges, this principle has been followed by adjusting the 
pH value after feeding to pH 6.5. During a 24-hour aeration period the 
hydrogen-ion concentration increases to pH 7.6. Therefore, judging by 
the bacterial counts obtained and from the microscopic appearance of the 
growth, the optimum pH for growth and floe formation appears to be pH 
6.8 to 7.5.UtuttA

E f f e c t  o f  V a r i o u s  S u b s t a n c e s  C o m m o n l y  F o u n d  i n  S e w a g e

Various substances commonly found in sewage, such as soap, sodium 
ricinoleate, sodium formate, sodium oleate, creatine, pectin, glucose, glyc­
erine, and sucrose, were added to synthetic sewage in an effort to stimulate 
growth and floe formation. Glucose was the only substance used which 

Ijujju: when added increased floe formation materially, as is also shown by the
studies of Ruchhoft et al. (12). No increase was observed when glucose 

iseinaHc was added to synthetic sewage if beef extract or urea was omitted. Cul­
tures 53, 60, 83, 87, 104, and 113 were used for these experiments.i amount

lots. S u m m a r y

libid.

The predominant bacteria of activated sludge and of trickling filters 
have been isolated in pure culture. It would appear that these zoogleal 
bacteria might be considered in one group. All cultures studied, isolated 
from activated sludge and trickling filters, were short Gram-negative rods, 
failed to produce H2S or acetyl methyl carbinol, produced acid in broth 
containing arabinose, produced no change in broth containing raffinose, 
and produced capsules which bound the cells together in a capsular matrix 
tenaciously enough to remain intact under agitation sufficiently violent to 
keep the floes suspended and to maintain aerobic conditions. Such sludge 
floes of about 1,500 p.p.m. suspended solids composed entirely of masses of 
bacterial cells in pure culture will remove in 3 hours 36.3 to 84.2 per cent, 
and in 5 hours 55.6 to 91.6 per cent of the 5-day B.O.D. of polluted water 
or sewage.

The cultures isolated may be divided into nine related groups deter­
mined by the following characteristics: formation of spores, indol reaction, 
gelatin liquefaction, methyl red test, growth in citrate media, motility, 
and the pH reading in broth containing cellobiose, dextrin, and salicin. 

The floc-forming organisms isolated from trickling filters will develop, 
n Table I under aeration, an activated sludge and will function similarly to a sludge 
,risedufli developed by the floc-forming organisms isolated from activated sludge.
.e to drop This indicates that the zoogleal organisms found in trickling filters and in
it a p2l activated sludge floes are closely related.
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GREASE EXTRACTION FROM SEWAGE AND SLUDGE *

By R o l f  E l i a s s e n  a n d  H. B. S c h u l h o f f

Major and Assistant Chemist, North Atlantic Division, U. S. Army Engineers

Research activities and general interest in the removal of grease from 
sewage have become intensified during the war period. Various principles 
and mechanisms for grease removal are undergoing experiment in attempts 
to evaluate the methods most applicable to specific problems in the treat­
ment of sewages and industrial wastes.

The fundamental tool in all research pertaining to grease is the deter­
mination of the grease content of the sewage, sludge or scum under con­
sideration. This determination depends on the amount of material ex­
tracted from the sample by a solvent which has the property of selecting 
lipoidal materials to the exclusion of the many other substances present in 
sewage. Petroleum ether applied to an acidified sample has been accepted 
as the solvent most suitable for grease determinations in materials of 
sewage origin. Gehm (1) has presented the reasons for the adoption of 
this over other solvents.

O t h e r  M e t h o d s

Before extraction may be accomplished, the sample must be dried 
thoroughly. Most of the methods of grease determination have been con­
cerned with the various means of concentrating the sewage or sludge and 
drying the residue. Standard Methods (2) propose that sewage be boiled 
down from the original of one (1) liter to dryness. Ludwig (3) recom­
mends boiling followed by refrigeration, filtration and drying. Hurwitz 
(4) modified the foregoing by using a cotton disc in an aluminum dish in 
place of the filter paper and funnel suggested by Ludwig. Gehm (5) 
flocculated the sewage with alum and lime and permitted the coagulated 
grease particles to settle before decanting the supernatant. The remain­
ing sludge was filtered over a layer of diatomaceous earth and the residue 
dried. In all cases the dried sample is transferred from the evaporating 
dish to a Soxhlet thimble which in turn is placed in a Soxhlet extraction 
apparatus. Extraction may take from 8 to 16 hours.

L i m i t a t i o n s

The accuracy of each of the above methods depends on the ability of 
the technician to remove all of the dried material from the evaporating 
dish, or dissolve all of the grease from the walls of the dish. It has been 
found that in many cases the upper portion of the dish contained a thin 
hard layer of dried sludge which could not be scraped off readily. Neither 
could the grease be dissolved in cold petroleum ether. This affected the 
consistency of the results to a considerable degree.

* Presented at the Fifteenth Annual Meeting of the New York State Sewage Works Associa­
tion, New York City, January 22, 1943.
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Furthermore, the accuracy of the method depends on the ability to 
extract all of the ether-soluble matter from the sample in the thimble. In 
a number of instances it was found that certain sewages, particularly those 
rich in fats, yielded a sticky mass on evaporation to dryness. The solvent 
penetrated this mass very slowly. Samples have been observed to retain a 
core of grease even after extraction for 16 hours.

O b j e c t  o f  E x p e r i m e n t s

In order to decrease possibilities for error in transfer from evaporating 
dish to thimble and to assure a more readily extractable sample, experi­
mental work was undertaken. The object in mind was to develop a

F ig . 1.—Filter paper cup.
F ig . 2.—Gooch crucible after filtration and acidification.

method utilizing the basic principles of petroleum-ether extractions but 
eliminating the sources of error noted above. If the extraction could be 
performed in the same vessel in which the evaporation of the sample was 
accomplished, the error in transfer could be eliminated. Then, if the dry 
solids could be dispersed in such a manner that no appreciable thicknesses 
or cores of grease-containing substances were present, the extraction could 
be carried out in a relatively short time and with consistent results. 
Research was carried out along these lines and a method developed which 
would fulfill the requirements of a rapid and consistent method for the 
determination of petroleum-ether soluble matter in sewage or sludge.

C o n c e n t r a t i o n  o f  S a m p l e

For concentration of sewage the method suggested by Gehm (5) was 
followed, with modification in dosage to account for differences in sewage 
characteristics. The size of sample depended on the grease content of the 
sewage. Generally, one liter was sufficient for strong sewages, while with 
some weak sewages, four liters were necessary. For accuracy in weighing, 
it was desirable to have approximately 100 mg. of grease extracted from 
the sewage or sludge. It was found that the clearest supernatant, with
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negligible grease content, was obtained by first adding 1.5 ml. of a 10 per 
cent suspension of calcium hydroxide, mixing completely and then adding 
4 ml. of a 10 per cent solution of alum. After thorough but gentle mixing 
the floe was permitted to settle for an hour, or until a clear supernatant 
was obtained. The quantities of coagulant were varied for different sew­
ages, but in all cases enough lime was added to leave a residual carbonate 
alkalinity.

After the floe had settled and compacted, the clear supernatant was 
siphoned off, care being taken that the floating grease, as well as the floe, 
remained in the vessel.

With most sludges, the process was simplified since no decantation was 
necessary. Sufficient alum and lime were added to the sludge to develop 
good filtration characteristics.

P r e p a r a t i o n  o f  C r u c i b l e

From this point on, with either sewage or sludge, a radical departure 
from other procedures was adopted. A 25 ml. Gooch crucible was pre­
pared first by folding an 11 cm. piece of filter paper in such a manner that 
it lined the interior of the crucible to within a quarter of an inch of the top.

F ig . 3.— Section through porous mass in crucible.

By folding and wetting it was possible to make the paper fit well against the 
sides and bottom. An asbestos suspension was then added and vacuum 
applied to form a thick mat on the paper. The paper cup and mat are 
shown in Fig. 1. It was found that this preparation greatly facilitated 
filtration as the paper shell prevented the asbestos fibers from entering the 
bottom holes of the crucible. The asbestos in turn presented a large 
filtration area to prevent clogging of the pores of the paper.

Having thus prepared the Gooch crucible, f  gram of short-fibered as­
bestos was added to the floe remaining in the original vessel after decanta­
tion of the clear supernatant. The mixture of asbestos and floe was poured 
into the Gooch and vacuum applied. It was found that the material 
adhered to the paper on the walls of the Gooch and also accumulated on 
the asbestos mat. When the vacuum had partially dried the solids, the 
crucible was placed in a shallow dish or beaker. Three or four ml. of a 
1 : 1 hydrochloric acid solution was added slowly to the exposed surfaces
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of the paper and mat. Enough acid was added to penetrate to the bottom. 
Reaction of the acid with the residual carbonate alkalinity in the floe 
liberated carbon dioxide gas. As soon as this started, the Gooch and 
beaker were placed in a drying oven at 103° C. More CO2 was liberated 
under the influence of heat. When the mass had dried sufficiently, any 
acid or washings which had passed through the Gooch to the beaker were 
returned to the crucible, which was then thoroughly dried. In addition 
to gas production, the acid was required for conversion of the calcium 
soaps to fatty acids in order to be ether-soluble.

The formation of gas in and around the mass in the crucible led to the 
formation of a structure composed of asbestos, sewage solids and gas, as

F i g .  4 .— Bailey-Walker extraction apparatus.

shown in Figs. 2 and 3. It is this very structure which separates the solids 
in thin layers so that the extraction to follow may be completed in rela­
tively short order.

After drying the contents of the crucible for 30 minutes, aluminum foil 
was wrapped around the bottom and sides to form a tight-fitting cup. 
Small glass beads were placed in the Gooch to within |  inch of the top. 
The beads served later to distribute the solvent over the material below. 
The aluminum foil retarded the flow of the solvent out of the crucible and 
permitted an adequate contact period between solvent and grease in the 
solids, still allowing all of the solvent to drain out of the Gooch.

E x t r a c t i o n  A p p a r a t u s

The choice of a Gooch crucible to contain the sewage solids permitted 
the use of a different extraction apparatus from the conventional Soxhlet, 
with its battery of glass condensers and other breakable units. Figure 3 
shows the Bailey-Walker apparatus used in these tests. The Gooch cruci­
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ble was placed in a specially constructed glass flask which was provided 
with three glass indentations to support the crucible. This flask was used 
to contain the solvent and also for weighing. A stainless steel condenser 
cup fit over the top of the bottle. Cold water passed through the cup 
which provided a large condensing surface for the solvent. The condensers 
were mounted in a battery of seven units, as shown in Fig. 4. Each con­
denser was provided with a stopcock controlled inlet. One outlet mani­
fold served for the entire group. Individual units could be raised to 
remove or install flasks without disturbing the other units. An electrical 
hot plate with 3-heat switch controls for each of the seven units was also 
provided. This apparatus was found to be compact, easy to handle and 
capable of withstanding considerable shock.

After extraction had been completed, the crucible was removed from 
the flask. Then the petroleum ether was driven off by placing the flask 
in a drying oven at 103° C. for 15 minutes. The residue of grease was then 
weighed in the flask, which had been weighed previously.

R e s u l t s

Results are not of value unless consistency can be obtained in a series of 
check runs. To verify the consistency of this method, numerous tests were 
made. Results of analyses on three different sewages, from weak to strong, 
are shown in Table I. It will be noted that the per cent deviation from the

T a b l e  I .—Analyses of Sewage

Sewage Size of Sam ple
G rease in  Sewage— P .p.m . M axim um

D evia tion
L iters

1 2 3 Ave.
from  M ean

%

A 4 8.4 8.5 8.9 8.6 3
B 2 51.5 54.3 54.8 53.5 4
C 1 143 152 156 150 5

mean values was well within the limits of the possible error of sewage 
sampling.

Similar consistency was obtained in a series of runs on raw and digested 
sludge, the results of which are presented in Table II.

To obtain a comparison between the improved method and that recom­
mended by Standard Methods, parallel runs were made. Special care was

T a b l e  I I .—Analyses of Sludge

Type of 
Sludge

Solids
%

M ethod of 
Analysis

G rease in  Sludge— P er cen t of T o ta l Solids M axim um  
D evia tion  

from  M ean
%1 2 3 4 5 Ave.

Digested 3.1 Improved 3.9 4.1 4.1 4.2 4.2 4.1 5
Standard 3.5 3.9 4.0 4.1 4.1 3.9 10

Raw 6 5 Improved 18.2 20.7 20.7 21.6 21.6 20.5 11
Standard 17.5 19.2 19.4 20.0 20.1 19.2 8
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taken in the transfer of the sample from the evaporating dish to a Soxhlet 
thimble and in assuring that no thick masses were present to retard solu­
tion of the grease. The results in Table II indicate that the values by 
the Standard Method are slightly lower than those by the Improved 
Method.

The great difference between the two methods lies in the time necessary 
for the extraction, during which time careful watch must be kept on the 
apparatus. With the Standard Method the time of extraction may run 
from 8 to 16 hours, with the latter necessary for consistency. On the 
other hand, the improved method requires only 4 hours for complete 
extraction, even with raw sludges. Tests were conducted on seven sam­
ples of raw sludge to determine the length of time necessary to complete 
extraction. The average results are indicated in Fig. 5. I t will be noted

F ig . 5.—Effect of tim e on extraction efficiency.

that extraction is 98 per cent complete after 3 hours. Even more rapid 
extraction was obtained on sewages, where a limit of 3 hours could be 
adopted. Taking into account the Standard Method involving evapora­
tion to dryness of 1 to 4 liters of sewage, followed by extraction, 1 or 2 
days may be saved through use of the Improved Method.

D i s c u s s i o n

A practical method of grease analysis has been developed, which utilizes 
the accepted principles of the extraction of grease by petroleum ether. By 
concentration of the solids, filtration through a specially prepared Gooch 
crucible, dispersion of solid particles by gas ebullition during acidification 
of the sample, drying and extraction in an improved type of apparatus, the 
time for analysis of the grease content sewage has been cut from several 
days to a matter of a single day. Consistency of results is obtained with­
out undue effort such as is necessary in other methods.

Like all other analytical procedures, a technique must be developed in 
in the preparation of the Gooch crucible. This is not difficult and can 
readily be mastered by any competent sewage analyst. Care must be 
taken that enough acid is added to neutralize all of the alkalinity present
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in order that the calcium soaps may be converted to fatty acids. Also, 
sufficient volume of acid must be added to penetrate through the mass in 
the crucible and pass to the dish below. If the sewage or sludge does not 
have enough alkalinity or dissolved carbon dioxide to leave a residual 
carbonate alkalinity after the addition of alum and lime in the initial 
stages of sample preparation, calcium carbonate will have to be added with 
the lime. Experience on the part of the analyst will soon develop a rapid 
and effective technique.

The use of this improved method does not depend on the possession of 
the Bailey-Walker extraction apparatus shown in Fig. 4. If a Soxhlet 
apparatus is available, it is an easy matter to transfer the filter paper cup 
shown in Fig. 1 from the crucible to the Soxhlet thimble. All of the or­
ganic contents are within this cup. The advantages of rapid and complete 
extraction are still maintained as the preparation of the sample within the 
cup is the determining factor and not the apparatus.

As a matter of fact, no expensive extraction apparatus is necessary. 
Materials and glassware already available in the average laboratory could 
be utilized to accomplish the same results. A wide-mouthed flask would
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readily serve as a weighing bottle. In lieu of the stainless steel condenser, 
a test tube could be inserted through a stopper in the flask. This test tube 
could also be stoppered and provided with two holes to permit cooling 
water to pass through the tube. The Gooch crucible could be suspended
on a wire ring, which in turn could be hung by wire from the top of the flask.
A hot plate or steam bath could be used as the source of heat. The appa­
ratus shown in Fig. 6 indicates the general set-up of equipment. Modifi­
cations could be adopted to fit the local situation.

S u m m a r y

This improved method for the determination of petroleum ether soluble 
matter in sewage or sludge consists of the following steps:

1. To the sewage sample add 1.5 ml. of 10 per cent Ca(OH)2 suspension 
and 4 ml. of a 10 per cent alum solution.

2. Gently stir and settle one (1) hour.
3. Decant or siphon off clear liquor.
4. With sludges, merely add coagulants.
5. Fold an 11 cm. filter paper into Gooch crucible. Add asbestos 

suspension and apply vacuum to form mat.
6. Add |  gram of short fibered asbestos to floe or sludge. Filter 

through Gooch.
7. Add 4 ml. of a 1 : 1 HC1 solution to expand mass of solids and as­

bestos by C 02 formation.
8. Dry at 103° C.
9. Place glass beads over spongy mass in crucible. Wrap aluminum 

foil around sides and bottom of crucible.
10. Place crucible or paper cup in available extraction apparatus and 

extract with petroleum ether for 4 hours.
11. Place flask in drying oven to drive off petroleum ether.
12. Weigh flask and grease. Deduct weight of flask.
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G R E A S E  I N  S E W A G E , S L U D G E  A N D  SC U M .*  
IV . T R A N S F O R M A T I O N  O F  G R E A S E  IN  

A C T I V A T E D  S L U D G E

B y  H .  H e u k e l e k i a n

Associate, Dept. Water and Sewage Research, New Jersey Sewage Expt. Sta.

Inasmuch as grease constitutes the most abundant single ingredient 
in sewage, its effect 011 the operation of sewage treatment processes has 
attracted considerable attention. More specifically, the availability of 
grease as food for bacteria under aerobic and anaerobic conditions has 
been the subject of inquiry. At present it has been established that at 
least certain types of greases are available as food for bacteria under 
anaerobic conditions and are the primary food from which gas-yielding 
materials are formed in sludge digestion tanks. The origin, chemical 
composition and physical state of the different types of greases in sew­
age have an important bearing on the rate of their availability. Dur­
ing digestion the greases are hydrolyzed to fatty acids and glycerol 
which in turn become available as food for methane bacteria.

The availability and the effect of greases in aerobic sewage treat­
ment processes has not been definitely established. Jenkins (4) pub­
lished some experimental results on the biological oxidation of stearic 
acid in biological filters. He concluded that sodium stearate could be 
oxidized in the filters. With a 250 p.p.m. concentration of stearic acid 
the filters became choked.

In the activated sludge process speculation as to the effect of grease 
has been rife. It has been suggested that the grease component of sew­
age is not so readily available as some of the other ingredients and that 
high grease content in sewage results in sludge bulking. The present 
investigation was undertaken to throw more light on the fate of grease 
in the activated sludge process. The specific questions raised were: 
“ What is the fate of grease in the aeration of sewage by the activated 
sludge process and, under various experimental conditions, how much 
of the grease added is decomposed and how much of it remains in the 
sludge. ’ ’

M e t h o d s

Two fish tanks with capacities of 50 liters (2 by 1 by 1 ft.) each were 
used for aeration of the activated sludge mixtures. Aeration was ef­
fected by 10 in. long porous tubes placed near the bottom at one end of 
the tank and circulation was aided by deflection baffles at the surface of 
the liquid at both ends of the tanks. Air was supplied from a com­
pressor and the volume of air was adjusted to keep the sludge in sus­
pension. The tanks were operated 011 a fill-and-draw basis under the

* Journal Series paper of the New Jersey Agricultural Experiment Station, Butgers Uni­
versity, Department of Water and Sewage Research. Most of the routine analyses were made 
by Mr. Frank Bliss of W.P.A. Project 8173-0.



5 0 0 SEWAGE WORKS JOURNAL May, 1943

conditions specified below for the various experiments. A strong do­
mestic sewage obtained from a nearby municipality was used. The 
activated sludge was obtained from the nearby plants. The sewage and 
the returned sludge were mixed to obtain definite suspended solids con­
centrations in the mixture.

A minimum of two 1-liter samples were taken at the beginning and 
after various intervals of aeration. These were allowed to settle for 
V2 hour and supernatant was removed. The grease content of the liquor 
and the sludge components was determined by the method developed hy 
Gelnn (1) (2).

R e s u l t s

The grease content of the liquid and sludge components of a liter of 
the mixture before and after mixing the sewage and the returned sludge 
and after various periods of aeration is shown in Table I. The initial

T a b l e  I .— Transformation of Grease in the Activated Sludge Process 
Distribution of Grease

L iquor,
m gm .

Sludge,
m gm .

T o ta l,
mgm .

D estroyed , 
per c e n t

A dsorbed, 
p e r c e n t

In  Sludge, 
p e r cen t

Before m ixing................................................. 200 12 212 — — 0.9
After m ixing................................................... 120 62 182 0 25 5.0
After 2 hrs. aeration................................... 28 125 153 28 56 10.0
After 4 hrs. aeration................................... 9 141 150 29 64 11.2
After 6 hrs. aeration................................... 4 94 98 54 41 7.5
After 24 hrs. aeration................................... 3.5 26.5 30 86 7 2.1

Mgm. grease in each component per liter of total mixture. Volumetric ratio of components 
in initial mixture =  900 cc. sewage and 100 cc. returned sludge. Initial suspended solids con­
centration, 1,250 p.p.m. Grease content of raw sewage, 223 p.p.m.

suspended solids concentration of this mixture was 1,250 p.p.m. and the 
grease content of the sewage fed was 223 p.p.m. It is rather striking to 
note that 80 p.p.m. of grease was removed from the liquor by the initial 
mixing of the sewage with sludge. Fifty parts per million was re­
covered in the sludge. The elapsed time for mixing and subsequent 
separation of the liquor was only thirty minutes, which could not be 
considered long enough to bring about appreciable biological destruc­
tion, in the absence of air, of that part of the grease lost from the liquor 
which was not recovered in the sludge. The discrepancy should there­
fore be attributed to experimental error. During the first two hours of 
aeration there was an additional 92 p.p.m. decrease of grease in the 
liquor and 63 p.p.m. increase in the sludge, or a net loss of 29 p.p.m. 
from the mixture. In the subsequent 2 hours of aeration, the grease 
content of the liquor decreased to 9 p.p.m. and that of the sludge in­
creased to 141 p.p.m. Thereafter the grease content of the liquor did 
not change materially but the sludge lost appreciable quantities of 
grease. The per cent of grease destroyed given in the table is on the 
basis of the total grease content of the mixture before mixing. The de-
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crease in the quantity of grease in the mixture subtracted from the de­
crease of grease in the liquor before the mixing can be considered as the 
quantity absorbed and is presented as a percentage value of the initial 
grease content of the liquors before mixing. It is interesting to note 
that during 2 hours of aeration, 28 per cent of the grease was destroyed. 
This value increased to only 29 per cent in 4 hours and took a sudden 
jump to 54 per cent in 6 hours and to 86 per cent in 24 hours. Twenty- 
five per cent of the grease in the sewage was adsorbed by mixing alone. 
The value increased to 56 per cent after 2 hours aeration, to 64 per cent 
after 4 hours and decreased to 41 per cent in 6 hours. Only 7 per cent 
of the grease in the initial sewage remained adsorbed after 24 hours 
aeration. The method of calculation does not credit the grease de­
stroyed as having been previously adsorbed, which naturally is the case, 
but only that part which is in an adsorbed state.

In the final column of the table the grease content of the sludge is 
given as percentage values on a dry matter basis. The figures likewise 
show that the grease content of the sludge increased during the early 
periods of aeration and then decreased with longer periods.

T a b l e  II.— Effect of Sludge Concentration on the Transformation of Grease in the 
Activated Sludge Process

Susp. Solids, 1,250 p .p .m . Susp. Solids, 3,450 p.p.m .

Liquor,
mgm .

Sludge,
mgm .

T ota l,
mgm .

G rease in 
Sludge, 
per cen t

L iquor,
mgm .

Sludge,
m gm .

Total,
mgm.

Grease in  
Sludge, 
per cen t

Before mixing....................... 64 41 105 3.3 55 132 187 3.8
After mixing......................... 65 46 111 3.6 44 110 154 3.4
After 2 hrs. aeration......... 23 76 99 6.1 8 133 141 3.6
After 4 hrs. aeration......... 12 89 101 6.8 5 141 146 3.7
After 6 hrs. aeration......... 6 76 82 6.2 3 135 138 3.6
After 8 hrs. aeration......... 5 59 64 4.8 5 97 102 2.6
After 24 hrs. aeration......... 5 36 41 2.6 8 87 95 2.4

Mgm. grease in each component per liter of mixture. Volumetric ratios of components 
initial mixture = 938 cc. sewage and 62 cc. sludge for low suspended solids concentration mixture; 
800 cc. sewage and 200 cc. sludge for high suspended solids concentration mixture. Grease 
content of raw sewage, 68 p.p.m.

In the second experiment, two mixtures of the same activated sludge 
and sewage, containing 1,250 p.p.m. and 3,450 p.p.m. of suspended solids, 
were aerated for 24 hours to determine the effect of suspended solids 
concentration on the transformation of grease. The results are given 
in Table II and Fig. 1. The removal of grease from the liquid phase 
was not materially affected by the suspended solids concentration, al­
though there was a tendency, in the higher suspended solids concentra­
tion, for the grease to reach lower values earlier, followed by a slight 
increase with longer aeration periods. Such an increase with over­
aeration periods was not apparent in the lower suspended concentration. 
There were striking differences between the two solids concentrations
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in respect to the grease content of the sludge phase. In the lower solids 
concentration there was a rapid increase of grease up to four hours of 
aeration, followed by a decrease, but the grease content remained around 
the initial value even with 24 hours of aeration. In the high suspended 
solids mixture the grease content increased only slightly during the 
initial period of aeration, decreased rapidly below the initial value be-
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F ig. 1.— Removal of grease from the liquid phase, increase or decrease of grease in the 
sludge phase, and decrease of grease in the mixture during the aeration of sewage for 24 hours 
with two different concentrations of activated sludge.

tween 6 and 8 hours and continued to decrease up to 24 hours of aera­
tion. The total quantity of grease lost in the liquid and solid phases 
decreased more rapidly in the high suspended solids concentration than 
in the low concentration. Again, the total quantity of grease before 
and after mixing did not check closely, especially in the high concentra­
tion mixture, but this has no effect on the general tendencies, affecting 
only the magnitude of the difference.

In order to determine whether the difference in the transformation 
of grease was affected by repeated dosage of sewage to the same sludae
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the sludge was dosed seven times with sewage on a fill-and-draw basis. 
Three doses of sewage during 24 hours were added, with an aeration 
period of 6 hours each for the two day dosings and 10 hours during the 
night period. Two mixtures of sludge and sewage were made; one with 
1,300 p.p.m. suspended solids and the other with 2,600 p.p.m. The mix­
tures were dosed with the same sewage, aerated and settled for % hour. 
The liquor was decanted and a new dose of sewage added. Grease and 
suspended solids determinations were made during the first and seventh 
doses. The results obtained are given in Table III. In all instances

T a b l e  III.— Effect of Seven Doses of Sewage on the Transformation of Grease by Activated Sludge

1,300 p .p .m . Suspended Solids 2,600 p .p .m . Suspended Solids

1st D ose 7 th  D ose 1st Dose 7 th  Dose

Liquor,
mgm.

Sludge,
m gm .

T ota l,
m gm .

Liquor,
mgm .

Sludge,
m gm .

T ota l,
mgm .

Liquor,
mgm.

Sludge,
mgm.

T otal,
mgm.

Liquor,
mgm.

Sludge,
mgm .

T ota l,
mgm .

Before mixing. 85 49 134 65 — — 69 134 203 65 — . —

After mixing. . 52 85 137 32 172 204 41 157 198 28 213 241
After 2 hr.

aeration. . . . 23 123 146 7 157 164 7 160 167 3 222 225
After 4 hr.

aeration. . . . 7 121 128 12 128 140 2 127 129 7 167 174
After 6 hr.

aeration. . . . 1 103 104 3 91 94 3 125 128 6 125 131

Grease content of sewage for the 1st dose, 95 p.p.m.; 2nd and 3rd dose, 60 p.p.m.; and 4th, 
5th, 6th, and 7th doses, 80 p.p.m.

there was again an immediate removal of grease from the liquid phase 
merely by mixing the sewage with the sludge; the grease was more or 
less completely recovered in the sludge. The grease content of the 
liquor decreased rapidly with aeration and reached a low value of 1 to 
6 p.p.m. after 6 hours. The grease content of the sludge increased up 
to 2 hours of aeration and decreased thereafter. The total grease con­
tent of the mixture decreased with aeration. The changes in the grease 
content of the liquor, sludge, and the mixture during the first dose are 
presented graphically in Fig. 2. The removal of grease from the liquid 
phase was not affected by the solids concentration, but changes in the 
sludge phase were profoundly affected. With 1,300 p.p.m. suspended 
solids, the increase of grease in the sludge phase was greater and the 
content did not drop sufficiently toward the end of the 6-hour aeration 
period to bring it back to the original grease content of the sludge. 
With 2,600 p.p.m. suspended solids, the initial increase was not so great 
and the grease content dropped below the original value only after 4 
hours of aeration. The decrease of grease in the total mixture, which 
is a measure of the amount destroyed, was greater with the higher sus­
pended solids concentration than with the lower. In general, the re­
sults were in good agreement with those obtained from the previous 
experiment (Fig. 1).
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HOURS A E R A T I O N

Eig. 2.— Removal of grease from the liquid phase, increase or decrease of grease in the 
sludge phase, and decrease of grease in the mixture during aeration of sewage for 6 hours with 
two different concentrations of activated sludge.

The changes in the percentages of grease destroyed and adsorbed 
during the first and seventh doses are compared in Fig. 3. With the 
low suspended solids concentration, the percentage grease destroyed 
was greater during the seventh dose than during the first dose; this was 
not the case in the mixture with high solids concentration. The per-

HO U RS A E R A T I O N

F ig. 3.— Comparison of the percentage grease destroyed and adsorbed during the first and 
seventh doses in the aeration of sewage with two different concentrations of activated 
sludge.
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centage of grease adsorbed was high during the first dose in the low 
concentration mixture and decreased during the seventh dose. There 
was an inverse relationship between adsorption and destruction in the 
mixture with the low suspended solids but no such relationship was ap­
parent in the high concentration mixture.

The percentage of grease in the sludge used in this experiment is 
given in Table IV. The results indicate a tendency for the grease con­
tent of the sludge to increase during the first aeration period and to de­
crease during the seventh aeration period with the low solids mixture.

T a b l e  IV .—Grease Content of the Sludge

1,300 p .p .m . Susp. Solids 2,600 p.p.m . Susp. Solids

1st D ose, 
per cen t

7 th  Dose, 
per cen t

1st Dose, 
p e r cen t

7 th  Dose, 
per cen t

Before mixing................................................... 3.8 — 5.2 —

After mixing..................................................... 6.5 1 1 .2 6 .0 8 .1
2 hrs........................................................... 9.4 1 0 .2 6 .2 8.5
4 hrs........................................................... 9.3 8.4 4.9 6.4
6 hrs........................................................... 8 .0 6 .0 4.8 4.8

Thus the grease content of the sludge after 6 hours of aeration was 
higher than the initial during the first dose and lower than the initial 
after the seventh dose. In the high solids mixture, the increase in the 
percentage grease during the aeration was not so high and the reduc­
tion to the original percentage occurred more quickly, irrespective of the 
number of doses.

The next factor studied was the effect of increase in the grease con­
tent of sewage. The grease content of sewage was increased by extract­
ing the grease from scum, mechanically emulsifying the extracted grease 
in an emulsifier, and adding it to sewage. Two mixtures were made 
with the same activated sludge : one with the normal sewage and another 
with the grease-enriched sewage. The mixtures were aerated for a 
period of 6 hours and operated on a fill-and-draw basis for four periods 
with fresh additions of sewage during each period. The initial sus­
pended solids in the mixture was 1,550 p.p.m., which increased to 1,800 
p.p.m. after the fourth cycle. The results obtained are presented in 
Tables V and VI. The grease content of the sewage was 38 p.p.m. for 
the first dose and 57 p.p.m. for the fourth dose. The grease-enriched 
sewage had a grease content of 110 p.p.m. for the first dose and 125 
p.p.m. for the fourth dose. It appears that dosing the sludge with sew­
age containing about two to three times as much grease did not result 
in an increased grease content in the liquor after 4 hours’ aeration, 
even if such additions were repeated four times. The grease content of 
the sludge on a dry basis increased from 5.6 to 6.2 per cent during the 
first dose and changed from 6.7 to 6.2 per cent during the fourth dose 
with additions of normal sewage. When grease-enriched sewage was 
added, the grease content of the sludge increased from an initial value
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of 5.6 per cent to 8.8 per cent at the end of 6 hours of the first dose. It 
had increased to 12.2 per cent at the beginning of the fourth dose and 
ended up with 11.0 per cent after 6 hours aeration. Thus the grease 
content of the sludge was definitely modified and increased without ma­
terial change in the grease content of the liquor. The grease content of 
the sludge had established itself at twice the initial value with a sewage

T a b l e  V .— Effect of Increasing the Grease Content of Sewage on the Activated Sludge Process

N orm al G rease C o n te n t W ith  G rease A dded

1st D ose 4 th  D ose 1st D ose 4 th  D ose

Liquor,
mgm .

Sludge,
mgm .

T o ta l,
m gm .

Liquor,
m gm .

Sludge,
m gm .

T o ta l,
m gm .

L iquor,
m gm .

S ludge,
m gm .

T o ta l,
m gm .

L iquor,
m gm .

Sludge,
m gm .

T ota l,
m gm .

Before mixing. 34 86 120 — — — 99 86 185 — — —

After m ixing. . — — 30 117 147 — — — 60 227 287
After 2 hr.

aeration. . . . 5 100 105 6 140 146 15 137 152 12 254 226
After 4 hr.

aeration. . . . 2 88 90 1 126 127 2 146 148 2 226 228
After 6 hr.

aeration. . . . 9 95 104 4 108 112 8 137 145 4 205 209

Grease in sewage, 28 p.p.m. 1st dose; and 57 p.p.m. 4th dose. Grease in grease-enriched 
sewage, 110 p.p.m. 1st dose; and 125 p.p.m. 4th dose.

T a b l e  VI.— Effect of Increasing the Grease Content of Sewage on the Percentage of Grease Destroyed
and Percentage of Grease in the Sludge

N o rm al G rease C o n te n t W ith  G rease A dded

1st D ose 4 th  D ose 1st D ose 4 th  D ose

D e­
stroyed , 
per cen t

In
Sludge, 

per cen t

D e­
stroyed , 
per cen t

In
Sludge, 
per cen t

D e­
s troyed , 
per cen t

In
S ludge, 
per cen t

D e­
stro y ed , 
per cen t

In
Sludge, 
per cen t

In itial...................... — 5.6 — 6.7 — 5.6 _ 12.2
After 2 hr. aeration 13.3 6.5 0 8.0 17.9 8.8 7.3 13.6
After 4 hr. aeration 25.0 5.7 13.5 7.2 20.0 9.4 20.6 12.1
After 6 hr. aeration 13.5 6.2 23.8 6.2 21.6 8.8 27.1 11.0

containing nearly twice as much grease. The percentage grease de­
stroyed was not affected by the high grease content of the sewage. 
Therefore, the additional grease that could not be destroyed was stored 
up in the sludge.

The effect of laundry waste on the distribution of grease in the acti­
vated sludge process was next investigated. The laundry waste was 
obtained from a state institution and contained break, soap, and two 
rinses. Twenty-five per cent of the waste, by volume, was added to 
sewage. This was mixed with activated sludge. The control con­
sisted of an equal volume of sewage and sludge without addition of
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waste. The initial suspended solids concentration was 1,550 p.p.m. 
Seven dosings were made on a fill-and-draw basis with two 6-hour aera­
tion periods during the day and one 10-hour aeration period during the 
night. Occasionally, sludge was wasted to maintain the initial sus­
pended solids concentration. Results of grease determination made 
during the first and seventh doses are given in Table VII.

T a b l e  V II .—Effect of Laundry Waste Added to Sewage on Activated Sludge and Grease Balance

Sewage Alone Sewage and  L aundry  W aste

1st D ose 7 th  D ose 1st Dose 7 th  Dose

Liquor,
m gm .

Sludge,
mgm .

T o ta l,
m gm .

Liquor,
m gm .

Sludge,
mgm .

T ota l,
mgm.

Liquor,
mgm.

Sludge,
m gm .

Total,
mgm.

Liquor,
mgm.

Sludge,
mgm.

T ota l,
mgm.

Before mixing. 76 109 185 — — — 122 109 231 ____ ____ ____

After mixing.. 43 171 214 13 173 186 63 188 251 22 201 223
After 2 hr.

aeration. . . . 12 184 196 4 140 144 16 220 236 10 182 192
After 4 hr.

aeration. . . . 6 180 186 5 123 128 12 213 225 6 163 169
After 6 hr.

aeration. . . . 2 170 172 2 120 122 8 181 189 2 136 138

Sewage grease, 83 p.p.m. Sewage and laundry waste grease, 132 p.p.m.

The results do not show a material retardation in the removal of 
grease from the liquid by the repeated additions of sewage containing 
laundry waste. The percentages of grease destroyed and of the grease 
in the sludge, given in Table VIII, show that sludge was initially slow 
in oxidizing the grease, but after seven doses, the oxidizing activity was

T a b l e  V III .—Effect of Laundry Waste Added to Sewage on the Percentage of Grease Destroyed and
Percentage of Grease in the Sludge

Sewage Alone Sewage and  L aundry  W aste

1st D ose 7 th  D ose 1st Dose 7th  Dose

D e­
stroyed, 
per cent

In
Sludge, 
per cent

D e­
stroyed , 
per cen t

In
Sludge, 

per cen t

D e­
stroyed , 
per cen t

In
Sludge, 
per cen t

D e­
stroyed , 
per cen t

In
Sludge, 
per cent

Initial..................... — 6.8 ___ 9.6 — 7.1 — 10.8
After 2 hr. aeration 2 11.5 21.5 7.7 2 14.4 13.9 9.8
After 4 hr. aeration 7 11.3 31.2 6.8 6 13.9 24.2 8.8
After 6 hr. aeration 14 10.6 34.4 6.6 21 11.8 38.1 7.3

greatly increased. The mixture containing sewage and laundry waste 
behaved similar to the mixture receiving sewage alone, in respect to the 
slow rate of oxidation during the seventh dose. During the first dose, 
the percentage grease in the sludge increased and remained above the 
initial value in both mixtures, while the contrary was true during the 
seventh dose, corroborating the evidence that the sludge initially was
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non-reactive in respect to grease, but with repeated dosings, the activity 
of the sludge was increased. There was no evidence that the laundry 
waste affected inimically the normal distribution of grease.

It was realized early in this work that results obtained might be in­
fluenced by the exigencies necessitated by the laboratory nature of the 
experiment. Specifically, the factor of large air supply in relation to 
volume of liquid treated, as pointed out in an earlier work (3), might 
obliterate some of the minor differences expected. Since it was not 
possible in these experiments to reduce the volume of air in relation to 
the quantity of liquid treated, it was thought as an expedient to reduce 
the aeration period to exaggerate and bring out these differences. Thus, 
in the following experiment, 1 and 2-hour aeration periods were used 
with repeated dosages of sewage on a fill-and-draw basis. The results 
(Table IX) show that, with a 1-hour aeration period, the removal of

T a b l e  IX .— Effect of Short Period of Aeration on Grease Transformation in the 
Activated Sludge Process

1-H our A era tion  P eriod 2 -H o u r A era tio n  P eriod

L iquor Sludge T o ta l
G rease

in
Sludge

L iq u o r S ludge T o ta l
G rease

in
Sludge

Before m ixing....................... 76 66 142 3.8 76 66 142 3.8
After m ixing.......................... 40 123 163 7.1 40 123 163 7.1
After 1st dose....................... 28 145 173 8.3 2 2 142 164 8.1
After 2nd dose...................... 33 186 219 10.3 — — — —
After 3rd dose....................... 20 216 236 11.4 25 231 256 11.3
After 4th dose....................... 45 235 280 11.3 — — — —
After 5th dose....................... 42 255 297 12.1 — — — —

Grease in sewage, 85 p.p.m.

grease was affected adversely, and with repeated dosings the grease con­
tent of the liquor increased. Similarly the grease content of the sludge 
increased from an initial value of 3.8 per cent to 12.1 per cent at the 
end of the fifth dose. The grease content of the liquor and the sludge 
with a 2-hour aeration period was similar to that with a 1-liour period, 
both at the end of the third dose.

D is c u s s i o n

The changes that occur in the distribution of grease during the aera­
tion of sewage with activated sludge may be viewed from two aspects, 
namely, (a) the amount of grease remaining in the liquor, which is a 
measure of the purification effect in respect to grease and (b ) changes in 
the grease content of the sludge, which indicate changes in the condition 
of the sludge. These two aspects of the activated sludge process are 
intimately related, yet distinct. The purification is dependent on the 
condition of the sludge, yet the sludge can undergo profound physical, 
chemical, and biological changes with practically equivalent purification.



Confusion in the proper understanding of the process arises from the 
fact that our primary and most reliable yardstick of the process is the 
purification effected, which is generally uniform except under very un­
usual conditions. We have no adequate yardstick for measuring the 
condition of the sludge. It is true that the sludge index, the ash con­
tent, nitrifying power, and the B.O.D. of the sludge and the microscopic 
examination, give some information regarding the condition of the 
sludge but these tests are at present not sufficiently delicate and are not 
adequately correlated with different types of sludge.

The activated sludge is a generic name embracing a number of va­
rieties of processes. The common earmark for all the varieties is that 
they consist of a biological community which requires oxygen for exist­
ence. The biological community is complex and variable in nature. 
Various liquid wastes are highly purified by aeration in the presence of 
these biological communities.

The results presented in this paper illustrate the above concepts. 
The removal of grease from the liquid phase was uniform and complete 
under the various extreme conditions employed in this study, with the 

—  exception of repeated dosings at 1 or 2-hour intervals. The uniform
and complete removals of grease from the liquid took place in spite of 

a* profound changes in the grease content of the sludge.
Valuable information has been obtained, however, in regard to the 

fate of grease in the activated sludge process and the mechanism of its 
51 removal.

Evidence shows definitely that grease is adsorbed rapidly from the 
sewage. In fact, considerable removals have been obtained by merely 
mixing the sewage with the sludge and allowing it to settle. What has 
been removed from the liquid phase has been recovered quantitatively, 
within the limits of experimental error, in the sludge. When aeration 
is started, the adsorption of the grease continues but destruction and 

rease* oxidation begins to act, at first slowly. As the quantity of grease in the
the sludj* liquid phase decreases, the adsorption loses its momentum and oxida-
eDj atfti tion of the adsorbed material comes to play an important role. This
§e slffllS1 constitutes the recovery or the regeneration stage, in which the sludge

; is restored toward its original grease content, and the floe is prepared
for additional adsorption when sewage is again added. If sewage is 
added before destruction of the adsorbed grease and restoration of the 
original grease content of the sludge, the adsorption of the grease from 
the sewage is not complete and the oxidation of the adsorbed grease in 

r the aers- the sludge is not sufficiently rapid. The result is an increasing percent-
-oasp®!l age of grease in the sludge, or in general an overloaded and over-
yhich tas powered sludge which has lost its adsorptive efficiency.
;hangeSlt Several factors influence this general sequence of events. Of these,
condit1 aeration time and sludge concentration, in addition to air supply and
ocess aeration efficiency discussed above, are important. When a sludge has
jt on ta' adsorbed more grease than it is capable of oxidizing within a specified
physical period of aeration, prolonging the aeration period brings it back to the
ificatio11' initial grease content. In fact it is possible with protracted periods of
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aeration to destroy the grease in the sludge to a value below the initial 
content. I t  appears that when the freshly adsorbed and more available 
grease is exhausted the organisms begin to destroy the older and more 
resistant accumulations of grease in the sludge.

Under similar conditions, maintenance of higher suspended solids 
concentrations brings about a more rapid restoration. Grease does not 
accumulate in the sludge phase to an appreciatable degree, but is oxi­
dized as soon as it is adsorbed. Thus with a given sewage, represent­
ing a definite load, there is a very intimate relation between the time of 
aeration and sludge concentration for the maintenance of balanced con­
ditions. When the food concentration is high, maintaining a high sus­
pended solids concentration will tend to restore the sludge within a fixed 
aeration period, provided the oxygenation capacity is adequate. The 
grease content of the sludge will be determined by the grease content of 
the sewage, the aeration period and sludge concentration. There will 
be an equilibrium established between these factors which will determine 
the grease content of the sludge at different plants. It appears, how­
ever, that a grease content in the sludge in excess of 10 per cent indi­
cates an unbalanced condition.

In this discussion, the grease content of sewage has been assumed to 
be indicative of the total load. In other words, as the grease content of 
sewage increases the other ingredients also increase, although not al­
ways in the same rate and hence the total load is increased and vice 
versa. There is the possibility that grease in general, or certain types 
of grease, are less readily available than the other ingredients of sew­
age and hence may exert a specific effect in addition to the load factor. 
The present investigation was not designed to differentiate between the 
rate of availability of different types of greases and of the other in­
gredients of sewage. However, evidence shows a considerable rate of 
destruction of grease within a relatively short period of time by acti­
vated sludge. Incidentally, there are indications that different sludges 
may have different initial capacities for adsorbing and destroying 
grease and that this capacity can be enhanced by repeated additions of 
sewage.

The question of the effect of grease in sludge bulking cannot be an­
swered definitely. Determinations made in conjunction with the vari­
ous experiments failed to show any increase in the sludge index due to 
the experimental treatments with repeated additions. This is not sur­
prising since as it has been shown before (4) in order to produce bulk­
ing under laboratory conditions, the air supply has to be cut down to a 
critical value. Dilution of the air with nitrogen gas and aerating with 
definite quantities of this gas mixture was found to be one way of re­
ducing the quantity of oxygen supplied and at the same time keeping 
the sludge in suspension. Such a procedure, however, was inconvenient 
when aerating 40 liters of activated sludge mixtures, which was neces­
sary to obtain sufficient volume of samples for grease determinations. 
As stated before, the aeration in these experiments was accomplished by 
passing a sufficient quantity of air to keep the sludge in circulation. The
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failure to obtain bulking could therefore be attributed to use of a large 
amount of air. It would be interesting to find out whether grease has a 
specific effect on sludge bulking or whether it is a part of the total load 
factor.

S u m m a r y  a n d  C o n c l u s i o n s

Experiments were conducted in the laboratory with activated sludge 
and sewage mixtures under various conditions. An attempt was made 
to study the progressive change of the grease content in the liquid and 
sludge phase of the mixtures, with single or repeated additions of sew­
age. The following conclusions may be drawn:

1. Mixing of sludge and sewage, followed by settling of activated 
sludge, results in considerable removals of grease from the liquid phase 
and recovery in the sludge phase.

2. Adsorption plays a major role in the removal of grease from sew­
age during the early period of aeration. As the quantity of adsorbable 
grease in the liquor decreases the rate of adsorption decreases.

3. Oxidation and destruction of the adsorbed grease proceeds some­
what slowly in the beginning of aeration but accelerates rapidly on con­
tinued aeration. .

4. The percentage of grease in the sludge increases during the early 
period of aeration and then decreases to the initial value with sufficiently 
long aeration periods.

5. If the grease content of the sewage is high more material is ad­
sorbed, the sludge has a higher grease content and will require a longer 
aeration period to restore the initial grease content.

6. With high suspended solids concentration, the accumulation of 
grease in the sludge phase is not great. Oxidation proceeds more 
rapidly to restore the initial grease content of the sludge.

7. Repeatedly dosing the sludge with sewage with short periods 
(one to two hours) of aeration brings about a reduction in the efficiency 
of adsorption of grease leaving relatively larger quantities of grease in 
the liquor and increasing the percentage of grease in the sludge.

8. Laundry waste, up to 25 per cent of the sewage by volume, did 
not exert any deleterious effect on the removal of grease from liquor 
and oxidation of grease, under the experimental conditions.

9. Bulking could not be produced under laboratory conditions by the 
various factors employed in this study.
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Stream Pollution

B y  W. E. H o w l a n d

Professor of Sanitary Engineering, Purdue University, Lafayette, Ind.

In a recent article on this general subject (1) (p. 551) the statement is 
made, "As far as we know, no method has been published by which the 
variation in the oxygen deficiency in a stream can be mathematically com­
puted when consideration is taken also of the oxygen consumption of the 
bottom sludge.” Yet the same article refers to publications of Streeter 
(2), (3) in which, as it seems to the writer, a method is given for doing this 
very thing—not, perhaps, with the completeness of the highly complex 
formulation of the first article referred to (1), but in a simple and practi­
cable manner. In the present article, the writer will analyze the method of 
Streeter and the assumptions on which it is based, he will propose one small 
change to make the formula slightly more general in application (but will 
not add to the number of terms in the equation) and he will show how a 
graphical method (4) already partly developed may be employed to facili­
tate the use of the equation and he will suggest other applications.

In reference (3) (p. 545) Streeter uses a method for the estimation of 
the reaeration constant k2 which consists in effect of two parts: (a) the 
substitution of actual known experimental values of L a, L, and t in the 
equation:
(1) L = La 10_(fcl+fc,)t

to get ki +  k3 (which he finds in his example to be 0.120); (5) the substitu­
tion of this value (ki +  /c3) = 0.120 in the equation:

(2) D = A 1 0 -^ + ^  -  B  10-*^ 

where
A = kt +  ghand b  = a -  d „

rC 2 —  rC i  —  AC 3

to get k2. He has assumed g to be unity. (Actually in Streeter’s article 
the symbol /cx is used in place of (ki +  k3) and g does not appear; neverthe­
less, his method is consistent with the formulation just given.)

In this form the equation allows for the removal by sedimentation and 
adsorption of oxidizable matter from the stream water and for various 
degrees of deoxygenating effect thereon of the deposited sludge as will now 
be shown.

In order to understand the significance of the constants appearing in 
this equation a brief derivation is required.

MATHEMATICAL FORMULATION OF THE OXYGEN SAG

512



Vol. 15, No. 3 FORMULATION OF OXYGEN SAG 5 1 3

Notation: (similar to that used by Streeter) 
t = Elapsed time in days.

L = Oxidizable matter in the water as measured by first stage B.O.D.
La = Value of L  when t = 0, i.e. at the beginning of the process or

section of stream under consideration.
0 = Dissolved oxygen in the stream.
Os = Dissolved oxygen that would be present if the water were 

saturated with oxygen.
D = Os — 0  = Oxygen deficiency.

Da = Value of D when t = 0.
Ki — 2.303 ki = B.O.D. constant i.e.

Proportional change in oxidizable matter, L, per unit time caused by 
biochemical action, defined by

Ki = 2.303&2 = Reaeration Constant i.e. Proportional change in 
oxygen deficiency, D, per unit time caused by reaeration defined

Ki = 2.303k3 = Sedimentation and adsorption constant i.e. Pro­
portional change in oxidizable matter, L, per unit time caused by 
sedimentation and adsorption defined by

g = ratio of the rate of utilization of the dissolved oxygen of the 
stream by the deposited sludge at any point to the rate of re­
moval of oxidizable matter by sedimentation and adsorption at 
that point.

N o t e  : Values for L , La, 0, Os, D, Ds may be in any consistent system of 
units. Streeter sometimes uses parts per million and, sometimes, thou­
sands of pounds per day. But all terms must be in the same units.
Ki, hi, K 3, k3> Ki, ki have the dimension day-1 or yi— . g is dimensionless.

by

day

D e r i v a t i o n  o f  E q u a t io n s

Assuming that the total proportional change in L per unit time 
dL
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equation (1) follows by simple integration. Then assuming that the total 
actual rate of change in D, dD/dt, is equal but opposite in sign to the 
corresponding rate of removal of oxidizable matter of the water by bio­
chemical action (i.e. KiL)  plus the rate of removal of oxygen by the sludge 
from the water taken as g times the rate of removal of oxidizable matter 
by sedimentation and adsorption (i.e. gK3L) minus the rate of reaeration 
(i.e. KiD ) one obtains the differential equation:

(4) ^  = (K,  +  gKz)L -  K 2D

Equation (2) follows by substituting for L  its value from (1), multi­
plying by the factor eK*\ and noting that the resulting equation is exact 
and then integrating and evaluating the constant of integration and 
slightly rearranging the terms.

D i s c u s s i o n  o f  A s s u m p t i o n s  M a d e  i n  t h e  D e r i v a t i o n

The concepts of K x and K 2 are substantially the same (though some­
what differently stated) as those of Streeter. The definition of

_  ( é k / ' * )  _

may need some explanation. Suppose for the moment that K 3 is deter­
mined wholly by sedimentation. It is here assumed in effect that a 
constant fraction of the oxidizable matter present in the stream is in the 
suspended state and that continuous mixing of the suspended matter with 
the water occurs in such a way as to cause the sediment to be removed at 
a rate proportional always to the amount present. Using a familiar propo­
sition No. 6 from Hazen (5) (p. 51) it is possible to show (on the assump­
tions of the proposition) that K 3 is equal to the product of the hydraulic 
subsiding value of the settling matter and the fraction of L which is 
oxidizable settling matter, all divided by the depth of the stream. The 
assumptions of the proposition are so uncertain as to make this conclusion 
doubtful, yet the main implication of the proposition seems plausible, 
namely that rate of sedimentation is substantially proportional to the 
amount of suspended matter present. If it be objected that the heavier 
and larger particles settle out first, thus constantly diminishing the rate of 
settling of the remaining particles and the fraction of the total L which is 
sediment, it may be pointed out that biological activity is constantly 
changing dissolved oxidizable matter into the suspended state and coagula­
tion is increasing the size of the small particles. Though some experiments 
appear to show differently it would seem to the writer that the rate of 
oxidation of the dissolved matter would proceed at a faster rate than that 
of the suspended particles remaining in the stream water. These effects 
would tend to increase settling velocities and/or the proportion of the total 
oxidizable matter remaining as suspended matter in the stream water. It 
is possible, therefore, that all these effects would combine to make K 3 
nearly a constant and thus yield the relation which has been assumed;



namely that the rate of removal of oxidizable matter by sedimentation and 
adsorption is directly proportional to the amount of oxidizable matter, L, 
present.

In any case if the average value of K z is small, the assumption of con­
stancy will introduce but slight error into the resulting equations.

It is further assumed that the laws relating to the removal and oxida­
tion of adsorbed matter are the same as those assumed for settled matter 
and, therefore, that K 3 is, as it were, the sum of the sedimentation and 
adsorption constants.

To summarize what has just been said: in the equation (1) it is assumed 
iilli that the proportional rate of change of the oxidizable matter present is a '
¡ad constant throughout the region of the stream to which the formula is to be

applied. Therefore the formula would not strictly apply to a stream in 
which a fixed part of the original organic matter is removed or oxidized at 
one rate, another fixed portion at another rate, and another at another, 
etc., nor when multi-stage oxidation takes place, nor when the original 
settleable matter, only, is removed by sedimentation and nearly all of this 
just below the beginning of the stream section under consideration. Yet it 
might happen in any given stream that the several kinds of removal of 
oxidizable matter actually taking place should, in the aggregate, follow 
substantially the assumed law. Fortunately it is easy in any given situa­
tion to determine whether the assumption holds or not: if a plot of the 
value of L versus t on semi-log paper is a straight line, the law holds; if not 

ty i the law does not hold and a more elaborate formulation must be resorted to
for completely satisfactory results or else the stream must be divided up into 
larger number of sections along each one of which the plot of L against t 

(lVt is a nearly straight line. (For example, the upper or corrected curve of
Fig. 3 (p. 260) of Reference 2 appears to the writer to be substantially 
straight from the left end of the chart through four points to the sixth point 
marked Chillicothe. From there on separate formulations would be 
needed for each stretch of the river between adjacent stations and possibly 
even more since the data do not prove the lines to be straight as drawn.)

‘ i;, The rest of the derivation follows along familiar lines except for the
introduction of the factor, g. Streeter has implied that g is unity for steady 
or long time conditions in a stream. Fair has stated (6) (p. 1225) that the 

V oxygen used in the decomposition of oxidizable matter in deep sludge
blankets on the bottom of streams may be only half as much as it would 
otherwise be owing to the anaerobic process of decomposition which takes 
place. This suggests that g may be 0.5 for steady conditions or for the 

5 ‘ j averages of long time records in a stream. Of course when sediment is
suddenly introduced into an otherwise unpolluted stream and the sludge 
blanket accumulates much more rapidly than it decomposes then g would 
be temporarily much lower than 0.5, or when heavy loading of the stream 

gfti. suddenly ceases, g might be more than unity. In a sedimentation basin
where the sludge is continuously removed g might be zero. 

jer [i Thus it would appear that the introduction of g into the equation
|3j,e fl, provides a potentially useful flexibility making the equation more adapt-
sun-jf; able to unsteady conditions in the stream or to short time records and to
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steady conditions in streams in which considerable anaerobic decomposi­
tion takes place in the sludge blanket, or even to artificial processes of 
sewage treatment.

G r a p h i c a l  M e t h o d s  f o r  F a c i l i t a t i n g  t h e  U s e  o f  t h e  E q u a t i o n

In reference (4) the author with F. Farr, Jr., presented a graphical 
method for dealing with equations of the type of (2). This method con­
sists in plotting two lines, one for each of the two right hand terms of 
equation (2) on semi-log paper verses t as abcissa as shown on Fig. 1 and 
obtaining D at any value of t by subtracting the values of the corresponding 
ordinates of the two lines. The slope of the first right hand term is 
(,fci +  k3) with plus or minus sign depending upon the direction of the scale 
of the ordinate. I t is the slope of L versus t plotted on semi-log paper, as 
can be seen from the form of equation (1). The slope of the second right 
hand term of equation (2) is k2, the reaeration constant. The value of the 
ordinate (when t = 0) of the first right hand term is the value of A and 
the value of the second term (when t = 0) is the value of B. For the use 
of the method in evaluating D in successive portions of the stream between 
sewer outfalls the reader is referred to the original article (4).

How may the constants of equations (1) and (2) be evaluated from 
actual data? In reference (3), p. 545, Streeter has shown how to deter­
mine k3 and (hi + k3) when g = 1.0. (Note here Streeter’s ki is our 
(ki +  k3).) But if g is not unity then the graphical method already 
referred to becomes of value.
' The use of the method involves the following operations:

(a) Plot experimental values of L at various points in the section of 
stream or process against t as abcissa on semi-log paper (shown as Line I 
on Fig. 1). The slope of the straight line so obtained is the value of 
— (ki +  k3) or simply of (ki +  k3) when the vertical scale is reversed as in 
the author’s example cited above. The first right hand term of equation
(2) is every there L times A / L a in equation (2).

(ib) Therefore plot this term L A /L a shown as Line II on Fig. 1 as a 
straight line parallel to the line representing L and with a trial value of the 
constant, A.

(c) Above chosen positions along this trial line plot points representing 
the second right hand term of equation (2) shown as Line III on Fig. 1. 
The readings of these ordinates should be made less than the corresponding 
readings on the lower line by the known experimental values of D, the oxy­
gen deficiency, at these points. Now if the trial value of the constant, A, 
were correctly chosen for this plotting, then the resulting line should be 
straight as it is on Fig. 1. But, in general, by this method the preliminary 
trial value would not be correct and therefore would not yield a straight 
line.

(d) In that case replot both terms using a new and better value of the 
constant A. (Replotting of the first term consists merely in moving the 
straight line up or down on the paper parallel to itself.) Repeat if neces­
sary until finally a plotting of the second term is obtained which is sub-
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stantially straight. k2 is the slope of this straight line. A is the value of 
the initial ordinate of the first line and B = A  — Da is the value of the 
initial ordinate of the second. Thus equation (2) in the form given is 
fully determined.

But if it is desired to obtain all the other constants certain difficulties 
may be encountered. Note that the method up to this point yields values 
of k2, of A  and therefore also of

AIL.  = ,  ^ t ^ , .

since L„ is known, also of the slope of the first term = k x k3. These 
two equations are insufficient to evaluate the three unknowns k x, g, k3 
which they contain. But if the value of one of these (as either g or k i) is 
known or is assumed, then the value of the remaining two may be com­
puted from the equations as shown in subsequent example.

It may be pointed out that the so-called odeeometer (7) or somewhat 
similar instrument developed by D. Bloodgood (8) may be employed to 
give the instantaneous rate of oxygen utilization of the liquid. From this 
and the known value of L, k x may be computed directly by the equation: 
rate of oxygen utilization = K XL = 2.303&1 L.

Another method theoretically correct for evaluating the constants of 
the equations is to utilize the slopes of both plotted experimental curves,
i.e for L and D. From the differential form of the equation (1), namely
(3), it appears that the slope of the curve of L versus t when plotted on 
semi-log paper as suggested above is a constant and is the value of k x +  k3 
and from equation (4), the differential form of equation (2), it is evident 
that the slope of D versus t plotted on semi-log paper is (k x +  gk3)L/D — k2 
where L and D are the instantaneous values at the point. (The sign is 
reversed when the direction of ordinate is reversed.) Knowing these 
values and the slopes mentioned for two points it is easy to determine 
algebraically the remaining constants k2, g, kx provided, as before, one of 
these is known or assumed. Average values for any given section of the 
stream could then be determined from the computed values from pairs of 
points along the section. This method does not involve a cut-and-try 
solution but it is sensitive to drafting table errors. Perhaps the best 
scheme is to use the method just described to determine the constants of 
the terms A 10— *, to plot this and then the second term by subtraction 
of known value of D to make sure that this line is straight. Slight adjust­
ments could then be made if necessary using the first method. This 
scheme will be illustrated by an example. (The data assumed are not 
actual experimental values.)

Example:
Data t = 0 L = L a = 30 p.p.m. D — Da = 3.0 p.p.m.

t = 1 day L = 21.2 p.p.m. D = 5.3 p.p.m.
t = 2 days L = 15.0 p.p.m. D = 5.1 p.p.m.
t = 3 days L = 10.7 p.p.m. D = 4.3 p.p.m.

L versus t was plotted on semi-log paper shown as Line I in Fig. 1. 
The line is straight and its slope is 0.15, so k x -f- k3 = 0.15.
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D versus t was plotted on the same paper (shown as Line IV). The 
curved line was drawn and slopes of tangents to the curve were measured 
at the four points. The values of the slopes for the four points are 
respectively:

When t = 0, slope = — .65; when t = 1, slope = -  .05; when t = 2,
slope = +  .06; when t = 4, slope = +  .10

30For the first point — (ki -f- gk3) — +  k 2 = — 0.650

21.2For the second point — (ki +  gk3) +  k2 = — .055.3
Thus (Zci +  gks)Q = 0.60
So (ki +  gk3) = 0.10 and k2 = .35

Similarly using data for 2nd and 3rd point (ki +  gk3) = .104 and k2 = .365
Similarly using data for 3rd and 4th point (k3 +  gk3) = .089 and k2 = .321

Average Values
k\ T" gk3 = 0.10; k2 = .35 

10 v  30
A = ' r i r = 15 and B = 15 — 3 = 12 .35 — .15

When points on Line III are plotted by subtracting values of D from 
the values of the ordinates of Line II the Line III resulting becomes 
straight; thus no further adjustments of the line are needed.

If g = o, k3 = .05; if g = .5, k3 = 0.10.
If g = 1.0, k3 is infinity so g could not be 1 in this example.

S u g g e s t i o n s  f o r  U s e  o f  E q u a t io n  w h e n  A p p l i e d  
t o  A r t i f i c i a l  P r o c e s s e s

It is interesting to speculate on the possible use of these equations and 
methods when applied to artificial sewage treatment processes. Simple 
relations exist between the values of the constants appearing in these 
equations and certain commonly used measures of performance and of 
operation of sewage treatment plants. For example, the percentage re­
moval of B.O.D., p, is given by the equation p = 100(1 — 10_(fci+i:3)i), or

, , 7 log (1 -  p/100)
k i  +  k 3 =  -  -------------------- ---------------------

Perhaps k i +  k3, itself, might prove to be a useful measure of performance 
of a plant or process for comparative purposes, since it takes into con­
sideration not only the degree of purification effected but also the time 
required therefor, consequently also size and, indirectly, cost of the unit in 
which the purification takes place.

Consider the sludge demand of activated sludge as defined and used 
by D. Bloodgood (9). It is easy to show that sludge demand is equal to 
480kiL divided by the suspended matter of the sludge. Thus when
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Bloodgood states that the sludge demand should be 50 or less, he is im­
plying that a sludge whose B.O.D. is equal to its suspended matter and 
which has a value of k i about equal to 0.1, i.e. similar to that of polluted 
streams, would be (as far as this measure goes) a good sludge.

Is it not possible that g for a trickling filter or contact bed should be 
kept above a certain high value in order to ensure good performance, that 
is to say, that very little anaerobic decomposition should take place? 
k3 for a settling tank might be found useful since it takes account not only 
of the settling rates of the sludge but also of other important factors that 
affect settling performance. k2 might be useful to compare performance 
of aerators. Would equations (1) and (2) applied to a mixture of sludge 
and sewage in an activated sludge tank serve to define the variation of 
oxygen deficiency throughout the tank or portions thereof when k3 is 
placed equal to zero and could k2 be determined therefrom? Would 
equation (1) applied to the sewage component alone then serve to deter­
mine the value of k3 which measures the amount of adsorption of oxidizable 
matter by the activated sludge? These examples and queries may suggest 
that the mathematical formulation of Streeter, here only slightly modified, 
might further be employed to advantage by plant operators who have 
contributed so notably to the advance of sewage treatment.

C o n c l u s i o n

Graphical methods are now available which make it possible to apply 
the oxygen sag formula used by Streeter with slight modification, but with 
certain limitations, to a stream in which occurs not only biochemical 
oxidation of organic matter and reaeration but also sedimentation and 
adsorption and in which various constant proportional rates of oxygen 
utilization are being exerted by the sludge blanket. These methods 
constitute a direct (as against a purely cut-and-try) computation of the 
constants of the equation from appropriate experimental data. The equa­
tion and the methods for using it offer the possibility of mathematical 
formulation of artificial processes of sewage treatment.
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Industrial Wastes

IN D U ST R IA L  W ASTE P R E -T R E A T M E N T  AT 
FO RT W O R T H , T E X A S *

By W. S. M a h l i e

Chemist-in-Charge, Water and Sewage Purification, Fort Worth, Texas

This discussion deals with packinghouse waste, since that is the major 
industrial waste received at the Fort Worth sewage-treatment works. In 
consideration of packinghouse waste it would be well to give a little thought 
to the production of the wastes. It seems poor management to dump 
everything promiscuously into a waste, and then devise elaborate equip­
ment to remove these materials when they could have been kept out in the 
first place.

The final waste coming from a packinghouse will be made up of a num­
ber of wastes originating at various sources. Thus there may be,

1. Blood from the slaughtered animals
2. Floor washings and process waters from the killing floors
3. Wastes from wet rendering processes
4. Paunch contents
5. Boiler blow-down waters
6. Sanitary sewage from the employees.
Blood will contain no suspended matter, but the total solids, running 

about 20 per cent, will contain nitrogen equivalent to about 16 per cent 
ammonia. The B.O.D. of blood is about'100,000 p.p.m.

It will readily be seen that the inclusion of even the smallest amount of 
blood will make the wastes extremely strong. This blood can be collected 
separately, dried and sold as a valuable ingredient of fertilizers. The 
blood, if carefully collected, can be coagulated and made into blood-sausage 
which is considered quite a delicacy by some persons. It is also used as an 
ingredient in certain poultry and stock foods. Therefore the exclusion of 
blood not only is a source of revenue, but quite beneficial to the waste.

Floor washing wastes will contain some blood from washing the car­
casses, bits of fat and flesh, some grit and quantities of feces and urine. 
By thorough draining of the blood from the animals, the amount going on 
the floor can be kept at a minimum. By sending the floor washings through 
grease traps, quite a bit of inedible fat can be recovered. These wastes 
usually contain about 3,000 p.p.m. suspended matter and are quite high 
in B.O.D.

Wastes from wet rendering processes, produced during the rendering of 
lard, tallow and various greases, contain from 3 to 4 per cent solids and are

* Presented at the 25th Annual Texas Water Works and Sewerage Short School, A. and M. 
College, College Station, Texas, Feb. 15, 1943.
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rather high in ammonia content. These wastes also contain a quantity of 
grease, the amount depending on the thoroughness of the skimming. By 
passing the wastes through settling tanks, the suspended matter can be 
removed and recovered for use in fertilizers, and the use of grease traps will 
recover an appreciable amount of grease. By the adoption of dry- 
rendering processes, the waste from this source can be completely elim­
inated and valuable nitrogen-containing materials can be recovered for use 
in fertilizers.

Paunch contents, consisting mostly of partly digested solids, add a heavy 
burden to any treatment plant. From a 1,000 pound beef, we usually 
obtain about 1.0 cu. ft. of this material weighing about 40 pounds. The 
material is rather light in weight and will remain mostly in suspension, and 
unless removed will form heavy scum layers in settling and digestion tanks. 
Since it consists mostly of partly digested hay and similar materials, it 
resists digestion and causes no end of trouble. I t does not have any 
appreciable value as a fertilizer, and consequently it has no market value. 
Most packing plants handle these paunches separately and do not permit 
the contents to become included in the wastes.

Boiler hlow-down waters do not contribute to the biological loading of 
a sewage treatment plant. On the contrary, they are valuable in diluting 
the stronger wastes, making them more amenable to treatment.

Domestic sewage from the employees is usually kept out of trade wastes, 
although it may occasionally be included. Domestic sewage should tend 
to dilute the wastes, as the other wastes are usually of higher concentration.

It has been the experience at Forth Worth that the larger the industry 
the better the quality of waste produced, that is, for the same kind of 
industry. The larger companies practice economies that the smaller ones 
do not consider.

Table I shows the character of these wastes:

T a b l e  I . — Composition of Untreated Packing House W a s te s

P la n t  A P la n t  B P la n t  C P la n t D

Flow per day— thousand gallons......................................... 2 ,6 8 8 62 50 10
Hog equivalents d a ily ............................................................. 11,256 428 360 70
Gal. per hog equivalent......................................................... 243 145 139 143
5-day B.O.D., p.p.m................................................................ 1,294 3,740 1,716 1,923
Suspended solids, p.p.m .......................................................... 2,232 4,848 2,107 2,885
Grease, p.p.m............................................................................ 248 1,742 350 645
Nitrogen as N H 3, p.p.m.......................................................... 20 78 55
Nitrogen as organic nitrogen, p.p.m.................................... 820 311 278
Lb. B.O.D. per hog equivalent............................................ 2 .6 4.5 2.4 2.3

N o t e :  The term hog equivalent is used to put all animals slaughtered on the same basis. 
One steer is equivalent to four hogs, one calf equals 0.8 hog, and one sheep or goat is equal to 
0.4 hog.

Notice the high B.O.D. of “ B ” as compared to plant "A ,” and also 
the grease content. In plant “ A ” blood was kept out of the waste and 
the plant had numerous grease traps to recover the grease.



Vol. 15, No. 3 INDUSTRIAL WASTE PRE-TREATM ENT 5 2 3

There is also a great difference in the amount of water used. Naturally 
all of these differences affect the character of the waste, and these analyses 
only serve to show that much can be done to eliminate waste at the source.

It has been demonstrated in actual practice that wastes of this charac­
ter can be treated in a properly designed treatment plant, so that they may 
be discharged directly to a receiving water course. There may be in­
stances where the wastes will not require complete treatment, for example 
where the wastes are introduced into the municipal system. Just what 
preliminary treatment will then be required will depend on local conditions.

Here is a situation that demands the closest co-operation between the 
city and the industry, along with a very intimate knowledge of the 
problem. A municipality should not impose a regulation so strict that it 
cannot be complied with, neither should the industry be allowed to intro­
duce wastes which adversely affect the operation of a plant or sewerage 
system and place an unwarranted burden on the city taxpayers, either by 
increased operation costs or increased plant construction.

Table II shows the composition of these wastes after preliminary 
treatment.

T a b l e  I I .— Composition of Preliminary Treated Packing House Wastes

R esu lts  in P a r ts  per Million

P la n t A P la n t B P la n t C P la n t D

Suspended solids.....................................................................
5-day B.O.D.............................................................................
Grease......................................................................................
Nitrogen as N H j.....................................................................
Nitrogen as organic nitrogen...............................................

256
740
221

1,710
2,580

553
67

469

1,390
1,890

415
47

237

13,323 
1,382 

Not det. 
32 

162

The treatment given Waste A consists of passing the waste through 
fine screens having £ in. openings, and followed by settling for about 1£ 
hours in a Dorr Clarifier. The treatment is under careful supervision, 
having full time operators, and systematic sampling to check up on the 
performance.

In the case of Waste B there are two main portions, each receiving 
separate treatment. The first of these is the waste consisting of the paunch 
manure, which is passed through a plain settling tank, and receives about 
52 minutes settling. The second portion, consisting of the remaining 
wastes, is passed through a grease trap providing about 17 minutes de­
tention. These two wastes are then combined and pass through a third 
plain settling tank which provides about 45 minutes settling.

In distinction from Plant A, this treatment is under a very lax super­
vision if any at all and very little attention is given to it, and then only 
when the tanks become so full of material that they overflow.

In Plant C the wastes are again treated separately in two portions. 
The paunch contents are dumped into a concrete tank so constructed that 
the liquid portion will drain off and unite with the balance of the water 
from the killing floor. This then passes off into a catch basin, which acts
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as a settling tank and provides about 72 minutes detention. It is esti­
mated that about 25 per cent of the total wastes from the plant pass 
through this tank.

The other portion of the wastes, coming from the sausage room and 
other processes, and comprising about 75 per cent of the total, passes 
through a grease skimming basin, where grease is skimmed off, and other 
materials settling in the bottom are removed. This provides for about 
26 minutes detention. The effluent from this grease basin, and that from 
the catch basin, is then discharged into one line and no further treatment 
is given. This plant receives a fair amount of attention.

At Plant D no sausage or other products are made; consequently all 
wastes are from the killing floor. The wastes pass through a combination 
grease trap and settling tank providing about 19 minutes detention. This 
plant operates a grease rendering plant, in connection with packinghouse 
activities.

The average results of analyses include one sample which was taken 
from the outlet of a grease separating tank, which accounts for the ab­
normally high suspended solids content. There was considerable grease in 
this sample but the quantity was not determined. (It would easily reach
5,000 p.p.m.) This plant does not receive the attention it should, hence 
the high figures. It has been demonstrated that the B.O.D. can be kept 
down to about 700 p.p.m. by careful attention.

In this paper only the preliminary treatment of packinghouse wastes 
as practiced at Fort Worth has been discussed, and nothing has been said 
about the effect of including these wastes in a municipal plant.

A decision to include such wastes should only be made after a most 
careful and detailed study of the local conditions. Such a study should 
include the rate at which the waste is produced, the variation in strength 
throughout the day, the effect on the sewers as to loading and probable 
disintegration, the cost of treatment to be assessed, the effect on the exist­
ing works, and the probable expansion of the industry.

We have found at Fort Worth that the smaller plants have increased 
their operations two-fold and three-fold since their preliminary treatments 
were inaugurated, but only in one case has the treatment plant been 
expanded.



SANITARY SEWAGE FLOWS FROM INDUSTRIAL PLANTS

B y  R .  S . S m i t h  a n d  W . W . W a l k e r

Public Health Engineer and Assoc. Sanitary Chemist, U. S. Public Health Service,
Stream Pollution Investigations Station, Cincinnati, Ohio

This paper presents data on the variations in volume of flow and the 
chemical characteristics of the sanitary sewage from a large industrial 
plant operating three shifts a day. A large amount of information is 
available concerning the variations in the amount of flow that may be 
expected from municipalities and the chemical characteristics of municipal 
sewage. Among others, Calvert (1) has described the' hourly variations 
in sewage from a large city. However, there have been but few reports on 
the sanitary sewage flows from large industrial plants employing several 
thousand people. The present tendency to construct very large industrial 
plants in locations remote from existing sewer facilities increases the im­
portance of available information concerning the flows that may occur on 
such projects. Klegerman (2) recently reported on sewage flows from 
certain large war-industry plants.

Recently an opportunity was afforded the authors to obtain data on 
the sanitary sewage flows from a small arms ammunition plant employing 
over 6,000 persons. These data are presented here as an additional ex­
ample of the volume and character of sanitary sewage that may be an­
ticipated from such projects.

G e n e r a l  D e s c r i p t i o n  o f  P l a n t

The plant at which this study was made consists of various large 
manufacturing buildings, power house, water softening plant, administra­
tion buildings and shops scattered over a large area. The water supply is 
obtained from a city located several miles away and is softened for indus­
trial use. The industrial waste, sanitary sewage and storm drainage are 
collected in separate sewer systems and the industrial waste and sanitary 
sewage flow by gravity to adjacent treatment plants within the area. The 
plant buildings are liberally provided with sanitary facilities, including 
shower baths, and several large cafeterias are operated in certain of the 
manufacturing buildings.

M e t h o d  o f  S u r v e y

A 90-degree V-notch weir was installed at the inlet to the sanitary 
sewage treatment plant. For seven 24-hour periods, flow readings and 
samples were taken every 30 minutes and the samples were composited 
over the 24 hours in accordance with the measured flows. During another 
24-hour period, flow readings and samples were taken every 15 minutes and 
the samples made into 2-hour composites in accordance with the measured 
flows. These samples were analyzed for suspended solids and 5-day bio- 
chemical-oxygen demand.
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R e s u l t s  a n d  D i s c u s s i o n

The results of the analyses of the first seven days’ samples are given in 
Table I. I t was very evident from the appearance of the sewage that some 
industrial waste was entering the sanitary sewers, probably from inad­
vertent cross connections in some of the manufacturing buildings. For

T a b l e  I.— Analytical Results, 24-Hour Composites

Period
Flow

(Flow
U nits)

pH

P .P .M .

M eth y l
O range
A lkal.

C opper
O xygen
Consd.

(D ichrom .)
5-D ay
B .O .D .

T o ta l Solids Suspended  Solids

T o ta l Vol. F ixed T o ta l Vol. Fixed

1 7.35 8.4 265 4 251 267 1120 538 582 330 290 40
2 7.00 8.9 264 4 249 243 1223 623 600 354 270 84
3 6.60 8.9 274 3 224 242 1045 468 577 290 226 64
4 8.30 8.8 256 4 185 224 1035 503 532 292 202 90
5 6.55 8.7 264 10 200 274 1148 471 677 254 182 72
G 7.05 8.9 288 4 167 284 1131 484 647 366 250 116
7 6.65 7.7 328 4 184 278 1185 475 710 360 246 114

Avg. 7.10 8.6 277 4.7 209 259 1127 510 617 321 238 83

this reason the samples were analyzed for copper (an important constituent 
of the industrial waste from this plant), thus permitting an estimate to be 
made of the amount of industrial waste present. On the basis of the cop­
per content of the sanitary sewage and of the industrial waste it was esti-

12 M 4AM 8AM I2N  4PM 8PM

T I M E

mated that approximately five per cent of the measured sanitary flow was 
industrial waste. The effect of this amount of industrial waste on the 
suspended solids and the biochemical oxygen demand of the sanitary 
sewage, as determined, would theoretically be less than two per cent, well 
within the limits of accuracy of the study. Therefore, the analytical
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results are reported as determined and no allowance is made for the small 
amount of industrial waste. The results show that there was compara­
tively slight variation in the daily flows during the period under discussion 
and that the sewage could reasonably be compared to a fairly strong 
domestic sewage.

1 I I
FIG. 2
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In Fig. 1 the average, maximum and minimum flows at 30 minute 
intervals for the first seven days of sampling are plotted. This chart 
indicates that the daily flow pattern was quite consistent from day to day. 
This is further indicated by Fig. 2 where the 7-day averages are compared 
with the flows measured at 15-minute intervals on the eighth sampling day.

TIME
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Figure 3 shows very clearly the flow pattern for a 24-hour period. In 
this figure the individual measurements of rate of flow are plotted as a 
per cent of the average rate for the day. Major flow peaks are very pro­
nounced at shift change, the maximum flows reaching the treatment plant 
at 12:30 A.M., 8:30 A.M. and 4:30 P.M. Minor peaks on the curve are 
noticeable at approximately the lunch period on each shift. Two such 
minor peaks are very apparent on the 8:00 A.M. to 4:00 P.M. shift. The 
cafeterias were open from 11:00 A.M. to 1:00 P.M. and personal observa-

TIME

tion showed the heaviest loadings on the cafeteria facilities from 11:00 to 
11:30 and from 12:00 to 12:30. The plotted peaks correspond very 
closely to these periods. As would be expected, the heaviest flows occurred 
on the day shift, because, in addition to any normal day-shift increase in 
manufacturing personnel, practically all of the administrative section 
personnel and most of the maintenance forces work only during the day. 
The 12 to 8 shift included 19 per cent, the 8 to 4 shift 45 per cent and the 4 
to 12 shift 36 per cent of the total employees. The relative volume of 
flow from the different shifts is shown more plainly by Fig. 2 than by Fig. 3.

Figures 4 and 5 show the bi-hourly suspended solids and bio-chemical 
oxygen demand loadings in weight units as percentages of the day’s aver­
age. These two figures show the very sharp variations in loading that the 
treatment plant for such an industrial sewage must be capable of absorbing 
without detriment to the treatment process.
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Except for the period from 2 A.M. to 6 A.M., the strength of the sew­
age was quite uniform and did not show the characteristic variation of 
municipal sewage where low night flows are composed of weak sewage. 
This is indicated by the following tabulation:

Shift.....................................................
Flow— per cent of to ta l....................
B.O.D. load— per cent of total. . . . 
Susp. solids load— per cent of total

12-8 8-4
27 42
26 40
25 44

4-12
31
34
31

The per capita loadings per day are rather surprisingly low. It might 
be expected that as the personnel are on duty approximately half of their 
waking hours and one-third of the day, that the loadings would be at 
least one-third of the loadings to be expected from normal domestic

TIM E

sewage. The manual used for the design of sewage facilities in army 
installations (3) specifies allowances of 30 gallons per capita with 0.10 
pound of B.O.D. and 0.13 pound of suspended solids per capita for 8-hour 
shifts at plant, port and storage projects. The following tabulations show 
that in this plant the actual amounts are decidedly lower than these 
allowances.
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Average Sewage Loadings, 7 24-hour Periods. Amounts per Capita

D ay Flow — G als. B .O .D .— Lbs. Susp. Solids— Lbs.

1 23 0.056 0.064
2 22 .045 .065

3 21 .042 .050
4 26 .049 .063
5 21 .047 .044
6 22 .052 .067
7 21 .049 .063

Avg. 22 .049 .059

Sewage Loadings by Shifts. Eighth 24-hour Period

S h i f t .............................................................................. 12-8 8-4 4-12 24-hr.
Flow— gals, per ca p ita ............................................... 31 20 19 22
B.O.D.— lbs. per ca p ita ............................................. .061 .040 .040 .044
Susp. solids— lbs. per ca p ita .................................... .086 .063 .053 .064

S u m m a r y

Data are presented on the sanitary sewage, its volume and chemical 
characteristics and their variations over 24 hours, from a large industrial 
plant. The sewage is moderately uniform in strength and may be com­
pared to a rather strong municipal sewage, although the per capita flow 
and loading is much smaller than would be expected from municipal or 
residential sewage.

It is recognized that per capita flows and loadings of industrial sanitary 
sewage may vary with the type of plant and possibly for different plants of 
the same type. The data presented here are intended only as an example 
of the conditions that may be encountered.
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THE OPERATOR’S CORNER
Conducted by W. H. W IS E L Y , Executive Secretary*

Federation of Sewage Works Associations 

Box 18 • • Urbana, Illinois

F E D E R A T I O N  M E M B E R S H I P

Almost fifteen years have elapsed since the Federation came into ex­
istence from a nucleus of seven affiliate Member Associations. These 
“ charter” affiliates represented a total membership of 411 at the end of 
1928 and included the following sectional Associations :

Arizona Sewage Works Association 
California Sewage Works Association 
Central States Sewage Works Association 
Iowa Waste Disposal Association 
Maryland Water and Sewerage Association 
Pennsylvania Sewage Works Association 
Texas Sewage Works Association

The remarkable growth of the Federation from this humble begin­
ning to its present position of an international organization is strikingly 
pictured in the tabulation herewith :

Annual Membership of Federation Since Organization

Year
N um ber

of
M em bership  of M em ber A ssociations A ssociate

M em bers
T o ta l A ctive, 

C o rpo ra te  and
M em ber

Associations A ctive C orpo ra te
of

F edera tion
A ssociate
M em bers

1928 7 411 — — 411
1929 13 1097 — — 1097
1930 15 1243 — — 1243
1931 15 1325 — — 1325
1932 18 1425 — — 1425
1933 19 1412 — — 1412
1934 19 1468 — — 1468
1935 21 1667 — — 1667
1936 25 2030 — — 2030
1937 25 2327 — — 2327
1938 25 2472 — — 2472
1939 25 2750 — — 2750
1940 25 2819 — — 2819
1941 26 2840 — 56 2896
1942 26 2443* 14** 58** 2515

* Dues increased from $1.50 to $3.00.
* Corporate and Associate classifications created in 1941.
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It is of interest to note that the existence of the Federation has been 
coincidental with the period of greatest progress in the sewage works 
field in general; as measured by numbers of municipal treatment works, 
it is suggested that progress in the field has been proportionate to the 
membership increase in the Federation. The Federation and its affili­
ates have been a prime factor in the development of the field and may 
properly take pride in the advances accomplished.

The year 1942 brought a decrease of 397 active members in the mem­
bership of Member Associations, a loss of fourteen per cent from 1941. 
This loss, though appreciable, is considerably less than had been antici­
pated would result from the increase in dues which became effective on 
January 1, 1942, as part of the reorganization which has placed the 
Federation on a firm, sound financial basis. The greatly expanded field 
of activity by the Federation, also made possible by the reorganization 
in 1941, is certain to make the loss a temporary one and to foster future 
growth.

As to 1943? Strangely enough, the war has appeared to stimulate 
membership interest and many new members are being added because 
of their engagement in war time sanitation activities. Early returns 
for the current year offer promise of an overall increase which may 
make up much, if not all, of the 1942 membership loss. As of March 31, 
seven Member Associations had already shown increases over their 
1942 totals and three others were “ knocking at the door.” This is un­
usual for so early in the year.

The Federation should have at least 4500 active members at this 
time! If every member in 1942 would retain his own active status and 
enlist just one of his co-workers during this year, that goal would be 
easily exceeded.

Won’t you accept appointment as a “ Membership Committee of 
One” to participate in the further development of your own sectional 
Association and the Federation?

A N N O U N C E M E N T

M e m b e r s h i p  P r iz e

To stimulate interest in membership promotion in the Federation’s 
Member Associations, the individual who secures, during 1943, the most 
new Active or Corporate members of the Association to which lie be­
longs will be awarded a $25.00 War Bond. The prize will he awarded as 
soon as the winner can be determined at the end of the year. Rules gov­
erning the award follow:

1. All members affiliated with the Federation shall be eligible to com­
pete except officers of the Federation and Directors on the Board of 
Control. Member Association officers shall be eligible.

2. Only those who have never previously belonged to any Member 
Association shall be counted as new members.
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3. All new members must be in either the Active or Corporate classi­
fication as provided in Article II of the Federation’s By-laws (see S e w ­
a g e  W o r k s  J o u r n a l ,  13, 2, 337, March, 1941).

4. The individual who secures the greatest number of new 1943 mem­
bers in each Member Association shall be determined by the Secretary 
of that Association on December 31, 1943. The Member Association 
Secretary will then furnish the Executive Secretary of the Federation 
with the name of the entrant and a list of the new members he has se­
cured. Such list of new members shall be subject to revision in accord­
ance with the records of the Federation, as regards compliance with 
Rule 2 above.

5. All entries must be postmarked not later than January 15, 1944.
6. The prize shall be a $25.00 denomination, Series E, U. S. War 

Bond. In case of ties, duplicate prizes shall be awarded.
You have plenty of time to win. Get started now!

S E L E C T I V E  S E R V I C E  A N D  S E W A G E  W O R K S  
E M P L O Y E E S

A definite policy as regards the deferment of critical employees in 
sewage works is expressed in Activity and Occupational Bulletin No. 30, 
issued by the Selective Service System on March 1, 1943. The Bulletin 
is reprinted in its entirety herewith:

ACTIVITY AND OCCUPATION BULLETIN NO. 30 ISSUED: 
3/1/43

SUBJECT: HEATING, POWER, WATER SUPPLY, AND ILLU­
MINATING SERVICES

N a t i o n a l  H e a d q u a r t e r s  

S e l e c t i v e  S e r v i c e  S y s t e m

W ASHINGTON, D. C.

P a r t  I. P o l i c i e s  T h a t  A p p l y  t o  T h i s  A c t i v i t y  

General policies govern this activity.

P a r t  II. E s s e n t i a l  A c t i v i t i e s

Engaging in:
Electric light (utilities)
Gas utilities 
Heating services 
Power utilities
Steam-heating services (distribution of steam

lines
Water supply and sewerage systems 
Water-well drilling

Tree trimming for power and communication

for heating and power purposes)
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P a r t  I I I .  E s s e n t i a l  O c c u p a t io n s

Accountant, Audit
(Included under tliis title are those persons 
who design and install accounting systems 
for the activity listed above; who assume 
extensive responsibility for the examina­
tion and verification of accounting records 
and prepare comprehensive financial reports 
based thereon. It does not include persons 
who perform routine auditing duties under 
general supervision such as verifying, 
checking, etc.)

Armature Winder
(This title covers those persons who install, 
repair, and wind coils to motors, genera­
tors and transformers in electric power 
systems.)

Auxiliary-Equipnient Operator (A ll Around) 
(This title includes only those persons who 
actually control and adjust boiler and tur­
bine auxiliary equipment such as conden­
sers, fans, pumps, and pulverizers. I t  does 
not include such occupations as oilers and 
wipers.)

Bacteriologist
Batteryman, Large Emergency Storage 
Blacksmith, Maintenance 
Boiler Operator 
Boilermaker, Maintenance 
Booster-Pump Operator 
Bricklayer, Maintenance Refractory 
By-Product Operator, Gas 
Cable Splicer

(This title covers persons who install, re­
pair, and maintain overhead or underground 
power cables.)

Carpenter, Maintenance 
Chemist
Chief Operator, Water Purification or Soften­

ing
Crane Operator
District Serviceman (Electric Power) 
Draftsman, Engineering 
Driller, Water Well 
Electrical Tester 
Electrician, System or Plant 
Engineer, Professional and Technical

(This title covers persons who are actually 
engaged as engineers in the operating and 
research phases of the activity described 
above, regardless of educational back­
ground.)

Engineer, Turbine or Diesel 
Foreman

(This title covers foremen who are actually 
engaged in supervisory duties in connection 
with the activities described above and who

exercise independent judgment and assume 
extensive responsibility for the services. 
I t  does not include laboring gang fore­
men.)

Gas Equipment and Control Man 
Gas Maker
Heavy Mobile Equipment Operator 

(Maintenance and Construction)
(This title covers persons who operate and 
make minor repairs to one or more of the 
following types of equipment (ditching 
machines, hole diggers, pole-raising de­
vices, winches, etc.), for the activities 
specified above. I t  does not cover truck 
drivers or tractor drivers.)

Inspector
(This title covers persons who are respon­
sible for inspection duties involving stand­
ards of operating efficiency, safety, speci­
fications on construction, etc., to insure the 
continued uninterrupted services specified 
in this list.)

Instructor, Training Program
(This title covers only those persons en­
gaged in the occupations included in this 
list who, because of their skill and experi­
ence, are detailed as instructors in an es­
tablished training program.)

Lead Burner 
Lineman
Load Dispatcher, Power or Gas
Machinist, Maintenance
Manager, Employment and Personnel
Mechanic, Maintenance
Meter Repairman, Gas and Water
Patrolman, Transmission Line
Piper Fitter, Maintenance
Purification Operator, Gas
Pusher Man
Radio Technician
Rigger, Construction
Rigger Supervisory, Underground Cable
Sheet-Metal Worker, Maintenance
Storekeeper, Chief

(This title includes those persons respon­
sible for the operation of a store, depart­
ment, or major subdivision. It  does not 
include such persons as stock clerks, bin 
clerks, or stock-handlers.)

Substation Operator
Superintendent or Manager (Division, Dis­

trict, Plant and Department)
(This title covers those persons who are 
actively engaged in supervising directly, 
or through subordinates, various technical 
or operating departments in the heating,
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power, water supply, and illuminating legal, tax, clerical, insurance, rate struc-
services. This title covers those assistants ture, and other aspects of nontechnical or
who are directly responsible to such man- nonoperating activity.)
agers on a division or district level for the Switchboard Operator, Power
efficient functioning, of the technical or System Operator (Load Dispatcher)
operating departments. I t  does not cover Tree Trimming Supervisor (Overhead Power 
managers or their assistants who are con- Lines)
cerned primarily with sales, promotional, Welder (A ll Around)

Although procedures are revised from time to time, the following 
general routine must be undertaken by the employer to obtain defer­
ment of an essential worker as classified above :

1. When the employee receives his occupational questionnaire, the 
employer should file Form 42A requesting deferment. The blank form 
may be obtained from the Local Board and should be returned to that 
office when filled out. The employee may also further his claim for de­
ferment by attaching to his questionnaire a statement emphasizing the 
critical nature of his civilian services.

2. If the Local Board denies deferment on the basis of the informa­
tion submitted as above, the employer will receive a classification notice 
(Form 59). The employer must then go to the office of the Local Board 
and sign the appeal form on the back of the employee’s questionnaire, 
or make written request for an appeal, within 10 days of the date of the 
employee’s classification notice. It is suggested that both of these ac­
tions be taken to make certain of the appeal.

3. In the event that the Appeal Board refuses deferment, the em­
ployer is so advised and requested to file a second Form 42A with the 
Local Board, also to place an order with the local U. S. Employment 
Service office for a replacement for the employee. If the Employment 
Service provides a satisfactory replacement within 30 days, the em­
ployee is inducted. If no replacement is secured, the Local Board will 
usually grant deferment. During this 30-day period, the employer may 
again appeal directly to the State Director of Selective Service for re­
consideration of the case.

It must be kept in mind that all deferments are temporary and that 
consent of the employee is not necessary for deferment to be requested. 
Co-operation and a proper attitude toward the problems of the Local 
Board on the part of the employer will nearly always prevent the im­
position of a real hardship.

OVERHAULING AND REPAIRS TO METHANE 
GASHOLDER *

B y  C. G e o r g e  A n d e r s e n

Superintendent, Sewerage and Sewage Disposal, SocTcville Centre, N. V.

The gasholder at Rockville Centre sewage treatment plant receives 
its supply of methane gas from eight digestion tanks and has been in

* Presented at the Fifteenth Annual Meeting of the New Tork State Sewage Works Asso­
ciation, New York City, January 22, 1943.
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operation for fifteen years. Indications of corrosion became apparent, 
which made inspection and preparations for repairs necessary.

The digestion units supplying the methane gas to the gasholder have 
heen described, and maintenance of the units has been elaborated on, in 
an article published in the May, 1938, issue of This Journal, Vol. X, No. 
3, “ Sludge Digestion and Inspection of Tanks.”

Rockville Centre’s sewage treatment plant designed by Potts Engi­
neers, was built and put into operation in 1929. The designed capacity 
is 2.0 m.g.d. and at this writing the plant is taking 2.3 m.g.d. and is 
doing a very efficient job of treating the sewage. Mechanical vacuum 
filters, a subsequent addition, were installed in 1933 for further clari­
fication of the activated sludge effluent which discharged into a stream 
which flows through private property. Considerable “ bulking” was

E ig. 1.— Gasholder at Rockville Centre, New York.

experienced at that time but we have been very fortunate in eliminating 
it in the past eight years. At the time of this installation, a filter was 
also built for dewatering the waste pulp-paper pulp being used as a 
filter medium for the clarification process. This filter, using the paper 
pulp instead of chemicals, dewaters approximately 20 per cent of our 
total sludge.

The gasholder herein described and shown in Fig. 1, with the diges­
tion tanks in the background, is not large as gasholders go, but operat­
ing and maintaining it is nevertheless just as hazardous as handling a 
larger installation. And having in mind the present prohibition of the 
use of steel for other than war use, I thought our experience and method 
of handling the preparation and repair of the gasholder would be of 
interest to operators and engineers.

The gasholder has a capacity of 5,000 cu. ft. and is composed of two 
units, the “ lift” and the “ tank” (Fig. 2). The lift, which is 25 ft. in 
diameter, is made up of %6 in. welded steel sheets, 10.5 ft. high, with 
a circumference of 78.5 ft. The roof is composed of segments (Fig. 3)



Vol. 15, No. 3 OVERHAULING METHANE GASHOLDER 5 3 7

which are also made oi -Ko in. metal. The lift moves up and down hv 
the action of the gas and is so designed that its weight gives a gas pres­
sure equal to 4 in. of water without counter weights. The weight of 
the lift is about 5 tons and when the lift is empty it rests on stops on

P i g . 2 .— V ie w  o f  g a s h o l d e r  a t  w a t e r  s e a l .

the frame and guide posts. The roof rests on a frame made for that 
purpose (Fig. 3).

The tank is 27.5 ft. in diameter, 85.6 ft. in circumference and 10.5 
ft. in depth, and it too is made up of %6 in. welded steel sheets set in con­
crete within 4 ft. of the top (Fig. 1). The total inside surface area of 
the lift and tank is approximately 2,800 sq. ft.

P ig .  3 .— Interior of holder. Note segmental roof and center support.

The gas, after leaving the meter, flows to and from the gasholder 
through 4-in. pipes supplying the gas for operation of heaters and en­
gines. If there is excess gas it escapes underneath the lift when the lift 
is completely full. A manhole plate with a manual release valve is on
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the top of the lift. When the gasholder is completely full, the top of 
the lift is approximately 15 ft. above the ground level, and when empty, 
the top of the lift is about a foot above the water-seal in the tank.

Procedure in preparing the gasholder for inspection and repair was 
as follows: The lift was raised to its highest point within the guides 
by increasing the water level in the tank. This permitted more light 
to come through when the tank was empty and in that position the 
whole inside surface could be worked on at one time.

When the lift was at its highest point we proceeded to place wedges 
between the guide rollers, fixed on top of the lift, and the tank frame, 
also tied the two together with cable. These were precautions or aids 
to the A frames that we placed under the five rollers to support or hang 
the lift (Pig. 1). The A frames were made of 3 by 4 in. timbers. After 
securing the lift, all gas connections to and from the gasholders were 
broken. Temporary lines of rubber and pipe were used to convey the 
gas from the digesters to the gas consuming units. By that installa­
tion we removed the gas hazard in the vicinity of our work and saved 
considerable heat in the operating digesters. In our case it was the 
saving of dollars because the gas from the utilities is available to us.

With the lift secured and all gas connections broken, the gas release 
valve on top was slowly opened, releasing gas pressure and testing the 
security of the supports that were to hold it. Then the water was 
drawn from the tank. It was necessary for us to raise and suspend 
our lift in order to repair the sides of the tank, but by doing this we 
were also spared the fear of possible collapse of the lift when the water 
had been drawn off. If a gasholder tank is dewatered with the lift 
down, the lift should be vented by removing plugs or manhole on top ; 
otherwise it will collapse when the water is removed because of the 
vacuum. An operator understanding the hazards of gas does not need 
much imagination to realize that at the time of the breaking of the 
waterseal in this operation, extreme care must be taken. Each step 
must be planned before execution to prevent trouble. Our method of 
eliminating the gas quickly from the lift was to remove the manhole 
plate on top and use a blower to expel the gas. The blower was placed 
some distance from the bottom of the lift to prevent ignition of the dis­
placed gas.

After the gas had been removed from the lift, an inspection was 
made of the interior of the lift and the tank. On the bottom there was 
a deposit of 4 inches of red sludge which gave off poisonous gases on 
being disturbed and which could not be removed until we operated the 
blower and then only by men wearing gas masks. Such a deposit of 
sludge is dangerous in any tank, whether used for sewage or for indus­
trial operations, because of chemical combinations that create poisonous 
gases. The sludge in our tank had collected over the years from dust 
decaying leaves and from the iron corrosion, and recognizable by its 
well known red color.

On first inspection the tank appeared to be covered with scale and 
rust. However, after cleaning, the incrustation looked like wormwood
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(Fig. 4). The lift was in very good condition, showing only the crum­
bling of the paint that had been applied originally. The bottom was 
clean black polished metal.

After the inspection, plans were made to clean, make repairs, and 
paint. Cleaning the tank was a problem, as investigation had proved 
that preparation of the metal before the application of paint was essen­
tial, and a reasonably sure job could not be done by hand, for hand- 
scraping and brushing could not clean the incrusted and grooved corro­
sion present. Sand blasting was decided on as the method of cleaning 
and we were very fortunate in being able to obtain that service at this 
time. After the sand blasting the metal showed up as in Fig. 4. Sev-

F ig .  4 .— Underside of roof after sandblasting. Note pitting and holes marked with chalk.

eral holes were discovered and marked off. Repairs were made by 
patching and reinforcing any noticeably weak spots. It was apparent 
that hand cleaning would not have brought out the defects and to have 
painted over partially cleaned iron would have resulted in a botch job, 
a waste of time and money.

For painting the inside surface of the lift and tank, we decided on 
Bitumastic No. 50. A generous first coat was applied and thereafter 
two coats were painted on. Figure 5 illustrates the manner of patching 
holes as well as the hard, glossy surface resulting after painting.

When all the repairs to the gasholder were finished, the tank was 
filled with water and all gas connections were made up, to and from 
the digesters. The manhole cover on top of the lift was bolted on and 
the gas release valve was left open. The gas was then allowed to flow 
to the lift until it became quite rich as it came from the valve, at which 
time the valve was closed until the lift was under pressure. The lift 
was then tested for tightness by floating. When it was certain that 
the lift was tight, all the A frames were removed and the gas release 
valve was opened to empty the lift—a precaution against possible ex­
plosive mixture within, the lift having been full of air when the gas
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entered. The lift after dropping- until empty, was again tilled. It 
then resumed its regular operation.

While the gasholder has given excellent service for fifteen years and 
will for another five years at least, after these repairs, it is apparent 
that the life of vessels of this type, and much of our equipment, can be 
preserved by more frequent inspections and counter-actions against 
corrosion. We have found by regular periodic tests since repairing the 
gasholder that there is a very strong acid condition in the “ tank” 
water, and even though lime has been added and the alkalinity is over

F i g . 5 .— S a m e  v ie w  a s  F i g .  4  a f t e r  p a t c h i n g  a n d  p a i n t i n g .

200 p.p.m., the pH remains 5.2. This, we believe, is due in a large de­
gree to the fact that excess methane gas breaks through the water seal,, 
causing absorption of carbon dioxide. Tests have shown that carbon 
dioxide is 200 p.p.m. Although our tank has been heavily coated with 
paint, there remains the possibility that crevices will develop in the 
paint as a result of expansion and contraction of the metal. To coun­
teract that tendency we shall try in some way to decrease the corrosive 
quality of the water. In my investigation of possible correctives, I 
have studied F. N. Speller’s theory on under-water corrosion and quote 
some of the material, as follows:

“ Iron under water inherently tends to go into solution in the form 
of electrically charged particles called ions. In order to enter the 
water, positive ions of some other element must he displaced. In the 
case of the steel tank, hydrogen ions are plated out 011 the surface of 
the tank. The hydrogen ions form a thin invisible film on the iron 
surface. The film acts as an insulator, protecting the iron from con­
tact with the water and further dissolving action. When the film is 
destroyed, however, the action proceeds. The film is usually destroyed 
by the hydrogen combining with free oxygen to form water or by escap­
ing in the form of hydrogen gas. The air bubbles commonly seen on 
the sides of the corroding tanks are bubbles of hydrogen gas. The
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greater the free oxygen present, the quicker is the hydrogen film de­
stroyed and the more rapid the rate of corrosion.”

By the application of the bituminous material on the inside surface 
of our tank and lift, we have isolated the metal from the tank water. 
However, we are endeavoring to provide chemical treatment as an 
added precaution.

Knowing that our tank water has a high CCh, or acid content, we 
are adding sodium hydroxide in solution to increase the pH and pre­
venting as much as possible excess gas from breaking through the 
water seal.

The cost of repairs was as follows: The cost of labor which was done 
by our own personnel was estimated at $6.00 per day per man and to­
taled approximately $400. Materials, tools, lumber, paint, etc., $150— 
welding and iron work, $55—sandblasting, $420—total $10.25, for 2800 
sq. ft., at approximately 36 cents per sq. ft.

Considerable time was spent in getting the scaffolding set up and, 
as described before, in the hanging of the lift. It was also known as 
hazardous work which placed a certain responsibility upon us. Be­
cause of the hazard, much of the preparations were made by our per­
sonnel, and for that reason we decided to undertake the job ourselves. 
The job took about three weeks. While we were unable to get a con­
tractor to bid on it, estimates averaged over $1,800. It will thus be 
seen that we effected a considerable saving.

B A R K  FROM T H E  D A IL Y  LOG *

December 7— A ll plant operation problems took a back seat today to the 
historic news that the Japs had bombed Pearl Harbor. (Today, a year later, 
the news from the Pacific fronts reveals that this despicable act is being 
suitably avenged!)

December 10— Mailed out a report to the D istrict trustees containing an 
analysis of the points of vulnerability of the intercepting sewers and treat­
ment works to damage by sabotage, the probable effects of such damage on 
our service and recommendations for w ar-tim e protection. The recom­
mendations covered patrolling of property, improved locking facilities at 
isolated buildings, additional fire control equipment, control of visitation, etc.

For obvious reasons, the report was kept confidential and given no pub­
licity.

December 15— Called on officia ls of the local fire department to find out 
something about fire extinguishers. W as advised as follows:

Soda and A cid  Type (capacity 2.5 gallons, cost $12.00, recharge cost 50 
cents annually) good for general fire control purposes but must be handled 
carefully for fires at switchboards and electrical equipment. W hen used 
under latter conditions, must stand far enough away to hit fire w ith spray 
and not stream.

* From daily record of Urbana and Champaign (Illinois) Sanitary District.
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Pyrene (carbon tetrachloride, capacity 2 quart, cost $ 9 .0 0 ), best for 
electrical equipment fires.

Foamite type best adapted to oil or gasoline fires. Soda and acid type 
also satisfactory in such cases, however.

Placed order for the additional extinguishers considered necessary.

December 20— Im hoff T a n k  Num ber 4  on a foam ing spree— probably “ boil­
ing mad’’ at those !x?x?x! japs! Reduced flow  and load thereto to one-third 
normal.
December 2 3 -2 4 — Routine intercepting sewer observations have indicated 
an unsatisfactory condition in an old 18-in. line w hich supplem ents one sec-

F i g .  1.— Roots and debris removed from 580 feet of 18-inch sewer. Note “ d rag”  at right made 
of 15-inch root cutter wrapped with barbed wire.

F i g .  2.— Roots removed from 300-foot section of 18-inch sewer. Bucket at left shows size of
root clumps.

tion of our intercepter. W ith  the excellent cooperation of the C ity  of Cham ­
paign Street Department, w hich assigned men and equipment for the job, 
1000 feet of this sewer was dragged, yield ing about two cubic yards of roots, 
cinders and miscellaneous trash.

Some of the larger chunks of roots removed are shown in Figs. 1 and 2. 
The object at the right in Fig. 1 is a 15-inch cutter (the largest conveniently
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available) that was wrapped w ith barbed wire to make it effective as a drag 
in the 18-inch sewer. The yield from the job amply proves that it was 
effective.

Observations follow ing completion of the w ork indicated that the capacity 
of the line had been increased about 50 per cent.

January 3— Cleaned up sewage pump motors using an old vacuum cleaner to 
pull out all dust and dirt. The metal nozzle  was removed from the cloth and 
rubber suction hose to preclude damage to the w iring and insulation. Found 
this to be a much better way to clean out the motors because the compressed 
air jet formerly used scattered so much dust and dirt about the pump room 
and switchboard.

January 8— Tw elve below zero this A .M . Cracked the drain valves at the 
filter distribution systems to prevent freezing in the nozzle risers.

January 14— Still too cold for outside work. Overhauled mowing equipment 
in preparation for next summer.

January 18— A  prim ing pipe on one of the sewage pumps burst at a corroded 
joint this evening, f illin g  the dry well w ith three feet of settled sewage be­
fore being noted. No damage done but what a mess!

January 22— Routine w eekly outlet stream inspection revealed considerable 
floating oil at all stations. (These observations and notes proved very useful 
later, in absolving the sewage treatment works of blame when complaints 
were made to the State Sanitary W ater Board and Conservation Department. 
The oil was found to have been discharged at an industrial plant several miles 
upstream from u s.)

January 28— Took advantage of the recent spell of very mild weather to clean 
12 sludge beds. ’T is  a very satisfying feeling to have so much drying bed 
space available at this time of year!

February 1— A s is justly deserved by any sewage plant operator who be­
comes smugly overconfident w ith a bit of good luck, we were put back in 
our place today by finding that the same mild weather which permitted the 
sludge beds to be cleaned also had spurred digestion at the Im hoff tanks into 
activity. In consequence, the sludge in all tanks was found to be “ bulked” 
from its winter state and causing foaming in the center gas vents.

February 3— Took drastic steps to settle down the Im hoff tanks. First we 
drew two beds (38,000 gallons) of sludge from each tank, then hosed down 
the heavy 7-foot accumulations in the gas vents to maintain adequate “ seed” 
in the sludge digestion chambers. The patients recovered!

February 12— Considerable gray fungus being received in the raw sewage, a 
common occurrence in the early spring in this part of the country. The 
fungus seems to grow in the sewers and to break loose as temperatures mod­
erate in the spring.

The only d ifficu lty  caused by the fungus in this plant is that it passes 
through the screenings grinder and floats as an unsightly scum on the sedi­
mentation channels of the Im hoff tanks. To correct this condition we are
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tem porarily d iscontinuing use of the grinder and w ill dispose of all screen­
ings by burial for the 1 0 to 14 day period that the fungus is received.

February 23— Salvaged and sold 700 pounds of scrap metal from  about the 
plant for delivery to the “ Japanazis” via Flying Fortress.

February 26— The w riter entered the hospital today for a sinus operation. 
W ill probably be very “ odor control conscious” next summer!

D E S C R I P T I O N  O F  A  P H O T O E L E C T R I C  C O L O R I M E T E R

B y  D. H .  C a l d w e l l

Public Health Engineer, Bureau of Sanitary Engineering, State Dept, of Public Health,
Berkeley, California

Many routine chemical determinations in water and sewage labora­
tories are made colorimetrieally or turbidimetrically. In most of these 
determinations it is necessary to prepare standards which may or may 
not be permanent. A photoelectric colorimeter eliminates the necessity 
of preparing standards and, after calibration, routine examinations can 
be made more rapidly and with a greater degree of precision than by 
other means.

Among the many determinations which can be made with a photom­
eter, those of interest to the water and sewage chemist include the fol­
lowing: turbidity; residual chlorine; organic, albuminoid, nitrite, and 
nitrate nitrogen; silica; dissolved oxygen; p H ; phosphate; iron ; man­
ganese and potassium. Detailed procedures for most of these analyses 
can be found in recent literature and in Standard Methods.

A photometer consists essentially of a light source, a constant volt­
age transformer to regulate the intensity of light, an absorption cell in 
which the solution to be analyzed is placed, a photoelectric cell, and a 
sensitive microammeter. The instrument is shown diagrammatically 
in Fig. 1 and illustrated in Fig. 2.
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F i g . 1 .— W i r i n g  d i a g r a m .

The colorimeter described herein embodies several improvements to 
be found only in the highest grade commercial instruments. I t has been 
found that when the light beam in passing from the source through the 
absorption cell encounters a liquid-air interface, distortion and scatter-
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ing of the beam of light results. Similarly, if the light beam strikes the 
sides of the absorption cell, a light condensing or concentrating action 
occurs. Both of these phenomena, when present in a photometer, im­
pair the precision of the results. This instrument, it is believed, elimi­
nates both these undesirable characteristics. The first is eliminated by 
the use of an easily cleaned and filled absorption cell with optically flat 
ends through which the light beam passes in a horizontal direction. 
The cell is sufficiently long (5 cm.) to give good sensitivity for the usual 
sewage laboratory tests. The second characteristic is eliminated by 
limiting the cross sectional area of the light beam as compared to the 
cross sectional area of the absorption cell. In this instrument the di­
ameter of the light beam is approximately 0.25 in. at the largest opening 
of the iris diaphragm while the diameter of the absorption cell is ap­
proximately 1.5 in.

Voltage fluctuations are kept to a minimum by means of a constant 
voltage transformer which produces current at 6 volts with fluctuations 
of less than one-fourth of one per cent. The use of the constant volt­
age transformer eliminates the previous objections to the simple elec­
trical circuit used in this instrument.

The electrical properties of the barrier-layer type of photoelectric 
cell are such that a loiv-resistance, low current microammeter is re­
quired for best results. The microannneter used in this instrument is 
graduated 0—100 divisions with the 100 mark corresponding to 15 
microamperes. The internal resistance is 150 ohms and the external 
critical damping resistance is approximately 1,000 ohms. This micro- 
ammeter when used in conjunction with the Weston Photronic cell shows 
a linear light intensity—current curve with no observable fatigue effects. 
A sensitive vernier adjustment is provided for setting the microam­
meter needle on the 100 mark. One turn of the vernier dial moves the 
pointer approximately 5 scale divisions.

Results obtained with this instrument will compare favorably with 
results from the best photoelectric colorimeters obtainable. I t is prac­
tically constant in calibration and due to the low current output of the 
photoelectric cell no fatigue effects are apparent. Readings can be 
made immediately and are the same at the beginning of a period of use 
as near the end of the period.

Dimensions and construction details are shown in Fig. 2. All parts 
were made from %-in. copper plate, but other material can be used. All 
joints and seams were soldered. The bill of material is given in Table I.

In the operation of the photometer, the light is first turned on and 
then the proper light filter * and an absorption cell filled with distilled 
water are placed in the path of the light beam. The microammeter is 
set to read 100 on the scale by means of the iris diaphragm and the 
vernier adjustment at the side of the case. The absorption cell con­
taining the unknown solution to be analyzed is then quickly slipped in

* An excellent article on the use of a photoelectric colorimeter in water and sewage analysis 
with complete data on the proper color filters to be used in standard procedures is given by 
W. D. Hatfield in Industrial and Engineering Chemistry, Anal. Ed. 13, 430 (1941).
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place in the light path and the microammeter is read. From a calibra­
tion previously prepared using known solutions the amount of unknown 
substance in solution is easily determined in terms of any convenient 
units such as parts per million or grains per gallon.

T a b l e ^ I . — Bill of\Material

1 Constant voltage transformer, 45 VA, 110V. to 6V. Central Scien­
tific Co..................................................................................................$ 25.00

2 Absorption cells— pyrex with fused optically flat ends, 5 cm. length.
Central Scientific Co............................................................................. 20.00

1 Microammeter— Western Model 440, internal resistance 150 ohms,
external critical damping resistance 1,000 ohms............................  41.60

1 Photoelectric cell, Weston Photronic, Model 594YR Type 3 ................  7.00
1 Iris diaphragm— maximum opening approx. 0.5 in., (second-hand

Kodak)................................................................................................  .......
1 Fixed resistance 1500 ohm, watt
1 Variable resistance 100 ohm, 2 watt Radiotype.................................  1.00

1 Light bulb, 50 c.p., single contact, bayonet base................................  .25
4 Light filters complete— Eastman Kodak Co........................................  1.70
2 Switches— single throw toggle............................................................... .60
1 Panel light— radio type 6 V ...................................................................  .20
1 Condensing lens— 3.5 cm. diam., 5 cm. focal length....................................... 35
1 Magnifying lens— 3 Vi in. diameter................................................................ 50

Miscellaneous metal, bolts, etc..............................................................  2.00

$100.00

An instrument built according to these specifications has been in 
daily use at the Springfield, Illinois, Water Treatment Plant since 1941, 
and has replaced the usual visual methods of analysis. The instrument 
also has been used successfully in routine turbidity measurements.

F I L T E R  R O O M  P R A C T I C E  
V A C U U M  F I L T E R  E C O N O M Y

B y  C l y d e  L. P a l m e r

Supervisor, Detroit Sewage Disposal Plant

Many investigations have been made and much has been written con­
cerning chemical dosages and the resultant economy in operation of 
vacuum filters for dewatering sewage sludge. Important economies 
may also be realized by improved operating methods from a strictly 
mechanical point of view. The following discussion describes experi­
ences at the Detroit Plant with methods of placing new filter cloths on 
vacuum filters and the resulting economy.

Filter room equipment at Detroit includes eight Filtration Equip­
ment Corporation vacuum filters, each of 500 sq. ft. of filtering surface. 
Originally the filter cloths were held in place by %-in. square bronze bars 
14 ft. long, fitting into recesses in the filter drum segment division 
strips and secured by screws, and with the usual wire wrapping on a
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1%-in. spacing. The removal and replacing of these bronze bars at 
each cloth change was soon recognized as a time-consuming and labori­
ous task, the principal difficulties being the removal and replacing of 
the screws and the unwieldiness of the long flexible bars. The substitu­
tion of %-in. sash cord for the bronze bars has cut in half the time of 
re-clothing the filters and the required number of workmen by one-third. 
This method of substituting sash cord for the metal bars did not origi­
nate at the Detroit Plant, but is described here as an introduction to

F ig. 1.— Vacuum filter room, Detroit Sewage Treatment Plant.

further developments that were carried on in Detroit, the results of 
which are also reported herewith. The following pictures illustrate the 
operation of placing filter cloths using sash cord.

Figure 2 shows how the filter cloth is started on the stripped and 
cleaned filter drum by tacking it several points along one of the seg­
ment division strips.

The filter drum, after the cloth has been tacked on, is revolved, carry­
ing the new cloth around with it, until the position of the next segment 
division strip is accessible. The cloth is straightened and held in posi­
tion by a small piece of sash cord, placed in the recess as visible in the 
right hand of the picture. Placing of the sash cord is done with the use 
of a rubber mallet and is started from the opposite end of the filter, as
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shown in the picture, and carried across the entire width of tlie filter. 
The sash cord used is of such size that it fits tightly into the recess and 
after being' placed as indicated needs no further fastening until the wire

F ig. 2.— Starting new eloth on vacuum filter, Detroit, Mich.

wrapping is in place, which finally secures both the sash cord and the 
new cloth in position for filtering operation.

J
■ i jjl

F ig. 3.— Placing sash cord segment insert during application of new eloth.

Successive segment divisions are treated in the same manner. 
Smoothing and straightening of the cloth is carried forward with the 
operation of placing the sash cord.
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After all sash cords are in place the filter is wrapped with wire in the 
usual manner.

Over a year’s use of the above described method has disclosed 110 
difficulty and besides the economy effected has proved satisfactory in 
every way. The sash cord has a useful life of about three re-clothings, 
after which it is usually so distorted in shape and disintegrated that it 
must be discarded, but the expense of renewing the sash cord is more 
than offset by the savings in labor time and the reduction of the loss of 
filter service time.

w "'''

x

\  i n

F ig. 4.— Driving sash cord into place.

In addition to the adoption of the above described method of placing 
filter cloths, the following procedure has also been adopted and has 
proved to give important increases in filter capacity.

Filter operations at Detroit are checked as to production by two 
methods. One is by an integrating weightometer and the second is by 
taking and weighing two sq. ft. samples of the cake as it comes off the 
filter drum and computing the production. The two methods have given 
results having a quite consistent difference. Tests to check the dis­
crepancy between the weightometer records of filter production and 
those obtained from cake sampling method disclosed the fact that even 
on filters having new cloths and where no blinding was apparent, there 
is a residual discrepancy of from 7 to 10 per cent between these two 
methods of measuring filter production, the weightometer giving the 
lighter weight.

The consideration of the problem just described focussed attention 
on the fact that there is a loss of productive filter surface at each seg­
ment division strip in greater or less degree, depending 011 the hours of 
service on the particular filter cloth. It was also observed that as the 
service hours increased, an appearance of blinding always first occurred
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along the division strips of the filter segments. This led to the conclu­
sion that the blinding was due to a loss of effectiveness of the air blow 
used to release the cake from the cloth. The filter cloth, being held 
tightly to the segment division strips by the sash cord or bronze bar, 
whichever is used, restricted the air blow and action of the cloth to such 
a degree that a portion of the cake would not be released and was subse­
quently worked into the cloth by the vacuum, finally developing into a 
blind surface. Reasoning along these lines indicated that if it were 
possible to operate satisfactorily leaving out the sash cords holding the 
filter cloths, the production of the filter might be greatly increased. 
After numerous trials it was determined that with the present blower

F ig. 5.— Sampling chute at filter discharge.

installation, the most practical limit was obtained by placing a sash 
cord at every third segment division, and the following tests were run 
to determine the economy of this practice.

A chute with a metal cutting edge, exactly 12 in. wide, was made. 
The chute was so placed against the filter scraper plate as to cut a 12-in. 
ribbon of cake as the material moved down the face of the scraper. The 
chute carried the ribbon of cake so cut to a container placed on the floor 
in front of the conveyor hopper as shown in Fig. 5.

The routine of the tests consisted of cutting the 12-in. ribbon com­
pletely around the filter drum, after which the weight of the material 
was determined and recorded as the “ observed weight.” Immediately 
after the cake ribbon was cut and in the same location on the filter drum 
from which it was obtained, a series of four 2-sq. ft. samples were taken 
at equidistant points around the circumference. In taking the 2-sq. ft. 
sample an effort was made to get a sample from the middle area of the 
panel where the cake was the most uniform in weight and where a full 
2-sq. ft. sample could be obtained. The average result of the four sam-
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pies reduced to a square foot basis and multiplied by the circumference 
of the filter drum was recorded as the weight of the cake on the filter by 
the 2-sq. ft. method.

It should be noted that the “ observed weight” by virtue of the 
method of collecting the sample will include the effect of any blinding or

P i g . 6 .— T a k in g  2 - fo o t sq u a re  s a m p le .

F ig. 7.— Illustrates “ blinding” at segment division strips. Filter No. 6, with cloth fastened
a t  a l l  se g m e n ts .

loss of productive area that may be present. Whereas the 2-sq. ft. 
sample method will produce a result that would obtain only if the cake 
were uniform in thickness over the entire circumference, it indicates 
what the production of cake would be if there were no effects of blind­
ing at the panel division strips. Conversely, had there been no blind-
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ing, the weight of the 12-in. ribbon would be very closely the same as the 
weight as determined by the 2-sq. ft. method.

In order not to include too much detail of the test data, one set of re­
sults representative of the whole will be presented. Filters 6 and 8, 
which were in operation at the time, were used for the tests and the fol­
lowing data relate to the two for comparative purposes. The pictures 
give visual evidence of the conditions during the tests, particularly the 
extent of the blinding along the panel divisions and the greater number 
of these panel divisions showing on No. 6 filter as compared with No. 8.

F i l t e r  N o . 6

Sash cord in place in every panel division strip.
Time for one revolution of drum— 6 min.
Operating hours on filter cloth— 318 hours.
Average cake production at time of test:

From 2-sq. ft .  sample— 17.83 Ib./sq. ft./h r. (wet)
From 12-in. ribbon— 14.69 Ib./sq. ft./h r. (wet)

Fig. 8.— Showing increased production resulting from elimination of cloth fasteners at % of 
panel division segments on Filter No. 8.

F i l t e r  N o . 8

Sash cord in place in every third panel division strip.
Time fo r one revolution of drum— 4.5 min.
Operating hours on filter cloth— 145 hours.
Average cake production at time of test:

From 2-sq. ft . sample— 17.3 lb./sq. ft./h r. (wet)
From 12-in. ribbon— 15.99 lb./sq. ft . /hr. (wet)

It will be noted that had these two filters been judged on the basis of 
the 2-sq. ft. samples alone, they would have appeared practically identi­
cal, but from the continuous 12-in. ribbon sample method the difference 
in cake production is at once apparent. In other words, from either 
filter where the cake existed and a sample could be obtained, the results
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for all practical purposes were identical, but the important difference be­
tween the filters appears as a greater or less non-productive area of 
filter surface or non-uniform thickness of cake where the blinding is not 
fully developed.

Assuming that blinding is more or less uniform along all panel di­
visions where the sash cord is in place, it would be expected that if leav­
ing the sash cord out would prevent blinding, then if every other one of 
the sash cords had been left out the loss due to blinding would have been 
reduced 50 per cent. And further, if only every third sash cord had 
been placed, the loss would have been reduced 66% per cent. These as­
sumptions are born out by the test data which are appended hereto and 
from which the following conclusions can be draw n:

1. With all panel sash cords in place the loss in cake production may 
easily amount to more than 20 per cent.

2. With every third panel sash cord in place the loss in cake produc­
tion can be reduced to less than 7 per cent.

From tests on new cloths (not recorded herewith) and with all panel 
sash cords in place, the loss in cake production due to the restriction at 
the panel division, is indicated to be about 10 per cent. Using the 
method here proposed would reduce this loss to 3% per cent. Thus it 
can be said that over the whole life of the cloth the production can be in­
creased 6% per cent when the cloth is new and about 13 per cent when 
near the end of the cloth life, or an average over-all increase of filter 
production over the whole period of approximately 9% per cent.

The above described procedure has been in use at Detroit for about 
one year and has proved satisfactory in every way. The very sig­
nificant increase in filter capacity, although not readily apparent from 
operating records, is nevertheless an easily demonstrated fact and a 
very important step to better plant economy.

I N T E R E S T I N G  E X T R A C T S  F R O M  O P E R A T I O N  
R E P O R T S

ARM Y P O ST  X V II (H A L F  Y E A R  E N D E D  J U N E  30, 1942

B y  J. T. F r a n k s

Assoc. Sanitary Engineer

General Information.—Work on the original plant, consisting in gen­
eral of the following units : comminutor basin and bar screen, two clari- 
fiers, two rapid or biofilters, chlorinating basin and separate digester, 
together with necessary appurtenances, for a design population of 7,500 
was started January 7, 1941, and was substantially completed and put 
into operation during the month of March, 1941. It was found that the 
plant was inadequate for even the design population and, with the in­
crease in population to 9,500, it was found imperative to enlarge the 
existing facilities. Work on the enlargement was commenced on Oc­
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tober 28, 1941, and was completed and put into operation on January 17, 
1942. The enlargement consisted in general of the following units: 
grease and grit chamber, additional bar screen, final filter and final 
clarifier, and additional chlorinating basin.

P l a n t  D e s c r ip t io n

Raw sewage enters the plant from a 15 in. tile outfall and passes 
through the grease and grit chamber where some of the grease, floating 
solids, etc. are removed and the sewage is pre-aerated. The chamber is 
8 ft. by 26 ft. 8 in. by 9 ft. and is equipped with twelve National Carbon 
tear-drop diffusers with air furnished by a 72 c.f.m. Root Connersville 
blower. This chamber also receives the supernatant liquor from the 
digester and the returned sludge from both the secondary and final 
clarifiers. Upon leaving the grease and grit chamber, the sewage enters 
the comminutor basin and flow in excess of 700 g.p.m. pass through the 
bar screen. From this point the sewage flows either of two ways, 
to wit :

(A) Single-Stage Roughing Filters.—The flow, upon leaving the 
comminutor and bar screen, enters the primary clarifier; here after 
plain sedimentation the effluent is pumped to the Biofilters which are 
operated in p a r a l l e l . The flow to these filters is at a constant rate and 
is composed of settled sewage from the primary clarifier plus a sufficient 
quantity of previously filtered and settled sewage from the intermediate 
clarifier to make up the necessary amount to keep the pumps operating 
at a constant rate. This is the usual mode of operation. A quantity of 
treated sewage equal to the amount of raw sewage entering the plant 
flows from the intermediate clarifier to the pump wells supplying the 
final stage. The Biofilters are each 50 ft. in diameter and 3 ft. deep, 
with river gravel media and equipped with Jenks Distributors.

(B) Two-Stage Roughing Filters.—The flow upon leaving the com­
minutor and bar screen is mixed with the effluent of the primary filter 
and enters the primary clarifier where upon sedimentation the effluent 
is pumped to the Biofilters which are operating in s e r ie s . Settled sew­
age in excess of the amount necessary to operate the primary filter at a 
constant rate ; i.e., the same in amount as the raw sewage flow plus the 
required amount of previously treated sewage from the secondary filter 
and intermediate clarifier necessary to operate the pump at a constant 
rate is pumped to the secondary filter. A quantity of treated sewage 
equal in amount to the raw sewage flows from the intermediate clarifier 
to the pump wells supplying the final stage.

The final filter is 108 ft. in diameter and 8 ft, deep, with crushed 
granite media and equipped with a Dorr 4-arm distributor. From the 
pump wells supplying the final filter the effluent from the intermediate 
clarifier plus sufficient of the effluent from the final clarifier to operate 
the pumps at a constant rate is pumped to the final filter. The effluent 
from the final filter is settled in the final clarifier and the effluent from 
this clarifier in the same amount as the raw sewage is passed into the 
chlorinating basin and finally into Crow Creek.
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Sludge from both the intermediate and final clarifiers is returned to 
the grease and grit chamber for resettling. Sludge from the primary 
only is pumped to the digester, which is a tray-type Dorr Multdigester 
unit having equal primary and secondary digestion volumes of 10,580 
cu. ft. and equipped with heating coils and stirring mechanism.

C o m p a r is o n  op D e s ig n  B a s is  a n d  A c t u a l  L o a d in g s

D esign  B asis A ctua l P e r  C en t of D esign

Population served......................................... ...........  9,500 10,521 110.9
Avg. daily per capita flow ............................ ...........  85.0 73.9 87.0
Avg. daily sewage flow m.g.d....................... .................808 .779 96.4
Daily B.O.D. load— lb.................................. ...........  2,745 2,730 99.5
Per capita B.O.D. load— lb/day.................. .................289 .259 89.7
Daily suspended solids load— lb .................. ...........  1,957 2,305 117.8
Per capita suspended solids load— lb/day. . . ...........  2.06 .219 106.2
Degree of treatment— Per cent

5-day B.O.D........................................... ...........  90 82 91.1
Suspended solids.................................... ...........  85 81 95.3

Sewage Characteristics— p.p.m.
5-day B.O.D............................................ ...........  408 421 103.2
Suspended solids..................................... ...........  290 355 122.5

Avg. Loadings— lb/B.O.D./c.y./day 
Biofilters

Raw................................................ ...........  6.29 6.27 99.8
Settled............................................ ...........  3.78 5.14 135.9

Final F ilte r............................................ ...................30 .46 153.2
5-day B.O.D. removals

Primary clarifier— lb/day..................... ...........  1,099 508 46.2
Biofilters— sec. clar................................ ...........  823 1,054 128.2
Total primary treatment— lb./day....... ...........  1,922 1,562 81.3
Final filter— final clar............................ ...........  494 745 150.8
Total— lb/day........................................ ...........  2.416 2,307 95.5

Grease Removal.—This unit has been in operation since January 17, 
1942, and has given satisfactory service insofar as grease removal is 
concerned. The pre-aeration also seems to make secondary grease re­
moval more complete, but it is possible that it has been a contributing 
cause to the poorer removal of suspended solids by the primary clarifier. 
However, inasmuch as the removal of grease has probably allowed the 
Biofilters to operate more effectively and also removed some of the load 
from the digester and, in this manner, caused a better overall perform­
ance of the plant, it is worth while. The grease removed by the unit 
proper is for the most part a more or less pure grease. That removed 
by the skimmer on the primary clarifier is mostly in the form of a 
greasy soap.

The grease is removed to the dump for disposal and the skimmings 
are pumped to the digester, where they have been the cause of some 
trouble.

It would seem that this grease could be removed to better advan­
tage at the source.*

* Since this report was submitted grease salvage drives and more adequate supervision 
of grease interceptors have eliminated a large portion of this trouble.
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F ig . 1.— Army Post X V II, Sewage Treatment Plant.

G re as e  R e m o v e d

Month

A pril.
May. 
June.

G rease,
Skim m ings from  
P rim a ry  C larifier

lb. gallons
None 44,590
2,300 29,960
3,000 38,920
3,300 38,910
4,400 35,350
5,000 63,190
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The increase in removal from month to month, and especially in 
Jnne, may he due in part to increased sewage and air temperatures.

Primary Sedimentation.—This unit of the plant is the only one not 
exceeding design expectations, with the possible exception of the di­
gester and the exceptions noted under grease and grit unit. However, 
it is felt that a reduction of 40 per cent is possibly an ambitious figure, 
but the reduction in both B.O.D. and suspended solids is more real than 
apparent inasmuch as the supernatant liquor from the digester and 
the sludge from both the intermediate and final clarifiers is returned 
to the primary clarifier for resettling.

The poor percentage of removal by this unit was due in large part 
to inadequate removal of sludge, due in turn to the overload in the 
digester, which condition is taken up in more detail in a following item. 
The percentage of removal of suspended solids has never been so high, 
at this plant, as would be expected, due in some extent to the character 
of the sewage. A large percentage of the suspended solids is in the 
form of pseudo colloids and true colloids, which do not settle even after 
several hours or until the settled solids become septic and start to digest.

The detention period and overflow rate even at peak flows is con­
servative and good removals should be expected; however, the abrupt­
ness of these peaks seems to upset the tank.

Bio filters and Intermediate Clarifier.—These are listed as a unit be­
cause of the nature of rapid filters, and it is felt that the removal is all 
that could be expected, considering the overload of the original design, 
both in flow and B.O.D. Mainly for operating reasons, two stages of 
biofilters are now used only to freshen the primary clarifier, as the 
overall results are much the same, if not better, when operated as a 
single stage. This type of filter approaches the ideal as a roughing or 
primary filter, smoothing out the peak loads and furnishing a fairly 
uniform load to the final filter. While this stage does not seem to come 
up to the manufacturer’s expectations, the removal per cubic yard is 
equal to, or in excess of, that shown in any literature available to the 
writer.

Final Filtration.—The final stage was placed in operation on Janu­
ary 17, 1942. The average B.O.D. load has been 0.46 lb. 5 day B.O.D. 
per cu. yd. per day or in various other expressions of filter loadings 
as follows:

L b .  5 - d a y  B .O .D .  p e r  D a y

Per acre of filter, 8 ft. in depth..................................... 6,000
Per acre foo t...................................................................  750
Per 1,000 cu. ft. of stone................................................  17.15
Cu. ft. of stone per lb. B.O.D........................................ 58.4
Removal of 5-day B.O.D. per acre daily, (8 ft. depth) 3548 pounds

This would be considered moderately heavy loading and the re­
movals are all that would be expected.

It should be noted that this filter is operated at a constant ra te ; that 
is two constant rates depending on which pump is used. I t has been 
the common operating practice to use the 7V2-hp. pump for rates of flow 
up to 1.1 m.g.d. and the 10-hp. pump for flows in excess of this amount. 
This has resulted in dosing rates of 5.5 and 8.2 m.g.a.d. respectively.
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These rates place this filter outside the category of conventional filters 
as they are commonly rated. Also, in order to furnish a constant flow 
to the pumps, some recirculation is necessary, which is not regular 
practice on low-rate filters. Even the average dosing rate of effluent 
from the intermediate clarifier to the filter of 3.7 m.g.a.d. is in excess 
of usual standards. Just what the ultimate possibilities of this filter 
are has not yet been determined.

The detention periods and overflow -rates of the final clarifier are 
normal and removals are on the whole satisfactory.

Sludge Digestion and Drying.—The following history of digestion 
and drying for the past six months is related in some detail as it is felt 
that the digester and drying beds are the weak points in an otherwise 
satisfactory sewage treatment plant. The digester entered the year 
with a temperature of 97 deg. F. in the upper tank and 65 deg. in the 
lower tank, with digestion going on at a good rate. Foaming occurred 
on January 28th due to rapid digestion. Early in February the tem­
perature had dropped to 82 deg. F. in the upper tank and had increased 
to 68 in the lower tank. Digestion became violent at this time, and it 
was necessary to lower the level of sludge in the upper tank. This al­
lowed some of the gas to waste, but seemed to allow the digester to 
quiet down. The temperature continued to drop in both tanks and on 
March 9th was down to 68 deg. F. in the upper tank and 57 deg. in the 
lower tank. Digestion slowed down.

After the middle of the month the temperature started to increase 
in both tanks and digestion resumed at an increased rate. This caused 
incipient foaming which was very bothersome. Temperatures con­
tinued to increase and reached 82 deg. in the upper tank and 68 deg. in 
the lower tank at the end of June; the digester settled down and has not 
foamed since May 15th. During this six-month period, the volatile 
content of the sludge transferred to the lower tank decreased from 70.8 
to 55.8 per cent, and the volatile content of the sludge drawn to the 
drying beds decreased from 71.9 to 64.4 per cent. Reduction of volatile 
material increased from 54 to 68 per cent.

The drying beds have a capacity of about 120,000 gal. and, at the 
beginning of the year, by dosing the beds twice, about 92,000 gal. of this 
capacity was available for use. Even by holding raw sludge pumping 
to a minimum this space was used up at the end of March. Freezing- 
weather prevented the removal of sludge during these months. In 
April, in spite of wet cold weather, sludge was removed from the beds 
to allow continued withdrawal of sludge from the digester, but it was 
not until the latter part of May that it was possible to remove all the 
sludge drawn during the winter months from the beds. In the mean­
time, continued minimum raw sludge pumping caused the primary 
clarifier to become septic and digestion started in the clarifier, this in 
turn upset the balance in the plant and only fair removals were made 
during May. It was only by a narrow margin that serious results 
were averted.

At the end of June all the drying beds were full and it was neces­
sary to remove some very wet sludge in order to make withdrawals
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from the digester. The cause of the drop in temperature of the di­
gester during the early part of the year has not been fully determined. 
The heating coils were not encrusted enough to have caused this condi­
tion. It is felt that either the sludge was thickened up to a point where 
heat transfer was slow or the radiation surface of the coils is inade­
quate or a combination of the two. Also, it is possible that the stirring 
mechanism is either broken or worn off, but it is impossible to determine 
this without emptying the upper tank. This has not been done in the 
hopes that the temperature would come back up, which may occur as 
the temperature of this tank was only 85 deg. F. last summer and in­
creased to 92 in December.

In further reference to the drying beds and the drying of the sludge, 
the sludge drawn early in the year showed good drying qualities while 
that drawn later has been very slow to dry. The wind during the early 
months may have been a contributing factor to the better drying. It 
should be noted here that the mean temperature for the first three 
months of the year was below freezing and freezing temperatures oc­
curred even in June. Also the precipitation for the first six months 
was 5 inches in excess of normal.

While the digester has a capacity of 2.0 cu. ft. per capita based on 
actual population during the past six months, it should be born in mind 
that this type is heated in the upper or primary tank only. The aver­
age temperature in the lower tank during this period has been only 
63 deg. F., which is low for satisfactory digestion in a reasonable length 
of time. The lower tank is equal in size to the upper tank, but lias only 
about one-half the digestion capacity, acting more as a storage and set­
tling tank, but it has been so heavily loaded that very little supernatant 
liquor was returned to the primary clarifier except in an emergency.

Very little design data is available, but the following comparison 
gives some idea of actual operation against probable original expec­
tations :

D e s ig n  B a s i n A c tu a l

Population......................................................................  7,500* 10,521
Daily gas production cu. f t ................................ ........... 11,250* 8,137f
Daily suspended solids load-lb/day..............................  1,858* 2,305 (a)
Percentage of volatile solids............................. ...........  75 84 (a i
Capacity, cu. ft. per capita.............................. ...........  2.83* 2.00
Per capita suspended solids-lb/day................. .................248 .219 (a)
Suspended solids, lb., to digester daily........... ...........  1,578 1,866 (a)

2,250 (b)

Volatile solids, lb. per day............................... ...........  1,175 1,572 (a)
1,895 (b)

Vol. solids reduced daily, lb ............................. ...........  725 897 (a)
1,081 (b)

Digestion time in days..................................... ...........  25 26 (c)
50 (d)

Per cent volatile in digested sludge................. ...........  55 69
Percentage reduction of volatile material....... ...........  61 57
Sludge to drying beds— lb./sq. ft./year........... ...........  15 22
* Only information given in design basis-remainder assumed or calculated, 
t Considerable amount of gas wasted and not metered.
(a) From flow analysis; (b) from digester analysis; (c) upper tank; (d) lower tank.
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From the above it would seem that the digester is doing about all that 
was expected of it. From the standpoint of volatile content it is 
heavily overloaded. Also it should be noted that to obtain a sludge 
that is 55 per cent volatile, it would be necessary to reduce the volatile 
material 76 per cent, which would require a detention period longer 
than it is possible to give and maintain any kind of efficiency in the pri­
mary clarifier. The writer believes that the digester is approaching 
this large reduction on days when the gas production exceeds 16,000 
cu. ft. from the upper tank alone. This violent gasification causes the 
tank to become upset and sometimes results in foaming and nearly 
always results in a slowing down in digestion.

C o n c l u s io n s

The preceding interim summary and memorandum of sewage treat­
ment plant operation is submitted for two reasons : first, to show the 
results obtained by the use of the new units put into operation on 
January 17, 1942, and second, because of the need to determine possi-

Summary of Operation Data (Six Months Ended June 30, 1942)

A v e r a g e
f o r

6 - M o n t h
P e r i o d

A v e r a g e
D u r in g

S in g le - S ta g e
O p e r a t i o n

A v e r a g e
D u r in g

T w o - S ta g e
O p e r a t i o n

Average connected population................................................. 10,521
Total flow— m.g......................................................................... 141.022 99.000 42.022
Average flow— m.g.d.................................................................. .779 .763 .818
Average maximum flow— m.g.d................................................ 1.369 1.368 1.372
Average minimum flow— m.g.d................................................. .358 .353 .370
Per capita flow— g.c.d................................................................ 74.0 72.4 73.6
Percentage of flow sampled....................................................... 26.8 24.0 33.3
Mean temperature— degrees F .................................................. 38.6 43.7 25.8
Suspended solids— p.p.m.

Raw sewage........................................................................ 360 359 362
Primary clarifier effluent................................................... 290 299 256
Intermediate clarifier effluent........................................... 141 141 141
Final effluent...................................................................... 67 61 78

Per cent removal
Primary clarifier................................................................ 20 17 29
Intermediate stage............................................................. 51 53 45
Total— primary— intermediate.......................................... 61 61 61
Final stage......................................................................... 53 57 45
Total................................................................................... 81 .  83 79

Five-day B.O.D.— p.p.m.
Raw sewage........................................................................ • 427 458 372
Primary clarifier effluent................................................... 350 377 303
Intermediate clarifier effluent........................................... 190 194 180
Final effluent...................................................................... 76 79 71

Per cent removal
Primary clarifier................................................................ IS 18 18
Intermediate stage............................................................. 46 49 41
Total— primary— intermediate.......................................... 56 58 52
Final stage......................................................................... 60 59 61
Total.......................... ............. 82 83 81
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Summary of Operation Data (Six Months Ended June SO, 191$)—Continued

A v e r a g e
f o r

6 - M o n t h
P e r i o d

A v e r a g e
D u r i n g

S in g l e - S t a g e
O p e r a t i o n

A v e r a g e
D u r i n g

T w o - S t a g e
O p e r a t i o n

8.5* 18.3
Dosing rate— biofilters— total— m . g. a. d.

28.2* 21.5
45.1

Recirculation ratio— biofilters
2.3* .18

1.5
Dosing rate (final filter— inter, clar. effluent)— m.g.a.d............ 3.7

6.0
3.6
6.2

3.9
5.7

.62 .72 .46
6.43 6.72 5.86
5.26 5.54 4.76

.46 .46 .46
Avg. clarifier overflow rate— gal./s.f./day

483 1,128
1,592 1,275

794 820 753
Avg. Detention period— hr.

3.87 1.60
1.67 1.47

2.73 2.85 2.62
Lb. B.O.D. removed

508 528 460
1,054
1,562

745

1,172
1,700

730

865
1,325

840
2,307

3.58

2,430

3.89

2,065

3.05
Lb. B.O.D. removed per cu. yd.— biofilters

Raw......................................................................................
Settled ................................................................................ 2.42 2.71 1.95

Final filte r................................................................................... .28 .27 .28

* Biofilters in parallel recirculation through intermediate clarifier only.

bilities of accommodating the additional sanitary sewage flow resulting 
from an increase in post population.

In regard to the first, the plant as a whole is approximating expecta­
tions; however, there are certain features of operation, aside from the 
regular efforts to improve efficiency, that will bear more detailed study. 
They are in brief: (1) higher percentage of removals by the primary 
clarifier, (2) determination of the reason for inability to raise the tem­
perature in the digester and also to improve the quality and quantity 
of digested sludge, (3) improve the drying quality of digested sludge, 
possibly by the use of alum and the reconditioning of the drying beds. 
Even with improvement in drying, some additional drying area or 
sludge storage space is needed in view of past experience and with a 
normal expectancy of five months with a mean temperature at or below 
freezing and seven months with an average minimum temperature below
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freezing. Of the above, each is to some extent a function of the others. 
Work on all three is being done and progress will he reported at a 
future date.

In regard to the second, no recommendations are made, this not 
being considered a function of the w riter; however, the following sug­
gestions are submitted for consideration: (1) It is believed that the 
plant, excepting digestion and sludge drying, will accommodate a popu­
lation ot up to 15,000 without additional facilities, provided that the 
biochemical oxygen demand does not exceed seriously the present aver­
age of 0.26 lb. per capita per day and that the sewage flow does not ex­
ceed greatly 70 gal. per cap. per day for any extended period. (2) It 
is felt that any increase in population cannot he accommodated by the 
present digestion equipment. I t is feared that any substantial increase 
in the amount of solids sent to the digester will cause serious operating 
troubles, if for no other reason than an inability to retain a seeding of 
digested sludge. In any event additional drying beds or sludge storage 
space will be required. The positive removal of a large percentage of 
grease at the source and some separate method of handling the skim- 
mings from the primary elarifier would undoubtedly allow some, though 
not too great, an increase in digester capacity.

TRI-CITY (PASADENA), CALIFORNIA (YEAR ENDED 
JUNE 30, 1942)

Fertilizer Production.—A total of 153.8 million gallons of excess 
activated sludge was filtered during the year, producing an average of 
one ton of fertilizer from each 36,939 gallons of sludge filtered.

Fertilizer production during the year was 4,163.55 tons, a decrease 
of 134.35 tons compared to the previous year. Fertilizer produced aver­
aged 1.185 tons per million gallons of sewage treated. Deliveries from 
the warehouse totaled 4,023.25 tons, packaged as follows:

The amount packaged in paper was more than double that of the 
previous year due to the scarcity and high cost of burlap.

Revenue from the sale of fertilizer was $74,625.48 which is equal to 
51.68 per cent of the cost of operating the entire plant, exclusive of 
capital charges. This compares to 57.14 per cent for 1940—41.

Maintenance and repairs during the year were limited to work neces­
sary to keep the plant operating until the waste sludge line was in 
operation.

B y  W i l l i a m  A .  A l l e n

Superintendent

100 lb. burlap 
100 lb. paper 
50 lb. paper

1,612.25 tons 
2,265.20 tons 

145.80 tons

4,023.25 tons
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The fertilizer sales situation has continued very satisfactory, and 
while the market improved we could not benefit by rising prices under 
our existing contract.

Summary of Operating Cost

1 9 4 1 - 4 2

1 9 4 0 - 4 1 1 9 4 1 - 4 2

1 9 4 0 - 4 1
C o s t  p e r  m i l l i o n  
g a l l o n s  t r e a t e d

Sewage treatment
Screening, aeration and clarification.. . S 61,435.37 $ 60,265.97 $17.35 $17.15

Sludge disposal
F iltering................................................ 39,483.30 42,051.65 11.15 11.97
Fertilizer manufacture......................... 37,312.52 42,079.31 10.54 11.98

$ 76,795.82 $ 84,130.96 $21.69 $23.95

Gross operating cost.................................... $138,231.19 $144,396.93 $39.04 $41.10
Revenue— fertilizer sales............................. 78,987.80 74,625.48 (22.31) (21.24)

Net operating cost....................................... $ 59,243.39 $ 69,771.45 $16.73 $19.86

Summary of Operation Data
I t e m  1 9 4 1 - 4 2  A v e r a g e

Tributary population..............................................................................145,581
Sewage flow— total treated...................................................................  3,513.7 m.g.

Average da ily .......................................................................................  9.63 m.g.d.
Per capita daily.............................................................................. 66.1 gal.

Activated sludge data:
Applied air (c.f. per gal.)...............................................................  1.73

Analytical data:
5-day B.O.D.— raw sewage  149 p.p.m.

Plant effluent..........................................................................  13.2 p.p.m.
Per cent reduction..................................................................... 91.1 percent

Organic nitrogen— raw sewage........................................................... 16.4 p.p.m.
Plant effluent..........................................................................  7.1 p.p.m.

Free ammonia— raw sewage.......................................................... 24.0 p.p.m.
Plant effluent..........................................................................  16.5 p.p.m.

N itrite  nitrogen— plant effluent.................................................... 0.99 p.p.m.
Nitrate nitrogen— plant effluent...................................................  2.19 p.p.m.
Suspended solids— raw sewage  303 p.p.m.

Plant effluent  27 p.p.m.
Per cent reduction..................................................................... 91.1 percent

Volatile solids— raw sewage  259 p.p.m.
Plant effluent  24 p.p.m.

Settleable solids— raw sewage.......................................................  9.9 ml. per 1.
Plant effluent..........................................................................  0.2 ml. per 1.
Per cent...reduction..................................................................... 98.2 percent

Alkalinity— raw sewage  297 p.p.m.
Plant effluent  251 p.p.m.

pH— raw sewage............................................................................. 7.2
Plant effluent................................................................................  7.6

Dissolved oxygen— plant effluent.................................................  3.8 p.p.m.



Sludge Dewatering and Drying Discontinued.—Disposal of excess 
activated sludge by means of filtration and drying was discontinued 
June 30, 1942, and the new waste sludge line connecting to the Los An­
geles County Sanitation Districts’ system placed in use. The waste 
sludge line consists of a pumping station, 1,600 ft. of 8-in. cast iron pres­
sure line and 5,788 ft. of 10-in. vitrified clay gravity line. The cost of 
the line was $21,149.48.

¡ Plans for the line, exclusive of the pumping station, were prepared 
by the office of the City Engineer of Pasadena; inspection during con­
struction was also by the City Engineer’s office.
Construction of this waste sludge line eliminated the necessity of a 

large capital outlay to enlarge and rehabilitate the filtering and drying 
plants.

Plant Operation Costs.—Gross operating cost per million gallons of 
1 sewage treated was $41.10, an increase of $2.06 compared to last year.

Net operating cost was $19.86, an increase of $3.13 per million gallons.
The net operation cost per capita (connected) was 47.9 cents for the 

u year.
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IMPORTANT REVISIONS IN SEWAGE WORKS 
PRIORITIES FORTHCOMING

With the recent appointment of the Federation’s Vice President, 
A. M. Pawn of Los Angeles, as engineering consultant to the Govern­
mental Division of WPB, sewage works administrators are assured of 
expert handling of their priority problems by a man familiar with 
sewerage and qualified by experience and training for this task. Mr. 
Rawn assumed his new duties about the middle of April and immedi­
ately undertook the task of revising Preference Rating Order P-141, 
issued to cover public sanitation services when Order P-46 was revoked 
last February. Order P-141 as originally issued does not conform com-

,'uji pletely to CMP Regulation Number 5A, which regulation applies the
,m new Controlled Materials Plan to all governmental agencies, including

provision for maintenance, repair and operation of sewage works. On 
April 24 Mr. Rawn advises that ‘ ‘ order P-141 is being carefully revised 
to eliminate many of the features not applicable to sewerage and it will 
also be the endeavor to include in it a supplemental rating order for 

P* storm drains and rubbish incinerators.”
pu It is also gratifying to note that simplification of project priorities

is receiving consideration. Concernng this, Mr. Rawn reports :
i,p.B

“  The form of application fo r construction of new projects or extensions of old ones 
jlpiil is also being revised to include a specific questionnaire which the applicant may send in
¿peil preliminary to making his form al application fo r  project rating. The questions thereon
er cent are asked in such a manner that the applicant can almost judge fo r himself whether or
pm not his project is an acceptable one.
p.m. “  I t  has also been my intention w ith the authority of those in charge of the Govern­

mental Division of W PB to issue enough inform ation to the Federation so that they may 
prepare a brochure which w ill indicate to the prospective applicant the criteria in the

I.»'
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ligh t o f which an application w ill be judged. This should prove a benefit and should 
lim it applications to those which have a good chance o f being acceptable.

“  I t  may seem that supplementing the Form PD-200 w ith an additional questionnaire 
is merely adding another job to be done. Such, however, is not the case. The PD-200 
requires an accurate breakdown of the job into its component material parts, thus p rio r 
to making the application, the job must be completely designed. The supplemental ques­
tionnaire does not require this detail. Its  questions are general and the answers thereto 
w ill simply be used to establish the essentiality o f the project, not to rate strategic ma­
terials fo r  any other purpose. Then after the essentiality is established the applicant 
may proceed w ith more detailed design w ith more confidence.”

In the meantime, Ordex* P-141 (February 27, 1943) and CMP Reg­
ulation Number 5A (see below) will continue to apply to maintenance, 
repair and operation requirements. As the revised orders and regu­
lations are issued, the Federation will endeavor to keep its members 
informed, either through the J o u r n a l  or by separate mailing.

W A R  P R O D U C T IO N  BO ARD  

CMP Reg. 5A 

March 19, 1943

P a e t  3175— R e g u la t io n s  A p p lic a b le  to  t h e  C o n t r o l le d  M a te r ia l s  P l a n  

[CM P Regulation 5A ]

m aintenance, repair and operating su pplies  for governmental agencies and

in stitu tio n s

§ 3175.5a CMP Regulation 5A— (a) Purpose and scope. (1) The purpose o f this 
regulation is to provide fo r  governmental agencies and fo r  institutions a uniform  proced­
ure fo r  obtaining maintenance, repair and operating supplies, both in the case of con­
trolled materials obtained by use of allotment symbols under the Controlled Materials 
Plan and in  the case of materials or products obtained by preference ratings. Any 
agency or institu tion affected by this regulation requiring maintenance, repair and oper­
ating supplies, in any form, in such quantities as are available from  warehouses or dis­
tributors under CMP Regulation No. 4, or at reta il w ithout preference ratings or allot­
ments, may obtain the same w ithout using the procedure provided in  this regulation, but 
subject to all applicable lim itations in  W ar Production Board regulations and orders.

(2) The provisions o f this regulation shall not apply to any governmental agency 
or to any institu tion to the extent that i t  is engaged in the follow ing services or industries : 
gas, light, power, water or central heating, or to communications (in  so fa r  only as com­
munications are provided fo r  in Order P-130 and P-132).

(b) Definitions. The follow ing definitions shall apply fo r  the purpose o f this regu­
lation.

(1) “ Governmental agency”  means any governmental agency in  the United States, 
its territories or possessions, federal, state, county, municipal or local except claimant 
agencies as defined in  CMP Regulation No. 1 and except any agency specifically excluded 
from  this regulation by order o f the W ar Production Board.

(2) “ In s titu tio n ”  means any institu tion w ithin the United States, its territories or 
possessions, public or private, including but not lim ited to, schools, colleges, libraries, 
hospitals, welfare establishments and churches.

(3) “ Maintenance”  means the minimum upkeep necessary to continue a fa c ility  in 
sound working condition, and “  repair ”  means the restoration o f a fa c ility  to sound 
working condition when the same has been rendered unsafe or unfit fo r  service hv wear 
and tear, damage, fa ilure o f parts or the like : Provided, That neither maintenance nor 
repair shall include the improvement of any plant, fa c ility  or equipment, by replacing
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material which is still usable, with m aterial o f a better kind, quality or design, except as 
provided in p aragraph (b) (5) o f this regulation.

(4) “  O perating supplies ”  means any material or product which (i) is essential fo r 
conducting any activity  or rendering any service by any governmental agency or by any 
institution and (ii) is consumed in the course of conducting such activity or rendering 
such service and (iii) does not constitute capital equipment. M aterials included in any 
finished product produced by a governmental agency or an institution which are normally 
chargeable to operating expense m ay also be treated as operating supplies.

(5) In  addition, there may be included as maintenance, repair and operating sup­
plies, minor items of productive capital equipment and minor capital additions or re­
placements not exceeding $100 (excluding cost o f labor) : Provided, That no capital 
equipment, addition or replacement aggregating more than $100 in cost shall be subdi­
vided fo r  the purpose o f coming within this definition: A nd provided further, That the 
acquisition and use o f m aterials fo r  construction shall be subject to the provisions of 
Conservation Order L -4 1 , as amended from  time to time.

(6) No item specified in L ist A  attached shall be included as maintenance, repair or 
operating supplies, even i f  it would otherwise come within the foregoing definitions.

(7) Production m aterial required by a governmental agency or an institution fo r 
physical incorporation in products m anufactured by it, which products it sells fo r use 
as maintenance, repair or operating supplies, m ay be obtained as provided in CM P R eg­
ulation No. 1  and and in C M P  Regulation No. 3, and such production materials shall not 
be deemed maintenance, repair or operating supplies, as to such agency or institution.

(e) Controlled materials. (1 )  Subject to the quantity restrictions contained in 
paragraph ( f)  o f this regulation, any governmental agency or any institution engaged 
in any activity or rendering any service listed in Schedule I or Schedule I I  attached to 
this regulation, requiring delivery after March 31, 1943, o f any controlled material (as 
defined in C M P Regulation No. 1 )  except aluminum, fo r maintenance, repair or operating 
supplies in the conduct o f such activ ity  or service, m ay obtain the same by placing on 
or accompanying its delivery order with substantially the follow ing certificate (or the 
optional standard certificate provided in C M P Regulation No. 7) signed m anually or as 
provided in Priorities Regulation No. 7 :

CMP allotment symbol MRO 5A— The undersigned certifies, subject to the criminal 
penalties for misrepresentation contained in section 35 (A) of the United States Criminal 
Code, that the controlled materials covered by this order are required for essential mainte­
nance, repair or operating supplies, to be used for a purpose listed in Schedule I  or Schedule 
I I  of CMP Regulation No. 5A and that delivery thereof w ill not result in a violation of the 
quantity restrictions contained in paragraph ( f)  of said regulation.

A il order bearing such certificate shall be deemed an authorized controlled material 
order and shall have the same status as an order bearing an allotment number under all 
applicable CM P regulations unless otherwise expressly provided.

(2) A n y governmental agency or any institution engaged in any activity, or ren­
dering any service listed in Schedule I or II , requiring aluminum in any of the forms 
or shapes constituting a controlled m aterial, fo r essential maintenance, repair or operat­
ing supplies, where the use o f other materials fo r  the purpose is impracticable, may 
obtain the same from  a controlled m aterials producer or from  an approved aluminum 
warehouse, in amounts of not to exceed 100 pounds from  all sources during any one 
calendar quarter: Provided, That any order placed pursuant to this paragraph (c) (2) 
shall be endorsed with or accompanied by substantially the follow ing certificate (or the 
optional standard certificate provided in C M P  Regulation No. 7) signed manually or as 
provided in Priorities Regulation No. 7 :

The undersigned certifies, subject to the criminal penalties for misrepresentation contained 
in section 35 (A) of the United States Criminal Code, that the materials eovered by this order 
are required for essential maintenance, repair or operating supplies to be used for a purpose 
listed in Schedule I  or Schedule I I  of CMP Regulation No. 5A; that the use of other materials 
for such purpose is impracticable; and that the amount of aluminum covered by this order, 
together with all other amounts received by, or on order for delivery to the undersigned, from 
all sources, for such purpose during the same quarter, w ill not exceed 100 pounds.



5 6 8 SEWAGE WORKS JOURNAL May, 1943

A n y  producer or warehouse receiving an order bearing such certificate shall be en­
titled to re ly  thereon and m ay fill order, unless he knows or has reason to believe the 
certificate to be false.

(d) Preference ratings for maintenance, repair and operating supplies. (1 )  Sub­
je c t to the quantity restrictions contained in p aragrap h  ( f)  o f this regulation, and sub­
ject to the restrictions o f p aragraph s (a) (2) and (g) o f this regulation, orders by any 
governm ental agency or institution calling fo r  delivery a fte r M arch 31, 1943, o f m ainte­
nance, rep air or operating supplies other than controlled m aterials (regardless o f whether 
such supplies be Class A  products, Class B  products, or other products or m aterials) are 
hereby assigned preference ratings as follow s :

(1) A A - 1  fo r  maintenance or rep air o f facilities required fo r  any activ ity  or service 
listed in Schedule I  or fo r necessary operating supplies fo r  such activ ity  or service;

(ii) A A - 2 X  fo r  maintenance or rep air o f facilities required fo r  any activ ity  or 
service listed in Schedule I I  or fo r  necessary operating supplies fo r  such activ ity  or 
service ;

(iii) A -10  fo r  necessary maintenance or rep air facilities required fo r  any activ ity  or 
service not listed in Schedule I  or Schedule I I  or fo r  necessary operating supplies fo r  
any such purpose.

(iv) F o r maintenance, rep air and operating supplies fo r  any building devoted p ri­
m arily to any service or activity  listed in Schedule I  or Schedule II , the ratin g  assigned 
to that service is hereby assigned.

(2) A n y  agency or any institution which m aintains a central stores system where 
it is im practicable to charge purchases fo r  inventory against a p articu lar service or 
activity, m ay establish a scale o f percentages fo r  each rating, fo r  each class o f items, 
based upon withdrawals from  the central stores system during the calendar year 1942 
(or its fiscal year ending nearest to December 31, 1942) by the various agencies and in­
stitutions (and departments thereof) and m ay a p p ly  the app rop riate  percentage o f each 
rating to its purchases fo r  the central stores system.

(3) A  preference rating assigned under this p aragraph (d) shall be applied  only 
by use o f the follow ing certification (or the optional standard certificate provided in 
C M P  Regulation No. 7) in lieu o f the endorsement specified in Priorities R egulation No. 
3, signed m anually or as provided in P riorities Regulation No. 7 :

Preference rating .............. (specify rating) : MRO 5A. The undersigned certifies, sub­
ject to the criminal penalties for misrepresentation contained in section 35 (A ) of the United 
States Criminal Code, that the items covered by this order are required fo r essential main­
tenance, repair or operating supplies; that this order is rated and placed in compliance with 
CMP Regulation No. 5A and that the delivery requested w ill not result in a violation of the 
quantity restrictions contained in paragraph ( f )  of said regulation.

A  delivery order bearing the above certification shall have the status o f a delivery 
order bearing a preference ratin g w ith an allotment symbol as provided in C M P  R egu­
lation No. 3.

(e) Departments engaged in several activities. I f  any governm ental agency or any 
institution, or any departm ent or unit thereof, is engaged in several activities which are 
not assigned the same preference ratin g and i f  it is im practicable to apportion  main­
tenance, rep air and operating supplies between such activities, the p rin cipal activity 
alone shall be considered fo r the purpose o f determ ining whether controlled materials 
m ay be obtained under p aragraph (c) o f this regulation, and also fo r  determ ining which 
preference ratings m ay be applied under p aragraph (d ).

( f )  Quantity restrictions. (1 )  No governm ental agency and no institution shall 
use the allotment symbol or preference ratings assigned by this regulation to obtain 
any item o f maintenance, rep air or operating supplies during any calendar quarter in 
an aggregate amount exceeding th irty  per cent o f its aggregate  expenditures fo r  items 
of maintenance, rep air and operating supplies o f the same class during the calendar 
year 1942 (or its fiscal year ending nearest to December 31, 1942) except that any gov­
ernmental agency or any institution engaged in an activ ity  which norm ally requires a 
greater amount o f maintenance, rep air or operating supplies during certain seasons than 
others, m ay use such allotment symbol or preference rating to obtain, during any calendar
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quarter up to but not in excess of, its aggregate expenditures fo r  maintenance, repair 
and opei ating supplies fo r items of the same class during the corresponding quarter o f 
1942 (or such fiscal y ea r). In  neither case, however, shall any governmental agency 
or any institution use such allotment symbol or preference ratings to obtain maintenance, 
repair and operating supplies during the twelve months ending March 31, 1944, in an 
amount exceeding its aggregate expenditures fo r  items o f maintenance, repair and 
operating supplies o f the same class used by it during the calendar year 1942 (or such 
fiscal y ea r). A s  an illustration o f the meaning o f the term “ items o f the same cla ss” 
purchases o f sand and gravel during 1942 m ay not be taken into account in computing 
authorized purchasers o f builders hardware in 1943.

(2) A  governm ental agency or institution which has several departments, branches 
or units which m aintain separate records o f maintenance, rep air and operating supplies, 
shall treat each o f them separately fo r  purposes o f com plying with the provisions of 
subparagraph (1 )  o f this p aragraph ( f ) .

(3) In  the case o f any building or fac ility  operated by any governmental agency 
or any institution which was not in operation during the base period specified in sub- 
paragraph (1 )  o f this paragraph ( f ) ,  the governmental agency or institution operating 
the same may take as a base its expenditures fo r  maintenance, repair and operating 
supplies during the first quarter o f 1943, or during the portion thereof when the building 
or facility  was in operation, reasonably adjusted fo r  seasonal, or other variable factors : 
Provided, That it first notifies the W a r Production Board in w riting of the base which 
it is taking, the reasons therefor, and the nature o f any adjustm ents made. In the ease 
of a building or fac ility  starting operations a fter F ebruary 28, 1943, maintenance, re­
pair and operating supplies m ay be acquired pursuant to this regulation in the minimum 
amounts necessary fo r operation, without other restrictions, up to $500 per quarter. 
I f  more than this amount is required, application should be made in w riting to the W ar 
Production Board fo r a specific quota. In  any case where the base provided in sub- 
paragraph (1) or by this subparagraph (3) is deemed too low fo r necessary operations, 
application may be made in w riting fo r  modification thereof.

(4) The restrictions contained in this p aragraph ( f)  shall app ly  in addition to any 
quantitative restrictions contained in any order in the “  P  ”  series, unless the particular 
P order expressly provides that the restrictions o f this regulation shall be inapplicable. 
The restrictions contained in subparagraphs ( 1 ) , (2) and (3) o f this paragraph (f)  
shall not app ly to any controlled material or other product or material fo r  which a rating 
is assigned on Form  PD-408, as provided in paragraph (g) o f this regulation.

(5) The W a r Production Board may, by furth er regulations or orders, require 
specified persons or classes o f persons, to file applications or reports regarding their 
requirements of maintenance, rep air and operating supplies and may prescribe specific 
quantitative limits fo r the same either larger or smaller than the limits provided in this 
paragraph ( f) .

(g) Restrictions on use of ratings by agencies and institutions using Form PD-408. 
No governmental agency or institution and no branch, department or unit thereof, to 
which a rating fo r maintenance, repair and operating supplies is or may be assigned on 
Form PD-408, shall, during the calendar quarter fo r which such rating is assigned, use 
any rating assigned by this regulation to obtain maintenance, repair and operating sup­
plies. A n y such agency or institution which is assigned a preference rating on Form 
PD—408 fo r controlled materials (other than aluminum) fo r maintenance, repair and 
operating supplies, may place authorized controlled material orders fo r the amount so 
rated, if , but only if, the same are required fo r  essential maintenance, repair and 
operating supplies in connection with any activity or service listed in Schedule I  or 
Schedule II  attached to this regulation. Such orders shall be placed in the manner pro­
vided in paragraph (c) (1 )  o f this regulation including the use o f the certificate and 
symbol therein specified. A n y  governm ental agency or any institution which is as­
signed a preference rating on Form  PD-408 fo r  aluminum fo r  maintenance, repair and 
operating supplies may obtain the same pursuant to the provisions of paragraph (c)
(2) of this regulation subject to the quantity restrictions contained in said paragraph, 
if, but only if, the same is required fo r  essential maintenance, repair and operating sup­
plies, to be used fo r a purpose listed in Schedule I or Schedule I I  of this regulation,
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by using the certificate specified in p aragraph (c) (2) o f this regulation. A n y  govern­
mental agency or any institution which is assigned a preference ratin g on Form  PD^108 
fo r  any m aterial or product other than controlled m aterials, fo r maintenance, rep air and 
operating supplies may, in ap p ly in g  such ratin g fo r  the purchase o f maintenance, repair 
and operating supplies, use the optional standard certificate provided in C M P  R egula­
tion No. 7 w ith the symbol M R O  5A , and a delivery order bearing such certificate and 
symbol shall have the status o f a delivery order bearing a preference ratin g w ith an al­
lotment symbol as provided in C M P  Regulation No. 3. A n y  such agency or institution 
may, at its option, use the certificate specified in P riorities Regulation No. 3 without the 
symbol. The quantity restrictions prescribed in p aragraph ( f )  o f this regulation shall 
not ap p ly  to any controlled m aterial or to any other m aterial or product fo r  which a 
rating is assigned on Form  P D ^ 0 8  fo r  maintenance, rep air and operating supplies.

(h) Penalties for misrepresentation or diversion. (1 )  The p lacin g o f any order 
bearing a certification or symbol as provided by this regulation shall constitute a repre­
sentation, subject to the crim inal penalties o f section 35 (A )  o f the United States Crim i­
nal Code (18 U. S. C. 80), that the person p lacin g the order is entitled, under the terms 
of this regulation to the use o f the symbol or preference rating indicated thereon.

(2) No person shall use fo r  any purpose other than essential maintenance, rep air or 
operations, any supplies obtained pursuant to this regulation, or use any supplies ob­
tained under a preference rating assigned by this regulation fo r  a purpose to which a 
lower rating, or no rating, is assigned. A n y  such use shall constitute a crime punishable 
by fine or imprisonm ent or both. Ph ysical segregation o f inventories is not required, 
provided the restrictions applicable to any specific lot o f m aterial or product are ob­
served with respect to an equivalent amount o f the same m aterial or product.

(i) Inventory restrictions. N othing in this regulation shall be deemed to authorize 
any governm ental agency or any institution to receive any delivery o f maintenance, re­
pair or operating supplies i f  acceptance thereof would increase its inventory above a 
practicable w orking minimum as provided in Section 944.14 o f P riorities Regulation No. 
1, or would exceed the inventory lim itations prescribed fo r  such person by C M P  Regu­
lation No. 2 or by any other applicable regulation or order o f the W a r Production Board.

( j)  Additional assistance in individual cases. A n y  governm ental agency or any 
institution requiring maintenance, rep air or operating supplies which it is unable to obtain 
pursuant to the foregoing provisions o f this regulation, m ay a p p ly  to the W a r Produc­
tion Board fo r additional assistance on such form  as m ay be app rop riate, having regard 
to the m aterial required and the service or activity  involved. I f  no p articu lar form  is 
specified by applicable orders or regulations o f the W a r Production Board, such app li­
cation may be made on Form  P D - 1 A  or, in the case o f a P R P  unit, on Form  P D -2 5F . 
Such application shall be filed w ith the G overnm ental D ivision o f the W a r Production 
Board, W ashington, D. C.

(k) Effect on other orders and procedures. (1 )  The preference ratings assigned 
by this regulation shall supersede the preference ratings assigned by all orders in the 
“ P  ”  series fo r maintenance, rep air and operating supplies w ith respect to m aterials or 
products to be delivered a fter M arch 31, 1942, except as m ay be otherwise provided by 
amendments o f such orders specifically provided to the contrary.

(2) Subject to p aragraph (k) (1 )  o f this regulation, all o f the terms, provisions 
and restrictions contained in all orders in the “  P  ”  series, including definitions, require­
ments fo r  m aking applications and filing reports and other restrictions, except as other­
wise provided in p aragraph ( f)  (3) o f this regulation shall, subject to the inventory 
restrictions o f C M P  Regulation No. 2, remain in fu ll force  and effect until modified or 
revoked.

(3) In  addition, each governm ental agency or insitution which, in accordance with 
existing priorities procedures not covered by “ P  ”  orders, is required to file applications 
or reports with respect to its requirements fo r, or use of, maintenance, rep air or operat­
ing supplies, or is limited in the amount o f such supplies, which it  is perm itted to acquire 
or use shall continue to com ply w ith suc-h procedures until the same are modified or 
revoked.

(4) N othing in this regulation shall be construed to relieve any governm ental 
agency or institution from  com plying with any applicable priorities regulation or order
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of the W ar Production Board (including orders in the “  E,”  “ L ”  and “ M ”  series) or 
with any order of any other competent authority.

(1) Reclassification of activities. A n y governmental agency or any institution which 
is o f the opinion that any activity in which it is engaged should be assigned a rating 
different from  that assigned by this regulation, may app ly  to have such activity reclassi­
fied, by filing a letter in trip licate with the Governmental Division, setting forth the 
relevant facts and the reasons why applicant considers that such request should be granted.

(m) Records and reports. Each governmental agency and institution acquiring 
maintenance, repair or operating supplies pursuant to this regulation, shall keep and 
preserve fo r a period o f not less than two years, accurate and complete records o f all 
such supplies so acquired, and used, which shall, upon request, be submitted to audit 
and inspection by duly authorized representatives o f the W ar Production Board and 
shall execute and file with the W a r Production Board such reports as may from  time to 
time be required by said Board.

(n) Communications. A ll communications concerning this regulation should be ad­
dressed to: Governmental Division, W a r Production Board, W ashington, D. C., R e f: 
CM P Regulation No. 5A.

Issued his 19th day of March 1943.
C u r t i s  E . C a l d e r ,

Director General for Operations.

L i s t  A

The following items are excluded from maintenance, repair and operating supplies as de­
fined in paragraphs (b) (3), (b) (4) and (b) (5) of CMP Regulation No. 5A regardless of 
whether they would otherwise come within such definitions.

1. Fabricated containers (in knock-down or set-up form, whether assembled or unas­
sembled), required for packaging products to be shipped or delivered.

2. Printed matter and stationery.
3. Paper, paperboard, and products manufactured therefrom; molded pulp products.
4. Fuel or electric power.
5. Office machinery or office equipment.
6. Clothing, shoes or other wearing apparel, i f  made of leather or textiles, except that the 

following types may be included in operating supplies when specially designed and used to 
furnish protection against specific occupational hazards (other than weather) :

a. Asbestos clothing,
b. Safety clothing impregnated or coated for the purpose of making the same resistant 

against fire, acids, other chemicals or abrasives,
c. Safety industrial rubber gloves and hoods and linemen’s rubber gloves and sleeves,
d. Gauntlet type "welders’ leather gloves and mittens, and electricians’ leather protector 

or cover gloves,
e. Other safety leather gloves or mittens but only i f  steel stitched or steel reinforced,
f. Safety industrial leather clothing other than gloves or mittens,
g. Metal mesh gloves, aprons and sleeves,
h. Plastic and fibre safety helmets,
7. Eire hose, hose dryers, racks, reels and related products.
8. Fire extinguishers.
9. Any device, equipment, instrument, preparation or other material designed or adapted 

for use in connection with
a. air raid warnings or detection of the presence of enemy aircraft; or
b. blackouts or dismounts; or
c. the protection of civilians, either individually or collectively, against enemy action or 

attack.

Schedule I

P R E F E R E N C E  R A T IN G  A A - 1

Sewers— sanitary and sewage disposal.
Hospitals
Refuse collection and disposal.
Communicable disease control.
Alcan, Panamerican and Trans-Isthmian highways.
Public transportation facilities.
Docks, wharves and terminals.
Police and law enforcement agencies.
Fire protection.
Beacons, markers, and radio devices employed as aids to navigation.
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S c h e d u l e  II
P R E F E R E N C E  R A T IN G  A A - 2 X

Streets and highways providing immediate access to m ilitary or war production facilities, 
and the strategic network and its extensions into and through municipalities.

Federal aid system of highways.
Primary state highways, together with their extensions into and through municipalities 

and arterial streets and highways.
Airports and flight strips.
Dams, levees and revetments.
Canals— waterways.
Flood control facilities.
Storm sewers.
Public dispensaries, clinics and health stations, governmentally-owned or operated not for 

profit.
Penal institutions including prison industries.
Mine safety.
Printing and publishing.
United States Mint.
United States Bureau of Printing and Engraving.
Processing, warehousing, distribution, preparation, serving and inspection of food by 

Governmental agencies only.
Over-all administration including staff services, such as fiscal, procurement, personnel, etc., 

by Governmental ageneies only.
Repairs made necessary by reason of any breakdown of plumbing, heating, electrical 

wiring or equipment, or elevator service in any building or to provide against imminent break­
down of any such facilities by Governmental ageneies only.

Educational institutions.

T I P S  A N D  Q U I P S

A change from crystal to liquid ferric chloride for sludge condition­
ing has effected an annual savings of $700 per year at Marion, Indiana, 
reports Superintendent David Backmeyer. Cost of the rubber-lined 
storage tank installation necessary to handle the liquid chemical was 
$2,650.

# # #

Three British sanitary engineers, evidently having some extra time 
at hand during their temporary detention as prisoners of war in Ger­
many, took advantage of the opportunity to prepare themselves to pass 
the entrance requirements and examination of the Institute of Sanitary 
Engineers, one of the Federation’s British Member Associations. The 
British Red Cross made arrangements for the examination to be given 
and for transmission of the papers to England. All of the three passed 
the examination and were elected to membership in the Institute. The 
incident was considered to warrant special recognition and each of the 
three candidates was presented with a substantial award in the form of 
technical books.

Here is a case of very practical “ post-war planning.” Further­
more, it reveals something of the character of our intrepid British allies.

# # #

The many friends of Professor Max Levine of Iowa State College 
will be interested to know that he has recently been promoted to the rank
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of Lieutenant Colonel in the Sanitary Corps. He is now stationed at 
Brooke General Hospital, Fort Sam Houston, Texas.

Three of Lt. Col. Levine’s sons are also commissioned officers in the 
Army: Lt. Norman D. Levine, Sanitary Corps; Lt. Edgar Levine, Corps 
of Engineeis, now in India j and Lt. Melvin L. Levine, Field Artillery, 
presently attached to the Chemical Warfare Service.

* # #

A P E R P E T U A L  W o Q  S H I F T  S C H E D U L E
and (dtduhded •¡¿lee c f r4?/t<*iye ¿y l/ie
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1944 S H IF T -O -Q R A P H  C A L E N D A R  W ILL BE FU RN ISH ED  IF REQUESTED

F i g .  1 — The “ Shift-o-Graph.”

The industrial waste survey conducted at Springfield, Missouri by 
Superintendent George L. Loelkes * has paid excellent dividends, both 
financially and in improving efficiency at the municipal sewage treat­
ment works. The survey was initiated after an abrupt increase in in­
dustrial and domestic wastes brought about a severe overload at the 
recently enlarged Southwest plant.

* Reported in the Journal of the Missouri Water and Sewerage Conference, January, 1943,
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Flow gagings and sampling of wastes gave the information neces­
sary to enable industries to bring about compliance with the city’s in­
dustrial waste ordinance. In the course of the collection of these data, 
nine industries and 65 residences outside the city limits were found to be 
connected to the public sewer system, all of which users now pay for the 
service. Results of the survey—reduction in flow at the Southwest 
plant from 13 to 9.5 m.g.d., reduction in raw sewage B.O.D. from 830 to 
300 p.p.m. and an additional $2,000 to $4,000 per year into the coffers of 
the City Treasurer!

* * *

Sewage works superintendents in plants of moderate and large size 
may be interested in obtaining a ‘ ‘ Shift-o-Graph, ’ ’ a sort of circular slide 
rule which makes it possible to determine and keep up with a wide va­
riety of rotating work shift schedules. The device, illustrated in Fig. 1, 
is being distributed free of charge by the George S. May Company, 2600 
North Shore Avenue, Chicago, Illinois, as a contribution to the war 
effort.

# # #
Another tip comes from Milliard Pfeifer, assistant of Supt. Walter 

A. Sperry at Aurora, Illinois—a simple arrangement for cleaning gooch
crucibles. A crucible holder (Fig. 2) is connected to the water faucet by

P ig. 2.— Gooch crucible washing arrangement. Note glass connector tube for detaching
when not in use.

a length of rubber hose, by which means the perforated bottom of the 
crucible may be subjected to water under pressure. Obviously, the 
crucible must be gripped firmly with the holder when the water is ap­
plied. Cleans ’em quickly and thoroughly.

* * *
Did you know that income from advertising and sources other than 

membership fees made it possible for the Federation to render services
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to the extent of $7.80 for each Active Member in 1942? And this is just 
the beginning/

How about inducing one (or more) of your fellow workers to become 
a member of your Sewage Works Association? By doing so, you will 
be doing him a great favor.

* * *

Enlist a member—
Or two—or three 

And we ’11 have 3000 
In ’43/



Editorial

S E W A G E  R E S E A R C H — N O W !

The simultaneous publication in this issue of a partial list of re­
search projects now under way in this country (p. 466), and of Abel 
Wolman’s address “ The Post-War Role of the Sanitary Engineer” (p. 
445), should serve to catalyze the lagging progress of research in sewage 
treatment that seems to have occurred since the start of the war. Of 
course, account must be taken of the decreasing number of chemists, 
bacteriologists and engineers in civilian life, but on the other hand, the 
incentive to initiate new studies and to develop new ideas should be so 
much more urgent that those who remain in the research laboratories, 
testing stations, and treatment plants should redouble their efforts to 
add to our knowledge of sewage treatment. Construction and remodel­
ing of civilian sewage treatment works has ceased for the past year or 
more and will continue dormant until the close of the war, but this only 
means that there will be a pent-up flood of new construction and remod­
eling necessary in the next few years, and the question therefore is— 
have we developed, through research, any significantly improved proc­
esses or modifications of processes during this time? Will our new 
works differ appreciably from those installed prior to the war? Will 
the operating results obtained in army camp sewage treatment works 
be applicable to municipal and industrial waste treatment works, so 
that we may know much more about high-rate filters, contact aerators, 
sludge digestion and odor control than we did before the war?

It is obvious that a great deal of attention is now being paid to the 
operation of army sewage treatment works—far more than in the last 
war—but it is doubtful whether there is enough technical control avail­
able to provide adequate and informative data that could be classed in 
the category of research. It is more likely that the records will indi­
cate mainly a log of efforts to cope with overloads, odors, mediocre 
effluents and maintenance problems. There is no time nor justification 
for research in army camp sewage treatment works, and it is therefore 
doubtful whether the records will define any important advance in the 
design and operation of civilian sewage treatment works.

Laboratory research is practically non-existent in army camps, but 
there is still a large amount of work going on in various sewage works 
laboratories, as shown in Dr. Rudolfs’ list of projects, which will be 
completed in our next issue. This type of research could be expanded 
if all laboratory leaders would make a more determined effort to initiate 
research studies.

Another attractive source of research lies in the technical staffs of 
the larger equipment companies and apparently they are taking advan­
tage of the lull in sales of equipment to study and promote new devices
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for improving plant operation. Most of the projects at present relate 
to scum and grease flotation, and while this is of some importance in 
plant operation, it is not a major advance in the field of sewage treat­
ment.

Studies of considerable importance appear to be under way on a 
plant scale, such as stage addition of activated sludge, diffusion of air, 
re-circulation of sludge-containing effluents from trickling filters and 
improvement of the efficiency of mechanical filtration of sludge. In 
most cases these and similar studies are rightly confined to certain 
phases of plant operation and not promoted as new and superior proc­
esses or methods of operation.

These four fields of research—army camps, research laboratories, 
equipment company research departments, and full-scale sewage treat­
ment works—have been cited to indicate the various possibilities for 
advances in the treatment of sewage. Other problems are also urgent 
—industrial waste disposal, sludge utilization, pathogens in sewage, 
stormwater disposal and stream pollution control.

Marked advances in the art of sewage disposal occurred during the 
depression of 1933 and thereafter, when construction was paralyzed and 
time was available for research and development. The present times 
should constitute a recurrence of this cycle and we may hope for new 
and better things in sewage treatment after the war.

If Abel Wolman’s prophecies come true we will need all the re­
sources of our nation to meet the post-war needs of sanitation, and not 
the least of these will be the need for improved methods of sewage 
treatment. Therefore, let us not falter in fostering sewage research, 
but keep our minds actively and intently on how we can improve the 
present methods of sewage treatment.

F. W . M o h l m a n

Editor’s Note: The discussion by A. M. Rawn on page 178 of the 
March, 1943, issue, was out of place and should have been inserted fol­
lowing page 189, as a closure to the “ Forum: Influence of the War on 
Sanitary Engineering,” and not as a discussion of Mr. Langdon’s 
paper.



Reviews and Abstracts

T H E  P O S S IB IL IT IE S  OF A N D  E C O N O M IC S  R E L A T IN G  TO  
O R G A N IC  M A N U R E S  AS A P P L IE D  TO  A IR -D R IE D  

SEW A G E S LU D G E

B y  J o h n  F i n c h

The Institute of Sewage Purification Journal and Proceedings, 98-103 (1941)

The p aper is a continuation o f an earlier report dealing with the program  o f the use 
of air-dried sludge as manure at Rotherham, E ngland, during the last two years o f the 

w ar period.
The production o f food, by the utilization o f all available soil resources in general 

and the utilization o f sewage sludge in particular, during the em ergency in E ngland today, 
is o f prim e im portance. The problem  is how to produce increased quantities o f food from  
land without im poverishing it m aterially as w ell as how to utilize poor soil fo r  food pro­
duction. The m aintenance o f the p ro d u ctiv ity  o f the soil depends p rim a rily  upon 
the supply o f humus m aterial. Town refu se  and different form s o f sew age sludge 
w hich are norm ally w asted, can meet this need. The value o f organic manures 
such as sew age sludge do not depend fo r  their value p rim a rily  on their fertilizer  
content but on the p h ysical effect upon the textu re  o f the soil. S an d y soil can be 
made fe r tile  to a large  degree b y  the application  o f sludge over a period o f a few  
years, by the im provem ent o f the m echanical condition o f the soil, even before con­
sidering the use o f artificial fertilizers. The author refers to the construction o f an acti­
vated sludge plant during the last w ar to replenish the shortage o f artificial manures. 
Judicious presentation o f the facts without over-emphasis to prospective users is essen­
tial. A t  Rotherham the dried sludge is delivered to the users w ithin the economic radius 
(15  miles) o f haulage during the summer time at a cost o f 6 to 7 d. a ton delivered. The 
real m onetary value o f sludge is difficult to evaluate on the basis o f fertilizer constituents 
because o f the lack o f inform ation regarding the chief constituent— humus. N atu ra lly  the 
m onetary value o f activated sludge is higher due to the greater fertilizer ingredients. 
To manure a farm  exclusively by means o f sewage sludge w ould require 30 tons an acre. 
This should be supplemented with a light dosage o f potash. The experience in  Rotherham 
area has been g ra tify in g  in the practical results. The M in istry o f A gricu lture maintains 
that i f  15  tons per acre are used, on potatoes and vegetables, both sewage sludge and 
dung give considerable increases above the level produced by complete artificial fertilizers 
alone. On the whole, dung is somewhat more effective than an equal w eight o f sludge 
but the difference is seldom im portant.

H . H eu kelekian

N O TES ON T H E  S IM U L T A N E O U S  D IS P O S A L O F SEW A G E  
SLU D G E A N D  H O U SE R E FU S E  BY C O M P O S TIN G  TO  

PR O D U C E A G R IC U L T U R A L  F E R T IL IZ E R S

B y  C .  T .  B e a d

The Institute of Sewage Purification Journal and Proceedings, 285 (1941)

This is a short description o f a process developed in Maidenhead, E ngland, which 
has been operating fo r about seven years, fo r  the economical disposal o f sewage sludge
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and house refuse and the production o f a fertilizer . I t  is based on the principle that 
sewage sludge acts as a pow erful ferm ent on pulverized house refuse.

The operation is as follow s: (1) separation o f ash cinders, etc., by screening; (2) 
salvage o f saleable m aterials such as paper, textiles, glass, metal and bones by hand 
picking; (3) pulverization o f the residue; (4) magnetic separation o f tins; (5) the de­
posit o f the pulverized m atter into beds about 3 feet deep; (6) impregnation o f the bed 
with crude sewage sludge; (7) frequent turnings of the impregnated refuse under cover;
(8) m aturing in dumps in the open.

In answer to questions the follow ing points were elucidated: (1 ) the nitrogen con­
tent of the compost m ay he as high as five times that found in farm yard manure; (2) the 
temperature reached during ferm entation is high enough to destroy weed seed; (3) the 
moisture content is not constant since during the latter p art o f the process the material 
is stored in the open; (4) whole output o f sludge and refuse is used; (5) composting bays 
should be under cover; (6) the composting is done within 200 yards of nearest habita­
tion; (7) the refuse collected is 110  tons per week and the compost produced about 45 
tons per week.

H . H eukelekian

T H E  S TR E N G TH  OF SEW AG E: SOME C O M P A R A T IV E  
RESULTS

B y  L. K l e i n

Institute of Sewage Purification Journal and Proceedings, 174-185 (1941)

This is a comparison o f the different methods of assessing the strength of sewage in 
England. The strength of a number o f sewages was determined by the follow ing chemical 
methods: N/80 K M nO i, 4 hr. at 80° F . ; N/8 KMnCh, 4 hr. at 80° F .;  N/80 C e (S O .)2, 4 
hr. at 80° F . ; N/8 K 2C r20?, as well as ammonia nitrogen, albuminoid nitrogen and or­
ganic nitrogen. From  the nitrogen values, the strength was assessed by certain formulae 
and compared with the chemical and B.O.D. methods o f determining strength. W ithout 
going into details o f comparisons o f methods which are not in vogue in this country, the 
follow ing points are o f interest: (1) The oxygen consumed values from  N/8 potassium 
dichromate are m any times greater than values obtained by the other chemical methods 
tried. The author proceeds on this basis to fav o r the form er method as the best single 
chemical method fo r  determ ining the oxidizable organic matter in sewage. (Abstractor’s 
note: More complete destruction o f organic m atter and higher oxygen consumed values 
obtained thereby m ay not necessarily correspond to the availability of organic matter to 
biological oxidation.) (2) N/8 eerie sulfate method, when used in strong sulfuric acid 
solution and digested at 100° C., gave high oxygen consumed values equal in most cases 
to two-thirds of the corresponding dichromate figure and there was a remarkable con­
stancy of ratio between these two methods. (3) There is no relationship between the 
5-day B.O.D. and the oxygen consumed values by the various chemical methods. (4) P er 
cent purification as measured by the B.O.D. test was always higher than the correspond­
ing values obtained by chemical methods. This higher purification value was due to the 
very small value found fo r the B.O.D. o f the effluent. The question is raised as to 
whether the B.O.D. figure really  gives a true measure o f the quality of an effluent. 
(Abstractor’s note: It  is unusual to place the values obtained by chemical methods as 
being more reliable fo r domestic sewage than the B.O.D. on the basis o f the higher values 
obtained by chemical methods, and also on the basis o f the variations obtained by the 
different dilutions o f the B.O.D. P art of this difference in experience as to the value 
of chemical vs. biochemical methods which exist between this country and England may 
be attributed to the larger quantities of industrial wastes present in the sewage in the 
latter country.)

H . H eukelekian
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M A SSA C H U SETTS  D E P A R T M E N T  OF P U B L IC  H E A L T H  D IV IS IO N  
OF S A N IT A R Y  E N G IN E E R IN G  A N N U A L  R E P O R T (1941)

The follow ing is an abstract o f certain sections o f this re p o rt:

Determination of Grease in Sewage.— The grease content o f sewage using various 
solvents was as fo llow s:

S o x h le t  M e t h o d  
P .p .m .

Ethyl eth er...............................................................................  66.1
Chloroform...............................................................................  74.4
Petroleum ether......................................................................  48.1
Carbon tetrachloride.............................................................. 61.3

A  modification o f the wet extraction method fo r  determ ining grease in sewage was 
developed. The acidified sample is boiled over a reflux condenser fo r  30 minutes. I t  is 
then cooled, chloroform  added and refluxed fo r  3 to 5 hours. The chloroform  layer 
form ed in the separatory funnel is filtered, dried and weighed. The comparison o f this 
method with Soxhlet extraction method, using chloroform  is given below :

W e t  E x t r a c t i o n  S o x h le t  E x t r a c t i o n
P . p . m .  P . p . m .

Sample A ........................................................................ 107.7 119.7
Sample B ......................................................................... 84.7 107.5
Sample C ......................................................................... 58.2 63.0

Trickling Filters. Effect of B.O.D. Load.— V arious filters were operated w ith loads 
varyin g  from  2,600 to 11,400 lb. B .O .D . p er acre fo o t per day. The results showed a 
decreasing percentage o f B .O .D . rem oval up to about 5,000 lb. (about 70 per cent re­
moved with 5,000 lb. loadin g). T hereafter the curve flattened out and remained con­
stant. The albuminoid nitrogen reductions are inversely proportional to the load. The 
average relative stability o f the low rate filters was 73 per cent while that o f the high 
rate filters was 19 per cent.

Recirculation of a Higli-rate Trickling Filter Effluent.— One filter is operated at the 
20 m.g.a.d. rate. On two half-days a week the filter is operated without recirculation 
and the balance o f the week the effluent is recirculated in a ratio o f 3 to 1. The average 
results fo r  the year gave a B .O .D . reduction o f 70 per cent during recirculation and 53 
per cent without recirculation. The corresponding suspended solids reductions were 71 
and 65 per cent, respectively.

Effect of Refiltration of a High-rate Trickling Filter Effluent.— The effluent from  the 
high rate recirculated filter discussed above is applied to a trickling filter at the rate of 
11  m.g.a.d. The effluent approaches in quality that obtained from  a low rate filter. The 
effluent is nitrified. The average rate o f the combined system o f double filtration is about 
7 m.g.a.d.

Secondary Filtration of Trickling Filter Effluents.— In  locations where a high degree 
of treatment is necessary only in the summer months it  has been proposed to treat the 
sewage on high-rate filters, except during the summer months when fu rthe r treatment 
through sand filters at relatively high rates might be given. Sand filters including 
effluents from  high rate recirculated filters were capable o f handling flows as high as 250,- 
000 gal. per acre per day w ithout clogging.

T R E A T M E N T  O F  L A U N D R Y  W A S T E S  

B y  J o s e p h  A. M c C a r t h y

Treatment by Trickling Filters.— Raw  laundry waste with a p H  o f 11.0  was applied 
to trickling filters at a rate starting with 1.0 -1.5  m.g.a.d. The beds ripened quickly and 
showed a high degree o f purification. The effluent was free o f turbidity, p ractically  all 
the caustic alkalinity was removed and the grease content was reduced from  267 to 35 
p.p.m. There was no accumulation o f grease and some nitrification was observed when
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the rate was raised abruptly to 10 m.g.a.d. and the filter was unable to take care o f this 
load.

Treatment of Laundry Waste by Coagulation and Settling.— The laundry waste 
treated w ith alum at the rate of 23 gr. per gal. produced a rapid settling floe giving a 
removal o f 89 per cent in  turb id ity , 84 per cent in  fa t and 74 per cent in B.O.D. Ferric 
sulfate (32 gr. per gal.) produced slightly better results than alum. The sludge produced 
w ith alum contained 41 per cent fa t and 74 per cent volatile matter. The sludge from  the 
iron salt was sim ilar in  composition to the alum sludge. The sludges dried rapid ly and 
were not putrescible.

The use of sulfuric acid in  conjunction w ith alum or fe rric  sulfate greatly reduced 
the cost of treatment. The acid could be added either before or w ith the alum. W ith  
ferrisu l the acid should be added first. As much as 70 per cent of the alum and 80 to 90 
per cent o f the fe rric  sulfate requirement can be saved by the us© of acid. Most 
economical results were obtained w ith alum and acid at a final pH  between 4.5 and 5.0. 
A  pH  value between 3.0 and 3.6 gave the lowest costs w ith iron and acid. The use of 
less than optimum amount o f coagulant gave poor results and poor economy. The most 
concentrated sludge was obtained from  acid and fe rric  sulfate.

H . H eukelekian

T H E  S E T T L E M E N T  OF D E T R IT U S  IN  SEW AGE  
T H E  D ESIG N  OF D E T R IT U S  C H A N N E LS

By L. B. E sc k itt 

Civil Engineering (London), 38, 14-16 (January, 1943)

Detritus does not flocculate, but settles at a constant rate, although the particles are 
larger than those which behave according to Stokes’ Law. I t  is to be expected that there 
would be developed theory fo r the design of detritus chambers. In  this country, how­
ever, un til recently, most sewage works have been provided with detritus tanks of “  Royal 
Commission ” capacity, in which no theory of design has been used, w ith the result that 
detritus and heavy sludge have been settled out together.

There are in  England a few constant velocity channels in which the flow is controlled 
by an outlet weir of rectangular form, or better, by a standing wave flume with side con­
tractions only. The velocity is maintained by suiting the cross section o f the channel to 
the weir formula. I f  the weir or flume is rectangular, the channel is of parabolic section.

Constant velocity channels controlled by standing wave flumes were installed at the 
Mogden works o f the West Middlesex Main Drainage scheme. The channels were trape­
zoidal in section but closely approximated a true parabola.

In  the design of constant velocity channels, they should be proportioned or arranged 
that at all rates o f flow the velocity never exceeds, and never fa lls much below, 1 f t .  per 
second. This is the velocity at which granular particles can settle and remain settled in 
the presence of normal turbulence found in  long channels of constant section. The 
length should be sufficient to permit settlement time fo r  the smallest particles fa lling  from 
the surface level to the invert. Additional length should be provided to allow fo r turbu­
lence at the inlet.

In  order to give more complete control o f settling the channel may be designed so 
that the velocity may be varied between 6 in. and 1 ft .  per second. I f  the sewer dis­
charges into a channel w ith the same invert level as the sewer, and which is drained by 
a flume or weir of the same invert level, i t  is possible to insure constant velocity by shap­
ing the channel to a parabolic curve. Calculations may be simplified by setting up a 
table which shows discharge per foot w idth of flume, width of channel per foot w idth of 
flume, and area fo r various heads. To allow variations in velocity a flume of variable 
width, or a gate which closes laterally may be used.

When the velocity is 1 ft .  per second i t  w ill be sufficient to allow fo r  the particle 
which requires 16y2 seconds to fa ll a distance of one foot. Thus, the absolute minimum 
length of channel would be 16% times the depth. I t  is not possible to calculate with
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accuracy the necessary length o f channel because the fa llin g  rates under turbulent con­
ditions are not known. I t  is advisable to make a calculation on the assumption of 
quiescent conditions and allow a large factor o f safety.

In  most cases i t  may be considered unnecessary to allow fo r  any adjustment o f ve­
locity but to design only fo r  a fixed velocity of 1 f t .  per second. This applies particu­
la rly  to small works where adjustable velocity would result in  very shallow flow at the 
higher velocity of one foot per second.

The particu lar advantage of constant velocity detritus channels is that, provided 
they are of sufficient length to give storage of detritus, the sediment is so free from  or­
ganic matter that removal o f g r it  is necessary only at infrequent intervals.

A  paper by M r. C. B. Townend, “  The E lim ination of the Detritus Dump,”  contains 
an excellent description of the design o f the modern constant velocity channel. H is 
method is briefly as fo llow s:

X =  3Q/2H,
where Q =  eu. ft .  per second, II =  depth o f flow in  flume in  feet, X =  w idth o f parabolic 
cross section at maximum water level.

M r. Townend points out that in  cases where the depth o f the channel is the same 
as tha t o f the incoming circular sewer, the w id th  o f the channel w ill sometimes be ex­
cessive. In  such cases the sides o f the channel w ill not be steep and organic matter may 
strand at low flows. This condition calls fo r  two or more channels o f equal total width.

One difference between M r. Townend’s method of design and the w rite r’s is that the 
former, at Mogden, used a settling rate of 1 f t .  in  10 seconds as compared to the w rite r’s 
figure of I 6V2 seconds. The figure of 1 ft .  in 10 seconds may be satisfactory in  practice 
i f  i t  is not desired to settle the finest detritus. The Mogden channels are designed on the 
assumption of frequent removal o f detritus by mechanical means. The w rite r considers 
that one of the advantages o f the constant velocity channel in  smaller works is that it  
eliminates the need of frequent removal o f detritus, and also considers i t  necessary to give 
sufficient length o f channel to provide storage.

T. L. H e r r ic k

P U R IF IC A T IO N  OF STRO NG  SEW A G E BY R E -C IR C U L A T IO N  
T H R O U G H  A P E R C O L A T IN G  F IL T E R

By W. Watson

The Institute of Sewage Purification Journal and Proceedings, 129-135  (1941)

The sewage at Shipley, where the experiments were conducted, contains gas liquor, 
crude ammonia liquor, wool scouring waste and piece scouring and dye wastes. The 
settled sewage has a B.O.D. o f 646 p.p.m. and a grease content o f 600 p.p.m. The regu­
la r plant filters give an average purification o f about 45 per cent w ithout nitrification. 
The rate of application on these filters is 80 gal. per cu. yd. per day. In  the winter, 
ponding occurs on the filters covered w ith a greasy gray slime. I t  was therefore thought 
that recirculation might alleviate this condition.

A  filte r 72 f t .  diameter and 6 f t .  deep was chosen fo r  the experiment w ith recircu­
lation. The arms of the distributors were cut to 50 f t .  diameter and the holes enlarged 
and increased in number. The filte r was provided w ith a separate settling tank and a 
2 in. centrifugal pump.

In itia lly , fo r about a period o f two months, the rate o f application on the experimen­
ta l filters was kept the same as on the regular filters (80 gal. per cu. yd.) but two volumes 
of effluent were returned in  addition. The filters, which had been ponding before the 
alteration, ponded seriously a fter recirculation at this rate was started. Although the 
filte r effluent had small quantities o f dissolved oxygen, i t  was not sufficient w ith strong 
sewages to carry an appreciable quantity of dissolved oxygen to the filte r feed after 
passage through the settling tank. Therefore, the sewage feed was cut to 15 gal. per cu. 
yd. and the recirculated effluent to 220 gallons. The effluent showed instantaneous im­
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provement, the effluent contained humus and dissolved oxygen was present in the recir­
culated effluent a fter settling to the extent of 2 to 4 p.p.m. W ith in  a month, the filte r was 
cleared of surplus humus and was clean. Then the sewage flow was increased gradually 
to 80 gal. and the recirculated effluent put to 160 gallons. A t the end of this period 
when equilibrium was established, purification as measured by B.O.D. figures was 80 
per cent in the experimental filte r as against 49 per cent in the regular plant filters. 
(Ave. fo r  seven months.) Dissolved oxygen results during this period showed that the 
strongest sewages did not carry a surplus o f oxygen around in the recirculated effluent 
but at other times i t  was present. There was no fu rther sign o f ponding in the experi­
mental filter while the regular filters were seriously ponded. In  the summer there were 
only a few Psychoda larvae.

The author concluded that i t  is the presence of dissolved oxygen in the filte r feed 
which has the effect o f dislodging the sludge accumulation and building up of an en­
tire ly  different type o f life . When dissolved oxygen is present, large quantities of slime 
do not form  in the filte r irrespective of whether there is high flushing velocity or not.

H .  H e u k e l e k i a n

SH O R T P E R IO D  M E S O P H IL IC  SLUD G E D IG E S T IO N  AT  
D A V Y H U L M E

By A. H olroyd

A  w ritten contribution to the above paper and an addendum to the paper by C. Jepson
and L. Klein.

The Institute of Sewage Purification Journal and Proceedings, 157-161 (1941)

This discussion deals w ith the method of grease determination of sludge. The method 
used is as follows: (1) Digest 10 grams of dry sludge sample w ith 20 c.c. o f concen­
trated HC1 and 40 c.c. o f water fo r 20 minutes, using a reflux condenser. Then cool.
(2) F ilte r on a 7 cm. Buchner funnel washing w ith distilled water un til filtrate is color­
less. (3) D ry  the residue on the paper. (4) E xtract the dried residue. The following 
table gives the results obtained w ith fou r solvents by such treatment as compared with 
untreated samples.

Series A—Sample simply dried before extraction.

P et. E th e r CS2 E th y l E th e r C hloroform

Per cent extracted....................................... 23.7 22.7 23.7 29.1
Per cent ash in extract................................ 14.7 17.2 16.1 15.3

Series B—Same sample acid treated and washed before extraction.

Per cent extracted....................................... 17.8 17.8 18.3 19.3
Per cent ash in extract................................ 0.15 0.1 0.15 0.38

In  the A  series, soaps are included, however, assuming that the whole extract is
calcium stearate, the ash content should not exceed 10 per cent. In  the B series, the
extracts consist o f fats and fa tty  acids. There should be a standardization of the quan­
tity  of acid added as it  is substantial. The washing procedure may result in the loss of 
small quantities o f acetic and butyric acids but none of the higher fa tty  acids.

An addendum to the original paper by C. Jepson and L. Klein.

The results o f grease extraction of digested sludges using Mr. H olrovd’s technique 
and the untreated method were as fo llow s:
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U n t r e a t e d  S lu d g e A c id  T r e a t e d  S lu d g e  ( H o l r o y d )

%  E x t r a c t e d %  A s h  i n  E x t r a c t %  E x t r a c t e d %  A s h  i n  E x t r a c t

Ethyl ether.................... 7.2 7.2 9.9 0.2
Chloroform..................... 9.8 9.6 11.2 0.44

The ash in the grease extracted by ether contained 42 per cent F e 20 3 and 20 per cent 
CaO . The ash in the chloroform  extract contained 44 p er cent F e 20 3 and 19 p er cent 
CaO . The higher results obtained by using chloroform  are due to the extraction o f larger 
proportions o f soaps as is borne out by the iron and calcium contents o f ash in the ex­
tract. The follow ing table based on experim ental results substantiates this v ie w :

%  E x t r a c t e d %  E x t r a c t e d
b y  E t h e r b y  C h lo r o f o r m

Calcium oleate....................................................... ........  7.2 96.5
Calcium stearate.................................................. ........  2.4 3.8
Ferric stearate....................................................... ........  25.2 94.3
Calcium salt from commercial soap flakes. . . ........  1.4 28.5
Ferric salt from commercial soap flakes......... ........  88.2 96.1

E xtraction  o f calcium stearate by H olroyd ’s acidification method gave 87.7 per cent 
extracted by ether and 87 per cent by chloroform.

W hen these various calcium and iron soaps were digested anaerobically w ith ripe 
sludge, the gas produced in 20 days was greatest from  ferric  salt o f commercial soap 
flakes (850 e.c. per gram  volatile m atter in soap) and least from  ferric  stearate (575 c.c.) 
while calcium stearate did not undergo digestion. The weight o f gas produced was 
slightly greater than the weight o f organic m atter destroyed.

H .  H e u k e l e k i a n

O R G A N IZ IN G  A N D  F IN A N C IN G  SEW A G E T R E A T M E N T  PROJECTS

B y  S a m u e l  A. G r e e l e y  

Proc., American Society of Civil Engineers, 68, 1727-1742 (December, 1942)

This p ap er is limited to special organizations created fo r  the one purpose o f sewage 
treatment which have been organized under enabling acts in m any o f the states. Such 
special organizations fa ll  into three general classes o f adm inistrative functions and pro­
cedures. One class comprises organizations created to function as an arm o f the state. 
The M etropolitan D istrict Commission o f M assachusetts is an organization o f this type. 
A  second class is one created as an arm o f the city, county, or other m unicipal organiza­
tion. A n  organization o f this class functions under the m unicipal governing bodies. 
The M ilwaukee Sewerage Commission is an organization o f this type. The third class 
is one organized as a new, independent, overlappin g m unicipal organization. Once or­
ganized, it functions independently o f other local bodies. Special organizations o f this 
typ e  are the San itary  D istrict o f Chicago, and the M inneapolis-Saint P aul Sanitary 
D istrict.

The classification o f special organizations, in accordance w ith their geographical 
character, includes local, m etropolitan, and regional. L ocal organizations are those hav­
ing the same area and boundary as an existing m unicipality. M etropolitan organizations 
are those com prising a large city and surrounding m unicipalities, and possibly some un­
incorporated territory. Regional organizations are those com prising a large area, in­
cluding a number o f m unicipalities, not necessarily contiguous. They often  include 
considerable county, township, or unincorporated area. The N orth Shore S a n ita ry  D is­
trict, Illinois, is an exam ple o f this type.

There are other kinds o f special organizations. In  C alifornia , fo r  instance, organi­
zation is effected through contracts between adjoining m unicipalities. In 1925, the R iver
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Conservancy D istrict A ct was passed in Illinois fo r the special organization of areas co­
extensive with the drainage basins o f rivers.

A  m ajor reason fo r  the creation of special organizations has been to secure taxing 
and financial powers in addition to those permitted incorporated m unicipalities by con­
stitutional restrictions. In  states with constitutional limitations, special enabling acts 
cannot give this additional power direct to an existing m unicipality.

Special organizations have been called sanitary districts, sewerage commissions, 
authorities, and jo in t meetings. The term “  sanitary district ”  is used in this paper. 
M ost san itary  districts have the power to finance, construct, and operate sewage dis­
posal projects, including intercepting sewers, pum ping stations, treatment plants and 
appurtenances.

The first special organization to be organized in the United States was the Boston 
Main Drainage, which was created in 1876. The second to be created was the Sanitary 
District o f Chicago, organized in 1889. The State of Illinois has had a long and complete 
experience in the organization o f sewage treatment projects. The North Shore Sanitary 
District was organized in 1913, follow ing an enabling act in 1911. The first to be or­
ganized in Illinois under the Enabling A ct of 19 17  was at Decatur.

Special organizations fo r  sewage disposal projects have been organized in eleven 
states. There are fifty-eight such organizations, with a total population served in 1940 
of 13,073,030. Illinois is represented by 46 per cent o f the organizations by number and 
by 36 per cent o f the population.

P rior to the year 1900 there were 45 sewage treatment plants in the United States. 
These plants were in eleven states and served a population o f approxim ately 546,000. 
In  1940 there were 1,726 plants in these eleven states serving a population of 21,501,000, 
and in the entire United States the population served was 40,000,000.

P a r t  I. O r g a n i z a t i o n

In the organization of sanitary districts, civic leaders have been prompted either to 
initiate an enabling act, or to lead the community to avail itself o f existing legislation. 
They are organized to obtain funds beyond the statutory limitations o f the m unicipality 
or component m unicipalities, and to provide fo r  a continuing qualified personnel to ad­
minister the project.

E nabling acts fo r the creation o f sanitary districts are either mandatory or permis­
sive. Those which are m andatory bring the district into existance with the enabling act, 
or follow ing the appointment o f trustees. A ll o f the Illinois acts are permissive. The 
area to be organized must petition fo r an election to determine the question of organizing 
a district. This step takes careful accounts o f the rights o f the small or local munici­
pality. The trend is to continue to safeguard the rights, powers, and interests of the 
local municipalities.

The boundary o f the area to be organized is generally included in the originating 
petition. Some enabling acts require a competent prelim inary engineering investigation 
and report, the purpose o f which is to assist the reviewing body in determining the area 
to be included. There is no such requirement in Illinois. Amendments have been made 
to existing Acts, providing fo r  annexation or disannexation.

In Illinois, the adm inistrative board is appointed by the county judge, except in the 
case of the Sanitary D istrict of Chicago, where they are elected. The trend seems to be 
toward appointment o f the board. In general, compensation o f the members o f the 
administrative board has been nominal. The Trustees o f the Sanitary D istrict o f Chi­
cago are compensated on a relatively liberal basis as it is a very large and complex 
undertaking and requires a considerable portion of their time. In  the other districts 
in Illinois each Trustee receives $300 per year. The trend is toward relatively small 
compensation.

Sanitary districts in Illinois are empowered to levy and collect taxes, and to issue 
bonds upon favorable vote by the people. Amendments to the 1917 A ct in Illinois pro­
vide that the district may apportion and collect an additional charge fo r  the disposal of 
industrial sewage, and may also levy special assessments upon benefited property fo r the 
construction of collecting sewers. None o f the districts in Illinois can establish and
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collect charges fo r sewage disposal service. The Buffalo Sew er A u th o rity  and the 
H am pton Roads Sanitation Commission are limited to the issuing o f revenue bonds fo r 
raising money. The trend is to consider a sewage disposal project as a u tility, to he 
operated on a revenue basis.

Illinois sanitary districts are empowered to levy and collect taxes as soon as organ­
ized. They m ay issue tax anticipation w arrants, or borrow moderate sums fo r  admin­
istrative purposes before tax money is collected. The Buffalo Sew er A uth ority  had no 
means o f securing funds until they issued and sold revenue bonds. The first funds were 
advanced by the Public W orks A uthority  ( P W A ) . A dm inistrative boards should not 
be so lim ited in their early  available  funds as to handicap the progress o f com pleting 
the p roject fo r  which they were created.

Pow ers granted sanitary districts are more or less sim ilar throughout the United 
States. The district has the power to engage engineers, lawyers, accountants, and clerks, 
to acquire right-of-w ay and property, to make contracts, and to build and operate struc­
tures. In  some cases the district m ay contract w ith other districts fo r  sewage disposal.

Throughout the United States there are relatively  few  new organizations. The most 
recent is the H am pton Roads Sanitation Commission (19 41) and the Buffalo Sewer 
A uthority  (1935). There are two reasons fo r  few er new organizations in recent years: 
availibility o f federal funds, and powers given m unicipalities to issue revenue bonds.

P art II . F inancing

The follow ing methods o f financing have been used by special organizations fo r  sew­
age disposal p ro je c ts :

(а) Taxes and borrowings through general obligation bonds;
(б) Funds contributed by constituent m unicipalities w ithin the district;
(e) Special assessments on benefited p ro p erty;
(d ) A ppropriations by the state;
(e) V olun tary contributions; and
(/) Revenues from  service charges and loans secured by the revenues.

A s  the trend in financing has been toward service charges and revenue bonds, the 
discussion in this part of the p aper w ill be lim ited to that method.

There are relatively few  court decisions and rulings by regu latory commissions on 
charges fo r  sewage disposal service. From  the standpoint o f general theory and the 
computation o f rate structures, the application to sewage disposal projects is relatively 
undeveloped. Am ong early rate structures are those at Brockton, M assachusetts, and 
Spokane, W ashington, which were established between 1890 and 1900. A t  the end of 
1938 there were some 600 m unicipalities in 35 states using revenue bonds and the income 
from  sewage disposal charges fo r  financing such projects. In  some cases the revenue 
is sufficient to meet operating charges only, while in others rates produce sufficient 
revenue fo r the entire annual cost o f the project, including operation and debt service 
and, in some cases, a reserve fund fo r  current extensions and replacements.

The various acts gran t different powers as to the amount and use o f revenue from  sew­
age disposal charges. The Ohio law  provides that the revenue shall be used fo r  the p ay ­
ment o f cost o f management, maintenance, operation, and rep air o f the project. A n y  sur­
plus in such fund m ay be used fo r  enlarging or replacing parts o f the p ro ject and fo r 
the creation o f a sinking fun d fo r the paym ent o f any debt incurred fo r  the construction. 
Revenue cannot be used fo r  expansion into unsewered areas.

It  is o f interest to note that about 104 m unicipalities in Canada are reported as hav­
ing established sewage disposal charges. Some 200 m unicipalities in Texas receive sewage 
disposal service from  projects financed by revenue bonds. There are about 26 in Illinois, 
and a number in Massachusetts and New Jersey.

There are three principal kinds o f sewage fo r  which service is ren dered:

Sanitary or domestic sew age;
Storm water, usually com prising the first p art of the ru n o ff; and
Industrial sewage or trade waste.
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The structures to provide the service w ill include combined sewers or separate sew­
ers, and the service charge may be lim ited to a sewage disposal project fo r sanitary or 
domestic sewage only, or fo r  combined sewage. This is an im portant consideration. 
In  some cases, industrial sewage may be excluded, but, in general, much industrial 
sewage is discharged into the system. In  considering revenues and rates, the kind of 
sewage disposal project must be stated. The elements of use or service are:

(a) Treatment and disposal o f sanitary or domestic sewage;
(b) Handling and disposal o f storm water; and
(c) Treatment and disposal of industrial sewage.

The collection of these kinds o f sewage may or may not be part of the project, but 
a consideration and comparison of rate structures should take the element of its cost into 
consideration. Also, the m unicipality must make some provision fo r future growth. 
A  quite general practice in evaluating the quality of the service is to consider that sanitary 
sewage is reasonably measured by the quality o f water used in the dwelling, exclusive per­
haps, o f water used fo r lawn sprinkling, and discharged to the sewage disposal project.

Industria l sewages may affect the cost o f providing sewage disposal service because 
of their greater strength. They may have high oxygen or chlorine demand, or they may 
contain large quantities o f solids or grease, difficult to handle. Fortunately, in many 
municipalities the amount of annual cost o f handling such wastes is not a large proportion 
of the total cost. Frequently adjustments can be made by special rates or agreement 
w ith the industry, in some cases providing pretreatment.

I f  the collecting sewers are combined, some of the storm water reaches the sewage 
disposal project. Capacity fo r this storm water must be provided and part o f the total 
annual cost is required fo r storm-water disposal. This service is more a function of 
the tributary area than o f the use of water. Thus, area is indicated as a possible yard­
stick fo r measuring this service. The evaluation of this yardstick so fa r has been com­
puted from  the assessed valuation, which gives some weight to the extent, area, use and 
value of the property. A  charge on the basis o f value and area appears to be reasonable 
and expedient.

Additional expenditures and annual costs fo r provision of future capacity fo r 
growth o f the city are made fo r the benefit and use o f presently vacant property and 
fo r increased development of presently occupied property. Property is served by the 
sewage disposal project because its use and value are protected. This element o f service 
may also be related to area, perhaps through the assessed valuation.

Thus, fo r combined systems in which the financial structure covers both storm and 
sanitary sewers, a two-part rate is indicated. One part of the rate might be based on 
the use of water and the other on the assessed valuation o f the property within the area 
served, or to be served, by the project. Such a two-part rate has been used at Buffalo 
fo r more than three years.

There are many types o f rate schedules fo r  sewage disposal service, among which 
are the fo llow ing :

(a) A  charge related to the water bill, which may be a percentage of the b ill or may 
be a separate graduated or uniform  scale, related to the quantity of water.

(b) A  flat rate per connection, according to the class or kind of property.
(c) A  charge based on the number and kind of fixtures connected to the project.

The trend seems to be toward rates or charges related to the water consumption, with 
consideration being given to a two-part rate.

Experience in the percentage collection of bills fo r sewage disposal service appears 
to have been favorable. A t Battle Creek, Michigan, current arrears do not, in general, 
exceed five per cent of the bills. A t Lima, Ohio, during the years 1934-1938, inclusive, 
receipts were over 99 per cent of the total bills. Experience at Buffalo has also been 
satisfactory. The actual cash collections have been in excess of 93 per cent of the current 
bills. Some proportion o f the arrears has been in deferred payments by adjoining 
tributary municipalities, with whom contract adjustments were pending.
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G e n e r a l  S u m m a r y

There has been a m arked trend tow ard the use o f revenue bonds and charges fo r 
financing sewage disposal projects. E xperience in selling revenue bonds and collecting 
revenue has been satisfactory. It  seems likely  that this method o f  financing w ill con­
tinue and expand. There is need fo r  a fu rth er clarification o f the structure o f rate 
schedules fo r  sewage disposal service and a classification o f present experience in the 
light o f fundam ental considerations.

T. L . H e r r i c k

W A S T E  D IS P O S A L PR O B LEM S IN  W A R T IM E

B y  E .  W . M o h l m a n  

Chemical and Metallurgical Engineering, 50, 78-SI, 127-131 (1943)

Sewage
The need fo r  m eeting w ar production requirem ents has forced the problem  o f in­

dustrial waste treatm ent and disposal into the background where it w ill probably remain 
fo r  the duration o f the war. Stream  sanitation program s m ay have to be p artia lly  sacri­
ficed during the emergency. H ealth standards, however, must be m aintained.

There is a lack  o f appreciation on the p art o f m any industrial chemists o f the 
mechanism o f the natural purification o f streams, and the best managed industries only 
rarely  make any attem pt to study the relationship between their wastes and receiving 
w ater bodies. Excuses usually offered fo r  fa ilu re  to provide suitable disposal methods 
are lack o f methods fo r  treating their p articu lar wastes or lack o f funds. A  more sen­
sible basis o f procedure would be fo r  the industries to face  their waste disposal prob­
lems squarely and undertake carefu l studies o f them in cooperation w ith consultants 
fam iliar with pollution problems. A  waste prevention and pollution abatement or­
ganization in each industry faced w ith a disposal problem would be o f much assistance. 
It  is unwise to approach the industrial waste problem solely on the basis o f dem onstrating 
the value o f by-product recovery from  the wastes. A  better approach w ould be to con­
sider the objectives o f industrial waste salvage on the basis that such salvage would 
merely reduce the cost o f the inevitable burden o f p roper industrial w aste disposal.

A  certain amount o f salvage from  ordinary sewage has proven practicable. Sludge 
from  various treatment processes can be utilized as fertilizer. I t  is unwise to attem pt 
to sell digested sludge as commercial fertilizer. H ow ever, farm ers should be urged to 
use air dried, digested sludge and it should be made available to them at the p lant site 
free o f charge. P ro p erly  heat-digested sludge is substantially free from  pathogenic 
organisms and can be used on all vegetables that are to be cooked or on tomatoes, corn, 
beans or squash. Possib ly esthetic considerations ban its use on radishes, lettuce, and 
celery. D ried activated sludge is now well established as a commercial fertilizer. It  
has little  phosphoric acid and no potash but the available nitrogen is valuable fo r  green 
crops, cotton, and tobacco.

A  second source o f salvage from  sewage and sewage treatm ent is contained in the 
gas produced by sludge digestion. Sludge gas contains about 70 p er cent methane, the 
chief constituent o f natural gas, and has a net heat value o f 600 B.t.u. per cubic foot. 
The gas can be used fo r  heating sludge digestion tanks, buildings and running gas en­
gines. I t  is used fo r  motor vehicle fu e l in Germ any and B rita in .

Grease recovery from  sewage and sewage sludge is not as a rule an economical 
undertaking. Grease separation processes in sewage treatm ent plants are installed to 
avoid operating difficulties in biological treatm ent units. A n  im portant exception is at 
B radford, England, where grease recovery from  wool w ashing process wastes has been 
demonstrated to be economically sound.

Fish culture using diluted sewage effluents has been practiced fo r  years in Munich, 
Germany. Sewage plant effluents suitably diluted promote the growth o f plankton which 
serve as fish food. Munich reports the production o f about 500 lb. o f carp p er y ea r per 
acre o f fish culture ponds. I t  is unlikely that this practice w ill ever prove p o pu lar in the 
United States, however.
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Sewage and sewage sludge are known to contain plant growth stim ulating hormones 
such as indole, skatole, indole-acetic acid and naphthalene-acetic acid. Their value remains 
questionable, but some o f the stim ulating effect o f sewage and sludge on plant growth 
has been ascribed to these hormones. Sewage may also contain other valuable extracts 
but this possibility remains to be demonstrated.

Industrial Wastes

Industrial waste salvage work offers fa r  greater rewards than does corresponding 
w ork in the field o f ordinary sewage treatment. This is due to the greater value of 
materials present in m any industrial wastes and to their higher concentration. Indus­
trial wastes m ay contain as much as 5 per cent solids while domestic sewage never con­
tains over 0.1 per cent. The N ational Resources Committee has reported that the cost 
o f treatm ent o f industrial wastes throughout the United States would be o f the order of 
$700,000,000. A  recent survey by the U. S. Public H ealth Service of the Ohio River 
Basin showed that industrial wastes reaching that river have a population equivalent of 
nearly 10,000,000. A n  extensive industrial waste survey o f the Sanitary D istrict o f 
Chicago covering a seven year period indicated a total industrial waste population 
equivalent fo r  the D istrict o f 2,700,000, with a daily flow o f 93 m illion gallons, and a 
daily suspended solids contribution o f 172 tons. D ata relating to the cost of treatment 
works, population equivalents in the Ohio R iver Basin, and the results o f the Sanitary 
D istrict survey are summarized in three tables according to type o f industry.

Studies by the author on the problem o f reducing the pollution power o f wastes 
from  the production o f organic chemicals such as dyes, pigments, intermediates and 
detergents have indicated that it is o f importance to concentrate on those processes that 
produce wastes o f greatest population equivalent from  the standpoint o f B.O.D. or sus­
pended solids. The B.O .D . o f organic chemical wastes, m any o f which are germicidal, 
is difficult to determine, but these wastes m ay exert a considerable B.O.D. in dilute so­
lution when seeded with bacteria.

The principle o f recirculation is im portant in the entire field o f industrial waste 
disposal and its value has been demonstrated in many industries. Changing from  “ once 
through ”  to recirculation processes involves considerable study but once the problems 
attendant to this change have been worked out and recirculation is adopted valuable 
by-products may be recovered and a substantial decrease in pollution effected.

T X T  wastes present an im portant problem intim ately related to w ar economy. 
These wastes are o f two main types, the acid or yellow  wastes and the alkaline or red 
wastes. These wastes have no B.O .D . but both have intense colors which persist even at 
high dilution. A ll usual treatment methods applied to these wastes fa il and only 
chlorination, evaporation, or dilution are available as possible means o f treatment and 
disposal. Chlorine w ill grea tly  reduce the color o f the mixed w astes or the red waste 
alone but is now difficult to obtain. Evaporation is an expensive process and requires 
critical equipment such as m ultiple effect evaporators and kiln dryers in addition to 
large quantities o f caustic soda. Investigations have shown that the degree o f dilution 
required to reduce the color to an insignificant value can be accurately determined. 
Where dilution w ater is available, the maximum color that can be tolerated in the 
streams should be determined and the flow required to dilute the wastes to this value 
calculated. W hen stream flows are less than the minimum required, the wastes must 
be stored until higher stream flows are available. Disposal by dilution has been shown 
to be a satisfactory method o f handling T N T  wastes and has resulted in the elimination of 
several evaporation units.

The 1943 quota fo r  alcohol production is 530,000,000 gallons of which 465,000,000 
gallons are to he derived from  ferm entation processes. This introduces the problem o f 
disposal o f the still slop since the enormous amount o f slop produced would tax the 
natural purification powers o f the largest streams. The population equivalent o f the 
still slop derived from  465,000,000 gallons o f alcohol is estimated to be 28,800,000. The 
total sewered population o f the United States is 70,506,000.

Studies by the Chicago Sanitary D istrict o f brewing industry wastes indicated a loss 
of suspended solids to the brewery sewers o f 1.7  lb. o f suspended solids per barrel o f beer
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produced. The population equivalent was 18.6 per barrel o f beer. Pro-rated fo r  all 
breweries in the U. S. these figures give a daily suspended solids load o f 120 tons, and a 
population equivalent o f 26,000,000. Im proved methods o f recovery o f yeast, spent 
grains and possibly dissolved solids should be inaugurated by the industry.

The “ bottling up ” practice o f the corn products industry is cited as an example 
o f salvage from  industrial wastes. The “  bottling up ” process w as put into effect in 
1926 at the A rgo , Illinois, p lant o f the Corn Products Refining Com pany. Recoveries 
were quite profitable and the construction o f a $3,000,000 w aste treatm ent p lant was 
made unnecessary.

Food products including glutam ic acid and betaine are being m anufactured from 
beet-sugar Steffens waste at an Ohio plant.

Y east wastes at one plant in Illinois are p artia lly  treated by digestion and the gas 
produced is utilized fo r heating, etc.

The problem o f the disposal o f wastes from  the sulfite p ulp  process remains un­
solved although hundreds o f patents have been granted in this field. Consideration is 
now being given to the production o f alcohol from  waste sufite liquor. Its use for 
alcohol production would have little  effect insofar as pollution abatement is concerned, 
however.

The author indicates that the wastes from  the m anufacture o f synthetic rubber may 
have a significant B.O .D . and create a waste disposal problem. H owever, the urgency 
of production m ay make necessary the allowance o f a moderate degree o f stream pol­
lution.

The salvage o f phenol from  ammonia-still wastes produced in by-product coke plant 
wastes is especially im portant at present because o f the use o f phenol in plastics and 
explosives manufacture. Two processes fo r  recovery o f phenol are in use, the benzol 
extraction process and the K o p p ers vap or recirculation process.

The disposal o f waste pickle liquor from  steel mills presents a large and difficult 
problem. This is now receiving careful study at the M ellon Institute. Considerable 
attention has been directed to the Ferron process which involves the m anufacture of 
building m aterial from  ferric  hydroxide and calcium sulfate precipitated from  the pickle 
liquor. A n interesting, large-scale process involving the m anufacture o f iron oxide and 
su lfur dioxide from  pickle liquor has been developed by the Chemical Construction 
Com pany.

I f  chromium and chromium salts become scarce and expensive it m ay prove eco­
nom ically feasible to recover chromium salts from  tannery wastes.

Grease can be profitably recovered from  packinghouse wastes by means o f properly 
designed and supervised recovery equipment.

The necessity fo r  treatm ent o f industrial wastes is much more urgent than the need 
fo r  dem onstrating profitable by-product recovery. E xpansion o f basic industries and 
establishment o f m any new types o f chemical industries have increased the industrial 
waste load imposed on streams and lakes to a point where the latter w ill no longer be 
able to assimilate the pollution by natural purification processes unless the wastes are 
adequately treated. Industrial authorities are urged to establish within their organiza­
tions, divisions charged with the responsibility o f investigating waste disposal problems.

P aul D. H aney

A C ID  W A S T E  T R E A T M E N T  W IT H  L IM E

By W illem  R udo lfs 

Industrial and Engineering Chemistry, 35, 227 (Feb., 1943)

The expansion o f the chemical industries because o f the w ar has increased the vol­
ume and variety  o f chemical wastes. These wastes consist chiefly o f acids and alkalies 
with or without small amounts o f salts, solvents and poisons present. The problems 
created by discharge o f these wastes to the sewerage system pertain m ostly to corrosion 
o f sewers and equipment, their effect on biological processes o f sewage treatm ent and 
their interference with fish life  and self purification o f streams.
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The wastes o f five chemical plants were studied with regard to chemical character­
istics, variations in strength and fluctuations in flow. Laboratory experiments were con­
ducted on the treatment o f these wastes by neutralization and on the effect of various 
neutralizing agents.

Table I  shows the variations in  character and flow of the wastes studied:

T a b l e  I

W a s te
N o .

P r i n c i p a l
I n g r e d i e n t s p H A c id i t y

P .p .m .
A lk a l in i t y

P .p .m .
T y p e s  o f 

A c id s

F lo w ,  g a l .  p e r  d a y

M in . M a x .

1 Acids, Alkalies....... 2.0-8.6 0-900 0-85 H 2SO4, HC1, 
HNO3

14,400 35,000

2 Acids, Alkalies, Sol­
vents, Poisons,
Salts..................... 1.7-10.5 0-1,180 0-1,140 H 2S04, HC1 865,000 1,800,000

3 Acids, Alkalies....... 0.9-1.4 9,000-11,800 0 h 2so4, h n o 3 3,400,000 7,800,000
4 Acids, Alkalies, Sol­

vents .................... 1.0-3.2 250-4,000
0-3,000

H 2S04, HC1 
H 2S04, HC1

325,000
90,000

365.000
160.0005 Acids, Alkalies....... 1.8-4.3 0-5,000

Some of the wastes varied widely in pH  due to the interm ittent discharge of acids and 
alkalies. For the most part they consisted mainly o f mixtures o f acids as indicated. 
A ll contained cooling and wash waters. Wastes 2, 4 and 5 contained small amounts of 
domestic sewage.

Considerable experiment established that the most effective method of treatment fo r 
these wastes are:

1. Neutralization by filtering through a calcium limestone bed with a 5 minute con­
tact time.

2. Equalization of flow and neutralization to pH  6.0 w ith high calcium hydrate.
3. Neutralization w ith high magnesium hydrate and soda ash.
4. Equalization and neutralization with high magnesium hydrate.
5. Neutralization w ith dolomitic limestone and aeration.

I t  is evident that the method of neutralization is influenced by the ingredients other 
than acid or alkali in the waste.

During the course o f the experiments the behavior of various neutralizing agents on 
the waste from  a nitrocellulose plant was studied. The wTaste chosen had a total acidity 
of 11,810 p.p.m. w ith 3,660 p.p.m. n itric  and 8,150 p.p.m. sulfuric acid. I t  also contained 
some solvent and a small amount of nitrocellulose floe.

The general procedure consisted in treating the waste in beakers fitted w ith a rapid 
s tirring  devise and an instrument to measure pH.

Keeping the contact period constant at 30 minutes, the quantities of neutralizing 
agent were determined. Table I I  gives the theoretical quantities required, the actual 
amounts used and the resultant pH.

T a b l e  I I

T y p e  o f  L im e T h e o r e t i c a l
P .p .m .

A c tu a l
P .p .m .

F in a l
p H

High calcium-hydrate................................................ 9,200 9,250 8.6
Dolomitic hydrate..................................................... 7,020 7,750 8.5
High calcium limestone............................................. 12,240 13,000 4.7
Dolomitic limestone.................................................. 10,930 15,000 1.4
High calcium quickline........................................... 6,900 9,000 3.4
Dolomitic limestone....................................... 6,000 8,000 3.3
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Calcium and dolomitic quicklime were unsuitable because o f balling caused by coating of 
the lime particles with sulfate before hydration could take place. Dolom itic limestone 
required quantities fa r  in excess o f the theoretical amounts to produce satisfactory  re­
sults. Calcium  limestone form ed CO.- most o f which could be removed by aeration. 
Less dolomitic hydrate is required than calcium hydrate.

The effects o f concentration, the time o f contact and the w eight and volume o f sludge 
form ed were studied fo r  each neutralizing agent. I t  was concluded that fo r  this typ e  of 
waste, dolomitic hydrate was best fo r  neutralization although it produced somewhat 
larger amounts o f sludge.

Studies using caustic soda and soda ash indicated that soda ash was preferable be­
cause it did not produce the intense colors caused by caustic soda. H ow ever even this was 
undesirable because o f intense foam  form ation.

M ixtures o f soda ash and lime were next studied. Experim entation showed that 
unless the lime was added first, carbonization o f the lime particles by the C 0 2 produced 
occurred. The w eight o f sludge form ed by this treatm ent increases w ith the amount of 
dolomitic hydrate used. W ith  lower amounts o f soda ash, however, the sludge becomes 
more voluminous and more difficult to dewater. The smallest volume and lowest dry 
w eight was produced when the acids were neutralized w ith 80 p er cent dolomitic hydrate 
and 20 per cent soda ash. This sludge did not settle as well as that produced by the 
lime alone.

The time o f contact required fo r  neutralization also increased with increasing 
amounts o f  soda ash. W ith  10 p er cent soda ash the contact time w as h a lf that required 
when 50 per cent was used. This is probably due to the form ation o f large volumes of 
CCk which are not released even w ith vigorous stirrin g fa s t  enough to prevent carboniza­
tion o f the lime.

Sim ilar studies were made fo r  the other wastes mentioned and the most suitable type 
o f treatment determined as indicated previously.

E . H u r w i t z

P E N N S Y L V A N IA  A N T H R A C IT E  AS A F IL T E R  M E D IU M

B y  H. G. T u r n e r  

Industrial and Engineering Chemistry, 35, 145 (Feb., 1943)

In the preparation o f anthracite coal fo r filter use, care is given in the selection of 
the m aterial to obtain a low ash m aterial o f the correct shape and to control the particle 
size to fit the specific use fo r which the filter is designed.

U nlike sand, which is chiefly silica, anthracite is essentially carbon and is therefore 
inert to acids, alkalies and other chemicals. Its  particle shape is conchoidal and its 
particle charge is negative and much stronger than the charge on sand.

In  the removal o f solids from  liquids on filter beds, the filter media serve as en­
trap pin g agents rather than as strainers. Since the degree o f entrapm ent is directly 
proportional to the surface area, the sharp angular particles o f “ anthrafilt ”  are more 
efficient than the same size sand. I t  has been found that “ anthrafilt ” having an effec­
tive size o f 0.70 mm. and uniform ity coefficient o f less than 1.60 removes the same amount 
o f solids as rounded sand with an effective size o f 0.45 and a un iform ity coefficient 
of 1.60.

“ A nthrafilt ” weighs about 50 lb. per cu. ft. compared with 100 lb. fo r  sand. B e ­
cause o f its light weight, the 50 per cent expansion desirable in filters is easily obtained 
w ithout in creasin g backw ash velocities. A lso  since coarser “ anthrafilt ”  can be used to 
obtain efficient removal, longer runs between backwash periods are possible.

The first mention o f the use o f anthracite fo r  sewage w ork was made in a report of 
the Lawrence E xperim ent Station  fo r  1910. The rep ort describes a filter in which 
anthracite was used and which was operated at a rate o f 800,000 gal. per acre per day 
from  1901 through 1910. D uring this time the filter removed “ large percentages of 
suspended m atter from  the sewage and by some biological process not fu lly  understood 
appears to destroy this m atter with great rap id ity.”  “  A nthrafilt ”  has since been used
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successfully fo r sewage filtration, filtration o f chemical wastes and filtration o f cannery 
wastes.

From  the standpoint o f degradation “ anthrafilt ” and sand have about the same life. 
“  A nthrafilt ”  resists incrustations on its surface and from  this standpoint, it w ill last 
twice as long as sand.

The cost o f anthrafilt per ton is greater than sand hut since it has only h a lf the 
weight per cu. ft., it is no more expensive volume fo r volume.

E. IT U R  W I T Z

IL L IN O IS  W A T E R  L IT IG A T IO N , 1940-1941

B y  L a n g d o n  P e a r s e  

Proc., American Society of Civil Engineers, 68, 1689-1713 (December, 1942)

The State o f Illinois, in a petition dated Jan uary 1 1 , 1940, requested a tem porary 
relaxation in the order restricting the flow o f w ater from  Lake M ichigan to relieve con­
ditions in the u p p er Illinois W aterw ay, particularly  at Joliet. The diversion has been 
restricted to an annual average o f 1,500 c.f.s. in addition to domestic pum page since 
Jan uary 1, 1939, by an order o f the United States Supreme Court dated A p ril 21, 1930.

A  W a r Departm ent perm it dated M arch 3, 1925, limited the diversion to 8,500 c.f.s. 
This perm it expired on December 31, 1929. A  new perm it was then issued authorizing 
an annual average diversion o f 7,250 c.f.s., or such lesser annual average diversion as would 
restrict the average annual flow at Lockport to 8,500 c.f.s., until J u ly  1, 1930.

The Suprem e Court decree provided that the diversion should be reduced to 6,500 
c.f.s. on J u ly  1, 1930; to 5,000 c.f.s. on December 31, 1935, and to 1,500 c.f.s. on December 
31, 1938. A  controlling works was also to be built at the mouth o f the Chicago River. 
The reductions were made on schedule and the controlling works were built. The decree 
does not sp ecify  the type o f sewage treatment works to be built by the Sanitary D istrict 
o f Chicago or when they shall be completed.

The depression retarded tax collections in 1931, 1932, and 1933 and stopped the 
Sanitary D istrict from  selling bonds because o f the technical default o f its then outstand­
ing issues. Hence the schedule of the completion o f the sewage treatment works o f the 
Sanitary D istrict was upset. Treatm ent provided was sufficient to show some im prove­
ment in the condition o f the upper Illinois W aterw ay until the final reduction at the end 
o f 1938, when the flow was reduced so greatly  that conditions were created that were worse 
than at any other time in the preceding 30 years.

The Special M aster had been instructed to determine the diversion required fo r the 
P o rt o f Chicago. This was interpreted to include the Main Channel at Lockport. Thus 
conditions below Lockport were ignored in preparing the 1930 decree because the Des 
Plaines-Illinois R iver system between Lockport and U tica was not then a navigable water 
o f the United States. B y  the R iver and H arbor A ct o f Ju ly  3, 1930, the entire waterway 
from  the Chicago R iver to U tica became a navigable w aterw ay o f the United States.

This p aper is concerned p rin cipally  with the happenings in the upper pool, known 
as Brandon Pool. I t  extends from  Lockport to the Brandon Road Dam, a distance of 
4.84 miles, through the heart o f Joliet. The pool varies in width from  200 ft . to 1,400 ft., 
with a maximum depth o f 27 ft. Before the closing o f the Brandon Road Dam, in 1933, 
flow in the section through Joliet was very  rapid, resulting in a high rate o f re-aeration. 
To the end o f 1938 little  was heard of conditions in the pool, though sludge was accumu­
lating in it.

W ith  the reduced diversion conditions changed rapidly fo r the worse. The 5-day 
B.O.D. at Lockport rose rapidly. The dissolved oxygen disappeared not only at Lock­
port but upstream fo r  30 miles into the Chicago R iver at Damen Avenue. In the summer 
o f 1939 the outcry from  Joliet became so great that the State o f Illinois applied fo r  a 
perm it to increase the diversion to 5,000 c.f.s. in addition to domestic pumpage, until 
December 31, 1942. On A p ril 30, 1940, the Court ordered that the petition and the 
return o f the Com plainant States be referred to Monte M. Lemann as a Special Master. 
H e was directed to
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“ . . . make sum m ary inquiry and to report to this Court with all convenient speed 
w ith respect to the actual condition o f the Illinois W aterw ay by reason o f the introduction 
o f untreated sewage, and whether, and to w hat extent, i f  any, that condition constitutes 
an actual menace to the health o f the inhabitants o f the Com plaining Communities, and 
also with respect to the feasib ility  o f remedial or am eliorating measures available to the 
State o f Illinois without an increase in the diversion o f w ater from  Lake M ichigan.”

The hearings were held in Chicago, and the case was argued in N ew Orleans, La., 
in F ebruary, 1941. The M aster rendered a report to the C ourt on M arch 31, 1941. On 
M ay 26, 1941, the Court denied the petition.

A fte r  the completion o f the hearings the petition was modified. In  the revised pe­
tition Illinois requested a tem porary increased diversion during the warm er months o f 
1941 and 1942 sufficient to m aintain a minimum o f 1  p.p.m. o f dissolved oxygen in the 
Brandon Pool. The increased flows requested in this petition amounted to annual aver­
ages o f 2,000 c.f.s. and 1,250 e.f.s. in 1941 and 1942, respectively.

M in im u m  D issolved Oxygen

W itnesses fo r  Illinois testified that in the absence o f sludge deposits at least 1  p.p.m. 
o f dissolved oxygen is n ecessary to p revent nuisance. In  N ew  Y o r k  vs. N ew  Jersey, 
256 U. S. 296,311, decided in 1921, the M aster expressed his belief that the w eight of 
opinion is that the presence o f any dissolved oxygen is sufficient. In  that case, however, 
the Court held that 25 p er cent to 50 per cent o f saturation is necessary to prevent offen­
sive odors from  decomposing organic m atter deposited in the body o f w ater under con­
sideration. On that basis, 2 to 4 p.p.m. dissolved oxygen would be required in the warmer 
months in Brandon Pool.

The evidence shows that the most im portant facto r responsible fo r  the fo u l condi­
tions o f the Main Channel and Brandon Pool is undoubtedly the deposits o f putrefactive 
sludge that form ed since the diversion was reduced. In  the B randon Pool these deposits 
have form ed since 1933, from  residual solids in the effluents o f the various treatment 
works o f the San itary  D istrict, from  raw  solids, the discharge o f sludge at the W est and 
Southwest works o f the D istrict, and from  storm -water solids. W itnesses fo r  both sides 
agreed that these sludge deposits have a high demand fo r  oxygen, and are the most im­
portant facto r in the production o f the fo u l conditions noted. They agreed that the dis­
charge of settling solids, whether in p artly  treated sewage or as sludge, should be stopped 
as soon as possible. This is w hat the San itary  D istrict program  contem plates doing.

The sludge deposits require a long time to lose their p u trefactive  character. Dr. 
Mohlman testified that a test o f the oxygen demand o f sewage sludge overlaid by Illinois 
R iver w ater showed consumption o f oxygen fo r  more than 1,100 days. F o r  the first 
400 days this w as confirmed in other tests by Dr. W . R udolfs. Results show that during 
the first summer the loss o f oxygen m ay range from  50 p er cent to 55 p er cent. The 
follow in g summer possibly 20 to 25 per cent more o f the oxygen demand m ay be de­
stroyed.

T h e  H ealth  P roblem

The proceedings before the M aster were clearly divided into three p a r ts :

1. Com plaints and the health conditions along the W a terw a y ,
2. Status o f sewage treatm ent by the San itary  D istrict and the outlook fo r  the sum­

mers o f 1941 and 1942; and
3. A vailable  remedial or am eliorating measures.

Illinois contended that the present condition o f the Illinois W aterw ay in the Joilet- 
Lockport area constitutes not only an actual menace to health but also a definite in ju ry  
to health. The evidence shows a tw o-fold health p ro b lem :

(а) The actual detriment to health caused by the inhalation o f gaseous odors ema­
nating from  the W a terw a y; and

(б) The potential hazard, danger, or menace to health occasioned by the present 
highly polluted and fo u l conditions o f the W aterw ay.



The O pposing States contended

“ . . . that the phrase ‘ actual menace to health ’ as used in the order of the United 
States Supreme Court means the effects on the health of the people residing near the 
W aterw ay must be real and exist in fact, as opposed to any potential, speculative, hypo­
thetical views on what might happen, unsupported by any real cases or actual happen­
ings.”

They m aintain that at most the evidence shows only annoyance, discomfort, and incon­
venience suffered by some people.

Complaints of Lay Witnesses at Joliet.— Com plaints as to the W aterw ay came 
chiefly from  people residing near the pool in Joliet. A ll  complaints were based on the 
offensive odors from  the pool, and the effects ascribed to them. No water from  the 
W aterw ay is used fo r drinking purposes, and there is no swimming in it.

A  total o f 127 witnesses testified at Joliet. O f these, 15 were physicians and 24 
were nurses and employees o f a Joilet hospital. The complaints were generally that in 
the hot months o f 1939 the pool gave off extrem ely offensive odors, which in many cases 
caused nausea, lack o f appetite, or inability to sleep.

The H ealth Commissioner o f Joliet received hundreds o f complaints in June, July, 
and A ugust, 1939. H e stated that there was danger o f an epidemic from  flies and mos­
quitoes alighting on the scum; that the stench was nerve-racking; and that the odorous 
gases irritated the mucous membrane o f the nose, throat, and sinus. The other fourteen 
Joliet physicians considered the pool a menace to health fo r sim ilar reasons.

Statistics on reportable diseases in Illinois show that the case rate in 1939 was less 
in W ill County (in which Joliet is located) than the average fo r  the state except fo r 
poliomyelitis, m alaria, and influenza. The typhoid rate in W ill County was 0.9 per
100,000 as compared with an average o f 1.8 fo r  the years 1930 to 1938, and a rate o f 
1.4 fo r the state.

The M aster concluded that no cases o f specific illness clearly attributable to the 
W aterw ay were cited by the physicians.

Testimony by Opposing States on Health Conditions.— Casual tests on A ugust 3, 
1940, disclosed no trace o f hydrogen sulfide in the air over the pool. Bacterial tests on 
July  16, 1940, showed only the usual bacteria found in air to be present. Samples o f
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water from  the pool on September 28, 1940, showed hydrogen sulfide from  0.1 to 0.2 
p.p.m. Various experts testified that there was no possibility o f an epidemic in the 

t  adjoining community due to the transmission o f germs or bacteria by air from  the W ater-
Ill way.

A  toxicologist testified that hydrogen sulfide in the air, concentrated as low as 50 
p.p.m., may cause nausea. A  concentration o f 100 p.p.m. may cause local irritations
and depression o f the nervous system, but doubted if  such a concentration could occur

ft in the air over the pool.
A ll the physicians, health authorities, and sanitary experts who appeared fo r the 

O pposing States agreed that the W aterw ay did not constitute a menace to the health of 
persons livin g along it.

Testimony for Illinois on Health Conditions.— A  toxicologist fo r Illinois testified
that complaints o f nausea, headaches, insomnia, and loss of appetite “ may have been 
caused by hydrogen sulfide.”  H e could not refer to any record in medical literature 
where an individual was overcome in the open air from a polluted W aterw ay. Upon 
exposure to more than 20 p.p.m. but less than 50 p.p.m., the average person would com­
plain o f irritation o f the mucous surfaces o f the eyes, nose, and throat. H e considered 
the condition o f the w aterw ay a very definite menace to health. A n y  contamination of 

Joild-1; the air is a menace i f  a sound state o f health is upset.
juju? A  physiologist fo r Illinois regarded the pool as a menace even i f  the w ater is not

used fo r  drinking or bathing. H is conception o f a menace to health was typified by 
conditions which, through accidents or any ordinary course of human events, can lead to 
in ju ry  to health. H e used the words “  menace to health” in a scientific sense as a theo­
retical danger which cannot be measured in any statistics or in any outward observation 

ft-'®1 by a physician. In his opinion the fact that the communicable disease rate in Joliet
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is no higher than in other places is no faeto r in determ ining whether the pool is a 
menace to health. A nother physiologist corroborated, holding that the disturbances re­
ported due to odor showed an unhygenic condition w orking to a detrim ent to the health 
o f the people.

General A u tho rities on S ewage Odors

Reference was made to a report o f the Am erican Pu blic H ealth A ssociation which 
stated :

“ A  long prevalent theory that sewage odors are directly responsible fo r  disease has 
been definitely refuted. I t  is now realized that the physiological effect, i f  any, is indirect. 
Odors, by causing w orry, loss o f sleep, loss o f appetite, etc., m ay be a contributory cause 
o f ill health, and certainly cause discom fort. The courts, in  general, have held that the 
creators o f an odor nuisance are responsible therefor, and as fa r  as m unicipal sewage 
disposal is concerned, the odor hazard appears to have been shifted from  the public 
health to the public pocketbook.”

M. J . Rosenau, M .D., w as quoted:

“ W hile odors m ay be unpleasant, they are not known to seriously influence health. 
Contrary to common opinion, they are by no means a reliable sign o f danger.”

“  The effect o f odors upon health is not well understood. Odors influence the nervous 
system in various w a y s ; some stimulate, others depress.”

Conclusions as to H ealth  Conditions

F o r m any years there have been odors from  the Des Plaines R iver at Lockport and 
through Joliet. In  1925 when the river flowed over rapids at Joliet, the odors were 
offensive. From  1930 to 1938 conditions at Joliet im proved, notw ithstanding the reduc­
tions in the flow from  Lake M ichigan because o f the added treatm ent which the Chicago 
sewage grad ually  received. W hen the flow w as reduced at the end o f 1938, conditions 
retrogressed and complaints ensued from  the residents. They com pared the 1939 con­
ditions with those prevailing in 1938 and those im mediately p rior to 1938. They had 
forgotten  the conditions prevailing p rio r to 1930, or fe lt  that the im provem ent should 
continue.

The M aster concluded that the Court did not use the expression “  menace to health ” 
in the sense which physiologists fo r  Illinois ascribed to it. W ith  that definition the 
stream would continue a menace as long as any untreated sewage is discharged into it, 
and an increase o f the flow to 5,000 c.f.s. would not elim inate the menace. H e then 
stated that

“ I t  is obvious that the presence o f untreated sewage in an open stream  is not in 
accordance w ith p roper standards o f sanitation and should be abated.

“ The record leaves no reasonable doubt as to the safety  o f the w ater su p p ly  of 
Joliet and Lockport. N or can the effect o f odors upon invalids and persons o f less than 
average health be accepted as any test o f health m enace; even in cases o f p rivate  nuisance 
the test is the effect o f the acts com plained o f upon persons o f ordinary sensibilities and 
in normal health. In  the present case it is Illinois itself which is creating the nuisance 
o f which it com plains and o f which it seeks to be relieved b y  w ater which has in effect 
been adjudged by the Court to belong to the opposing States.

“ M y conclusion is that the facts  proven do not establish any menace to the health 
o f the inhabitants o f Joliet and Lockport or elsewhere along the W aterw ay requiring an 
increase in diversion in w ater from  Lake M ichigan.”

P resent Status op S ewage Treatm ent by t h e  Sanitary D istrict

The Sanitary D istrict comprises 442 sq. mi., including Chicago and 59 other m unici­
palities. The area is divided into fo u r main p rojects with sewage treatm ent facilities  as 
fo llo w s :
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T r e a t m e n t
W o r k s

D e s ig n
C a p a c i t y

M .g .d .
T y p e D a t e  i n  S e r v ic e S lu d g e  D ia p o s a l

North S id e .. 250 Act. Sludge Oct. 3, 1928 Pumped to the Southwest Works
Calum et. . . . 136 Act. Sludge Dec. 3, 1935 Dewatered, and dried for burning or 

sale as fertilizer.
West S id e ... 472 Imhoff Tank June 2, 1930 Drying on sand beds.
Southwest. . 400 Act. Sludge June 27, 1939 

(First battery of 
aeration tanks)

Dewatered, and dried for burning or 
sale as fertilizer.

The Racine Avenue Pum ping Station was placed in service on March 20, 1940, com­
pleting the pickup o f sewage except fo r  some minor sewers with a flow o f about 70 
m.g.d. B y  Septem ber 26, 1940, all but about 35 m.g.d. was connected.

The equivalent population o f the Sanitary D istrict is as follow s (exclusive o f the 
Corn Products Refining Com pany) :

P o p u la t i o n 1 9 3 0 1 9 4 0 1 9 4 1

Human (U. S. Census)..................................... ‘“>3,901,569
1,486,000

3,962,514 
»>2,237,000

3,962,514
2,549,300Industrial E quiv.............................................

T o ta l............................................................. 5,387,569 6,199,514 6,511,814

<o) Estimated. (6) April to December, incl.

The D istrict has spent about $166,300,000 fo r  intercepting sewers, pum ping stations, 
and treatment works to December 31, 1941. I t  was estimated that $11,756,900 was re­
quired to complete the program . The principal items to be built were aeration and 
settling tanks and extensions to the blower house and sludge handling plant at the W est- 
Southwest works.

P r o g r e s s  i n  T r e a t m e n t

The flow o f sewage treated increased from  67.9 m.g.d. in 1928 to 929.9 m.g.d. in 1940. 
A  total o f 53,970 tons o f sludge (dry basis) were discharged to the Main Channel in 
1939. In  1938 the figure was 44,198 tons. No sludge was discharged after September 
16, 1940.

The volatile solids entering the Main Channel decreased from  a total o f 145,572 tons 
in 1936 to 76,472 tons in 1940. The Southwest W orks lacks blowers and sludge handling 
equipment, and activated sludge treatment was given only to sufficient sewage to produce 
solids within the capacity o f the dewatering and drying equipment. The remainder 
received prelim inary treatment only.

A v a i l a b l e  R e m e d i a l  M e a s u r e s

I t  was the contention of Illinois that an increased diversion was the only immediate, 
feasible, remedial measure available fo r  relief o f the critical situation at Brandon Pool. 
E xpert witnesses fo r  Illinois testified that a diversion o f 5,000 c.f.s. would improve the 
conditions over those existing prior to 1939, and that no other tem porary measures are 
available which can be quickly applied. W itnesses fo r the Opposing States were confi­
dent that chlorination would provide more certain relief at Brandon Pool than the di­
version o f an additional 3,500 c.f.s.

A s the witnesses fo r  both sides agreed that the critical period of nuisance occurs 
during the warm er months, budgeting o f the diversion appeared logical. Since the end
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o f 1938 the D istrict has budgeted the w ater from  Lake M ichigan to best meet the needs 
o f sanitation.

It is considered necessary to m aintain a flow o f not less than 2,400 e.f.s. at L ockport 
fo r  the protection o f the Chicago w ater supply. Domestic pum page amounts to 1,650 
e.f.s., which combined with storm -water runoff o f 550 c.f.s. leaves only 300 c.f.s. to come 
from  Lake M ichigan. In  the cooler months o f 1939 and 1940 dry-weather flows o f 2,400 
to 2,600 e.f.s. were budgeted and attained.

V arious remedial measures were proposed by the O pposing States. Illinois con­
tended that these were unsound in principle, effective only to a lim ited degree, and avail­
able too late to serve the emergency in 1941 and 1942. The suggestions m ay be divided 
into tem porary and perm anent classes. They are shown below.

N o . P r o g r a m
O p p o s i n g  S t a t e s  

( t e m p o r a r y )
I l l i n o i s

( p e r m a n e n t )

1
2

Chemical treatment at W est Side W orks............................
Activated sludge treatment for West Side Imhoff tank

V

V
3 Eliminate by-passing of Southwest preliminary tank

V V
4 V V
5 V
6
7

Chlorinate the effluent of the W est Side W orks.................
Double the air used at the North Side Works; increase 

the aeration period from 5 to 7 hrs. to produce 5 p.p.m.

V

V
8 Build cascades at the controlling works at Lockport to

v
9 Increase diversion in summer, in accordance with analy­

ses, to provide a minimum of 1.0 p.p.m. of dissolved
V

(temporary)

Dredging, Draining, or Flushing Brandon Boad Pool.— The original volume o f the 
pool was approxim ately 151,000,000 cu. ft., which was reduced by 1939 to 120,000,000 
cu. ft . I t  is estimated that there is about 1,250,000 to 1,500,000 cu. yd. o f deposited 
m aterial, from  2 to 10 ft . deep. The U. S. Engineer office estimated that the m aterial 
could be removed by hydraulic dredging at a cost o f between $500,000 and $700,000. 
This appears to be an im practical proposition as the denser m aterial has largely  lost its 
potency to cause nuisance.

D raining the pool was regarded as im practical by the U. S. E n gin eer office fo r  many 
reasons. The C hief o f Engineers declined to allow it. I t  was finally decided to increase 
the flow to 10,000 c.f.s in addition to domestic pum page fo r  10 days startin g December 
2, 1940. To this both sides and the Court agreed.

D uring the test period the flow averaged 9,937 c.f.s. at L ockport. The level o f the 
Brandon Pool was lowered 0.5 ft . at first and later an additional foot. The follow ing 
table shows results o f the test.

D e s c r i p t i o n

T o t a l  S u s p e n d e d  M a t t e r V o l a t i l e  S u s p e n d e d  M a t t e r

T o n s % T o n s %

Delivered to pool......................................................... 84,010 — 27,067
Discharged from pool................................................. 21,123 25.2 7,512 27.7
Remainder deposited in pool.................................... 62,887 74.8 19,555 72.3
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Solids washed out of the pool were slightly higher in percentage organic matter than 
those entering. The incoming total solids contained 32.4 per cent volatile m atter and 
the outgoing solids contained 35.6 per cent.

Velocities in the pool averaged from  0.47 to 0.55 ft. per sec. The maximum veloci­
ties were from  1.33 to 1.58 ft. per sec. A ll witnesses agreed that in the Main Channel 
and Brandon Pool a considerable benefit was accomplished by removing sludge from  the 
M ain Channel.

Chlorination o f the Waterway.— The O pposing States urged the use o f chlorine to 
eliminate the odors at Lockport and Joilet. I t  was suggested that the chlorine be ap ­
plied at the Southwest W orks and at Lockport. Assum ing no new sludge came into the 
pool, a dosage o f 3 p.p.m. at the Southwest W orks and 6 p.p.m. at Lockport was stated 
as the probable requirements. I f  sludge continued to enter 12 p.p.m. would be neces­
sary at L ockp ort; possibly 15  to 25 p.p.m. The cost was estimated at roughly $700 to 
$3,000 per day.

Another witness believed 2 to 3 p.p.m. at Lockport would be sufficient, with a boat 
in the pool to ap p ly  1  p.p.m., i f  sludge were no longer discharged, and perhaps 5 p.p.m. 
i f  sludge continued to be discharged.

The Illinois experts conceded that, in m any situations, chlorine is used effectively 
to prevent odors. H owever, in view  of the sludge deposits, it  was not thought that 
chlorine could be used effectively, even with large quantities at great expense. Three 
points o f application were believed necessary; Damen Avenue, Summit, and Lockport. 
This might require 150 tons per day during the summer months at a cost o f $6,000 to 
$7,000 per day.

Experiences at Indianapolis were cited, where, in 1930, an average o f 10 p.p.m o f 
chlorine was applied to the plant effluent. The reduction in B.O.D. was about 10 per 
cent or 2 p.p.m. per part per million o f chlorine. On only one occasion was any re­
sidual chlorine found farth er aw ay than 2,000 ft .

Cascades at Lockport.— The flow of the M ain Channel passes through the turbines 
at the power house below Lockport and generates power worth about $1,500 per day to the 
Sanitary D istrict.

A n  expert witness fo r  the O pposing States suggested passing the flow over a cascade 
instead o f through the power house, thereby p icking up 6.75 p.p.m. o f dissolved oxygen, 
equivalent to that contained in 2,650 c.f.s. o f lake water. The cost o f a wooden struc­
ture was estimated at between $50,000 and $100,000. A nother witness declined to ex­
press an opinion as to how long such pickup could be retained and doubted whether any 
dissolved oxygen would be carried through.

W itnesses fo r  Illinois testified that conditions would be improved but slightly and 
that a local odor nuisance would be created. It  was pointed out that the effect would be 
lost before the pool were reached because o f the anerobic conditions.

Supp ly  o f Additional Oxygen Through the Production of Nitrate by Increased Use 
of A ir at North Side and Calumet W orks.— It was suggested that 40,500 pounds daily 
o f additional oxygen might be developed in the effluents o f the North Side and Calumet 
works by using more air in the activated sludge process. The cost was estimated at 
$89,000 fo r  a 5-month period, or $216,000 fo r  a 12-month period.

It was pointed out by witnesses fo r Illinois that the production o f nitrates would 
require an increase in the present aeration period of 4.5 or 5 hr. to 7 hr. Tank capacity 
fo r this is not available at the North Side works. It  was stated that algae and green 
plants would form  in the North Shore Channel which would create a secondary source 
of B.O.D.

Chemical Treatment at W est Side Works.— The installation of chemical treatment on 
the effluent o f the W est Side works Imhoff effluent was suggested. This would supplant 
the treatm ent by activated sludge which is part o f the Sanitary District program . Such 
treatment would reduce the B.O.D. of the effluent by 21 p.p.m. A n  expert fo r  the O p­
posing States estimated the operating cost at $200,000 fo r  a 5-month period and $481,700 
fo r  12  months.

Illinois held that chemical treatment would not be suitable as the B.O.D. would 
be reduced from  57 p.p.m. to only 36 p.p.m., whereas activated sludge treatment would 
reduce it to 10 p.p.m. The Sanitary D istrict estimated construction costs o f $1,300,500
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and $3,662,000 fo r  chemical treatm ent and activated sludge, respectively. The operating 
costs were estimated at $555,800 per y ea r fo r  chemical treatm ent and $320,600 fo r  acti­
vated sludge.

The M aster saw  no reason to accept the suggestion o f chemical treatm ent to care fo r  
the summer o f 1942 when it would be almost im m ediately superseded by activated sludge.

Chlorination o f W est Side Im hoff Tank Effluent.— Chlorination o f the W est Side 
effluent was suggested as an alternative to chemical treatm ent. I t  w as estimated that 
chlorination would reduce the B .O .D . by 50,000 lb. instead o f 76,000 lb. by chemical 
treatment. Illinois witnesses did not consider this a p ractical measure to ameliorate 
conditions in Brandon Pool.

Planned Use o f W ater.— The 1930 decree perm its variatio n s in  the diversion, 
which the D istrict has utilized to provide more flow in the summer. I t  w as suggested 
that the present arrangem ent be adjusted to provide 4,200 c.f.s. flow at Lockport during 
fo u r summer months. Illinois conceded the m erit o f this suggestion. H ow ever, it was 
pointed out that the D istrict must carry a reserve at all times fo r  use in event o f storm 
to prevent reversals in the Calum et R iver and flooding o f basements in the Loop area. 
Hence, application o f the scheme is limited.

T h e  C o m m e n t s  o e  t h e  S p e c i a l  M a s t e r

The M aster commented that

“  The record indicates that the S an itary  D istrict has been influenced not so much 
by the desire to make speed as by the purpose ultim ately to complete an efficient system 
at as little expense as possible to its taxpayers. These are praisew orthy m otives when 
considered from  the standpoint o f the San itary  D istrict alone, but they m ay not place 
the emphasis upon expedition to which the legitim ate protection o f the interests o f the 
O pposing States entitles them.”

The M aster recommended th at a decree be entered dism issing the petition and the 
modified petition o f the State o f Illinois fo r  a modification o f the decree o f A p r il  21, 
1930, and taxin g the costs o f the litigation  against the State o f Illinois. The Court dis­
missed the petition without comment on M ay 26, 1941.

T. L . H e r r i c k

T H E  O CCURRENCE A N D  CAUSE OF P O L L U T IO N  OF  
GRAYS H A R B O R

B v A r n e  E r i k s e n  a n d  L a w r e n c e  D .  T o w n s e n d

State of Washington, State Pollution Commission, Pollution Series—
Bulletin 2, 100 pages (June, 1940)

G rays H arbor form s one o f two breaks in the coast line o f the State o f W ashington 
south o f Cape F lattery. F o r several summers serious fish m ortalities w ere noted in the 
u p p er region o f the harbor and a comprehensive study o f the problem  was undertaken 
by the State Pollution Commission. P a rt o f the results o f the study have been reported 
previously in a publication issued hv the Commission. H ow ever, this report includes all 
m aterial presented in the previous publication. Sources o f pollution in G rays H arbor 
were waste sulfite liquor from  a pulp  mill, domestic sewage, p ap er mill wastes, pilchard 
reduction p lant wastes, brew ery wastes and harbor dredging operations. Studies o f all 
these sources o f pollution indicated that the waste sulfite liquor discharged from  the 
pulp  mill was responsible fo r  more than 90 per cent o f the total oxygen demand.

The average daily flow o f p ulp  m ill w astes w as 4.6 m.g. One 8-hour composite 
sam ple was used fo r  estim ating the characteristics o f this waste. This sam ple had a pH  
o f 1.90, a specific gra v ity  o f 1.0062 and contained 1.65 p er cent total solids. B.O .D . 
determinations were made using dilution waters from  G rays H arbor proper, sea water, 
and river w ater. Corrections were made fo r  the observed B .O .D . o f the various dilu­
tion waters. B.O.D. values were generally lower where sea w ater (approxim ately 17,710
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p.p.m. C L ) and river w ater (less than 40 p.p.m. CD) were employed fo r  the dilutions. 
The average 5-day 20° C. B.O .D . o f the waste sulfite liquor using G rays H arbor w ater 
(approxim ately 9,570 p.p.m. Cl") was found to be 4,600 p.p.m. The average 20-day 
B.O.D. was 6,600 p.p.m. Based on the latter value and the average flow the daily con­
tribution o f oxygen demand was 254,000 lb. A verage B.O.D. values fo r  other time 
periods based on dilutions ranging from  1-1,000 to 1-10,000 and the use of G rays H arbor 
dilution w ater are given as fo llo w s: 8 days, 4,900 p .p .m .; 10 days, 5,900 p.p.m .; 13 days 
5,300 p.p.m .; 15  days, 6,700 p.p.m. The population equivalent o f the pulp  mill wastes 
was estimated to be 1,400,000. This was calculated from  the 20-day B.O .D . and average 
flow using a per capita  oxygen demand value o f 0.18 lb. per day.

Extensive fish kills were observed in 1937-38, 39 and reports o f fish m ortality in 
previous years appear to be well authenticated. The aquatic life  distress reactions were 
those which are known to characterize oxygen depletion; i.e., fish swim to surface and 
expose heads at the same time exhibiting a characteristic gasping reaction. W hen water 
samples were taken in the vicin ity  o f distressed fish, these samples were found to be 
extrem ely low in dissolved oxygen.

In  general the plankton was always at a low level o f abundance. The authors be­
lieve this condition m ay have been due to the pollution o f the harbor or more likely to 
lack o f w ater o f suitable chloride concentration fo r  optimum diatom  growth. D ata 
available did not confirm or refute either o f these explanations, however. There was no 
indication that oysters were affected by the harbor pollution.

The m ixing o f fresh w ater, m ainly from  the Chehalis R iver system, and sea w ater in 
the upper portions o f the harbor produces a chloride concentration gradient which rises 
from  east to west through the harbor. O nly about 1.2 per cent o f the 16,500,000,000 
cu. ft. o f mixed sea w ater and fresh w ater in G rays H arbor are replaced with each 
cycle o f the tide. The average concentration o f waste sulfite liquor in the upper part of 
the harbor, calculated from  data on w ater interchange was 1,570 p.p.m. E a rly  in the 
investigation it was found that two factors influenced the minimum dissolved oxygen 
concentrations found on particu lar days. These were the amount o f fresh w ater enter­
ing the harbor from  the rivers and the amount o f waste sulfite liquor discharged from  the 
pulp mill. Low  dissolved oxygen concentrations found during the summer time were 
definitely correlated with pulp mill operations and the greatest reduction in the dissolved 
oxygen concentration occurred in the portion o f the harbor nearest the pulp mill. In  the 
winter only minor reduction in the dissolved oxygen in the harbor w ater was noted be­
cause o f the greater quantities o f dilution w ater available from  the rivers and consequent 
increased intercharge o f the harbor water. Atm ospheric reaeration was found to p lay 
an im portant role in preventing complete oxygen depletion. D uring low river flow 
periods the oxygen demand o f the waste sulfite liquor was about 50 per cent greater than 
the amount o f dissolved oxygen available. The average minimum dissolved oxygen con­
centration during low flow periods was approxim ately 15 per cent o f saturation.

The average 5-day 20° C. B.O .D . o f samples o f the harbor w ater collected at 14 
sam pling points during pulp mill operation ranged from  0.56 to 3.67 p.p.m. depending 
on tide and river stage conditions. D uring pulp mill shutdowns the variation was from 
0.10 to 0.75 p.p.m. D ilution w ater fo r these B.O.D. determinations consisted of a 1 : 1  
mixture o f harbor and Chehalis R iver water.

Large areas of mud which are exposed in G rays H arbor at low tide contained or­
ganic matter derived from  sawmill wastes, sewage, etc., but as a result o f oxygen demand 
studies on numerous samples the authors conclude that the mud has no appreciable re­
sponsibility fo r  the low dissolved oxygen content o f the harbor water. H arbor dredging 
operations had no significant effect.

A  careful study o f the p H  of the w ater in G rays H arbor indicated that the pH  
varies with the chloride concentration, seasons, river discharge, and pulp mill operations. 
The p H  o f the w ater in the upper H arbor was significantly decreased when the pulp mill 
was operating. The prim ary source o f the acid material was the waste sulfite liquor 
from  the pulp mill which had a p H  o f 1.9 and exhibited a strong buffer action.

The maximum and minimum w ater temperatures recorded were 21.4° C. (70.5° P .) 
and 2.9° C. (37.2° F .) , respectively. The greatest difference in temperature on any one 
day was about 6° C. (10.8° P .) .
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The effects o f waste sulfite liquor in a dilution o f 1 :  1,000 and low dissolved oxygen 
(range 1.25-1.99  p.p.m. ) on silver salmon fingerlings were studied. The results in di­
cated that waste sulfite liquor in the concentration tested m arkedly affected the ability  o f 
the fingerlings to withstand low dissolved oxygen concentrations. From  a consideration 
o f laboratory data and field observations the authors conclude that continued pollution 
w ill largely  eliminate the chinook salmon runs to the Chehalis R iver and possibly affect 
the silver salmon runs to a marked extent leaving only the chum salmon rem aining as fish 
o f commercial importance.

The bulletin is concluded w ith recommendations together with b rief discussions on 
the growth o f the wood pulp  industry in W ashington in general and in the G rays H arbor 
area in particular. Methods available fo r  treatm ent o f waste sulfite liquor are also re­
viewed. I t  is noted that, while progress in the disposal o f waste sulfite liquor has been 
made in certain instances, no general solution to this disposal problem  has been found. 
The authors recommend that the discharge o f waste sulfite liquor into G rays H arbor be 
so regulated that the dissolved oxygen concentration never fa lls  below 5 p.p.m. and that 
any proposed method o f treatm ent or disposal o f waste sulfite liquor be subject to the 
approval o f state agencies. They fu rth er recommend that adequate records o f the de­
gree o f treatm ent necessary to m aintain the minimum dissolved oxygen concentration o f 
5 p.p.m. be made available to the State Pollution Commission so that this inform ation 
can be used fo r  the allocation o f responsibility fo r additional treatm ent or disposal 
measures in the event o f the establishment o f new sulfite pulp mills at G rays H arbor.

I t  is also recommended that all mills be required to dispose o f the same percentage 
o f wastes but their combined wastes should be such that the minimum dissolved oxygen 
concentration o f 5 p.p.m. is alw ays maintained. Thirty-five m aps and charts, 48 tables, 
77 references.

P aul D. I I a n e t

R E D  R IV E R  OF T H E  N O R T H  RESEA R C H  IN V E S T IG A T IO N

Prepared by The North Dakota State Department of Health covering the Joint Investigation 
by the North Dakota State Department of Health and the Minnesota State Board of
Health in collaboration with the U. S. Public Health Service.

Issued by North Dakota State Department of Health, Division of Sanitary Engineering, 158 
pages (1938-1941).

P rio r to the investigation covered in this report two studies had been made on Red 
R iver pollution problems. A s a result o f the first study conducted during the period 
19 31-33  it  was concluded that in order to im prove w ater conditions in Red R iver it 
would be necessary to provide fo r  the treatm ent o f sewage and all m ajor industrial 
wastes from  Breckenridge to Grand Forks. The second study conducted in 1938 con­
firmed the original conclusion and recommended that fu rth er investigation o f the river 
be made in order to determine the fu ll effects o f ice coverage on oxygen relationships. 
The purpose o f the investigation covered by this report was to obtain data which would 
serve (1 )  To determine the oxygen relationships in the stream before and during ice
coverage. (2) To determine the rate o f oxygen depletion in the stream during ice cov­
erage. (3) To determine the suitability o f relatively  unpolluted streams fo r  dilution 
purposes. (4) To determine the characteristics and quantities o f the various wastes 
entering the river. D uring the investigation considerable data were obtained on the low 
tem perature B .O .D . o f flour mill, packing plant, and beet sugar p lant wastes. These 
data are not presented in this report, however.

The Red R iver o f the North flows p ractically  due north. I t  starts at W ahpeton, 
North Dakota, and discharges into Lake W in n ip eg in M anitoba, Canada. The river 
distance from  W ahpeton to the Canadian border is 394 miles. The slope in general is 
slight and diminishes toward the north. The drainage area south o f the border is 35,895 
square miles. Serious floods have occurred. Serious drouth conditions began in 1930 and 
stream flows decreased steadily. From  1929-1935 there were 5 periods aggregatin g 14 
months when the flow at F argo  was zero. The climate o f the basin is characterized by 
long cold w inters and short warm summers. The yearly  tem perature variation  m ay be
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as great as 50° F . to -¡-110 °  F . The 1930 population o f the basin was 489,000 and 
the p rim ary industry is agriculture. Industrial development is confined largely to service 
industries and those necessary to the processing o f various agricultural products. In 
1930 there were 150 creameries serving the grow ing dairy industry.

U ntil recent years practically  all sewered cities on the river and tributaries dis­
charged raw  sewage. Now, however, most o f the m ajor cities have provided some type 
o f sewage treatment. The treatment o f many im portant industrial wastes still remains 
to be accomplished. Serious pollution conditions have existed fo r the past several years 
during low flow periods and as a result the usefulness o f the river to m unicipal and 
rural rip arian  owners has been im paired. The bacterial and organic loadings upon 
w ater treatm ent plants have at times been excessive. A ll  but one of the larger cities along 
the river depend upon it as the source o f public w ater supply.

Several w ater storage projects have been proposed, but no additional storage reser­
voirs are recommended fo r  the Red R iver proper since evaporation losses are likely to 
more than offset storage benefits. One o f the im portant problems to be solved is that 
o f securing a practical balance between the cost o f constructing or im proving and 
operating sewage treatment works and the cost o f constructing and operating storage 
or diversion works to sup ply  dilution water. The degree o f stream cleanliness to be 
achieved influences this economic balance. D uring recent years considerable attention 
has been directed to the diversion o f w ater from  the M issouri R iver to the Red R iver 
Basin and other watersheds. From  the standpoint o f stream pollution the proposal has 
great merit. The cost o f the project would be approxim ately $39,000,000 and would 
provide fo r  the diversion o f 600 c.f.s. Benefits are calculated to be o f the order o f 
$38,000,000 exclusive o f recreation, w ater power and general increase in land values. 
A  996,000 acre fo ot storage reservoir would be constructed on the head-waters o f the 
Sheyenne R iver with about one-third of its capacity available fo r  diversion. A  portion 
o f the flow would be diverted to the Red R iver above Fargo.

D uring this investigation twelve sam pling stations were maintained on the Red 
R iver proper. Eleven stations were maintained at the mouths of tributaries and one 
station was maintained at the E ast Grand Forks beet sugar factory. Samples were col­
lected w eekly on Red R iver stations south o f the International Boundary. Samples 
collected from  tributaries were obtained regularly during periods o f perceptible flow. 
Chemical and bacteriological samples were taken in a sam pler so designed that a bac­
teriological, dissolved oxygen and B.O .D . sample could be taken at one time. The B.O.D. 
sample (2 liters) was large enough to provide samples fo r  other tests. Samples, in most 
cases, were taken from  bridges and were obtained from  the channel at mid-depth. D ur­
ing w inter holes were cut into the ice and the sam pler lowered into the stream from  the 
ice. A ll samples were analyzed on the same day they were collected. Routine analytical 
examination consisted o f nitrite, turbidity, pH , dissolved oxygen, 5-day 20° C. B.O.D. 
and bacteriological determinations. Several long-time B.O.D. determinations were made 
on Red R iver samples at both 0° and 20° C. Bicarbonate dilution w ater was used in 
all B.O.D. determinations, except those made on sugar beet wastes. F o r these Form ula 
“ C ”  (Public Health Reports, 48, 24, p. 683) phosphate dilution w ater was employed. 
Mineral analyses and organic nitrogen determinations were made on representative river 
and tributary samples during ice coverage in 1939.

Com pilation and analysis of laboratory and field data collected during this investi­
gation and inform ation obtained from  studies previously reported led to the follow ing 
conclusions: (1 )  Under ice coverage the dissolved oxygen content o f the Red R iver was 
depleted to zero in a few  weeks except where aeration provided by dams exerted ap ­
preciable influence; (2) W ith flows o f 200 c.f.s. very unsatisfactory conditions prevailed 
below Grand Forks during the w inter critical period; (3) The quantity and nature of 
the wastes entering the river are such that without additional treatment the amount of 
dilution w ater which could be reasonably provided would not solve the pollution prob­
lem ; (4) H igh stream flows were accompanied by less septic conditions than were low 
flows. The less septic condition resulted not only from  increased dilution, but also 
from  increased stream velocity; (5) D uring the winter and summer critical periods 
flows from  tributaries with the exception o f Red Lake, Ottertail, Sheyenne, Buffalo and 
Minnesota W ild  Ric-e Rivers were insignificant from  the standpoint o f pollution con­
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tributed and dilution provided; (6) Overflow dams (less than 12 ft .  high) ap p ear 
capable o f provid ing sufficient aeration to increase the D.O. content o f low tem pera­
ture oxygen-deficient w ater to approxim ately 6 p.p.m. The effectiveness o f such dams 
as aerating devices could probably be im proved i f  they were designed w ith this end in 
view ; (7) Due to natural pollution alone (barnyard drainage, dumped manure, refuse) 
the oxygen content o f waters stored in reservoirs or river channels is like ly  to be di­
minished or entirely depleted. Therefore, to be o f greatest value fo r  dilution purposes 
impounded waters should be aerated upon release from  reservoirs; (8) Sludge deposits 
exert an appreciable effect on the river. D urin g periods o f high flow organic m aterial de­
posited at low flows is dislodged and increases the pollution loading on the stream. A t  
flows less than those required to dislodge sludge particles the pollution load also m ay 
be increased. This latter effect is attributed to the direct solution o f deposited organic 
m atter and o f the products o f anaerobic digestion occurring in the sludge banks. En- 
trainm ent o f m aterial floated by gas from  digestion processes was observed; (9) R ela­
tively  unpolluted streams may, due to natural pollution alone, become com pletely devoid 
o f dissolved oxygen during the ice coverage period; (10) D ata obtained on industrial 
wastes indicates that the rate and extent o f oxygen utilization b y  such wastes is de­
pendent upon several variables which include the nature o f the waste, tem perature, 
extent o f dilution and type  o f dilution water. I t  is essential to determine in addition to 
the basic behavior o f the waste its behavior in combination w ith other wastes under 
special stream conditions. The behavior o f an industrial w aste m ay be quite different 
from  that o f domestic sewage and the fa lla cy  o f forecasting the effect o f industrial 
wastes on the basis o f the behavior o f domestic sewage is evident.

F ollow ing the main body o f the report is a 57-page section in which are presented 
b y  means o f graphs, tables and pictures all supporting chem ical and biological data. 
H ydrom etrie data, pollution sources, theoretical B .O .D . calculations, stream  flow require­
ments, population data and dilution w ater sources are presented in six appendices. R e­
sults and discussion pertaining to the 1938 sanitary survey o f the R ed R iver conducted 
b y the North Dakota and M innesota H ealth Departm ents are presented in  the last 15 
pages o f the bulletin.

P a u l  D. I I a n e y

SO M E R E C E N T  D E V E L O P M E N T S  IN  T H E  B IO L O G IC A L  
T R E A T M E N T  O F S E T T L E D  SEW A G E

By M. L ovett

The Surveyor, 101, 371-73 (Oct. 30, 1942) ; 101, 381-83 (Nov. 6, 1942)

In  considering biological devices fo r the aerobic purification o f sewage, the author 
suggests a  classification o f contact processes into three types according to the size o f the 
contact medium provided fo r  the bacteria. U nder large contact m aterial he lists contact 
beds and contact aerators and the various filters, such as conventional (low -rate), simple 
high-rate, double, enclosed aerated, bio-, accelo- and aero-. L and irrigation  and inter­
m ittent sand filtration utilize sand and soil particles as the contact medium. Under small 
contact m aterial he includes activated sludge, bio-aeration, surface aeration, diffused air 
and the Guggenheim Process.

Contact beds are largely  o f historic interest. T hey are suited only fo r  treatm ent of 
w eak sewage, are subject to clogging, require large units to provide necessary resting 
periods, and m ay be costly to maintain.

Conventional filters have perform ed so satisfactorily  that carefu l attention to de­
tailed design and improvements to design have been somewhat neglected. A n  excellent 
discussion is given by the author o f early  experim ental w ork w ith high-rate filters. The 
author concludes that single-stage simple high-rate filtration w ill not provide an effluent 
com plying with R oyal Commission standards.

Double filtration, alternating the sequence o f the filters, is believed to be prom ising.
Experim ents with enclosed aerated filters are discussed at some length. A  filter at 

W olverham pton 20 feet in diam eter and 13 ft. 6 in. deep has been in operation since Oc­
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tober, 1937, treating a fa ir ly  strong sewage and producing a well nitrified effluent under 
a loading o f 200 gallons per cubic yard  per day. A  second unit 6 feet deep and dosed at 
1,050 gal. per cu. yd. per day shows about 56 per cent reduction o f oxygen absoi’bed and 
73 per cent reduction o f 5-day B.O .D .

Land irrigation  and interm ittent sand filtration, the author believes, occupy a position 
between percolating filters and activated sludge processes.

A ctivated sludge differs from  all kinds of filters in that the sewage itself supplies 
the contact m aterial and a great deal more o f it. U sing Busw ell’s estimate o f 500 
square feet o f surface area (of floe) per cubic foot o f tank volume, it  is concluded that 
this is perhaps 20 times greater than the surface area in a filter o f 1  to 2 inch medium.

M any workers have experimented with contact aerators utilizing many different 
media and their claims are enumerated.

The Surveyor, 101, 401-403 (November 20, 1942)

The follow ing excerpts are taken from  discussions by various men o f the paper on 
the above subject.

Mr. C. Lumb commenting on Mr. L ovett’s remarks concerning the use of a layer of 
coarser medium at the top o f filters said that after this measure was taken at the H a lifa x  
sewage works the filters had been free of ponding fo r  several years. H e was glad to note 
that Mr. Lumb agreed with his opinion o f high rate filters, namely that they were only a 
partia l treatment process, the ultimate value o f which depended upon the ease with 
which such secondary treatment as was required could be achieved. Mr. Lumb cited the 
success he had had with an enclosed aerated filter in treating liquor derived from  the heat 
treatment o f sludge at H a lifa x . This unit could p u rify  at least three times the volume 
handled by ordinary open filters.

Mr. L . F . M ountfort in commenting upon the p roperty of high rate filters to act as 
deeolloiders pointed out the increased quantity o f secondary sludge produced and the 
effect this additional sludge might have upon sludge disposal facilities. H e further 
called attention to the fa c t  that the transfer o f w ork from  aerobic to anaerobic processes 
(by a more complete prelim inary separation o f potential sludge m aterial) might change 
the value o f sewage strength expressed in terms o f oxidizable im purity as a basis o f de­
sign o f sewage treatment plants. Mr. Lovett, in pointing out the fundam ental difference 
between filter plants and activated sludge plants, had stated that the contact surface per 
unit of tank volume in the case o f an activated sludge plant was perhaps twenty times as 
great as the corresponding figure per unit o f volume o f filter bed composed of 1  to 2 inch 
medium. Mr. M ountfort thought that in a well ripened filter this ratio would not be 
more than 5 to 1. A s fa r  as relative reaction velocities wrere concerned (ratio o f contact 
surface to volume o f liquid in contact with it) the filter had a ratio from  3 to 5 times 
greater than the aeration tank.

K . V . H i l l



LOCAL ASSO CIATIO N M EETING S

Association Place Date
C aliforn ia Fresno, C aliforn ia  

(H otel C alifornian )
June 10 -13 , 1943

Canadian Institute on Sew age and 
Sanitation

N iagara  F alls, Ontario Oct. 28-29, 1943

Central States Chicago, Illinois 
(Sherm an H otel)

Oct. 21-23, 1943

Federation o f Sewage W orks A sso­
ciations

Chicago, Illinois 
(Sherm an H otel)

Oct. 21-23, 1943

F lorida W est Palm  Beach June 9-12 , 1943

M aryland-D elaware Baltim ore, M aryland 
(Lord Baltim ore H otel)

M ay 13 -14 , 1943

M ichigan E ast Lansing, M ichigan M ay 5-6, 1943

New England N ew H aven, Connecticut 
(H otel Garde)

M ay 26, 1943

N ew Y o rk  State Rochester, N ew Y o rk  
(H otel Seneca)

June 4—5, 1943

North Carolina (N ot selected) Nov. 1-3 , 1943

North D akota Grand Forks, N. D. Sept. or Oct., 1943

Ohio Conference Mansfield, Ohio 
(M ansfield-Leland H otel)

June 23, 1943

Pacific Northwest Bellingham , W ashington 
(H otel Leopold)

M ay 6, 1943

Pennsylvania H arrisburg, Pennsylvania 
(Penn H arris H otel)

June 9, 1943

R ocky Mountain Denver, Colorado Sept. 16 -1 7 , 1943

600
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P.F.T.
AT  

C H E E K T O W A G A
meeting the increased requirement of 
war industry; plus Federal housing

The Roster of W ar  
Projects

In  th e  3 5 3  w a r p ro je c ts  se rved  
by P .F .T . proven  sew age t r e a t ­
m e n t e q u ip m e n t, th e  m a jo r o p ­
e ra t in g  u n its  in c lu d e  :

★  241  F lo a tin g  C o v e r D ig e s t­
ers

★  1 0 9  R o ta ry  D is tr ib u to rs

★  2 9 5  S ew age  S ip h o n s

★  9 4  S ew age  S lu d ge_P um ps

★  2 2 8  B o ile r  R oom  In s ta l la ­
t io n s  u s in g  :

F lam e  T ra p s , P re ssure  
R e l ie f  F la m e  T ra p s , 
W a s te  G a s  B u rn e rs ,  
G ages, D r ip  1 raps, e tc .

In  n e w  c o m m u n it ie s  c re a te d  b y  w a r  in d u s tr ie s ,  h e a lth  
a n d  s a n ita t io n  a re  re c e iv in g  th e  sam e c o n s id e ra t io n  
as in  o u r  m i l i t a r y  ca m p s .

U n t i l  r e c e n t ly  C h e e k to w a g a , a s m a ll s u b u rb , w as 
s e rv e d  b y  th e  s e w e r s y s te m  o f  n e a rb y  B u f fa lo ,  N .  Y . 
T o d a y  C h e e k to w a g a  has a g re a t  a n d  g ro w in g  a ir c r a f t  
fa c to ry  a n d  o th e r  s iz e a b le  w a r  p la n ts .  T h e  lo c a l 
p o p u la t io n  has b e e n  t re m e n d o u s ly  in c re a s e d  b y  p r i ­
v a te  b u i ld in g  a n d  F e d e ra l h o u s in g  p ro je c ts .  A  n e w  
a n d  m o d e rn  se w a g e  d is p o s a l p la n t ,  w h ic h  w i l l  soon  
be  o p e ra t in g  u n d e r  an  e q u iv a le n t  lo a d  o f  3 6 , 0 0 0  
p o p u la t io n ,  has b e e n  c o n s tru c te d .

T h is  p la n t  c o n ta in s  tw o  P .F .T . F lo a t in g  C o v e r  D ig e s t­
e rs  as w e ll as P *F .T . S p r in k l in g  F i l t e r  N o z z le s  a n d  
D o s in g  T a n k  E q u ip m e n t.  In  th e  b o i le r  ro o m , P .F .T . 
F la m e  T ra p s , W a s te  G a s  B u rn e rs , P re s s u re  G a g e s  
a n d  o th e r  e q u ip m e n t  is  in s ta lle d ,  a s s u rin g  m a x im u m  
o p e ra t in g  e f f ic ie n c y  a n d  s a fe ty .

P ro v id in g  h e a l th fu l  e n v iro n m e n ts  fo r  o u r  f ig h t in g  
m e n  a n d  w a r  w o rk e rs  is o n e  o f  th e  m o s t w e lc o m e  
a s s ig n m e n ts  in  w h ic h  w e  h a v e  e v e r  p a r t ic ip a te d .

- ‘rJ a n â4241 R A V E N S  W O O D  A V E N U E ,  C H I C A G O  
N E W  Y O R K  C H A R L O T T E ,  N .C .

S E W A G E  T R E A T M E N T  E Q U I P M E N T  E X C L U S I V E L Y  S I N C E  1 8 9 3



The Forehearth

A  fo r e h e a r lh  in  o n e  o f  o u r  fo u n d r ie s  —  d r a w n  b y  H u g h  F erriss.

M o lten  iro n  is  p o u r in g  fr o m  th e  
fo reh ea r th  in to  a la d le  w h ic h  w ill b e  
p ick ed  u p  b y  a cra n e  h o o k  a n d  car­
r ied  to  a S u p er -d e  L avaud  c e n tr if ­
u g a l c a s t in g  m a c h in e . A ll raw  m a te ­
r ia ls  in  th e  m e lt  h a v e  b een  in sp e c te d  
a n d  la b o r a to r y -c h e c k e d . T h e  a n a ly ­
s is , p re d e te r m in e d . T h e n , as a fu r th e r  
p r e c a u tio n , to  in su r e  u n ifo r m ity  o f  
b o th  a n a ly s is  an d  te m p e r a tu r e s  in  
cu p o la  o p e r a tio n , th e  m o lte n  m e ta l

is  a c c u m u la te d  a n d  m ix ed  in  1 2 -to n  
reservoirs c a lled  f o r e h e a r t h s .  V aria ­
t io n s  in  sp eed  o f  m e lt in g , iro n  c o m ­
p o s it io n  an d  te m p e r a tu r e  are th ereb y  
red u ced  to  a m in im u m . T h is  is  on e  
o f  a ser ies  o f  c o n tr o ls  in  o p e r a tio n  a t  
ea ch  o f  ou r  p la n ts , b e g in n in g  w ith  
in s p e c t io n  a n d  a n a ly s is  o f  raw  m a te ­
ria ls  a n d  e n d in g  w ith  t e s t s  o f  th e  
fin ish e d  c a s t  iro n  p ip e .

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 .
General Offices: B urlington , New Jersey. P la n ts  a n d  Sales  Offices t h r o u g h o u t  th e  U .S .A .
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N o r t o n  P o r o u s  P l a t e s

IN ACTIVATED SLUDGE SEWAGE PLANTS

“Controlled structure” in the manufacture of Norton Porous 
Plates assures uniform air distribution and regulated wet 
pressure loss, prerequisites of efficient sludge sewage 
plants. More Norton Porous Mediums are used in this 
operation than any other make. Continuous research has 
led to the development of rugged and chemically stable 
plates and tubes.

NORTON COM PANY
Worcester, Mass.
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E M  C 0  S E W A G E  G A S  M  Ej T E R S 
P I T T S B U R G H  H O T  W A T E R  M I N E R S  
N O R D S T R O M  L U B R IC A T E D  P L U G  V A L V E *

>ove— M ain heating boiler equip- 
i  with EM C O  Gas Appliance Reg- 
tors. EM C O  Sewage Gas M eter in 

background

low— Sludge inlet and supernatant 
uor lines oi primary digester are 
itro lled  with Nordstrom Valves

Tonawanda, a bustling industrial city in w estern N ew  York, 
with a m unicipal population o f 13 ,008 , operates a fine, 
modern sew age treatment plant. It was first placed in service 
in 1940 after being constructed from plans developed by 
the consulting engineering firm o f M etcalf and Eddy. This 
property can handle the d isposal needs o f a population of
2 2 , 0 0 0  with an average sew age flow o f 3.5 M .G.D.

The Tonawanda plant is replete with interesting applica­
tions of Nordstrom Lubricated Plug Valves, EMCO Sewage 
Gas Meters and Pittsburgh Hot Water Meters.

Nordstrom Valves with their quick, quarter-turn operation, 
leak resistance and freedom from sticking, are a "natural” 
for use on all sludge lines. Valuable operating data is pro­
vided by measuring the sewage gas generated, consumed 
and wasted with EMCO Sewage Gas Meters. The amount of 
hot water circulated to the digestion tanks is recorded by 
a Pittsburgh Hot Water Meter.

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
n e w  y o r k  OAKLAND M ERCO N ORD STRO M  VALVE CO M PA NY  kansas c i t y  S e a ttle  
b b o o k ly n  t u ls a  Main Offices, Pittsburgh, Pa. p it ts b u r o h  H o u s to n

DES MOINES CHICAGO SAN FRANCISCO COLUMBIA
Memphis b o s to n  NATIONAL METER DIVISION, Brooklyn, N. Y. lo s  a n g e le s  b u f fa lo

EM C O  M eter measuring sewage gas used by boilers
Nordstrom Valves on sludge lines in lower operating gallery between 

primary and secondary digestion tanks
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W e d id  i t  jjosi th e  A^uiuf . . . 

Cund h&lu w e oast do- U  fjOA, ifou!
At Aberdeen Proving Ground in Maryland, they wanted a Royer “ J r .” Sewage Disintegrator. It 
had to be self-powered, as it was for use at a point where electric current was not readily avail­
able. All previous Royers of this type were electrically operated, but the Army gets what it wants 
from Royer. Thus, Aberdeen Proving Ground has the Royer “ Jr .” shown above, powered by a 
small gasoline engine, in place of the usual electric motor driven model shown below.

The Royer “ J r .” , powered either way, is now available—subject to priority—for all sewage dis­
posal plants.

Operators of the smaller 
sewage disposal plant will 
find it worthwhile to in­
vestigate the Royer "Jr.”. 
Write for full information-

Like all the twelve models of Royers, it shreds sludge to pea-size particles, further dries and 
aerates it, remove sticks, stones and trash and loads it onto trucks or wheelbarrows in a condition 
where it can be readily m arketed as a fertilizer. The cost of burial or incineration is eliminated. 
Instead, the sewage plant has a steady source of revenue; 
or the product can be used at local parks, golf courses, 
greenhouses, etc.

ROYER FOUNDRY fr MACHINE CO.
176 PRIN G LE ST., KINGSTON, PA.
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FLEX IB LE “ E Z Y ”  ROD R EEL
Whether you mount the New FLEX IB LE " E ZY ” 
Rod Reel on your truck or use it on the ground 
or pavement, you will do away with all stooping, 
hooking and unhooking when winding and un­
winding FLEXIB LE rods. By means of the 
holes in the Rod Reel base, the Reel may be 
used with the " E Z Y ” Reel Stand or it may be 
quickly and easily mounted on your truck.

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.

INCINERATION ENGINEERS

n i c h o i . 5  E n c m E E R i n c  & 
RESEARCH EORPORRTIOR
6 0  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  IN

SEW AGE W O R K S JO U R N A L
FOR RATE CARD AND O TH ER RELEV AN T DATA W R IT E TO:

A RTH UR A. CLAY, Advertising Manager—40 W all S tre e t, New Y ork, N. Y.
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C HEM ICA L SERVANT E X TR A O R D IN A R Y
In  a century and a half of industrial development chlorine has 

become one of m an’s most useful chemical servants. I ts  first commercial 
application was made in 1799 by Charles Tennant, who manufactured 
bleaching powder for textile manufacturers.

In  1800 T ennant produced a few tons of bleaching powder. Today 
chemical plants in America are turning out well over a million tons of 
chlorine—much of which has been drafted for wartime military and 
industrial effort.

Penn Salt pioneered in the production of liquid chlorine, being first 
to  manufacture it in commercial quantities. The first tank car of this 
essential chemical was shipped from our W yandotte, Michigan, works 
in 1909. Our operations have continued to  expand since th a t time 
until today our W yandotte and Tacoma works are among the largest 
chlorine producers in the United States.

As a result of our increased production of chlorine for today’s war­
time uses, we are able to look forward to the promise of even greater 
peacetime possibilities.

P E N N S Y L V A N I A  S A L T
M A N  u / T a A  T U R I N G  C orffA P A N Y

v y u 2 u n J u ^ c u L A ^
1 0 0 0  W I D E N E R  B U I L D I N G ,  P H I L A D E L P H I A

Branch Offices: New York • Chicago • St. Louis • Pittsburgh • W yandotte • Tacoma 
Plants: Philadelphia • Easton • Natrona • W yandotte • Tacoma • Portland, Ore.

PURIFICATION

SYNTHESIS

PULP BLEACHING TEXTILE

BLEACHING

— #
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D IR E C T O R Y  O F  E N G IN E E R S

A LB R IG H T 8C FRIEL, INC.
Consulting Engineers

W a te r,  Sewerage, In d u s tr ia l  W a ste , 
G a rbage , P o w e r P la n t  and 

V a lu a tio n  P ro b le m s

1 5 2 0  L O C U S T  S T .  
P H I L A D E L P H I A ,  P E N N A .

J o h n  W .  A l v o r d  L o u i s  I t .  H o w s o n
C h a r l e s  B .  B u r d i c k  D o n a l d  H .  M a x w e l l

ALVORD, BU R D IC K  & HOW SON
Engineers

W a t e r  W o r k s ,  W a t e r  P u r i f i c a t i o n ,  
F l o o d  R e l i e f ,  S e w e r a g e ,  S e w a g e  
D i s p o s a l ,  D r a i n 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 i o n  
C i v i c  O p e r a  B u i l d i n g  C h i c a g o

BUCK, SE IFER T AND JO S T
Consulting Engineers 

(FORMERLY NICHOLAS S. HILL ASSOCIATES)
S p e c ia l i z in g  in  S e w e r a g e  a n d  S e w a g e  D i s p o s a l ,  

W a t e r  S u p p ly  a n d  W a t e r  P u r i f i c a t i o n ,  
V a lu a t io n s  a n d  R e p o r t s  

C h e m ic a l  a n d  B io lo g ic a l  L a b o r a t o r i e s  

11 2  E a s t  1 9 t h  S t r e e t  N e w  Y o r k ,  N .  Y .

T H E  C H E S T E R  E N G IN E E R S
Campbell, Davis & Bankson

W ater Supply and Purification, Sewerage 
and Sewage Treatm ent, Power Develop­
m ent and Applications, Valuations and 
R ate Investigations.

2 1 0  E .  P A R K  W A Y  A T  S A N D U S K Y  S T .  
P I T T S B U R G H ,  P A .

B L A C K  & V E A T C H
C o n s u l t i n g  E n g in e e r s  

4 7 0 6  B r o a d w a y ,  K a n s a s  C i t y ,  M o .

S e w e r a g e ,  S e w a g e  D i s p o s a l ,  W a t e r  S u p p l y ,  W a t e r  P u r i f i c a t i o n ,  E l e c t r i c  L i g h t i n g ,  
P o w e r  P l a n t s ,  V a l u a t i o n s ,  S p e c i a l  I n v e s t i g a t i o n s ,  R e p o r t s  a n d  L a b o r a t o r y  S e r v i c e  

E .  B .  B l a c k  N .  T .  V e a t c h , J r . A .  P .  L e a r n e d  H .  F .  L d t z

F .  M . V e a t c h  J .  F .  B r o w n  R .  E .  L a w r e n c e  E .  L .  F i l b y

C0NS0ER, TOWNSEND & QUINLAN
W ater Supply—Sewerage—Flood Con­
trol & Drainage— Bridges—Ornamen­
ta l S tree t L ighting—Paving—L ight 
and Power Plants. Appraisals.

C hicago  T im es  B ldg ., 211 W . W acker Drive

FA Y ,  S P O F F O R D  & T H O R N D I K E
E N G I N E E R S  B O S T O N ,  M A S S .
F r e d e r i c  H .  F a t  C h a r l e s  M .  S p o f f o r d

J o h n  A y e r  B i o n  A .  B o w m a n
C a r r o l l  a . F a r w e l l  R a l p h  W .  H o r n e

W a t e r  S u p p l y  a n d  D i s t r i b u t i o n  
S e w e r a g e  a n d  S e w a g e  T r e a t m e n t  D r a i n a g e

I n v e s t i g a t i o n s  a n d  R e p o r t s  
D e c i s i o n s  V a l u a t i o n s

S u p e r v i s i o n  o f  C o n s t r u c t i o n

W IL L IA M  A . G O F F
Consulting Engineer 

P r i v a t e  a n d  M u n i c i p a l  E n g i n e e r i n g  
S e w e r a g e ,  S e w a g e  D i s p o s a l  

W a t e r  S u p p l y  a n d  T r e a t m e n t  
G a r b a g e ,  R e f u s e ,  I n d u s t r i a l  W a s t e s  

D e s i g n ,  S u p e r v i s i o n ,  V a l u a t i o n s ,  R e p o r t s

B r o a d  S t .  S t a t i o n  B l d g . ,  P h i l a d e l p h i a

G R E E L E Y  &  H A N S E N
Engineers

S a m d e l  A .  G r e e l e y  P a u l  H a n s e n

P a u l  E .  L a n o d o n  K e n n e t h  V .  H i l l
T h o m a s  M .  N i l e s  S a m u e l  M .  C l a r k e  

W a t e r  S u p p l y ,  W a t e r  P u r i f i c a t i o n ,  
S e w e r a g e ,  S e w a g e  T r e a t m e n t ,  F l o o d  
C o n t r o l ,  D r a i n a g e ,  R e f u s e  D i s p o s a l  

6  N .  M i c h i g a n  A v e . ,  C h i c a g o

H A V E N S  A N D  E M E R S O N
( f o r m e r l y  G a s c o i g n e  &  A s s o c i a t e 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 l e s  F .  W .  J o n e s

W a t e r ,  S e w a g e ,  G a r b a g e ,  I n d u s t r i a l  
W a s t e s ,  V a l u a t i o n s . — L a b o r a t o r i e s  

L e a d e r  B l d g .  W o o l w o r t h  B l d g .
C l e v e l a n d  N e w  Y o r k

M O R R IS  K N O W LES, In c . 
Engineers

W a t e r  S u p p l y  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 i s p o s a l ,  V a l u a t i o n s ,  

L a b o r a t o r y ,  C i t y  P l a n n i n g .

1 3 1 2  P a r k  B l d g .  P i t t s b u r g h ,  P a .
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: DIRECTORY OF ENGINEERS :

M ETCALF & EDDY 
E n g i n e e r s

W a te r , Sew age, D rain ag e , G arb ag e and  
In d u str ia l W a ste s  P ro b lem s  

L a b o ra to r y  V alu ation s
A irfields

S t a t l e r  B u i l d i n g  
B o s t o n

R e e v e s  N e w s o m  E .  H .  A ld r i c h

N E W S O M  & A L D R IC H
Engineer-Consultants

S e w e r a g e  a n d  S e w a g e  D i s p o s a l  
W a t e r  S u p p l y ,  P u r i f i c a t i o n  

a n d  D i s t r i b u t i o n  
V a l u a t i o n s  a n d  R e p o r t s  

5 0 0  F i f t h  A v e .  H a r r i s b u r g ,  P a .
N e w  Y o r k  W i l l i a m s b u r g ,  Y a .

H Y D R A U L I C  E N G IN E E R S

O n l y  a  s m a l l  e x p e n d i t u r e  i s  n e c e s ­

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

b r o u g h t  t o  t h e  a t t e n t i o n  o f  o u r  3 ,0 0 0  

o r  m o r e  r e a d e r s  i n  t h i s  s p a c e .

S E W A G E  W O R K S  J O U R N A L  
4 0  W a l l  S t r e e t  
N e w  Y o r k  C i t y

ROBERT T. REGESTER
C o n s u l t i n g  E n g i n e e r

S e w e r a g e — S e w a g e  T r e a t m e n t  
W a t e r  W o r k s — I n d u s t r i a l  W a s t e s  

F l o o d  C o n t r o l — F i r e  P r o t e c t i o n

A d v i s o r y  S e r v i c e ,  R e p o r t s  a n d  D e s i g n s  

B a l t i m o r e  L i f e  B u i l d i n g  
B a l t i m o r e ,  M d .

R U S S E L L  an d  A X O N
Consulting Engineers 

G e o .  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 r a g e ,  S e w a g e  D i s p o s a l ,  W a t e r  S u p ­
p l y ,  W a t e 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 l a n s ,  S p e c i f i c a t i o n s .

4 9 0 3  B e l m a r  B l v d .  S t .  L o u i s

WHITMAN, REQUARDT AND SMITH
E n g i n e e r s

E z r a  B . W h i tm a n  N o r m a n  D . K e n n e y
G u s ta v  J .  R e q u a r d t  A . R u s s e ll  V o llm e r
B e n ja m in  L .  S m i th  T h e o d o r e  W . H a c k e r

WATER WORKS— SEWERAGE— UTILITIES
B a l t i m o r e ,  M d .  A l b a n y ,  N .  Y .

CONSULTING 
E NGI NE ER S

In changing times, and we all 
are aware that these are changing 
times, Consulting and Sanitary 
Engineers must constantly place 
their names and services before 
those in the Sewerage and Sew­
age Treatment fields who need 
such counsel. An excellent way 
of directing attention to your 
services is to place a professional 
card in the D IRECTO RY OF 
ENGINEERS of each issue of 
SEWAGE WORKS JOUR­
NAL.

SEWAGE WORKS JOUR­
N A L is the official publication of 
the Federation of Sewage Works 
Associations; and, is the leader 
in its field. Its highly specialized 
circulation of over 3,000 and low 
advertising rates assure effective­
ness plus economy.

The cost of a twelfth page pro­
fessional card is only $48.00 per 
year, payable $8.00 bi-monthly.

F or reserva tion s and fu r th er  
in form ation  w r ite  to

A R TH U R  A. CLAY  
A d v e r t i s i n g  M a n a g e r  

40 Wall Street 
New York, N. Y.
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C o n cr e t e  p i p e  a t  I r v in g to n ,  N .Y . ,  
l i n e d  w i t h  B i tu m a s t ic  No.  50.

L - o - n - g  L - a - s - t - i - n - g

PROTECTION
for Concrete Sewer Pipe
E SPECIALLY developed  to provide concrete 

and metal surfaces with long time protection 
against extreme moisture and corrosive condi­
tio n s arou n d  s e w a g e  or in d u str ia l p la n ts , 
Bitumastic No. 50 has proved particularly ef­
fective in preventing deterioration of concrete 
sew a g e  pipe.

Made from a carefully selected coal tar pitch 
base, Bitumastic No. 50 — inherently moisture 
free, chem ically inert and containing no asphalt 
—is unm istakably distinguished by its peculiar 
consistency. This cold-applied coating has a l­
most putty-like density until stirred. Then it can 
be brushed on as readily a s ordinary paint and  
requires no greater dexterity in applying. The 
thickness of the resulting film —4 or 5 times that 
of ordinary paint and up to as much as 1/16  
of an inch with multiple coats —is an important 
factor in making this unique coating effective 
in withstanding powerful corrosive forces.

For more detailed information sen d  
fo r  il lu s tr a t e d  fo ld e r  N o. 941 .

N o .  5 0
WAILES DOVE-HERMISTON CORP.

WESTFIELD, N. J .
N ew  York •  P h ilad e lph ia  •  C leve lan d  •  C hicago 
Houston • Tulsa •  M iam i •  San  Francisco •  Los A n geles

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

by using

MABBS RAWHIDE PACKING
T ra d e  M a rk

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

In Your Water Works and Sewage Plants
I t  lasts longer, is a n tifr ic tio n a l, saves 
power, labor and repairs. W il l  prove the 
most economical packing th a t can be 
bought. These are the  reasons w hy the 
U n ited  States G overnm ent has been 
using M abbs R aw hide Packing on th e ir 
hydrau lic  dredges fo r m ore than 35  years.

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

Mabbs Hydraulic Packing Co.
Inc. 1892

431 S. Dearborn St. Chicago, III.

On Land  On Sea!
SERVING AMERICA

Doing The Things We Know Best

Builders of 
GARBAGE 
DISPOSAL 

SHREDDERS 
for Battleships 

and 
Merchant 

Marine
"  O u r  

57  th 
Y e a r  ”

SANITARY ENGINEERS
S e n d  f o r  F a c t e  o n  L a te s t

G r u e n d l e r  S e w a g e  S h r e d d e r s
f o r  M u n i c i p a l  S e w a g e  P la n t e

F o r  d i s i n t e g r a t i o n  o f  R a g  S to c k ,  G a r b a g e ,  
F l o a t a b l e s ,  a n d  F i b r o u s  M a t e r i a l s  w i t 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 l e 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 USH ER  & PU LVERIZER CO. 
2929 N. Market St. St. Louis, Mo.
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G R A V E R  Sludge Gas Holders

* » « »  s o n E « " s 

&»»»***

■ f c r

slWss ntviev««!»

\gg s& & !iR*t

T H E  increasing'utilization of sludge gas for both heat 
and engine fuel has brought an increasing demand for 
Graver Spherical Tanks. These high pressure gas 
holders provide for the efficient and economical stor­
age of gas produced in the digestion chambers, and 
they have demonstrated their worth at sewage treat­
ment plants thruout the country.

Graver also designs and builds complete Sewage Treat­
ment Plants, Primary and Secondary Tanks and Equip­
ment, Sludge Digesters, Chemical Feeders and Propor- 
tioners, and other equipment for the treatment and 
disposal of sewage. We shall be glad to discuss with 
you any specific problem of sewage treatment and 
submit drawings and quotations without obligation.

G RAVER T A N K  &  M .F Q  C Q J N C .
NEW YORK 

CATASAUOUA. PA

4809-41 T O D  A V E j
EAST CH IC A G O . IND

CABLE A00RESS —  GRa Ta n k

43-25-W
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W O R T H I N 6 T O N
E Q u i p m E n i  h r  S E U i n c E  p m m s

CENTRIFUGAL PUMPS
FOR RAW SEWAGE, SEWAGE SLUDGE A N D  GENERAL SERVICES

SEWAGE GAS ENGINES DIESEL ENGINES 
CONVERTIBLE GAS-DIESEL ENGINES

STEAM AND POWER PUMPS 
TURBINE WELL, SUMP AND DRAINAGE PUMPS 

STEAM CONDENSERS AND AUXILIARIES 
FEEDWATER HEATERS 

VACUUM PUMPS STEAM JET EJECTORS
STEAM TURBINES 

REDUCING AND INCREASING GEARS 
STATIONARY AIR COMPRESSORS 

PORTABLE AIR COMPRESSORS
FOR CONSTRUCTION A N D  M A IN TE N A N C E

ROCK DRILLS AND CONSTRUCTION AIR TOOLS 
MULTI-V-BELT DRIVES LIQUID METERS

W O R T H IN G T O N  PUMP A N D  M ACHINERY C O R PO R A TIO N
G e n e r a / O f f i c e s :  H A R R IS O N , N E W  JERSEY ,C2.n
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FIGURE 58C 
" V A R E C ” ( ¡A p proved  
PRESSURE RELIEF &C 
V A C U U M  BREAKER  
VALVE W IT H  FLAME 

ARRESTER

I n s t a l l e d  on digester and 
gas holder domes, it affords 
emergency pressure relief and 
prevents flame entrance from 
a tm o sp h e ric  disturbances. 
E q u i p p e d  with telescopic 
flame arresting element for 
easy inspection and m ainte­
nance. Pure aluminum con­
struction—noncorrosive.

•

T h e  “ V A R E C ” E ngineering  
D e p a rtm e n t and L a b o ra to rie s  
are a lw ay s re a d y  to  co llab o rate  
w ith  y o u  a t  y o u r co m m an d . 
A sk fo r  y o u r co p y  of “ V A R E C ” 
Sew age G as C o n tro l an d  S afety  
D evices C a ta lo g  an d  H an d ­
book N o . S -3 .

COHTROl S e W M C - CDS 
SDFELV, EFFICIEHTLV
MID EionomKRUY..

“ V A R E C ” Approved S e w a g e  G as  C o n t r o l  a n d  
S a f e t y  D e v ic e s  are an integral part of the modern 
sewage treatment in handling toxic and combustible 
gases, safely and economically. Hundreds of service 
installations, backed up by engineering and labora­
tory tests, have made “ V A R E C ” Equipment stand­
ard by Sanitation Engineers everywhere.

THE VAPOR RECOVERY SYSTEMS COMPANY
Compton, California

Branch Offices — Stocks ca rried  a t :

N E W  Y O R K , N . Y . -  T U L S A , O K LA. -  H O U S T O N , T E X .
1 A gencies Everywhere

FLAME TRAP ASSEMBLIES A

^  - s
MANHOLE COVERS FLAME ARRESTERS MANOMETERS _ PRESSURE REGULATORS HANDHOLE COVERS

WASH GAS 
BURNERS DRIP-TRAP ASSEMBLIESPRESSURE REGULATORS



3 2 SEWAGE WORKS JOURNAL

D i r e c t  r e c i r c u l a t i o n  of filter 
effluent through the rotary distrib­
utor with the resultant continuous 
inoculation is responsible for the 
economy and efficiency of this re­
markable sewage treatment system. 
The organic content of the sewage is 
reduced not by a single contact with 
bacterial growth but by repeated pas­
sages through the biological filter.

• L O W E R
o r g a n i c  c o n t e n t

•  H I G H E R
l o a d in g . ..  w ith  the

ACCELO- 
F I L T E R

Dosage rates are higher. Anaerobic 
decomposition and the attendant 
odors are avoided by repeated aera­
tion of the sewage and freshly acti­
vated material.

The Accelo-Filter is being met 
with enthusiastic acceptance. Write 
today for a complete description. 
Send for Bulletin 2415.

D Cv] 0? D Hz. E  0  INTERNATIONAL FILTER  CO.
I N C O R P O R A T E D  325 W. 25TH PLACE, CHICAGO, ILL .

LaM OTTE SLU D G E  
pH OUTFIT

HPHIS O U T F IT  employs the 
dilution method for de­

termining the pH of sewage 
sludge which obviates the ne­
cessity for centrifuging or fil­
tering and therefore ensures 
the minimum chance for es­
cape of carbon dioxide. This 
outfit contains all necessary 
equipment and is packed in a 
compact carrying case. Price 
complete w ith  instructions 
$35.00 f.o.b. our laboratories.

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

T h e  p u m p  I s  g u a r d e d  a g a i n s t :
D a m a g e  r e s u l t i n g  f r o m  p o s s i b l e  s t o p p a g e  
o f  t h e  i n t a k e  l i n e ;
L o s s  o f  p r i m e  r e s u l t i n g  f r o m  t h e  a c ­
c u m u l a t i o n  o f  e n t r a i n e d  a i r  o r  t o  a i r  
i n - l e a k a g e ;
B e i n g  s t a r t e d  u n p r i m e d : w i l l  i m m e d i a t e l y  
s h u t  d o w n  a u t o m a t i c a l l y  I f  t h e  p r i m e  
s h o u l d  b e  d e s t r o y e d ;  a n d  
A l l  p o s s i b i l i t y  o f  d a n g e r o u s  s t o p p i n g  
s u r g e s  o r  w a t e r - h a m m e r  r e a c h i n g  t h e  
p u m p  c a s i n g .
T h e  p u m p  c a n  b e  s t a r t e d  a n d  s t o p p e d  
f r o m  a  r e m o t e  c o n t r o l  p o i n t .
A d j u s t m e n t  o f  t h e  p a c k i n g  g l a n d s  i s  a l s o  
s i m p l i f i e d ,  a s  t h e  p u m p  c a s i n g  a n d  s u c ­
t i o n  l i n e  a r e  n o t  p r i m e d  u n d e r  p r e s s u r e .  

A s k  f o r  P u b l ic a t io n  P -2 5 8 6 .

De Laval Steam Turbine Co.
T R E N T O N ,  N E W  J E R S E Y
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FO R O V E R  50 Y E A R S

t fO U M

H A S  B E E N  P R O U D L Y  IN S C R IB E D  — IN  EFFECT IF  N O T  IN  F A C T -  

O N  T H O U S A N D S  O F  B U IL D E R S  F L O W  M E TE R S  A N D  C O N T R O L L E R S

FIFTY YEARS' EXPERIENCE
In the Design and Manufacture of

BURS
W A T E M N D  SEWAGE WORKS

AT YOUR SERVICE
For

Post-War Planning

A .W .W .A . CO NVEN TION  
Cleveland, June 15 - IÖ

Correspondence
Invited

B ack  in  t h e  o ld  d a y s ,  s e c o n d - r a te  R o m a n  s c u lp to r s  w h o  m a d e  u n s ig h tly  n ic k s  in  t h e  m a r b l e  w o u ld  

s e c re t ly  p a tc h  u p  th e  fla w s  w ith  a  m ix tu r e  o f  w a x  a n d  m a r b le  d u s t . T h ese  p a tc h e s  w o u ld  d r o p  

o u t  l a t e r  o n  a n d  h o n e s t  a r t i s t s  s u f f e re d  so  m u rh  t h a t  t h e y  b e g a n  la b e l l in g  th e i r  h a n d iw o r k  " S in e  

C e r a "  ( i.e . " W i th o u t  W a x " ) ;  f r o m  th is  w e  d e r iv e  o u r  w o r d  " s in c e r e "  m e a n in g  h o n e s t ,  g e n u in e ,  r e a l .

a w a r d eo
\\ AUG. 1st. 1942

BUILDERS-PROVIDENCE, INC.
B it. 1820 •  DIVISION O f BUIIOERS IRON FOUNDRY » Inc. 1153

9  C O D D I N G  S T R E E T  • P R O V I D E N C E ,  R .  I .

BUILDERS
RECORDING INDICATING CONTROLLING
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S P E C I A L I S T

Jeffrey equipped means efficient performance—low 
operating and m aintenance expense. Improved 
units which have proved their m erit in m any of 
the largest plants throughout the country. A 
recent Jeffrey-equipped plant is shown above.

Bar Screens (mechanically 
cleaned)

Chemical Feeders (gravi­
metric weigh feeding)

Grit Collectors
Grit Washers

Dried Sludge Grinders
Floctrols (controlled floccu­

lation)
Sludge Collectors 
Sludge Elevators 
Screenings Grinders

(all patented)

SANITARY ENGINEERING DU SION

THE JEFFREY MANUFACTURING COMPANY
902-99 North Fourth Street, Columbus, Ohio

B A L T IM 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  ST  LO U IS
B O S T O N  D E N V E R  M IL W A U K E E  c M T t m n r v
B U F F A L O  D E T R O IT  N E W  Y O R K  SA L T  L A K E  C ITY
C H IC A 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

IN S E W A G E  A N D  W A TE R  
T R E A T M E N T  P R O C E S S E S
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. A ,

Sludge Conditioning 
—Annapolis, Maryland

S ludge c o n d it io n in g  in  A n n a p o lis , M a ry la n d , was, up  
u n t i l  a fe w  years ago, a v e ry  expensive  process. M r .  
W e b e r, th e  s u p e rin te n d e n t, th e n  u n d e rto o k  e x te ns ive  ex­
p e rim e n ts  to  reduce  these costs. These e x p e rim e n ts  in ­
c lu d e d  c o a g u la tio n  w ith  v a rio u s  iro n  com pounds, b o th  
w ith  and  w ith o u t  lim e , and th e  use o f e lu tr ia t io n .

F in a l tes ts  showed th a t  th e  e lu tr ia te d  sludge cou ld  be 
, c o n d itio n e d  w i th o u t  lim e  and  w ith  m u ch  s m a lle r q u a n tit ie s  

o f iro n . E x p e r im e n ts  w ere c o n tin u e d  w ith  v a rio u s  fo rm s  
o f iro n  sa lts  and  these soon d e m o n s tra te d  th a t  F E R R I - F L O C  was th e  m ost 
e co n o m ica l fo rm  o f iro n  fo r  use in  A n n a p o lis .

T h e  A n n a p o lis  e x p e rim e n ts  b ro u g h t o u t o th e r  p o in ts  w o r th y  o f m e n tio n . 
F irs t ,  a  s ludge  can be c o n d itio n e d  s a t is fa c to r ily  w ith o u t  lim e , p ro v id e d  th a t  
b u ffe r  sa lts  a re  n o t p re se n t in  such q u a n tit ie s  as to  p re v e n t th e  re a d y  lo w e rin g  
o f th e  p H . E lu t r ia t io n ,  in  th e  case o f A n n a p o lis , w as fo u n d  to  rem ove  the  
b u ffe r  sa lts  p re se n t in  th e  d igested  s ludge in  s u ff ic ie n t q u a n tit ie s  to  p e rm it  
ra p id  p H  re d u c tio n  b y  th e  s u lp h a te  io n  p re se n t in  F E R R I- F L O C .

Second, these e x p e rim e n ts  b ro u g h t o u t ra th e r  fo rc ib ly  th e  a bso lu te  neces­
s ity  o f a q u ic k  and  th o ro u g h  m ix  o f th e  fe rr ic  s a lt in  th e  sludge to  produce  
m a x im u m  e ffic ie n c y . A c c o rd in g  to  M r .  W e b e r ’s fin d in g s , a sludge co n d itio n e d  
w ith  an  iro n  s a lt a lone  sh o u ld  be a p p lie d  to  th e  va c u u m  f i l te r  w ith in  5 m in u te s  
o f th e  a d d it io n  o f th e  iro n , in  o rd e r to  a v o id  a b re a k in g  d o w n  o f th e  coagula ted  
s ludge, w h ic h  w o u ld , in  tu rn ,  cause s low er w a te r  rem o va l.

T h e  fo llo w in g  is a b r ie f resum e o f o p e ra tin g  d a ta  d u r in g  1941:

D ig e s te d  S ludge  F il te r  O p e ra tio n  F il te r  C ake

M o is tu re
C o n te n t p H

F il t .
H rs .

#  D r y  
S ludge

#  F e rr i-  
F loc

.%
M o is tu re

F il te r  Y ie ld  
lbs./sq . f t . /h r .

9 3 .0 %  ' 7.3 713.75 330,841.0 9,692.2 79.0 7.47

C o n d it io n in g  costs w ith  F E R R I - F L O C  have a m o u n te d  to  o n ly  $0.72 per 
to n  o f d ry  so lids. T h is  is indeed  an e n v ia b le  record .

T h e  A n n a p b 'lL  M e tro p o lita n  Sewage C om m iss io n  is to  be co n g ra tu la te d  on 
th e  e x c e lle n t w o i done in  S ludge C o n d it io n in g  s tu d ies !

T E N N E S S E E  C O R P O R A T I O N
A T LA N T A , G EO R G IA LO C K LA N D , O H IO

T h e
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Advertisers and Advertising Agents:
You h a v e  no d o u b t  n o t ic e d  t h a t  the r e c e n t  

issues o f  S e w a g e  W o r k s  J o u r n a l  h ave  been late in 
being distributed.

There are several causes for this delay. Cen­
sorship regulations require a review of all proofs. De­
livery by mail, parcel post and express is slower. Quite 
often “ copy” and “ cu ts” are sent to our office at 
U rbana, Illinois instead of this office. (Our U rbana 
office handles only the billing and collection of adver­
tising paym ents, whereas this office takes care of all 
other m atters pertaining to advertising.)

In  order to have our Journal published more 
prom ptly, we would appreciate your cooperation by:

1. Having “copy” and “cuts” in this office,
40 Wall Street, New York, N. Y., by the 
1st of the month preceding the date of 
publication.

2. Sending “copy”, “cuts”, proofs and cor­
rections thereto directly to our New York 
City office.

We trust th a t you will cooperate with us and 
you m ay be assured of our and the prin ter’s endeavors 
to give you prom pt service.

ARTHUR A. CLAY, Advertising Manager

40 Wall Street 
New York City

LANCA STER PR E SS, IN C .,  LA N CA STER, PA,



have you looked HERE for 
that EXTRA PLANT CAPACITY?

Although chlorination is not a sub­
stitute for adequate sewage treat­
ment capacity, it can often go a 
long w ay to carry you sa fe ly  
through a period of increased de­
mand that puts an abnormal bur­
den on your plant.

Your present chlorination equip­
ment, used to full advantage, may 

.serve to m eet the problems arising 
from the fact that plant expansion 
is “out” for the duration. Applied 
ahead of settling, chlorination can 
help eliminate foaming and scum. 
The full effective capacity of fil­
ters can be maintained. Should by­
passing be necessary to meet load 
peaks, chlorination can still assure

the safety of the effluent.
No one set of recommendations 

can meet the problems of over­
burdened plants. However, your 
Wallace & Tiernan Representative 
is ready to bring his wide range of 
experience to bear on your par­
ticular conditions. H e’ll see that 
your Chlorinators are properly ad­
justed, and advise on points and 
rates of ap p lication  to  get the  
greatest value from every pound 
of chlorine. Whether you’re “up 
against it” for plant capacity or 
merely being forearmed, the W&T 
Representative can furnish prac­
tica l su ggestion s for wartim e 
sewage chlorination. S A - 147- S

m mm m 'The Only Safe Sewage is a-Sterilised Sewage” i l l

W A L L A C E  &  T I E R N A N  C O . ,  I n c
M ANUFACTURERS O F C H LO R IN E A N D  A M M O N IA  C O NTRO L APPARATUS

N E W A R K , N EW  JERSEY REPRESENTED IN  PRINCIPAL CITIES.


