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Amenicatt ßio--A<Uiaalio*t

FLOW SHEET

/iiG -M c tllK itiO ft com bines the best qu a lities o f  both th e  tr ick ling  filter and the a c ti
vated  slu d ge  process to  produce a com plete ly  stab le, n itrified effluent, low  in B. O. D. 

and su sp en ded  solids.
T Y P IC A L  O PE R A T IN G  R E SU L T S

Domestic, Malt, Brewery and 
Canning Wastes

5 BOD Suspended
Solids

Raw W aste 342 370
P rim ary  Effluent 235* 13.4
In fluen t to  F il te r  1 5 1 0 t
F il te r  E ffluent 99 143
In te rm ed ia te  E ffluent 58 65
% R eduction  F il te r  In fluen t th ro u g h  In te rm e d ia te  E ffluent 89.5
F inal E ffluent 13 15
% O verall Rem oval 97.5 96

»High Soluble 5 BOD from malt and brewery.
•¡•Pea waste; 600-1200 ppm. 6 BOD, added in primary effluent.

ßlue. P*Unt Manx!— S en d  jjosi ß u lle tln  Ma. 2 5 9

¡POLITECHNIKO



F E D E R A T I O N  O F  S E W A G E  W O R K S

A S S O C I A T I O N S

O F F IC E R S

P resid en t
Dr. A. E. Berry, O n ta rio  D e p t, of H e a lth , P a r lia m e n t B u ild ings, T o ro n to , O n t.

V ice-P resid en t
J .  K . Hoskins, A ssistan t Surgeon  G en era l, U . S. P .  H . S ., 2000 M assach u se tts  A ve. N . W ., W ash in g to n  14, D . C .

Treasurer
W . W . DeBerard, C ity  E n g in e e r, 402 C ity  H a ll, C h icag o , 111.

E x e c u tiv e  S ecre ta ry— E d ito r  
W . H . Wisely, 325 I llin o is  B u ild in g , C h a m p a ig n , 111.

A d v iso ry  E d ito r
F . W . Mohlman, C h ief C h em is t, T h e  S a n ita ry  D is tr ic t  of C h icago , 910  S. M ich ig an  A ve ., C h icago , III

D irectors

P e n n sy lv a n ia :  F .  S. F r i e l  (1 9 4 6 )
R o c k y  M o u n ta in :  D a n a  E . K e p n e r  ( 1 9 4 5 )
T e x a s:  W . S . M a h l i e  (1 9 4 5 )
A r g e n tin a :  E .  B . B e s s e l i e v r e  (1 9 4 3 )*
C anada:  S t a n l e y  S h u p e  ( 1 9 4 6 )
In s t .  S a n . E n g . ( E n g .) :  G u y  H . H u m p h r ie s  (1 9 4 7 )  
In s t .  S ew . P u r. ( E n g .) :  W . F . F r e e b o r n  (1 9 4 4 )*

' A t  L a rg e :  F .  W . M o h lm a n  (1 9 4 7 )
A t  L arge:  W . J .  O r c h a r d  (1 9 4 5 )
A t  L a rg e:  C . A . E m e rs o n  (1 9 4 6 )
W . a n d  S . W k s . M lg r s .:  F r a n k  W . L o v e t t  ( 1 9 4 7 )
W . a n d  S . W k s . M lg r s .:  W . B . M a r s h a l l  ( 1 9 4 5 )
W . a n d  S . W k s .  M fg r s .:  L . H . E n s l o w  ( 1 9 4 6 )  
E x-O ffic io :  A . M . R a w n  ( 1 9 4 5 )
Ex-O ffic io :  M o r r is  M . C o h n  ( 1 9 4 5 )
E x-O ffic io :  E a r n e s t  B o y c e  (1 9 4 5 )
E x-O ffic io :  F . W . G i l c r e a s  (1 9 4 5 )
E x-O ffic io :  H . H e u k e l e k i a n  ( 1 9 4 5 )

* Successor n o t  y e t  d esig n a ted .

A rizo n a :  P . J .  M a r t i n  (1 9 4 3 )*
C a lifo rn ia :  C ly d e  C . K e n n e d y  (1 9 4 7 ) 
C en tra l S ta te s :  B . A. P o o le  (1 9 4 5 )
D a k o ta :  K . C . L a u s t e r  (1 9 4 6 )
F lorida:  F r e d  A . E id s n e s s  (1 9 4 7 )
F edera l:  M . L e B o s q u e t ,  J r .  (1 9 4 7 ) 
G eorgia:  V . P .  E n l o e  (1 9 4 4 )*
Io w a :  J o h n  W . P r a y  (1 9 4 7 )
K a n sa s:  P . D . H a n e y  (1 9 4 5 ) 
M ary la n d -D e la w a re : A . L .  G e n t e r  (1 9 4 5 )  
M ic h ig a n :  E .  F .  E l d r i d g e  (1 9 4 6 )
M isso u ri:  W . Q. K e h r  (1 9 4 5 )
N e w  E n g la n d :  J .  H . B r o o k s ,  J r .  (1 9 4 5 ) 
N e w  le r s e y :  E . P .  M o l i t o r  (1 9 4 5 )
N e w  Y o rk :  C . G . A n d e r s e n  (1 9 4 5 )
N o r th  C arolina:  W . M . F r a n k l i n  (1 9 4 6 ) 
O hio:  C . D . M c G u i re  (1 9 4 5 )
O kla h o m a :  F r a n k  S. T a y l o r  (1 9 4 7 )
Pacific  N o r th w e s t:  M . S. C a m p b e l l  (1 9 4 7 )

SE W A G E  W O R K S  J O U R N A L
R E G . U. S .  P A T . O F F .

A Bimonthly Journal devoted to the advancement of fundamental and practical knowledge concerning the nature, 
collection, treatment and disposal of sewage and industrial wastes, and the design, construction, operation and manage
ment of sewage works.

Publication Office: Prince and Lemon Sts., Lancaster, Pa.

Subscription Price:
Members of Local Sewage Works Associations affiliated with the Federation, $3.00 per year.
Non-members: U. S. and Canada, $5.00 per year; other countries, $6.00.
Foreign Subscriptions must be accompanied by International Money Order.
Single copies: United States, $1.00 each; Foreign, $1.25 each.

Manuscript and advertising: copy may be sent to the Editor, W. H. Wisely, 325-26 Illinois Bldg., 
Champaigrn, 111., for acceptance or rejection subject to the provisions of the Federation Constitution!

Subscriptions and address changes should be sent to W. H. Wisely, Executive Secretary, 325-26 
Illinois Bldg., Champaign, 111.

No claims will be allowed for copies of Journals lost in the mails unless such claims are received within sixty 
(60) days of the date of issue and no claims will be allowed for issues lost as a result of insufficient notice of change 
of address. “ Missing from files cannot be accepted as the reason for honoring a claim.

Entered as second-class matter, May 7, 1934, at the post office at Lancaster, Pa., under the Act of March 3, 1879.



SEWAGE W O R K S  JOURNAL 3

D O R R  CLARIFIERS

. . . f o r  e v e r y  s i z e  a n d  t y p e  o f  s e w a g e  p l a n t

Dorr Round Clarifiers pos
sessing radial feed, long 
overflow weirs and prompt 
removal of sludge are fun
damentally correct in de
sign, and have these proved 
advantages: —

PERFORMANCE OF 
DORR CLARIFIERS

A. On Suspended Solids —At Den
ver, Colo, from June 1943 to June 
1944 (12 months) Dorr Clarifiers pre
ceded by Flocculation without chem
icals removed 74.3% of Suspended 
Solids and 46.5% of 5-day B. O. D. 
(Monthly Reports).
B. On Settleable Solids—At Battle 
Creek, Mich, from Jan. 1938 to Dec. 
1942 (5 years) Dorr Clarifiers re
moved 97.7% of the Settleable Sol-' 
ids. (Annual Reports).
At both plants, Digester Supernatant 
is returned to the Clarifiers.

1. Low  M ain tenance  Cost. Many 
Dorr Round Clarifiers have been 
in continuous operation for fifteen 
to twenty years without repairs.

2. No Subm erged bearings are used 
thus avoiding wear.

3. C entra l D rive with the entire 
rugged mechanism is mounted on a 
rigid centerpier of steel or concrete.

4. Siphon Feed insures low velocity 
feed with uniform distribution.

5. No Shut-downs because replace
ment of worn submerged parts is not 
a factor in Dorr Round Clarifiers.

6. Scum E ffective ly Collected and
automatically removed from tank.

7. Positive  Sludge Thickening by the
rabbling effect of slowly revolving 
short rakes squeezing out entrained 
water while thickening the solids.

in e :

A O D R E S S A l l  I N Q U I R I E S  T O  O U R  N E A R E S T  O I I I C E

8. Sturdy Design, well proportioned 
and pleasing in appearance.

9. Adeq uate  Engineering Service to
inspect, adjust and supervise ini
tial operation.

•
The wide-spread acceptance of 
Dorr Clarifiers for sewage treat
ment has placed them in operation 
throughout the world. There is a 
carefully developed Dorr unit for 
every size and type of sewage plant. 
These sizes range from 10 feet to 
two hundred feet in diam eter. 
Write for our 48-page bulletin 
“ Sedimentation”. Or better still, 
call in a Dorr engineer to help you 
with your planning.

@ 6447
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R. D. Wood Co. offers 
IMPROVED PRODUCTS FOR 

SEWAGE PLANTS

PIPING: Every form of cast iron p ip e—plain end, raised end, bell and  
spigot end, flanged, or m echanical joint. It can be provided with 
cem ent or tar lining, or the highly and perm anently im pervious 
Hi-Co Lining. R. D. W ood pipe is centrifugally cast in sand-lined  
molds for lightness, strength, flexibility, and uniformity.

FITTINGS: Every sized pipe, from 3" to 30" can  b e  accom panied by  
its own com plete line of fittings, products of on e of Am erica's 
oldest and best equipped foundries. Special fittings make possi
ble com plicated piping arrangements in a minimum of space.

VALVES: R. D. W ood gate valves are unique in the sim plicity of their 
construction and the dependability of their operation. They use  
only three moving parts. W e provide them in all sizes for m anual 
or power operation, as w ell as ch eck  valves, foot valves, etc.

FLOOR STANDS a n d  ACCESSORIES: A c c e s s  n eces
sary to the piping and control of sew age, water, or gas. O ur 
Engineering Department will gladly g iv e  information, advice, 
suggestions, prices, and other assistance.

R . D . W O O D  C O M P A N Y
400 CHESTNUT STREET, PHILADELPHIA, PA. • ESTABLISHED 1803
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THE S T R A I G H T L I N E  GRIT COLLECTOR & WASHER

Ę J  •  The STR
** nnH Wflshf*!r " •  The STR A IG H T L IN E  G rit Collector 

and W asher consists of a conveyor with 
pitched flights which turns the m aterial 
over and over, discharging it into a 
washing and dewatering screw at the 
influent end of the tank. It combines 
these functions:

Collects the settled grit and keeps 
most of the organic m atter in suspension 
so tha t it will float out of the chamber. 
The action and speed of the collector 
assure this.

I t separates the heavy organic m atter 
from the settled grit, discharging the 
grit above the water line of the chamber 
with a minimum of organic material 
and moisture. Send for Folder No. 1942.

For medium and small size plants, the 
Link-Belt T ritor is ideally suited. It 
combines the functions of a mechanical
ly cleaned bar screen and grit chamber. 
Send for Booklet No. 1587.

Head end of collector mechanism where delivery is made to inclined screw conveyor-washer.

LINK-BELT COMPANY
Philadelphia 40, Chicago 9, l̂eveland 13, Indianap

olis 6, Los Angeles 33, Toronto 8.
Offices in principal cities

9452-A

L/AfM-ß£LT
S C R E E N S *  C O L L E C T O R S  «A ER A TO R S* G R IT  C H A M B E R S -M IX E R S



ENGINEERING
DATA

6 3 4 0
7 1 0 0
8 6 0 0

10 4 5 0
12 3 0 0

A s b
e 5 t ° S  PrCkrt..

TRANSITE SEW ER PIPE 
PROVIDES THESE IM PO R TA N T A D V A N T A C

F ast In s ta lla tio n  . . . H ig h  S tr e n g th  . . . L es  

In filtra tio n  . .  .  H ig h  C a r r y in g  C a p a c i t y

C o m p le te  in fo rm a tio n  is g iv en  in  b ro c h u re  T R -2  ; 
A nd  fo r  d e ta ils  o n  T ra n s i te  P re s su re  P ip e  fo r  fo 
m a in s  a n d  fo r  w a te r  lin e s , s e n d  fo r  T ra n s i te  P r  
t Ufe ,P .1P e . B ro c h u re  T R - 1 1 A. Jo h n s -M a n v ille ,
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1 —Preliminary Settling 
Tank.

2— Aeration compartment- 
3 — Recirculation of mixed

4 — Loading Funnels to final
clarification compart
ment.

5 — Clarified effluent.
6 — Return activated sludge.
7 — Waste activated sludge

for activated

treatm ent 
of sew age AERATIO N  AND FIN AL SETTLIN G  

IN ONE CON CRETE STRUCTURE

c4 u  answer to the sewage problem of 

small communities— does the job economi
cally with minimum attention.

Concrete tank has central aeration sec

tion and triangular corner settling com

partments. No steel baffles to rust and 

collapse.
“ Sp ira lflo ’' aeration cone revolves at rel

atively slowspeed — means low powercost. 
No possibility of short circuiting to the clar-

ifier compartments. No angular openings.
M ixed liquor moves to the settling com

partments by means of loading funnels 
and pipes. Excess activated sludge is re 
turned to the primary tank — an exclusive 

design.
Adequate velocity is maintained at all 

times by "Sp ira lflo " movement to prevent 
sludge deposit on tank bottom.

Send for new "A erifie r” bulletin 6650.

Yeomans Brothers Com pany
1411 N O R T H D A Y T O N  STREET • C H I C A G O  2 2

Please send me your Bulletin 6650 .
Name
Address

Company

, I L L I N O I S
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H e  p r o v i d e s  t h e  r i g h t  a n s w e r  t o  

y o u r  s e w a g e  t r e a t m e n t  p r o b l e m s

N o  m a tter  w h a t y o u r  
sew age treatm ent prob 
lem  in v o lv e s  — sm a ll  
p la n t o r  la rg e  —in d i
vidual equipm ent or  a 
c o m p le t e  u n it  —R ex  
Sanitation E ngineering  
— R ex  S.E. — p r o v id e s  

the righ t answer. T he preference for his 
services by lead in g  con su ltin g  engineers  
. . . the exceptional records h is in sta lla 
tions have achieved are definite evidence  
o f his ability to serve you.

Rex S.E. and his staff o f  field-trained  
experts can m ake im provem ents in an 
ex istin g  plant or can aid in d esig n in g  a 
new one. H is Bar Screens and Tritura- 
tors, Sludge C ollectors, Grit C ollectors, 
A e r o - F i lt e r s ,  S lo -M ix e r s  and  o th e r  
equipm ent can help you achieve a new  
high  in  efficiency.

L et Rex S.E. shoulder the  
burden of your planning.
W rite Cham B elt Company,
1606 West B ru ce  S treet,
M ilwaukee  4, Wisconsin.

Sludge Collector

Slo-Mixer

Bar Screen and Triturator Aero-Filter

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 R em ov ers  .  S lo -M ixe rs  
A ero-Filters .  R a pid  M ix e rs  .  G rit a nd  Sludge Collectors a nd  G rit W ashers

CHAIN BELT COMPANY OF M I L W A U K E E
M em ber' of the W ater and Sew age Works M anufacturers Association, Inc.
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A re y o u  h a v in g  c o n tin u a l tro u b le  
b ecau se  som e piece o f e q u ip m e n t 
c a n ’t  s ta n d  u p  a g a in s t co rro s iv e  
a t ta c k ?  D o  y o u  h a v e  sk y lig h ts , 
w indow s, do o rs  a n d  o th e r  s t r u c tu r a l  
m em b ers  w h ich  suffer s im ila r ly ?  
A lu m in u m  isn ’t  a cu re -a ll. B u t  it  
h as o v e rco m e  d ifficu lties in  m a n y  
lo ca tio n s , o r slow ed  th e m  d o w n  to  
a p o in t  w h ere  a lu m in u m ’s u se  is 
m ore  th a n  ju s tif ie d .

O f te n ,  t h e s e  a s s ig n m e n t s  a r e  
to u g h  ones, re q u ir in g  sp ec ia l c o n s id 
e ra t io n  o f a lloys. Y ou  m a y  find  th a t

ev en  th e  a lu m in u m  m u s t b e  safe- 
g u a rd e d  b y  p r o te c t iv e  c o a t in g s , 
c a th o d ic  p re le c t io n  o r  in h ib ito rs .
O u r en g in ee rs  h a v e  d e v o te d  v ea rs  
to  s tu d y in g  W ays o f  a ssu rin g  m a x i
m u m  se rv ice  w ith  A lcoa  A lu m in u m  
A llo y s .T h e y  a re  w e ll- f i t te d  to  ad v ise  
y o u  o n  su c h  p ro b lem s.

J o t  d o w n  th o se  sp o ts  w h ere  y o u ’d  
like  to  c o n s id e r  a lu m in u m . T h e n  
a sk  y o u r  n e a re s t  A lcoa  office fo r 
h e lp , o r w rite  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 G u lf  B u ild in g , 
P i t t s b u r g h  1 9 , P e n n s y l v a n i a .

A L C O A  W  A L U M I N U M
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. . . u r n

..Get CHAPMAN Standard

S l u i c e  G a t e s
Yo u  get  fast delivery because Chapman can usually give 

you the type and size of gate you need from its large selection 

— without the expense or waiting for specially built pattern 

equipment.

Y o u  ge t  quicker installation because Chapman’s inter

changeable stems and couplings need not be match-marked.

Y o u  ge t  a wide choice of operating controls . . . manual, 

hydraulic, cylinder, or Motor Unit — Chapman has all types.

A n d  ge t  a copy of Chapman’s Sluice Gate Handbook. It 

gives the complete story on sluice gates, dimensions and 

specifications. Write for it today!

The CHAPMAN Valve Mfg. Co.
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EVERDUR BLADES 

AFTER TWELVE YEARS OF HARD SERVICE

he en thusiastica lly  w ro te:
"N o t one out of the 5 3 3 6  E verdur  
b la d e s  n e e d e d  r e p la c in g  d u e  to  
abrasive action  . . .  or corrosion. The  
strength  of these b lades is  also rem a rk 
able, fo r  bent b lades can  be s tra ig h t
ened rep ea ted ly  w ith o u t b reak in g .” 

Twelve years o f  troub le -free  service, and  
ready fo r m ore  in  years to  com e . . . E v er
d u r is p ro v en  m eta l w h ere  s tre n g th  and  
resistance to  a w ide  ran g e  o f  co rrosive  
cond itions are  essential. 44174A

T h e  E verdur* blades on  th is L augh lin  
A utom atic  T raveling  Type Screen installed  
in  th e  D earbo rn , M ich igan , Sew age T reat
m en t W orks, have taken  tw elve years o f 
p u n ish in g  service, yet are still sound. T h is 
is even m ore  rem arkab le  in  v iew  o f  the 
fact th a t th e  D earb o rn  P la n t m ixes indus
tr ia l w aste, san ita ry  sew age and  storm  
w ater, sub jec ting  th e  E verdur to  unusual 
am ounts o f  g r i t  and  corrosive w aste.

M. A. G roen , C h ief O p era to r at the 
p lan t, had  these cond itions in  m ind  w hen

fi'etdat Copp&i SôécccK (AUtn/
THE AMERICAN BRASS COMPANY —G eneral Offices: W a te rb u ry  88, C onnecticu t
Subsidiary of Anaconda Copper Mining Co. • In Canada: A n a c o n d a  A m e r i c a n  B r a s s  L t d . ,  New Toronto, Ont.
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E A D Y

G I V E S  Y O U  

T H E  A N S W E R S  

T O  P U M P -  

E N G I N E E R I N G  

P R O B L E M S

A timely contribution 
to the pump industry 
—350 pages of 1945 
data just when vital 
postwar problems re
quire authentic facts, 
sound experience and 
advanced engineering 
practice.

H e re , u n d e r  o n e  c o v e r , a r e  h u n d re d s  o f  h a n d y  
ta b le s  a n d  d ia g r a m s  y o u  n e e d  e v e ry  d a y . 
R e v ise d , im p ro v e d  a n d  n e w  d a ta  g o v e rn in g  
th e  c o r r e c t  la y o u t  a n d  in s ta l la t io n  o f  se w a g e , 
d r a in a g e ,  p ro c e s s in g , h e a t in g  sy s te m s , etc. 
D e s c r ib e s  c le a r ly  a n d  e x a c tly  th e  w a y  to  d o  
th e  jo b  r ig h t .

I n d i s p e n s a b l e  to  E x e c u tiv e s , E n g in e e r s ,  
P la n t  M a n a g e r s ,  M a in te n a n c e  M e n , etc. S en t 
fre e  in  r e s p o n s e  to  re q u e s ts  o n  b u s in e s s  le t te r 
h e a d s .

E C O N O M Y  P U M P S ,  I N C .
H A M I L TO N ,  O H IO  • U. S. A.

FOR OVER THI RTY YEARS MAKI NG BETTER PUMPS DO MORE
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H c r 0 ̂

MAINTENANCE
H e l p

T H E S E  N E W  M A N U A L S  A R E  F O R  

E L E C T R I C A L  T R O U B L E  S H O O T E R S

You want to stop your troubles before 
they stop you. Which means: prevent 
breakdowns by periodic inspection and 
repair. These maintenance guides will help 
you keep your electric equipm ent in good 
working order. They are easy to  obtain—■ 
yours for the asking.

DAY AND NI GHT — A NATI ON
WI DE REPAI R SERVI CE

Atlanta, Georgia 
4 96  Glenn S t., S.W.

Buffalo, New York 
318 Urban St.

Charleston, W. Va.
306  MacCorkle Ave.

Chicago, Illinois 
849 South Clinton St.

Cincinnati, Ohio 
215 W est Third St.

Cleveland, Ohio 
4 966  Woodland Ave.

Dallas, Texas
1801 North Lamar St.

Detroit, Michigan 
5 950  Third Ave.

Houston, Texas 
1312 Live Oak St.

Kansas City, Missouri 
819 East 19 St.

Los Angeles, California 
733 Banning St. 

Milwaukee, Wisconsin 
940 West St. Paul Ave. 

Minneapolis, Minnesota 
410 Third Ave., North 

New York, N. Y.
416  W est 13 St. 

Philadelphia, Penn.
429 North Seventh St. 

Pittsburgh, Pennsylvania 
6519 Penn Ave.

St. Louis, Missouri 
1110 Delmar Ave.

Salt Lake City, Utah 
141 So. Third W. St. 

San Francisco, California 
361 Bryant St. 

Seattle, Washington 
1508 4th Ave., South

Special service divisions are also maintained at 
General Electric plants In Erie, Pa.; Ft. Wayne, Ind.; 
Pittsfield and W est Lynn, Mass.; Schenectady, N. Y. 
I f  there Is no G-E service shop in your vicinity, call 
the nearest General Electric office.

G E N E R A L  f §  E L E C T R IC

When your equipm ent n eeds repair —
remember our nationwide network of 
service shops is prepared to  give you 
prompt, efficient service. Call our nearest 
shop when you have repair problems or a 
reconditioning job. General E lectric Co., 
Schenectady , N. Y.

BUY WA R BONDS

General Electric, Sec. 666-12E , Schenectady, N. Y. 
I need the following maintenance help:
( )  How to Maintain Air 

Circuit Breakers 
( ) How to Maintain Indus

trial Control 
( )  How to Maintain Motors 

and Generators 
( ) How to Maintain 

Lighting

( ) How to Maintain Power 
Circuit Breakers  

( ) How to Maintain Swltch- 
gear Equipments 

( ) How to Maintain Swltch- 
gear Relays

( ) How to Maintain and Use 
Instruments

Name

Address

City

S ta te .....
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Chicago 'Tackage" Sew
age Treatment Plant at an 
Aircraft Plant in the South. 
Design flow rate 90,000 
G.P.D. for 3,000 popula
tion. The plant is com
posed of a primary tank. 
Combinat ion Aerator- 
Clarifier, pump house and 
digester.

CHICAGO "PACKAGE" SEWAGE 
PLANT for SMALL COMMUNITIES

Especially Developed for Populations of 100 
to 3,000 . . . Not a Large Plant Scaled Down

Complete Sewage Treatment at Lowest Cost No Odors . . .  No Flies . . .  No Unsightly Nuisance

Aeration and clarification within a single tank 
with positive, automatic sludge control. Only 
one simple sludge control setting, which covers 
a wide range of varying sewage flows and 
strengths. No valves to adjust for sludge control.

Local operators without previous sewage treat
ment experience are successfully operating 
more than a hundred of these plants. Some 
were farmers; others were coal miners, laborers, 
plumbers, pipefitters, salesmen and school 
teachers. Some of these operators also perform 
other municipal duties.

Operator training service by Chicago Pump 
Company Operating Sanitary Engineers goes 
with each plant.

Chicago "Package" Sewage Treatment Plants 
are clean, sanitary and have no objectionable 
odors. Visitors are amazed at the water-clear 
effluent. Purification is up to 98 per cent.

Ask for full description and discussion with 
facts and figures for this type of plant which 
has been especially developed for the char
acteristic small community sewage flow and 
strength.

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

2314 WOLFRAM STREET CHICAGO 18,  IL L IN O IS

Flush-Kleen, Scru-Peller. Plunger, 
Horizontal and Vertical Non-Clogs. 
Water Seal Pumping Units, Samplers.

Swing Diiiusers, Stationary Diiiusers. 
Mechanical Aerators, Combination 
Aerator-Clariiiers, Comminutors.
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A N N O U N C E S

J I MPORTANT 

*  IMPROVEMENTS

IN DI GESTERS

THE G R A V E R  S T A B I L I Z E R

An entirely new m ethod  o f 
su p p o r t  fo r  t h e  D ig e ste r  
cover w h ic h  p ro v id es n u 
m erous advantages:

A. Eliminates tilting and binding o f cover.

B. Equalizes eccentric loads.

C. M akes high lifts possible without superstructure
or wind bracing.

D. Provides greatly improved appearance.

E. Insures lower construction and m aintenance costs.

THE G R A V E R  S E C T I O N A L  

H E A T I N G  S Y S T E M

A r e v o lu t io n a r y  im p rove
m e n t  in su r in g  m a x im u m  
efficiency and econom y.

F. One man can remove heating elem ent without
draining digester.

G . Provides uniform heating from top to  bottom .

H. Light, removable sections.

I. Repairs can be made without drawing off sludge. 

J. Uses standard replacement parts.

K . Counter current flow.

L. Improved convection current circulation.

These are but two of several improvements ready for announcement by Graver. All of them are of 
importance to anyone interested in modem methods of sewage treatment. We shall 

be glad to give you full details upon request.

Process Equipment Division 
of

G R A V E R  T A N K  & M F § - C O , I N C -
4809-41 Tod A v e ., East C h icago , ind.

NEW YORK CATASAUQUA, PA. CHICAGO TULSA

A erato rs— Chemical Treatment P lan ts— Clariflers, 
P r im a ry  an d  S e c o n d a r y  —  C o a g u la to r s  —  

Digesters —  G a s  Holders —  R o ta ry  Distribu
to rs—  Com plete S e w a g e  Treatment Plants.
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F a b r ic a t io n  o f  S lu d g e  S c r a p e r  
M e c h a n i s m

E le v a t io n  V ie tc  o f  
C a r te r  F ix e d  R o o f  D ig e s te r

1. P o sitiv e  S lu d ge  T ransfer  with heavy duty plow blade 
truss fabricated from standard structural steel shapes.

2. C o n tin u o u s B reak -U p  o f  a ll Su rface S cu m  A c
c u m u la tio n s  by Rotating Breaker Arms, intermeshing with 
fixed arms attached to roof.

3. A d eq u ate  e lectr ica l and  m ech a n ica l O verload  
P ro tectio n .

4. E fficien t G as C o llec tio n  in electrically arc-welded, hot 
dipped galvanized, steel dome.

5. D rive M ech a n ism  co m p o sed  o f  T rip le  T ype R educer
and Totally Enclosed Weatherproof Gear Motor, guaranteed 
to take shock loads equal to any emergency.

The Carter Fixed Roof Digester, ruggedly con
structed as illustrated, has been designed and 
proven as a unit, which will produce a thickened 
sludge of uniform consistency and low moisture 
content. The slow, positive stirring action of the 
mechanism will:

1. F a c ilita te  m ix in g  o f  green  slu d g e  w ith  th e  
trea ted  m a ter ia l and  speed  th e  d ig estio n  
process.

2. R em ove gr it an d  s im ila r  m a ter ia l regu larly .

3. P reven t s lu d g e  a c c u m u la tio n s  in  rem o te  
parts o f  ta n k .

FORTY-ONE YEARS OF CARTER E X 
PE R IEN C E, including pioneering of many 
sewage treatm ent units now in universal 
use, is reflected in the sound design and 
all-’round mechanical excellence of this 
Digester, promising long, trouble-free service 
and economical operation. Further details 
are given in our Bulletin SJ 4311 which will 
be mailed upon request.

CARTER SERVICE includes equipment, 
design and fabrication by our factory 
trained experts, then installation by our 
engineers . . .  or under their supervision, 
if desired. P u t your sewage treatm ent 
mechanical problems up to us.

RALPH B. CARTER COMPANY
M o in  O H ic o  

H A C K E N S A C K , N . J .

N o w  Y o rk  O fficm  

53 P a r k  P la c e , N E W  Y O R K  7, N . Y.
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Public Health must be maintained/
T h e  necessity o f  m aintain ing  
public health in war time is self- 
evident. M u n i c i p a l  officers in 
charge o f  water purification and 
sewage disposal have a vital re
sponsibility in guarding the na
tion’s health, that should not be 
underestimated as a contributing 
factor to final victory.

H ow ever,the problems o f  main

taining public health are becoming 
increasingly difficult in the face o f  
material shortages and transportation 
handicaps. In order to ease this sit
uation in regard to Aluminum Sul
fate  as much as possible, w on ’t you  
place your orders as far ahead as 
you can so that w e may schedule 
our production on an efficient 
basis.

Why Most American Cities Prefer General Chemical Aluminum Sulfate
General Chemical Aluminum Sulfate is 
an especially developed "Alum!’ High  
quality and constant uniformity have

given it a time-tested, reputation among 
water works engineers and sewage plant 
operators.

★  F O R  W A T E R  W O R K S
1. Makes water crystal clear.
2. Longer filter runs are obtainable.
3. Is economical, used properly w ill con
serve chlorine supplies . . .  because it does 
not require oxidation to make it effective.
4. Superior in tests against other coagu
lants.
5. High in quality, its constant uniform
ity can be counted upon.

★  F O R  S E W A G E  P L A N T S
1. Clean, easy to handle and economical 
to use.
2. Simple application, requires only low  
cost feeding apparatus and minimum 
attention.
3. Clear, colorless effluents are possible.
4. Precipitated sludge digests readily.
5. Treated digested sludge dries quickly, 
without odor.

GENERAL C HE MI C A L  C OMP A NY
4 0  R E C T O R  S T R E E T ,  N E W  Y O R K  6 ,  N .  Y

Technical Service Offices: A tlan ta  • Baltimore • Boston ’ • '  Br'idvennrt \
Buffalo • C h a r lo tte fN .C .)  • Chicago • Cleveland • Denver .  D etroft " H o Ä  
K ansas City • M ilwaukee • M inneapolis • New York • Philadelphia • P i tt s Z rg h  

Providence (R . I . )  . St. Louis • U tica  ( N Y )  r ‘wsourgn
Pacific Coast Technical Service Offices- 

Los Angeles • San Francisco • Seattle, W enatchee and  Yakim a (W ash )
In  Canada: The Nichols Chem ical C o.. l t d .  • M o n tre a l • To ron to  • Vancouver



The completeness of the Dresser line of pipeline products is an 
asset to everyone handling pipe. No matter how large or small 
the job, how simple or complicated, if pipe is to be joined — 
Dressers can join it.

Dresser makes over a hundred different pipeline products in 
every size from 3/s" to 96" in diameter— couplings, fittings, re
pair clamps, sleeves. Every Dresser product is ready-made. Some 
require only the simplest assembly. Others are completely fac
tory-assembled, all ready to slip on and tighten. In either case 
the only tool ever needed is a wrench.

To users of Dresser Products the versatility of the line, the com
plete size range, and the speed with which Dressers join or re
pair pipe mean time and money saved.

Send us your inquiries for any quantity— for any pipeline con
struction or maintenance work.

D R E S S E R  S TY LE  38 C O U P LIN G
For All Kinds of Plain-End Pipe 
Joining— Sizes 2A "  ID to 24" OD 
and larger.

In C a n a d a : D re s se r  M a n u fa c tu r in g  C o . ,  L td ., 6 0  F ro n t S t . ,  W e s t , T o ro n to , O n t.

Dresser Manufacturing Company
O N E  O F  T H E  D R E S S E R  I N D U S T R I E S  

B R A D F O R D ,  P E N N S Y L V A N I A

H ou ston  O f f ic e  a n d  W a re h o u se : 1121 R o th w e ll S t . ,  H ou ston , T e x a s

Fittings
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Cast Iron P ipe R esearch A ssociation
T h o m a s  F . W o lf e ,  E n g i n e e r ,  P e o p l e s  G a s  B u i l d i n g ,  C h ic a g o  3

C A S T  I R O N  P I P E  L A ID  IN  L O N 
D O N  B E F O R E  T H E  B A T T L E  O F  
W A T E R L O O  IS  S T I L L  IN  S E R V IC E .

D E T W E E N  1810 a n d  1812— before  
* W ellin g to n  d e fea ted  N a p o leo n  a t  
W aterloo— th e  c a st  iro n  w ater  m a in , 
sh o w n  a t  r ig h t , w as in sta lle d  in  L o n 
d o n , E n g la n d . I t  is  s t i l l  in  service  
(u n le ss  r ec en tly  b o m b ed  o u t) . For  
w h en  i t  w as un covered  for in sp e c t io n , 
a n d  p h o to g ra p h ed , a few  years ago, 
en g in eers p ro n o u n ced  i t  “ as t ig h t  as 
w h en  n e w .”  B efore th e  w ar, 200-year- 
o ld  c a s t  iro n  w a ter  m a in s  w ere k n o w n  
to  b e  in  serv ice  th r o u g h o u t E urope.

S o  w h en  y o u  sp ec ify  c a st  iro n  p ip e  
for c u rren t or postw ar c o n str u c tio n , 
y o u  k n o w  o n e  th in g  for  cer ta in — it  
w ill serve for c en tu r ie s , in  it s  or ig in a l 
lo c a tio n  or e lsew h ere . I f  th e  l in e  h as  
to  b e  re lo ca ted  or a b an d on ed  or re
p laced  by larger d ia m eters, y o u  also  
kn ow  th a t  c a st  iro n  p ip e c a n  b e  ta k e n  u p  a n d  re la id , or sa lvaged  for c a sh . Y o u  m a y  a lso  
k n ow  th a t  c a s t  iro n  p ip e  c o sts  far less  to  m a in ta in  th a n  a n y  o th e r jp ip e 'u se d  for  w a ter  
d is tr ib u tio n  m a in s , a sjp ro v ed  by a survey c o n d u cte d  by a p r o m in e n t  e n g in e er in g  
p u b lica tio n .

[ S e c t io n  o f  a  c a s t  i r o n  w a te r  m a i n  l a i d  i n  L o n d o n  
b e t w e e n  1 8 1 0  a n d  1 8 1 2  a n d  a t i l l  f u n c t i o n i n g  (a t  
l a s t  r e p o r t )  a f t e r  1 3 4  y e a r s  o f  c o n t i n u o u s  s e r v ic e . ]

CAST IRON PIPE
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P la n t O p eratio n

B y F rederick G. Nelson and W. N. L auer

Engineers, The Dorr Company

"War conditions have focused the attention of operators and engi
neers on the problems encountered in sewage trea tm ent resulting from  
the presence of large quantities of grease. I t  often constitutes one of 
the most abundant single ingredients found in sewage, particu larly  a t 
army, navy and m arine camps, or a t cities where a considerable amount 
of w ar activity is in progress.

I ts  chief significance is in its effect upon the efficiency of estab
lished methods of sewage treatm ent. I t  m aterially  lowers the effi
ciency of plants using biological methods of treatm ent, such as acti
vated sludge and trickling filters. Grease carrying over from  prim ary  
clarifiers onto trickling filters has a tendency to coat the filter stone 
or possibly the biological gel, causing not only a lowering in the effi
ciency, but resulting in the production of odors. The effect on the 
operation of activated sludge plants seems to be still more m arked and 
may be due either to coating of the sludge solids, or because a much 
longer detention is required to oxidize the grease. The effect of grease 
on activated sludge has been covered in considerable detail by Heuke- 
lekian (1).

Generally speaking, greases encountered in sewage treatm ent are 
of the saponifiable and non-saponifiable types. Insofar as removal 
is concerned, they m ay be considered as being in the same category, 
but the subsequent disposal presents different problems. F rom  the 
opera to r’s point of view, the principal difference in these two types 
of grease is th a t saponifiable grease can be readily disposed of by di
gestion in properly designed and operated digesters, while non-saponi- 
fiable grease cannot be digested and m ust be disposed of in some other 
manner. However, this subject will he discussed in more detail la ter 
on in this paper.

The chief sources of grease in sewage are from  restaurants, mili
ta ry  kitchens and commercial establishments such as m eat packing 
plants, creameries, machine shops, garages, and many others. The 
am ount to he expected from  any of these sources may vary  through 
wide limits, making it  difficult to predict the quantity  to be expected.

I t  is becoming generally recognized th a t grease can he most effec
tively removed near the source of pollution. Considerable effort has

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

* Presented at 18th Annual Ohio Conference on Sewage Treatment, Marion, June 21—22,
1944.
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been made to accomplish this, resulting  in the development of various 
grease tra p  devices and the passage of ordinances and regulations fo r 
governing the discharge of greasy wastes into sewers. A review of 
recent lite ra tu re  describes fully the thought and effort th a t have been 
given to this phase of the problem. K eefer (2) has described B alti
more practice in elim inating waste oil from  its sewers. He gives 
figures on cost to the city and the quantities of grease and oil which 
have been collected fo r the years 1927 to 1943 inclusive.

Dawson and K alinske (3) have discussed the design, operation and 
efficiency of grease trap s  from  work carried  out under laboratory  
conditions a t the Iowa In stitu te  of H ydraulic Research. T heir paper 
covers both the design and operation of grease trap s  fo r best efficiency 
under various conditions.

K essler and N orgaard  (4) make mention of the operation of grease 
trap s  fo r arm y kitchens and cite figures on the recovery of grease from  
them.

I t  is shown from  these various papers tha t large quantities of 
grease can he intercepted a t the source provided regulations are  rig 
idly enforced and grease trap s  properly  operated. Along w ith en
forcement, education m ust go hand in hand because it  is difficult fo r 
the public to appreciate the problem unless fully inform ed of the 
consequences of misuse of sewers.

W hile grease can best be separated  near the source, it is not p rac
tical nor desirable to carry  this method of control too fa r. Even the 
best operated grease traps  probably will not remove m ore than  90 
per cent, which means in many instances there are  still large quan ti
ties of grease discharging to the sewers.

I t  is highly questionable whether an attem pt should be made to in 
tercept kitchen greases from  private residences. Cohn (5) sta tes tha t 
in his experience he has not seen many serious stoppages in sewers 
serving tru ly  domestic areas. He also gives figures, which he believes 
to be reasonably accurate, showing th a t most towns under 50,000 popu
lation do not have grease intercepting devices and th a t 50 to 60 per 
cent of cities over 50,000 population do have some form  of regulation. 
The cost of maintenance for individual intercepting devices and the 
nuisance created for the individual p roperty  owner would appear to 
the w riter to more than offset the advantages to be gained by the com
munity as a whole. I t  is better to spend money to educate home own
ers to keep free grease out of kitchen drains ra th e r than  to try  to in te r
cept it a fte r it has been discharged.

Continuation a fte r the w ar of salvaging cooking fats  m ay be found 
to be practical even though the reclaimed value drops considerably. 
The housewife does not dump fa ts  into the kitchen drains because she 
prefers th a t method of disposal, but ra th e r because she has no other 
convenient means of getting rid  of them. I t  is entirely  possible th a t 
if suitable containers are devised and means of collection system a
tized, it will be found economically feasible fo r salvage companies to 
collect waste kitchen fats.
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Regardless of efforts made to keep grease out of sewage, there is 
still likely to be sufficient present to require special consideration. 
Methods which have been employed for removing grease a t sewage 
treatm ent plants may be listed a s :

1. Sedim entation tanks, with or w ithout chemical precipitation.
2. Aeration, either of the mechanical or diffused a ir type.
3. Aero-chlorination.
4. Vacuum flotation.

Eliassen and Scliulhoff (6) report results from laboratory and field 
tests on arm y sewage. V arious methods of grease removal were tried  
out and the results compared with plain skimming tanks. Their gen
eral conclusions were tha t there was little to be gained by the various 
methods investigated over plain skimming tanks.

This subject needs a g reat deal more study, preferably  under actual 
field conditions. There is a surprising lack of inform ation on the effi
ciency of various grease removal devices/w hich in p a rt may be due 
to the many difficulties in obtaining reliable data. Some of these diffi
culties may be listed as :

1. The grease content of the raw  sewage often fluctuates through 
wide limits, not only due to its in term ittent discharge to the sewers, 
but because of being trapped  in manholes, wet wells and sim ilar points.

2. I t  is difficult to get a representative sample unless it can be 
caught as the sewage falls over a short weir, or where considerable 
agitation is present.

3. A portion of the grease may adhere to the surfaces of the samp
ling container.

4. Analytical determ inations are often inaccurate as evidenced by 
the difficulties in checking analyses. Recognizing this fact, many oper
ators have devised their own methods of making grease analyses. 
From  a casual observance of some of these methods, it would appear 
that some are superior to the present standard  methods, while others 
are questionable.

The above difficulties, together with the labor involved, may account 
for the reason that few p lant operators run routine grease analyses. 
Such data would be valuable in plant operation, and it is hoped that 
the method can be simplified so tha t reliable routine determ inations 
can be made.

I t  is difficult to evaluate grease removal. While it is generally re
ported as percentage removal, or p arts  per million remaining, possibly 
these figures are not altogether significant. I t  is known tha t a certain 
amount of grease will adhere to other suspended solids, and it is rea
sonable to assume that a t least a portion will continue to adhere 
throughout the secondary trea tm ent process. These may not be a fac
to r in coating filter stone or in terfering  with the activated sludge 
process. Possibly if the ratio of grease remaining to suspended solids
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rem aining does not exceed a certain  value, trouble will not be experi
enced in the secondary trea tm ent process.

G-rease probably appears in three form s : free, th a t which is attached 
to other solids, and semi-colloidal. F ree  grease will float and presents 
no serious problem of removal, but the other two form s are  difficult to 
get rid  of. W hen grease attaches to other solids, it  lowers th e ir spe
cific gravity , resulting in the flotation of some, while others will either 
settle or rem ain suspended in the liquid. I t  is probably the la tter, 
together w ith the colloidal grease, which is likely to cause trouble in 
the secondary trea tm ent process.

There is very little inform ation in the lite ra tu re  as to w hether or 
not grease appears in colloidal form  in domestic sewage. There is evi
dence th a t grease in m eat packing w astes and certain  other industrial 
w astes is present in the form  of colloids.

The various methods of grease removal will not be described here 
because there is ample lite ra tu re  on each and, as s ta ted  above, rem ov
als to be expected from  them are given by E liassen and Schulhoff (6). 
However, a brief description of vacuum flotation m ay be in order.

The V acuator is shown in Fig. 1. The process consists of aeration, 
deaeration, and the application of vacuum for the flotation of scum' 
I t  relies upon small a ir  bubbles attaching themselves to the suspended 
solids to cause flotation when the sewage is subjected to vacuum. F o r
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tha t reason, the sewage is aerated  for a short period of time with from
0.025 to 0.05 cubic feet of a ir per gallon in order to introduce a reason
able amount of dissolved and entrained air. This step is accomplished 
either with mechanical or compressed a ir aeration.

A short period of deaeration is necessary to release free a ir bubbles 
which otherwise, due to their high rate  of rise, would cause agitation 
within the Vacuator.

The sewage passes from  the deaeration chamber directly to the 
Vacuator, which is continuously under a vacuum of approxim ately 10 
inches of mercury. The unit is not designed on a detention basis but 
ra ther on overflow rates of 5,000 to 10,000 gallons per square foot per 
day. Lower or higher rates than these can be used. As the rates are 
lowered, the percentage of suspended solids removed increases, while 
there is a lowering in the efficiency of suspended solids removal as the 
rates increase.

The Vacuator gives a three-way separation made up of floating 
solids, settling solids and the effluent. The floating solids, or scum, 
are removed from  the tank by an autom atic continuous skimmer caus
ing the m aterial to discharge through a barom etric leg into a pit. This 
m aterial is low in moisture, being about the consistency of good p ri
m ary clarifier sludge. A t some plants the moisture content has been 
found to be so low tha t it was necessary to dilute it to cause it to flow 
readily.

The underflow consists of the faster settling sewage solids and grit. 
If  there is sufficient g rit in the sewage to w arran t removal, the m aterial 
is passed through a cleaning mechanism for washing, while the organic 
solids are returned to the tank effluent, passing into the prim ary 
clarifier.

D i s p o s a l  o f  G r e a s e

Considerable thought, particularly  during the w ar period, has been 
given to the disposal of grease removed a t sewage treatm ent plants. 
W hether it can be recovered depends upon the size of the plant and the 
amount of grease present. I t  is general practice a t most of the smaller, 
and many medium sized plants, to pump scum directly to sludge di
gesters. If  properly operated, and if the grease is of the saponifiable 
type, this is a satisfactory  means of disposal. I ts  success, however, 
depends upon the care with which the digester is operated. There is 
a tendency to pump too much w ater when transferring  scum, resu lt
ing in dilution and cooling of the digester sludge. Unless properly 
mixed with the seeded sludge, a thick surface scum is likely to form, 
in terfering  with proper digestion and preventing the free passage of 
gas. Grease digests readily, producing a large volume of gas, if the 
tem perature is m aintained a t 90 to 95° F.

If  there is a considerable amount of mineral oil present, digestion is 
not satisfactory, as the oil remains in the digester, inducing scum fo r
m ation and fouling the supernatant liquor. P lan ts having this type 
of grease should look to some other method of scum disposal.
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U nder present conditions, many large cities find it  economical to 
sell skimmings. Since the middle of 1943, New York C ity ’s p lan ts have 
sold an average of about 90,000 lbs. of scum per month to a vendor a t 
a ra te  of 0.8^ per pound, f.o.b. sewage plant. This is equivalent to 
about $9,000 per year. One hundred lbs. of scum, as it  was pu t into 
the b uyer’s cans, contained approxim ately 53 lbs. of w ater, 37 lbs. of 
ether soluble m aterial and 10 lbs. of im purities. An analysis of the 
scum shows an average of approxim ately 46 per cent solids of which 
about 80 per cent is ether soluble (7).

I t  should be remembered th a t the New York plan ts did not provide 
special equipment for scum collection, nor did they add any additional 
labor to their crews. The scum is removed from  scum pits by the oper
ators with hand dippers and placed in the ven d o r’s cans.

The San itary  D istric t of Chicago sells scum from  the Southwest 
p lan t and Racine Avenue pumping station. A t the Southw est p lan t 
the operators remove the scum from  the tank, pu tting  it  into a separate 
tank from  which it is draw n by the vendor. • The scum analyses about 
50 per cent grease on a wet basis, of which 15 per cent is non-saponifi- 
able. About five tons of scum per day is sold a t a price of 0.6^ per 
pound.

A t the Racine Avenue Pum ping Station, the non-saponifiable grease 
is much lower, resulting in a contract price of 1.1^ per pound. About 
400 tons, on a wet basis, were sold from  Ja n u a ry  1, 1944 to M arch 31, 
1944.

The City of F o rt Dodge, Iowa, sells grease recovered from  the skim
ming tank. A t first it was rendered in an im provised rendering  tank, 
and a to tal of 8,092 pounds was sold fo r a price of 7$ per pound. Their 
contract now provides fo r selling the scum direct. The vendor fu r 
nishes empty drum s and picks up the full ones. The p lan t operators 
dip the skimmings from  the tank onto a p la tfo rm  where they d ra in  for 
tw enty-four hours before placing in the drums.

Analysis of the scum shows 46 per cent grease w ith a yield of 28 per 
cent. The price received for the scum, on a wet basis, is 2$ per pound. 
From  Ju ly  1942 to A pril 1944, to tal receipts have am ounted to $4,834.04.

C o n c l u s i o n s

1. The presence of large quantities of grease in sewage in terferes 
w ith plant operation and lowers the efficiency of biological trea tm ent 
methods.

2. Grease can be removed most effectively a t the source.
3. Simpler and more reliable methods should be devised for makin«' 

analyses fo r oils and greases.
4. P lan t operators should keep more complete records on quantities 

of grease and its removal in the plant.
5. There is a need for more study to determ ine the efficiency of v a r i

ous devices fo r removing grease from  sewage.



6. Saponifiable grease can be digested in properly operated di
gesters.

7. U nder present conditions grease from many treatm ent plants can 
be salvaged at a profit.
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S L U D G E  D IS P O S A L  A T  C L E V E L A N D ’S S O U T H E R L Y  
S E W A G E  T R E A T M E N T  P L A N T  *

By Gr. E. F l o w e r

S u p erin ten den t, S ou th erly  S ew age T rea tm en t P la n t, C leveland, Ohio

Cleveland’s Southerly sewage trea tm en t p lan t has two types of di
gested sludge: (a) fresh  solids from  which coarse screenings and g rit 
have been removed, which are digested in Imhoff tanks, and (b ) fresh  
solids w ith g rit removed, mixed with comminuted screenings, grease, 
skimmings and excess activated sludge, which are  digested in heated 
separate digestion tanks.

The digested sludge is disposed of in three w ay s:

1. D rying under glass-covered sludge beds.
2. Lagooning.
3. Vacuum filtration a fte r conditioning w ith chemicals.

In  the first method, there are  eight glass covered beds, w ith a sand 
area of 32,250 square feet, all of them being underdrained. Each bed 
has an industria l track laid on top of the sand, extending the entire 
length of the bed. Small, industrial, side dump cars, m anually loaded, 
and propelled by a gasoline driven locomotive, are  used fo r tra n sp o rt
ing the partia lly  dew atered sludge to the dump or into trucks to be used 
on the grounds, or given away to agricu lturists as a soil conditioner.

The number of fillings per bed per year fo r eleven y e a rs ’ average 
was 12.2 times. The eleven-year average fo r pounds of d ry  solids per 
square foot of sand bed area  was 58.5. The number of fillings will vary  
with the w eather conditions, the depth or thickness of the wet sludge 
discharged to the beds, the am ount of m oisture in the sludge applied, 
and the necessary manpower available to remove sludge cake.

The eleven-year average per cent of m oisture in the wet digested 
sludge applied to the beds was 92.1, and the per cent of m oisture in  the 
sludge removed from  the beds was 63.1.

Clean washed sand, free from  loam and g rit taken from  the g rit 
chambers, is used fo r replacing the sand lost from  the beds.

In  the second method, lagooning was practiced when the p lan t was 
first sta rted  and continued until Jan u a ry  31, 1943, a f te r  which date it 
was discontinued.

In  the th ird  method, more than 90 per cent of the sludge produced 
from  the Imhoff tanks and separate digestion tanks was dew atered by 
the vacuum filters. There are  eight vacuum filters of the ro ta ry  drum  
type providing a s tring  discharge fo r removal of the sludge cake* Each 
filter has an effective area of 320 square feet. Iro n  w ire screen is used

1944* PreSented at 18th Annual 0hio Conference on Sewage Treatment, Marion, June 21-22,
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fo r the backing of the filter cloth, instead of phosphor-bronze wire, due 
to inability to obtain corrosion resistan t w ire during the present war.

There is continuous maintenance work required fo r keeping the 
screens free from  the lime deposit. Two methods have been tried  for 
removing the lime deposits : first, by washing w ith diluted m uriatic acid 
and an inhibitor; second, by removing the screens and cleaning them 
by sand blasting.

The cloths used on the filters tha t have been found satisfactory  are 
an unbleached cotton drill, with a thread  count of 68 threads per inch 
in the w arp, and 40 threads per inch in  the filter. The weight of the 
fabric is 2.75 square yards per pound. The filter cloth life varies from 
162 hours to 239 hours.

The chemicals used fo r conditioning the sludge are ferric  chloride 
and lime. The ferric  chloride is received in rubber-lined cars as a so
lution containing about fo rty  per cent of anhydrous ferric  chloride, 
and stored in three rubber-lined steel tanks. I t  is then forced by a ir 
pressure , to rubber-lined steel dilution tanks, where it is made into a 
solution containing one pound of ferric  chloride to the gallon.

The lime used is an unslaked pebble lime, averaging about 88 per 
cent calcium oxide. The lime is received in box cars or hopper bottom 
cars, for which we have a special attachm ent fo r unloading. All the 
lime is unloaded by a pneum atic vacuum system a t a ra te  of 5 tons per 
hour and stored in bins. The lime is then fed into slaking tanks by 
automatic weighing, dry feed machines.

The digested sludge is draw n from  a sludge well by bucket elevators 
to a mixing tank and mixed with the chemicals by wooden paddles.

The following table gives a four-year average of tons of dry solids 
filtered, per cent of dry solids in the wet sludge, per cent of m oisture 
in the filter cake, per cent of chemicals, and cost of chemicals per ton 
of dry solids.

P er C en t 
D ry  Solids 
W et Sludge

T ons D ry  
Solids 

F ilte red

P e r C en t 
M oistu re 

F ilte r  C ake

P e r C en t 
L im e per 

P o und  D ry  
Solids

P er C en t 
CaO  per 

P ound  D ry  
Solids

P er C en t 
FeCla per 

P ound  D ry  
Solids

C ost L im e 
per T on  

D ry  Solids

C ost F eC h  
per T on  

D ry  Solids

6.5 13,045 72.0 14.2 12.5 4.3 $1.20 $1.49

The filter cake is conveyed by synthetic rubber belt conveyors to 
four multiple hearth  (eight hearths each) incinerators. Each incinera
tor has a ra ted  capacity of one hundred tons of wet filter cake per 
twenty-four hours.

Form erly, fuel oil was the only source of supply fo r ex tra fuel in the 
incinerators, hut during the last year sewage gas has been used almost 
entirely.

Samples taken on the first five hearths showed the following mois
tu re  contents in the filter cake:
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P er C en t
S am ple M oistu re

A pplied  F i l te r  C a k e ............................................................................70.9
H e a r th  N o . 1 ......................................................................................... 70.2
H e a r th  N o . 2 .............' ...........................................................................67.1
H e a r th  N o . 3 ..........................................................................................65.0
H e a r th  N o . 4 ..........................................................................................33.7
H e a r th  N o . 5 ..........................................................................................21.0

The cake 011 No. 5 hearth  was not burning, but 011 hearth  No. 6 it was 
burning ra th e r vigorously. The tem peratures on the various hearths 
when m oisture samples were taken are as fo llow s:

H e a rth  T em p., D eg. F . .

1 500
2 680
3 740
4 1000
5 1250
6 1310
7 1220
8 920

I f  the ra te  of feed is above the designed capacity, the m oisture con
ten t in the cake on the various hearths will be g rea te r than  shown 
above. A light load 011 the incinerators will cause the tem peratu res to 
rise on the upper hearths. An increase in the volatile content of the 
filter cake requires less added fuel, thereby increasing the tem pera
tures on the hearths. This means th a t the optimum period of digestion 
should be possible in order to m aintain a uniform  content of burnable 
m atter in the filter cake to be incinerated.

The residue, or ash, is removed by a pneum atic vacuum system  and 
stored in bins. Most of the ash is used as a fill, except a small am ount 
which is sold. A t the present time, we have 110 o ther Use fo r this m a
terial.



E X P E R IE N C E S  IN  O P E R A T IO N  O F A R M Y  SE W A G E
T R E A T M E N T  P L A N T S *

By A r t h u r  D. C a s t e r

S a n ita ry  E ngineer, R e p a irs  and U tili t ie s  B ranch, F if th  Service Command

Stations in the F ifth  Service Command have many varied  types of 
sewage trea tm ent plants, all designed to protect the health of arm y p er
sonnel and the ultim ate consumer of w ater from  the receiving stream s 
and to m aintain the prew ar standards of stream  conditions prom ul
gated by S tate D epartm ents of H ealth, S tate D epartm ents of Conser
vation and related groups. In  most instances, plants were designed 
with due regard  to the requirem ents set fo rth  by the four S tate B oards 
of H ealth involved, namely, Indiana, Ohio, Kentucky, and W est V ir
ginia. The plants are of many types, such as septic tanks w ith sand 
filters; Imhoff tanks, affording prim ary  trea tm ent on ly ; complete tre a t
ment plants comprising Imhoff or separate sedim entation tanks fol
lowed by trickling filters or activated sludge; portable chemical tanks 
for small tra in ing  a re a s ; and chlorination, w ith its wide range of 
adaptability, has been utilized with all types of treatm ent. I t  has been 
found th a t trickling filters fo r secondary treatm ent a t the arm y sew
age treatm ent plants in this service command provide the most advan
tageous and economical treatm ent because of their flexibility, low cost 
of operation, low cost of maintenance, and simplicity of operation.

G r e a s e  P r o b l e m s

Grease in the influent a t m ilitary sewage treatm ent plants has been 
one of the m ajor operation problems. Because of large quantities of 
meat and many fried  foods consumed by arm y personnel and irregu
larity  of cleaning of grease trap s  by mess personnel, the grease con
tent a t arm y sewage trea tm ent plants is considerably higher than the 
normal municipal sewage of 25 to 90 p arts  per million. Grease in army 
sewage will average from  75 to 300 p arts  per million with unusual 
loads of over 1,000 parts  per million. A t one station where secondary 
treatm ent is by activated sludge, the heavy grease carried  over from 
the prim ary tanks causes the activated sludge to be very light. The 
sludge was constantly bulking in the final tanks, causing high suspended 
solids to carry  over in the effluent. A t a station with filters, the grease 
balls clog the nozzles of the ro tary  distributors, aud by installing a 
screen in a manhole between the prim aries and the dosing tank, the 
grease balls were removed. A t a th ird  station, during heavy flows, 
large cakes of grease which had solidified on the sides of the sewers 
will break loose and enter the sewage plant, clogging the slots of the 
comminutor. This would cause a loss of head through the comminutor

* Presented at 1944 Annual Meeting, Indiana Sewage Works Association, Anderson, July
19, 1944.
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and the backing up of sewage in the sewer. W here grease collected 
from the prim ary  tanks has been placed in the digesters, heavy scum 
ranging from  6 inches to 5 feet in  depth has collected on top of the d i
gesters. This B ranch has been constantly on the watch to fo restall 
excessive accumulation of grease in digesters by breaking up of scum 
before the layer becomes too thick or too hard. Several stations are 
placing the grease in lagoons or burning it a t the incinerators. The 
problem of accumulation of grease and resulting  scum a t one station 
is reported  by the superintendent-chem ist as follow s:

“In sp ection  o f  the prim ary d igester on Jun e 18th d isclosed app rox im ate ly  5 fe e t  o f  
grease on the top o f the digester. This scum w as o f  such a  consistency that a  6 -fo o t steel 
w recking bar could not be forced  through it and the d igester floating cover w as r id ing on 
the surface o f the scum instead o f  the liquid, causing the lo ss o f  gas, w hich fa c t  led to  
the inspection  o f the d igester surface.

“This digester is  a 55 -foo t diam eter by 30-foot depth tank  w ith  a  floatin g  cover and  
is heated by six  heating cells. A ll sk im m ings from  the prim aries had been pum ped to  
this tank along w ith all the sludge from  the prim aries. H um us sludge from  the finals is 
discharged to the preaeration tank. L ater laboratory determ inations show ed the prim ary  
sludge to be extrem ely high in  ether soluble m atter, som etim es being as h igh as 40  per  
cent. This fa c t caused the d igester to  become overloaded w ith  grease and it  w as unable  
to d igest a large portion o f it w ith the result that it  accum ulated on the su rface. N o  
m echanical stirrers are present in this digester, but it  is doubtfu l that they could have p re
vented th is condition had they been installed .

“Several m eans were tried to rem ove th is grease. The surface o f  the contents w as 
lowered and it w as attem pted to pum p the grease to the dry ing  bed through the sludge  
discharge lines. This w as not successfu l. A  2-inch hose w as then connected to  the  
supernatant lines and final effluent from  the cen trifugal pum ps discharged on the to p  o f  
the grease. This succeeded in  cutting a sm all hole through the grease at one sp ot only. 
The surface o f the contents was further lowered by p u m ping  to the d ry ing  beds and  
sludge w as discharged on top o f the scum. This also w as o f  no value. The digester  w as 
then lowered as fa r  as possib le and the gas collection tow er rem oved w ith  a crane. The 
gas p ip in g  lost its  su pp ort and fe ll  to the bottom  o f  the d igester. A  % -yard cem ent 
bucket w as attached to the crane and it w as attem pted to bucket out the grease through  
the center. The bucket rem oved the grease in  one p lace only  as the scum  refu sed  to slide  
to the m iddle and this procedure w as abandoned. The skim m ings during th is period  w ere  
placed in  cans and incinerated. S ludge w as pum ped to  the secondary d igester  which  
showed no evidence o f scum.

“ Construction o f a  lagoon w as then begun on Jun e 22 and com pleted on J u ly  1. This 
lagoon when com pleted was 125 fee t X  250 fee t X  4  fe e t  deep. A  V -shaped  wooden  
trough, m etal lined, w as connected from  the sludge discharge trough to the lagoon  and the  
digester pum ped out as fa r  as the pum ps w ould work. A fter  pu m ping  about 6 fe e t  o f  
liquid, gr it and grease still rem ained in  the digester. A  booster pum p m ounted on a truck  
w as then obtained from  the F ire  D epartm ent to attem pt to break up  the grease under  
pressure. The suction side o f the pum p w as placed in  the final settlin g  tanks and a p 
proxim ately  300 fee t o f  3-inch pressure hose strung to the top  o f  the d igester. A  T- 
shaped iron p ip e  w as lowered through the center o f the cover and anchored through the  
bolt holes so the p ip e  could be rocked. The hose was then attached to th is p ip e  by°ropes  
and the nozzles p laced about 3 fee t  above the scum. The booster pum p w as then started  
on J u ly  5, using a nozzle pressure o f 210 pounds. The pum p was operated  about 20 
m inutes out o f  the hour so as to prevent as much wear on the pum p and m otor as p o s
sible. Two men were needed to rock the p ip e  to which the hose w as attached. The p u m p 
ing  under pressure w as continued until J u ly  11, pum ping only  during the day sh ift. The 
sludge pum ps were run continuously during this period and it w as som etim es necessary  
to shut down the booster pum p to allow  the sludge to catch up. The excess w ater ac
cum ulated during the daytim e w as pum ped out on the n ight sh ifts . On the eleventh, defi-
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nite signs o f success were noted as the grease began to  break up or em ulsify . The nozzle 
pressure w as then cut down to 50 pounds and the pum ping intervals lengthened as volum e 
was o f more im portance than pressure at this point. The grease w as discharged in such 
quantities that the concrete and wooden troughs could not carry it  and it sp illed  out on 
the ground. The resultant m ess was later cleaned and three truck loads were hauled away. 
On J u ly  15, the grease w as all rem oved and the hose w as rem oved from  the support p ipe  
and carried down into the digester. The pressure was cut down so that the hose could be 
m anaged by hand and the entire w alls and roof o f  the digester were thoroughly cleaned. 
About 6 inches o f  gr it on the floor was also hosed to the m iddle and pum ped out. In sp ec
tion o f the heating coils showed them to be in  excellent shape with no evidence o f corrosion  
or electrolysis.

“N ew  gas collection p ip in g  w as installed  and the tower lifted  back in  place by m eans 
of a winch. The d igester was back in service on J u ly  17 and the cover floated the next 
day by m eans o f w ater from  the final settlin g  tanks. The prim ary was seeded in  a 1 to 7 
ratio from  the secondary digester and sixteen sacks o f lim e were added to m aintain the 
pH  above 6 .8 . Gas production w as norm al in th irty  days.

“The digester w as out o f  service fo r  tw enty-six  days. A ctual cleaning required only  
ten days. Cost o f  the lagoon was $606 and extra labor involved was $69.43. Labor cost o f  
the men furnished by the F ire  D epartm ent to operate the booster pum ps w as not estim ated.

“A ll skim m ings from  the prim ary settlin g  tanks are now discharged to the lagoon ■ 
and only a 3-inch ligh t scum is now present on the digester. This scum w ill be broken up  
next summer by water under pressure and forced back under the cover. N o further d i
gester trouble is contem plated as long as the prim ary skim m ings are lagooned.”

Reduction of the high grease content has been the result of many 
directives from  Office of the Chief of Engineers in W ashington and 
from this headquarters. T raining of the mess officers and mess ser
geants in “ robbing”  grease traps  has become a function of the Post 
Engineer. Constant tra in ing  and watching is helping to overcome the 
grease problem. Grease contents of the sewage have been lowered 
and the operators are aw are of troubles tha t may result if care is not 
taken in removing the grease before secondary treatm ent. F u rth er 
inform ation on grease problems a t arm y stations may be found in an 
article entitled “ Grease Removal a t Arm y Sewage Treatm ent P la n ts”  
by Eliassen and Sclmlhoff, This Journal, i6, 296 (March, 1944).

High variation  of flows a t arm y sewage treatm ent plants, caused 
by routine schedules of all personnel a t the stations, has given the 
operators trouble with shock loads every day. A t the time of the heavy 
flow, the sewage is very high in B.O.D. and suspended solids, the p ri
m ary tanks are reduced in detention time, causing a carry-over of solids 
to the secondary treatm ent units. Constant attention of the operator 
resulted in minimizing this problem a t many stations. O perators came 
to know when to expect these shock loads and learned to have the bar 
screens cleaned or comminutor running; they have also learned to have 
sludge pumped from  prim aries and to remove the grease and scum 
often so as to reduce carry-over of solids to secondary treatm ent units.

Personnel a t the sewage treatm ent plants were, in a large number 
of instances, men who had been a t the sewage plant during construc
tion, or men without sewage treatm ent experience. Although many 
had not had previous operation experience, knowledge of maintenance 
of equipment pulled them through until they were trained  by this head
quarters. The turnover of operators has been g reat because industries



have offered higher wages or they became p a r t of the arm y or navy. 
This necessitated a constant tra in ing  program  by this headquarters 
and P ost E ngineers a t the plants. By tra in ing  lower graded  men to 
carry  on operation, upgrading resulted fo r many operators. A lthough 
the p lan t may have and did suffer in some cases because of poor oper
ation, as the men became proficient, the operation resu lts have shown 
fine improvement. The experience gained by the operato rs will be 
beneficial in fu tu re positions in p rivate  or municipal work a fte r the 
war. O perators who have operated arm y sewage trea tm en t plants, 
in the opinion of the w riter, will prove very resourceful in handling 
municipal p lants because they have learned to operate w ithout frills 
and to do w ithout many common pieces of equipm ent norm ally found 
in municipal plants. In  other words, they have learned  to' do without.

The sewage p lant operating forces have been reduced to a bare m in
imum and a t several p lants are m anned only eight hours or sixteen 
hours per day. This is in line w ith W ar D epartm ent policy of conser
vation of manpower. The more lightly m anned plan ts m ay not be 
turning out 95 per cent reductions, but are still producing satisfactory  
effluents.

Many operators were perm itting  the labora to ry  to run  them and 
the plant, instead of the operators using the labora to ry  to guide them 
in plant control. In  other words, the time consumed by the operator 
in running control tests did not give him time to attend  properly  to 
other duties. By reducing the sampling schedule from  a daily to an 
alternate daily basis, the operators were able to give adequate time to 
necessary routine work. Thus, ample labora to ry  data  were made 
available fo r plant control and sufficient time was le ft to apply the in fo r
m ation properly.

Based on operating logs a t four large stations, the following data 
have been summarized from  24-hour composite sam ples:
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A verage  5 -d ay  B .O .D ..........................................................................382 p a r ts  p e r  m illio n
A verage  su sp en d ed  so l id s ..................................................................351 p a r ts  p e r  m illio n
P e rc e n ta g e  rem o v a l B .O .D ...............................................................  93 .4  p e r  c e n t
P e rc e n ta g e  rem o v a l su sp en d ed  s o lid s ..........................................  92 .9  p e r  c e n t

These four stations were designed fo r a B.O.D. of 0.20 pounds and sus
pended solids of 0.27 pounds per capita per day. A verages of actual 
data a t the four stations shows a B.O.D. loading of 0.199 pounds and 
suspended solids of 0.189 pounds per capita per day.

F u rth e r  studies of operation results in relation  to design a t arm y 
installations may be reviewed in an article entitled “ Sewage T rea tm ent 
a t M ilitary Insta lla tions”  by Lt. Col. B. F . Hatch, This Journal, 1 5 ,  839 
(September, 1943).

O p e r a t i o n  C o s t s

The operating costs of arm y sewage trea tm ent p lan ts a re  in line 
with costs of operating municipal plants, taking into consideration the 
slightly higher wage scale set up fo r the operators of these p lan ts over
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municipal operators. The annual costs of trea ting  sewage a t one large 
station a t which the flow varied  from  an average daily maximum of 
2.6 m.g.d. fo r one month to a minimum of 1.2 m.g.d. fo r another month, 
and with an average daily flow of 1.91 m.g.d., are as follows:

Flow L abor per 
M illion G als.

T o ta l C ost per 
M illion Gals.

C ost p e r C ap ita  
per Y ear

C ost per 1,000 Lbs. 
B .O .D . R em oved

H ig h .................................................. $21.26 $24.90 0.786 $10.12
L o w .................................................... $43.20 $47.60 1.800 $35.61
A v e ra g e ........................................... $29.43 $34.15 1.012 $18.56

S u m m a r y

An operator of an arm y sewage treatm ent p lan t m ust produce a t a 
low cost the best effluent possible with his type of p lant so tha t in the 
surrounding communities the health of the population will not be jeop
ardized. Studies are being made a t this headquarters as to how to 
shut down various units of the sewage treatm ent plants in the Com
mand as the loads a t the plants are reduced because of reduction in the 
training of soldiers or deactivation of the stations, keeping in mind 
each s ta tio n ’s responsibility to m aintain a good effluent so as not to 
lower the quality of the receiving stream .



GAS U T IL IZ A T IO N  A N D  IN S T A L L A T IO N  O F  N E W  G A S 
E N G IN E  D R IV E N  P U M P IN G  U N IT  A T  T H E  M U N C IE  

S E W A G E  P L A N T  *

B y  P a u l  R. W h i t e

S u p erin ten d en t o f  S ew age T rea tm en t, M uncie,’ In d ia n a

W hen the Muncie sewage trea tm en t p lan t was designed, estim ates 
of the expected gas production were conservative and facilities fo r its 
utilization were provided accordingly. The p lan t was equipped with 
a 90 h.p. gas engine directly connected to a Roots-Connersville blower, 
two gas burning boilers fo r heating the digesters, and the laboratory  
was equipped fo r using sewage gas. No other provisions were made 
for utilization of the gas. The cooling or jacket w ater from  the engine 
as well as the heat from  the exhaust gases (by means of a heat ex
changer) is utilized for heating the digesters. D uring the cold w inter 
months, all the heat available from  the engine, plus one gas fired boiler, 
are required to heat the digesters. D uring the fall and spring  months 
the engine with the heat exchanger is sufficient and during the warm 
summer months the p roper digester tem peratures are  m aintained by 
using only the cooling or jacket w ater. A fter the digesters became 
filled and the ir operation had leveled off to more or less routine, it soon 
became apparen t th a t more provisions should be made to use the gas 
that was being wasted. The p lan t was producing m ore gas than  was 
anticipated. A t the end o f . 1942 the gas production records fo r the 
year showed tha t the p lan t had produced an average of 60,000 cu. ft. 
per day, 40,000 of which was utilized and 20,000 wasted. Sufficient 
records were now available on which to base designs fo r additional gas 
utilization equipment.

In  the meantime, a fte r the first year of operation, a gas bu rner was 
installed in one of the two steam boilers fo r heating the p lant. Since 
th a t time, coal has not been used.

The raw  sewage flows through the system  of in tercepters by gravity  
and discharges into a wet well a t the sewage plant, from  which it  is 
lifted by pumps a vertical distance of 20 to 25 feet to the p rim ary  tanks. 
This pumping was done by a battery  of three electric driven centrifugal 
pumps. These pumps have capacities of 3, 5, and 7 m.g.d. They are 
driven by single speed m otors and operate autom atically by a float con
trol, in various combinations to conform with the varia tion  in  the sew
age flow.

From  a study of the raw  sewage pumping requirem ents and the 
sewage gas available it was decided to install the following equipm ent :

A 50 h.p. gas engine having arrangem ents fo r variable speed, di- 
l ectly connected to a 16-mch centrifug’al pump. By p roper float con
tro l the speed of the engine may be varied, depending upon the ra te  of 
pumpage required, thereby increasing or decreasing the capacity of

* Presented at Conference of Indiana Sewage Works Association, Anderson, July 19, 1944
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the pump. This varia tion  in  speed effects a pumping capacity range 
of from  approxim ately four m.g.d. to ten m.g.d. Pum ping requirem ents 
above the capacity of this engine driven unit are met by the original 
electric driven pumps, operating automatically.

The new pum ping unit was installed by our regular plant employees 
except fo r a small am ount of special work.

Because of the special fittings required and the difficulty in buying 
cast iron pipe and fittings a t this time, steel pipe and fittings were used 
in connecting the pump. The straigh t pipe (16-inch) and flange fittings 
and suction bell were made locally. “ Tube T u rn ” bends were used 
and these were welded direct to the stra igh t pipe.

The suction pipe extends through an 18-inch reinforced concrete 
wall into the wet well. Compressed a ir equipment was used to cut the 
hole through this wall and the pipe was fastened in place with lead. 
The lead was poured in place and calked.

The pump discharges through a 16-inch steel pipe into a 30-inch cast 
iron pipe header. The discharge pipe, which connects to the pipe 
header a t an angle of 45 degrees, was cut to fit on the outside of the 
header. The opening in the header was made with %-inch electric 
drills. These %-inch holes were drilled as close together as possible 
and afte r the opening in the header was made, the pipe edge around 
the opening was made smooth by chisels and an emery wheel. The 
steel discharge pipe was then set in place and was joined to the cast 
iron pipe by brazing.

The base of the engine is approxim ately 20 feet below the grade ele
vation around, the main building. Approxim ately 65 feet of 4-incli 
pipe was used to conduct the exhaust gases out of the building. A 
Maxim silencer was used on the extreme end of the exhaust pipe. The 
cooling or jacket w ater is connected in parallel with the cooling w ater 
from our other engine which, as stated  above, circulates through the 
heating coils in the digesters. H eat from  the exhaust gases can also 
be utilized for heating the digesters by means of a heat exchanger. The 
heat exchanger was installed on a by-pass line from the 4-inch exhaust 
pipe, so tha t it can be used or not used in accordance with our digester 
heat requirem ents. Except during the extreme cold w inter weather 
the two engines furnish sufficient heat for the digesters w ithout using 
the boilers.

Because of the length and elevation of the exhaust pipe, a trap  was 
installed a t the low point in the line to collect the condensate. How
ever, the requirem ents fo r this purpose were underestim ated and it was 
necessary to provide additional facilities. The engine was started  a t 
the last of October and no difficulties were encountered until the 
w eather became cold. A t one time, when the engine was stopped, an 
accumulation of w ater in the exhaust pipe ran  back and filled the engine. 
W ater continuously discharging from the exhaust pipe, trickled down 
on the outside of the pipe onto the silencer and was blown onto the 
building by the wind. The silencer and side of the building were kept 
continuously wet and discolored.
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To overcome this condensation trouble, d ra in  pipes were connected 
to both the lower and upper com partm ent of the silencer. Also, a 
small lip or dam was installed a t the outlet end of the exhaust pipe 
which stops or collects the w ater and a d ra in  pipe conducts it  (the 
w ater) to the ground. The exhaust pipe was tapped a t the points 
between the silencer and engine where the w ater seemed to collect, and 
y2-inch pipes were connected and extended down to the floor where, by

F i g .  1 .— D ia g ra m m a tic a l ske tch  show ing a r ra n g e m e n t of g a s  eng ine  ex h a u s t p ip e  a t  M uncie,
In d ia n a .

opening valves the w ater could be drained out. This required  too f re 
quent attention from  the operator and it was soon found th a t a d ra in  
to operate continuously would be necessary for satisfactory  operation. 
To accomplish this the drain  pipes were all connected into one pipe 
which ran  underneath and paralleling the exhaust pipe, d rain ing  into 
a sump below. To seal out the exhaust gases, a w ater seal or tra p  
was installed in the drain  line. This was constructed as shown bv 
Fig. 1, and the depth of sealing w ater was determ ined experim entally
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by im m ersing the discharge end of the drain  pipe in a w ater container 
and increasing the depth of immersion to a point where the hack pres
sure from  the engine would not blow out through the water. This 
depth was found to be approxim ately 18 inches. The trap  was made 
of 8-inch steel pipe, cutting it the proper length and welding on steel 
plate ends. We have had no trouble from  exhaust condensation since 
this drainage system was installed.

This trouble from  exhaust gas condensation m ight have been p re 
vented by covering the exhaust pipe with an insulating m aterial. How
ever, this was not done for the reason th a t the location of the pipe made

F ig. 2.— Gas engine installation at Muncie, Indiana.

it ra ther difficult to accomplish and also because it was intended to 
utilize the heat fo r heating the building.

The engine uses approxim ately 20,000 cu. ft. of gas per 24 hours. 
Assuming this gas to be 60 per cent methane (CH4) this would be 12,000 
cu. ft. of methane per 24 hours.

From  calculations using chemical combustion equation CH4 - f  2 0 2 
=  C 02 -f  2 H 20 , approxim ately 145 gallons of w ater would be produced 
per 24 hours.

Following is an indication of the calculations involved in arriv ing 
a t this figure:

A volume of 22.4 liters of any gas a t 0° Centigrade and a t one a t
mosphere pressure, weighs its molecular weight in gram s (22.4 liters
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carbon dioxide (C 0 2) would weigh 44 gram s). This figmre of ccep t 
s tandard  figure used by all chemists in much the same way a s we a ^ 
16 ounces as being one pound. . f

I t  is a m arked coincidence tha t the number of liters in a cubic oo 
and the num ber of gram s in an ounce are the same, namely 28.3. th is  
enables use of the more d irect relation th a t a volume of 22.4 cu. ft. ot 
any gas weighs its molecular weight in ounces (22.4 cu. ft. of carbon 
dioxide would weigh 44 ounces, since 44 is the molecular w eight of car
bon dioxide).

In  the equation CH 4 +  2 0 2 =  C 0 2 +  2 H 20 , there is one molecule 
of m ethane and 2 molecules of w ater. Since the m olecular weight of 
w ater is 18, two molecules would weigh 36.

F o r every 22.4 cu. ft. of m ethane burned there would be produced 36 
ounces of w ater. By the d irect proportion , 22.4:12,000 =  36: x, we get 
19,300 ounces or 145 gallons of w ater produced in  the complete burning 
of 12,000 cu. ft. methane.



S e w a g e  R e s e a r c h

D E C O M P O S IT IO N  O F  G R E A S E  D U R IN G  D IG E S T IO N , IT S  
E F F E C T  O N  G AS P R O D U C T IO N  A N D  F U E L  

V A L U E  O F  S L U D G E S  *

B y  W i l l e m  R u d o l f s

C hief, D ep a rtm en t o f  W a te r  and Sew age Research

The general relationship between the quantities of grease in sewage 
sludge and gas production is well known. Some definite results from 
plant and laboratory experiments are available to indicate w hat may be 
expected under certain conditions when excessive quantities of grease 
are present, but these results have not been generally utilized for p rac ti
cal purposes. Em phasis has been placed more on the difficulties en
countered than on the benefits derived from  grease as fa r as gas p ro
duction and the composition of the gas are concerned.

Many plant and laboratory data are available on the overall destruc
tion of grease and oil during sludge digestion. Some laboratory experi
ments have been published on the anaerobic decomposition of pure fats 
and fa tty  acids, but little inform ation appears available to indicate the 
rate of grease and oil decomposition during digestion. The actual 
changes taking place in the nature of the fa tty  substances during diges
tion, and the effect of different types of grease and oil on digestion re 
quire fu rther elucidation.

To obtain basic inform ation on the rate of decomposition of grease 
normally present in settled sewage solids, its relation to the total quanti
ties and character of the gas produced, and its relation to other organic 
substances present in sewage solids, a series of experiments were made 
with fresh solids subjected to anaerobic digestion. To determine the 
rate of grease destruction and the changes in grease composition during 
normal digestion, experiments were made with m ixtures of fresh solids 
and ripe sludge. To determine the effect of grease and oils on the rate 
of digestion, gas production and gas composition, quantities of sewage 
grease and mineral oils were added to digesting mixtures. To deter
mine the effect of different types of fats  on the rate of digestion, various 
m aterials were added to digesting fresh-solids ripe-sludge mixtures.

I t  is well known tha t effective and normal sludge digestion is de
pendent upon ra ther definite relationships between the carbon and nitro
gen present in the sludge. F o r an adequate presentation of results and 
proper conclusions to be drawn, it is therefore essential to have available 
the quantities of nitrogen as well as the grease content of the sludge. 
Special attention has been paid to the carbon-nitrogen ratios present in

* J o u rn a l  S eries P a p e r  o f th e  N ew  Je rs e y  A g ric u ltu ra l E x p e rim e n t S ta tio n , D e p a r tm e n t of 
W a te r  an d  Sew age B esearck , K u tg ers  U n iv e rs ity , N ew  B runsw ick , N ew  Je rse y .
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the fresh solids used to obtain basic inform ation on digestion, particu 
larly  when additional quantities of grease were used.

The fuel value of various sludges of greases found in fresh  solids, 
and of residual grease in digested sludges, form  a p a r t  of the entire 
problem.

As a basis for gauging the im portance of grease in  sewage and 
sludge treatm ent the following figures have been compiled from  data 
in our files :

N u m b er of 
P lan ts

N u m b er
Sam ples* M axim um M inim um A verage

R a w  Sew age, p .p .m .................................... 87 470 220.8 8.4 68.2
E ffluen t, p .p .m ., S e t t le d ..................... : . 36 197 198.0 11.0 64.5

T ric k lin g  f i l te r .................................... 26 86 146.8 7.0 46.1

A c tiv a te d  s lu d g e ................................ 17 44 69.0 1.6 35.2

S creen ings, p e r  c e n t .................................. 10 37 21.4 1.8 5.3
H u m u s  S ludges, p e r  c e n t ........................ 7 16 4.5 1.5 3.6
F re sh  Solids, p e r  c e n t ............................... 56 138 44.0 5.7 13.1
A c tiv a te d  S ludge, p e r  c e n t .................... 19 122 11.9 2 .8 6.3
D ig es ted  S ludge, p e r  c e n t .......................1 64 141 14.1 2.0 7.7

* S ev era l a n n u a l av erag e  re su lts  consid ered  as  one sa m p le  fro m  o ne p la n t .

1 . D e c o m p o s i t i o n  o f  G r e a s e  i n  F r e s h  S o l i d s

Fresh  solids collected from  domestic sewage, known to contain ap
preciable quantities of grease, showed the following characteristics 011 

analysis :
T o ta l  so lid s .........................................................................................  4 .92  p e r  c e n t
A s h ...........................................................................................................22 .80  p e r  c e n t
F a ts  in  so lid s .......................................................................................32 .22  p e r  c e n t
N itro g en  in  so lid s ..............................................................................  3 .57  p e r  c e n t

The fresh solids were incubated a t 70° F., ra ther complete analyses 
were made a t frequent intervals, gas was collected and recorded daily, 
and the composition of the gas was determined.

The progress of digestion as illustrated  by the actual volatile solids 
and grease present a t intervals, expressed in gram s per lite r of sludge, 
is shown in condensed form  in Table I. The percentage grease reduc-

Table I .— Reduction of Volatile Solids and Fats (grams per liter sludge) with 
Corresponding Gas Production

D ays
D igestion

Vol.
Solids F a ts Org. N  P e r C en t 

of V. M .
Co. G as per 
gm . V. M . pH

0 38.7 14.10 4.42 0 6.0
72 30.7 11.40 4.50 200 5.1

124 25.4 8.97 4.48 229 5.3
166 19.4 6.80 4.43 385 5.7
222 18.0 5.87 4.25 493 7.3
257 16.4 4.20 4.20 601 7.7

P e r  C e n t R ed . 57.4 70.2 5.0 —
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tion a t the end of the experiment was m aterially higher than the p er
centage to tal volatile solids destruction. The same table shows also the 
percentage of organic nitrogen in the volatile m atter present. The per
centage organic nitrogen rem ained almost constant, indicating tha t its 
destruction progressed a t v irtually  the same rate as the reduction in 
total volatile m atter. Total gas production was directly related with 
the to tal volatile m atter and grease decomposition. The relationship 
is more effectively shown in Fig. 1, where the percentages of volatile
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F ig . 1.— K elation

m atter and grease reduction recorded are compared with the gas p ro 
duced per gram  volatile m atter present at closer intervals than in the 
table. Volatile m atter and grease destruction appear to progress simul
taneously throughout the period of digestion. Calculations showing the 
relative percentage decomposition indicate, however, tha t the ra te  of de
struction of the total organic m atter as compared with grease was not 
constant throughout the period of digestion (Table I I ) .  The percentage

T a b l e  I I . — Relative Destruction of Volatile Matter and Grease

D ays
D igestion

Vol. M a tte r , 
G ram s

Grease,
G ram s

Vol. M a tte r  
less G rease, 

G ram s

O riginal V. M.
less G rease 

D ecom posed, 
P er C en t

G rease 
D ecom posed, 

P er C en t

72 8.0 2.70 5.30 21.5 19.0

52 5.3 2.43 2.87 11.7 17.0

42 6.0 2.17 3.83 15.5 14.4

56 1.4 0.93 0.47 2.3 6 .6

35 1.6 1.67 0 .0 0.0 11.8

grease as well as total volatile m atter decomposition during the first 166 
days, tha t is, the period when the pH  values recorded, indicated the acid 
phase of digestion, was fairly  constant. Thereafter, a sharp drop in 
total volatile m atter destruction was recorded, with a smaller reduction 
in grease. This would seem to indicate tha t certain volatile substances
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b etw een  v o la tile  m a tte r  a n d  g rease  red u c tio n  a n d  g a s  p ro d u c tio n .
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including fats  are easily destroyed, whereas others are more resis tan t 
and m ust be reduced to less complex m aterials before conversion into 
gases.

In  order to determine the variations in the ra te  of volatile m atter 
and grease destruction, when the m aterials were digesting in different 
pH  ranges, the relative units of m aterials decomposed per day were cal
culated (Table I I I ) .  I t  is evident tha t the g reatest ra te  of daily de-

T a b l e  I I I . — Relative R ale of Volatile M atter and Grease D estruction  ( U n its per D a y)

D ays D igestion T o ta l Vol. M a tte r F a ts p H  R ange

0-72 114 38 6.0-5.1
73-124 102 48 5.1-5.3

125-166 143 .52 5.3-7.3
167-257 30 28 7.3-7.7

0-257 86 54 —-

struction occurred during the period when the pH  values were rising 
between 5.3 and 7.3. Relative grease destruction was higher, however, 
than the relative total volatile-m atter reduction during the acid period 
(pH  5.1-5.3). During the last period the to tal volatile m atter and 
grease rem aining was low; consequently, the num ber of units which 
could be destroyed was lower, but grease destruction was com paratively 
greater than total volatile-m atter destruction. As a m atter of fact, all 
of the m aterial destroyed during the last period can be accounted for by 
fats  or their degradation products.

The amounts of gas produced per liter of sludge and the quantities 
of volatile m atter and grease destroyed during the different periods 
were calculated in an effort to determine possible relationships (Table 
IV ). The total amount of gas produced per gram  volatile m atter de-

T a b l e  I V .— Relation Between Volatile M atter and Grease D estruction and Gas P roduction

D ays
D igestion

G as per G ram  
Vol. M a tte r  

D estroyed , cc.

G as for E ach  P e r C en t D estroyed

G as p e r L ite r  
S ludge, cc.T o ta l 

Vol. M a tte r , cc.
Vol. M a tte r  less 

G rease, cc.

72 962 357 405 7,700
124 211 95 66 1,116
166 984 • 384 412 5,906
222 3,048 2,843 647 4,268

Average 917 378 280 18,990

stroyed amounted to 917 cc. On the basis of percentage to tal volatile- 
m atter and grease destruction, it  appears tha t the volatile m atter w ith
out grease produced, on the average, 280 cc. of gas as com pared w ith 378 
cc. for the total volatile m atter (including grease), or nearly  25 per cent 
less. This would indicate that the grease had about 25 per cent greater
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gas producing value than the other decomposible volatile m atter p res
ent. D uring the acid stages of digestion (dropping and stationary  pH ) 
considerable amounts of volatile m atter were destroyed (liquefied), but 
gas production was relatively low. During the period of rising pH  
values and alkaline digestion, gas production for each per cent volatile 
m atter destroyed was higher and the highest relative gas production 
occurred while the m aterial was alkaline. Calculations show tha t du r
ing this period the weight of gas was greater than the apparent amounts 
of volatile m atter destroyed. I t  is evident, therefore, th a t during the 
acid stages of digestion the mass of m aterials were not actually de
stroyed but reduced to simpler compounds, which in tu rn  produced gas 
when conditions became favorable for gas-producing organisms.

If  the gas produced during the first 124 days represents the period 
of acid digestion and the gas produced during rising pH  values (5.7- 
7.7) as the alkaline digestion period, the total quantities of gas produced 
in these periods were 8816 and 10,174 cc. respectively. The average 
daily gas production was, therefore, 71 and 104 cc., or about 45 per cent 
more during alkaline digestion than during the acid digestion period.

Decomposition of grease takes place simultaneously with other o r
ganic substances present in sewage sludge during digestion. The rate 
of destruction of grease and other volatile substances is not the same 
during the entire period of digestion. Grease decomposes in the acid 
stages of digestion, but gasification and methane production is greater 
during the alkaline stage. Studies made by Neave and Buswell (1) 
substantiate the results obtained. These authors, studying the acid 
stage of digestion, concluded that “ in the acid type of sludge digestion 
a rapid destruction of fats and soaps occurs with the production of lower 
fatty  acids. Some of the fa tty  acids ferm ent fu rther to give m ethane.” 
The breakdown of fats and soaps into lower fa tty  acids results in an 
accumulation of p a r t of these interm ediate decomposition products. 
The accumulation of interm ediate decomposition products in tu rn  re 
sults in lowering of pH  values and may hinder proteolysis. Carrying 
the digestion through the alkaline stage showed that more gas is p ro 
duced during this stage of digestion than in the acid stage as a result 
of accumulation of degradation products. Since the percentage grease 
destruction during digestion is greater than the percentage total volatile 
m atter destruction, it follows that the more grease and soaps which are 
present in the sludge the higher will be the relative gas production. 
Greases removed from  sewage by various devices should be returned to 
the digesters if maximum amounts of gas are desired.

Although gas production during the first stages of digestion was 
relatively high, the percentage combustibles in the gas was ra ther low. 
A pparent grease destruction was com paratively high under acid condi
tions and the relative grease destruction as compared with to tal volatile 
m atter reduction remained fairly  constant during the entire period of 
digestion. There appears to be a closer direct relationship between the 
percentages of combustibles in the gas produced and the percentage of 
fat, destruction than between combustibles and total volatile m atter de
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dioxide content of the gas was m aterially  higher than  the combustible 
content.
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T a b le  V.—Relation Between Volatile Solids and Fat Decomposition and Composition of Gas Produced

Days
Digestion

Vol. Matter 
Reduction, Per Cent

Fat Reduction, 
Per Cent

Composition of Gas

C02, 
Per Cent

Combustibles, 
Per Cent

0 (38.7) (14.1) — —
70 20.6 19.6 52.0 27.2

124 34.8 36.4 49.0 38.6
166 48.8 51.8 34.4 56.4
222 53.5 58.3 29.1 59.0
257 57.4 70.2 21.1 69.8

The results as a whole suggest th a t fa ts  are not only hydrolyzed du r
ing the acid digestion period, but also reduced to gas. The preponder
ance of the gas produced is C 0 2 ra th e r than methane. The m ain differ
ence between the acid and alkaline stages of digestion appears to be not 
in liquefaction and gasification, or prim arily  in  the quantities of gas 
produced or the ra te  of fa t destruction, but essentially in the type of gas 
produced. Grease and other volatile m atter produce relatively more 
C 0 2 during the acid stage of digestion and relatively m ore methane 
during the alkaline stage of digestion.

The rate  of decomposition of fats  and soaps during digestion of un
seeded m aterial is undoubtedly lower than  in p roperly  seeded m ixtures. 
W ith proper seeding no appreciable accumulation of grease degradation 
products should occur and the composition of the gas should be more 
uniform. Changes in  the uniform ity of the gas composition would indi
cate changes in the ra te  of decomposition. F a ts  are im portan t sources 
of methane gas, and a high carbon dioxide content of the gas would indi
cate either unbalanced relationships between the various constituents in 
the sludge solids or incomplete digestion.

T a b le  V I.— Relation Between Organic and Ammonia Nitrogen

Days
Digestion

Org.-N, 
P.p.m.

NHa-N, 
P.p.m. Total N, 

P.p.m.

0 1,710 73 1,785
70 1,380 450 1,830

124 1,142 650 1,792
166 862 860 1,722
222 766 920 1,696

Changes in the nature of the greases and fats p resen t in fresh  solids 
during the first period of digestion are illustrated  in Table V II. The 
total fa t content of the fresh  solids was high, showing a rap id  per
centage decrease during the first 35 days of digestion. On the other
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hand, both the titra tion  for fa tty  acids and the percentage unsaponifi- 
able fats  in the grease extracted show an increase. The determ ination 
of fa tty  acids and saponifiable fats  by titra tion  is inaccurate, on account 
of the color in the solution. Nevertheless, the general and progressive 
increase in fa tty  acids and unsaponifiable fats  in the fats  remaining is 
suggestive.

T a b l e  V I I .— Comparison of Fat Content, Fatty Acids and Saponifiable Fats During 
Digestion of Fresh Solids

Days
Digestion

Total Fats in 
Sludge, Per Cent

N/10 NaOH, 
cc.

Unsap. in Fats, 
Per Cent

0 32.5 22.0 18.3
7 30.8 25.5 22.1

14 25.3 33.7 27.2
21 23.9 38.7 30.1
35 20.0 41.2 38.7

The increase of 20 per cent in the unsaponifiables is the result of the 
difference in  the rate  of decomposition of total fats and unsaponifiable 
fat. Decomposition of unsaponifiable or m ineral fats is slow in com
parison with animal or vegetable fats. The actual quantities amounted 
to 6.0 gram s per 100 gram s dry solids, as compared to 7.63 gram s afte r 
35 days digestion. The destruction of total fats  amounted to 20 grams, 
whereas the increase in unsaponifiable fa t amounted to 1.63 grams.

The NaOH values given in Table V II, show a gradual increase in 
fatty  acid content of the m aterial during the acid period of digestion. 
As will be shown later, the fa tty  acid content of the sludge decreases 
rapidly during the alkaline phase of digestion, indicating that any fatty  
acids accumulated are eventually destroyed.

In  a paper pertaining to sewage sludge as a fertilizer (3), the aver
age results of a number of sludge analyses from various plants in the 
country showed tha t the percentage nitrogen in the fresh solids was 
m aterially higher than in ripe sludge. Carefully controlled laboratory 
experiments made on the carbon and nitrogen transform ation during 
digestion (4) showed that there is no reduction in the total nitrogen 
content in a given volume of digesting sludge. Some years la ter Bus- 
well and Neave (2), using pure nitrogenous compounds, showed that 
proteins and peptones are good sources of gas and concluded tha t the 
digestion process effects merely a remobilization of nitrogen, during 
which not over 5 per cent of tha t present is lost as gaseous nitrogen. 
Recently Snell (5) again found tha t organic nitrogen is not lost during 
anaerobic digestion. The results reported in Table I  show tha t the 
percentage organic nitrogen of the total volatile m atter remains con
stant. Since the total volatile solids were reduced about 57 per cent 
and the organic nitrogen remained practically constant in the remaining 
volatile m atter, it is evident that the form of nitrogen was changed. 
The results obtained substantiate this, as shown by the figures in Table
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VI. The difference in to tal nitrogen a t the beginning and a fte r 222 
days of digestion is small, am ounting to about 5 per cent, and m ay have 
been caused by erro rs in sampling or analytical methods employed.

The results show tha t the organic nitrogen decomposed about 60 
per cent a fte r 222 days as com pared w ith about 59 per cent grease and 
about 53 per cent total volatile solids. I t  is evident, therefore, th a t the 
nitrogenous substances decomposed a t about the same ra te  as the grease 
and a t a higher rate  than the other volatile m ateria l subject to decompo
sition. The ammonia nitrogen increases rap id ly  during the acid stage 
of digestion, gradually slowing up until a fa irly  constant level is reached 
during the alkaline phase of digestion. I t  is clear th a t more and more 
ammonia becomes available, changing to ammonium bicarbonates, which 
makes the environm ent suitable fo r methane organism s and acts as 
buffer agent. The rapid  increase in ammonia suggests th a t during nor
mal digestion of domestic sewage solids more than  sufficient ammonia 
nitrogen is available for biological resynthesis and activities.

2. Decomposition of Grease during N ormal D igestion

Transform ation and decomposition of grease in p roperly  seeded mix
tures or under norm al operating conditions should proceed a t a higher 
rate than if fresh solids alone are digested. An increased ra te  of grease 
transform ation is not necessarily accompanied, however, by a greater 
degree of destruction. The rate  of destruction is p rim arily  dependent 
upon the proper organisms present and environm ental conditions such 
as optimum tem perature, reaction, and possibly concentration.

Results obtained w ith seeded m ixtures are reported  briefly in the 
form of a few laboratory experiments, large-scale experim entation with 
different sludges, and results from  actual p lan t operation.

Laboratory Experim ents
Laboratory results obtained on the decomposition of grease in  p rop 

erly seeded mixtures may be illustrated  briefly by two examples. One 
of the examples chosen shows the percentage grease destruction with a 
low grease concentration and the other with a relatively high grease 
content in the original mixtures.

Thoroughly ripe sludge was mixed with fresh solids and digested at 
70° F. until gasification was practically completed. Gas production 
amounted to 594 cc. per gram  volatile m atter added. The percentages 
total solids and grease of the m ixtures at the beginning and end of the 
experiment w ere :

B eginning  E n d

Total Solids, per cen t.................................................................  6 32 5 33
Grease in Solids, per cen t...........................................................13.10 5 36

Assuming no fu rther destruction of the volatile m atter and grease 
present in the original ripe sludge, the total solids reduction of the fresh  
solids amounted to 30 per cent and the reduction of grease to 81.6 per 
cent.
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Sim ilar experim ents w ith fresh solids-ripe sludge m ixtures, but 
with higher concentrations of grease in the fresh solids, showed the 
following percentages decrease in g rea se :

M ixture
B eginning E n d

A B A B

Fresh Solids.............................. 34.2 25.8
Ripe Sludge.................................. 7.3 7.1 — —

M ixture..................................... 20.1 16.5 7.3 7.1
Reduction M ixture......................... — . — 63.5 57.0
Reduction Fresh Solids..................................... — — 78.7 72.7

I t  appears th a t with complete digestion of settled fresh  solids as 
ordinarily practiced, i.e., when gasification is at least 90 per cent com
pleted, grease reduction of from  70 to 80 per cent might be expected.

Plant Operation Results
The to tal quantities of grease, oil, and fats  present in fresh solids 

and ripe sludge vary  from  place to place. U nder norm al conditions, 
when no large amounts of m ineral oils are present, the variations in 
grease content are g reater in fresh solids received a t different plants 
than the to tal grease in the residual ripe sludge. These variations are 
illustrated in results shown in Table V III. The percentages total

T a b l e  V III .— Grease Content of Fresh Solids and R ip e  Sludge  (P er  Cent of D r y  M atter)

T o ta l G rease U nsaponifiable

F .S . R.S. F.S. R .S.

Plainfield ...................................................... 33.4 7.2 5.5 4.9
Freehold................................................................. 25.7 7.1 5.4 3.5
New Brunswick.................................................... 32.2 7.6 6.4 5.8
Highland Park..................................................... 22.4 6.3 5.7 4.8
Rahw ay.................................................................. 18.6 7.6 5.9 2 .8

grease in the ripe sludge are ra ther uniformly low irrespective of the 
quantities of grease present in the fresh solids. These figures repre
sent the grease content in fresh solids and ripe sludges obtained a t the 
same time from  the plants and are not strictly  comparable. Samples 
of fresh  solids and ripe sludge obtained from 10 different plants showed 
the following percentages total grease content on a dry solids b a s is :

M axim um M inim um A verage

35.1 18.6 27.4
9.2 6.3 7.3

The fact tha t the total grease in the ripe sludge in all cases varied 
within narrow  limits indicates that the digestible grease has been de
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stroyed to a high degree, leaving only a small percentage of res is tan t 
grease or oil in the ripe sludge. M ost of the grease p resen t in  the ripe 
sludge was unsaponifiable, in other words, in the form  of m ineral oils. 
As stated  before, the ripe sludges used fo r analyses are not the resi
dues of the fresh  solids and, therefore, the results show only the general 
destruction of grease in fresh  solids; it is nevertheless of in te res t to 
compare the percentages unsaponifiables p resen t in the fresh  solids 
w ith those found in the ripe sludge. In  all cases the percentages of 
unsaponifiable fa ts  were lower in the ripe sludge than  in  the fresh 
solids. This may be coincidence, hut as is shown elsewhere, m ineral 
oils may be subject to slow decomposition during digestion. The aver
age of unsaponifiable fa ts  in the ripe sludges was about 20 per cent 
less than in the fresh  solids samples.

Of more in terest is, perhaps, to com pare the percentages of un
saponifiables in the to tal grease present in the fresh  solids and ripe 
sludge (Table IX ). W ith the exception of the Rahw ay fresh  solids,

T a b l e  I X . — Com-parism of Per Cent Unsaponifiable Fats in  Total Grease Present 
in  Fresh Solids and Ripe Sludge

P e r  C en t U nsaponifiab le  F a ts  
F resh  R ipe

Source Solids Sludge

Plainfield............................................................................................ 16.5 67.2
Freehold............................................................................................. 21.2 64.6
New Brunswick............................................................................... 19.9 75.4
Highland P ark..................................................................................26.5 75.5
R ahw ay...............................................................................................31.6 37.0

which showed a relatively low to tal grease content and a com paratively 
high grease content in the ripe sludge, the apparen t changes check well 
with results presented in Section 5, where different types of m aterials 
have been added to digesting m ixtures.

If  it is assumed th a t these examples are representative of the ac
tual changes taking place in trea tm ent p lants, the average reduction 
in grease content for all 10 plants am ounted to about 73 per cent. This 
reduction is of the same m agnitude as found fo r unseeded and seeded 
solids digested under laboratory  conditions.

Large-Scale Experim entation
In  the course of several years considerable data  have been accumu

lated in conducting large-scale experiments. Some of the m ateria l has 
been published incidental to other work, bu t not w ith particu la r em
phasis on grease decomposition, and other results are  still aw aiting 
publication. P ertinen t portions of the data  collected are  used in  this 
paper to illustrate  the degree of grease destruction and its  effect on 
gas production and decomposition of the gas produced. F o r conveni
ence and ease of illustration the results are presented under subhead
ings.

Fresh Solids .—An experim ental sludge digestion tank, w ith capac
ity  to take care of sludge produced by 450 persons, was operated  fo r 
a period of 166 days. Ripe sludge obtained from  an efficiently oper
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ating digester was used fo r seed. The daily loading was kept ap
proxim ately constant by adding 5 per cent fresh solids on a dry solids 
basis. The tem perature of the digester was kept w ithin the limits of 
79° to 86° F . The gas produced was m etered and the to tal recorded 
daily. D uring the entire period no fresh  solids were added on Sun
days and, therefore, the actual average loading per day was Vi less than 
the average daily 5 per cent additions recorded. The 5 per cent addi
tions were made on the basis of the original amount of sludge p re se n t; 
with increasing quantities of ripe sludge produced, the relationship be
tween fresh solids and ripe sludge changed.

T a b l e  X .— Su m m ary of Results of Fresh Solids D igestion

M ax. M in. Ave.

Daily Additions—F. S. to  R. S., per cen t............................ 6.2 4.6 4.96
Total Solids, per cen t.......................................................... 6.90 4.82 5.24
Ash of Solids, per cen t....................................................... 32.1 20.2 24.2

Liquid Removed:
Total Solids, per cen t......................................................... 0.26 0.10 0.14
Ash, per cen t.......................................................................... 42.1 52.3 48.7

Ripe Sludge:
Total Solids, per cen t.......................................................... — — 5.02
Ash, per cen t.......................................................................... — — 49.2

Volatile M atter Red., per cen t................................................. — — 62.2
Grease in Fresh Solids, per cen t.............................................. 26.2 22.2 24.1
Grease in Ripe Sludge, per cen t.............................................. — — 7.2
Grease Reduction, per cen t....................................................... — — 70.0
Gas per lb. Vol. M atter Added, cu. f t ................................... 7.72 11.20 8.78
Gas per lb. Vol. M atter Destroyed, cut. ft.......................... — — 12.11

A summary of the results obtained is shown in Table X. Total 
volatile m atter reduction on the basis of total pounds m aterial added 
amounted to 62 per cent, and grease reduction was 70 per cent. Total 
gas production am ounted to 551 cc. per gram  volatile m atter added. I t  
is probable that, as in plant operation, a small percentage of the gas 
produced escaped and tha t p a rt of the carbon dioxide was dissolved in 
the discarded supernatan t liquor.

Sreenings.—Experim ents utilizing a small tank having a gross ca
pacity of 260 gallons (6) were conducted for a total period of 290 days. 
The experiments consisted of two parts  (a) batch addition and (b) 
daily addition. To an initial quantity  of 60 gallons of ripe sludge used 
for seeding, 140 gallons of screenings were added. The m aterials used 
have the following com position:

P er C en t 
T o ta l Solids

P e r C en t 
A sh

P er C en t 
T o ta l N  as N H s

Rine Sl ndve. . . 3.54 41.4 3.28
8.40 8.9 4.66
3.45 18.1 3.23
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The high volatile m atter content of the screenings resulted  in a volatile 
m a tte r relation between ripe sludge and screenings of 1 :12 . The batch 
experim ent was continued fo r a period of 102 days, a fte r  which daily 
additions were made of 5 gallons of screenings fo r a period of 188 days. 
A tem perature of 81° F. was m aintained throughout the digestion 
period. A sum m ary of the pertinen t results is shown in Table XI.

T a b l e  X I .— S u m m ary of S m all T ank  Screenings D igestion

M ax. M in. Ave.

Solids Added:
T otal Solids, per cen t.......................................................... 8.40 4.15 5.33

13.62 4.64 7.90
Solids Drawn:

T otal Solids, per cent ........................................................ 4.47 1 .8 8 3.50
Ash, per cen t.......................................................................... 27.6 15.8 20.9

Liquid Drawn:
Total Solids, per c e n t ........................................................ 0.21 0.11 0.16
Ash, per c e n t ........................................................................ 49.7 36.1 44.4

N  as N H 3:
Screenings, per cen t............................................................. 3.54 2.35 3.23
Sludge, per cen t.................................................................... 3.66 2 .6 8 3.11
Liquid, per cen t.................................................................... 5.13 3.05 4.21

Grease:
Screenings, per cen t............................................................. 78.60 4.98 13.40
Sludge, per cen t..................................................................... 5.25 1.58 4.03

Gas per lb. Dry Screenings, cu. ft ............................................ 7.28 2.14 5.30
B.O.D. Sludge................................................................................. 1760 440 890

The screenings were digested on a calculated 40-day schedule, and 
the amount of screenings represented the w aste of about 205 persons. 
A fter 40 days the screenings appeared to be thoroughly digested, as 
indicated by the drainability  of the sludge (dried  on sand beds and 
spadable in 4 days with a m oisture content of 69.4 per cent), the ab
sence of odor, and a low B.O.D. of the sludge.

The quantities of m aterial added during the entire period of diges
tion and the sludge left were as follow s:

D ry Ripe Sludge  19.5 lbs.
D ry Screenings Added................................................................................. 464.6 lbs.
D ry Solids Drawn and L e ft .......................................................................178.4 lbs.
Solids Reduction  61.6 percen t
Volatile M atter R eduction  66.8  p ercen t
Nitrogen R eduction    59.5  per cent
Grease R eduction  79.7  per cent
Gas per lb. Dry Screenings Added........................................................  5 3 Cu. ft.
Gas per lb. Screenings D estroyed..........................................................  9 0  cu. ft.

Decomposition of 274.5 pounds volatile m atter w ith the production 
of 9.0 cubic feet of gas per pound volatile m a tte r was less than  th a t 
obtained in carefully controlled laboratory  experim ents w ith the same 
m aterial. The grease content of the screenings varied  m aterially , ind i
cating a reduction of 70.7 per cent, or somewhat more than the p e r



Vol. 16, No. 6 DECOMPOSITION OP GREASE DURING DIGESTION 1137

centage to tal volatile m atter reduction. This is about in line w ith the 
results obtained for fresh  solids digestion.

Experim ents with large tanks, 18 feet square and 20 feet 9 inches 
deep and having an effective digestion capacity of 3500 cubic feet, gave

T a b l e  X I I .— Su m m ary of Large Scale Screenings Digestion

M in. M ax. Ave.

Screenings Added:
Total Solids, per cen t.......................................................... 7.3 9.7 8.52
Ash, per cen t.......................................................................... 7.6 20.8 10.10
N  as N H 3, per c en t............................................................. 2.66 3.84 3.24
Grease, per cen t.................................................................... 7.01 18.60 11.80

Liquid Drawn:
T otal Solids, per cen t.......................................................... 0.12 0.41 0.26
Ash, per cen t.......................................................................... 41.6 55.7 48.6

Sludge Drawn:
Total Solids, per cen t.......................................................... 3.00 9.59 6.25
Ash, per cen t.......................................................................... 41.1 56.0 47.0
B.O.D., p .p .m ............................................................................. 210 1590 780
Total Nitrogen, per cen t.................................................... 2.01 2.74 2.44
Grease, per cen t.................................................................... 2.18 5.10 3.47

Gas, Cu. Ft. per Lb. Dry Solids.............................................. 2.48 14.30 6.26

fu rther inform ation regarding the relation between gas production 
and decomposition of grease in screenings. The total operating time 
during which grease analyses were made amounted to 214 days. A 
summary of the pertinent data obtained is shown in Table X II. A 
total of 58,843 pounds of dry  screenings were added and digested at

T a b l e  X III .— W eekly Averages of Grease Reduction and Com position of Gas

D a te - P e r C e n t G rease 
in  Screenings

P e r C en t 
CO  2

P e r C en t 
C om bustibles

Per C en t G rease 
in  Sludge

P e r  C en t G rease 
D estroyed

3/9  -3 /1 6 9.54 37.6 57.7 3.10 67.8

3 /17 -3 /23 10.00 37.0 52.0 3.28 67.2

3 /2 4 -3 /3 0 13.66 35.0 49.9 4.69 65.8

3 /3 1 -4 /6 11.72 36.7 51.3 3.64 6 8 .8

4/7  -4 /1 3 13.35 36.8 53.4 3.38 74.8

4 /1 4 -4 /2 0 11.21 36.3 47.4 3.68 67.4

4 /21 -4 /27 13.90 37.9 55.4 4.87 65.2

4 /2 8 -5 /4 14.58 33.5 50.9 3.83 73.8

5/5 -5 /1 1 17.00 35.7 52.6 5.10 70.6

5 /1 2 -5 /1 8 17.50 38.6 52.5 4.75 72.8

5 /1 9 -5 /2 5 18.14 39.4 51.6 4.56 74.8

5 /26 -6 /1 18.60 38.4 57.4 3.35 82.3

6/2  -6 /8 9.77 38.2 50.1 3.35 65.5

6 /9  -6 /1 5 12.77 35.5 51.0 4.94 61.6

6 /1 6 -6 /2 2 15.35 39.0 46.8 5.01 67.7

6 /2 3 -6 /2 9 13.46 35.4 52.6 4.39 67.4

6 /3 0 -7 /6 14.37 30.1 56.5 4.37 69.6

7 /7  -7 /1 3 14.65 35.3 52.2 5.25 64.3

A verages........... 13.85 35.9 52.3 4.19 69.8
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an average tem perature of 84° F . F o r seed sludge 13,180 pounds dry  
solids were used. D uring the digestion period 6,993 pounds of grease 
were added. On the basis of volatile m atter added and w ithdraw n 
the average reduction of volatile m a tter am ounted to 60.2 per cent and 
the grease reduction to 70.3 per cent.

I t  is evident from  the low average B.O.D. of the ripe sludge th a t 
digestion had progressed satisfactorily . The am ount of gas produced 
was relatively high fo r screenings, but ra th e r low if com pared with 
gas production from  fresh  solids. The composition of the gas also 
was somewhat different from  th a t produced by fresh  solids. The C 0 2 
content was high and, consequently, the percentage combustibles low. 
As an example the results obtained over an  eighteen-week period, 
when the addition of screenings was practically  constant, are shown in 
Table X III. The average C 0 2 content of the gas was 35.9 per cent 
with an average destruction of grease of 69.8 per cent. The high C 0 2 
content of the gas was apparen tly  not caused by the m agnitude of the 
grease content or the degree of decomposition of the grease. G roup
ing the results on the basis of grease content in the screenings we find :

N o. D ays P e r  C en t G rease 
in  Screenings

P e r C e n t COa 
in  G as

P e r  C e n t G rease 
D es tro j'ed

42 . 10.83 36.7 66.4
49 14.00 34.8 69.0
28 17.81 38.0 75.1

W ith increasing percentages of grease p resen t in the raw  screenings, 
the C 0 2 did not progressively increase, in  spite of the fact th a t a g rea ter 
percentage of grease was destroyed in the screenings w ith the higher 
grease content. Evidently another factor was responsible fo r the 
higher C 0 2 content of the gas.

The higher C 0 2 content of the gas was apparen tly  not caused by a 
low pH  value, since the average pH  during the entire period  of diges
tion was 7.4, varying between 7.2 and 7.8. There may be a possibility 
tha t the com paratively low to tal n itrogen content of about 2.0 per cent 
as com pared w ith the to ta l nitrogen content in fresh  solids (4-5 per 
cent) played a role, but it is more likely th a t fa r  less C 0 2 was dissolved 
in the discarded supernatan t liquor than is o rd inarily  the case in  fresh  
solids digestion. The concentration of screenings added am ounted to 
8.5 per cent as com pared w ith about 5 per cent fresh  solids. The vol
ume of liquor introduced into the tank was, therefore, some 60 per 
cent less, and presum ably less C 0 2 was removed from  the gases in  p as
sage. U nreported  laboratory  experiments have shown th a t the C 0 2 
content of the gas produced increases w ith increasing concentration of 
solids. In  this respect it should be remembered th a t the to ta l gas 
production am ounted to only 427 cc. per gram  volatile m a tte r in  the 
screenings, or about one-third less than might be expected from  fresh  
solids. The lower to tal gas production was, however, probably due to
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the la rger quantities of resistan t fibrous m aterial present in the screen
ings.

A ctiva ted  Sludge .-—A small covered tank, with a capacity of 215 
gallons, was used fo r digestion of activated sludge. A fter seeding 
with ripe sludge, activated sludge was added daily and, a fte r operation 
for 5 months, the quantities of grease in the ripe sludge present and 
the activated sludge added daily were determ ined for a period of 120 
days. The tank was kept a t an average tem perature of 81° F . An 
attem pt to m easure gas production was made, but the apparatus avail
able made it  difficult to obtain accurate readings. The gases evolved 
were analyzed a t weekly intervals.

T a b l e  X IV .— Su m m ary of Results of Activated Sludge Digestion

Min. Max. Ave.

Total Solids Added, per cen t.............................................. 1.96 4.83 2.40
Ash of Solids, per cen t................................................................. 26.6 36.5 31.2
Sludge Drawn, Solids, per c en t................................................ 3.10 5.69 4.52
Ash, per cen t................................................................................... 36.3 48.6 42.9
Liquid Drawn, Solids, per c en t................................................ 0.11 0.22 0.13
Ash, per cen t................................................................................... 38.5 52.9 45.4
Total Nitrogen, Activated, per cen t......................................
Total Nitrogen, Sludge Drawn, per cen t..............................

4.81
2.69

6.40
5.83

5.56
3.48

Grease, Activated, per cen t....................................................... 4.60 8.28 6.29
Grease, Sludge, per cen t............................................................. 3.75 5.96 5.09
CO, in Gas per cent 17.2 35.3 27.3

A summary of the analytical results is shown in Table XIV. During 
the period under consideration, the quantities of m aterial added and 
drawn as ripe sludge or supernatant liquor were as follow s:

. A dded D raw n P er C en t 
R eduction

Total Solids, lbs.......................................................... 255.8 220.4 14.0
Volatile M atter, lbs................................................... 205.0 110.7 46.2
D re^ .ae , ID« ........... 17.6 11.2 36.2

20.04 13.60 32.0

During the aeration processes a considerable percentage of volatile 
m atter is oxidized and gasified. Hence, the volatile m atter content 
of activated sludge is lower than of fresh solids. I t  would seem that 
the grease present in the raw  sewage, particularly  is destroyed, as indi
cated by the low average percentage (6.29) in the activated sludge. 
This is as low as th a t found in well digested sludge obtained from 
fresh solids. F u rth e r decomposition of volatile m atter and partic
ularly of grease under anaerobic conditions m ust be limited. Of the 
to tal quantity  of volatile m atter added, about 94 pounds were de
stroyed during digestion, whereas only 6.4 pounds of grease, or about 
36 per cent of the total, were destroyed. I t  is not probable tha t the
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composition of the gas produced would be greatly  influenced by the 
relatively small percentage of grease present, which was only 14 per 
cent of the volatile m atter added. Nevertheless, the average C 0 2 
content of the gas was ra th e r high. As a m a tter of fact, the C 0 2 con
ten t was as high as the percentage C 0 2 found in the gas when p rop 
erly seeded fresh  solids are  digested. On the other hand, when the 
C 0 2 content in the gas produced from  digesting screenings having a 
low initia l grease content is considered, the C 0 2 content of the gas from 
activated sludge was com paratively low. The solids concentration of 
the activated sludge averaged only 2.40 per cent, or about half the 
fresh solids and less than  one-third of the screenings concentration, 
with corresponding la rger volumes of w ater fo r the solution of C 0 2. 
The results seem to indicate th a t grease is not only a good source of 
gas, but th a t the combustibles or heat value of the gas obtained from 
grease is g rea ter than from  other types of volatile m atter.

3. Aerobic Decomposition of Grease

Considerable unpublished work on aerobic decomposition of fresh 
solids a t various tem peratures has included some studies on the fate 
of grease. A few figures from  data  obtained a t higher tem peratures 
show the relation between total volatile m a tter destruction and grease 
decomposition. F resh  solids w ith 23.1 per cent ash and 29.2 per cent 
grease were aerated  fo r 350 hours a t different tem peratures. The 
losses in total volatile m atter and grease were as follow s:

T em p era tu re  °C.
Per C en t V olatile 

M a tte r  R educ tion
P e r  C en t 

G rease R ed u c tio n

40 14.5 4.6
45 24.4 12.0
50 24.8 14.2
55 27.0 20.1
60 18.3 6.2

In  general, the percentage to tal volatile m a tte r reduction a t the various 
tem peratures recorded was g rea te r than the percentage grease de
stroyed. U nder anaerobic conditions the degree of destruction would 
be the reverse. T ransform ation  and oxidation of grease in sewage 
trea ted  by the activated sludge process have been discussed by Heuke- 
lekian (9). He concludes tha t oxidation and destruction of adsorbed 
grease proceed slowly in the beginning of aeration, but accelerate 
rapidly on continued aeration. In  the presence of activated  sludge, 
the percentage grease destroyed during 6 h o u rs ’ aera tion  am ounted 
to about 54 per cent and increased to 86 per cent on continued a e ra 
tion fo r 24 hours. On repeated addition of sewage to the same acti
vated sludge, the grease content of the sludge rem ains constant, unless 
excessive quantities of grease are added or more sewage is applied 
before the adsorbed grease is destroyed (overloading). I t  is evident 
therefore, tha t aerobic organism s responsible fo r the decomposition of 
grease are present in sludge, but time is required  to produce a suffi
ciently high concentration of enzymes, or “ active”  sludge m ust be
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added, to obtain rap id  results. Incidentally, the ra te  of volatile m at
te r and grease destruction under anaerobic conditions reaches a m axi
mum a t 55° C.

Studies on the grease content of the film present in bio-filters and 
standard  filters show tha t from  the top down to the lower levels of the
filters considerable destruction of grease takes place. Humus tank
sludge usually contains less than half the grease content of settled 
fresh solids. The destruction of grease during aeration, resulting in 
a low grease content of the sludge, is corroborating evidence for the 
relatively slow ra te  of grease decomposition when activated sludge 
is anaerobically digested.

4. Grease Additions

Solids deposited in different p a rts  of a settling tank contain v a ri
ous quantities of grease (7). Seeded fresh solids were digested ana
erobically fo r 47 days a t 70° F. Some condensed results obtained 
showed the following:

A B

32.0 52.8
3.20 3.84

46.4 47.4
817 855

The varia tion  in grease content obtained by settling did not cause 
a m aterial difference in the percentage reduction of volatile m atter. 
The solids with the higher grease content produced more gas than the 
solids with the lower percentage grease. I t  took a somewhat longer 
time, however, to reach the peak of gas production, indicating some 
retarding action during the first few days of digestion.

A nother method of grease enrichment, by aerating fresh solids for a 
period of 15 minutes and mixing the grease skimmings with a portion 
of the same fresh solids, has been used to determine the effect of a 
change in composition of the solids on the rate of digestion and gas 
production (8). The grease and nitrogen content of the fresh solids 
and skimmings were as follow s:

F resh  Solids Skim m ings R esidue

6.35 11.7 4.9
Ash, per cen t................................................................ 23.0 18.9 24.4
Grease in Dry Solids, per cen t.............................. 35.3 46.1 32.1
Nitrogen in Dry Solids, per cen t.......................... 4.1 3.1 4.4

I f  the composition of solids has influence on the course of digestion 
and the quantity and character of gas produced, differences should be 
noticeable when fresh solids are used mixed w ith skimmings produced 
by mechanical means. Portions of the m aterials were seeded with ripe 
sludge to yield a ratio of 2 :1  on a fresh-solids and ripe-sludge volatile 
m atter basis. The m aterials were digested at 80° F.

Grease in Volatile Matter, per cent. . 
Nitrogen in Volatile M atter, per cent 
Volatile Matter Reduction, per cent. 
Gas per Gram Volatile M atter, cc—



Daily gas production showed tha t digestion was completed first in 
the ripe-sludge and residue mixture, followed by the ripe-sludge and 
fresh-solids m ixture and considerably la te r in the skimmings and ripe- 
sludge m ixtures. Condensed results obtained a t the completion of d i
gestion were as îollows :
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F resh  Solids Skim m ings R esidue

Volatile Matter Reduction, per c e n t ............................... 40.4 47.0 44.5
625 1,030 580

1,030
19.7

1,450
17.4

855
CO2, per cent...................................................................... 14.2
Combustibles, per cent...................................................... 66.5 68.6 77.1

24 * 40 20

Note: Gasification complete =  more than 90 per cent possible gas.

A eration of fresh solids fo r the short time of 15 minutes had no ef
fect on digestion as indicated by separate experim ents aera ted  fo r % 
hour, except tha t the aerated  m ixture appeared to digest a t a slightly 
faste r rate.

Volatile m atter reduction and gas production were m aterially  higher 
with the m ixtures containing the g reater grease content, but the time 
required was increased. Of particu lar in terest is th a t the amounts of 
gas produced per gram  volatile m atter destroyed increased w ith the 
increase in grease content, indicating again tha t grease is a good source 
of gas. F urther, the heat value of the gas was not decreased w ith the 
higher grease content. I t  would appear th a t the ra te  of grease decom
position and its products of hydrolysis determ ine in general the ra te  of 
digestion of the sludge.

5. Oil A dditions
Mineral Oil

The addition of small quantities of m ineral oils (gasoline, crank case 
oil) does not m aterially affect the digestion or gas production of seeded 
fresh  solids. L arger quantities re ta rd  digestion (10). Gasoline added 
in quantities varying from  0.2 to 1 per cent by volume (on the basis of 
fresh  solids) showed the following afte r 30 d ay s’ digestion:

P er C en t 
G asoline A dded

P e r  C e n t V olatile 
M a tte r  R educ tion

G as per G ram  V olatile  
M a tte r  A dded, cc.

P e r  C en t 
G rease  R educ tion

0 34.4 461 54.2
0.19 30.8 453 49.8
0.94 8.2 153 19.2

Addition of crank case oil to fresh  solids-ripe sludge m ixtures d i
gested for a period of 35 days a t 80° F., showed th a t waste oil added 
in quantities up to 2.5 per cent by volume to the fresh  solids had no det
rim ental effect on digestion as fa r  as gasification is concerned. Some 
condensed results illustrate  this p o in t:
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P er C en t 
O il A dded

P e r C e n t T o ta l 
Vol. M a tte r  
R educ tion

G as p e r G ram  
Vol. M a tte r  
A dded, cc.

P e r C en t T o ta l 
G rease an d  Oil 

R educ tion
P e r  C e n t G rease 

R educ tion

0 33.9 693 61.5 61.5
1 29.2 727 29.2 57.0
2.5 17.6 710 15.0 40.5

Notwithstanding a reduced destruction of volatile m atter in the fresh 
solids and smaller reduction of the grease present, the quantities of gas 
produced per gram  volatile m atter added (as fresh solids) were not 
less with the oil additions. Similarly, the composition of the gas was 
not changed, as indicated by analyses made afte r various periods of 
digestion :

Per Cent 
Oil Added

Per Cent CO2 Per Cent Combustibles

10
D ays

17
D ays

26
D ay s

10
D ays

17
D ays

26
D ays

0 18.6 15.1 18.2 74.5 82.2 80.2
1 17.6 15.2 13.0 77.6 78.7 82.6
2.5 18.6 15.7 13.5 73.9 81.8 85.1

The percentages of to tal grease and oil, and the non-saponifiable and 
saponifiable fats  present a t the beginning and end of the experiment 
would seem to indicate tha t little, if  any, of the oil was destroyed. This 
is shown by the following results, calculated on a dry  solids b as is :

Oil A dded 
cc. per L ite r

Beginning E nd

P er C en t 
T o ta l

P er C en t 
Saponif.

P e r C en t 
N on-Sap.

P e r C en t 
T o ta l

P e r C en t 
Saponif.

P er C en t 
N on-Sap.

0 24.8 20.6 4.0 14.4 9.7 5.6
10.6 32.3 21.1 11.7 26.8 10.1 15.6
25.6 49.2 20.1 29.1 44.7 9.4 35.3

The total amount of volatile m atter and grease destroyed in grams 
per liter of wet sludge, and the amount of gas produced on the basis of 
total volatile m atter and grease destruction only, were as follows:

P er C en t 
Oil A dded

T o ta l V. M . 
D estr ., G ram s

G rease 
D estr., G ram s

G as per G ram  
V. M . D estr.

G as per G ram  
G rease D estr.

0 10.4 5.4 1,260 2,190
1 6.0 5.8 2,780 2,870
2.5 5.2 4.8 3,120 3,390

Although total gas production was not affected by the addition of oil, 
the total volatile m atter destruction was m aterially less, but there 
seemed to be no interference with the decomposition of the grease p res



1144 SEWAGE WORKS JOURNAL November, 1944

ent in the sludge, unless it should he assumed tha t appreciable amounts 
of gas were produced from  the m ineral oil. In  effect, the am ount of 
gas produced per gram  of grease destroyed increased w ith increasing 
quantities of oil added.

The results in general seem to show th a t m ineral oil p resent in suf
ficient quantities may m aterially  change the relationship between vola
tile m atter and grease decomposition w ithout detrim ent to the quantity 
and composition of the gas produced, but w ith the production of in
creased quantities of residue.

Vegetable Oil
F a ts  and greases appear to produce considerable portions of the 

gases evolved during anaerobic digestion. M ineral oils m ay affect gas 
production and change the relationship between volatile m atter and 
grease decomposition. Small quantities of vegetable oils aid in gas fo r
mation. In  the course of studies perta in ing  to the effect of vegetable 
fats  on digestion and the changes of fa ts  during digestion, la rger quanti
ties of m aterial were added. F a ts  in various stages of unsaturation 
were selected for the purpose. F o r illustration, some results obtained 
with linseed oil (unsaturated) and coconut oil (sa tu rated ) are p re
sented. To fresh solids—ripe sludge m ixtures (2 :1  basis), one gram 
of oil was added for each 3.16 gram s volatile m atter in the mixtures. 
A fter 42 day s’ digestion the percentages volatile m atter and grease de
stroyed were as follow s:

M ixture P er C en t V olatile 
M a tte r  D estioyed

P e r C e n t G rease 
D estroyed

G as per G ram  
V. M . A dded, cc.

F +  R ............................................................................. 29.8 70.0 507
F -f- R +  Linseed O il............................................... 16.7 14.6 287
F - f  R  +  Coconut O il.............................................. 12.5 6.5 30

I t  is evident tha t large quantities of vegetable oil re ta rd  digestion. 
Exam ination of the detailed gas production curves and grease destruc
tion figures shows tha t most of the fa t was destroyed a t the height of 
gasification. The satu rated  oil added in large quantities was more det
rim ental to digestion than the unsaturated  oil. The quantities of vola
tile m atter destroyed decreased with the addition of oil as well as did 
the actual total quantities of grease present and added. The relation
ship between volatile m atter and grease destroyed changed, as m ay be 
seen from  the following figures showing the gram s volatile m a tter and 
grease destroyed per liter of sludge:

M ix tu re  , V. M . 
D estroyed

G rease
D estroyed

R a tio  
V . M . : G rease

F +  R ........................................................................... 9.42 4.41
2.38
1.06

2.13:1
2.55:1
4.90:1

F +  R  +  Linseed...................................................... 6.07
F - f  R  +  C oconut..................................................... 5.20
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Anim al Grease
Additions of various types of wastes containing animal fats  and 

greases to digesting mixtures have shown a tendency to decompose a t 
a high ra te  and to a greater extent than the gross volatile substances 
found in sludge. As an example is cited the addition of different quan
tities of wool scouring wastes to properly  seeded m ixtures of fresh 
solids and ripe sludge. The solids, ash, and grease content of the m ate
rials used w ere :

P er C en t 
Solids

P e r C en t 
Ash

P e r C en t 
G rease

Fresh Solids.................................................................. 6.5 21.9 19.3
Ripe Sludge.................................................................. 2.5 40.1 7.28
Wool W aste .................................................................. 2.86 35.3 40.8

The total grease in the wool waste contained 9.6 per cent soaps. F resh  
solids were seeded with ripe sludge on a 2 :1  volatile m atter basis. To 
the m ixtures were added 10 and 20 per cent of wool scouring waste on 
a wet basis. A fter 30 day s’ digestion the percentages volatile m atter 
and grease destroyed and the gas produced amounted t o :

M ixture V. M. 
D estroyed

G rease
D estroyed

G as per G ram  
V. M . A dded

G as per G ram  
V. M . D estroyed

R +  F ............................................ 42.0 61.0 490 1,140
R +  F +  10% W aste.............. 41.3 59.2 504 1,215
R +  F +  20% W aste.............. 41.5 54.8 484 1,163

The percentage volatile m atter destroyed remained constant with the 
addition of wool scouring waste. The percentage grease destroyed 
appeared to decrease. In  effect, the actual quantities of grease de
stroyed were greater in the m ixtures with the wool wastes added. Cal
culations show tha t 6.5 and 12.8 per cent more volatile m atter were de
stroyed in the various m ixtures with wool waste than in the control mix
ture. The total gas production was greater with the wool waste added, 
amounting to 10.3 and 13.0 per cent, respectively, but the quantities of 
gas produced per grain volatile m atter destroyed were about the same. 
I t  appears, therefore, tha t the animal grease was destroyed to about the 
same degree as the total volatile m atter and that approxim ately the 
same amounts of gas were produced from the animal grease as from the 
mixture without additional grease.

The composition of the gas produced was sim ilar for all the mix
tures, with somewhat higher percentages of combustibles in the gas pro
duced from  the mixtures with wool w astes :

P er C en t C om bustib les P er C en t CO 2

Control..................
10% Wool Waste 
20% Wool Waste

72.7
76.2
76.3

25.0
21.4
21.2
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The supposition tha t grease present in  the sludge m ay he responsible 
for high percentages of carbon dioxide in the gas does not seem to be 
tenable.

6 . F u e l  V a l u e s  o f  S l u d g e  a n d  G r e a s e

An em pirical relationship between fuel value and loss of ignition of 
sewage sludges has been presented by F a ir  and Moore (11). They 
found tha t the fuel value per unit weight of volatile m atter decreases 
sharply w ith the percentage volatile m atter content of the sludge. Since 
the volatile m atter content of sewage solids decreases during digestion, 
they concluded “ th a t it  is the organic m atter of the highest calorific 
power, probably grease, carbohydrates and p ro te in s,”  which is respon
sible for the fuel value. A lthough it  is known th a t sludges obtained 
from  various sources m ay have the same volatile m atter content and 
still differ in fuel value, no inform ation appears to be available on the 
specific fuel value of sewage greases or the relation between grease 
content and to tal volatile m atter and fuel value of sludges.

Fresh Solids
A series of fresh  solids samples were collected from  a  number of 

sewage treatm ent plants and the volatile m atter, grease content, and 
fuel values determined. The results obtained (Table XV) show that,

T a b l e  X V .— Percentage Volatile Matter and Grease and B .T .U . Values of Fresh Solids

Source Vol. M a tte r G rease B .T .U . p e r L b. 
D ry  Solids

B .T .U . per Lb. 
Vol. M a tte r

R ................................. 60.1 22.0 7,600 12,600
N . B ........................... 64.0 32.1 8,600 13,440
II. P........................... 73.9 20.6 7,990 10,800
S. R ............................ 68.0 28.9 7,950 11,740
H .......................... 75.0 20.6 8,500 11,230
S .................................. 74.1 26.7 8,420 11,260
B. B ........... , ............. 74.0 26.8 8,510 11,500
M ................................ 51.2 18.3 5,800 11,230
B ................................. 70.1 19.4 7,100 10,120
E ................................. 77.0 25.3 8,890 11,660
C................................. 62.2 22.6 6,510 10,500
P .................................. 79.0 33.4 8,900 11,050
R ah............................ 61.9 23.9 8,100 13,040
S. L ............................ 79.0 35.1 9,745 12,200
V- H ........................... 70.0 27.4 8,200 11,720

A ve............................. 69.0 25.5 8,050 11,660

in general, the fuel value per pound dry solids increases w ith the in 
crease in the percentage grease present. Calculation of the fuel value 
per pound of total volatile m atter shows a relatively closer relationship. 
The variations in B .T .U .’s, however, do not seem to be correlated  d i
rectly with the grease content. The fuel value of the volatile m atter in 
fresh  solids is not m aterially  and uniform ly affected by the percentage
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grease content; probably the differences in total grease content of the 
various samples are relatively small and are masked by the variations 
in to tal volatile m atter content.

Digested Sludge
Digestion reduces the to tal volatile m atter and grease content, with 

the result tha t the fuel value is decreased. The average B.T.U. per 
pound dry digested solids of a number of samples obtained from  various 
sources was found to be 4,610 as compared with an average for fresh 
solids of 8,050. Perusal of Table X V I shows tha t there is a fairly  close

T a b l e  X V I .— Percentage Volatile Matter and Grease and B .T .U . Values of Digested Sludges

Source P e r C en t 
Vol. M a tte r

P e r C en t 
G rease

B .T .U . per Lb. 
D ry  Solids

B .T .U . per Lb. 
Vol. M a tte r

S. A.......................... 55 7.1 5,410 9,820
B. B......................... 50 6.9 4,500 9,000
N. B ......................... 47 7.5 4,600 9,680
Mo........................... 38 4.1 3,780 9,950
Hill............................. 51 9.6 4,950 9,900
Rid........................... 49 9.8 4,920 10,000
Rah.......................... 36 7.6 3,070 8,520
Mid.......................... 41 — 3,690 9,000
H. P......................... 50 6.3 5,090 10,250
P............................... 49 7.2 5,510 11,250
M............................. 37 — 3,800 10,260
II................................ 46 6.0 4,300 9,350
J ............................... 24 4.1 2,360 9,870
M............................. 51 — 4,850 8,380
Wood....................... 38 — 3,350 8,810
P............................... 57 7.2 5,810 10,200
C.............................. 50 6.4 5,520 11,020
A.............................. 43 5.3 3,290 7,670
Ma........................... 51 8 .6 4,950 9,700
Ca............................ 38 4.1 4,110 10,800
W............................. 60 14.1 6,260 10,420
F. W........................ 49 4.0 4,390 8,950
L ............................... 61 6 .8 7,080 11,600
B.............................. 47 5.3 4,850 10,360
M. A ........................ 54 10.2 4,400 8,150
S. P .......................... 47 9.2 5,100 10,610

Ave.......................... 47 7.3 4,610 9,830

relationship between the percentage volatile m atter and the B.T.U. 
values of the dry  solids. Calculation of the fuel value of the digested 
sludge on a volatile m atter basis shows variations which do not seem to 
be related to the grease content of the sludges.

The digested sludges were in no instance the residue of the fresh 
solids analyzed and in a number of cases were not even obtained from 
the same plants. Nevertheless, some observations are pertinent and of 
general interest. F rom  laboratory experiments it  was shown tha t the 
grease reduction during digestion amounted to some 70 per cent. A
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comparison of the fresh  solids and digested sludge results shows an 
average difference of 71.5 per cent in the grease content. A com parison 
of other results show s:

Fresh
Solids

D igested
Sludge

P er C en t 
D ifference

Volatile M atter, per cen t......................................... 69 47 32.0
Grease, per cen t........................................................... 25.5 7.3 71.5
B .T .U . per Lb. D ry Solids...................................... 8,050 4,610 42.8
B.T .U . per Lb. Volatile M atter............................ 11,660 9,830 15.7

I t  appears th a t there is no direct relation between the percentage 
destruction of grease or total volatile m atter, but that digestion has de
stroyed particu larly  m aterial with high fuel values. The residue re
m aining afte r digestion has a decidedly lower fuel value, even on the 
basis of volatile m atter.

F ilter Cake

The substances destroyed by digestion are assumed to be the most 
putrescible. Addition of chemicals to the sludge should reduce the 
fuel value of the dry  solids in approxim ately the same proportion as 
the chemical addition or increase in ash content. Some samples of filter

T a b l e  X V II.— B .T .U . Values of F ilter Cakes

Source P e r C en t 
Vol. M a tte r

B .T .U . per Lb. 
D ry  Solids

B .T .U . p e r Lb. 
Vol. Solids

N. B ................................. 56 5,070 9,060
Sa...................................... 67 7,000 10,450
R ....................................... 57 6,510 11,320
S. R................................... 52 6,360 12,230
S........................................ 57 5,300 9,300
So...................................... 63 6,590 10,460

Ave................................... — 6,140 10,470

cake (Table X V II) show tha t to be the case. A com parison of the 
average results obtained on the different types of sludge is of in terest:

M ate ria l P er C en t 
V olatile  M a tte r

B .T .U . per Lb. 
Solids

B .T .U . per Lb. 
V ola tile  M a tte r

Fresh Solids ................................................ 69 8,050
6,140
4,610

11,660
10,460
9,830

59
47

The fuel value of the dry  solids appears to vary  with the am ount of ash 
and there is also a reduction in the fuel value of the volatile m a tte r re 
maining. In  the case of digested sludge the greatly  reduced grease
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content m ay be considered of principal importance. The reduction in 
fuel value of the volatile m atter, due to chemical treatm ent and diges
tion, appears to be about 10 and 15 per cent, respectively, as compared 
with 25 and 40 per cent on a total dry  solids basis.

Activated Sludge

During aeration of sewage, some of the volatile substances are oxi
dized. I t  is logical, therefore, tha t the fuel value of activated sludge 
should be lower than the fuel value of fresh solids. Average results of 
a number of activated sludge samples with a volatile content of 78.3 per
cent indicated B .T .U .’s of 8,010 per pound dry solids and 10,250 per 
pound volatile solids. I t  is of significance tha t the B.T.U. values of 
activated sludge having a considerably higher percentage of volatile 
m atter were found to be virtually  the same as those of fresh solids; but 
on a volatile m atter basis the B.T.U. values of activated sludge appeared 
to be lower. If  it is kept in mind tha t during aeration the grease is 
reduced greatly  (the grease content of activated sludge is approxi
mately the same as tha t of digested fresh solids), it is clear tha t the 
reduction in  fuel value is mainly due to the destruction of grease.

Grease and Residue

To determine the fuel value of grease in fresh solids and ripe sludge, 
several samples were extracted with petroleum ether (regular method, 
with 12 h o u rs’ extraction). The fuel values of the sludges, grease and 
residues, determ ined together with the volatile m atter and total grease

T a b l e  X V III.— B .T .U . Values of Sludge Grease and Residues

Source P e r C e n t Vol. 
M a tte r

P er C en t 
G rease

B .T .U . per 
Lb. D ry  

Solids

B .T .U . per 
Lb. Vol. 

Sol.

B .T .U . per Lb. 
G rease 

E x trac te d
B .T .U . per 

L b. R esidue

Fresh Solids

E l...................... 77.0 25.3 9,340 11,950 17,270 5,995
S. L .................. 78.9 35.1 9,745 12,230 17,340 5,690
PI. 79.0 33.4 9,345 11,800 17,170 6,330
V. II................. 70.2 27.4 8,615 12,260 17,795 5,825
H. P ................. 75.0 20.6 8,500 11,310 17,100 5,675

Ave................... 76.0 28.4 9,110 11,960 17,135 5,905

Digested Sludge

S. L ................... 46.7 9.2 5,380 11,520 18,080 3,195
PI....................... 49.0 7.2 5,510 11,240 17,205 3,090
H. P ................. 46.0 6.3 5,090 11,060 17,510 2,880
11....................... 36.0 7.6 5,135 14,230 17,975 2,905
F ........................ 57.0 7.2 5,810 10,180 17,780 2,935

Ave................... 46.9 7.5 ' 5,385 11,645 17,710 3,000
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content of the sludges, given in Table X V III, show th a t the values fo r 
grease are m aterially  higher than those of the to tal volatile m atter. 
I t  will be noted tha t the fuel value of the grease extracted from  digested 
sludge is about the same as tha t of grease extracted from  fresh  solids. 
This would indicate tha t the portion of grease which is destroyed anae
robically during digestion has sim ilar B.T.U. values to those of the 
unsaponifiable or m ineral oils present in the residue. Crude oils, fu r
nace oils, and kerosene have B.T.U. values vary ing  between 18,900 and 
19,800. In  general, the. fuel value of grease present in sludge is not 
m aterially  affected by digestion, but the quantities of grease are less; 
hence the B.T.U. value of sludge decreases with the decrease in per
centage grease. A comparison of the average fuel values of volatile 
m atter in the fresh  solids and digested sludge w ith fuel values of the 
volatile m atter in the residues (fresh solids 66.5 per cent, digested 
sludge 42.6 per cent) shows the following:

Volatile M atter of Fresh Solids................................................... 11,960 B .T .U . per lb.
Volatile M atter of D igested Sludge 10,660 B .T .U . per lb.
Volatile M atter of Fresh Solids R esidue.................................  8,880 B .T .U . per lb.
Volatile M atter of D igested Sludge R esidue  7,050 B .T .U . per lb.

The fuel values of the volatile m atter in the fresh  solids and digested 
sludge differ about 10 per cent, but the difference between the ir residues 
is about 25 per cent. This leads to the conclusion th a t the fuel value 
of the volatile substances other than grease decreases during digestion, 
or in other words, the substances decomposed, grease as well as other 
carbonaceous m atter, produce the la rgest quantities of potential heat. 
In  this respect, it is of in terest to note tha t the fuel value of the volatile 
m atter in the digested sludge residue was 4595 B.T.U. per lb. lower than 
tha t of the volatile m atter of the digested sludge containing 16.0 per cent 
grease. This compared with a decreased value of 3030 B.T.U. per lb. 
for the volatile m atter of fresh solids residue as against the fresh  solids 
volatile m atter containing 36.9 per cent grease.

G e n e r a l  D i s c u s s i o n

The digestion of fresh  solids shows th a t greases are rap id ly  reduced 
and destroyed w ith the form ation of combustible gases. The percent
age destruction of grease is greater than the percentage destruction of 
total volatile m atter. In  the process a definite relationship between 
carbon and organic nitrogen is maintained. N itrogenous substances 
are decomposed producing increasing quantities of ammonia nitrogen. 
Carefully controlled experiments showed tha t w ith a destruction of 57 
per cent to tal volatile m atter about 50 per cent of the organic n itrogen 
was changed to ammonia.

D estruction of volatile m atter during anaerobic digestion is usually 
lower than the percentage destruction of grease. This is illu stra ted  by 
a comparison of reduction in volatile m atter and grease obtained under 
laboratory  and large-scale experimentation.
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P er C en t P er C en t R ed.
R ed. G rease V olatile M a tte r

Laboratory
Fresh Solids............. 54-57.2
Seeded Solids........... ............................. 70-80 51-52

Small Tank Exp.
Fresh Solids................. 62.2
Screenings..................... ............................. 70.7 66.8
Activated Sludge.......................... ............................. 36.2 46.2

Large Scale Exp.
Screenings.................................. ............................. 70.3 60.2

The reverse is true, however, in  digesting activated sludge. This is 
not caused by the relatively low initial grease content of the activated 
sludge, because when fresh  solids are aerated for a period of two weeks, 
without the aid of activated sludge, the percentage volatile m atter de
struction is also greater than the percentage grease destroyed.

4 8 12 16 20 24
D A Y S  D I G E S T I O N

P ig . 2.— R a te  o f decom position  o f g rease  on d ig es tio n  o f seeded m ix tu res .

In  general, grease destruction during anaerobic digestion of seeded 
mixtures, proceeds a t a high ra te  (Fig. 2), whereas the rate  of grease 
destruction under aerobic conditions is relatively low. The rate  of 
grease and volatile m atter destruction, in unseeded m aterials under 
anaerobic conditions is not constant during the digestion process. This 
is indicated when the percentage destruction of grease and volatile m at
ter remaining is plotted logarithm ically (Fig. 3). The break in the 
curve occurs when the pH  values begin to rise. The relative rate of 
grease destruction remained greater than the relative rate  of volatile 
m atter destruction through both the acid and alkaline digestion periods.

I t  would seem tha t the destruction of grease under aerobic condi
tions is dissim ilar to the decomposition of grease under anaerobic con
ditions. U nder anaerobic conditions the fats and greases are reduced 
to various fa tty  acids, which in tu rn  are gasified in the form of com
bustible gases (principally methane) and carbon dioxide, whereas under 
aerobic conditions the end product is virtually  all C 0 2. The mode of
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grease decomposition under anaerobic conditions as com pared witli 
grease destruction under aerobic conditions will be discussed in another 
paper.

Excessive quantities of sewage grease added to fresh  solids retard  
digestion, but the degree of volatile m atter destruction is increased. 
Grease skimmings produced about 40 per cent more gas than  the fresh 
solids and nearly  double the quantity  of gas produced by the residue 
from  which a portion of the grease had been removed. The gas pro
duced per unit quantity  of volatile m atter destroyed was of the same 
order and nearly  of the same magnitude. I t  has been assumed tha t the 
C 0 2 content of the gas is prim arily  determ ined by the grease content of 
the sludge. The higher the grease content, the lower the percentage 
combustibles. The detailed studies do not bear out this assumption. 
W ith larger quantities of grease the percentage of C 0 2 was slightly 
higher, but with excessive quantities of grease 110 increase in the per-

O 80 160 240
D A Y S  D I G E S T I O N  

P ig . 3.— P e rc e n ta g e  d e s tru c tio n  o f g rease  a n d  v o la tile  m a t te r  re m a in in g .

centage C 0 2 was noted. This would indicate tha t it is not the type of 
carbonaceous m aterial, but the quantity, th a t determ ines the am ount of 
combustible gas produced, unless the type has a re ta rd ing  or inhibitory 
action.

Large quantities of grease added to digesting m ixtures m ay resu lt 
in a rap id  accumulation of fa tty  acids (lower pH  values). Acidic con
ditions in tu rn  re ta rd  methane producing organism s, but do not affect 
C 0 2 production. The gas produced under these conditions would con
tain  a higher percentage C 0 2.

Sewage grease contains animal and vegetable fats, soaps and m ineral 
oils. The relation between quantities of animal and vegetable fa ts  is 
not known, but the percentage of unsaponifiables of the to tal grease in 
fresh  solids is usually within the range of 15-25 per cent. A fte r diges
tion, the unsaponifiables in the grease increase to 65-70 per cent.

Soaps decompose at a rapid  rate  and are excellent sources of o-as. 
There is no danger of producing undesirable acidic conditions, bu t n itro 
gen m ust be available from  other sources for p roper biological activities
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Lim ited amounts of mineral oils do not effect total volatile m atter 
and sewage grease decomposition or gas production, but the nature of 
the oil appears to have influence. F o r instance, one per cent of gasoline 
retards digestion m aterially, whereas a sim ilar percentage of crank case 
oil has little effect. Decomposition of m ineral oil undoubtedly takes 
place, but at a slow rate, so that in  modern heated digesters the reduc
tion of mineral oil m ay amount to only 10-15 per cent. The bulk of the 
grease in sewage is vegetable and animal fa t and soaps. Small quan
tities of vegetable oils aid digestion. I t  would be expected that unsatu
rated vegetable oils decompose more rapidly than saturated  oils. Large 
quantities of vegetable oil re ta rd  digestion, particu larly  larger quanti
ties of saturated  vegetable oils. Gas production from grease appears 
to depend mainly on animal fats  and soaps. The la tte r products de
compose to a g reater extent than other volatile substances. The quan
tities of gas produced per unit sludge mixture destroyed, containing 
increasing quantities of animal fats, are constant. The quantities of 
animal fats in sewage solids are g reater than the amounts of vegetable 
oils and, therefore, in practice, the larger the percentage (anim al) grease 
in fresh solids, the higher the gas production. W ith increasing quanti
ties of animal grease, the composition of the gas rem ains the same, 
which is fu rther evidence that this type of grease is of advantage as 
far as gas production is concerned and should be returned to the di
gesters if removed before or during sedimentation.

The fuel value of grease extracted from fresh solids or ripe sludge 
is the same, but the fuel value of the extracted grease is nearly double 
the fuel value of fresh solids and more than three times the fuel value of 
ripe sludge. D uring digestion, the percentage of carbon in the volatile 
m atter doubles. The apparent percentage increase in carbon is due to 
the reduction of p a rt of the volatile m atter and not to addition of carbon. 
This means that the percentage of carbon in ripe sludge is about the 
same as the percentage carbon in the fresh solids. During digestion the 
grease, consisting of carbon, hydrogen, and oxygen, decreases about 70 
per cent, whereas the percentage of nitrogen decreases about 50 per 
cent. I f  all the carbon present in the fresh solids had about equal fuel 
values, the fuel value of the volatile solids in the ripe sludge should be 
about equal to the fuel value of the volatile solids in the original fresh 
solids. Analyses and calculation show that the fuel value of the volatile 
m atter in the fresh solids is about 10 to 15 per cent higher than tha t of 
the volatile m atter in the ripe sludge. Hence, the grease has higher 
fuel values and a reduction in volatile m atter caused by digestion is 
not proportional to the amount of grease destroyed. W hen the grease 
is destroyed by oxidation (activated sludge) the heat value of the re
maining volatile m atter is also lower and compares with digested 
sludge. Oxidation of organic m atter and grease in trickling filters pro
gresses downward in the filter, with the result that the heat values of 
humus tank sludges are lower than the heat values of fresh solids.

The results show that gas production is dependent upon the degree 
of volatile m atter destruction and is affected by the amounts of grease
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decomposed. The resulting gas should have about the same heat value 
as the volatile m atter destroyed. Analyses of two different batches of 
fresh  solids digested in the laboratory, containing 14.1 and 24.1 per cent 
grease, showed tha t the gas produced has respectively 10,850 and 11,345 
B.T.U. per pound volatile m atter destroyed. M ost of the organic car
bon is converted to gases (CH 4, C 0 2, CO, etc.). P a r t  of the carbon d i
oxide is dissolved in the liquor and is discarded w ith the supernatant, 
while another p a r t combines w ith the ammonia produced by the decom
position of organic nitrogen to form  ammonium carbonates. The am
monium carbonate acts as a buffer and is also lost on discharge of the 
supernatant liquor. The heat values of the gases evolved can be ex
pected to be of about the same m agnitude, but somewhat lower than 
those found fo r the loss of fuel value in the sludges during digestion.

T a b l e  X I X .— Ratios Between Volatile Solids and Grease and Composition of Gas

C om position  of G as
D ays V. M . : G rease R a tio

C 0 2 C om bustib les

0 2.28 1 — —

72 2.64 1 52.0 27.2
124 2.86 1 49.0 38.6
165 2.85 1 34.4 56.4
222 3.06 1 29.1 59.0
257 8.60 1 21.1 69.8

Not only the volume of gas produced, but the character of the gas, 
changes progressively with the increase in  destruction of grease. This 
is clearly illustrated  in Table X IX . W hile the ratio  of volatile m atter 
to grease increases, the percentage C 0 2 in the gas decreases, but the 
percentage combustibles increases. Since m ost of the gas is produced 
during the time when the volatile m atter grease ratio  changes the most 
(rising pH  values), the composition of the bulk of the gas is fa irly  con
stant. From  the evidence presented, it follows th a t when fresh  solids 
are properly  seeded and digested under constant tem peratu re conditions 
the heat value of the gas rem ains fa irly  constant, regardless of whether 
appreciable fluctuations in grease content occur. The higher the grease 
content, the greater the volume of gas produced. Fuel values of the 
residual sludge will vary  with original quantities of grease and the de
gree of digestion.

S u m m a r y

Kesults obtained from  laboratory  and pilot p lan t experim ents and 
full scale p lan t digestion of various types of sludges have been com
pared  to determine the rate  and extent of total volatile m atter and grease 
decomposition. D ifferent types of fa ts  and oils were added to digesting 
m ixtures to determine their effects. The fuel values of greases, sludges 
and residues have been compared to obtain inform ation regard ing  the 
relation of grease content of sludges, gas production, and extent of
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grease destruction. Differences between anaerobic and aerobic decom
position of grease were studied.

In  general, the rate  and the degree of grease decomposition are 
g reater than the destruction of other volatile m atters present in sludges. 
D uring digestion, a definite relationship between carbon and organic 
nitrogen is maintained. W ith the exception of activated sludge, grease 
reduction amounted to 70-80 per cent and volatile m atter reduction to 
50-60 per cent. Destruction of grease under anaerobic conditions ap
pears dissim ilar from  decomposition under aerobic conditions. Lim 
ited amounts of grease, fats, and oils do not affect the rate  or degree of 
digestion. The larger the quantities of animal fats present in sludge, 
the higher the gas production. The volume and character of gases pro
duced change progressively with the increase in destruction of g rease ; 
the percentage C 0 2 in the gas decreases in relation to destruction of 
grease. The fuel value of sludges varies with the amount of grease 
present. Only a fraction of the total grease in fresh sewage solids con
sists of m ineral oils. The relation between fuel values of sludge, grease 
and other volatile m atter is indicated by the following average figures, 
showing the B.T.U. values per pound of dry m a te ria l:

F resh  Solids R ipe Sludge

Total Solids.................................................. ......................... 9,110 5,385
Volatile M atter........................................... .........................11,960 11,645
Extracted Grease........................................ .........................17,135 17,710
Residue After Extraction........................ ......................... 5,905 3,000
Volatile M atter of R esidue..................... ......................... 8,880 7,050

Under ordinary  conditions prevailing during digestion, unsaponifiable 
fats (mineral oils) are decomposed to a very limited degree.
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T H E  T O X IC IT Y  T H R E S H O L D S  O F  V A R IO U S  S U B 
S T A N C E S  F O U N D  IN  IN D U S T R IA L  W A S T E S  

A S D E T E R M IN E D  BY  T H E  U S E  O F  
D A P H N I A  M A G N A  *

By B e r t i l  G. A n d e r s o n

F ran z Theodore S ton e L a b o ra to ry , T he Ohio S ta te  U n ivers ity , and D ep a rtm en t o f  B o ta n y  and
Z oo logy , W e st V irg in ia  U n iversity

Several investigators have used the m icrocrustacean, Daphnia 
magna, as a test animal fo r the biological assay of many m aterials. 
Among them Naumann (1933a . . . g, 1934a . . . j)  and Ellis (1937) 
have developed methods for the detection of toxic m aterials in trade 
wastes. The use of Daphnia magna as an experim ental anim al for such 
purposes is advantageous in many respects. Daphnids are  small, reach
ing a maximum size of five mm., so tha t a g reat many can be reared  in a 
small space. They have a relatively short life span, which reaches a 
maximum of about two months when they are reared  a t 25° C. Daph
nids are easy to culture, requiring only w ater containing bacteria or 
their equivalent for food. They can be grown individually in  small bot
tles or in mass culture in large aquaria. They m ature early, giving 
b irth  to young within their first week of life. A fter the first brood, they 
give rise to new broods every two or three days throughout the re
m ainder of their lives. An average of tw enty or more young may be 
produced in each brood. Each female ivho lives to a ripe old age can 
bear four hundred or more offspring. Again, all the young from  any 
one female are genetically like the mother if produced parthenogeneti- 
cally, and reproduction can be limited to parthenogenesis if the proper 
conditions are maintained. F u rther, daphnids are representatives of 
a class of animals tha t serve as food for many fish, especially while the 
fish are young. F ishes do not rem ain long in w aters where the ir food 
supply has been destroyed, even though the fishes m ay not be affected 
directly. F o r these reasons daphnids should prove satisfactory  for 
testing w aters for toxic m aterials.

In  employing daphnids as experim ental animals various factors 
m ust be taken into consideration as pointed out by A nderson and J e n 
kins (1942). One of these needs fu rther elaboration. Breukelm an 
(1932) found tha t Daphnia magna are m ost susceptible to m ercuric 
chloride during the ir first in sta r (the period between b irth  and the first 
molt) and become less so as their age increases. N aum ann (loc. cit.) 
pointed out tha t their reactions to many substances varied  w ith the age 
of the animals. However, Naum ann apparently  made no attem pt to 
secure age uniform ity in his experim ental animals. Obviously, in order 
to secure closely reproducible results animals of the same age should be 
used. Ellis (1937) employed animals four days old (sometimes older).

* A preliminary paper rvas presented at the meeting of the American Chemical Society in 
Detroit, 1943.
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This requires special culturing of the experimental animals over a four 
clay period. By utilizing animals eight hours old or less the special cul
turing is avoided, age constancy within narrow  limits is secured, and 
since daphnids are most sensitive to toxic substances during their first 
instar the threshold concentrations for m ortality  can be established with 
greater certainty.

Various end points have been used in determ ining killing rates. 
Berger (1929) found tha t locomotion ceased long before the heart beat 
stopped in Daphnia magna which were subjected to salt solutions. 
Breukelman and Sarracino (1932) reported tha t swimming movements 
stop shortly a fte r the gill movements cease, but tha t the heart beat and 
gut movements continue much longer than do the swimming movements 
and the gill movements in Daphnia pulex  when they are exposed to di
lute solutions of mercuric chloride. N either Naumann (loc. cit.) nor 
Ellis (1937) states specifically what criteria  they used in determining 
mortality. Cessation of any one vital activity should be a satisfactory 
end point as long as all results are based on the same one. Of these end 
points the cessation of swimming activities, which the w riter proposes 
to call immobilization, can readily be observed with least disturbance 
to the animals. Immobilization by dilute solutions takes about half the 
time required for stoppage of the heart beat and of the gut m ovem ents; 
hence significantly less time is necessary for the performance of indi
vidual experiments where immobility is the end point. Immobility can 
be determined without optical aids and without manipulating the ani
mals individually or collectively, other than that of ro tating  the bottles 
containing them to make certain that all animals are observed.

M a t e r ia l s  a n d  M e t h o d s

A stock of individually reared daphnids, Daphnia magna S traus, of 
a single clone was maintained in a modified manure-soil medium (Banta, 
1921). This was made up in batches of five to ten liters in the following 
proportions: 5 g. air dried horse manure, 25 g. dried sandy muck, and 1 
liter tap water. A fter it had stood for two days the resulting infusion 
was strained through silk bolting cloth. The filtrate was allowed to 
stand until the turbidity  disappeared, afte r which it was used. About 
100 ml. of the filtrate was poured into each of a series of four-ounce, 
wide-mouth bottles and one female daphnid was placed in each one. 
A fter the first week 2 mg. of dry yeast * was added every other day. 
This was done by suspending the yeast in w ater (250 mg. yeast in 125 
ml. w ater) and adding the equivalent amount of the suspension (1 ml.) 
to each bottle. W ater was also added about once a week to replace that 
lost by evaporation and in the removal of young. Animals reared in 
this way averaged twenty or more young for each brood. Two mg. 
yeast for 100 ml. medium every other day appeared to be the optimum 
quantity. L arger or smaller amounts brought about a reduction in the 
number of young produced. All the young were removed a t least once 
a day to prevent depletion of the food supply for the mothers.

* “ M aca”  manufactured by Northwestern Yeast Company, Chicago, Illinois.



1158 SEWAGE W O R K S  JOURNAL November, 1944

In  order to test w ater for toxic m aterials and to estim ate the degree 
of dilution necessary to render it innocuous, racks w ith ten four-ounce, 
wide-mouth bottles were set up. To the first bottle was added 100 ml. 
of the w ater to be tested. To the next eight bottles, 100 ml. of successive 
dilutions of the test w ater were added. One hundred ml. of the diluent 
was added to the last bottle to serve as a control. The dilutions were 
made up in a geometric progression, usually in powers of J2, 2, 3, or 5 
for each step, i.e. the concentration of the original m aterial in any one 
dilution was l /^ %  %, Vz, or % tha t of the bottle im mediately preceding, 
so th a t dilution ranges of 16, 256, 6,561, and 390,625 times, respectively, 
were obtained in any one rack. W hen the results were plotted on a 
logarithm ic basis the concentration values fell a t uniform  intervals on 
the graph.

In  testing substances used in the experiments, the results of which 
are given later, centrifuged Lake E rie  w ater was used as the diluent. 
Lake w ater was employed so th a t the various dilutions would represent 
as nearly  as possible the actual conditions as they m ight be encountered 
in the lake. The w ater in w estern Lake E rie  varies considerably from 
time to time w ith respect to suspended m atter. In  order to free the 
w ater of most of this suspended m aterial it  was run  through a Sharpies 
super centrifuge operated a t 22,000 r.p.m. w ith a discharge of twenty- 
four liters per hour. In  this way a more constant w ater was secured.

Both the stock and the experim ental animals were kept a t a constant 
tem perature of 25° C. This tem perature was used since it is well below 
the lethal lim it for Daphnia magna (Brown, 1929), and is fa irly  easy to 
m aintain throughout most of the year with the sim plest of constant tem
peratu re  equipment.

A fter the solutions were prepared, ten young daphnids, which were 
not over eight hours old from  the time of release from  the mother, were 
placed in each test bottle. These were first collected in groups of a hun
dred and washed three times in the diluent (centrifuged lake w ater) by 
simply transferring  them from  one bottle of the diluent to another, al
lowing about five minutes in each before the final tran sfe r to the test 
bottles. The animals were observed a t definite times, 15 min., 30 min., 
1 hr., 2 hr., 8 hr., 16 hr., and 32 hr., a fte r their tran sfe r to the test bottles, 
the intervals between observations increasing in geom etric progression, 
and note taken of the number of immobilized animals, lying on the bot
tom or held in the surface film. Immobility was determ ined directly by 
placing the rack of bottles containing the animals in  fron t of a lighted 
translucent screen.

Upon completion of a particu lar experiment, if the anim als in some 
but not all the dilutions were immobilized, the geometric mean immobili
zation time fo r each concentration was calculated. These values were 
plotted against the concentrations on double logarithm ic paper. In  
addition, the geometric mean immobilization concentration fo r each ob
servation time was also determined. These values were plotted against 
time on the same grid. In  effect this method is essentially the same as
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the plotting of both 50 per cent immobilization time against concentra
tion and 50 per cent immobilization concentration against time. Smooth 
curves were draw n through the plotted points. The curves for different 
substances vary  considerably, as is illustrated in Fig. 1.

The threshold concentration may be defined as the highest concentra
tion which would ju st fail to immobilize the animals under prolonged 
(theoretically infinite) exposure (Bliss, 1940). Obviously, practical con
siderations do not perm it infinite exposure so tha t the true threshold con
centrations may not be realized in all instances. In  any event the true 
threshold concentrations would not exceed the values to be presented.

CONCENTRATION ,/N MOLES PER LITER 
F ig . 1.— R e la tio n  o f im m o b iliza tio n  tim e  to  co n cen tra tio n  fo r  D apJinia magna.

The threshold concentration was estimated graphically as the concentra
tion at which the immobilization curve parallels the ordinate. In  Fig. 1 
the value is 0.4 M  for ethyl alcohol, 0.105 M  for sodium chloride, 0.0025 M 
for acetic acid, 0.0017 M  for hydrochloric acid, 0.0004 M  for aluminum 
sulphate, 0.000,19 M  for sodium arsenate, 0.000,004 M  for potassium per
manganate, and 0.000,000,6 M  for cupric sulfate. The threshold con
centration can also be determined by equation when it is apparent that 
the threshold concentration falls below the range of concentrations 
tested and /o r the curve has not reached its vertical asymptote within the 
time limits of the experiments, as in the cases of chromic acid and am
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monium sulfate in  F ig. 1. D eterm ined under these la tte r  conditions, 
the threshold concentration is an extrapolated value. Even though this 
procedure m ay be fully justified the author p refers actual experim ental 
determ ination whenever possible. O rdinarily  the threshold concentra
tion was approxim ated by prelim inary experim ents w ith dilutions in 
large steps. F o r the final series of experim ents the concentration range 
was adjusted  in small steps centered about the approxim ate threshold 
concentration.

In  order to test the effectiveness of detoxifying agents, such as acti
vated carbon, the procedure outlined above was used except in making 
up the test solutions. A given quantity  of the agent to be tested was 
added to the w ater known to be toxic and 100 ml. of the m ixture was 
placed in the first bottle. Successive dilutions of this m ixture were 
made using the toxic w ater as the diluent and 100 ml. of each was added 
to the next seven bottles. U ntreated  toxic w ater was placed in  the ninth 
and a natu ra l w ater in the ten th  to serve as controls.

R e s u l t s  a n d  D i s c u s s i o n

The threshold concentrations fo r immobilization of Daphnia magna 
have been established for some forty-two substances when added to 
Lake E rie  water. These are given in Table I. All of the values are 
based on three or more replicate experiments. Those prefixed by < or « 
are concentrations which immobilized in sixteen hours exposure, but the 
nature of the curves indicates th a t the threshold concentration is lower 
than the value given. The actual threshold concentrations fo r those 
substances prefixed by < are about half the value stated, and those p re
fixed by « may be as low as one-tenth th a t given. The curves fo r these 
substances do not reach their vertical asym ptotes in sixteen hours but 
all others tested do.

Comparison of the threshold concentrations fo r various substances 
brings out certain relationships. The threshold concentrations for alu
minum sulfate, aluminum ammonium sulfate, and aluminum potassium  
sulfate are 0.0004 M, 0.0008 M, and 0.0008 ill, respectively. I t  is a t once 
apparent tha t the toxicity a t threshold concentrations is directly  related 
to the aluminum content of each molecule. The time concentration 
curves for immobilization by both aluminum ammonium sulfate and alu
minum potassium  sulfate resemble th a t for aluminum sulfate shown in 
Fig. 1. In  position they fall to the righ t of the one fo r aluminum 
sulfate.

The threshold concentrations of hydrochloric, nitric, and sulfuric 
acids are 0.0017 M, 0.0017 M, and 0.0009 M, respectively. I t  is evident 
tha t their threshold concentrations of toxicity vary  directly  w ith their 
hydrogen equivalents, as m ight well be expected if the ir toxicity is due 
to acidity alone. The time-concentration curve fo r hydrochloric acid 
as shown in Fig. 1 is characteristic of all three of the above acids. T hat 
for nitric acid is identical w ith the one fo r hydrochloric acid both in 
shape and position. The curve for sulfuric acid is the same in  shape as 
th a t for hydrochloric acid but falls to the left of th a t fo r the la tte r  acid.
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T a b l e  I .— Threshold Concentrations fo r  Im m obilization  of D a p h n ia  m ag n a  
by Substances W hen A dded to Lake E rie W ater

S ubstance F orm ula M olarity* P .P .M .*

Acetic ac id ......................
A cetone...................................

c , h 4o ,
c 3h 6o
A12(S 0 4) 3
A1NH4(S 0 4) 2
A1K(S04) 2
n h 4c i
n h 4o h
(NH 4) ,S 0 4
CcHrN
BaCl2

0.0025
0.16
0.0004
0.0008
0.0008

<0 .0025

150
9280

136
190
206

< 1 3 4
< 8 .7 5

< 1 0 6
279

Aluminum su lfate ...........................
Aluminum ammonium su lfa te . . . 
Aluminum potassium sulfate . 
Ammonium chloride.............
Ammonium hydroxide........................... <0 .00025
Ammonium su lfate................................. <0 .0008
Aniline......................................................... 0.003
Barium chloride..................................... < 0  0004 < 8 3

146Benzoic acid .............................................. CiHeOi
CaCl>

0.0015
Calcium chloride...................................... 0.012 1332
Chromic acid ............................................. C r03 <<0.000006 < 0 .6

153Citric ac id .................................................. 0 6H80 7
CoClo

0.0008
Cobaltous chloride.................................. <<0.0002 < 2 6

0.08
0.096

18400

Cupric chloride......................................... C uS04 0.0000006
Cupric su lfate ........................................... CuCl2 0.0000006
Ethyl alcohol............................................. c 2h 6o

FeC l3
0.4

Ferric chloride.......................................... 0.0008 130
Ferrous su lfate ......................................... F eS 0 4 < 0.001 < 1 5 2
Hydrochloric acid .................................... HC1 0.0017 62
Iso-amyl alcohol...................................... c 5h 12o

C3H 60 3
c h 4o

0.01 881
Lactic acid ................................................. 0.0027 243
M ethyl alcohol......................................... 1.0 32000
Nitric acid .................................................. H N O j 0.0017 107
Oxalic acid ................................................. c , h . o 4 0.00105 95
Phenol......................................................... CaHeO 0.001 94
Potassium chloride.................................. KC1 0.005 373
Potassium dichrom ate........................... K 2Cr.,07 < 0.000002 < 0.6
Potassium perm angante........................ K M n 04 0.000004 0.63
Sodium arsenate...................................... N aH 2A s04 0.00019 31

NaHCOs 0.05 4200
Sodium carbonate................................... N a 2C 0 3 0.004 424
Sodium chloride ..................................... NaCl 0.105 6143
Sodium hydroxide ................................. NaOH 0.006 240
Sodium nitrate......................................... NaNOs 0.1 8500

N a 2S 0 4 0.05 7105
Sodium sulfite........................................... N a 2S 0 3 0.03 3784
Sulfuric acid ............................................ h 2s o 4 0.0009 88
Tannic a c id ............................................... < 0 .0 0 0 0 8 < 2 6
Tartaric acid ............................................. c 4h 6o 6 0.0009 135
Zinc su lfa te ................................................ ZnS04 <0.0003 < 4 8

* On the basis of the formula given.

Oxalic and ta rta ric  acids have nearly  the same threshold concentra
tions as the dibasic sulfuric acid. Acetic, lactic, and citric acids have 
somewhat higher threshold concentrations than Avould be expected on 
the basis of the other acids discussed above. These la tte r acids seem 
more likely to be metabolized by the organisms, and if p a rt is absorbed 
and used bv them, less would be available as acid in the medium. This
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is indicated by the higher pH  values for solutions of these three acids 
compared to solutions of equivalent concentrations of the other acids a t 
the term ination of the experiments. Consequently the actual threshold 
concentrations for these three acids m ay be lower than  those given in 
the table. The time-concentration curves for citric, lactic, oxalic, and 
ta rta ric  acids are sim ilar in shape to th a t for acetic acids shown in Fig. 
1. T heir positions vary  w ith their threshold concentrations. The 
curve for benzoic acid differs from  th a t of the other acids but resembles 
th a t fo r ethyl alcohol (Fig. 1). This fact together w ith the somewhat 
lower threshold value than tha t secured for the monobasic m ineral acids 
indicates tha t the toxicity of benzoic acid may be due to some other fac
to r than acidity.

Chromic and tannic acids have much lower threshold concentrations 
than the other acids tested. The tim e-concentration curve fo r chromic 
acid is given in Fig. 1. The curve for tannic acid is sim ilar in  character 
to th a t for chromic acid. The toxicities of these two acids a t lower con
centrations are due to other factors than acidity.

D uring Ju ly  and August, 1943, when these experim ents were run, 
Lake E rie  w ater a t Put-in-Bay, Ohio, had a to tal alkalinity (phenolph- 
thalein plus m ethyl orange) varying from  97 to 100 p.p.m. as calcium 
carbonate (determ ined by Dr. Owen B. W eeks). In  term s of m olarity 
this is 0.00097 to 0.001 M. This does not mean, however, tha t one p a rt 
Lake E rie  w ater will neutralize an equal quantity  of 0.00194 to 0.002 N  
acid. The methyl orange end point used in determ ining alkalinity is 
approxim ately pH  4.4. Only about one-fourth as much acid is required 
to reduce the pH  value of the w ater to 7 as is needed to reduce the pH  to 
4.4. The pH  of the w ater to which 0.0017 mole monobasic acid is added 
is approxim ately 6. W ith the exception of benzoic, chromic, and tannic 
acids, all the acids tested were non-toxic as long as they were added in 
quantities tha t did not reduce the pH  of the w ater to less than  6.

Cupric chloride and cupric sulfate have the same threshold concen
tra tions when these are considered in term s of m olarity. The time- 
concentration curve for cupric sulfate is shown in Fig. 1. The curve 
for cupric chloride is identical with tha t for cupric sulfate in both shape 
and position.

The threshold concentrations of the three alcohols, methyl, ethyl, 
and iso-amyl, follow T rau b e’s rule in th a t the concentration, in  term s of 
molarity, required to narcotize decreases approxim ately in  negative 
powers of three as the number of carbon atoms in the chain increases. 
The time-concentration curves for all three alcohols are sim ilar in  shape 
but their positions vary  with the ir threshold concentrations.

The time concentration curves for acetone, aniline, and phenol are 
sim ilar in shape to those for the alcohols. Their positions vary  with 
their threshold concentrations. Immobilization by these substances as 
well as by the alcohols tested, is reversible. Occasionally one or two 
daphnids which were immobilized afte r fifteen m inutes' exposure a t 
threshold concentrations were found swimming actively when la te r ob
servations were made.
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The time-concentration curve for sodium chloride is given in Fig. 1. 

The curve for sodium nitra te  is identical in both shape and position to 
that for sodium chloride. The curves for sodium bicarbonate, sodium 
sulfate, and sodium sulfite are the same in shape as tha t for sodium 
chloride but differ slightly in position according to their threshold 
concentrations.

The time-concentration curve for ammonium sulfate is shown in Fig.
1. The curves for ammonium chloride and ammonium hydroxide are 
roughly sim ilar in shape to tha t for ammonium sulfate but differ in 
position.

Many other comparisons might he made. F o r instance, the effective
ness of various substances tha t may he used for eliminating microcrus- 
tacea from  w ater supplies may he evaluated. These, however, are left 
to the reader who m ay find the results of the present investigations ap
plicable to his own. problems.

Seven of the substances in Table I, namely ammonium chloride, cal
cium chloride, cupric sulfate, potassium  chloride, sodium carbonate, so
dium chloride, and zinc sulfate, were tested by Naumann (1934a, d, h). 
He presented data on the survival of daphnids in solutions of different 
concentrations of these substances. F rom  his data one can determine 
roughly the limits within which the threshold concentrations would 
fall. In  all instances the threshold concentrations for these substances 
as given in Table I  fall w ithin these limits.

How do the threshold concentrations for daphnia compare with those 
for fish? The answer cannot he given in full. Ellis (1937) has sum
marized most of the literature on the toxicity of over a hundred sub
stances when added to natural, tap,-and distilled waters. F o r the most 
p a rt the test animals in E llis ’s listing have been fish, hut other animals, 
including daphnids, have been employed. The figures which he p re
sents are not always threshold concentrations, hut for purposes of dis
cussion they may be so regarded. In  many instances the lowest toxic 
concentrations which he gives are in fa ir agreement with those presented 
here for daphnids. In  others marked discrepancies are to he found. 
For instance, Ellis states that 1 p.p.m. sodium chloride in distilled water 
killed daphnids in one hour. In  the present experiments the threshold 
concentration was found to he 6143 p.p.m. in Lake E rie water. Obvi
ously the difference is due to the diluent. The w riter has found that 
daphnids live three times as long in 200 p.p.m. sodium chloride in double
distilled w ater as they do in double-distilled w ater alone.

Many distilled w aters appear to he toxic to daphnids. Naumann 
(1933g) tested distilled w aters from  many different sources and found 
that most of them were toxic. S trikingly enough, he found that water 
distilled from ordinary  glass was non-toxic hut that from hard  glass was 
toxic. In  the au th o r’s experience single-distilled w aters from each of 
several different m etal stills immobilized first in star young and older 
daphnids within two hours. He also found that older daphnids sur
vived a week or longer in double-distilled w ater, the final distillation 
from  Pyrex glass, hut that first in sta r young were immobilized within
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three hours. Naumann (1933g, 1934e, f) may be consulted for a more 
complete discussion of distilled w aters and their toxicities and fo r m eth
ods of rendering them non-toxic.

F rom  the standpoint of pollution studies experiments in which dis
tilled w aters are used seem to be of questionable value since they would 
not represent actual conditions. I f  the experim ents in  which distilled 
w aters were employed as the diluent are eliminated from  consideration 
much better agreem ent is to be had between the results listed by Ellis 
(1937) and those of the present work. Even so, outstanding discrepan
cies are to be found for about a th ird  of the substances given in Table I. 
F o r these substances the threshold values presented here are usually 
lower but some of them are much higher than those presented by Ellis.

The ultim ate answ er to the question w ith respect to the threshold 
concentrations for daphnids in comparison with those fo r fish m ust he 
settled by experiments wherein both types are subjected to the same 
substances when added to identical d iluen ts .. Both fo r practical and 
theoretical purposes complete analyses of the diluent w aters m ay be 
necessary before satisfactory  explanations can be reached. Spectro- 
graphic analyses of Lake E rie  w ater are now being made a t the F ranz 
Theodore Stone L aboratory  in connection w ith limnological investiga
tions. W hen these become available more complete relationships be
tween the toxicity of various substances may be worked out.

S u m m a r y

The advantages of using the m icrocrustacean, Daphnia magna, as 
the test animal for the detection of toxic m aterials in trade  wastes are 
pointed out. V arious factors tha t m ust be taken into consideration 
when daphnids are employed as experim ental animals are  enum erated 
and discussed.

A method for using daphnids as test animals is described in detail.
The threshold concentrations fo r immobilization of daphnids by 

forty-two substances when added to Lake E rie  w ater are given. These 
are com pared and discussed in relation to the results of other investi
gators for fishes and other animals.
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S e w a g e  W o r k s  P l a n n i n g

P O S T W A R  P L A N S  F O R  S E W E R A G E  A N D  S E W A G E  
D IS P O S A L  P R O JE C T S  IN  N E W  Y O R K  S T A T E  *

By E a r l  D e v e n d o r f

A s s is ta n t D irec to r, D iv is ion  o f  S a n ita tio n , N ew  Yorlc S ta te  D ep a r tm en t o f  H ealth ,
A lb a n y , N . Y .

This paper constitutes a discussion of the relationship of plans for 
sewage trea tm en t and stream  pollution abatem ent to postw ar plan
ning in  New York State. The subject is of p articu la r im portance and 
in terest to all municipal and sewage works officials. To afford a 
p roper appreciation of this relationship, a b rief outline is presented 
of the' plans and objectives of the New York S tate  program  for meet
ing the problems of the postw ar period.

New York S tate, while making every possible contribution to aid 
the national effort in bringing to a successful conclusion the present 
w ar, has also given thought to the problems and events which will fol
low the conclusion of the war. V arious m easures have been taken 
tow ard the prevention of unemployment and fo r the prom pt remedy
ing of any unemployment tha t may arise. To this end the S tate  has 
adopted a policy of economy in state expenditures, deferring  as much 
capital expenditure as possible to the postw ar period; it is accumu
lating  funds in the state  treasu ry  to avoid increased taxes a t the close 
of the w ar and to make available funds fo r postw ar construction; 
also, sta te  aid has been authorized to assist m unicipalities in making 
plans now for needed projects to be constructed a t the close of the war.

In  order th a t a better understanding of the procedures and poli
cies of the New York S tate Postw ar Public W orks P lanning  Commis
sion may be had, it seems desirable to describe briefly the makeup of 
the Commission and the laws under which it operates. The Commis
sion is com prised of seven m em bers; the chairm an being the D irector 
of the S tate Budget and the other members being heads of other state 
departm ents and members of the legislature. The office staff consists 
of an executive secretary, assis tan t chief engineer, field consultants, 
economist and the usual assistan ts, clerks and stenographers.

L e g i s l a t io n

Legislation was passed in 1942 carrying an appropria tion  of one- 
half million dollars to provide fo r financing the activities of the Com
mission. The 1943 Legislature increased the am ount of funds avail
able fo r postw ar planning by an additional three million dollars and 
the 1944 Legislature increased this by another four million.

* Presented at the Spring Meeting, New York State Sewage Works Association Syracuse 
June 16, 1944. J ’
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S ta te  Legislation
C hapter 660 of the Laws of 1942 as amended in 1943 created the 

S tate Postw ar Public W orks P lanning Commission. I t  assigned to 
this body, among other duties, the responsibility of co-ordinating plans 
for postw ar construction by the various state agencies and of allotting 
funds for the p reparation  of plans fo r certain state projects and for 
assisting m unicipalities of the S tate in the preparation  of plans for 
postw ar projects. I t  authorized the Commission to assist municipali
ties in planning postw ar projects to the extent of defraying fifty per 
cent of the cost of p reparing  plans, specifications and estimates of ap
proved projects in  an amount not exceeding two per cent of the esti
mated cost of the project upon certification of the fiscal officer of the 
m unicipality tha t a like sum has been made available by the munici
pality  fo r such purposes. The Commission is not authorized to make 
any gran ts fo r construction.

Local Legislation
C hapter 696 of the Laws of 1943 amends the general municipal law 

and the local finance law in relation to financing of plans for postwar 
projects. This act authorizes each municipal corporation, school dis
trict, or d istric t corporation to issue notes to be denominated “ Capital 
N otes”  fo r expenditures during the fiscal year, for its share in the 
cost of the p reparation  of plans fo r postw ar projects, to the extent 
that such expenditures are not provided for in the annual budget. 
There is, therefore, no reason fo r delay in the submission of applica
tions fo r s ta te  g ran ts on the p a rt of the municipalities of the State for 
the p reparation  of plans and specifications for worthwhile and needed 
postw ar projects.

P o l i c y

In  considering applications for municipal postw ar public works 
construction projects, the S tate Commission has declared its intention 
and desire to co-operate as fully as possible with all our New York 
S tate municipalities and districts to the end that the purpose of the act 
will be carried  out, namely, tha t detailed plans and specifications will 
be prepared  now and be available for use in the postw ar period for 
needed public works projects. The Commission is not authorized to 
give g ran ts or aid in connection with engineering work already done.

The Commission has adopted the policy of only making grants to 
municipalities fo r the preparation  of plans fo r projects, the cost of 
which does not exceed their borrowing capacity as determ ined by the 
S tate Comptroller. The S tate Superintendent of Public W orks re
quires th a t the prelim inary plans and estim ates of cost be in sufficient 
detail to perm it a check of the estim ated cost of the items of work in
cluded in the project. The estim ated cost of the project as checked 
by the S tate Superintendent of Public W orks is based on the average 
1940 construction costs,



1168 SEWAGE WORKS JOURNAL November, 1944

Among the problems tha t have arisen  has been the differences in 
estim ated cost of projects as originally estim ated and the costs sub
m itted  w ith the prelim inary  plans as determ ined a fte r an engineering 
study and analysis of the project. The am ount of the s ta te  g ran t is 
determ ined by the Superintendent of Public W orks a fte r an analysis 
of the prelim inary  plans and engineering rep o rt on projects which 

•have been approved by the Commission; whereas the estim ate of cost 
subm itted w ith the application m ay more properly  be term ed a guess 
estim ate as it is arrived  a t w ithout the benefit of any engineering 
study or analysis. The Commission has adopted the policy when 
m aking the final g ran t fo r detailed plans of adding or subtracting, as 
the case may be, any deficiency or excess in the prelim inary  g ran t re 
sulting from  differences in these estim ates of cost.

P r o c e d u r e

A P ostw ar Public W orks M unicipal Handbook has been prepared 
by the New York S tate  P ostw ar Public W orks P lanning  Commission 
in conjunction w ith the New York S tate  D epartm ent of Public Works. 
This gives an outline of procedure to be followed by m unicipalities and 
d istricts when applying fo r sta te  g ran ts fo r the p repara tion  of plans 
of municipal postw ar projects. The essential featu res of the proced
ure m ay be briefly summarized as follows :

A  lim it of two per cent of the estim ated construction cost is the 
maximum am ount the Commission is authorized to contribute to mu
nicipalities fo r the cost of design. This sum is to be m atched by a 
sim ilar am ount by the municipalities. In  addition, the Commission 
upon recommendation of the S tate  Superintendent of Public W orks 
may, a t its discretion, allocate such additional sum or sums as it  may 
deem necessary to pay the -cost of test borings or other ex traord inary  
expenditures which it may deem desirable.

In  making application to the Commission, a b rief description of the 
proposed project is required w ith its estim ated construction cost and 
a certified resolution indicating tha t the locality will provide its share 
of the cost of the plans. Upon receipt of applications they are  re 
viewed by the Commission and, if deemed desirable, they are  referred  
to the S tate  Superintendent of Public W orks who analyzes the reports 
and submits his recommendation to the Commission. I f  a favorable 
recommendation is made by the Superintendent of Public W orks he 
will indicate the allocation th a t should be made fo r the S ta te ’s share 
of cost fo r p reparing  the prelim inary plans and estim ates. This can
not exceed one-half of one per cent of the estim ated construction cost. 
The Commission then acts upon those projects which have been recom
mended favorably by the S tate Superintendent of Public W orks. In  
other words, w ithout the approval of the S tate  Superin tendent of 
Public W orks, favorable action by the Commission is precluded."

On approval of the prelim inary plans and estim ate the Commission 
will determ ine the amount of the g ran t fo r the final plans and specifica
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tions. This amount together with tha t allowed for prelim inary plans 
cannot exceed two per cent of the revised estim ated construction cost.

Paym ents of g ran ts fo r both prelim inary and final plans in amounts 
over $1,500 are  made in three installm ents, the first when plans are 50 
per cent completed, the second when they are 100 per cent completed, 
and the balance on their approval by the Commission. In  the case of 
grants less than $1,500 only one paym ent is made, on approval of the 
plans by the Commission. One blueprint copy of the prelim inary and 
final plans, specifications, and cost estim ate will be filed in the office 
of the S tate Superintendent of Public W orks.

The Division of Sanitation of the S tate D epartm ent of H ealth is 
working in close co-operation with the Postw ar Public W orks P lan 
ning Commission and the S tate Superintendent of Public W orks in the 
review of applications for postw ar san itary  projects submitted to the 
Commission for consideration.

Recently a review and study of needed san itary  projects in con
nection with postw ar planning has been made by our d istric t engineers 
and many conferences have been held with local municipal au thori
ties, a t which time the submission of applications for financial aid to 
the S tate Postw ar Public W orks P lanning Commission for the p repa
ration of plans has been stressed. This has resulted in the p rep ara 
tion of an up-to-date classification of needed san itary  projects, a r 
ranged according to their necessity, urgency, and desirability. This 
inform ation has been furnished to the Postw ar Public W orks Planning 
Commission and the S tate D epartm ent of Public Works.

In  connection with a review of applications referred  by the Com
mission to the Superintendent of Public W orks, the D epartm ent of 
H ealth has worked out a procedure to assist in this review. This in
volves a jo in t field inspection and survey by the d istrict engineer of 
the S tate D epartm ent of Public W orks and the d istrict engineer of 
the S tate D epartm ent of Health, each of whom separately reports the 
results of his findings to the respective departm ents. Based on these 
reports, recommendations are made to the Commission regarding the 
necessity, urgency, and desirability of the projects under consideration.

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  P l a n t  P r o j e c t s

The w riter in 1936 presented before the N. Y. S. S. W. A. an ac
count of the policies and progress in sewage treatm ent in New York 
S tate a t th a t time. Time does not perm it a review of the early efforts 
of the S tate D epartm ent of H ealth tow ard control of stream  pollution 
in New York State. This was outlined a t length in the previous paper 
which was published in This Journal,  8, 272 (March, 1936), to which 
reference may be made if desired.

The im portance of sewage treatm ent becomes apparent when it is 
considered th a t the w ater supplies of about three-quarters of the pop
ulation of the S tate are derived from  surface sources, some of which 
only a few years ago were, a t times, polluted beyond the ability of safe 
trea tm ent as based on recognized standards of safe raw  w ater supplies.
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A lthough the abatem ent of stream  pollution has been one of the main 
functions of the S tate D epartm ent of H ealth  since the passage of the 
so-called antipollution Law of 1903, the efforts to clean up stream  pol
lution in New York S ta te  were greatly  intensified beginning in 1930. 
As a resu lt of this intensified program  and the opportunity  of obtain
ing federal aid, more persons are  served by sewage trea tm en t plants 
constructed during the ten-year period from  1930 to 1940 than were 
served by plants constructed during the previous th irty  years. The 
num ber of sewage trea tm en t p lants increased from  110 in 1927 to 282 
in 1940. The g rea t accomplishments in increased sewage treatm ent 
already  made, will perm it no let down in our efforts to complete the 
problem of elim ination of stream  pollution, in justice to those communi
ties which have already provided such trea tm ent if fo r no other reason.

Accordingly, one of the m ost im portan t types of postw ar projects 
th a t has been recommended by the S tate  D epartm ent of H ealth is that 
of sewage trea tm ent plants. This recommendation has been received

T able I. —Postwar Planning in Sewage Disposal and Sanitary Service in

Community
New York State— M ay 81, 1944

Project
Est. Const. 

Cost aüd Status
Colonie (Tn) Sewage treatm ent p lant addition $ 60,000 A
Andover (Vg) Sewerage system 200,000 P
Binghamton (Cy) Sewage disposal plant and intercepting sewer 2,000,000 P
Dickinson (Tn) Sanitary sewer and disposal plant 72,000 A
Fredonia (Vg) Sanitary sewers—trunk lines 98,907.65 A
Jamestown (Cy) Sanitary sewers and improv. of disposal plant 1,000,000 A
Mayville (Vg) Sanitary sewer system and plant 200,000 P
Sherburne (Vg) New sanitary sewer system and disposal plant 101,137.50 A
Greenport (Tn) Sewage treatm ent plant 25,000 P
Sidney (Vg) Sewage disposal plant 75,000 P
M illerton (Vg) Sewage disposal plant 100,000 P
Poughkeepsie (Cy) 2nd unit intercepter (sanitary sewer) 153,000 A
Poughkeepsie (Cy) Sewage disposal plant 455,000 A
Erie County Disposal plant, drainage 15,000 A
W est Seneca (Tn) Sewage treatm ent plant 120,000 P
Gloversville (Cy) Build addition to disposal plant 150,000 A
B atavia (Cy) New disposal p lant 751,000 A
LeRoy (Vg) Sewage system with disposal p lant 300,000 P
L ittle Falls (Cy) Disposal plant 100,000 A
C anastota (Vg) Sewage disposal plant 74,030 A
Cazenovia (Vg) Sewage disposal plant 50,000 P
Amsterdam (Cy) Sewage disposal plant 1,000,000 P
Lawrence (Vg) Completion of sewer system 276,000 P
Nassau County Sanitary sewer and plant 8,072,000 A
Lewiston (Vg) Sanitary sewer system and plant 175,000 P
Wilson (Vg) Remodeling sewage treatm ent p lant 30,000 A
Glen Cove (Cy) Sewage treatm ent plant improv. 17,900 P
Vernon (Vg) Sanitary sewer system and disposal plant 80,000 P
Fayetteville (Vg) Sanitary sewer system and disposal plant 280,000 P
Manlius (Vg) Sanitary sewers and treatm ent plant 170,000 P
N . Syracuse (Vg) Sanitary sewer system 225,000 P
Solvay (Vg) Sewage disposal plant and sewers 140,000 P
Tully (Vg) Sewage system and disposal plant 110,000 P
Victor (Vg) Sanitary system and disposal plant 150,000 P



Vol. 16, No. 6 POSTWAR PLA N S FOR SEWERAGE 1171

T a b le  I .— Continued
Community Project Est. Const. 

Cost and Status
Middletown (Cy) Improve and enlarge disposal plant 210,000 A
Monroe (Vg) Sewer system and disposal plant 250,000 P
Montgomery (Vg) Sanitary sewer system and disposal plant 230,000 P
Wallkill (Tn) Sanitary sewer system and plant 250,000 A
Pulaski (Vg) Complete sewer system 270,000 A
E. Greenbush (Tn) Construction of sanitary sewer system 350,000 P
E. Greenbush (Tn) Construction of sanitary sewer system 335,000 P
Ogdensburg (Cy) Sewage disposal plant 500,000 A
Ballston Spa (Vg) Sludge digester installation 45,000 P
Saratoga Springs (Cy) Sewage pumping station 28,000 A
Montour Falls (Vg) Sanitary sewer system and treatm ent plant 225,000 P
Ovid (Vg) Sanitary sewer system and treatm ent plant 180,000 P
Fallsburgh (Tn) Sewer district extension 40,000 P
Owego (Vg) Sewage disposal plant 400,000 P
F t. Edward (Vg) Intercepting sewer and sewage disposal plant 120,000 P
Sodus (Vg) Sewage system and disposal plant 160,000 P
Briarcliff Manor (Vg) Ext. of sewage system 75,000 P
Buchanan (Vg) Drainage and sewage disposal plant 150,000 P
Croton-on-Hudson (Vg) Sewage treatm ent plant 70,000 A
Eastchester (Tn) Improve sanitary sewers 200,000 A
Irvington (Vg) Sewer improvements 100,000 P
Larchmont (Vg) Remodeling sewage treatm ent plant 35,000 A
Mt. Pleasant (Tn) Hawthorne impr. dis. and sanitary sewers 450,000 P
New Rochelle (Cy) Disposal plant 664,400 P
No. Tarry town (Vg) Improvements a t treatm ent plant 20,000 A
Peeksill (Cy) Intercepting sewers 200,000 A
Peekskill (Cy) Outfall sewer and siphon line 75,000 A
Peekskill (Cy) Sewage disposal plant 200,000 A
Port Chester (Vg) Sanitation improvements 144,300 A
Arcade (Vg) Sewer system and disposal plant 20,000 P
Perry Village (Vg) Sewage treatm ent plant 90,000 P
Suffolk County County sanitary sewerage program 10,700,000 A

$33,612,675.15

P—Pending Commission A ction.......................................$ 9,578,300.00
A—Approved by Commission............................................  24,034,375.15.

T o ta l............................................................................... $33,612,675.15

favorably by the Superintendent of Public W orks and the Postw ar 
Public W orks P lanning Commission with the result that many such 
applications have been approved and allocations of funds made for the 
preparation  of detailed construction plans.

Table 1 is a list of the applications covering municipal sewerage 
and sewage disposal projects received by the State Postw ar Public 
W orks P lanning Commission, together with their estimated cost of 
construction and a record of those approved by the Commission. 
Sixty-six san itary  sewer and sewage disposal applications with a total 
estim ated cost of $33,612,675 have been received by the Commission. 
Of these, 28 applications with an estim ated cost of construction of 
$24,034,375 have been approved by the Commission and work is now 
under way on the p reparation  of plans for these san itary  sewer and
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sewage disposal projects. The balance or 38 applications are  aw ait
ing action by the Commission.

In  addition, 15 applications for combined sewers w ith a to ta l esti
m ated cost of construction of $2,430,000 have been received by the Com
mission, 10 of which, having an estim ated cost of construction of 
$1,686,000, have been approved and the rem aining 5 are  aw aiting ac
tion by the Commission.

These data  were p repared  by Mr. Holden Evans, Executive Secre
ta ry  of the New York S tate  P ostw ar Public W orks P lanning Commis
sion, and rep resen t inform ation as of June 1, 1944. These facts and 
figures reflect the w idespread and general co-operation of our New 
York S tate  m unicipalities w ith the S tate  in planning fo r postw ar pub
lic works construction as a means of alleviating unemployment in the 
period im mediately following the war.

The degree of success of this planning program  is necessarily de
pendent on the co-operation of our municipalities. Unless provisions 
are made in  advance for obtaining any needed land and rights-of-way 
and for obtaining the needed authorization of funds for their construc
tion, delays will occur and the benefits of advance planning will not 
be fully realized. I t  is urged tha t everyone whose m unicipalities have 
such projects under contemplation will make every effort to have all 
needed action taken by their m unicipalities to insure against delays in 
s ta rtin g  work on any needed sewerage and sewage disposal projects as 
intended under the S tate P rogram  for P ostw ar Construction.

This jo in t planning program  of the S tate and our m unicipalities is 
certain  to resid t in a large am ount of needed sewerage and sewage dis
posal construction with the resulting  decrease in stream  pollution afte r 
the close of the war, plans for which have been prepared  based on care
ful engineering studies and which have been reviewed and approved 
by the state  agencies.



THE NEED FOR SEWAGE TREATMENT IN FLORIDA *

B y  J .  B . M iller

Chief S a n i ta ry  Engineer ,  Bureau o f  S an ita ry  Engineering,  F lorida  S ta te  B oard  o f  Health ,
Jacksonville ,  F lorida

Insofar as the need for sewage treatm ent in the S tate of F lorida is 
concerned, one may indulge in most of the generalities prevailing in 
other regions of the country in discussing the subject. In  broad p er
spective, of course, sewage treatm ent is considered as only one of the 
many factors in the fullest utilization of w ater by mankind. This broad 
economy of w ater use has extensive political and sociological ramifica
tions, and it is of extreme im portance tha t this be borne in mind in 
considering sewage treatm ent, this one factor in the w ater economy 
structure.

The full economy of w ater use perhaps is of more im portance in 
regions of the country where com paratively larger numbers of commu
nities will discharge their sewage into a clearly defined natu ra l d ra in 
age system such as a big river and its tributaries. Nevertheless, the 
present generation in F lorida has seen a ra ther astounding population 
increase which has in tu rn  imposed greater responsibilities, and one of 
these responsibilities is tha t of taking a broad view of regional prob
lems involved in design and operation of sewage treatm ent works. In 
some regions in the State, no longer can one community rightfully re
lease its sewage into adjacent tidal w aters without considering trea t
ment of such with respect to or in term s of its effect on other communi
ties in the same region. The same thing applies to a region about an 
inland lake or system of lak es: the increasing problem of industrial 
wastes is rapidly  intensifying this consideration. In  other words, a 
community with or w ithout industries should not design a sewage trea t
ment works with the selfish expectation of utilizing a m ajority  of the 
natura l disposal value of the receiving waters. Neither should a com
munity poorly operate a properly designed plant with this expectation. 
As mentioned before, perhaps the populated drainage regions in F lo r
ida are not so clearly defined as to necessitate or make possible estab
lishment of regional authorities to work out each problem on a compre
hensive regional basis, but in the absence of such central authorities 
those of us responsible for the design and operation of sewage trea t
ment works can do so in co-operation with each other in a given region.

I t  is felt that the tax-paying population will come to a full realization 
of the need for sewage treatm ent in F lorida ivith an appreciation of the 
mutual responsibilities of communities within a drainage or disposal 
area.

S e w a g e  t r e a tm e n t  p la n t  o p e r a to r s  a n d  d e s ig n in g  e n g in e e rs  o v e r th e  
c o u n try  lo o k  a t  re c e iv in g  w a te r s  a s  a  p a r t  o f th e  t r e a tm e n t  a n d  d isp o sa l

* Presented at 4th Annual Meeting, Florida Sewage Works Assn., .Daytona Beach, May
17-19, 1944.
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works, and rightly  so. In  F lorida, however, in  many regions we m ust 
now consider such w aters as the fu rth e r valuable asset which they are. 
V isitors to the S tate as a group pay out huge sums annually fo r the 
privilege of recreation, and the ir recreation almost invariably involves 
use of our extensive coastal and tidal w aters, lakes and stream s. When 
a visitor leaves home for F lorida I  do not believe he has visions of swim
ming, boating or fishing in  an overgrown cesspool. H e expects to find 
things of this kind p re tty  well in the ir na tu ra l state. The need for sew
age trea tm ent is obvious if F lo r id a ’s visitors are expected to repeat 
their experiences, and I  believe we are the people who are expected to 
take a principal p a rt in bringing about desired results.

Although the need for sewage trea tm ent can ra th e r vividly be seen 
reflected in the economic necessity for preserving our very im portant 
recreational attractions, the public health factors are of prim e im por
tance. In  this connection it is rare ly  possible to dem onstrate d ram ati
cally the need as in the case of a somewhat heavily polluted recreational 
area. We continue, however, to have typhoid fever in  the S tate every 
year. Back in 1932 there were 266 cases reported. Since then the inci
dence curve has fluctuated over the years through a range of 94 reported 
cases to 196 reported  cases, with the general trend  slightly downward to 
68 reported  cases last year. A lthough the incidence rate  of this disease 
has been greatly  reduced in this generation, its curve has almost flat
tened out. Concentrated and direct effort will have to be expended to 
bring it down to a less disgraceful level. Typhoid fever being one of 
the filth-borne diseases, its residual largely is kept smouldering in our 
unsewered communities and in such sections of our bigger cities. Sani
ta ry  sewerage is the artswer, of course, and this in  tu rn  entails sewage 
treatm ent.

F u rther, w ith respect to the control of filth-borne diseases such as 
typhoid fever, the dysenteries and hookworm disease, and its relation 
to the need for sewage treatm ent, the use of septic tanks and other ex
creta disposal facilities should be mentioned.

The making of sewer extensions in m ost localities has nearly  become 
a w ar casualty because of labor and m aterial shortages. W here w ar 
housing has been constructed under the p rio rities system, developers 
and underw riters have largely turned to the use of individual septic 
tanks as means of sewage disposal. A lthough this has been curtailed 
in some instances where central sewerage systems were feasible under 
w artim e circumstances, a g reat many septic tanks have been installed. 
In  a relatively short time, of course, sewer extensions and sewage tre a t
ment will have to be provided. I  think it cannot be mentioned too often 
tha t perhaps a septic ta n k ’s principal advantage over the p rivy  m ay be 
tha t it makes possible an inside flush toilet w hereas the outhouse does 
not.

Communities in which sewer extensions need to be made should bear 
in mind constantly th a t the septic tanks and other devices in cu rren t use 
may be a real health menace. Of course, approved type p it privies are 
better than certain  other types such as bucket and scavenger devices; a
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septic tank w ith flush unit may be better than privies. B ut it should 
be kept in mind that, for instance, although there is still a lot to be 
learned about Eherthella typhosus,  the etiological agent involved in 
typhoid fever, the survival of this organism  under natu ra l conditions 
such as in or upon the soil, is certainly not to be taken lightly. E xperi
ments * and investigations carried out under conditions simulating 
those of septic tanks showed tha t it took four days for 98 per cent of the 
typhoid organism s introduced therein to die off, and even afte r 27 days 
there were still a t least 10 living organisms of typhoid per ml.

I  think the allusion is clear. Everyone knows what trouble septic 
tanks give sooner or later, and more often where installations are made 
in poorly drained ground and during the rainy seasons. Septic tanks 
must be cleared out and their drainfields reworked which, in effect, cre
ates an open cesspool in backyards where children are apt to be playing. 
There are a lot of these in F lorida, and I  think the hazard is real. F u r
ther investigations of the survival of typhoid organisms in nature have 
shown tha t the germ lasts surprisingly well. I t  has been observed to 
have a period of survival of 50 days in loamy soil during the rainy 
season. In  this same type of soil during the dry  season, the organism 
lived for between 21 and 28 days. Even in sand during the dry season, 
this organism  has survived from  2 to 7 days, depending on humidity 
and tem perature. Obviously, when a typhoid carrier uses a toilet at 
the time his body is excreting the organisms, and the infected m aterial 
is flushed into a septic tank and out into the drainfield, there need be 
but one or two more links in the chain to add to the morbidity statistics. 
Outhouses and bucket privies, open to the common house fly, and their 
relation to the possibility of spread of typhoid fever are fam iliar to most 
of us. I  think it is a good thing to review occasionally these old stories 
which may be very commonplace. They all point to the need for 
sewers and sewage treatm ent in our State. Thus briefly mentioning 
some of the smaller units tha t go to make up the composite picture of 
the need for sewage treatm ent, we add up what should be done and 
what is needed in a community. In  viewing this we might step back 
or up onto a more comprehensive viewpoint from which we can see to 
a point beyond the single community.

The view covers a t least 41 towns in the State where sewage trea t
ment is indicated. This number does not embrace the many, many of 
our smallest communities. These are 41 towns and cities ranging from 
populations of 3,000 to 200,000 or over, with a lot of them with popula
tions of 10,000 to 25,000.

Some of these towns have fairly  good sewer networks, but are badly 
in need of sewage trea tm ent; the need arises from such conditions as 
pollution of im portant recreational areas, pollution of shellfish-growing 
areas and jeopardizing of w ater supplies through discharge of sewage 
into underground waters. Many of these towns have already engaged 
consulting sanitary engineers who are investigating these problems and 
developing plans for carrying out the necessary construction upon post-

* “ The Survival of Typhoid in N atu re” —Paul J . Beard, A. W. W. A . Journal (1938).
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bellum relaxation of m aterials control and easing of labor shortages.
Many of the towns in the above population ranges need to make 

ra th e r wide sewer extensions and to improve the ir sewage treatm ent 
facilities fo r the purpose of elim inating m yriad septic tanks and out
houses in congested areas.

In  fairness, it should be mentioned tha t not a few of our towns have, 
of course, gone a long way tow ard a solution of the ir sewage treatm ent 
problems. Some of them, in fact, need only to continue to look after 
the operation feature of the problem. And that, of course, is a p rin 
cipal purpose of such meetings as this short course.



Industrial W astes

SYM PO SIUM — D ISPO SA L OF LIQ U ID  IN D U STR IA L  
W A ST E S *

1. T H E  I N D U S T R I A L  W A S T E  P R O B L E M

B y  R. F. G o u d e y

Sanitary Engineer, Department o f W ater and Power, Los Angeles

The general problem of industrial waste disposal is rapidly becom
ing serious. The N ational Resources Committee in 1939 reported tha t 
$700,000,000 would be required to build treatm ent plants for industries 
in the United States now discharging wastes into water-courses. The 
U. S. Public H ealth Service recently reported tha t 1,604 industrial 
plants are discharging wastes into the Ohio River, equivalent to the 
sewage from ten million people. The W ar Production Board in 1943 
set an alcohol quota which will produce wastes having an equivalent of 
nearly th irty  million people. I t  is stated tha t the brewery wastes in 
the United S tates have a population equivalent of twenty-six million 
people. The Sanitary  D istrict of Chicago, serving 300 plants, has a 
waste disposal problem equivalent to the sewage from a population of 
2,700,000. A t the present time the industrial load on watercourses is 
g reater than the to tal load from domestic sewage. These statements 
go to show that the problem of disposing of liquid industrial wastes 
has become great.

The viewpoint of industry in the m atter of waste disposal is cause 
for alarm. While some intelligence is used in locating industries hav
ing m ajor problems in the m atter of waste disposal, there is too often 
a tendency to locate industries to fit in with availability of raw sup
plies, transportation  facilities, labor conditions, and political arrange
ments whereby wastes can be disposed of without obligation of the 
industry itself. Industries discharging wastes into stream s have cre
ated very serious nuisances and even menaces to health, while with a 
little study there could have been salvaging, separation of wastes, 
changing of processes, recirculation of water, regeneration of proc
esses which not only would have minimized the stream  pollution prob
lem but in many cases would have netted financial retuims. In  general, 
industries have pleaded lack of funds and lack of technical knowledge 
in the m atter of solving their waste disposal problems. Too often in
dustries have sought greater production and economy of operation at 
the expense of dirtying stream s, lowering aesthetic standards, sacri
ficing recreational facilities and complicating treatm ent of downstream

* Presented at 17th Annual Meeting, California Sewage Works Association, Fresno, June
22-25, 1944.
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w ater supplies ra th e r than securing the services of experts to solve 
their problems. Too often men of inadequate experience w ith insuf
ficient tra in ing  are  asked to study problems of waste disposal and are 
not given an opportunity  to sell their ideas to management. Even 
when industry  is required to install prelim inary  trea tm ent works, m an
agement appears prone not to co-operate and fails to provide adequate 
supervision. So long as industry  rem ains in an apathetic attitude, 
very little can be done in the scientific solution of the waste disposal 
problem.

To date there has been no standard  classification of wastes. Each 
reporting  agency uses different terminology. In  this paper wastes are 
divided into three classes, food, paper and chemical. Table 1 indicates 
the relative portion of these wastes as reported in different p a rts  of 
the country.

T a b le  I .— Classification of Wastes— Ratio of Loading

National 
Resources 

Comm. (1939)
U.S.P.H.S. 

(Ohio River)
Sanitary 

District of 
Chicago

Food:
Including milk, canneries, fisheries, m eat pack

ing, cereal, sugar, beverages, and m alt 
liquor................................................................. 2.4 1.0 22.0

Paper and P u lp ................................................................ 1.2 1.3 1.0
Chemical:

Including alcohol, petroleum, gas-house, and 
rubber................................................................ 1.0 3.1 2.8

I t  is apparent th a t there is no uniform ity in the geographical dis
tribu tion  of industria l wastes. Food produces the m ost im portant 
waste fo r the country as a whole, hut in the Ohio R iver basin chemical 
wastes are three times more im portant than food waste. In  Chicago 
the waste from  food is nearly  ten times g reater than  any other type of 
waste. This lack of uniform ity of geographical d istribution is one of 
the most im portant factors in finding a regim ented solution to the 
problem for the entire country. The problems vary  w ith each locality 
and even w ith sim ilar types of w astes different solutions m ust be 
form ulated.

Mohlman reports tha t state boards of health are allowing industries 
to pollute stream s even to the extent of creating odors and nuisances so 
long as this practice stops ju st short of creating menaces to health. 
W ith the re tu rn  of peace, there will be an enormous p rogram  of waste 
disposal correction for postw ar industry  which will be guided largely 
by experiences gained a t the present time. A proper solution of the 
waste disposal problem involves educating industry , health d ep art
ments and communities to the duties and responsibilities of each in p e r
m itting stream s to be used for the disposal of liquid wastes, provided 
industry  or the communities so p re trea t their wastes as to provide sa t
isfactory  disposal when diluted by stream s or watercourses.



R e d u c t i o n  o p  W a s t e s  t o  a  M i n i m u m  a t  T h e i r  S o u r c e

Regardless of how liquid wastes are to be trea ted  or disposed of, it 
is inherently correct that their volume and strength be reduced to a 
minimum as near as possible to their sources. Special considerations 
must be given to each contributing waste as to fluctuations in  volume, 
variations in quality, tem perature changes, contained poisons, and the 
value of recoverable products. I t  is also necessary to evaluate whether 
screens, settling basins, biological processes, evaporation or similar 
treatm ent should be provided. In  this connection the elevation of 
waste outlets, together with space available for treatm ent, become im
portan t factors and should be anticipated in the design of new plants 
so tha t p retreatm ent can be provided where desirable.

While it is not generally true tha t all industries could trea t their 
wastes and obtain financial re tu rns to pay for the cost of treatm ent, 
nevertheless there are many instances where treatm ent has more than 
justified the cost of prelim ipary treatm ent works. In  some instances 
the recovery of by-products has been extremely profitable. The lite ra
ture discloses numerous instances where recoveries have been made, 
such a s :

1. Sulfur, sulfur dioxide, spent acid, solvents, alcohol, metallic 
salts, pigments, phenol

2. Corn by-products from  corn products
3. Glutamic acid and betaine from sugar wastes
4. Activated carbon from  sulfite liquor
5. Grease from  glue, m eat packing and wool scouring plants
6. Fertilizer from heat and fish packing
7. “ F e rro n ” (a building m aterial) from pickling liquor
8. Animal feed from food wastes

Benefits in more economical operation by recirculating condensing, 
cooling and process w aters include savings in power as well as mini
mizing of liquid wastes.

In  a number of instances ra ther elaborate processes have been de
veloped, such as lanolin recovery from washing of wool, in which cal
cium chloride is used to produce calcium stearate and fa t is recovered 
from benzene extractions. F ree acid has been removed from pickling 
liquors by acetone, which precipitates copperas which, after centrifug
ing, is recovered from  the loss of w ater in crystals. There are an un
told number of patents dealing with sulfide liquors which are for the 
most p a rt untried. There is probably no more fertile ground for 
crackpot, horseback opinions, and untried  patents than exists in the 
industrial waste disposal field.

Certain wastes m ust be particularly  trea ted  to prevent poisoning of 
surface and underground w ater supplies. A t some ammunition plants, 
arsenic in the liquid effluent has become a serious problem and in a 
number of chromium plating plants chromium ^wastes from  aviation 
industries have endangered underground w ater supplies. Serious a t
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tention m ust be given to the elimination of poisons, not only from  the 
hum an standpoint but also because of their effects on fish and p lan t 
life in water.

P r e t r e a t m e n t  o f  L i q u i d  W a s t e s

P re trea tm en t is an essential step w hether the w astes are  to be 
mixed w ith sewage or to be trea ted  and disposed of separately. Even 
though trea tm ent a t the source is ap t to be sketchy and irresponsible, 
there are many instances where some p retreatm en t is necessary to p ro 
tect pumps, prevent corrosion of pipe lines and to remove the hulk of 
solids a t the source. The sim plest types of p re treatm en t include 
screening, sedim entation and storage, neutralization by mixing and 
smoothing out fluctuations in flow and tem perature.

D i s p o s a l

The ultim ate methods of disposal include discharge into stream s, 
tidew ater, on to land, percolation into the ground, spraying into the 
atm osphere, concentration by evaporation, and entire elim ination of 
any liquid w astes to he discharged from  the plant.

W hen discharged into stream s, it is necessary to elim inate sus
pended solids, B.O.D., poisons and odors up to the point where there 
will be no overload in the stream  into which discharge is made under 
both peace time and w ar time conditions. The principles of tidew ater 
disposal involve the removal of enough solids and B.O.D. load to p re 
vent deoxygenation of the diluting body of w ater and in  peace times not 
to in terfere  with recreational use. L and disposal depends on the 
proper isolation and the adaptab ility  of soil, coupled w ith the p roper 
type of trea tm ent works, so th a t no underground w ater supply is 
spoiled by underground trave l of organic pollution or poisons. The 
disposal of w ater underground, such as pum ping back of salt brines 
into oil form ations, is in many cases the only possible solution. Some 
types of liquid w astes discharged into underground w ater supplies 
resu lt in far-reaching dam age; gas w astes trave l as much as five miles 
and food product w astes can be conveyed over a mile through the under
ground w ater. There are  two cases where wastes have been disposed 
of by spraying continuously from  ponds until evaporated. In  a second 
case, starch wastes have been sprayed as ra in  on to land fo r fertilizer 
value where, otherwise, when discharged into w ater, they caused death 
to fish through growths of Sphaerotilus.  E vaporation  by heat has 
been applied to blood w astes from  packing plants and  to TN T w astes, 
resulting  in g rea t reduction of the original volume.

S e p a r a t e  o r  P u b l i c  D i s p o s a l

No rule can he set regarding w hether waste should or should not be 
placed in public sewers. C ertain w astes such as chemical, oil, pickling, 
and photographic wastes, when p re trea ted  to remove free oil or free 
acid, may actually be beneficial in sewers due to flushing value and may



not in terfere  w ith trea tm ent processes. Sludge from  w ater softening 
plants has been found not to interfere with sludge digestion. Certain 
wastes, such as m eat packing and cannery wastes, do not injure sewers 
or a sewage treatm ent plant except to increase the population equiva
lent. The question as to who pays fo r the added cost of sewage tre a t
ment due to the presence of industrial w astes of this type is a moot 
point. Other types of wastes should under no circumstances be placed 
into sewers, such as sugar, molasses, orange pulp and whey. These 
not only have a high population equivalent but, if discharged into sew
ers where sulfates are high or aeration is used where lactic acid fer- 
m enters are encouraged, trouble ensues. I t  becomes necessary to 
study each particu lar waste to determine whether, with or without 
treatm ent, disposal into sewers will create odors, disintegration of 
structures or added cost of treatm ent. Other factors which m ust be 
taken into account to determine w hether separate plants or disposal 
into public sewers should be provided depend: first, on whether there 
is a large diluting stream  p re sen t; second, adequate isolation fo r local 
treatm ent with or w ithout adequate or suitable local land disposal; 
third, whether a public sewer is available where oidy prelim inary 
treatm ent is required; and fourth, if a public sewer is available, what 
treatm ent is required for the mixed wastes.

Los A n g e l e s  R e g u l a t i o n s

The provisions of the City of Los Angeles in relation to waste dis
posal govern tem perature (less than 100° F .), suspended solids (less 
than 1,000 p.p.m.), oil (less than 600 p.p.m. by weight), explosive gases 
(any am ounts), and hydrogen ion concentration (limits not lower than 
5.5 and not higher than 9.0). I t  is also required by the City of Los 
Angeles th a t all wastes which are odorless and stable (at least for five 
days a t 20° C.) m ust not be discharged into sanitary  sewers. Perm its 
are required fo r waste disposal connections to the san itary  sewer, m an
holes for the sampling and m easurem ent of the flow must be available, 
and special cases must be considered by the Board of Public W orks to 
the end tha t public health, safety and property  be properly safe
guarded.
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2. T H E  R E S P O N S I B I L I T Y  O F  T H E  M U N I C I P A L I T Y  IN  T H E  
I N D U S T R I A L  W A S T E  P R O B L E M

B y  H a r o l d  F a r n s w o r t h  G r a y

Sanitary and Hydraulic Engineer, BerTceley, Calif.

The objectives in the disposal of liquid industrial wastes are quite 
distinct from  the objectives in the disposal of municipal sewage, and 
there are unusually marked differences in the lim iting factors, the 
economics, the techniques and the attitude of management.
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In  the first place, industria l w astes have little  or no public health  
significance; th a t is, they do not contribute to the incidence of com
municable disease, as does domestic sewage. T heir effects upon w ater 
or land are  prim arily  aesthetic or economic. They m ay render a 
stream  or body of w ater, or an area  adjacent to a land disposal, offen
sive or unsightly, or they m ay destroy or greatly  decrease the value or 
usefulness of w ater or land, but they do not contribute bacteria  of hu
m an disease to the problem.

N either federal, s ta te  or local health departm ents have a demon
strable health protective function in relation to the disposal of indus
tr ia l wastes, in  a closely restric ted  view of public health. Even the 
physical deterioration  of a public w ater supply by an industria l waste 
is a m a tte r of economics, or of p roperty  rights, ra th e r than  a m a tter of 
public health. A public nuisance is not necessarily a menace to health. 
As a rule, no other departm ent of governm ent is as well equipped to 
handle such problems as is the health departm ent w ith an engineering 
staff, but the functions perform ed lie more in the realm  of nuisance 
than  of public health specifically.

An industria l waste is precisely what the name im plies—a waste. 
As such, it represents to industria l managem ent a certain  am ount of 
loss—of raw  m aterials and of accessory m ateria ls—for which purchase 
money has been paid. M anagem ent is generally in terested  in reducing 
such waste when possible, but m anagem ent’s preoccupation of thought 
is usually on the production and sale of finished products, w herefore 
these w astes receive but secondary consideration.

A ssum ing tha t either through necessity, or an eye to good public 
relations, industria l m anagem ent decides to do something about w astes, 
a t least two lim iting conditions are  usually im posed: (1) the trea tm en t 
and disposal m ust be perform ed w ithin s tated  lim its of insta lla tion  and 
operating  cost which are somewhat rela ted  to the volume of ou tpu t of 
product, or net profit, or both; (2) the insta lla tion  and operation of 
the w aste disposal process cannot be perm itted  to in terfere  appreci
ably w ith production or w ith p lan t arrangem ent. These factors do not 
en ter into consideration in the disposal of m unicipal sewage, except as 
tax  lim itations or the reluctance of voters to approve bond issues may 
control.

S till another factor m ust be considered. U sually the grow th of a 
city is a t a fa irly  steady and determ inable rate , and it  is possible to 
design sewage trea tm ent and disposal facilities fo r a fo rw ard  period 
of ten  or tw enty years w ith a reasonable prospect of adequacy during 
such period. An industria l plant, however, may be ra th e r indeterm in
able even over a period of one year, either as to quan tity  or w astes or, 
if processes or products should be changed, as to the characteristics of 
the w astes. F o r this reason, industria l m anagem ent is usually averse 
to the expenditure of money fo r fixed and perm anent waste trea tm en t 
and disposal structu res and equipment.

In d u stria l p lants are  designed, built and operated  by men who know 
(usually) the ir own field, but are definitely not experts in  the complex



field of w astes disposal. They give it little consideration—until it is 
unpleasantly forced upon their a tten tion—and what consideration is 
given is usually an allotm ent of a definite sum of money for waste dis
posal, within which lim it disposal m ust be effected. The plant designer 
buys such standard  equipment (usually on the equipment m anufactur
e r ’s recommendation) as will fit this budget, hopes for the best, and 
leaves the rest of the job to the p lan t superintendent. To the plant 
superintendent, waste disposal is ju s t another headache, large or small, 
depending on luck, isolation, the w eather and the olfactory insensibil
ity of any adjacent citizenry.

B earing these various conditions and lim itations in mind, it is obvi
ous tha t the designer of industrial waste disposal plants m ust operate 
on a different basis from  the designer of plants for the disposal of mu
nicipal sewage. H is tendency will be to work with standard  types of 
equipment for the removal of settleable or floating solids, by sedimen
tation and skimming, and he may even go to chemical treatm ent and 
vacuum filtration to get a reasonably clarified effluent if it is to be dis
charged into w ater. B ut consideration of the oxygen depleting capac
ity of the clarified effluent is seldom given, unless a resulting depletion 
of the dissolved oxygen content of the receiving w ater produces a con
dition calling fo r action by the S tate F ish  and Game Commission or 
the State H ealth Departm ent.

I t  is unfortunate fo r industry  tha t so frequently the disposal of 
organic industrial waste is tu rned  over to industrial engineers or m an
agers, who are entirely competent in their 6wn fields, but are not skilled 
in the field of organic waste disposal. This m atter represents a pecu
liar “ blind sp o t”  in the failure of the really competent san itary  engi
neers to inform  industrial m anagers as to the unique and valuable 
services they are able to render to industry.

The industrial p lan t which is located well outside of an incorporated 
municipality must, as a rule, solve its waste disposal problem by itself. 
But if the p lan t is located in a city or san itary  d istrict with a sewer 
system, a different situation exists. Possibly the volume of liquid 
waste may overload the adjacent street sewer, and require a separate 
line to a main sewer of sufficient capacity. This frequently is not dis
covered until a fte r the plant is in operation, or a fte r an expansion in 
volume of output. Then there is an argum ent between the industry 
and the city as to who is going to pay for the la rger sewer. The in
dustry pays taxes, so why shouldn’t the city furnish  sewer service? Or 
should it?

Another situation may occur, in a m oderate sized city with a sewage 
treatm ent plant, adequate for present needs with a reasonable m argin 
of capacity for norm al growth. To this city comes a new industry  p ro 
ducing large volumes of liquid wastes with high biochemical oxygen 
demand and a heavy load of suspended solids. No doubt the p lant was 
warmly welcomed by the Chamber of Commerce and the tax collector. 
But the treatm ent plant becomes badly overloaded, and trouble ensues. 
The industry  says “ Here we are ; we pay big taxes; we bring payrolls
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and business, and anyway it is the c ity ’s h ard  luck if the sewage tre a t
m ent p lan t is n ’t big enough.”  The city says it h a sn ’t the money to 
enlarge the plant, and anyway they wbVe getting by com fortably until 
the in d u s try ’s w astes sunk them, therefore, the industry  m ust contrib
ute to fixing things up. And so there is an argum ent, first as to 
“ w hether,”  and second, as to “ how much.”  I t  m ay get acrimonious, 
and may even result in such drastic  action by the city as plugging the 
in d u s try ’s sewer, or the industry  m ay th reaten  to leave the city, or 
there may be a law suit in which nobody benefits but the lawyers and the 
expert witnesses.

Such situations have occurred, and m ay occur again, due a t least in 
p a r t to a lack of understanding  as to relative responsibilities by city 
and industry , and to the lack of an acceptable basis of negotiation and 
agreem ent.

I t  would be presum ptious to suggest th a t a brief paper such as this 
could lay down a definite basis of agreem ent acceptable in all cases, 
but it should be possible to suggest certain  lines of reasoning which 
could be pursued in o rder to arrive a t a fa ir  basis of agreem ent on 
such disputed m atters.

There is no claim made fo r originality  in the following suggested ap 
proach to an equitable solution of this problem, though possibly all 
elements have not heretofore been combined.

1. M unicipalities and other governm ental agencies furn ish ing  sew
erage and sewage trea tm ent and disposal facilities are  obligated only 
to the extent of a norm al domestic sewage.

2. Beyond a norm al domestic sewage such agencies m a y :

(a) refuse to accept an excess loading 011 a sewerage system 
or sewage treatm ent plant, or

(b) may accept such loading a fte r p re trea tm en t by the p ro 
ducing industry , a t the cost of the industry , or

(c) may accept the industria l waste, w ithout p re trea tm en t at 
a stipulated  or negotiated cost to the industry , or

(d ) may accept the entire industria l load a t the sole cost of 
the m unicipality or other agency.

3. A m unicipality or other governm ental agency m ay adopt one of 
two financial policies in reference to item 2-c:

(a) a liberal policy tow ard industry , in  which a relatively 
substantial p a r t of the cost of trea tm en t of the excess 
load is borne by the city or agency, or

(b) a stric t policy wherein the industry  bears the entire ex
cess cost as nearly  as it may be ascertained.

4. In  general, a liberal policy may be anticipated in  la rg e r indus
tria l areas and in situations where the costs of sewage trea tm en t and 
disposal are  relatively low. A stric t policy m ay be expected in  sm aller 
cities, and where the costs of sewage trea tm en t and disposal are  re la 
tively high.
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5. F o r the basis of calculation of excess industrial load, it is first 
necessary to determine the local norm al domestic sewage as to volume, 
suspended solids and biochemical oxygen demand. I t  would be defi
nitely not advisable to use standards derived from national averages, 
as cities and regions vary  very widely from any national average.

6. W ith such norms determ ined fo r a particu lar city, they m ay be 
equated against assessed valuation so as to determine a series of bases 
in term s of units of assessed valuation. F o r example, we find the fol
lowing approxim ate and rough average values for the residential areas 
in cities on the east side of San Francisco B a y :

Volume ..•.....................................................................................  44 gallons per capita per day
Suspended solids ..................................................................... 0.107 lbs. per capita per day
Biochemical oxygen demand (5 day, 20° C.) ................... 0.114 lbs. per capita per day
Assessed valuation ................................................................  $800 per capita

Equating these quantities to a basis of $1,000 of assessed valuation, 
we have the following figures :

Volume ....................................................................................... 55 gallons per day
Suspended so lid s ......................................................................  0.134 lbs. per day
Biochemical oxygen demand ................................................ 0.143 lbs. per day

7. Assuming tha t the city intends to make charges for excess costs 
of sewerage and sewage treatm ent and disposal (irrespective, for the 
moment, of whether the city charges for the entire excess cost or for 
only a percentage of it) , then one, or perhaps two, of the foregoing 
bases may be used as a means of computing the excess charges for p a r
ticular industrial plants.

8. I f  no sewage treatm ent is involved, then the excess cost would 
probably be apportioned on a m easured volumetric basis only. I f  the 
sewage treatm ent consisted only of sedimentation, the apportionment 
presumably would be on the basis of the suspended solids factor. I f  
secondary (biological oxidation) treatm ent was involved the basis of 
computation presum ably would be the biochemical oxygen demand fac
tor. In  either of the two la tte r instances, the excess charges might be 
apportioned partly  by volume and partly  by either suspended solids or 
biochemical oxygen demand.

9. The next items to be ascertained would be the local costs of 
sewerage and sewage treatm ent and disposal, volumetrically and per 
pound of suspended solids and per pound of biochemical oxygen de
mand contributed to the system or to the treatm ent plant. F o r a 
pound of suspended solids or a pound of biochemical oxygen demand 
these costs may vary so widely tha t the m atter may be more confused 
than clarified by suggesting average costs.

10. W ith these costs of treatm ent, either on a volumetric, pounds 
of suspended solids, or pounds of biochemical oxygen demand basis, es
tablished for a particular situation, then the costs of treatm ent of the 
Avastes from an industrial plant would then be computed. The differ
ence Avould be the excess cost to be charged to the industrial plant,
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either in its en tirety  or only in part, according to the policy adopted 
by the city.

11. In  actual practice, however, these calculations would be difficidt 
to prescribe in a municipal ordinance (imagine the mess of verbiage an 
attorney  would use in try ing  to express these com paratively simple 
ideas in legal phraseology!). So it is probable th a t certain  standards 
would be set up, allowing a stated  maximum of volume, or suspended 
solids, or biochemical oxygen demand, per $1,000 of assessed valuation 
of industria l plant, which would be received and handled by the city 
w ithout ex tra  charge, and then im posing charges for excesses above 
such maxima. Such excesses would probably be set up in blocks hav
ing upper and lower limits, and using a flat sum between such limits.

I f  it can be shown clearly th a t such methods of apportionm ent of 
excess costs of trea ting  industrial wastes are based on sound engineer
ing principles, are equitable and are fa irly  adm inistered, then industry  
can have little cause for objection, other than the breaking of old prece
dents which have no other validity than of custom. The experience 
of Cedar Rapids, Iowa, is illum inating on this point.

There is a fu rther value to the practice of charging industries for 
excess costs of sewerage and sewage treatm ent. I t  will cause industry  
to endeavor to minimize the industrial waste load through im prove
m ent in p lan t processes, such as recovery of by-products, reduction of 
w ater wastage, the increased use of closed or recirculating systems, the 
removal of solids and their separate disposal, and the like. In  the long 
run  this will accrue to the advantage of industry.

D i s c u s s i o n  

B y  H a r o l d  K .  P a l m e r

Office Engineer, Los Angeles County Sanitation Districts

The Los Angeles County Sanitation D istric ts take the a ttitude th a t 
industries have a right to a proportional use of the sewers and tre a t
ment plant, so long as their wastes will not cause damage to the system 
or unjustified expense to other user. A sewerage system  built to han
dle and trea t noxious fluids is more expensive per un it of capacity than 
a storm  drain  built to carry  surface storm  w ater only, and it is econ
omy to dispose of as many innocuous wastes as possible through the 
storm  drain.

There are acid wastes which would destroy any structu re  made of 
cement and such wastes m ust be neutralized before adm ission to the 
sewer. Many methods of sewage treatm ent depend upon the action of 
bacteria fo r their operation and, therefore, any bactericidal substance 
should be excluded from  the trea tm ent plant. Such cases also m ust 
apply some treatm ent before the waste is discharged to the sewer.

In  accordance w ith this principle, the D istricts a ttem pt to handle 
in the san itary  sewers such noxious industria l wastes as cannot be d is
charged into storm  drains, but a t the same time take care to see th a t
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nothing detrim ental to the sewer or the treatm ent p lan t is admitted. 
Despite all efforts, there are times when large slugs of oil or acid find 
their way to the treatm ent plant. N early always the source of these 
slugs can be determined and the industry  responsible is notified th a t 
appropriate action will be taken if it is repeated.

E very industry  is required to apply individually to the General 
M anager fo r a perm it to connect to the sewer and the applicant m ust 
furnish an analysis of the waste, state the point of discharge to the 
sewer, the amount of waste and the quantity and rate  a t which it will 
be discharged. In  many cases this is referred  to the chemist who takes 
into account the condition and quantity  of sewage and considers the 
effect of this addition. Several years ago a steel p lant asked perm is
sion to discharge spent pickling wastes. The D istricts then were op
erating an activated sludge p lan t which was sensitive to low pH, but 
it was found tha t a t the point of contribution the sewage was suffi
ciently alkaline and the flow great enough tha t the sulfuric acid could 
be adm itted if a regulating pond was built so it would enter a t a con
stant rate throughout the 24 hours. There has been very little trouble 
since the routine was learned. This was possible because of the low 
ratio of wastes to sewage flow. In  a small sewer an equal volume of 
acid would have been disastrous.

Lately a winery making alcohol has contributed a very odoriferous 
waste which has made itself obnoxious several miles downstream where 
there are some drop manholes. There the sewage is stale and the fall 
releases gases which find their way up through house connections. I t  
was necessary to install gas trap s  in the house connections and to in
sist that the waste be chlorinated in the future.

Most wastes are not harm ful to the sewer. W hen one company 
began discharging copper sulfate it was found to have the same effect 
as chlorine, and because of this waste it has been possible to close sev
eral chlorine dosing plants along the sewer below.

Except for the most harmless wastes, the question of their accept
ance should depend upon a report from the chemist, as he is the only 
one who can predict the effect on the system. The engineer or super
intendent can report intelligently only when the volume of wastes may 
exceed the capacity of the sewer or plant. I t  has been the rule of the 
Los Angeles County Sanitation D istricts to have the chemist make 
such reports, and in some cases he makes periodical inspections a fte r
wards, especially if some type of p retreatm ent is necessary.

E very sewerage system and every treatm ent plant has its limits in 
volume of flow and character of sewage, and it  is the duty of those in 
charge to keep these limits in mind, because, to the average citizen, 
there are no such limits and too often the small community with a new 
sewage treatm ent plant will invite a large industry to establish itself 
in its territo ry , only to find la ter tha t the treatm ent p lant is sorely 
overloaded and has become a nuisance in its immediate neighborhood.

A large sewerage system may absorb several industries tha t would 
swamp a small system. The Los Angeles County Sanitation D istricts
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now serve several establishm ents tha t have had to move away from  
sm aller communities for this reason. H ad this effect been foreseen 
the expense of moving and sta rting  over again would have been 
avoided. In  order to assist in foreseeing such contingencies, the In 
dustria l W astes Committee of the California Sewage W orks Associa
tion is collecting, as rapidly  as possible, certain  im portan t facts about 
many of the industries in this S tate and filing the data  w ith the Los 
Angeles City Engineer, where it will be available to all who are in ter
ested. U nfortunately, it is difficult to get this inform ation, and usually 
it can be obtained only when an application is made fo r service, but it 
is hoped in time to have enough available data  so th a t any community 
can predict the effect of a proposed industry  on its system and take 
the necessary steps before the p lan t is overloaded or damaged. I f  this 
inform ation can be obtained from  a going concern it may assist a simi
la r concern to establish itself in another community w ithout seriously 
overloading the sewage treatm ent plant, or incurring unnecessary ex
pense in pretreatm ent.

3. S O M E  E X A M P L E S  O F  L I Q U I D  I N D U S T R I A L  W A S T E S  
T R E A T M E N T  IN  C A L I F O R N I A

B y E d m u n d  B .  B e s s e l i e v r e

Engineer, The Dorr Co., Inc., Los Angeles, Calif.

I t  can be said, w ithout fear of contradiction, tha t any liquid indus
tria l waste m ay be so trea ted  as to produce an inodorous, inoffensive 
and safe effluent. B ut it is not always economically practicable to do 
so. The three elements: common sense approach to the subject; tre a t
m ent to the degree required by the needs of the ca se ; and the develop
m ent of a simple, economical means of treatm ent en ter into every 
problem.

There are many different types of liquid w astes found in industry  
but for the purposes of this meeting we are concerned only w ith those 
w astes peculiar to the industrial structure of the S tate of California. 
The object of this paper is to present briefly some examples of success
ful liquid waste treatm ent.

In  California there are a series of wastes th a t are not common to 
other sections of the country. These are the citrus packing p lan t 
wastes, the w inery wastes, the w astes from  potato dehydration plants, 
the oil field and oil well wastes, the fish cannery and packing w astes and 
several newer ones in this field, such as w astes from  steel mills and 
chemical plants which have come in m ainly with w artim e developments.

In  solving any waste problem there are three basic factors which 
m ust be considered. The p roper evaluation of these factors requires 
the co-operation of the owner of the plant, who is to pay the b ill; the 
S tate D epartm ent of H ealth authorities, who in itia te the need fo r tre a t
m ent; and the legal and legislative agencies who make the laws th a t 
force the owner to comply.



I t  is not enough to simply advise an industrial p lant owner tha t he 
m ust trea t his wastes and then to stop there. He m ust be given assist
ance in setting a standard of treatm ent th a t will not wreck his profit 
s tructure or cause him to shut down or move his p lan t to another 
locality. An industry  usually brings revenue and work to a commu
nity and many people derive benefits from its operations. To force 
arb itra rily  such an industry  to close down or move to another locality 
because of indefinite or too stringent requirem ents for waste treatm ent 
results in hardship on many families. A degree of treatm ent tha t will 
meet the needs of the case is all tha t is required and justified—to de
mand more is to penalize industry  unduly. More careful initial study 
in this regard  will make it possible for many industrialists to comply 
with the law, where otherwise a too severe requirem ent would force 
them out of business or to go to the courts for relief. A long drawn 
out fight in the courts does no one any good. The average industrial 
plant owner is a reasonable man and is usually willing and anxious to 
co-operate. Let us make it possible for him to do so. I t  is the State 
H ealth D epartm ent’s p a r t to set the minimum limits of treatm ent tha t 
will meet the needs of the case in h an d ; it is for the consulting and de
signing engineer to work with both the State H ealth D epartm ent and 
the plant owner in developing and producing a method of treatm ent 
that will meet the requirem ents a t the least cost, both for initial con
struction and daily operation. W aste treatm ent is never cheap, and is 
a daily surcharge on the operations of the plant, but economical m eth
ods can usually be worked out. By-product recovery is one way of 
making a waste treatm ent plant both a success technically and not a 
burden financially. This requires close study by experts in this line. 
Many p lant owners and engineers have neglected this phase of the 
problem.

As California is a relatively young industrial state and its indus
tries are peculiar to it, many of the waste problems presented here 
have not been attacked or solved elsewhere. W ater is scarce in many 
parts of California and fertilizer is expensive and requisite to proper 
crop growth. I t  will be perhaps fitting, therefore, to s ta rt the discus
sion of examples of waste treatm ent tha t have tended to conserve water 
for irrigation and other uses by reciting the details of the plant re 
cently completed at the K aiser Steel Mill at Fontana for the treatm ent 
of their pickling liquors. This plant not only takes care of a trouble
some waste problem but enables the company to recirculate the effluent 
back to the plant for other uses and to use by-product m aterials recov
ered in the treatm ent process to offset the cost of the treatm ent.

This plant operates as follows: Pickling liquors from the merchant 
and structural mills and the alloy finishing departm ent amount to ap
proxim ately 45,000 gallons per day of acid wastes. The plant is de
signed to operate from 6 to 8 hours per day to handle this norm al vol
ume. To assure a steady, uniform flow over the operating period of 
the waste treatm ent plant the first unit is a receiving or holding tank 
which has a volume equal to a d ay ’s flow of pickle liquor and rinse
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water. This tank is 30 feet in diam eter, 10 feet deep and is of Douglas 
fir. The acid liquors discharge into it by gravity. The concentrated 
wastes are then draw n from  this tank over the operating period of the 
waste trea tm ent p lan t a t a steady ra te  of from  100 to 125 gallons per 
minute. The treatm ent consists of the neutralization of the excess acid 
by the dosage of powdered limestone and the reaction of the soluble 
ferrous sulfate in the liquor w ith the limestone. Calcium sulfate is the 
precipita ted  residue from  this operation together w ith ferrous hy
droxide. The la tte r  will be oxidized to ferric  hydroxide and ferric 
oxide by a ir forced through the slurry . The fittings and pumps and 
valves are of acid resisting m aterials, including duriron  and duram et. 
The three mixing tanks are each equipped with a 42-inch duplex mixer 
of the Turbo type.

Limestone of 100-mesh size will be fed into the first tank, and air 
a t the ra te  of 200 cubic feet per m inute will be continuously blown 
through the slu rry  in each mixing tank. The s lu rry  in the three tanks 
will be partia lly  recirculated, 5 p a rts  being pum ped from  No. 3 tank 
back to No. 1, and the 6th p a rt will overflow into a  thickener in a 
wood stave tank 35 feet in diam eter. The effluent from  the thickener 
flows by g rav ity  to the chlorine contact tank of the adjacent domestic 
sewage treatm ent plant, whence it is pum ped along w ith final sewage 
p lant effluent back to the mill for service in the rolling mills. The acid 
treatm ent p lant includes a 30-ton bin for storage of powdered lime
stone, which is lifted from  a truck dump p it by screw conveyor and 
bucket elevator. The m ixers are fed through a variable gear-driven 
vane feeder and screw conveyor, the limestone being introduced d i
rectly into mixing tank No. 1. The 600 cubic feet of a ir (200 cubic feet 
applied in each m ixer) will be supplied by a ro ta ry  blower and the re
circulation of the sludge or slu rry  will be by means of a s lu rry  pump. 
The 125 gallon per minute raw  w astes pump is so arranged  w ith valves 
on its suction so as to evacuate completely the acid sewers. Sludge will 
be sent to drying beds by a diaphragm  pump until a dem and is created 
and means provided for reclaim ing it as a by-product.

W inery wastes, in view of C aliforn ia’s large p a r t  in the wine in
dustry  of the United States, have become more and m ore troublesome. 
H igh in dissolved solids, B.O.D. and color, but low in volume they are 
believed to be susceptible to trea tm ent by combinations of biological 
and chemical methods. Depending upon w hether they m ust be so 
trea ted  as to be suitable fo r discharge into stream s which are sources 
of potable w ater supplies, for man or beast, or w hether they are han
dled on percolation beds or ponds, the treatm ent m ay be complex or 
simple. In  cases where they are to be handled on large areas of perco
lation ponds, which many wineries already have in use, and the seepage 
through these ponds will not reach local w atercourses or underground 
supplies direct, it has been found tha t these wastes can be trea ted  ade
quately by presedim entation to perm it as much of the solids to settle as 
will and then by chemical treatm ent of the effluent, w ith p roper floccula
tion and mixing to assume complete and p roper contact of the chemi



cals w ith the liquid, followed by a period of sedimentation. The sludge 
obtained from  the presedim entation and final sedimentation tanks 
may be pu t into digesters. This form  of treatm ent is not expensive 
and requires a relatively small plant. In  those cases where the dis
charge m ust be into stream s direct and a relatively clear effluent from 
which most of the B.O.D. and dissolved solids have been removed is 
required, the trea tm ent is more complex. H ere it  has been found ef
fective to provide a short period of digestion as the first step in the 
treatm ent, to perm it some of the delayed ferm entations to take place, 
and to trea t the overflow liquor from  the digester on biological filters, 
using recirculation of the effluent to m aintain a high rate  of dosage. 
In  many wineries the lees from  the pressing of the grapes, consisting 
of skins, seeds, stems, etc., contain much ta r tra te  and this valuable 
m aterial can be recovered and become a source of considerable revenue. 
In  wineries where alcohol is made from molasses still slops the prob
lem of treatm ent involves the use of digestion as a p rim ary  phase, fol
lowed by biological treatm ent.

The w ar has brought into being many plants for the dehydration of 
vegetables for the purpose of conserving space in shipments abroad 
to our fighting forces. One of the most im portant of these has been 
the dehydration of potatoes, and numerous plants have been built in 
California. W hile this is not a waste of large volume it is a  trouble
some one for it contains a high percentage of dissolved solids and is 
high in B.O.D. I t  cannot be allowed to remain too long as it  begins 
to exude a disagreeable, sour odor in a short time. The problem here 
is mainly precipitation of the solids. The larger solids, such as skins, 
eyes, etc., can be readily removed by a screen. A plant for a potato 
dehydration p lant as designed by H arold Gray was described recently 
(This Journal,  15, 71 (January , 1943)) and consists of screening the 
wastes through a 60-mesh shaker screen and the spreading of the ef
fluent on sand beds, one bed being used for the wastes of one day. 
This method requires the availability of a considerable area of waste 
land but is effective in those parts  of California where such land is 
cheap. F o r those cases where these areas of land are not available it 
has been found tha t this type of waste may be trea ted  by screening, 
followed by precipitation with lime, flocculation and a sedimentation 
period of two hours. This reduces practically all of the solids and 
substantial proportion of the B.O.D. and renders the wastes suitable 
for discharge into a city sewer system. P lants of this type m ust han
dle a waste containing approxim ately 960 pounds of B.O.D. for each 
ton of potatoes handled.

Oil wells are common sights on the landscape of California but the 
oil field wastes are not so attractive in the stream s, covering them with 
those iridescent oil sleeks which shine so kaleidescopically in the sun. 
The main problem here is to remove the oil. The plant a t Santa Fe 
Springs is an example of how this has been accomplished. The oily 
wastes are first put through settling tanks in which the settleable d irt 
is caught and some of the heavier oil taken off by surface overflows.
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The effluents from  these tanks still contain much light oil. F u rth e r  
settlem ent w ithout aid does not remove much of this. A t S an ta  Fe 
Springs the settling tank effluent is pu t through two special vertical 
type Flocculators with m agnetite filters on the effluent edge. These re
move sufficient of the oil to enable the liquid to be discharged into the 
tidal w aters w ithout presence of sleek. I t  has been found th a t by 
trea tin g  the settling tank effluent w ith aluminum sulfate and silica with 
proper flocculation and sedim entation, tha t practically  all of the oil and 
sludge can be removed from  these wastes.

C itrus fru it canneries produce a troublesome waste, both because 
of the large amounts of solids in them and their tendency to produce 
obnoxious odors, as they sour rapidly. The solids from  the canneries 
or packing plants, consisting of particles of fru it skins, seeds, cores, 
etc., can be readily  removed by screens and the lighter finer solids may 
possibly be removed to a high degree by a vacuum type of solids re
moval unit (known as a “ V acuato r” ) in which the wastes are p re 
aera ted  to coat the fine solids with air, causing them to rise rapidly, 
and then subjected to a vacuum in a closed tank. The pull of the 
vacuum combined w ith the buoyancy im parted  by the preaeration 
causes these solids to rise im mediately to the surface of the tank, 
whence they are  skimmed off. These solids m ay be p u t into digesters 
fo r fu rth e r trea tm ent or buried or burned. The liquid w astes m ay then 
be trea ted  by biological means to produce a stable, clarified effluent, 
or pu t into the city sewers.

California is also faced with the problem of d istillery  wastes. 
These are the wastes contributed by plants which distill grains to p ro 
duce ethyl alcohol. These wastes have been trea ted  m ainly fo r by
product recovery by methods including screening, concentration, evapo
ration  and drying. I t  is believed th a t they can also be handled by 
anaerobic ferm entation and w ith trea tm en t of the d igester liquors on 
trickling filters, p referab ly  of the high capacity type w ith recirculation 
of effluent. In  some cases, the suspended solids can be removed by 
centrifuging p rio r to multiple effect evaporation followed by ro ta ry  
driers. I t  has been stated  th a t where grains are used in producing 
alcohol a high grade stock food can be recovered from  the wastes, 
am ounting to 16 to 18 pounds per bushel of g ra in  ground.

I t  is impossible to give a complete story of the p roper trea tm ent 
of industrial wastes in this brief discussion, but p rim arily  it m ust be 
understood tha t there is and can be no universal panacea fo r all types 
of wastes, or for any one type. Each problem presents individual 
conditions th a t m ust be studied and evaluated, and an effort m ust be 
made to co-ordinate the experience a t other places w ith sim ilar wastes, 
with the modern technique of treatm ent of organic and other m aterials. 
I t  is necessary to work out for each case a t hand the method of tre a t
ment which will solve the present problem with due regard  to economy 
of construction and operation for the p lan t owner.



Stream  Pollution

B y A l b e r t  B. K a l t e n b a c h  a n d  A b e l  W o l m a n

Engineer, Whitman, Requardt and Associates, Baltimore and Professor o f Sanitary Engineering, 
The Johns Hoplcins University, Baltimore, Respectively

Pollution by domestic and industrial w astes of receiving bodies of 
w ater is an ever present problem. Since the reduction of such pollu
tion is one of the prim ary  motives fo r sewage treatm ent, it is im por
tan t to determ ine whether the money spent fo r this purpose generally 
accomplishes the expected results.

Physically objectionable conditions are the most obvious if not the 
most serious objections to stream  pollution. Depreciation of contigu
ous p roperty  values, the ru in  of w aters for sources of supply, in jury  
to fish life, danger to livestock, in the irrigation  of certain vegetables, 
the quarantin ing of bathing areas and damage to shipping are effects 
tha t justify  the expenditure of large sums to keep our rivers and 
stream s clean.

But such expenditures are justifiable only when the desired results 
are obtained. Such is not always the case. Often small towns build 
sewage trea tm ent plants and, due to faulty design, construction or 
operation, the conditions in the stream  below the outfall rem ain objec
tionable. Inability  or lack of desire to pay capable, intelligent and in
terested operators is a common difficulty of small communities.

I t  is with the purpose of determ ining whether the treatm ent of do
mestic and industrial w astes is actually alleviating the conditions in 
the stream  to the extent for which the plants were designed, tha t this 
study has been made. F our stream s, each in the vicinity of a popu
lated area in M aryland, were investigated. Bacteriological and chem
ical data were obtained from  the M aryland S tate D epartm ent of Health. 
W henever they were available, the results were reviewed of the ex
aminations of stream  samples above and below the outfalls of the sew
ers and before and afte r sewage treatm ent was inaugurated. Two of 
the towns, Hagerstow n and Belair, discharge their sewage into flow
ing stream s, while the other two, Annapolis and Chestertown, discharge 
into tidal waters. These towns vary  greatly  in size, in their ability to 
bear the expense of sewage treatm ent and in the quality of the receiv
ing waters.

H a g e r s t o w n

H agerstown, the th ird  largest city in  M aryland, has a population of 
32,941 (1940 census). I t  is in W ashington County in a broad valley
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between the Blue Ridge and the Allegheny M ountains. This city had 
a sewerage system for perhaps 30 years, the raw  sewage being dis
charged into M arsh Run, a very  small trib u ta ry  of A ntietam  Creek, 
which bisects Hagerstow n. In  1917 a $750,000 sewerage im provem ent 
program  was carried  out, which consisted of many extensions and the 
construction of an outfall line which carried  the sewage to A ntietam  
Creek about two miles from  the center of town. Even a t this time, 
however, some domestic sewage was still discharged into M arsh Run, 
according to a S tate  D epartm ent of H ealth  m em orandum  of Ju ly  31, 
1922.

In  1924 a trea tm en t p lan t was built southeast of the city on a 500 
acre municipally owned farm . The p lan t consisted of a coarse bar 
screen, a fine screen, two g r it chambers, two aeration  tanks, two final 
settling tanks, th irteen  open sludge drying beds and a service building. 
The aera to rs  did not operate satisfactorily  or economically in  spite of 
much experim entation w ith the original equipment and la te r w ith other 
types. Because of these difficulties and because of the increase of 
sewage flow, the city engaged a firm of consulting engineers to remodel 
the original unit to a complete activated sludge plant. The remodeling 
was completed in the spring of 1933. I t  is designed to tre a t 6 m.g.d. by 
the activated sludge process or 8 m.g.d. by plain sedim entation (1).

A ntietam  Creek, with its several tribu taries, although relatively 
small, is pu t to many diverse uses, from  its source in Adam s County, 
Pennsylvania, to its mouth, a t the Potom ac River. The m ain stream  
is about 50 miles long and drains 292 square miles. In  M aryland near 
the source of L ittle Palls Creek, one of the tribu taries  of A ntietam  
Creek, a dam impounds w ater fo r recreational purposes and fo r the 
w ater supplies of Camp Ritchie, and Camp Louise. These camps dis
charge the ir sewage into the same stream  fa rth e r down. This sewage 
is given secondary trea tm en t by using prechlorination, sedim entation, 
separate sludge digestion, sand filtration and chlorination of the ef
fluent. S till fu rth e r downstream, on the same tribu tary , the town 
Rouzerville, Pennsylvania, obtains 48,000 g.p.d. fo r its  w ater supply, 
filtering and chlorinating it. W aynesboro, Pennsylvania, w ith a popu
lation of 10,231, takes 2.1 m.g.d. fo r domestic use from  the m ain stream  
near its source and chlorinates it, la te r re tu rn ing  it in the form  of 
secondary trea ted  and chlorinated sewage. The W aynesboro Gas 
Company discharges approxim ately 13,000 g.p.d. of scrubbing and wash 
w ater. S eparato rs remove the ta r  before disposal. The Mont Alto 
Sanitorium  (Pennsylvania), uses 200,000 g.p.d. chlorinated, from  still 
another tribu tary . A small tr ib u ta ry  in M aryland, supplies 1.2 m.g.d. 
to H agerstow n while back on the m ain stream , a t Security, M aryland, 
two steam  power plants use w ater fo r condensing and make-up. Se
curity  also discharges about 23,000 g.p.d. of un trea ted  sewage into the 
m ain stream .

A t H agerstow n a steam power station uses w ater from  the creek 
fo r condensing and make-up. The city discharges an average of 4 
m.g.d. of domestic sewage. Local trade  w astes from  a da iry  and from
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the K oppers Company, and scrubbing w aters trea ted  by separating 
tanks, settling  and filters from  the gas company, are all discharged 
separately  into the stream  a t Hagerstown. Several miles downstream  
the Roxbury S tate Penal F arm  discharges approxim ately 8,500 g.p.d. 
of sewage which receives only prim ary trea tm en t; and finally before 
joining the Potom ac River the stream  is dammed by a 1,022 h.p. hydro
electric power station a t Breathedsville. Below H agerstow n three old

F i g . 1.—Hagerstown and Antietam Creek. 1" =  2 mi.

mill dams survive, but are no longer in use. Besides these uses, the 
stream  supplies ideal recreation areas fo r picnicking, fishing and bath
ing.

A ntietam  Creek, therefore, supports one hydro-electric plant, fu r
nishes five settlements, and three power stations with over 2 m.g.d. of 
w ater and carries away over 5 m.g.d. of domestic and trade wastes 
from  four towns and four industries (2).



1196 SEWAGE WORKS JOURNAL November, 1944

The records available on A ntietam  Creek are ra th e r few in number. 
A num ber of stations fo r sampling were established on the stream  
above and below H agerstow n. (See F ig. 1.)

F rom  1922 through 1924, 15 sets of samples were taken. They are 
monthly from  Septem ber 1923 on. Only DO, C 0 2 and pH  analyses 
were run ; there are no records of bacteria counts made. Of these 
samples, six were taken before the H agerstow n sewage was treated , 
and the rem ainder a fte r the opening of the plant. In  1938 and 1939, 
five more sets of samples were taken from  the creek and given chem
ical analysis. The 1922-1924 data  are  sum m aried in Table I.

T a b le  I .— Antietam Creek

Summary of Chemical Analyses of Samples 
(a) Before T reatm ent (1922-1924)

Station

Dissolved Oxygen
pH CO2, r.p.m.

P.p.m. Per Cent Saturation

Max. Min. Ave. Max. Min. Ave. Max. Min. Ave. Max. Min. Ave.

1 12.4 8.7 10.4 100.00 90.36 95.89 8.2 7.9 8.1 2.2 0.0 0.9
2 12.2 6.5 9.7 108.30 75.58 92.51 8.2 7.7 7.9 2.9 0.7 1.6
3 12.2 5.7 ' 8.7 100.20 66.82 83.61 8.3 7.5 7.9 4.4 0.0 1.6
5 12.2 3.8 6.9 100.20 43.78 71.66 7.9 7.4 7.6 6.6 1.8 3.2
6 12.2 4.1 7.1 104.80 47.24 73.63 7.9 7.5 7.7 4.4 1.5 2.3
8 11.9 2.7 6.7 101.00 31.65 63.05 7.8 7.5 7.6 5.1 1.5 2.9
9 11.9 2.7 7.2 91.01 31.11 64.57 8.0 7.4 7.7 7.3 1.5 3.1

(b) After T reatm ent (1924)

1 13.80 8.73 10.52 104.60 92.74 97.19 8.3 7.6 8.1 10.0 0.0 2.4
2 13.80 8.39 10.49 102.89 90.12 97.68 8.4 8.3 8.1 10.0 0.6 2.9

Marsh R un 6.43 3.87 5.24 88.35 49.05 62.25 8.3 7.6 7.8 106.0 1.0 125.0
3 13.50 8.20 10.33 102.16 90.51 97.68 8.2 7.6 7.9 26.0 1.0 6.4
5 13] 85 7.03 9.85 101.91 78.64 92.55 8.2 7.7 7.9 45.0 1.0 6.9
6 13.20 6.89 9.34 99.73 68.46 88.09 8.0 7.3 7.7 94.0 3.0 15.5
8 J3.20 6.66 9.21 99.73 66.81 86.54 8.2 7.6 7.9 4.0 0.0 1.8
9 13.80 7.83 9.82 100.63 80.39 92.49 8.3 7.9 8.1 21.0 0.0 4.2

The sewage treatm ent p lan t discharges a t the upper end of the 
backwater from  the small mill dam a t Funkstown. S tations 6, 7 and 8 
are in this reach with station 8 ju s t above the dam. S tation  9 is ju s t 
below the dam and station 10 several miles dow nstream  a t another 
small dam a t Rose Mill. S tations 3, 4 and 5 are  between M arsh Run 
and the sewage outfall. The other two stations are fu rth e r  upstream .

Two tribu taries near H agerstow n have the name of M arsh Run. 
The la rger one joins A ntietam  Creek north  of the town while the sm aller 
one drains a lake in a city park  and runs ju s t a short distance before 
em ptying into A ntietam  Creek ju s t below the H agerstow n L ight & 
Power Company. I t  is this la tte r one th a t is re ferred  to in this report.
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This small rivulet is nothing more than an open drain  receiving the 
storm  w ater runoff of the city, some trade wastes and, originally, the 
sewage of Hagerstown.

Before trea tm ent was provided the samples show a distinct drop in 
the D.O. content of the river below the outfall sewer and M arsh R un; 
although on occasion it was quite high—probably due to heavy rains 
increasing the dilution and turbulence. D uring this period the river is 
reported to have been in a very offensive condition and Funkstown 
threatened an injunction suit to prevent H agerstow n from  discharging 
raw sewage into A ntietam  Creek.

A fter trea tm ent was inaugurated in 1924, the monthly samples show 
a distinct im provement in D.O. a t the stations below the outfall. The 
lowest recorded was 6.66 p.p.m. compared to a low of 2.7 p.p.m. a t the 
same station before treatm ent. A t this time the plant was trea ting  
750,000 gallons per day of sewage.

In  1938 and 1939 the p lant was trea ting  about 3 m.g.d. by the acti
vated sludge process from  about A pril 1 to November 1; and only by 
clarification, because of g reater dilution, during the w inter months. 
There were complaints a t this time from  Funkstown residents about 
odors in the stream . A midsummer sample shows a ra ther low D.O. 
here, but also low B.O.D., pointing to bad bottom conditions. These 
septic conditions during warm weather were undoubtedly due to the ac
cumulation behind the dam during the w inter months of the solids in 
the prim ary treated  sewage effluent. Generally however, these records 
show a distinct improvement in the stream  below the treatm ent plant 
and the p lant superintendent states tha t he only received complaints 
from Funkstow n once since 1933.

Judged solely by these m eager data and from local testimony it may 
be said tha t the treatm ent plant improved the oxygen content and the 
physical conditions below the sewer outlet a t the time it was put in ; 
since the quantity  of sewage has quadrupled in the last 19 years it has 
decidedly protected the stream s against worse pollution and certain 
litigation.

The plant is operated by a conscientious superintendent who is in
terested in turning out the best possible effluent.

B e l a ir

Belair, the county seat of H arford  County, has a population of 1,885 
(1940 census). P rio r to 1934, there was no sewerage, domestic sewage 
being disposed of in cesspools and septic tanks. In  1934 the town laid 
sewers and built a sewage treatm ent plant. The treatm ent consists of 
prim ary sedimentation in an Imhoff tank, a trickling filter of the fixed 
nozzle type, a secondary Imhoff tank, chlorination and a chlorination 
detention basin. The plant was completed and put in operation October 
1934.

The final effluent is discharged into Bynum Run (Fig. 2), a small 
stream  having a watershed of 12.71 square miles. The whole length of
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this stream  from  its source to its mouth is in H arfo rd  County. The 
stream  empties into the upper end of Bush River, a tidal estuary  of 
Chesapeake Bay. Bynum Run is a small country stream  running 
through farm  lands and woods and receiving only the ir drainage. E x
cept for the usual ru ra l contam ination it was apparently  an unpolluted 
stream .

The flow of Bynum Run a t the sewage outfall can only be roughly 
estimated, since no gauging station exists along its course. Assum ing a 
daily average runoff equal to th a t of nearby Deer Creek (0.8 m.g.d. per 
square mile of watershed) and a w atershed a t this point 8 square miles 
the daily flow would average about 6.4 m.g.d. W ith the ord inary  quan
tity  of sewage from  a town of 2,000 people, this would give a dilution 
ratio  of 1: 32. The frequent, below average flows, of course, make this 
dilution even lower.

In  the period 1934 to 1937 there was an average of four months a 
year in which the daily average runoff from  the Deer Creek w atershed
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was below 0.7 m.g.d. per square mile of watershed, the lowest daily 
average being 0.290 m.g.d. The daily minimum for these varied from 
0.226 to 0.349 m.g.d. per square mile, and during the drought year 1931 
as little as 0.089 was recorded one day (3). The designed degree of 
treatm ent was, therefore, required.

The records of the M aryland State D epartm ent of Health begin in 
1935 afte r the completion of the plant. The samples have been taken 
at more or less irregu lar periods both below and above the point of dis
charge of the p lan t effluent. These samples were for bacteriological 
and chemical examination. The form er were given usually the p re 
sumptive and confirmed tests for the coli-aerogenes group of organisms, 
and a number were given the completed test for Escherichia coli. The 
chemical examinations are for nitrogen as n itrates, biochemical oxygen 
demand color, turbidity  and pH.

Although no records could be found before Bynum Bun was used to 
carry  away the sewage, the samples upstream  should give a fa ir  indi
cation of what the conditions were in the rem ainder of its length since 
there are no waste discharges either up or downstream.

T a b l e  I I .— Summary of Analytical Results on Bynum Run Above and 
Below Belair Sewage Treatment Plant

B.O.D. (P.p.m.) Coliform CM.P.N.)

Max. Min. Ave. Max. Min.

¿936 Above 20 1.0 . 4.5 24,000 240
Below 52 3.0 14.2 2,400 0

1937 Above 2.8 0 1.7 24,000 38
Below 6.2 1.0 3.4 15 0

1938 Above 8.0 0.2 4.1 240,000 27
Below 22 0.0 5.6 24,000 0

1939 Above 6.7 1.5 4.1 24,000 240
Below 6.2 1.7 4.2 2,400 38

1940 Above 9.0 24,000 190
Below 9.0 24,000 0

1941 Above 5.1 0.7 2.6 2,400 —
Below 7.2 2.8 5.4

1942 Above 2.3 1.5 1.8
Below 5.6 4.4 4.9

Table I I  summarizes the results of the B.O.D. ; and of the confirmed 
test for the coliform organisms computed as most probable numbers 
per 100 ml. (M.P.N.). The upstream  samples were with few exceptions 
taken 50 feet above the outfall while the downstream samples were 
usually 500 feet below.
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The treatm ent p lan t was pu t in operation during October, 1934. The 
operation of the sewage works a t B elair is only a p a r t of the work of 
one of the city employees and it is often neglected for other duties. 
This neglect was especially apparen t in the first years of operation. 
H ealth departm ent m em oranda indicate trouble w ith the chlorinator, 
clogged filter nozzles and bad physical conditions in the stream .

There were several complaints from  some farm ers and one th rea t
ened and eventually brought a lawsuit to court. The case was finally 
settled in 1937 when the court awarded the plaintiff $1,400. The th rea t 
of a lawsuit brought about better operation tow ard the end of 1936, and 
good operation was noted by health departm ent engineers in the follow
ing years. However, in 1940 and 1941 the san itary  engineer several 
times reported bad conditions existing in the stream . Fallen trees and 
shrubs frequently  dam the stream  afte r heavy storm s and sometimes 
sleek, scum and foam are found in the pooled water.

The records show tha t there are times when the p lan t im proves the 
B.O.D. of the stream , four such occasions being noted downstream. 
The high coliform counts above the p lan t are probably due to cattle 
and barnyard  washings brought down by rain. Below the p lan t the 
results show the effect of chlorination of the effluent, often with sufficient 
dosage to show a residual 500 feet downstream  of 0.1 and 0.2 p.p.m. 
This dosage several times caused an absence of coli-aerogenes bacteria 
in the samples. W hen the p lant is operating well, the stream  is de
scribed as crystal clear above and below the outfall.

A sewage treatm ent p lant of this type m ight be described as self- 
operating and one which requires a minimum of supervision. There 
are no moving mechanical p a rts  tha t may easily fail except in the chlo
rinator. Yet even this type of treatm ent requires some attention. 
Foam ing may sometimes occur in the Imhoff tanks and this is indicative 
of undesirable bacterial digestion. Solids passing through the settling 
tanks will clog the nozzles, throw ing a greater burden on the unclogged 
nozzles, which then overwork their areas of filter m aterial and defeat 
the purpose of the trickling filter. The chlorinators require the g rea t
est attention but they do hold up rem arkably well. All of these condi
tions can be corrected ra th e r easily and none of them should take much 
time. The operator can and perhaps preferably  should have other 
duties but he m ust realize the function and im portance of sewage tre a t
m ent; he m ust realize tha t the p lan t should always be kept in good op
erating  condition otherwise the taxpayers ’ money is being wasted.

In  B elair it appears tha t there have been times when the p lan t was 
neglected and the policing by the S tate H ealth D epartm ent was neces
sary  to bring better operation. The value of the D epartm ent of Sani
ta ry  Engineering is obviously dem onstrated in a case of this kind. The 
damages paid as the result of the lawsuit, whether completely justified 
or not, show the vigilance necessary to prevent such unnecessary waste 
of money.
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A n n a p o l i s

Annapolis, a city of about 13,000 inhabitants, is the capital of M ary
land and seat of the U. S. Naval Academy. I t  is one of the oldest cities 
in the U nited States and at one time was the governmental and social 
center of the country. I t  lies on the south shore near the mouth of the 
Severn River. The Severn is a broad tidal estuary  of the Chesapeake 
and is a favorite recreational area of M arylanders. Swimming, fishing, 
crabbing and boating are prevalent all along its reaches and its shores 
are spotted with public beaches and private summer homes.

Annapolis proper is situated between two tidal inden tations: Spa 
Creek and College Creek. As the town developed sewers were laid on 
various streets independently and each one discharged into the body of 
water which term inated the street. In 1934, there were 49 sewer outlets 
running into Spa and College Creeks and the Severn River. These 
sewers also carried roof and street drainage. By this time (1934) most 
of the buildings in the city were connected to the sewers and the waters 
were so polluted tha t they were noticeably malodorous in warm weather, 
besides always containing floating m atter of obvious sewage origin. F o r 
20 years various groups agitated for corrective measures and finally, 
in 1933, plans and specifications were drawn up for an intercepting 
sewer and a sewage treatm ent plant. All of the old sewers were in ter
cepted including those in the Naval Academy grounds and two outlets 
from the City of E astpo rt across Spa Creek from Annapolis. Storm 
water drains were separated from the domestic sewerage and this d ra in 
age still discharges into the harbor waters. The collected sewage is 
received by gravity  a t a pumping station in Eastport, whence, after 
chlorination, it is pumped through an underw ater force main across 
Back Creek to the treatm ent plant, a distance of about one mile. The 
treatm ent works consists of two 150,000-gallon clarifiers with sludge re
moval and grease skimming mechanisms, two 180,000-gallon fixed cover 
digesters with gas collectors and heating coil systems, vacumm sludge 
filtering system and a fully equipped control laboratory. The capacity 
is 3 m.g.d. The effluent is discharged into the Severn about 3,000 feet 
offshore (4, 5).

The location of the sewage outlet was determined by float tests. The 
object was to locate it  in such a way that the sewage was carried away 
from the south shore by the tidal currents.

The S tate D epartm ent of H ealth established 55 sampling stations in 
the creeks and the river in 1931 (Fig. 3), and since then eight sets of 
samples have been taken. Of this number, four were taken before the 
modernization of the system, i.e., p rio r to 1934, and four after. Stations 
56 to 62 were added in 1939 to determine the quality of the w ater in the 
vicinity of Annapolis Roads, a bathing club, and the effect in the river 
around the outlet. These samples were given the confirmed test for 
coliform organisms and a number of times analyzed for dissolved oxy
gen content,
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U sually ebb tide samples were taken on one day and flood tide sam 
ples the following day. A wide variation in bacteriological results will 
be noted fo r most of the stations for each tide both before and afte r 
treatm ent. This is particularly  apparent on Ju ly  26, and 27,1932, when 
flood tide samples were taken both days. The results would be expected 
to be fairly  close together but in a good many cases they are not. This 
lack of consistency may be accounted for by the difference in the hours 
of collection a t each station and by the lack of accuracy which is char
acteristic of grab samples. Generally speaking, however, the polluted 
sections are apparent even though they vary  greatly  from an average 
number.

The results (summarized in Table I I I )  show tha t under the old sew
erage system the two creeks were badly polluted bacterially, although

T a b l e  III .— M aximum and M inim um  Recorded M .P .N . of Coliform Bacteria in  Severn River 
Before and After the Inauguration of Sewage Treatment at Annapolis

Ebb Tide Flood Tide

Station Maximum Minimum Maximum Minimum

Before After Before After Before After Before AfterTreatment Treatment Treatment Treatment Treatment Treatment Treatment Treatment

1 2,400,000+ 240 2,400 240 24,000 2,400 2,400 240
2 2,400,000+ 38 9,400 38 24,000 240 24,000 240
3 2,400 240 2,400 240 240,000 24,000 24,000 240
4 2,400,000 2,400 2,400 38 24,000 2,400 24,000 240
5 240,000 240 2,400 240 240,000 240 24,000 38
6 2,400,000 38 2,400 38 190,000 240 24,000 240
7 2,400,000+ 2,400 2,400,000 2,400 2,400,000 240 2,400 240
8 240,000 240 2,400 240 24,000 24,000+ 24,000 240
9 240,000 24,000+ 2,400 24,000+ 24,000 2,400 2,400 240

10 240,000 240 2,400 240 24,000 2,400 2,400 38
11 24,000+ 2,400 2,400 240 24,000 240 240 38
12 240,000 240 2,400 240 24,000 2,400+ 2,400 240
13 190,000 38 2,400 38 24,000 2,400 2,400 38
14 2,400,000+ 38 24,000 38 240,000 2,400 24,000 240
15 950,000 2,400 2,400 2,400 240,000 240 2,400 240
16 2,400,000+ 2,400 24,000 2,400 240,000 2,400+ 240,000 2,400
17 95,000 24,000+ 24,000 240 240,000 2,400+ 2,400 240
18 2,400,000+ 2,400 24,000 2,400 24,000 240 24,000 240
19 95,000 24,000+ 9 240 24,000 240 2,400 240
20 24,000 2,400 240 240 24,000 2,400 240 38
21 95,000 240 240 240 2,400 240 240 38
22 240,000 2,400 240 240 240 2,400 240 38
22A -  - 24,000+ — 240 — 2,400 — 5
23 240,000 240 2,400 240 2,400 2,400+ 2,400 240
24 24,000 24,000+ 23 240 2,400 950 2,400 38
25 24,000 24,000 2,400 240 2,400 240 2,400 38
26 24,000 240 23 38 2,400 240 2,400 38
27 2,400 24,000 240 38 240 240 38 38
28 2,400 38 0 9 2,400 240 240 240
29 2,400 2,400 240 38 240 24,000+ 38 5
30 2,400 2,400 23 38 2,400 24,000+ 240 0
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T a b le  III .— (Continued)

Ebb Tide Flood Tide

Station Maximum Minimum Maximum Minimum

Before After Before After Before After Before After
Treatment Treatment Treatment T reatment Treatment Treatment Treatment Treatment,

31 2,400 38 240 9 240 240 23 2
32 2,400 240 240 15 2,400 240 240 38
33 2,400 240 240 38 2,400 240 240 5
34 240 2,400+ 230 5 240 240 240 12
35 2,400 240 230 8 2,400 240 23 0
36 2,400 38 230 2 240 38 23 2
37 . 2,400 240 23 15 240 240 0 5
38 2,400 2,400 23 38 240 2,400 240 2
39 230 38 23 9 2,400 2,400 240 240
40 2,400 240 230 5 2,400 240 38 38
41 2,400 38 240 9 24,000 38 950 38
42 24,000 240 240 38 2,400 240 240 9
43 2,400 38 230 38 240 38 240 2
44 230 240 23 15 240 2,400 23 5
45 2,400 38 230 9 2,400 38 38 5
46 2,400 38 23 38 38 2,400 23 38
47 24,000 240 240 38 240 240 23 12
48 24,000 240 240 9 240 240 23 5
49 2,400 38 230 15 2,400 38 240 15
50 240,000 240 24,000 240 240,000 2,400 2,400 38
51 24,000 2,400 240 240 2,400 240 2,400 38
52 9,000 38 240 38 2,400 240 2,400 38
53 2,400,000 2,400 2,400 38 2,400 240 2,400 21
54 2,400,000 2,400 24,000 240 2,400 240 2,400 38
55 240,000 240 24,000 240 950,000 240 950,000 38
56 —■ 24,000+ — 240 — 2,400 — 240
57 — 24,000 — 240 — 240 — 240
58 — 2,400 — 38 — 24,000+ — 240
59 — 2,400 — 240 — 240 — • 240
60 — 240 — 38 — 240 — 38
61 — 240 —• 38 — 24,000+ — 240
62 — 240 — 15 —- 240 — 38

m aintaining a liigli oxygen content. Physically, the creeks were almost 
disgraceful, especially a t the headw aters and around the city docks 
where five sewers discharged. Fecal m atter and other sewage m ate
ria l floated on the surface.

Stations 1 to 18 are in Spa Creek. U nder the original system  the 
lowest coliform index on the flood tide was 240 per 100 ml. a t station 11 
and this occurred in the spring. I t  is the only station in the creek hav
ing this low number. On the ebb tide, with the exception of station 3 
where the indicated 0 is obviously erroneous, the lowest recorded num 
ber of coli-aerogenes bacteria is 2,400 per 100 ml. The highest M.P.N. 
on both tides was over 2,400,000. This figure occurs more frequently  
and at more stations in the creek on the ebb than the flood tide as would 
be expected since there is a negligible amount of fresh  diluting w ater
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in this indentation. A fter the new system was pu t in operation the bac
terial results show decided improvement a t all points in Spa Creek, the 
highest coliform count being above 24,000 which was never recorded at 
more than two stations in a set of readings.

In  College Creek the situation was not quite as bad physically as 
there were fewer sewer outlets. However, bacterially, the samples 
from stations 53, 54, and 55 in this creek show gross pollution under the 
original system and the greatest pollution again occurred on ebb tide. 
The improvement in conditions is shown by the figures fo r coliform bac
teria and from  the general physical appearance.

Out in the Severn R iver because of the large body of water, the 
greater effect of tides on dilution and the fact th a t most of the sewer 
outlets were in the creeks, the pollution was not as bad. The highest 
M.P.N. was 240,000 and this figure was only recorded a t two stations 
(22 and 23) both taken the same day on ebb tide. The higher counts 
occur in the vicinity of the creek mouths and near the sewer outlets from  
the U. S. Naval Academy.

A fter the new system had been pu t into operation there was a nota
ble bacteriological improvement a t all stations, particularly  in the upper 
reaches of the creeks. There are counts as high as 24,000 per 100 ml., 
which can probably be explained by the fact tha t storm  w ater drains 
still empty into the w aters untreated and these drains always carry  a 
certain amount of pollution.

Station 56 was established just downstream from the new sewer out
let. The two coliform samples show no gross pollution although on one 
ebb tide there is fa irly  heavy contamination.

Stations 58, 59, 60 and 61 offshore from the Annapolis Roads Club 
have counts tha t vary  greatly. S tation 60 closest to the bathing areas 
has the lowest count for the two samples, the highest M.P.N. being 240 
per 100 ml. I t  will be noted tha t this is above the 100 per 100 ml. recom
mended by many health departm ents, but well under the 1,000 per 100 
ml. that other health officials will accept as safe.

Table I I I  summarizes the maximum and minimum coliform counts a t 
the various stations th a t were recorded under the old and the new 
sewerage systems. F igures 4, 5, 6 and 7 attem pt to show graphically 
the improvements in the harbor waters. F igures 4 and 6 show condi
tions before treatm ent on the ebb and flood tides respectively, and Figs. 
5 and 7 are the maximum counts recorded afte r treatm ent was inaugu
rated on the two tides.

Although only two sets were taken during the period, the dissolved 
oxygen samples show tha t even when the sewers discharged raw  sewage, 
the D.O. was high. A fter interception and treatm ent the lowest D.O. 
recorded was 5.7 p.p.m. at station 40 which is in the Severn R iver and 
station 48 at the mouth of College Creek. The date was A ugust 8th, 
when the tem perature of the w ater was 27° C. W ith a chloride con
tent of 5,000 p.p.m. this would be 74.3 per cent of saturation. The river 
is frequently supersaturated with oxygen and none of the samples show 
any danger to fish life nor sufficient depletion to cause a nuisance.
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F ig. 5.— Annapoils maximum coliform indices after treatment, ebb tide.



Vol. 16, No. 6 EFFECT OF SEWAGE TREATMENT 1207

F ig. 7.— Annapolis maximum coliform indices after treatment, flood tide.
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The greatest nuisances in the w aters around A nnapolis were from  
floating sewage solids and from  heavy bacterial contamination. The 
removal of all domestic sewage outlets along the w aterfron t solved the 
physical problem and greatly  im proved the bacterial quality. I t  is un
fa ir  to condemn w aters fo r swimming oh the results of only four sets of 
grab samples taken over a period of four years, but it can be pointed 
out that, on occasion, Spa and College Creeks are too heavily laden with 
coliform bacteria to be considered safe for bathing. However, little, if 
any, bathing is indulged in in these w aters. In  the Severn R iver a fu r
ther investigation is also needed. This portion of the Severn R iver has 
long been closed to oyster fishing and even with the im provements to 
the Annapolis sewerage the area  rem ains too contam inated for this p u r
pose. Furtherm ore, it is the policy of the M aryland S tate D epartm ent 
of H ealth to quarantine areas in the vicinity of sewage outfalls, even 
though the w aters pass the san itary  standards, because of the potential 
danger from  breakdowns in sewage treatm ent.

The treatm ent plant is well operated by a full time man. The point 
of discharge of the effluent can sometimes be detected by the slight 
disturbance of the w ater but there are no physical nuisances from  it  and 
the bacterial counts in the vicinity are rem arkably low. D.O. content is 
likewise good.
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C h e s t e r t o w n

On the north  shore of the upper reaches of the Chester R iver lies 
the village of Chestertown, w ith a population of 2,800. The original 
sewerage of Chestertown followed the old pattern  of discharging each 
street sewer into the nearest body of water. Fortunately, only three 
streets here run  down to the w a te r’s edge and so there were only three 
outlets in the Chester River. But in addition many residents along the

T a b le  IV .— Comparison of Coliform Index After Treatment with Maximum  
Counts Before Treatment (M .P .N .), Chester River at Chestertown

Station

Ebb Tide Flood Tide

Max. Before 
Treatment

After
Treatment

Max. Before 
- Treatment

After
Treatment

1 240,000 38 24,000+ 240
2 2,400 + 240 24,000+ 240
3 240,000 240 24,000 240
4 2,400 + 38 24,000+ 240
5 2,400+ 240 240,000 38
6 2,400+ 96 2,400 240
7 2,400 + 240 2,400 240
8 2,400 + 240 2,400 240
9 240,000 2,400 24,000,000 240

10 240,000 38 2,400 240
11 2,400+ 38 24,000 + 240
12 2,400+ 2,400 24,000 240
13 2,400+ 2,400 24,000 + 240
14 24,000+ 240 2,400 240
15 2,400+ 240 2,400 240
16 24,000+ 38 24,000 240
17 2,400+ 240 2,400 240
18 2,400 + 24,000+ 2,400+ 12
19 2,400+ 38 2,400 240
20 2,400+ 240 24,000+ 240
21 2,400+ 240 24,000+ 240
22 2,400+ 240 24,000+ 240
23 2,400 + 38 2,400 ' 240
24 24,000+ 240 24,000 240

w aterfront had private sewers running directly to the river. In  1925, 
because of complaints, it was recommended tha t all sewers connect to 
the city sewer and tha t the three outlets be extended to the channel.

In  1929 an inspection showed that the outfall in closest proxim ity to 
the bridge (see Fig. 8) was broken and the sewage actually was dis
charging six feet from shore. I t  should be explained tha t Chestertown 
becomes a resort in summer with swimming, boating and fishing are 
concentrated in this area.

The w aterfront residents and other public spirited citizens, with the 
encouragement of the State D epartm ent of Health, attem pted for years 
to convince the city of the need for relieving the obnoxious conditions on
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the c ity ’s fron t doorstep. B ut apathy on the p a rt of local government 
and objections to spending money for such purposes by the uptown resi
dents kept the river in a polluted condition in the vicinity of the three 
outlets until 1939.

In  1938 the S tate  Jlepartm ent of H ealth  finally convinced the popu
lace th a t the situation should no longer be to lerated  and in September, 
1939, a treatm ent p lan t was completed and pu t in  operation. E xten
sions to the sewerage system were made and an interceptor eliminated 
the old outlets and carried  all of the sewage to the new plan t about a 
half-mile downstream. H ere the sewage receives plain sedimentation,

separate digestion and chlorination. The digested sludge is discharged 
in the effluent pipe to the river.

The first system atic health departm ent records on the river begin in 
1931, when 20 stations were established. These sam pling stations are 
in five cross sectional groups of four each (Fig. 8). L ater in the year 
another cross sectional group was added upstream  from  the original set 
(stations 21 to 24).

A fter the establishm ent of the stations, three sets of samples on the 
ebb and the flood tides were taken in 1931. None are on record again 
until 1934 when two sets were taken; then in 1938 one more. All of

F ig . 9.— C heste rto w n  m ax im um  co lifo rm  in d ices b e fo re  t r e a tm e n t,  eb b  tid e .
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these are p rio r to the installation of the new system. Since the mod
ernization, only one set of samples has been examined.

The results of the analyses (Table IV ) show a singular lack of con
sistency. S tation 5, which one would expect to have the highest coli- 
form  count on either tide, frequently shows an unpolluted condition. 
Yet on days when the bacteria count was low, the physical description 
of the river was bad. On June 27, 1934, for instance, the ebb tide 
shows maximum M .P.N .’s of 2,400 a t stations 1, 2, 9 and 14, all other 
stations have much lower counts; yet the memorandum for this day 
states tha t conditions on the surface were objectionable near the three

outlets. The dissolved oxygen in the river on this day was sufficiently 
high; the lowest being 73.1 per cent of saturation. Nevertheless, the 
bacteriological data do show periods of heavy pollution and the greatest 
counts are usually on the Chestfertown side of the river, in the vicinity 
of the older sewer outlets (Stations 1 and 2, 5 and 6 and 9 and 10). The 
downstream stations (13 to 20) would also get the effect of Radcliffe 
Creek, which until 1933 received skimmed milk, canning wastes and ta r  
wastes from  the municipal gas plant. These wastes would not affect the 
coliform counts, but would cause an oxygen depletion. Since the dis
solved oxygen content is high at all times in the river, the waste nuisance

F ig . 10.— C hestertow n  m axim um  co lifo rm  in d ices a f te r  t re a tm e n t, ebb tid e .
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would seem to have been confined to the creek. By 1933, due to com
plaints, ta r  was no longer w asted to Radcliffe Creek, skim milk rare ly  
and the canning w astes were not considered objectionable.

A fter the new plan t was completed the only set of samples taken 
shows a good bacteriological condition throughout the river. Table IV  
shows a comparison of this set w ith form er maximum M .P.N .’s. And 
these results are shown graphically in Pigs. 9, 10, 11 and 12. F igures 
9 and 11 show the form er maximum coliform counts recorded on the 
ebb and the flood tides respectively, and Figs. 10 and 12 show the results 
of the last set of samples taken on each tide. However, in the several

K e y
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3 00 .000  

3 0 ,0 0 0

3 .0 0 0
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E ig . 11.— C heste rto w n  m axim um  co lifo rm  ind ices b e fo re  tr e a tm e n t ,  flood tid e .

periodic inspections by the State san itary  engineers there is not in 
frequent evidence of poor operation of the treatm ent plant. F o r sev
eral months afte r the p lan t was put in operation, no chlorine was used, 
although chlorination of the effluent was considered essential. A fter 
chlorination was finally applied the chlorinator was usually operating 
faultily  or shut down because it was not running satisfactorily. On two 
inspection trip s  the engineer found the operator absent and each time 
there were heavy accumulations of grease and scum at the discharge 
end of the clarifier. Once considerable solid m atter was going over the
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outlet wier. On Ju ly  17, 1940, when the samples were taken for bac
terial and D.O. tests the plant was in good working order. One of the 
State engineers noted tha t although the physical discharge of the efflu
ent was noticeable in  the river, it was entirely unobjectionable; neither 
grease nor floating solids were present.

The new sewerage layout eliminated the esthetic nuisance of floating 
solids along the shore front of Chestertown and relieved the public 
health menace. However, the new outlet, about a half mile downstream, 
can prove a nuisance in tha t area if the treatm ent works are not operat
ing properly. I f  ju st one set of samples can be used as a criterion, it

Key

F ig . 12.— C hestertow n  m axim um  co lifo rm  ind ices a f te r  tre a tm e n t, flood tid e .

can be said tha t the river is generally safe for bathing as long as the 
plant operation is good. The only high coliform counts were a t stations 
9, 12, 13 and 18 on the ebb tide and, except at station 18, they are not 
excessive. The D.O. content was never a problem, since it was always 
high enough to support fish life.

C o n c l u s i o n s

Summing up the data, it can be said tha t in the large towns of A n
napolis and Hagerstown the treatm ent perform s the function for which 
it was designed because of the employment of competent full time op
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erators. In  the sm aller towns of Chestertown and Belair, there are not 
infrequent evidences of neglect. Small towns do not pay  a good full 
time operator and they are faced w ith the problem of employing one 011 
a small salary  or using a p a r t time man. I t  would be dogmatic to say 
tha t one is more desirable than the other. E ither situation can be good 
or bad depending on the man.

H agerstow n uses a high degree of trea tm ent and frequently  turns 
out an effluent better than the stream  into which it discharges. A nnapo
lis, having only p rim ary  treatm ent, discharges into a body of w ater tha t 
furnishes ample dilution. I ts  effect on the receiving w ater is not p a r
ticularly  noticeable bacterially or physically and the whole Severn 
River in the vicinity of A nnapolis has been improved, notably in the 
creeks.

B elair discharges a biologically trea ted  sewage to a very small 
stream . Damages paid  to a downstream  farm er show vividly the neces
sity of keeping the treatm ent p lan t in good operating condition a t all 
times. H ere was a case of a stream  subject only to the usual ru ra l uses, 
into which a small m unicipality started  discharging sewage. This was 
not a problem of im proving existing bad conditions, but of preventing 
them from  arising due to the new sewerage development. The method 
of accomplishing it  is sound, the cost was justified, but neglect so easily 
nullifies the results and money is wasted.

Chestertown had the same problem as H agerstow n and Annapolis, 
the correction of existing pollution. I t  is perhaps na tu ra l tha t physi
cally obnoxious conditions and the destruction of fish life will arouse the 
public, whereas the unseen bacterial menace does not cause so much con
cern. The Chester R iver contiguous to Chestertown was cleaned up. 
Poor operation of the new treatm ent p lant would not visibly d irty  the 
river as much as the old sewer outlets did and the site of the new outlet 
is away from  the town. However, tides can carry  pathogenic organism s 
a considerable distance, causing a health menace to bathers. Chester
town should chlorinate its p rim ary  treated  sewage as designed, but too 
often it  does not.

S treeter aptly  advises operato rs: “ W atch your stream s. They are 
the final criterion of accomplishment. Screens, tanks and filters are 
means to an end, which lies, not in the effluent conduit, but in the 
s tream ”  (6).

A c k n o w l e d g m e n t s

T he w r ite r  is  in d e b te d  to  M r. G eorge L . H a ll, C h ief E n g in e e r  o f  th e  M a ry la n d  S ta te  D e
p a r tm e n t  o f H e a lth , f o r  a l l  th e  d a ta , a n d  fo r  th e  m ap  o f A n n ap o lis  a n d  C heste rto w n .

D o cto r A bel W olm an , P ro fe s so r  o f  S a n ita ry  E n g in e e rin g  o f  T h e  J o h n s  H o p k in s  U n iv e rs ity  
is  resp o n s ib le  fo r  th e  d ire c tio n  o f  th is  in v e s tig a tio n .
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fo r  th e  P re se rv a tio n  o f  th e  W a te r  S u p p ly  R esources o f  th e  S ta te  o f  M a ry la n d . W a te r
R esources Com m ission o f M a ry la n d  ( J a n u a ry ,  1 9 3 3 ).
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THE OPERATOR S CORNER

SOMETHING NEW  IS ADDED
In  line with our constant endeavor to furn ish  the best available op

eration m aterial in the J o u r n a l , we take much pleasure in announcing 
tha t arrangem ents have been completed for three regu lar features of 
The Operator’s Corner to be handled by a trio  of outstanding men.

LeRoy W. V an Kleeck, Senior San itary  Engineer of the Connecticut 
S tate D epartm ent of H ealth, will begin w ith an early  issue to conduct 
the “ In teresting  E xtracts from  O peration R ep o rts”  section. Mr. Van 
Kleeck has an unusual experience background and has contributed in 
im portant m easure to the p lan t operation literatu re . He has a thorough 
understanding of the problems of the operator and is ideally fitted to 
in terp re t operation data  and to judge the items of g reatest general value 
and interest. Space does not allow us to list all of Mr. V an K leeck’s 
excellent qualifications but reference m ust be made to the high respect 
and esteem in which he is held by the p lan t operators with whom he has 
contact in his work—a most significant fact.

W alter A. Sperry, Superintendent of the A urora (Illinois) Sanitary  
D istrict and one of the na tion ’s most highly regarded p lan t supervisors, 
has consented to undertake the “ Daily L og”  column. The w riter de
rived considerable pleasure in presenting this fea tu re  during his tenure 
as an operator and reader reaction has been so gratify ing  th a t it will 
be continued. I f  enthusiasm  for his work, a probing mind, a penchant 
for detailed records and a sense of the human side of day-to-day occur
rences are good qualifications for this assignment, Mr. S perry  has all 
of them in plus quantities. O perators m ay look forw ard to an in terest
ing column, full of good suggestions and practical experiences.

The “ Sum m ary of Experience”  series of articles, offering the d e
tailed practice of competent operators in controlling various sewage 
collection and treatm ent works, has found more than  enough favor to 
ju stify  the labor and time required to compile and present them. These 
articles will be prepared  henceforth * by Mr. Douglas E . D reier, Senior 
S an itary  Engineer of the Illinois S tate D epartm ent of Public H ealth. 
W orking entirely in the Sewerage and Stream  Pollution Section of his 
office, Mr. D reier is in constant touch with the wide varie ty  in size and 
type of Illinois ’ many plants and has dem onstrated a keen judgm ent in 
the evaluation of operation procedures. Like Mr. V an Kleeck, he en
joys the respect and esteem of his associates and can be depended upon 
to do a splendid job. I t  is hoped tha t a t least two of these articles can 
be presented each year.

*  ‘ * E x p e rie n c e  in  M e ch an ica l A e ra tio n  A c tiv a te d  S lu d g e  P l a n t  O p e ra tio n  ’ ’ is  sc h ed u led  f  or 
th e  J a n u a r y ,  1 9 4 5 , issu e  o f This Journal.
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The Corner will be benefitted by this new talent but we again remind 
every operator tha t this is your particu lar feature of the J o u r n a l  and 
tha t you have a definite responsibility too. Your annual operation re
ports, your contribution of articles, your co-operation in filling out and 
returning questionnaires, your letters describing unusual experiences— 
all of these are necessary. To those who have already been so willing 
to assist we are indeed gratefu l but there should be much wider partic i
pation than there is now.

I t  is also fitting tha t there be proper appreciation of the willingness 
of Messrs. Van Kleeck, Sperry  and D reier to be of service.

W. H. W.

SEW ER M AINTENANCE AND CONTROL IN 
CONNECTION W ITH PLANT  

OPERATION *

By C a r l  A. W a h l s t r o m

Superin tendent, L a  Crosse, W is.

La Crosse has a population of about 43,000 and is located on the 
E ast bank of the Black and M ississippi Rivers. The city is divided into 
two sections by low m arshy areas and the La Crosse River.

On the N orth Side there are 25.29 miles of sewers, consisting of 
storm, sanitary  and combined sewers, 4.25 miles of which are storm 
sewers. On the South Side we have 76.52 miles of sewers, 13.32 miles of 
which are for storm water, the rem ainder being sanitary  and combined 
sewers. There are three lift stations in the system, two on the North 
Side and one on the South Side sanitary  sewer. All of the remaining 
sewers discharge by gravity  to the plant. A t the plant, pumps raise 
the sewage to a sufficient elevation to perm it it to flow through the plant 
and to a point of outfall by gravity.

In  summarizing the sewer system, there are 17.57 miles of storm 
sewer, 84.24 miles of san itary  and combined sewer, 1,318 manholes, 
3,042 catch basins, three pumping stations, two syphons and three flood 
control gates. The control gates are located on the old sewer outfalls.

The storm  sewers were all constructed during W .P.A. days. We 
have hopes that some day the storm  sewer program  will be completed, 
which will relieve our load a t the plant, even though it may entail addi
tional work in the sewer departm ent, such as flushing, repair and 
inspection.

The sewage treatm ent plant construction was started  in 1936 and 
the works were ready for operation in August, 1937. I t  is located on 
what is known as Isle La Plume. In  la ter years, because of insanitary  
conditions along the river bank caused by dumping of refuse, it became 
the city dumping ground, approved by the City Board of Health. Dump

* Presented at Conference of Wisconsin Sewage Works Operators, Oshkosh, June 22, 1944.
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men were employed and the dumping area is kept in as neat a condition 
as possible. The p lan t is located on the edge of this filled area, the fill 
around the p lan t being pumped from  the river. Dump grounds are  now 
m aintained below the p lan t and a p a r t of the old dump area has been 
converted into an attractive park.

A fter the p lan t had been in operation fo r approxim ately one year, 
it was decided by the B oard th a t the m aintenance of the sewage collec
tion system should also come under the supervision of the treatm ent 
plant. Their theory was, th a t by combining the two departm ents, dupli
cation of equipment and manpower could be avoided.

In  1939 new sewer equipment was purchased and a system of m ain
tenance set up. A t first it was ra th e r difficult to change the old method 
of operation. I t  was the old s to ry : “ We have been getting along all 
these years, why change now ?”  Sewers were never repaired  until a 
s tree t cave-in occurred; the use of m an pow ered equipm ent was slow 
and showed poor results. A short time afte r the power machines had 
been in operation, the men operating them took notice of the ease with 
which better and more work was accomplished, and fell in line w ith the 
new methods. Today they are well satisfied and very  much pleased 
w ith the work they are accomplishing.

W e have observed by our past experience tha t by having the sewer 
m aintenance crew as an in tegral p a r t of the trea tm ent p lan t personnel, 
and having full control over all the sewers, complaints from  the public 
and plum bers of sewer stoppages have been reduced to a minimum.

Manholes, intercepters, and sewer flow are checked by the forem an 
and notes taken of their condition. The catch basin crew reports any 
necessary repairs to catch basins, and the sewer cleaning crew reports 
condition of sewers. In  this manner, repairs are made before large 
breaks occur. Cleaning of sewers begins as early in the spring  as pos
sible and continues until late fall. There are times, however, when this 
program  is in terrupted, and tha t is during a large repair job when all 
men available are required. U nder present conditions, we are fo rtu 
nate tha t our sewer crew personnel is made up of elderly men.

As soon as the basins are thawed out in the spring, the catch basin 
crew s ta rts  the routine of cleaning and inspection. We remove approxi
m ately one-half yard  of d irt per basin in the first cleaning. By remov
ing the sand and cinders washed off the streets, which m ateria l is used 
by the street departm ent for slippery street conditions, we relieve the 
g rit load on the plant, reducing equipment repa ir and maintenance.

The wet wells a t the lift stations are cleaned and washed as often as 
it is necessary throughout the year by the sewer crew, the p lan t crew 
giving whatever assistance is necessary.

There is no duplication of equipment or supplies such as pum ps, air- 
blowers, boots, waders, etc., both crews using the same equipment, some 
of which is stored at the p lan t and the rem ainder stored in  the sewer 
departm ent. We have been inform ed tha t some day we m ay have the 
sewer crew stationed a t the plant.
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In  the past four years, the m ajority  of the sewer breaks have been 
found a t the time of cleaning the sewer. By inspecting the sewer at the 
time of cleaning, we have saved ourselves a g reat deal of additional

F ig. 1.— Sew er r e p a ir  a t  L a  C rosse, W isco n sin . B ro k en  a rch  in  se g m en ta l tile  sewer

F ig . 2.— R e p a ir  o f  sew er a rc h  i l lu s tra te d  in  F ig . 1.

work as well as convenience to the public. Broken sewers tilled with 
sand cause flooded basements and other unpleasant complications.

A short time ago, after cleaning and inspecting a 36-inch segmental 
tile sewer, we found a section a t which the top had settled and one tile
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was broken, with sand coming through the break. We m easured the 
distance from  the manhole to the center of the break, and sunk a  10-ft. 
by 16-ft. shaft which gave us ample room to make the necessary repair. 
I t  was necessary to remove 12 ft. of the top half section and rebuild it. 
The broken section was restored  w ith brick (Figs. 1 and 2).

Catch basin repa ir consists of replacing broken gates, changing cast
ings, brickwork and pipe restoration  and rebuilding where they are be
yond repair. Manhole repair consists of raising  or lowering castings, 
brick repair and wedging rattling  covers. Some years ago sand was 
used for silencing noisy manhole covers. The sand was placed on the 
seat of the fram e and around the edge of the cover. This method 
proved satisfactory  until the sand washed out. Then asphalt rings 
were used but the men complained about the difficulty in  removing the 
covers. We now use wood wedges which have proven satisfactory, the 
covers being more easily removed and the wedges are cheap.

F lushing of sewers is supervised by the forem an and notes made of 
sections where the w ater will not run  off properly. The location is 
given to the cleaning crew and, if  conditions w arran t, the sewers are 
cleaned a t once. W ork on the lift station wet wells and control gates 
is perform ed by the p lant maintenance crew, assisted by the sewer crew 
when ex tra  help is needed.

Replacing manhole steps is usually done in the fall by the catch basin 
crew. We use %-inch steel rod for repair and cast iron steps fo r all 
new work.

In  late fall we also cover catch basins which are connected to shallow 
sewers. By covering them, frozen sewers are prevented and steam ing 
is eliminated. In  case of an early thaw, the covering is removed to re 
lieve flooded corners, but replaced again until freezing w eather is over.

Maintenance work is charged as follows : sewer breaks, sewer inspec
tion, catch basin repair, manhole repair, replacing manhole steps, clean
ing sewers, cleaning catch basins, flushing sewers, work on intercepters, 
cleaning wet wells, steam ing catch basins, covering manholes and catch 
basins, and equipment repair. On the charge sheet we also have blank 
spaces for other work tha t may arise.

Now tha t we have educated our sewer crew to the im portance of 
keeping the sewers clean and properly repaired, they are accomplishing 
more work in a more efficient manner. The B oard is well satisfied with 
results and the minimum amount of complaints reported  prove th a t by 
combining the two departm ents we can furn ish  additional service w ith
out additional cost.
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GAS COLLECTION AND UTILIZATION *

B y  C h a r l e s  G i l m a n  H y d e

Professor o f  San itary  Engineering, U niversity  o f  California., Berkeley

W h a t  is  S l u d g e  o r  D ig e s t e r  G a s ?

Sludge or digester gas normally consists of a number of com para
tively simple gaseous substances, as follows :

(a) Methane, a hydrocarbon, commonly known as m arsh gas; also 
as tire damp in coal mines. I ts  chemical structure is indicated 
as made up of one atom of carbon linked to four atoms of hydro
gen, CH4. I t  is highly inflammable, a statem ent which signifies 
tha t it has strong affinity for oxygen; in other words that it is 
unstable in the presence of oxygen, if some igniting or heat 
source is present. In  the process of oxidation it produces heat 
and forms carbon dioxide, C 0 2, and water, H ,0  ;

(h) Carbon dioxide, a fully oxidized, stable, organic compound con
sisting of one atom of carbon attached to two atoms of oxygen, 
C 0 2. I t  is a complete product of combustion and is inert as re
lated to heat generation through fu rther oxidation;

(c) Hydrogen sulfide, a so-called reduction compound, consisting of 
two atoms of hydrogen and one atom of sulfur, H 2S. I t  is in
flammable and unites readily with oxygen. The hydrogen burns 
to form water, H 20 , and the sulfur burns to form  sulfur dioxide, 
S 0 2. In  this process of oxidation heat is produced;

(d ) Other gases, in relatively small amounts, such as nitrogen, an 
inert incombustible substance; and oxygen and hydrogen, both 
exceedingly inflammable and active in the sense tha t they com
bine readily with each other or with other elements, producing 
heat.

Sludge gas, under unsatisfactory conditions of digestion, particu
larly under conditions of high acidity, indicated by a low hydrogen ion 
concentration (pH  value), may contain a number of volatilized pu tre
factive substances having exceedingly obnoxious odors. Among such 
substances are m ercaptan, allyl sulfide and other organic compounds 
containing su lfur; also such organic and inorganic products as indol, 
skatol, phosphine, etc. ’

Digestion tanks or com partments should be properly seeded in ad
vance with digested sludge, a difficult undertaking in most cases because 
of the unavailability of such m aterial. T hereafter they should not be 
overloaded with excessive amounts of added fresh sludge. Unless such 
precautions are taken and acid decomposition thereby prevented, such 
objectionable odors as have just been referred  to are bound to occur and 
will continue to be produced until alkaline digestion is fully established.

* Presented at Operators’ Section, 17th Annual Meeting, California Sewage Works Assn.,
Fresno, June 24, 1944.
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Acid decomposition of the organic solids in the sludge commonly rep re 
sents the first stage, and alkaline digestion the second stage in  the in itia l 
operation of any sludge digestion unit such as an Imhoff tank or a sepa
rate  sludge digestion tank.

W ith well-established alkaline digestion the combustible gases, p rin 
cipally methane with some hydrogen sulfide, and possibly some oxygen 
and hydrogen, constitute from  65 to 80 per cent of the to ta l volume and 
the inert gases, for the m ost p a r t carbon dioxide w ith possibly some 
nitrogen, constitute the rem ainder, namely from  35 to 20 per cent of the 
volume. Obviously, the greater the proportion of the combustible gases 
the g reater is the heat or energy capacity or potential of the combination.

The actual specific composition of the gas produced in  any case de
pends upon several factors. Among these are the type of sewerage 
system, whether separate or combined; the food habits of the popula
tion ; the kind and extent of industria l w astes ; and the processes of sew
age and sludge treatm ent.

How Is S l u d g e  G a s  P r o d u c e d ?

Sludge gas is produced by the action of bacteria upon the organic 
m aterial in sludge. All bacteria require oxygen ju s t as does m an and 
all other living things, both animal and vegetable, on this earth . Since 
free oxygen is practically absent in sewage sludge it  is obvious th a t the 
oxygen demanded by the bacteria m ust be derived from  some other 
source. T hat source is the oxygen combined w ith the various organic 
and other substances in the w ater supply and in the w astes discharged 
thereinto to create w hat we term  sewage. The kind of bacteria  capable 
of w resting this oxygen from  relatively stable products is known as 
anaerobic, a term  implying life w ithout a i r ; although life in  the absence 
of free oxygen is actually meant.

The organic m atter in sewage sludge furnishes an abundant food 
supply for these bacteria, as well as for other minute organism s. In  
the process of food consumption these organism s break down the com
plex and relatively unstable organic compounds into relatively simple 
and stable or fixed substances. This process is called sludge digestion. 
The final products are three in number and kind: (1) a more or less 
stable humus-like m ateria l; (2) a liquified or very finely divided—more 
or less colloidal—m atter; (3) gases, as above described.

The measures of progress in sludge digestion are, therefore, th ree in 
num ber: (1) the rate  or degree of destruction of the organic m ateria l; 
(2) the changes in weight or volume of the solids; (3) the volume and 
nature of the gases produced.

How M u c h  G a s  M a y  Be E x p e c t e d ?

The volume of gas produced will be determ ined by a num ber of fac
tors or conditions. P rom  the preceding discussion it  is obvious th a t the 
principal one is the kind and amount of decomposable organic m ateria l 
in the sludge. This is related to the food habits of the contributing
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population, to the type and amount of industrial wastes in the sewage, 
and to the nature of the treatm ent process, for example, plain subsi
dence, chemical precipitation, trickling filtration, activated sludge 
process.

A custom ary unit of measurement is the volume of gas produced per 
day per person contributing to the treatm ent works. Imhoff and F a ir  *
give usual values as follow s:

Cu. Ft. per
Treatment Capita per Day

Plain Sedimentation Alone...................................................................................  0.83
Chemical Precipitation Alone..............................................................................  0.96
Plain Sedimentation plus Low-Rate Trickling Filter H um us.....................  0.92
Chemical Precipitation plus Low-Rate Trickling Filter H um us.................. 1.05
Plain Sedimentation plus Activated Sludge.....................................................  1.06
Chemical Precipitation plus Activated Sludge................................................. 1.19

These average or usual values may be exceeded in certain cases and 
reduced in others. Moreover, in any given case, there may be large 
fluctuations, especially in unheated digestion tanks in which the biologi
cal activity will be depressed with low tem peratures and greatly accel
erated with higher tem peratures approaching an optimum or most fa 
vorable one. Masses of undigested sludge accumulating during low 
tem perature conditions may undergo rapid  digestion when the tem pera
ture of the sludge mass becomes more favorable to biological activity.

I
Is  S l u d g e  G as  D a n g e r o u s : W h y  a n d  H o w ?

Sludge gas is dangerous to human beings for two reasons. These 
are: (1) certain elements are toxic or poisonous; (2) when combined 
with certain volumes of air (oxygen) the gases are highly explosive.

Hydrogen sulfide is extremely poisonous. Exposure to concentra
tions of 1 p a rt of hydrogen sulfide to 1,000 parts  of air may cause death 
in a relatively brief period of time.

Sludge gas, mainly because of its methane content, becomes violently 
explosive when 1 volume of the gas is mixed with from 5 to 15 volumes 
of air. Every precaution m ust be taken to prevent contact with fire or 
flame when such combinations can exist.

W h e n  M a y  S l u d g e  G a s  R e a s o n a b l y  B e  C o l l e c t e d ?

This question m ust be considered under two sets of conditions: (a) 
established treatm ent plants in which no provision for gas collection and 
utilization has been m ade; (b) plants under design for which the reason
ableness of gas collection and utilization is to be determined.

The fundam ental criteria  of such determinations may be indicated 
by the following queries: (1) to what economic use can the gas be p u t? ; 
(2) are nuisances being or will they be caused, and do or will hazards 
exist if the gases are not collected?; (3) in an existing plant are the 
physical works adaptable to sludge gas collection?; (4) what kind and

* Sewage Treatment, Table 15, page 220.
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degree of attention and attendance does tlie existing p lan t or will the 
proposed p lan t receive?; (5) will the volume of gas produced be suf
ficient to w arran t the cost and effort of collection in term s of the divi
dend which will accrue through its utilization?

Unless a useful purpose is to be served through the collection of the 
sludge gas, it should not be undertaken because it will entail both out-of- 
pocket expense and attendance effort and cost.

W ith an existing p lant the expediency and practicability  of conver
sion to gas collection and utilization will depend in p a r t  upon whether 
sludge digestion is effected in an Imhoff tank or in  a separate sludge 
digestion tank, an open, relatively shallow sludge digestion basin, or a 
sludge lagoon. Imhoff tanks of conventional design can readily  be p ro 
vided with gas collection devices and have been so equipped in many 
European insta lla tions; also in a few in the U nited States. I t  is feasi
ble to collect the gas from  com paratively shallow sludge digestion ba
sins, as a t Birm ingham , England, by the use of floating pontoons, but 
such devices are costly to build and relatively difficult and expensive to 
m aintain. S eparate circular digestion tanks of considerable depth and 
correspondingly small area are natu ra lly  adapted to the provision of 
fixed or floating covers. To collect gas from  shallow sludge lagoons is 
economically infeasible.

How M a y  S l u d g e  G a s  B e  C o l l e c t e d ?

This is a subject which m ight be discussed in  g reat detail. Each 
case should be studied as an independent problem and those devices em
ployed which best fit the controlling conditions. F o r present purposes 
we m ay consider only the Imhoff tank and typical separate sludge diges
tion tanks.

The problem is relatively simple in the case of Imhoff tanks because 
the w ater surface elevation therein norm ally fluctuates bu t slightly, even 
during sludge withdrawal. In  these two-story tanks the walls of the 
flowing through chambers serve as gas-collecting covers deflecting the 
gas to the scum chambers or to special chambers operating both to col
lect the gas and to agitate or remove the scum. These constructions are 
well and thoroughly described in the textbooks and cu rren t technical 
publications.

Gas collection from  a separate sludge digestion tank dem ands the 
construction of a tight roof or cover. This m ay be fixed in position or it 
may float like a section of a typical water-sealed gas holder. The design 
and /o r operation m ust be such tha t a ir will not be draw n into the s to r
age space beneath the cover when sludge is being w ithdraw n from  the 
tank. F loating covers control this situation autom atically. F ixed cov
ers should preferably  be almost completely submerged a t all tim es; 
otherwise special precautions m ust be taken to m aintain a positive gas 
pressure uninterruptedly. Gas holders (storage tanks) are useful for 
this purpose. Here, again, this general subject is covered a t g rea t 
length in the litera tu re  and requires no fu rther elaboration in this avow
edly brief discussion.
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W h a t  A r e  t h e  H a z a r d s , i f  A n y , i n  G a s  C o l l e c t io n ?

As a practical m atter, the hazards of gas collection are related to 
explosions which may destroy lives and property. Explosions can be 
p reven ted : (a) if no a ir is allowed to enter the gas storage com partment 
or elsewhere to combine with the gas to form an explosive m ixture; (b) 
if lines leading to gas burners and gas engines are protected against 
back-flashing by suitable flame trap s ; (c) if other sources of flame, such 
as lighted matches, are never allowed to come into contact with appreci
able volumes of sludge gas.

How M a y  S l u d g e  G a s  B e  U t i l i z e d ?

There are three general ways in which sludge gas can profitably be 
utilized. These are for light, heat and power. I t  may be burned to 
produce hot air, hot w ater and steam for the heating of buildings and of 
sludge in or in transit to separate sludge digestion tanks. I t  may be 
used as a fuel in gas engines to furnish  power, either directly or through 
electric generators and motors, to pumps, blowers and other treatm ent 
plant mechanisms. I t  may be burned to produce light. I t  is effective 
in laboratory Bunsen burners. I t  may be employed to dry  or incinerate 
sewage screenings, skimmings and sludge.

Imhoff and F air, Sewage Treatment,  pages 222-223, list other ways, 
of less immediate interest, in which sludge gas may be utilized.

W h e n  S h o u l d  S l u d g e  G a s  B e  U t i l i z e d ?

Sludge gas should be used to heat separate sludge digestion tanks in 
cold climates in order to reduce their size by shortening the required 
digestion period. I t  is well known tha t in the tem perature range of 
mesophylic digestion, say from  40 to 110 degrees Fahrenheit, the re
quired time for reasonably complete digestion, the rate of gas produc
tion, and the ultim ate volume of sludge gas produced are all progres
sively more favorable as the tem perature is increased up to a limit of 
approxim ately 95 degrees. Such a tem perature cannot, other than by 
artificial means, be obtained in any climate. However, in generally 
warm climatic areas the need of digestion tank heating is not acute and 
such heating may not represent a logical undertaking.

Excess sludge gas, if available in sufficient quantity, may profitably 
be employed in gas engines to operate pumps, blowers and other ma
chinery. I t  may also be profitably employed to heat buildings by steam, 
hot water, or hot air.

Open air burning of the sludge gas may be utilized to destroy odors 
therein and to destroy excess quantities which cannot be utilized.

W h a t  Is  t h e  H e a t  P o w e r  o r  C a l o r if ic  V a l u e  o f  S l u d g e  G a s ?

In  general, sludge gas has a heat capacity or calorific value approxi
m ating one-lialf that of natu ral gas. V arying slightly with the type 
and extent of sewage treatm ent, sludge gas has a net fuel value, accord-
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ing to Imhoff and F a ir , of from  636 to 646 B.t.u. per cubic foot. In  
term s of B.t.u. per capita per day the values are stated  by them to be 
as follows:

B.T.U. per Capita
Treatment per Day

Plain Sedimentation A lone.....................................................................................  530
Chemical Precipitation A lone.................................................................................  620
Plain Sedimentation plus Low-Rate Trickling Filter H um us..........................  590
Chemical Precipitation plus Low-Rate Trickling Filter H um us.....................  680
Plain Sedimentation plus Activated Sludge........................................................ 675
Chemical Precipitation plus Activated Sludge................................................... 765

W h a t  G e n e r a l  P r e c a u t io n s  S h o u l d  B e  T a k e n  i n  
S l u d g e  G a s  U t i l i z a t i o n ?

Aside from  the danger of hydrogen sulfide concentrations, the p rin 
cipal precautions which m ust be taken w ith respect to the utilization of 
sludge gas relate to the prevention of explosions. Some of the precau
tions have already been stated.

Good and safe design calls fo r gas pipe lines of very  ample capacity ; 
therefore, relatively low velocities and attendan t low friction losses. 
By-passes should be provided to give flexibility in  operation but the 
flame trap  m ust never be by-passed. Gas pipe lines m ust be tight, 
should slope to condensate traps, and m ust be protected against freez
ing. P ressure relief and regulating devices, as well as gas m etering 
equipment, are valuable. I t  is im portant tha t all vents be carried  to 
the open air.

THE DAILY LOC

B y  W a l t e r  A. S p e r r y

Superin tendent, Aurora S a n itary  D istric t

With this issue there is a change in the source and authorship of “The 
Daily Log.” Up to now it has been in a master’s hands. I am both pleased 
and honored to have been asked to take it and I welcome this opportunity 
to be of some service to our group. On the other hand, I feel much like the 
apprentice in Dukas’ symphonic poem, “The Sorcerer’s Apprentice,” i.e., lest 
I carry too much water and “get the boot” as he did. My approach to this, 
my first assignment, can only be accurately described by quoting from Roe
Fulkerson, a brother Kiwanian, who in a similar predicament wrote as
follows: *

Geezer with a pencil, looking mighty glum,
Gazing at the ceiling, gnawing on his thumb,

Twisting and turning, writhing in his chair—
Twiddles his fingers, rubs where once was hair.

* K iw a n is  M agazin e, August, 1944.
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About a ream of paper lying on the floor—
Near him on the table five reams more.

Also half a dozen weighty looking books—
Encyclopedias and dictionaries, judging from their looks. 

Tobacco, ashes, matches, scattered all about.
Twenty times an hour his pipe goes out.

Deep and sweaty furrows corrugate his brow—
Thus he’s been working for two weeks now.

Batty in the belfry, yet sticking like a leech—
Here behold a Kiwanian preparing an “impromptu” speech.

This is my introduction and here begins “The Daily Log” :

May 1— Two men on fifteen-inch interceptor stoppage at North Aurora. A 
sluggish flow and water standing in the manholes did not indicate the extent 
of the work to be done here though the fact that the sewer ran some 1,800 
feet through wooded lots should have warned us of roots. Eventually 1,733 
feet had to be cleaned with steel cable, winches and an expanding “pig” by 
a local plumber. It took ten days and the bill came in at 50 cents per foot, 
which amount seemed out of proportion for the men and hours involved. We 
“kicked” and the bill was promptly adjusted to 40 cents per foot, which was 
still plenty.

The several breaks in the tile which were necessary between manholes 
were repaired by using metal lath with a bar of iron across the center of the 
hole, slightly bent and then covered with a generous, thick patch of con
crete— a quick and efficient repair of a hole in a running sewer.

Subsequent study revealed that by partially damming the lower end of 
the run among the trees and then applying several shovelfuls of copper sul
fate at the manholes above, the roots would not only be killed but the roots 
themselves would slough off and come through without injury to the trees. 
Subsequently it was found that this method of treatment is beginning to be 
used to forestall trouble in a number of cities having many trees. (See Water 
Works and Sewerage, March, 1942.)

Found water in the oil pan on Engine No. 2. The source was finally lo
cated as a crack behind a valve insert on one of the head blocks. Could not 
be welded so a new block was installed.

May 2— Starting to apply a half-inch coat of “No-Drip” (an asphalt and cork 
mixture) to all pump piping in the pump room. This subsequently proved 
to be a long and expensive job but was effective. On certain days, however, 
there was still some slight condensation until we screened the side windows 
to give better circulation of air. No dripping since. Ventilation seems to 
be an important consideration for successful insulation.

May 5— East High School chemistry class out for inspection and talk on 
sewage treatment.

Took weekly digester sludge level inventory.
Found a local manufacturer who could sell us enough steel plate so that 

we could consider rebuilding the storage bin of the incinerator. This was
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good news. At present it is largely rust and holes, waiting for the war to 
end.
May 6— Cleaning plant for weekend— a regular Saturday job.

Completing the April data sheets for blueprinting and permanent record.
Placing new tie rods on scrapers at base of column in the pump suction 

pit of traction clarifier No. 1. Many rods had completely rusted through. 
Wished they might have been heavily “metallized” with zinc.

May 7— All normal at the plant. Out in A.M. for the regular Sunday work, 
record check and to weigh up the sludge samples for the daily sludge record.

May 8— Another East High School chemistry class out for lecture and plant 
inspection. Portable planks and horses make a quick lecture room out of the 
laboratory. Mr. Stutz, the instructor, estimates some 1,500 students have 
been instructed in the last 10 years. This is an important “must” job for a 
Superintendent. They are future citizens and taxpayers and have a right to 
know about the city’s machinery.

Coached a West High School student into the whole (?) mystery of sani
tary engineering and sewage treatment this evening. This helped her to 
make a talk the next day. Papa and Mama sincerely grateful. At that, it 
was time well spent, but why must they wait till the day before to get the 
information?

May 9— Repaired door frame of the garage. This time it was the bumper of 
a car— backing out.

Running nitrate tests on digester supernatant to prove an argument with 
a brother operator that, unlike effluent liquor from trickling filters, digester 
supernatant does not contain nitrates— there were none.

Program speaker at the Rotary Club of DeKalb, Illinois. Subject, “The 
Sanitary Engineering Field.” This helped out Rotarian F. S. Simms, Manager 
of the DeKalb Sanitary District.

May 10— Regular Board Meeting. This has always been one of the most 
pleasant days of every month. The secret lies in a typed report of the month 
for each Trustee. This lists bills, pithy paragraphs of all important plant 
happenings— good or bad, complete cost data with comparisons and accumu
lated costs and a full resume of the more significant treatment results. This 
is a complete coverage of the month that the Trustees read gladly but would 
never have the patience to hear verbally or remember. It is also a valuable 
Superintendent’s reference and review. The year’s volume of monthly re
ports is a mine of reference as well as the nucleus for the Annual Report.

New contact points installed at the controls of the Holbrook Street 
Station.

Checked hydrogen sulfide content of some of the city’s deep wells as an 
indication of the ferrous iron content— a favor to the City Water Works Su
perintendent. This is one of the neighborly gestures practiced between the 
District and the City, which makes for pleasant living and easy borrowing. 
We make our giving more liberal than our borrowing. Used methylene blue 
method for H2S determination (This Journal, 8, 576, 1936).
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May 12 — Holbrook Street Station back in service. Out 108 days since Janu
ary 1, 194,4, due to river level being higher than the station overflow.

Painted iron work in front of the Main Building.

May 17 — Planted flower beds. One of the annual events is the distribution 
of many dozens of flower plants of several varieties to the families of the 
Trustees, officers and plant personnel. About two dollars worth of seed 
planted in flats in the small greenhouse, made possible through no cost for 
fuel, yields an amazing number of plants and no end of happiness for a lot 
of people.

Arranged with farmer neighbor to cut all alfalfa— about seven acres— on 
shares. Our share this year to be the mowing of the weeds about the 
grounds. This gave him generous pay and helped us out due to labor 
shortage.

May 19— A typical day:

Routine work in laboratory.
Pumps at downtown stations inspected.
Orsat gas tests run for the week.
Working on sludge beds.
Working on grounds, weeds and shrubs.
Greasing routine for the week.
Repaired shear pin on Carter sludge pump.

May 22— Completed annual overhaul of gas engine No. 3 and placed it on 
the line for another year.

Tractor stuck in a soft spot in the grit dump. Men sweated all day 
working with planks and timber to keep it from burying itself. Finally got 
it out next day.

May 23— Interest and bond payment checks signed by Trustees and to 
bank for June 1 st payment. Final payment due in June, 1 948, and “the baby 
will be ours” !

For three days the operation of the Carter sludge pump has been a head
ache. A constant round of opening the ball valve, back-flushing and running 
up and down a ladder in a pit to operate the proper valves. Finally we found 

. it. A 12-inch, maple handled wire brush stuck in the elbow and just beyond 
reach from the ball valve. The wire bristles were pointed down and made 
an ideal trap for rags and debris to catch upon. To get it out, we looped the 
handle with a wire and broke it enough to turn the corner. By driving a 
screw in the end of the handle and rigging a wire at the lower end it finally 
came through and this trouble was over. The brush had accidentally fallen 
into a clarifier and is now hung up as a permanent trophy. One in 10 years 
is enough!
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May 24—-Long talk with power company man representing the Chamber of 
Commerce on permissible river pollution from a pickling plant \*hich seeks 
to settle in our valley.

May 28— Sunday— out for routine work. A long day.
Day operator off to christen new baby— his first. On duty till noon, 

home for dinner and to wash the dishes— my “Sunday” job— and then back 
to plant from 3 to 6 to connect with the night man.

May 31— Signed up the 135th sewer connection in the Hercules Park Dis
trict and collected forty dollars.

Comb plate of the Dorr automatic screen taken down to make hole pat
tern for new plates with longer and thicker teeth. Hope they wear longer!

ODOR CONTROL*

B y  C .  R .  C o m p t o n

Assistant Chief Engineer, County Sanitation Districts o f Los Angeles County

There is probably no other industrial or m anufacturing process 
known to mankind in which odor is used as quickly by the general public 
to m easure success or failure as in sewage treatm ent. This applies also 
to the entire process of sewage collection and treatm ent, including se
wers, pum ping plants or any unit which handles sewage.

Many an operator or superintendent who thought everything was 
fine, th a t B.O.D. removal was ju s t w hat it should be, suspended solids 
removal was great, pH  was “ on the beam ”  and the effluent looked good 
enough to drink, has been rudely awakened from  a beautiful dream  by 
some little odor atom th a t escaped from  his p lan t and bounced across 
country into some citizen’s nose. F rom  then on he will get more com
plaints, both fancied and real, than he ever thought existed, and he and 
his p lan t will be marked. E very  odor on the neighborhood will be 
blamed on him no m atter from  where it  comes.

One of the m ost peculiar things about sewage odors and the ir con
tro l is tha t of all the effects which a sewage trea tm ent system  can have 
on the human senses, the effect of odor or the reaction of smell has re 
ceived probably less study and thought than any of the others. We 
have had ream s of literatu re  011 sundry and various subjects relating  to 
various phases of sewage treatm ent, but very little on odor control.

One might say, of course, tha t the entire technique of sewage tre a t
m ent is pointed towards the elimination of odors. This is probably 
true in the broad sense but it nevertheless rem ains a fact th a t fo r the

* Presented at 17th Annual M eeting, California Sewage Works Association, Fresno June
22-25, 1944.
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elimination of odors as odors themselves, a broad field of research and 
study still exists.

The sense of hearing is well taken care of by mufflers for engines, 
well designed pumps, and im proved motors, and landscaping takes care 
of the appearance of things, but the control of odors seems to be some
thing tha t is difficult to design for. I t  is one of those problems in which 
the situation has to develop and then the best remedy possible be ap
plied. In  most cases, two or three methods may have to be used before 
an answer can be determined.

One of the greatest difficulties in  the control of sewage p lant odors is 
the fact that, so far, no one has been able to establish a rational scale for 
the measurement of odors, either as to intensity or type. The ancients 
divided odors into two classes—good and bad. Since then efforts have 
been made by a considerable number of research men to designate and 
classify by grouping various kinds of odors ranging from the most 
pleasant to the worst. The biggest obstacle in obtaining a standard  clas
sification is the fact th a t no two persons have the same sense of smell and 
also tha t the olfactory nerves fatigue very quickly. This fatigue phe
nomenon is well known to sewage works operators and it is a common 
saying amongst sanitarians tha t one should never ask an operator 
whether his p lan t smells good or bad.

Considerable research has been carried on attem pting to establish the 
measurement or intensities of odors. I t  has been proposed tha t a desig
nation such as “ threshold”  odors be applied to the very fain test dis
cernible odor and starting  with this as a base, measurement of odor in
tensity would be carried through to the upper limits.

F a ir  and Moore did considerable work on this subject in an attem pt 
to reduce the m easurem ent of odor intensity to a mathematical formula. 
In  their investigations, they evolved laboratory techniques and from 
these arrived a t certain conclusions as to the rate  at which intensities of 
odors increase. However, their experiments were based on the use of 
the human nose to determine the degree of intensity and, of course, were 
only that conclusive. I t  was, however, a broad step in an undeveloped 
field and it remains for fu rther research to carry  on that work in an 
attem pt to obtain a usable method by which sewage plant operators can 
determine odor intensities, such as the colorimetric method used for pH 
determination. A t present we are still forced to fall back on the “ sniff 
system ” ¡jnd, as in the past, the answers are all different and in many 
cases they are incorrect.

While the problem sounds difficult, the answers are being given as 
time goes on. F irs t, we are fairly  well acquainted with the chief of
fenders. The list is headed by hydrogen sulfide along w ith the mer- 
capatans, and a long list of organic acids, all of which are the products 
of putrefaction and decomposition of fa ts  and the various other com
pounds and substances found in  sewage.

The operator has long been the ta rge t of odor complaints. P rac ti
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cally all papers or articles th a t I  have reviewed on odor control direct 
their rem arks to the operator, advising as to how his p lan t should be run 
so as to get a minimum of odors. B ut w hat about the designer? He 
surely is also responsible for the elim ination of odors to a g rea t extent. 
The attack on odor control should s ta r t on the d rafting  board. T hat is 
where a treatm ent p lan t can be greatly  im proved as fa r  as odor control 
is concerned. I f  the layout is fau lty  or capacities are inadequate, the 
results will be below standard  and tha t means odors. Small details must 
get their share of attention for very often they will cause a g rea t deal of 
trouble if not designed properly. F o r instance, is the wash w ater sys
tem laid out so tha t it can be operated as easily as possible, and has a 
good w ater pressure been provided? These are little things th a t mean 
a lot.

The designer m ust also see tha t the sewage collection system has the 
best velocities obtainable and th a t the shortest route from  the point of 
sewage origin to the sewage trea tm ent p lan t has been used so th a t the 
sewage m ay be delivered a t the p lan t as fresh  as possible. I f  pumping 
plants are necessary in a sewage collection system, extreme care should 
be given to the ir design to see th a t the sewage is not retained either 
in the wet wells or force mains any longer than  is neceessary. The 
plant layout should be such th a t neatness and cleanliness can be easily 
accomplished.

P resen t emergency conditions make the control of odors hard  to ob
ta in  in a  g rea t many cases, particu larly  where sewage from  industrial 
areas is being received. There is hard ly  a sewage treatm ent p lan t in 
the state  th a t has not been called upon to ca rry  heavy industria l loads, 
either from  new industries or increased production in old plants. In  a 
g reat many cases the sewage trea tm ent p lants have been overloaded, and 
in places wastes have been sent to sewage works th a t were not originally 
contemplated in the p lant design. This all adds up to m ore and new 
odors, each w ith its special control problem.

The w ar emergency has brought to our area  dozens of new industrial 
processes—plants tha t we never thought would be established in  the 
coastal area—such as plants where alcohol is obtained from  molasses, 
new cracking processes for obtaining high octane gasoline, large acid 
m anufacturing plants as well as numerous m etal processing establish
m ents which form erly were located in  the Middle W est or E ast. These 
have all contributed to the list of new odor problems. In  one case where 
a new catalytic process for the production of high octane gasoline was 
installed, odor troubles sta rted  a t once. Investigation revealed that, 
among other things, the m anufacturer was unable to get the quality  of 
sulfuric acid he needed, w ith the resu lt tha t the process had to be re 
adjusted. W hen this was done and other changes made, odors stopped 
except fo r an occasional incident. These are things th a t can only be 
worked out as they arise.

I t  is an old adage tha t things tha t look attractive are not so ap t to 
smell bad. This is true  in the case of sewage trea tm ent p lants. I f  the
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plan t can be landscaped and presents a pleasing architectural appear
ance, it is more than likely that complaints will be made much less often 
than if  no attem pt had been made to improve the appearance. This, 
naturally , is not a cure-all for odor control but it is one of the things tha t 
can go a long way toward alleviating the fears and doubts of people liv
ing adjacent to sewage treatm ent plants.

The use of covered buildings to entrap odors and dissipate them into 
the a ir a t some designated place also solves many problems. Care must 
be taken in instances of this kind tha t fouled air is injected into the a t
mosphere a t a velocity sufficient to insure dilution. B urning of the odors 
in trapped air from  buildings is also possible. One of the main difficul
ties in this process is th a t the very high tem peratures, well above 1500 
degrees F . in most cases, necessary to entirely burn out odors are some
times costly and hard  to obtain.

One of the most positive methods for the control of hydrogen sulfide 
is the application of chemicals. Their use is so well known to all of you 
that it is not necessary a t this time to go into any of the details of appli
cation or expected results.

In  summarizing the odor problem, it appears that, due to the many 
complexities, there is no definite form ula tha t can be used for the elimina
tion of odors from sewage treatm ent plants. However, there are a few 
very well defined rules which, if  followed, will give the answer in most 
cases:

F irs t, cleanliness. I f  ever the old saying: “ Cleanliness is next to 
godliness”  applies, it  is in the maintenance of a sewage treatm ent plant, 
and it is the responsibility of the operator to keep his plant as clean as 
possible at all times—to see tha t walls are washed down, bar screens are 
kept clean, tha t well digested sludge is put on the drying beds, that 
screenings are properly  and efficiently incinerated or buried, and tha t 
there is no place in the p lant where septicity of sewage takes place.

Second, study the source and character of the sewage being treated 
so that you may be able to anticipate as nearly as possible potential odor 
nuisances.

Third, fam iliarize yourself with the te rrito ry  which your plant serves 
as to the type of industrial plants and the nature of such wastes, particu
larly as to new plants tha t may come in. A ttem pt to eradicate troubles 
at the source as much as you can for once a potential odor condition gets 
into the system, it is doubly h ard  to eradicate.

Fourth, in some instances, one method will do and in others an en
tirely new type of attack m ust be used. Chemicals may offer the solu
tion a t times,, where a t others ventilation is all tha t is necessary. In 
cineration may also be used with success. W hatever the method used, 
it should be applied as soon as possible to obtain the necessary relief. 
There is no other one feature of a sewage treatm ent plant tha t will draw 
complaints more quickly and cause more difficulty than odors. I t  is the
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condition th a t the public is constantly alert to and, in m ost cases, seems 
to be only too happy to find.

INTERESTING EXTRACTS FROM OPERATION  
REPORTS

C o n d u c t e d  b y  L e R o y  W .  V a n  K l e e c k

R E P O R T  O N  S A N I T A R Y  D I S T R I C T  O F  C H I C A G O  E N G I N E E R I N G
W O R K  I N  1944

B y  W i l l i a m  H. T r i n k a u s

Chief Engineer

S e c t io n  o n  “ M a i n t e n a n c e  a n d  O p e r a t io n  o f  P u m p i n g  S t a t io n s , 
S e w e r s , T r e a t m e n t  W o r k s  a n d  W a t e r w a y s ”

The following tabulation shows the type, trea tm ent capacity, pum p
ing capacity, and method of sludge disposal of the m ajor works :

Sewage T re a tm e n t 
W orks T y p e

A verage
T re a tm e n t
C ap ac ity ,
M .G .D .

P u m p in g
C ap a c ity ,

M .G .D .
M eth o d  of 

S ludge D isposal

Calumet.................. Activated Sludge 136 270 Drying, incineration, or 
sale.

North Side.............. Activated Sludge 250 388 Disposal at S. W. 
Works.

Southwest............... Activated Sludge 400 776 Drying, incineration, or 
sale.

West Side........... r . Imhoff Tank 472 776 Drying on open beds, 
disposal on dump.

P r o g r e s s  i n  S e w a g e  T r e a t m e n t

The sewage from  approxim ately 99 per cent of the population is now 
trea ted  a t the four m ajor sewage trea tm ent works.

The population of the Sanitary  D istrict is approxim ately 4,000,000, 
and industrial wastes are estim ated to be equivalent to the sewage from  
an additional population of approxim ately 3,000,000 including the Corn 
Products wastes. Hence, the to tal estim ated population and industrial 
wastes equivalent amount to 7,000,000.

General Operating Data

General operating data for the four Sewage T reatm ent W orks are 
shown in the two tables below :
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T a b le  I.— Summary of Operating Data 1943

1235

I tem

1943 A verages

C alum et
W orks

N o rth  Side 
W orks

S outhw est
W orks

Sewage treated, m.g.d.
Average....................................................... 93.6 195.8 352.0*
Maximum................................................... 178.0 343.6 450.0
Minimum.................................................... 65.5 0.0 160.0

Air consumption, cu. ft. per gal........................ 0.4 0.42 0.93
Aeration period, hrs........................................... 4.6 5.3 7.0
B.O.D., p.p.m.

Raw sewage................................................ 87.0 104.0 181.0
Effluent....................................................... 1 1 .0 6.8 15.0
Per cent reduction..................................... 87.4 93.5 91.7

Suspended solids, p.p.m.
Raw sewage................................................ 115.0 135.0 187.0
Effluent....................................................... 16.0 10.0 18.0
Per cent reduction..................................... 86.1 92.6 90.4

Sludge disposal (dry basis)
Total tons dry solids removed.................. 13,978.0 — 31,832.0
Waste sludge, per cent moisture............... 97.27 — 97.74
Filter cake, per cent moisture................... 81.8 — 83.7
Dried sludge, per cent moisture............... 6.6 — 4.7
Dried sludge, per cent volatile................. 56.1 — 67.6
Dried sludge, per cent nitrogen................ 4.28 5.35

* Preliminary settling only 209.

T a b le  I I . — Summary of Operating Data 19ĄS 
West Side Works

1943
I te m  , A verage

Sewage treated, m.g.d.
Average (including 4.5 m.g.d. preliminary sludge)................................................... 413.4
Maximum.........................................   640.3
Minimum.............................................................................   255.6

B.O.D., p.p.m.
Raw sewage (1 ).......................................................................................................... 126.0
Effluent.............................................................. k .....................................................  77-°
Per cent reduction (1) (2 )........................................................................................ 38.9

Suspended solids, p.p.m.
Raw sewage (1 ).......................................................................................................... 181.0
Effluent....................................................................................................................... 96-0
Per cent reduction (1) ( 3 ) . ....................................................................................... 47.0

Sludge removed from Imhoff tanks
Total cu. yds. to drying beds.................................................................................... 529,626.0
Total cu. yds. to lagoons...........................................................................................  10,626.0
Total cu. yds............................................................................................................... 540,252.0
Average per cent moisture  92 A

Dried sludge removed from drying beds
Total cu. yds..............................................................................................................  145,623.0
Average per cent moisture......................................................................................... 69.0
Average per cent volatile........................................................................................... 49.4
Average per cent nitrogen...................................   2.21
(1) Without allowance for Southwest preliminary sludge.
(2) Allowing for Southwest sludge, reduction 22.2 per cent.
(3) Allowing for Southwest sludge, reduction 31.9 per cent.
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C a l u m e t  W o r k s

Sludge Drying
A balata im pregnated canvas belt is on hand for replacem ent of the 

rubber conveyor belt carry ing  sludge. The rubber belt will require 
changing soon.

New wood decks have been installed on filters Nos. 1, 3, 4 and 5 and 
stainless steel scraper blades on all units. P lastic  piping and fittings 
are on hand for the replacem ent of the in terio r piping of two filters. 
(Abst. n o te : Wood decks for vacuum filters have proven very acceptable 
at Chicago. Corrosion problem has been eliminated, and less clogging 
trouble has been experienced.)

N o r t h  S id e  W o r k s

Equipment Repairs
P lan t effluent has been used for seal w ater on the m ain sewage pumps 

during the past year. Growths in these lines were removed by steaming 
and blowing which restored the lines to their original capacity.

More cleaning of diffuser plates than  in previous years has been re
quired to m aintain uniform  distribution of air. In  some instances sev
eral applications of chromic acid have been needed. Tests have also 
been made using w etting agents in conjunction w ith other treatm ents.

New W ork
The waste sludge concentration tanks have been in  operation since 

1942 and have served to compensate for the gradual clogging of the waste 
sludge line, due to bacterial growths.

S o u t h w e s t  W o r k s

Sewage Treatment

All sewage reaching the Southwest W orks during 1943 was treated  
by sedim entation and the solids removed in the p relim inary  settling 
tanks were diverted to the W est Side T reatm ent W orks. D uring the 
year a new plan for disposal of skimmings was pu t into operation. The 
skimmings were diverted to one of the prelim inary  settling tanks for 
concentration. A tem porary screw conveyor was installed fo r loading 
the skimmings into trucks and a contract fo r purchase of this m aterial 
was aw arded to a refiner.

The portion of the sewage tha t was given complete trea tm en t was 
limited by capacity of the drying equipment to dispose of waste sludge. 
One battery  of aeration and final settling tanks was in  operation only a 
p a r t of the time. The new sludge lagoons and pipe line were completed 
and placed in operation in December. Use of these lagoons will make 
it possible to dispose of waste sludge and give complete trea tm en t of 
sewage up to the aeration capacity of the works.

E xperim ental work conducted throughout the year has shown th a t 
fine dust in the low-pressure a ir is one of the m ajor causes of the clog
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ging of diffuser plates. Extensive maintenance work was done on the 
air filters to keep them in the best possible operating condition. How
ever, consistent sampling showed tha t considerable dust still escaped 
through the cleaners and lodged in the diffusers. Cleaning the plates 
with acid was again found to be only a p artia l solution. Two diffusing 
media were found which seem to perm it dust particles to pass without 
too rapid  clogging. Of these the 80-permeability plates were found to 
be the more economical. One aeration tank was completely equipped 
with these plates and placed in service in December, 1942. I t  operated 
through 1943 with reasonable pressure losses while passing the desired 
amount of a ir per plate. P lates of lower perm eability showed clogging 
in com paratively short periods of time.

The second workable diffuser tested was slotted pipe. Sections of 
one-half inch pipe w ith transverse slots of different widths were tried. 
B rass pipe with slots 0.035 to 0.40 inches wide gave the best results. 
However, the slotted pipe used more air than the 80-permeability plates 
to accomplish the same oxygenation of seivage. I t  was therefore de
cided tha t all of the remaining tanks and the channels should be equipped 
with 80-permeability plates. Upon completion of this work it should be 
possible to give complete treatm ent to all sewage reaching the plant.

Construction of the new final settling tanks, now held in suspense by 
war conditions, should be completed as prom ptly as possible to aid in 
the settling of the added quantities of sewage that will receive activated 
sludge treatm ent.

Power and Sludge Disposal

Little progress was made in 1943 on m ajor contract work. The sludge 
loading building was put into operation on a tem porary basis in October 
and all loading gradually transferred  from the old tem porary building. 
The change to the new building eliminated one principal source of the 
atmospheric dust tha t has caused so much trouble by clogging diffuser 
plates. Screening and cooling of the sludge before loading is still being- 
done in a tem porary structure that is rapidly wearing out and is inade
quate to do the work during warm  weather. Nearly all of the equipment 
for the perm anent screening and cooling system is now on hand and a 
contract for its installation should be awarded soon.

Sludge filters have given satisfactory service since the interior piping 
was replaced, scrapers were redesigned and reconditioned, and all units 
were converted to a panel type of deck support tha t perm its holding the 
filter cloth on with wedge strips instead of a wrapping wire. (Abst. 
note: Other filter operators take particu lar note!) Life of the filter 
cloths has been rem arkably good because of the method of holding the 
cloths on the drum, the weave of the cloth, installation of scraper stops, 
and the development of a counterweighted scraper tha t adjusts itself to 
the shape of the revolving drum. An arrangem ent has been made for 
by-passing sludge, in order to m aintain the desired submergence of the 
filter drums, before the ferric chloride is added. A saving in ferric chlo
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ride should resu lt when autom atic equipment is installed to control the 
sludge level in  the filters.

One of the more serious problems in connection w ith the d ry ing  sys
tem has been the m aintenance of the hot gas ducts between the furnaces 
and the vapor heaters. A dditional expansion jo in ts and new spring 
hangers have been installed to relieve pressures and give p roper support. 
From  the very beginning of p lan t operation the refracto ry  brick lining 
of these ducts has required considerable maintenance. Experim ents are 
now being made w ith a m aterial cast in place to determ ine w hether a 
method can be developed th a t does not require so much maintenance. 
The inherent natu re  of the m aterials handled in the sludge drying system 
makes a considerable amount of repair and m aintenance work necessary. 
Im provem ents in m aterials and design are being made continually and 
in time this work will be greatly  reduced.

W e s t  S id e  W o r k s

The Imhoff tanks were kept in satisfactory  operation by m aintaining 
higher sludge levels to allow adequate seeding of the increased quantity  
of solids. Sludge handling with pneum atic ejectors was satisfactory 
except for the increased electrical m aintenance required 011 solenoid 
switches and springs. Complete overhaul of these switches will be un
dertaken. The accumulation of scum in the gas vents continues to be 
serious and requires continual removal during all times when sludge 
is not being drawn. P a rtia l cleaning of all three batteries was com
pleted in 1943 but was not adequate to keep pace w ith the increased 
accumulation.

The amount of dried sludge taken from  the spoil dump by gardeners 
increases each year.

E x p e r i m e n t a l  W o r k , T e s t s  a n d  I n v e s t ig a t io n s  

Main Laboratory

Special studies were made in 1943 of the coagulation of sludge p rio r 
to filtration, including the effect of electricity on the m oisture content of 
the filter cake. Although application of a direct cu rren t resulted in  re
duction of the m oisture content by several per cent, com putations indi
cated tha t the procedure would not be economically justifiable.

M is c e l l a n e o u s  

Sale of Dried Activated Sludge

H eat-dried activated sludge is sold to H. J . Baker & Bro. under a con
trac t giving them the exclusive righ t to purchase a t ten per cent under 
the current m arket price based on the content of ammonia and available 
phosphoric acid. N et receipts under th a t contract in 1943 were $463 - 
072.22. A verage ammonia content was 5.89 per cent fo r the year and the 
available phosphoric acid was 2.03 per cent, both of which were slightly
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lower than in the previous year. The sludge sold contained a total of 
2,229 tons of ammonia and 169 tons of available phosphoric acid. The 
sludge is shipped in bulk by rail to m anufacturers of commercial fe r ti
lizers principally in the southeastern states.

Changes made in  the drying equipment have made it possible for us 
to produce the m aterial in a more desired form containing less fine dust. 
The m anufacturers are anxious to secure dried sludge to mix with the 
chemical concentrates and reduce the tendency of the finished fertilizer 
to cake because of absorption of m oisture from  the air.

A N N U A L  R E P O R T :  B U F F A L O  S E W E R  A U T H O R I T Y
1942-1943

(For previous extracts in this J o u r n a l  see: This Journal, 11, No. 6, pp. 1083; 13, No. 3, pp.
592; 14, No. 2, pp. 455)

P A R T  II  

S E W A G E  T R E A T M E N T  W O R K S

B y  J o h n  W. J o h n s o n

Worles Superintendent

a n d  G e o r g e  F .  F y n n

Chief Chemist
Pumping

The volume of sewage pumped a t the Treatm ent W orks increased 
over the previous year by 1,163,800,000 gallons, resulting in an annual 
grand total of 54,608,000,000 gallons for the current year. The sewage 
flow averaged 150 m.g.d. with a daily pumpage of 284 m.g.d. as the maxi
mum recorded for the period. The greatly increased total flow was ac
counted for in p a rt by the abnormal precipitation, which was 7.31 inches 
above the total for last year, by the increase in lake level and also by the 
increased industrial and population loads brought about ,by the growth 
of defense industries.

About mid-year an inspection was made of the inlet wells at the Main 
Pumping Station. I t  was found tha t the floor under the suction of each 
of the vertical centrifugal pumps was badly worn, and in one area the 
worn spot was so deep tha t the reinforcing steel of the floor was exposed. 
This wear was caused by the vortex action a t the bell of the pumps with 
the subsequent swirling causing the abrasive solids in the sewage to cut 
into the concrete. A proposed design for the elimination of this condi
tion was submitted to the pump m anufacturer to check the structural and 
hydraulic characteristic. Upon approval of same the construction of 
concrete conical deflectors was undertaken. A t the same time it was 
noted that large deposits of g rit had occurred in the quiet locations of 
these wet wells. As an experiment to eliminate the fault, a tem porary 
wood baffle was placed halfway across the entrance to one of the wells. 
I t  is expected tha t the consequent diversion of flow will prevent fu rther
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settling. Should this experim ent prove satisfactory, a more perm anent 
structure will be installed.

F o r some time operating difficulty was experienced w ith the main 
pumps afte r a shutdown because of heavy scale washing back into the 
pump before the check valve was closed, allowing an accumulation to 
lodge in the rings. This action would resu lt in a frictional loss on the 
next s ta r t and often caused the pump to stall. Exam ination of the in te
rio r of the steel discharge piping from  one of the pumps indicated the 
source of the scale form ation. This in terior was subjected to heat de
scaling, and corrosion resistan t pain t was applied. A fter one year of 
operating life it was found to have given the desired results of p revent
ing fu rther corrosion.

Disinfection

Upon completion of studies to determ ine the effects of discontinuance 
of aeration on the settling of solids in the p lan t sewage conduits, the air- 
blowing equipment was shut down. The porous carborundum  plates 
were protected for fu ture use, if necessary, by cleansing w ith chlorine 
gas and sealing them with removable concrete covers. F requen t inspec
tions have indicated no harm ful effects due to settling or to im proper 
ventilation. The cessation of this aeration has provided several benefits 
such as (1) elimination of noise and destructive v ibration in the Main 
Building; (2) removal of the source of obnoxious, corrosive fumes, 
which often spread to outside areas by greatly  overtaxing the ventilating 
system ; and (3) the power saving realized from  the shutdown of the con
tinuous operation of the 60 h.p. equipment.

Predicated  on the success of the chlorine potential cell apparatus, 
operating on w ater treatm ent chlorine dosage control, experim ents were 
under way by the m anufacturer of this equipment to adap t it  to sewage 
treatm ent. The advent of the war, however, prevented im mediate fu r
ther factory development and we were requested to take over the project. 
About mid-year the apparatus was installed a t the p lant and studies were 
begun with the purpose of establishing a relationship between the coli- 
form bacteria content of the sewage and readings in  millivolts registered 
on a potential recorder. Upon completion of this work the unit is to 
function as a controller for providing autom atic dosage of chlorine to 
the sewage, dependent on its concentration. Thus, instantaneous de
mands will be met, eliminating the over or under chlorination, which ex
ists under present methods. F o r several months the equipm ent was sub
jected to numerous revisions and a t the end of the year reconstruction 
of the potential cell was proposed to eliminate plugging of sam pling lines 
and trays, and to prevent the poisoning of the cell by grease and sand in 
the sewage.

Solids Disposal

Physical features of the piping in  the Sludge Control S tation had fo r 
some time prevented an equal distribution of sludge loading to the diges



Vol. 16, No. 6 EXTRACTS FROM OPERATION REPORTS 1241

tion tanks. All attem pts to clear incrusted lines failed because of the 
lengths involved and the inaccessibility of two distributing lines within 
the digestors. I t  therefore became necessary to consider the revision of 
the raw  sludge feed lines. In  order to perform  this work the tanks 
would have to be partia lly  emptied of sludge and scum to a depth to pro
vide access and working space. One tank was selected and the removal 
of m aterial was begun. A fter a short time all the sludge was removed, 
leaving a large amount of stiff scum within the tank. The dry solids con
tent of this m aterial exceeded 20 per cent, making it necessary to soften 
it by flushing or heating. Supernatant and filtrate liquors were used in 
an attem pt to soften this m aterial, but best results were obtained by the 
addition of live steam. While this operation was proceeding, the heat
ing coils began to leak. (Abs. note: This leakage shows the hazard 
which exists when potable make-up w ater piping is directly connected 
with heating coils in digesters. E ither the open tank system or closed 
tank system fed by a segregated pumped supply (in either case with the 
w ater inlet above the overflow rim of the feed tank) should be used to 
prevent pollution reaching potable w ater supplies.)

A fter a purging period, working platform s and a ventilating system 
were installed within the tank. I t  was possible to support these p la t
forms on the surface of the scum mass remaining in the tank.

The existing 8 in. C. I. raw  sludge line, consisting of two circular 
branches each 60 ft. in length, which had carried sludge to diagonally 
opposite sides of the digester, was removed. One of these lines was 
completely plugged and the other was only partially  open. A new 8 in. 
cast iron line, eliminating the form er “ T ,”  was constructed straight out 
from the tank wall to a distance of about 15 ft. towards the center. The 
original 4 in. gas line, which had proved to be inadequate for removal 
of gas during times of maximum production, was replaced with a 6 in. 
line. The circulating hot w ater coils for heating the sludge, which had 
pulled ap a rt or were split open, were repaired by means of couplings 
and nipples, or by electric welding. The use of the la tter required a 
great deal of precautionary work to prevent the chance of explosion 
should a gas pocket have formed within the tank. This required fre
quent procurem ent of samples to determine the condition of the air 
within the working area. The recording therm ometer line, which had 
broken down in the scum, was repaired and installed upon the structural 
steel framework in place of the old cable support. The improved opera
tion of this tank since its restoration to service has been beyond expecta
tions. Breaking a fu rther precedent, the scum within the tanks failed 
to soften with the advent of w arm er weather as had been the experience 
in the past. This made it necessary to continue throughout the year the 
recirculation of fighter m aterial into the top of the digesters to break 
up the heavy scum solids.

The experiments with acid washing of filter cloths after varying op
erating periods were continued. One cloth treated with acid after each 
300 hours of operation ran  a total of 390 hours, which is about twice the 
fife form erly obtained.
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A fter a prolonged study of m aterials to be used fo r linings in the 
sludge and ash cyclones in place of critical steel, a ceramic known as 
“ Packinghouse F loor T ile”  was selected. Two of the cyclones were 
lined with this m aterial and a fte r a y e a r ’s service were found to be in 
excellent condition; it is believed this change will double the life fo r
merly obtained from  steel plate. The installation of this tile has made 
maintenance more flexible because it is now possible a t points of uneven 
w ear to replace a few tile w ith little effort, whereas form erly  it was 
necessary to renew an entire steel section. The rem aining four cyclones 
are to be lined with this m aterial. F u rth e r  im provem ent was made in 
the ventilation of this departm ent by the construction of two additional 
large roof ventilators. Now all of the dust and fumes are sucked up 
out of the building w ith consequent lower w orking tem peratures and 
less working hazards.

Miscellaneous
The need for fertilizers for farm s and victory gardens again gave 

emphasis to the use of sludge fo r this purpose. A repo rt on the use and 
availability of p lan t sludge for this purpose indicated th a t little benefit 
could be expected from  the use of the m aterial produced a t the T rea t
ment W orks.

Laboratory Activities

D uring the previous year an electric fly tra p  was obtained and a 
study of its efficacy made by the departm ent in order to elim inate this 
nuisance. On the basis of studies completed, additional trap s  were 
purchased and placed throughout the plant. This action aided in elimi
nating an employee grievance in several departm ents.

PA R T  III  

S E W E R S  D E P A R T M E N T

By Carl L. H owell

Supt. o f Sewers

W ater depth gauges have been installed a t critical points in the 
sewerage system and records of flow depth are being kept to determ ine 
the effectiveness of the system in the handling of storm  w ater.

F rom  inform ation obtained from  234 concerns in 18 different indus
tria l classifications in  the City regarding the character of th e ir wastes, 
the A uthority  has determ ined during this past year to adopt and pu t 
into effect special charges for the treatm ent of industria l w astes of un
duly high concentrations which cause increased trea tm ent expense to 
the A uthority. These special charges are only fo r the purpose of re 
im bursing the A uthority  for the cost of chlorine consumption and of 
chemicals and power used for the disposal of solids in excess of norm al



sewage requirem ents. The special charges are determined from a rate 
formula, as follow s:

R  =  F  Pc (C —  N c ) + F  Ps (S  —  Ns). 
where R  =  ra te  of special charge per 1,000 cu. ft. of waste,

F  =  conversion factor to convert from p arts  per million to lbs.
per 1,000 cu. ft.,

Pc =  cost of chlorine,
C =  m easured chlorine demand of waste,

Nc =  norm al chlorine demand of Buffalo sewage,
Ps =  cost of chemicals and power as determined from plant 

operations,
S  —  measured quantity of suspended solids in waste,

Ns =  normal quantity  of suspended solids in Buffalo sewage.
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Buffalo, New York. Summary of Operating Data, July, 19Ą2-June, 19Ą3
This Year 5-Year

Item Average Average

Temperature sewage, F .° .........................................................................  62.1* 59.0
Sewage flow, m.g.d.................................................................................... 150.0f 140.0
Kw. hrs. per m.g.......................................................................................  115.0 122.0
Suspended solids

Raw, p.p.m  205.0 187.0
Raw, lbs. per capita.......................................................................... 0.43 0.36
Effluent, p.p.m  134.0 120.0
Per cent removal  34.5 35.7

B.O.D.
Raw, p.p.m  127.0 137.0
Effluent, p.p.m  101.0 109.0
Per cent removal  19.8 20.7

Chlorine demand
Raw, p.p.m........................................................................................  4.76 4.92
Supernatant liquor, p.p.m  338.0 225.0
Total, p.p.m....................................................................................... 516 5-33

Chlorine dose, lbs. per day  4,900.0 5,400.0
Presumptive coliform bacteria

Raw, 1,000 per ml............................................................ ■................ 68.4
Effluent, 1,000 per ml............................................................................  1-42 1-32
Per cent k ill   67.9 97.9

Grit
Cu. ft. per m.g.......................................................................................  2.27 3.16
Per cent dry solids  57.6 52.5
Per cent volatile matter  38.9 39.8

Raw sludge
1.000 gals, daily  178.0 278.0
Per cent dry solids  7.8 6.1
Per cent volatile matter      60.5 59.1
p H   6.3 6.5

Digested sludge
1.000 gals, daily  81.0 72.0
Per cent dry solids............................................................................  9.2 9.61
Per cent volatile matter  54.1 48.1

63.1

* Max. 82.0, min. 43.0. 
t Max. 284.0, min. 97.0.
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T h is  Y ea r 5-Y ear
I te m  Average Average

Supernatant liquor
1.000 gals, daily 179.0 256.0
Per cent dry solids  3.3 3.6
p H   6.7 7.0

Digestion tank temperature, F .° ..............................................................  89.8 86.7
Gas production, 1,000 cu. ft. daily...........................................................  439.0 462.7
Gas analyses

Carbon dioxide, per cent...................................................................  —  33.8
Methane, per cent.......................................................................... . —  63.3
B.T.U. per cu. ft................................................................................. —  635.0
Cu. ft. gas per capita............................................................................. —  6.77

Incineration
Tons of wet sludge cake, daily.......................................... ■..............  73.0 74.0
Per cent dry solids in sludge cake....................................................  37.6 37.4
1.000 lbs. dry solids in sludge cake, daily........................................  55.0 55.0
Per cent volatile matter in sludge cake............................................ 49.4 43.1
Per cent CaO ......................................................................................  7.86 10.01
Per cent F e C lj....................................................................................  1-64 2.51
1.000 lbs. dry ash...............................................................................  23.7 25.0
Per cent volatile matter in ash........................................................  3.73 3.57

WARTIME OPERATION PROBLEMS AT SEATTLE *

B y W illiam McNamara

City Engineering Department, Seattle, Washington

The m ajor problem in maintenance in this w ar period applies simi
larly  to practically all lines of endeavor and m ay be summarized in a 
simple statem ent—the lack of available manpower. This m ay appear 
to be an excuse ra ther than a fact, but when we encounter any em er
gency we seem to come back again to the manpower question before it 
can be met and relieved. I  have no doubt tha t everyone here engaged 
in municipal work must, like the City of Seattle, get along w ith 30 per 
cent of the labor he desires and is entitled to under his budget.

The making of necessary repairs is fu rther complicated by some de
lay in securing m aterial and repair parts , which situation has probably 
been p artly  due to the lack of manpower in the m anufacturing plants. 
We have all had our p rio rity  problems in the past but a t la st we in the 
sewage works field can point proudly to our AA-1 rating , which is the 
best ra ting  given in  relation to other municipal purchases. Although 
the m anufacturers have been placed in a difficult situation in meeting 
our needs, they have given us their best co-operation and have helped us 
avoid critical circumstances.

A nother serious problem in w artim e operation is the sudden increase 
in population which results in greater loads on the sewers and trea tm ent 
plants. One example of this is in connection w ith a large disposal p lant 
operated by the Seattle Engineering Departm ent. This p lan t was orig i

* Presented at Pacific Northwest Sewage Works Association Conference, Olympia W ash
ington, May 11, 1944.
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nally designed to handle the sewage from a certain district estimated to 
have an ultim ate population of 32,000 people with a flow of 8 million 
gallons per day, but on this line was erected the Boeing P lan t employing 
some 28,000 persons, the Isaaccson plant with possibly 2,000 persons and 
numerous smaller industrial plants th a t have come into existence since 
the s ta r t of the war. I t  can be seen tha t the industrial population now 
served by the p lan t is g reater than the original design population. The 
sewage entering the plant is very fresh, due to its short distance of 
travel and the amount of trade wastes is greatly increased. To illu
strate one phase of the problem, just yesterday we obtained 33,000 cu. 
ft. of gas from our digesters, which flow being over the capacity of our 
meters, is causing us considerable trouble. The normal consumption 
of gas for the plant and digester heating is about 10,000 cu. ft. per day 
and the excess burner is constantly flaming.

Recently we had an acid condition develop a t the digesters and the 
pH  dropped into the foaming range. Upon investigation we found the 
wastes responsible were coming from the Boeing factory, where the alu
minum is dipped in a bath of chromic acid to give the metal a surface 
that would take pain t pigments in camouflage. This was brought to the 
attention of the Boeing engineers and correction was made which 
cleared up our problem. Another problem resulted from the depositing 
of sponge rubber strips in the toilets at the factory which practice 
caused much trouble a t our pumps.

We have had to make several changes at our pumping and treatm ent 
plants in the past year. One such change was the installation of elec
trical controls at the pumps so as to obtain more continuous pumping 
and thus relieve the stage starting  devices. A t the treatm ent plant we 
have been able to reduce greatly the amount of sand reaching the di
gesters by reducing the velocity through the detritor, resulting in the 
removal of about 4 times as much grit as had been produced previously. 
Further, we have installed automatic timing devices at our sludge 
pumps so that pumping of sludge from the clarifier to the digester takes 
place during a definite interval of every hour, ivhether an attendant is 
present or not. The la tte r change has improved digester operation 
materially.

From  a study of pump operation times a t our 16 sewage pumping 
stations, we find tha t our pump capacities are such that the pumping- 
time is very short in comparison to the rest period during filling of the 
wet well. Installation and power costs would have been reduced if 
smaller pumps had been used so tha t they would operate more continu
ously. Our study of the pumping periods and the resulting adjustm ent 
of floats and controls has accomplished a reduction in our power bill of 
approximately 25 per cent.

Lack of manpower is causing a real problem in connection with the 
maintenance of sewer systems, The proper cleaning of catch basins 
and inlets, the flushing and dragging of sewers and the removal of tree 
roots has had to be considerably curtailed. Our departm ent now main
tains about 1,100 miles of trunk and main sewers, of which some 200
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miles require annual attention in the form  of removal of roots. A t 
present, we are able to give this attention only once in th ree years. 
This situation, of course, has increased the liability of the City fo r dam 
ages due to blocked sewers and flooded basements.

How is this manpower problem to be met? I  can only say th a t in 
our departm ent, every man is being used where he can do the m ost good 
and tha t all available personnel has been apportioned to the various 
divisions of the departm ent in as equitable a m anner as possible. W hen
ever any emergency occurs in any of the divisions we all hold ourselves 
in readiness to furnish  all of the men and assistance tha t we can. I  can 
only recommend tha t you accomplish the very best results possible with 
w hat you have or can obtain w ithout in terfering  w ith the m ajor war 
effort.

SEWAGE EFFLU EN T CHLORINATION*

B y  L t . E .  A .  B e l l

Sanitary Engineer, Office o f Supervising Engineer, 13th Naval District, Seattle, Wash.

In  order to approach the subject of disinfection of sewage effluents, 
we m ust look back to those days when the trea tm ent of sewage was non
existent. The use of surface supplies fo r potable w ater was, and still 
is, common for cities and smaller municipalities. D isease was ram pant 
throughout the world and once an epidemic of cholera, typhoid or other 
w aterborne diseases was started , many lives were lost before the dreaded 
plague had run its course—and th a t is the way epidemics usually ended. 
As human habitation began to spread out over la rger areas, springs 
and wells also gathered pollution by seepage of wastes into the ground.

The development of w ater trea tm ent units such as filters, coagulation 
tanks and disinfection devices arrested  such disease and re ta rded  it to 
a point th a t now a w aterborne epidemic is very rare. A t the tu rn  of the 
century, it became apparent th a t the m ost practical approach to the 
problem of pollution was removal of the source ra th e r than  an attem pt 
to trea t all w ater supplies as extensively as the necessity demanded. 
The use of sewers for the removal of wastes dates back to the Roman 
Em pire, but the collection of sewage and its subsequent trea tm en t has 
occurred w ithin the last century and has only reached its peak in the 
past twenty-five years. The disinfection of the effluent is usually the 
final step in rendering harm less the discharge of trea ted  sewage into 
various stream s, river, lakes and other bodies of w ater used not only for 
potable purposes, but also for bathing and the hab itat of edible shellfish.

Experim entation over a period of years has dem onstrated m any 
methods of destroying bacteria in water. However, the use of chlorine 
gas, in properly  controlled doses, has proven not only the m ost effective, 
but also the most economical. The development of hypochlorite com

* Presented at Pacific Northwest Sewage Works Association Conference, Olympia W ash
ington, May 11, 1944.
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pounds of high chlorine content (approxim ately 70 per cent) has also 
played an im portant part, but the relatively high cost of such chemicals 
when used in large quantities, and the difficulty in handling has made 
their use im practical in large installations. Chlorine is an ideal agent 
for sewage disinfection because of the remarkable ability of a small 
amount of chlorine to kill a large percentage of bacteria—practically 
100 per cent of the pathogenic group which causes so much illness. An
other feature is tha t the control of chlorine dosage is very simple and 
any layman properly  instructed can compute and adjust the rate of feed 
so that the treatm ent will be complete but not wasteful.

In  applying chlorine to sewage effluents, two components m ust be 
considered, the demand and the residual. The form er is im portant be
cause it is the amount normally required for complete sterilization and 
the la tte r is im portant because of the facility with which it can be de
termined. The term  “ residual chlorine”  is the one most commonly 
used in sewage treatm ent and is usually expressed in parts  per million. 
I t  is the quantitative amount of free chlorine remaining after a known 
period of contact of chlorine with the sewage. There are several meth
ods of determ ining the residual, but the two most used are (a) starch 
iodide, and (b ) orthotolidine. The la tte r method is preferred  over the 
others because it is rapidly perform ed and, by the use of color stand
ards, will give quantitative results that are sufficiently accurate for all 
practical purposes.

The chlorine demand of sewage effluents varies with the degree of 
trea tm en t; it may run as high as 40 p.p.m. in the case of septic prim ary 
effluent to as low as 1 p.p.m. in highly treated  effluents. The demand 
also varies with the strength and age of the sewage. Economy of opera
tion dictates the amount of chlorine to be used and, for that reason 
alone, it is not desirable to carry  a high residual after the contact period. 
There are many opinions both as to contact period and the amount of 
residual desired; in all instances, it is best to follow the requirements 
laid down by your state departm ent of health. The various states have 
slightly different requirem ents but, in general, the regulations are not so 
divergent as to w arran t any discussion. Some authors report that a 
residual of 0.2 p.p.m. afte r 5 minutes contact will guarantee destruction 
of pathogenic organisms while others go high as 1 p.p.m. after 30 min
utes contact. A fter a careful study of many reports on this subject, the 
w riter prefers to use 0.5 p.p.m. residual after 15 minutes contact as a 
general practice.

In  designing a new sewage treatm ent plant, one of the problems of 
the designer is—do we need disinfection? Again it is wise to follow the 
suggestion of the state health au thorities; you will rarely find them arbi
tra ry  or unreasonable. I f  the solution is left to the designer, a good 
rule is “ If  in doubt—chlorinate.”  All phases of the problem should be 
studied carefully—the course of the effluent after it leaves the plant; the 
amount of dilution; whether or not the receiving stream  is used for po
table supply, bathing or shellfish; and, last but by no means least, will 
untreated sewage cause a nuisance or health hazard fu rther down
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stream ! The cost of chlorination equipm ent is norm ally so small com
pared to the entire cost, th a t the designer can never be w rong by provid
ing for disinfection. Obviously, there m ay be instances w here the use 
of any means of sterilization is unnecessary and foolish and should not 
ever be considered, however, there again you will find the state  health 
engineers ready and willing to advise.

The continued advance in the a r t  of feeding chlorine gas has made 
the problem of effective sterilization a simple one. The development 
of automatic equipment perm its the positive and accurate control of cor
rect amounts of chlorine to meet the ever fluctuating ra te  of flow. The 
chlorine-potential machine is probably the m ost highly refined unit 
available in th a t it not only meets variation  in flow, but also meets v a ri
ations in  demand. Chlorine gas, uncontrolled, does not provide suitable 
treatm ent, and the present day devices are responsible fo r the highly 
efficient methods of disinfection.

There are many other uses fo r chlorine in the trea tm en t of sewage, 
but in order to keep this paper w ithin the bounds of discussion they 
have been purposely omitted.

D is c u s s io n  

By E. A. H e is s

Division Manager, Wallace and Tiernan Corp., Seattle, Wash.

The basic and prelim inary phases discussed by Lt. Bell lead to fu r
ther discussion of the specific uses of chlorination in  sewage disposal. 
F o r the purpose at hand, the many miscellaneous uses will be mentioned 
first and discussed briefly, leading up to the m ain topic of effluent chlo
rination—its general use in the past, its purpose and w hat the sewage 
plant operator and engineer m ay expect in the fu ture.

D igressing then from  the m ain topic we will first m ention prechlo
rination of sewages. Generally, prechlorination of sewage is used for 
odor control and this has often been considered the outstanding applica
tion of chlorination in sewage treatm ent. The value of prechlorination 
lies in  the ability of chlorine to halt the bacterial decomposition of sew
age and resu ltan t odors by destroying bacterial life. Incipient septicity 
can often be postponed several hours by minor chlorine doses added to 
sewage, which later, due to slight aging, would present severe odor p rob
lems. This postponem ent often also perm its the handling of aging 
sewage w ithout excessive masonry, p lant and structu re  deterioration  
or ineffective treatm ent p lant operation. The oft-m entioned classic ex
ample of m asonry deterioration and its correction is the Orange County 
outfall sewer a t Los Angeles where, before chlorination, the H 2S ranged 
from  10-60 p.p.m. a t the upper end of the sewer and- 5-10 p.p.m. a t the 
lower end. The to tal operating cost of several chlorination stations 011 
feeder lines was about $3.25 per rn.g., which resulted in reducing the HoS 
to less than one p.p.m. and extended the life of the sewer indefinitely. 
The original cost of the sewer was $1,000,000 and the structu re had been



expected to deteriorate 100 per cent in 10 years. This treatm ent re 
turned over 800 per cent on the investment of some $6,000 per year for 
chlorine. L ast but not least, a very bad odor nuisance was corrected 
a t the same time and disinfection was accomplished.

Prechlorination for odor control ahead of sewage disposal plants 
has, in many instances, improved sedimentation and increased the 
amount of settleable solids removed. I t  is often used at Imhoff tanks 
to decrease foaming and in clarifiers to reduce scum formation. Sev
eral authorities report no harm ful effect of prechlorination in sludge 
digestion. In  fact, the reverse has been reported on several occasions.

Interm ediate chlorination within the sewage treatm ent plant is com
mon for various reasons. Among these, chlorination has been used to 
control sludge bulking in activated sludge plants. I t  has been widely 
used to correct filter ponding in trickling filter plants, and to control 
sphaerotilus growths in sedimentation and flocculating tanks. I t  is used 
to condition supernatant re tu rn  liquors and in sludge thickeners as well 
as grease removal units. In  addition to all these uses, however, the 
basic advantage of chlorination lies in  its value as a sterilizing agent for 
final disinfection of sewage effluents before discharging them into receiv
ing channels or waterways. This use is now regarded as a necessity in 
nearly all instances and, when the many advantages of chlorination in 
plant processes are considered, the modern sewage plant without chlo
rination facilities is rare.

Although chlorination of raw sewage is rarely  recommended, a de
velopment in one Puget Sound area can be used as an example. Many 
small sewers serving relatively uncongested areas discharge into the 
Sound adjacent to Seattle. Pending construction of adequate disposal 
plants, present treatm ent consists of comminution followed by chlo
rination during summer months and discharge to the Sound at a 40-ft. 
depth. Apparently, passable results are obtained and no defiling of 
bathing beaches or pollution is noticeable from  such disposal.

When effluent chlorination was first used, Tiedeman at Huntington, 
L. I., in 1927 described a classic bacteriological work done on bacterial 
reductions as related to chlorine applications and contact times. This 
was the first published data on the results of chlorination for this p u r
pose. Shortly thereafter it was recognized by various operators that 
chlorination of sewage and plant effluents resulted in B.O.D. reduction 
and further extensive work was done in this regard  by many independ
ent workers. The A.P.H.A. reviewed all available data and concluded:

1. Chlorination to give residuals of 0.2 to 0.5 p.p.m. after 10 minutes 
reduces the 5 day B.O.D. from  15 to 35 per cent; the reduction of 
B.O.D. being approxim ately proportional to quantity of chlorine 
absorbed.

2. For each p.p.m. of chlorine assimilated, a reduction of 2 p.p.m. of
B.O.D. is obtained.

3. Chlorination sufficient to produce free chlorine residual in the 
chlorinated sewage or effluent will re ta rd  normal decomposition
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processes, thereby tending to prevent anaerobic conditions during 
the norm ally critical period of rap id  oxygen depletion, thus p e r
m itting opportunity  fo r reaera tion  and additional dilution from  
trib u ta ry  stream s to m aintain aerobic conditions.

Rudolfs and Lacey studied p a rtia l chlorination and B.O.D. reduc
tion, finding th a t chlorination to 50 per cent of the chlorine demand 
caused a 10-20 per cent reduction in five and ten-day B.O.D., while fu r 
ther chlorination to 100 per cent caused a 25 to 27 per cent reduction. 
F u rth e r work indicated tha t most of the five-day reduction was caused 
by chlorine doses from  20 to 40 per cent of the chlorine demand.

Connecting these data  to tha t of T iedem an’s work on bacterial reduc
tions indicates th a t the field of subresidual chlorination for the large 
plant is w orthy of considerable fu rth e r investigation. W ere it  not for 
the w ar we would today probably be able to cite other data  on this sub
ject. Possibly this will be available soon. In  this field lies the value 
of chlorination to the large p lan t and it is in this field th a t the m ajor 
development in sewage chlorination will probably come in the postw ar 
period.

I t  is an established fact tha t regrow ths of organism s will occur in 
receiving bodies but to w hat extent is debatable. The Columbia River 
pollution investigation indicates th a t prolific slimes resu lt from  the 
addition of an ample food supply to w ater carry ing  dorm ant bacterial 
life. This tendency has been noted where sterile sewages containing 
plenty of bacterial food were discharged into small receiving stream s 
carrying little bacterial life, w ith the result tha t bacterial activity  imme
diately flourishes to a disastrous extent.

Another type of regrow th occurs where suspended solids are not 
completely removed. In  such a case, chlorine does not get to bacteria 
encased in particles of suspended m atter. W hen such particles reach 
receiving bodies some of the bacteria escape and grow prolifically. N or
mally, the inherent bacteria in the receiving w ater get a decided impulse 
with the addition of a large food supply and a subsequent increase in 
bacterial life will follow.

I t  is obvious to anyone studying the reports and lite ra tu re  th a t fu r 
ther experim ental laboratory  work is necessary in  the sewage field and 
th a t postw ar sewage disposal will show marked advances in the a r t  and 
m anner of sewage chlorination.

REVISED ORDER P-141 
(A S  A M E N D E D  JU L Y  15, 1944)

P a r t  3 2 8 7 — G o v e r n m e n t  S e r v ic e s  

[ P re f e r e n c e  R a t in g  O rd e r  P - 1 4 1 ,  a s  A m e n d e d  J u ly  15 , 1 9 4 4 ]

P u b l ic  S a n i t a r y  S e w e r a g e  F a c i l i t i e s ;  M a in te n a n c e ,  R e p a ir  a n d  O p e r a tin g  S u p p l ie s

§ 3 2 8 7 .2 6 . P r e fe r e n c e  R a t in g  O rd e r  P - l ) , l — (a )  D e fin i t io n s .  F o r  t h e  p u rp o s e  o f t h i s  o r d e r  •
(1 )  “ O p e r a to r "  m e a n s  a n y  in d iv id u a l ,  p a r t n e r s h i p ,  a s s o c ia t io n ,  c o r p o r a t io n ,  g o v e r n m e n ta l  c o rp o 

r a t io n  o r  a g e n c y , o r  a n y  o rg a n iz e d  g ro u p  o f  p e r s o n s , w h e th e r  in c o r p o r a te d  o r  n o t ,  lo c a te d  in  th e  U n i te d
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S ta t e s ,  i t s  t e r r i t o r i e s ,  o r  p o s se ss io n s , e n g a g e d  in  o r  c o n s t r u c t in g  f a c i l i t ie s  f o r  th e  p u rp o s e  o f  e n g a g in g  
in , t h e  o p e r a t io n  o f  a  p u b lic  s a n i t a r y  s e w e ra g e  s y s te m  o r  a  p u b lic  s a n i t a r y  se w e ra g e  sy s te m  c o m b in ed  
w i th  a  s to rm  s e w e ra g e  s y s te m , w h e th e r  o r  n o t  su ch  o p e r a to r  h a s  a p p lie d  th e  p re fe re n c e  r a t in g s  h e re in  
a s s ig n e d .

(2 )  “ C o n tro l le d  m a te r i a l "  m e a n s  s te e l— b o th  c a rb o n  ( in c lu d in g  w ro u g h t  i r o n )  a n d  a l lo y — c o p p e r  
( in c lu d in g  c o p p e r  b a s e  a l lo y s )  a n d  a lu m in u m , in  e a ch  c a se  o n ly  in  th e  fo rm s  a n d  s h a p e s  in d ic a te d  in  
S c h e d u le  I  o f C .M .P . R e g u la t io n  N o. 1

(3 )  “ M a te r ia l”  m e a n s  a n y  co m m o d ity , e q u ip m e n t , a c c e s so ry , p a r t ,  a s sem b ly , o r  p r o d u c t  o f  a n y
k in d .

(4 )  “ M a in te n a n c e "  m e a n s  t h e  m in im u m  u p k ee p  n e c e s s a ry  to  c o n t in u e  a n  o p e r a to r ’s p r o p e r ty  
a n d  e q u ip m e n t  in  so u n d  w o rk in g  c o n d itio n .

(5 )  “ R e p a i r ”  m e a n s  th e  r e s to r a t io n  o f a n  o p e r a to r ’s p r o p e r ty  a n d  e q u ip m e n t to  so u n d  w o rk in g  
c o n d i t io n  a f t e r  w e a r  a n d  te a r ,  d a m a g e , d e s t r u c t io n  o f  p a r t s  o r  th e  like , h a v e  m a d e  s u ch  p r o p e r ty  o r  
e q u ip m e n t u n f i t  o r  u n s a f e  f o r  s e rv ic e .

(6 )  “ O p e r a t in g  s u p p lie s ” m e a n s :
( i )  M a te r ia l  w h ic h  i s  e s s e n t ia l  to  th e  o p e ra t io n  o f  th e  sy s te m  sp ec ified  in  p a r a g r a p h  ( a )  (1 ) 

a n d  w h ic h  is  g e n e ra l ly  c h a rg e d  to  o p e r a t in g  e x p e n se  a c c o u n t.
( i i )  M a te r ia l  f o r  a n  a d d i t io n  to  o r  a n  e x p a n s io n  o f s e w e ra g e  sy s te m  o r  w o rk s , o th e r  th a n  b u ild 

in g s , p ro v id e d  t h a t  s u c h  a n  a d d i t io n  o r  e x p a n s io n  s h a l l  n o t  in c lu d e  a n y  w o rk  o rd e r , jo b , o r  p ro je c t ,  
in  w h ic h  th e  c o s t  o f m a te r i a l  s h a l l  ex ceed  .$1,500 a n d  p ro v id e d  t h a t  n o  s in g le  c o n s tru c t io n  p r o je c t  
s h a l l  be  su b d iv id e d  in to  p a r t s  in  o r d e r  to  com e below  th e s e  l im its .

(7 )  M a te r ia l  f o r  “ m a in te n a n c e ,”  “ r e p a i r ” a n d  “ o p e r a t in g  s u p p lie s ”  in c lu d e s  a n y  m a te r i a l  w h ic h  
is  e s s e n t ia l  to  m in im u m  s e rv ic e  s ta n d a r d s ,  a n d  d o es  n o t  in c lu d e  m a te r ia l  f o r  th e  im p ro v e m e n t o f  a n  
o p e r a to r ’s p r o p e r ty  o r  e q u ip m e n t th r o u g h  th e  re p la c e m e n t  o f  m a te r i a l  w h ic h  is  s t i l l  u sa b le .

(8 )  “ S u p p l ie r ” m e a n s  a n y  p e r s o n  w i th  w h o m  a  p u r c h a s e  o r d e r  o r  c o n t r a c t  h a s  been  p la c e d  f o r
d e l iv e ry  o f m a te r i a l  to  a n  o p e r a to r ,  o r  to  a n o t h e r  s u p p lie r .

(9 )  “ C a le n d a r  q u a r t e r ly  p e r io d "  m e a n s  th e  s e v e ra l th r e e  m o n th s  o f  th e  y e a r  co m m e n c in g  J a n u a r y  
1, A p r il  1, J u ly  1, a n d  O c to b e r  1, o r  th e  o p e r a to r ’s  c u s to m a r y  a c c o u n tin g  p e r io d  c lo se s t  to  s u ch  p e r io d .

(1 0 )  “ I n v e n t o r y ” m e a n s  a l l  n ew  o r  s a lv a g e d  m a te r i a l  in  th e  o p e r a to r 's  p o sse ss io n , u n le s s  p h y s i 
c a lly  in c o rp o ra te d  in  p la n t ,  w i th o u t  r e g a r d  to  i t s  a c c o u n tin g  c la s s if ic a t io n , e x c lu d in g , h o w ev e r , m a te 
r ia l  w h ic h  is  s e g re g a te d  f o r  u se  in  a d d i t io n s  a n d  e x p a n s io n s  sp ec if ica lly  a u th o r iz e d  u n d e r  p a r a g r a p h  
(fir) (2 )  o f t h i s  o r d e r  o r  by  a n  o p e r a t iv e  p re fe re n c e  r a t i n g  o r d e r  o r  c e r t i f ic a te  is s u e d  by  th e  W a r  
P ro d u c tio n  B o a rd .

(6 )  P r e fe r e n c e  r a t in g s .  A p r e fe re n c e  r a t i n g  o f A A -1  is  h e re b y  a s s ig n e d  to  o rd e r s  to  be p la ced  
by  a n  o p e r a to r  f o r  m a te r i a l  to  be u s e d  f o r  m a in te n a n c e  o r  r e p a i r ,  a n d  f o r  o p e ra t in g  su p p lie s .

(c )  C o n tr o lle d  m a te r ia l s ;  s te e l , c o p p e r  a n d  a lu m in u m .  S u b je c t to  th e  q u a n t i ty  r e s t r i c t i o n s  c o n 
ta in e d  in  p a r a g r a p h  ( / )  o f th i s  o rd e r , a n y  o p e r a to r  r e q u i r in g  d e l iv e ry  o f a n y  c o n tro lle d  m a te r i a l  f o r
m a in te n a n c e ,  r e p a i r  o r  o p e r a t in g  s u p p lie s  m a y  o b ta in  th e  sa m e  by p la c in g  on  h is  d e l iv e ry  o rd e r  th e
c e r t if ic a tio n  re q u ir e d  in  p a r a g r a p h  (e )  (1 )  h e re o f . A n  o rd e r  b e a r in g  su c h  c e r t i f ic a t io n  s h a l l  c o n s t i 
tu t e  a n  a u th o r iz e d  c o n tro l le d  m a te r i a l  o rd e r .

(d )  R e s t r i c t i o n s  on  u s e  o f  s y m b o l a n d  r a tin g s . (1 )  T h e  a l lo tm e n t  sy m b o l a n d  p re fe re n c e  r a t 
in g s  h e re b y  a s s ig n e d  s h a l l  n o t  be  u s e d  by  a n  o p e r a to r  o r  s u p p lie r  to  o b ta in  d e l iv e r ie s  o f  s c a rc e  m a te 
ria l ,  th e  u se  o f w h ic h  co u ld  be e l im in a te d  w i th o u t  s e r io u s  lo s s  o f efficiency by  s u b s t i tu t io n  o f  le ss  
sc a rc e  m a te r i a l  o r  b y  c h a n g e  o f d es ig n .

(2 )  T h e  p r e f e r e n c e  r a t in g s  a s s ig n e d  by  p a r a g r a p h  (b )  s h a l l  n o t  be u s e d  to  o b ta in  a n y  ite m  i n 
c lu d ed  in  L i s t s  A  o r  B o f P r io r i t i e s  R e g u la t io n  N o. 3.

(e )  A p p l ic a t io n  a n d  e x te n s io n  o f r a t in g s ;  a p p lic a tio n  o f C .M .P . a l lo tm e n t  s y m b o l— (1 ) C e r tific a 
tio n .  T h e  A A -1  r a t i n g  a s s ig n e d  by  p a r a g r a p h  (b )  o f th i s  o r d e r  a n d  th e  C .M .P . a l lo tm e n t  sym bol 
M R O -P -1 4 1  m a y  be  a p p l ie d  by  a n  o p e r a to r  to  d e l iv e r ie s  o f m a te r ia l  f o r  u se  in  m a in te n a n c e ,  o r  r e p a i r ,  
o r  a s  o p e ra t in g  s u p p lie s  o n ly  by  u se  o f  a  c e r t i f ic a t io n  in  s u b s t a n t i a l l y  th e  fo llo w in g  fo rm  :

P r e f e r e n c e  R a t in g  A A -1 , C .M .P . A llo tm e n t  S y m b o l M R O -P -1 4 1 . T h e  u n d e rs ig n e d  p u r c h a s e r  
ce rtif ie s , s u b je c t  to  th e  p e n a l t i e s  o f S e c t io n  35  (A ) o f  th e  U n ite d  S ta t e s  C r im in a l C ode, to  th e  se lle r  
a n d  to  th e  W a r  P r o d u c t io n  B o a rd , t h a t  to  th e  b e s t  o f h is  k n o w le d g e  a n d  b e lie f  th e  u n d e rs ig n e d  is  
a u th o r iz e d  u n d e r  a p p l ic a b le  W a r  P r o d u c t io n  B o a rd  r e g u la t io n s  o r  o rd e r s  to  p la c e  th i s  d e l iv e ry  o rd e r , 
to  rece iv e  th e  i t e m ( s )  o rd e re d  f o r  th e  p u rp o s e  f o r  w h ic h  o rd e re d , a n d  to  u se  a n y  p re fe re n c e  r a t in g  o r  
a l lo tm e n t  n u m b e r  o r  sy m b o l w h ic h  th e  u n d e rs ig n e d  h a s  p la c e d  on  t h i s  o rd e r .

N am e  o f o p e r a to r

S ig n a tu r e  o f  d e s ig n a te d  official

S uch  c e r t if ic a tio n  s h a l l  be s ig n e d  m a n u a lly  o r  a s  p r o v id e d  in  P r io r i t i e s  R e g u la tio n  N o. 7.
(2 )  T h e  r a t in g s  a s s ig n e d  by  t h i s  o rd e r  m a y  be e x te n d e d  by  a  s u p p lie r  in  th e  m a n n e r  p ro v id e d  

in  P r io r i t i e s  R e g u la tio n  N o . 3 , a n d  C .M .P . R e g u la t io n  N o. 3.
i f ) R e s t r ic t io n s  on d e l iv e r ie s , in v e n to r y  a n d  w i th d r a w a ls — (1 )  D e liv e r ie s  a n d  w i th d r a w a ls .  N o 

o p e ra to r  s h a ll ,  d u r in g  a n y  c a le n d a r  q u a r t e r ly  p e r io d , a c c e p t d e l iv e ry  o f  a n y  m a te r i a l  o r  w i th d r a w  fro m  
in v e n to ry  a n y  m a te r ia l ,  to  be u s e d  f o r  m a in te n a n c e  o r  r e p a i r  o r  a s  o p e r a t in g  su p p lie s  o r  f o r  a n y  o th e r  
p u rp o s e  (e x c e p t m a te r ia l  to  be  s e g re g a te d  f o r  u se  in  e x te n s io n s  sp ec ifica lly  a u th o r iz e d  u n d e r  p a r a 
g ra p h  ( g ) (2 )  o f th i s  o rd e r  o r  by  a n  o p e ra t iv e  p re fe re n c e  r a t i n g  o rd e r  o r  c e r t i f ic a te  is s u e d  by  th e  W a r  
P ro d u c tio n  B o a rd ) ,  th e  a g g re g a te  d o l la r  v a lu e  o f w h ic h  s h a l l  exceed  th e  a g g re g a te  d o l la r  v a lu e  o f 
m a te r ia ls  u sed  fo r  m a in te n a n c e  o r  r e p a i r  o r  a s  o p e r a t in g  su p p lie s , d u r in g  th e  c o r re s p o n d in g  c a le n d a r  
q u a r te r ly  p e r io d  o f th e  y e a r  19 4 2 , o r  a t  th e  o p e r a to r 's  o p tio n , tw e n ty - f iv e  p e r  c e n t o f th e  a g g re g a te  
d o lla r  v a lu e  o f m a te r ia ls  u s e d  f o r  s a id  p u rp o s e  d u r in g  th e  o p e r a t o r ’s f isca l y e a r  e n d in g  c lo se s t to  D e 
cem b er 31, 1942.

(2 )  In v e n to r y .  N o  o p e r a to r  s h a l l  a t  a n y  tim e , a c c e p t d e l iv e ry  o f a n y  m a te r ia l  i f  th e  o p e r a to r ’s 
in v e n to ry  w ill , by v i r t u e  o f su c h  a c c e p ta n c e , be  in  e x c ess  o f  a  p r a c t ic a l  w o rk in g  m in im u m .

(3 )  E x c e p tio n s .  T h e  p ro v is io n s  o f p a r a g r a p h  ( / )  (1 )  o f t h i s  o rd e r  a r e  s u b je c t  to  th e  fo llo w in g  
ex c e p tio n s .
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( i )  A n  o p e r a to r  w h o , d u r in g  th e  c a le n d a r  y e a r  1 9 4 2  ( o r  f is c a l y e a r  e n d in g  c lo s e s t  to  D e c e m b e r  
31 , 1 9 4 2 ) ,  u s e d  f o r  m a in te n a n c e ,  r e p a i r ,  a n d  a s  o p e r a t in g  s u p p lie s , m a te r i a l s  o f  th e  a g g r e g a te  v a lu e  
o f  n o t  e x c e e d in g  $ 5 ,0 0 0 , a n d  w h o se  e s t im a te d  r e q u i r e m e n t s  f o r  m a te r i a l s  to  b e  u s e d  f o r  m a in te n a n c e ,  
r e p a i r  a n d  a s  o p e r a t in g  s u p p lie s  d u r in g  a n y  c a le n d a r  y e a r  ( o r  c o r r e s p o n d in g  f is c a l y e a r )  d o  n o t  e x 
ceed  $ 5 ,0 0 0  m a y , d u r in g  su c h  y e a r ,  e x c eed  th e  q u a n t i t y  r e s t r i c t i o n s  p r e s c r ib e d  b y  p a r a g r a p h  ( / )  (1 )  
o f  t h i s  o rd e r .  I f  th e  a c t u a l  r e q u i r e m e n ts  o f  m a te r i a l  f o r  m a in te n a n c e ,  r e p a i r  a n d  o p e r a t in g  s u p p lie s  
f o r  e a c h  y e a r  s h o u ld  p ro v e  to  be  in  e x c e ss  o f $ 5 ,0 0 0 , s u c h  o p e r a to r  s h a l l  n o t  a c c e p t  a n y  d e l iv e r ie s  
o f m a te r i a l  o r  w i th d r a w  f ro m  in v e n to r y  a n y  m a te r i a l  to  be  u s e d  f o r  m a in te n a n c e ,  r e p a i r  o r  a s  o p e r a t 
in g  s u p p lie s  i f  s u c h  d e l iv e r ie s  o r  w i th d r a w a l s ,  w h e n  t a k e n  to g e th e r  w i th  o th e r  d e l iv e r ie s  o r  w i t h 
d r a w a ls  w i th in  s u c h  y e a r ,  w o u ld , in  th e  a g g re g a te ,  e x c e e d  $ 5 ,0 0 0 . I n  s u c h  c a se  t h e  o p e r a t o r  m a y  
a p p ly  f o r  sp ec ific  a u t h o r i z a t i o n  to  e x c eed  s u c h  q u a n t i t y  r e s t r i c t i o n s  p u r s u a n t  to  th e  p ro v is io n s  o f 
p a r a g r a p h  ( / )  (4 )  h e re o f .

( i i )  A n  o p e r a to r  m a y , in  a n y  c a le n d a r  q u a r t e r ly  p e r io d ,  in c r e a s e  s c h e d u le d  d e l iv e r ie s ,  a n d  w i t h 
d r a w a ls  o f  m a te r i a l  r e q u i r e d  f o r  m a in te n a n c e  o r  r e p a i r  o r  a s  o p e r a t in g  s u p p lie s  o v e r  t h e  l im i t s  p r e 
sc r ib e d  in  p a r a g r a p h  ( / )  (1 )  o f t h i s  o rd e r , in  p r o p o r t i o n  to  th e  in c r e a s e  in  t h e  lo a d  o n  th e  s y s te m  
d u r in g  th e  p re c e d in g  c a le n d a r  q u a r t e r ly  p e r io d  o f  t h e  y e a r  1 9 4 2  c o r r e s p o n d in g  t o  th e  c a le n d a r  q u a r 
te r ly  p e r io d  in  q u e s t io n ,  d e te rm in e d  by  a  m e a s u r e m e n t  o f  t h e  a v e r a g e  d a i ly  flow  f o r  t h e  tw o  c o m p a r a 
tiv e  p e r io d s  : P r o v id e d ,  T h a t  in  d e t e r m in in g  th e  a v e ra g e  d a i ly  flow  o f s e w a g e , a n y  flow  o f  s u r f a c e  
s to r m  w a te r  w h ic h  e n t e r s  t h e  s y s te m  s h a l l  n o t  be  t a k e n  in t o  a c c o u n t .

( i i i )  A n  o p e r a to r  m a y , in  a n y  c a le n d a r  q u a r t e r ly  p e r io d , a c c e p t  d e l iv e r ie s  o f m a te r i a l  o r  m a k e  
w i th d r a w a l s  f ro m  in v e n to r y  o f  m a te r i a l ,  n e c e s s a ry  f o r  t h e  m a in te n a n c e  o r  r e p a i r  o f  t h e  o p e r a t o r ’s 
p r o p e r ty  o r  e q u ip m e n t  w h ic h  is  d a m a g e d  by  a c t s  o f t h e  p u b lic  e n e m y , s a b o ta g e , e x p lo s io n , o r  f ire  o r  by  
flood, s to r m  o r  o t h e r 's i m i l a r  c l im a tic  c o n d i t io n s :  P r o v id e d ,  T h a t  i f  t h e  r e s t r i c t i o n s  o f  p a r a g r a p h  ( / )  
(1 )  a r e  e x c eed ed  b e c a u s e  o f s u c h  d e l iv e r ie s  o r  u se , a  f u l l  r e p o r t  th e r e o f  s h a l l  be  m a d e  w i th in  t h i r t y  
d a y s  a f t e r  su c h  d e l iv e ry  o r  w i th d r a w a l ,  to  t h e  W a r  P r o d u c t io n  B o a rd .

( iv )  A n  o p e r a to r  m a y , in  a n y  c a le n d a r  q u a r t e r ly  p e r io d ,  a c c e p t  d e l iv e r y  o f m a te r i a l ,  h a v in g  in  th e  
a g g re g a te ,  a  d o l l a r  v a lu e  o f n o t  m o re  t h a n  th e  d o l l a r  v a lu e  o f  m a te r i a l  o f th e  s a m e  c la s s  t a k e n  f ro m  
th e  o p e r a t o r ’s in v e n to r y  f o r  d e l iv e ry  to  o th e r  p e r s o n s  a u th o r iz e d  to  a c c e p t  d e l iv e ry  u n d e r  a p p l ic a b le  
r e g u la t i o n s  o f th e  W a r  P r o d u c t io n  B o a rd  b u t  o n ly  i f ,  a n d  to  t h e  e x t e n t  t h a t  s u c h  ta k in g  h a s  re d u c e d  
th e  o p e r a t o r ’s in v e n to r y  o f  m a te r i a l  b e lo w  a  p r a c t i c a l  w o r k in g  m in im u m .

(v )  A n  o p e r a to r  m a y , d u r in g  a n y  c a le n d a r  y e a r  ( o r  h is  f is c a l y e a r ) ,  w i th d r a w  f ro m  in v e n to ry ,  
m a te r i a l ,  h a v in g  in  th e  a g g r e g a te ,  a  d o l l a r  v a lu e  o f  n o t  m o re  t h a n  th e  d o l l a r  v a lu e  o f  u s a b le  m a te r i a l  
o f  th e  s a m e  c la s s  s a lv a g e d  f r o m  p l a n t  d u r in g  s u c h  y e a r .

( v i )  T h e  p r o v is io n s  o f p a r a g r a p h  ( / )  (1 )  a n d  ( / )  (2 )  s h a l l  n o t  a p p ly  to  f u e l  o r  to  c h e m ic a ls  f o r  
s e w a g e  t r e a tm e n t .

(4 )  T h e  W a r  P r o d u c t io n  B o a rd , on  i t s  ow n  in i t i a t iv e ,  o r  on  a p p l ic a t io n  o f  a n y  o p e r a t o r  by  l e t t e r ,  
in  t r i p l i c a te ,  a d d re s s e d  to  th e  G o v e rn m e n t  D iv is io n , W a r  P r o d u c t io n  B o a rd ,  W a s h in g to n  25 , D . C ., R e f : 
P - 1 4 1 ,  m a y  m o d ify  th e  l i m i t a t i o n s  on  p r a c t i c a l  w o rk in g  m in im u m  in v e n to r y ,  a n d  on  s c h e d u l in g  o r  
a c c e p t in g  d e l iv e r ie s , o r  on  u se  o r  w i th d r a w a l s ,  s e t  f o r th  in  t h i s  p a r a g r a p h  ( / ) .

i f f) R e s t r i c t i o n s  on  c o n s tr u c t io n  o f  s e w e r a g e  fa c i l i t ie s .  N o  o p e r a t o r  s h a l l  c o n s t r u c t  a n y  s e w e ra g e  
f a c i l i t ie s ,  in c lu d in g  b u t  n o t  l im ite d  to  s e w e r  p ip e l in e s , m a n h o le  s t r u c t u r e s ,  p u m p in g  s ta t io n s ,  sew a g e  
d is p o s a l  o r  t r e a tm e n t  p l a n t s  a n d  c o n n e c tio n s , a n d  n o  o p e r a t o r  s h a l l ,  in  c a se  o f  c o n t r a c t  c o n s t r u c t io n ,  
a c c e p t  d e l iv e r ie s  o f  m a te r i a l  f o r  s u c h  p u rp o s e s  e x c e p t a s  fo llo w s  :

(1 )  A n  o p e r a t o r  m a y  c o n s t r u c t  a n  a d d i t io n  to  o r  a n  e x p a n s io n  of, s e w e ra g e  s y s te m  o r  w o rk s , 
o th e r  th a n  b u ild in g s  : P r o v id e d ,  T h a t  su c h  a d d i t io n  o r  e x p a n s io n  s h a l l  n o t  in c lu d e  a n y  w o rk  o rd e r ,  jo b  
o r  p r o je c t  in  w h ic h  th e  c o s t  o f  m a te r i a l  s h a l l  e x c eed  $ 1 ,5 0 0  : A n d  p r o v id e d ,  T h a t  n o  s in g le  c o n s t r u c 
t io n  p r o je c t  s h a l l  be s u b d iv id e d  in to  p a r t s  in  o rd e r  to  co m e b e lo w  th e s e  l im i t s  : A n d  f u r t h e r  p r o v id e d ,  
T h a t  in  m a k in g  h o u s e  c o n n e c t io n s  o r  e x te n s io n  o f l in e  to  s e rv e  p r e m is e s , n o  i r o n  o r  s te e l  p ip e  s h a l l  be  
u s e d  e x c e p t th e  m in im u m  q u a n t i t i e s  r e q u i r e d  in  m a k in g  n e c e s s a r y  c o n n e c t io n s .

(2 )  A n  o p e r a to r  m a y  c o n s t r u c t  a n  e x te n s io n  o f  s e w e ra g e  f a c i l i t ie s ,  o th e r  t h a n  b u ild in g s ,  t o  s e rv e  
p re m is e s  w h ic h  a r e  b e in g  b u i l t  o r  re m o d e le d  u n d e r  a u t h o r i t y  o f a n y  P r e f e r e n c e  R a t in g  o r d e r  o f  th e  
P - 5 5  s e r ie s , a  sp ec ific  a u t h o r iz a t io n  is s u e d  p u r s u a n t  to  C o n s e rv a t io n  O r d e r  L - 4 1  o r  p u r s u a n t  to  a n y  
P e t r o le u m  A d m in i s t r a t i v e  O rd e r  is s u e d  by  th e  P e tr o le u m  A d m in i s t r a to r  f o r  W a r  i f  a l l  o f  t h e  fo l lo w in g  
c o n d i t io n s  a r e  s a t i s f i e d :

(1) T h e  c o s t  o f m a te r i a l  f o r  s u c h  e x te n s io n  d o e s  n o t  ex ceed  $ 5 ,0 0 0  b u t  e x c e e d s  $ 1 ,5 0 0 .
( i i )  T h e  e x te n s io n  d o es  n o t  d u p l ic a te  a n  a d e q u a te  s e rv ic e  a l r e a d y  in s ta l le d .
( i i i )  N o  o th e r  o p e r a to r  c a n  r e n d e r  th e  sa m e  s e rv ic e  w i th  le s s e r  a m o u n ts  o f c r i t i c a l  m a te r i a l .
( iv )  T h e  e x te n s io n  w il l  n o t  c a u s e  a n  o v e r lo a d  on  s y s te m  in c lu d in g  se w a g e  d is p o s a l  p la n t s .
(v )  T h e  o p e r a to r  h a s  c o m p le te d  F o rm  W P B -3 4 4 5  a n d  d e l iv e re d  i t  to  t h e  b u i ld e r  o f  t h e  p re m is e s  

to  be s e rv e d  f o r  a t t a c h m e n t  to  th e  b u i ld e r ’s  a p p l ic a t io n  f o r  L - 4 1  a p p r o v a l .  P r e f e r e n c e  r a t i n g s  a n d  
a l lo tm e n t  n u m b e r  to  a c q u ir e  m a te r i a l  r e q u ir e d  f o r  s u c h  e x te n s io n s  a r e  a s s ig n e d  by  p a r a g r a p h  (h )  o f  
t h i s  o rd e r .

(3 )  I n  a d d i t io n  to  t h e  a u th o r iz a t io n  c o n ta in e d  in  p a r a g r a p h s  (g )  (1 )  a n d  ( g ) (2 )  a n  o p e r a to r  
m a y  c o n s t r u c t  s e w a g e  f a c i l i t i e s  o f a n y  k in d  i f  s u c h  c o n s t r u c t io n  is  s p e c if ic a l ly  a u th o r iz e d  b y  th e  W a r  
P r o d u c t io n  B o a rd .  A p p lic a t io n  s h o u ld  be m a d e  on  F o rm  W P B -6 1 7  ( f o r m e r ly  P D - 2 0 0 )  o r  o n  s u c h  
o th e r  fo rm  a s  m a y  be p re s c r ib e d .  T h e  fo llo w in g  p r e f e r e n c e  r a t i n g  o r d e r s  o r  c e r t i f ic a te s  in c lu d e  p e r 
m iss io n  f o r  c o n s t r u c t io n  u n d e r  t h i s  o r d e r  a l th o u g h  th e y  do  n o t  s a y  so  : P - 1 9 - h ,  C M P L - 1 2 7 , C M P L -2 2 4  
I n  a l l  o th e r  c a se s  a  p r e f e r e n c e  r a t i n g  is  n o t  e n o u g h  u n le s s  th e  i n s t r u m e n t  w h ic h  a s s ig n s  "the r a t i n g  a ls o  
s t a t e s  t h a t  c o n s t r u c t io n  is  p e r m it te d .  H o w e v e r , a n y  o p e r a to r  w h o  p r io r  to  J a n u a r y  15, 1 9 4 4 ' h a s  b ee n  
sp e c if ic a lly  a u th o r iz e d  in  w r i t i n g  by  th e  W a r  P r o d u c t io n  B o a rd  to  u s e  t h e  lo w e s t  r a t i n g  a s s ig n e d  t o  a  
r a t e d  p r o je c t  to  o b ta in  m a te r i a l  to  c o n s t r u c t  s e w e ra g e  f a c i l i t i e s  to  s e rv e  s u c h  p r o je c t  m a v  u s e  s u c h  
r a t i n g  to  o b ta in  m a te r i a l  r e q u i r e d  f o r  t h a t  p u rp o s e  w i th in  th e  l im i t s  o f s a id  a u t h o r i z a t i o n

( h )  A s s ig n m e n t  o f  p r e fe r e n c e  r a t in g  a n d  C .M .P . a l l o tm e n t  s y m b o l f o r  e x te n s io n s  a u th o r iz e d  t in d e r  
p a r a g r a p h  (g )  ( 2 ) .  (1 )  T h e  p r e f e r e n c e  r a t i n g  A A -3  is  h e re b y  a s s ig n e d  to  o r d e r s  f o r  m a te r i a l  o th e r
th a n  c o n t r o l le d  m a te r i a l ,  a n d  th e  a b b r e v ia te d  a l lo tm e n t  n u m b e r  S 2  is  h e re b y  a s s ig n e d  to  o r d e r s  f o r  
c o n tro l le d  m a te r i a l  to  be  p la c e d  by  a n  o p e r a to r  f o r  u se  in  th e  c o n s t r u c t io n  o f e x te n s io n s  o f  f a c i l i t i e s  
a u th o r iz e d  by  p a r a g r a p h  (g ) (2 )  o f t h i s  o rd e r  o r  to  r e p la c e  in  in v e n to r y  m a te r i a l  so  u s e d

(2 )  T h e  p r e f e r e n c e  r a t i n g s  a n d  a l lo tm e n t  n u m b e r  a s s ig n e d  b y  p a r a g r a p h  ( h ) ( 1 )  m a y  be  m n l ie d  
by  a n  o p e r a to r  by  u s in g  th e  c e r t i f ic a t io n  p ro v id e d  in  C .M .P . R e g u la t io n  N o . 7. A n  o r d e r  f o r  c o n t r o l le  1 
m a te r i a l  b e a r in g  s u c h  c e r t i f ic a t io n  a n d  a l lo tm e n t  n u m b e r  s h a l l  c o n s t i t u t e  a  c o n t ro l le d  m a te r i a l  o rd  •

( i )  S a le s  o f  m a te r ia l  f r o m  in v e n to r y .  A n y  o p e r a to r  m a y  s e ll  to  a n o t h e r  o p e r a to r ,  m a te r i a l  f r 6 "" 
s e l l e r ’s  in v e n to r y  in  ex c ess  o f  a  p r a c t i c a l  m in im u m  w o rk in g  i n v e n to r y :  P r o v id e d ,  T h a t  ( 1 )  a  p re f0 '-1
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en ce  r a t i n g  o f  A A -5  o r  h ig h e r  a s s ig n e d  by  t h i s  o rd e r  o r  by  a n y  p re fe re n c e  r a t i n g  c e r t if ic a te , o r  (2 )  a  
sp ec ific  d i r e c t io n  is s u e d  by  th e  W a r  P ro d u c t io n  B o a rd , i s  a p p l ie d  o r  e x te n d e d  to  t h e  o p e r a to r  s e ll in g  
su c h  m a te r i a l .

O') A u d i t s  a n d  r e p o r ts .  (1 )  E a c h  o p e r a to r  a n d  e a c h  s u p p lie r  w h o  a p p l ie s  t h e  p re fe re n c e  r a t in g s  
o r  a l lo tm e n t  sy m b o l h e re b y  a s s ig n e d , a n d  e a c h  p e r s o n  w h o  a c c e p ts  a  p u rc h a s e  o rd e r  o r  c o n t r a c t  f o r  
m a te r i a l  to  w h ic h  a  p r e fe re n c e  r a t i n g  o r  sy m b o l is  a p p lie d , s h a l l  s u b m it f ro m  tim e  to  t im e  to  a n  a u d i t  
a n d  in s p e c t io n  by  d u ly  a u th o r iz e d  r e p r e s e n ta t i v e s  o f th e  W a r  P r o d u c tio n  B o a rd .

(2 )  E a c h  o p e r a to r  a n d  e a c h  su c h  s u p p lie r  s h a l l  e x e c u te  a n d  file  w i th  th e  W a r  P r o d u c tio n  B o a rd ,
su c h  r e p o r t s  a n d  q u e s t io n n a i r e s  a s  s a id  B o a rd  s h a l l  f ro m  tim e  to  t im e  re q u e s t ,  s u b je c t  to  a p p ro v a l  by  
th e  B u r e a u  o f t h e  B u d g e t  a s  r e q u i r e d  u n d e r  t h e  F e d e ra l  R e p o r t s  A c t.

(3 )  E a c h  o p e r a to r  s h a l l  m a in ta in  a  c o n t in u in g  re c o rd  o f in v e n to ry  a n d  o f  s e g re g a te d  m a te r i a l  in
h is  p o s se ss io n  a n d  a l l  m a te r i a l  u s e d  by  h im  fo r  m a in te n a n c e ,  r e p a i r  o r  a s  o p e ra t in g  s u p p lie s .

( k ) C o m m u n ic a tio n s  to  th e  W a r  P r o d u c t io n  B o a r d . A ll r e p o r t s  r e q u ire d  to  be filed  h e r e u n d e r  
a n d  a l l  c o m m u n ic a t io n s  c o n c e rn in g  t h i s  o r d e r  s h a l l ,  u n le s s  o th e rw is e  d ire c te d  by th e  W a r  P ro d u c tio n  
B o a rd , be a d d r e s s e d  to  th e  W a r  P r o d u c t io n  B o a rd , G o v e rn m e n t D iv is io n , W a s h in g to n  25 , D . C., R e f  : 
P —141.

(1) V io la t io n s .  A n y  p e r s o n  w h o  w ilfu l ly  v io la te s  a n y  p ro v is io n s  o f t h i s  o rd e r  o r  w h o , in  c o n n e c 
tio n  w i th  t h i s  o rd e r ,  w i l fu l ly  c o n c e a ls  a  m a te r i a l  f a c t  o r  f u r n is h e s  f a l s e  in fo rm a tio n  to  a n y  d e p a r tm e n t  
o r a g e n c y  o f  th e  U n ite d  S ta t e s ,  i s  g u i l ty  o f a  c r im e  a n d , u p o n  c o n v ic tio n , m a y  be p u n is h e d  by  fine o r  
im p r is o n m e n t . I n  a d d i t io n ,  a n y  su c h  p e r s o n  m a y  be p r o h ib i te d  f ro m  m a k in g  o r  o b ta in in g  f u r t h e r  d e 
liv e r ie s  of, o r  f ro m  p ro c e s s in g  o r  u s in g  m a te r i a l  u n d e r  p r io r i ty  c o n tro l,  a n d  m a y  be d e p r iv e d  o f p r io r i 
t i e s  a s s is ta n c e .

( m ) R e v o c a tio n  o r a m e n d m e n t .  T h is  o rd e r  m a y  be  re v o k e d  o r  a m e n d e d  a t  a n y  tim e  a s  to  a n y  
o p e r a to r  o r  a n y  s u p p lie r .  I n  th e  e v e n t o r  r e v o c a tio n , d e l iv e r ie s  a l r e a d y  r a t e d  p u r s u a n t  to  th i s  o r d e r  
s h a l l  be c o m p le te d  in  a c c o rd a n c e  w i th  s a id  r a t in g ,  u n le s s  th e  r a t i n g  h a s  been  sp ec ifica lly  rev o k e d  w ith  
re s p e c t th e r e to .  N o  a d d i t io n a l  a p p l ic a t io n s  o f  th e  r a t in g s  to  a n y  o th e r  d e l iv e r ie s  s h a l l  th e r e a f t e r  be 
m a d e  b y  th e  o p e r a to r  o r  s u p p l ie r  a f fe c te d  by  s u c h  r e v o c a tio n .

1 ( n )  A p p l ic a b i l i t y  o f  r e g u la t io n s .  (1 )  P r e f e r e n c e  R a t in g  O rd e r  P - 1 4 1  is  is s u e d  in  l ie u  o f P r e f e r 
e n ce  R a t in g  O rd e r  P - 4 6  in  so f a r  a s  i t  a f fe c ts  p u b lic  s a n i t a r y  se w e ra g e  s y s te m s  a s  d efin ed  in  p a r a 
g r a p h  (a )  (1 )  h e re o f  a n d  a n y  re fe re n c e  in  a n y  o r d e r  o r  r e g u la t io n  o f th e  W a r  P ro d u c tio n  B o a rd  to  
s a id  P r e f e r e n c e  R a t in g  O rd e r  P - 4 6  s h a l l  c o n s t i tu te  a  r e fe re n c e  to  o r d e r s  in  t h e  P - 1 4 1  se rie s .

(2 )  T h is  o rd e r  a n d  a l l  t r a n s a c t io n s  a f fe c te d  h e re b y , e x c e p t a s  h e r e in  o th e rw is e  p ro v id e d , a r e  
s u b je c t to  a l l  a p p l ic a b le  r e g u la t i o n s  o f th e  W a r  P ro d u c tio n  B o a rd  a s  a m e n d e d  f ro m  tim e  to  tim e , P r o 
v id e d , T h a t  n o n e  o f  th e  p ro v is io n s  o f  C .M .P . R e g u la t io n s  N o. 5 o r  N o. 5A  s h a l l  a p p ly  to  o p e r a to r s  a s  
de fined  in  p a r a g r a p h  ( a )  (1 )  h e re o f , a n d  no  su c h  o p e r a to r  s h a l l  o b ta in  a n y  m a te r i a l  u n d e r  th e  p r o v i
s io n s  o f  e i th e r  o f  s a id  r e g u la t io n s .

I s s u e d  t h i s  1 5 th  d a y  o f  J u ly  1944 .
W ar P r o d u c t io n  B oard ,By J. Joseph Whelan,

- R e c o r d in g  S e c re ta r y .

TIPS AND QUIPS 
•  •  •

Issuing from  Oshkosh, Wisconsin, where the Central States Sewage 
Works Association gathered for its Seventeenth Annual Meeting on 
June 22-24 . . . the opening day devoted to the program  of the W is
consin Conference of Sewage W orks O perators . . .  a meeting room 
offering wall decorations a la P etty  (or V arga) to compete with the 
speakers for audience in terest . . . also, a juke box to furnish music 
to a ttrac t corridor loiterers into the sessions . . .  a total of 178 reg
istra tions—not the record but good, nevertheless . . . permanent 
award of the Federation Convention Attendance Cup, earned by ag
gregating 93,890 man miles in attending the New York, Cleveland and 
Chicago meetings of the Federation . . .  a splendid Gadget Contest 
with eight fine entries . . .  the Radebaugh Award to Samuel A. 
Greeley for his paper “ High Rate Biological Sewage T reatm ent”  pre
sented a t the Chicago meeting in 1943 . . .  a well deserved rising vote 
of thanks to “ S tandard  M ethods”  Hatfield, in recognition of Ms fine 
leadership of the Federation committee of the same designation . . . 
a scintillating spur-of-the-moment open forum on activated sludge, 
filling a program  spot vacated when a scheduled speaker was unable to 
get to the meeting . . . the early but non-putrescible toastm astering
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a t the banquet, which could have been pu t over by no one bu t C. C. 
(Swede) L arson of Springfield, Illinois, who did it . . . the spotless, 
efficient sewage trea tm ent p lan t a t Oshkosh, supervised by R. W. 
F raz ie r and inspected by the group . . .  a well a rranged  conference 
from  A to Z, reflecting credit to H ost F razier, S ecretary  Mackin, P re s i
dent Bloodgood and others.

•  •  •

Two good quips heard  in the program  of the C entral S tates meeting 
a t O shkosh:

P residen t Ray E. Dempsey of the Oshkosh Sewerage Commission, 
in the course of his rem arks on public relations, told of the call he re
ceived from  an im patient housewife a fte r a deluge of ra in  had almost 
inundated the city. In  response to her query, “ W hen are you going 
to take care of my basem ent?”  he replied, “ W e will be rig h t over as 
soon as I  get my own pumped out and cleaned u p ! ”

4 ‘ One cannot be complacent or impetuous when operating  a packing 
plan t w aste trea tm ent w orks,” observed D. H. Nelson, Chief Chemist 
of the Oscar M ayer Packing Company a t Madison, W isconsin, as a side 
comment incidental to his discussion of packinghouse w aste treatm ent. 
Which is good advice to any operator in this field!

•  •  •

More good advice comes from  E ric  A. Johnston, P residen t of the 
U. S. Chamber of Commerce, w riting  011 postw ar planning in the annual 
directory issue of The Constructor, official publication of The Associ
ated General Contractors of America.

4 4 S tates and municipalities should assume every responsibility  they 
can assum e,”  he says, 44but they will be helped in pu tting  the ir shoul
ders to the reconversion wheel . . .  if Congress will declare a reason
ably clear line of dem arcation between public works which will receive 
federal aid, such as highways, and public works which will not, such as 
w aterw orks and schools.

44The states and m unicipalities,”  he continues, 44are  in be tte r posi
tion than in many years to resume the practice of financing the ir own 
public works, ra th e r than depending upon the federal governm ent . 
the ir debts have been reduced, their curren t tax  collections are  a t peak 
levels, and their relief responsibilities a t a minimum.

4 4 In  addition, the federal government can set an  example fo r the 
states and municipalities by general adoption of the contract method 
of public construction,”  he asserts  and points out, t h a t 44experience has 
dem onstrated th a t to secure better perform ance in shorter time and a t 
lower costs, public construction should be carried  out through com
petitive contracts with private  construction enterprise and not through 
hiring  day labor or resorting  to work relief methods.
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“ All construction work should be planned as fa r in advance as prac
ticable. This is particularly  urgent in getting ready for a rapid  and 
orderly shift from a wartim e to a peacetime economy.”

Blueprint Now!

•  •  •

“ Even the Russians are doing i t ! ” points out E. L. Filby of “ Blue
p rin t Now” fame, in referring  to the story “ The Terrible Woman of 
I lsk ”  appearing in Colliers of Ju ly  24, 1944. The lovely Serafina, 
ultra-efficient leader of the City Soviet, struck a most responsive Filby 
chord in her impassioned plea to the council of I lsk :

C o m r a d e s ,  w e  h a v e  d o n e  o u r  u t m o s t ,  b u t  t h i s  i s  n o t  e n o u g h .  T h e r e  r e m a i n s  t h e  v i t a l  

s u b j e c t  o f  s e w a g e  d i s p o s a l .  M o s c o w  h a s  s o l v e d  t h i s  p r o b l e m .  W i l l  I l s k  r e m a i n  b e h i n d ?
A  c o m p r e h e n s i v e  p l a n  f o r  s e w a g e  d i s p o s a l  h a s  b e e n  p r o p o s e d  t o  t h e  C i t y  S o v i e t — o f  

w h ic h  I  h a v e  t h e  h o n o r  t o  b e  C h a i r m a n — b y  C o m r a d e  L e o p o l d  M e y e r o v s k y .  C i t i z e n s ,  s u p 
p o r t  t h i s  p l a n !

•  •  •

I f  you please, ju st one more reference to the postwar planning situa
tion. D ata recently made available by the A. S. C. E. Committee on 
Postw ar Construction indicate that more than $377,000,000 of sewerage 
construction was in or through the blueprint stage on A ugust 9. This 
was 10.7 per cent of all planned construction, including industrial and 
commercial classes.

An H onor Roll by states would find Ohio a t the top with $64,273,000 
of planned sewerage construction; New York second with $50,784,000; 
Illinois th ird  with $35,855,000 and California fourth with $23,155,000.

But what about the 15 states from which no sewerage construction 
plans have as yet been reported?

•  •  •

Getting back to plant operation, the following, w ritten by Edward 
S. Rankin and included in the June 15, 1944, report of the Elizabeth 
(N. J .) Jo in t Meeting, may aid in establishing the proper atmosphere:

The- Road to A rth u r  K ill

F r o m  t h e  O r a n g e s  a n d  M i l l b u r n ,

A n d  f r o m  S u m m i t ’s  l o f t y  h i l l ,

R u n s  t h e  o l d  J o i n t  O u t l e t  S e w e r  

F l o w i n g  d o w n  t o  A r t h u r  K i l l ;

G a t h e r i n g  s e w a g e  t o o  f r o m  U n i o n ,

R o s e l l e  P a r k  a n d  M a p l e w o o d ,

H i l l s i d e ,  I r v i n g t o n  a n d  N e w a r k ,

J o i n i n g  i n  o n e  m i g h t y  f lo o d .

R u s h i n g  e a s t w a r d  i n  a  f lo o d ,

C a r r y i n g  s l u d g e  a n d  s a n d  a n d  m u d ,

’T i l l  t h e  t r e a t m e n t  p l a n t  r e c e i v e s  i t ,

P u r i f i e s  t h a t  t u r b i d  f lo o d .
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O n  t h e  r o a d  t o  A r t h u r  K i l l ,
T u n n e l i n g  t h r o u g h  H e a d l y ’s  h i l l ,

J u s t  a c r o s s  f r o m  S t a t e n  I s l a n d  

L i e s  t h e  o u t l e t  o n  t h e  K i l l .

E d d i e , *  s t a n d i n g  i n  t h e  s c r e e n  h o u s e ,

S c a n s  t h e  f l o w  w i t h  e a g l e  e y e ,

F i l t e r s  o u t  t h e  g r i t  a n d  s c r e e n i n g s  

A s  t h e  s e w a g e  r u s h e s  b y .

T o  t h e  s e t t l i n g  t a n k s  i t  t r a v e l s ,

F r o m  t h i s  c o a r s e r  s t u f f  s e t  f r e e ,

W h e r e  t h e  s o l i d s  s l o w l y  s e t t l e  

T h u s  r e d u c i n g  B .O .D .

C u t t i n g  d o w n  t h e  B .O .D .

W h i l e  t h e  e f f l u e n t  f l o w s  t o  s e a  

A s  t h e  H e a l t h  B o a r d  n o d s  a p p r o v a l  

A n d  t h e  w a t c h f u l  I .  S .  C . +

O n  t h e  r o a d  t o  A r t h u r  K i l l  

H e r e  o u r  e n g i n e e r i n g  s k i l l  

S t o p s  p o l l u t i o n  b y  t h e  s e w a g e  

O f  t h e  w a t e r s  o f  t h e  K i l l .

W h e n  t h e  f r o s t  i s  o n  t h e  s l u d g e  t a n k s  

A n d  t h e  m e r c u r y  d r o p s  l o w ,

W h e n  t h e  s l u d g e  g r o w s  t h i c k  a n d  v i s c o u s  

A n d  t h e  p u m p s  r e f u s e  t o  g o —

L i s t e n  t o  o u r  E d d i e  s w e a r i n ’

W i t h  h i s  e y e  u p o n  t h e  c l o c k ,

F o r  t h e  o v e r t i m e  m o u n t s  s w i f t l y  

W h e n  t h e  b a r g e  i s  a t  t h e  d o c k .

W a i t i n ’ c a l m l y  a t  t h e  d o c k  

W h i l e  t h e  m o t o r s  g r i n d  a n d  k n o c k ,

C a n ’t  y o u  h e a r  t h e  c a p t a i n  c h u c k l i n ’
S i t t i n ’ l a z y  a t  t h e  d o c k .

A t  t h e  d o c k  a t  A r t h u r  K i l l  

W a i t i n ’ f o r  t h e  b a r g e  t o  f i l l—

W i s h  I ’d  g o n e  a n d  j o i n e d  t h e  n a v y ,
G o t  a w a y  f r o m  A r t h u r  K i l l .

T a k e  m e  s o m e w h e r e  e a s t  o f  J e r s e y  

T o  t h e  A r a b s  o r  t h e  T u r k s  

W h e r e  t h e r e  a i n ’t  n o  s a n i t a t i o n

N o r  n o  n e e d  f o r  t r e a t m e n t  w o r k s ;

W h e r e  t h e  g u t t e r s  r u n  w i t h  s e w a g e  

A n d  w h e r e  m i c r o b e s  a r e  u n k n o w n ,

A n d  y o u r  s l e e p  i s  n e v e r  b r o k e n  

B y  t h e  j a n g l i n ’ o f  t h e  p h o n e .

H e a r  t h a t  b l o o m i n ’ t e l e p h o n e —

“ H e y ! t h e  s c r e e n s  a r e  p l u g g e d  w i t h  s t o n e  
A n d  t h e  w h o l e  p l a n t ’s  u n d e r  w a t e r ,

G r a b  y o u r  b o o t s  a n d  c o m e  o n  d o w n . ”

C u r s e  t h a t  r o a d  t o  A r t h u r  K i l l !

L e a d  m e  t o  s o m e  p e a c e f u l  h i l l ,

F a r  f r o m  s c r e e n s  a n d  p u m p s  a n d  b a r g e s ,  
F a r  a w a y  f r o m  A r t h u r  K i l l !

* Edward P. Decher, Acting Chief Engineer, 
t Interstate Sanitation Commission.
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T hat Mr. Rankin w rites tru th  into his poetry is dem onstrated by his 
service as Secretary  of the Jo in t Meeting for 30 years and as Division 
E ngineer of Sewers for the City of Newark for the past 56 years.

•  •  •

F igure 1, showing the exterior of the Albert Lea, Minn., sewage 
treatm ent p lant a fte r an explosion on F ebruary  12, 1944, is a sharp 
rem inder tha t danger may lurk in the gases and fumes em anating from 
sewage. The damaged building houses an Imhoff tank. Although

P ig . 1.— Damage to Albert Lea, Minn., sewage treatment works by explosion in February, 1944.

the ventilating exhaust fan had been operating for an hour, sufficient 
explosive gas rem ained entrapped beneath the roof to produce the 
illustrated result when ignited by a stray  spark.

The accident sent two men to the hospital, seriously burned, and 
caused $10,000 damage to the treatm ent works.

•  •  •

’Twas a grand day tha t the Indiana Sewage W orks Operators Asso
ciation picked for their annual gathering last Ju ly  19. About 80 oper
ators assembled beneath the “ big to p ” tent on the attractive grounds 
of the Anderson treatm ent works for a very practical and interesting 
program. The criterion of success of an operato rs’ meeting is the 
quantity and quality of the discussion from the floor and this meeting 
made the grade in fine fashion.
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H ost R. R. B axter, Superintendent of the A nderson sewage works, 
m aintains a simple exhibit (Fig. 2) to dem onstrate to v isito rs the p lan t 
nourishing properties of sewage sludge. The stair-step  p lan ts illus-

’A 5LUDCI ‘Æ ÔLUDCE 'A SLUDGE dirt omly«it a N Tgn
Mff 4*

F ig . 2.— Demonstration of tomato plant growth in sewage sludge, Anderson, Indiana.

tra ted  are tomato vines, all p lanted a t the same time in vary ing  mix
tures of sludge and soil.

•  •  •

The severe w inter tem peratures encountered in no rthern  U. S. bring 
about sewage works operation problems th a t require careful and de
tailed attention. Superintendent Charles P rice a t R apid  City, South 
Dakota, reports marked im provement in d igester efficiency following 
improved insulation a t the tank. D ried sludge w ith a w aterproof su r
facing was used as the insulating m aterial.

South Dakota operators will learn  the details a t the Septem ber 
meeting of the South Dakota W ater and Sewage W orks Conference.

•  •  •



Editorial

In our opinion, the recognition of outstanding achievement by the granting 
of appropriate awards has been a much more notable undertaking than the Fed
eration has been given credit for up to this time. Perhaps this activity has been 
overshadowed by more spectacular developments and has not been with us long 
enough to be more thoroughly appreciated. It is our purpose here to review the 
basis for the various Federation awards and to present a brief biographical 
sketch of each of the men after whom the awards are named.

The establishment of a schedule of awards to reward and encourage meritori
ous endeavor in the sewage works field was recommended in 1941 by the General 
Policy Committee and was promptly approved by the Board of Control. An 
Awards Committee comprising E. Sherman Chase, Gail P. Edwards, Carl C. Lar
son, Howard E. Moses and headed by Prof. Charles Gilman Hyde as chairman, 
was immediately appointed. At the 1942 Board of Control sessions, the following 
awards were recommended by the Committee and authorized by the Board :
H A R R I S O N  P R E S C O T T  E D D Y  M E D A L  ( F o r  R e s e a r c h )

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

d e s c r i b e d  a n d  p u b l i s h e d  d u r i n g  a n y  s t a t e d  y e a r  i n  S e w a g e  W o r k s  J o u r n a l ;  s u c h  d e 

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

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

G E O R G E  B R A D L E Y  G A S C O I G N E  M E D A L  ( F o r  O p e r a t i o n )

F o r  o u ts tan d in g  c o n trib u tio n  to  th e  a r t  o f sew age trea tm e n t w orks o p e ra tio n  th ro u g h  
the  successfu l so lu tion  o f im p o r ta n t and  com plicated  o p e ra tio n a l p ro b lem s; and  as com 
prehensive ly  described  an d  pub lish ed  d u rin g  an y  sta te d  y e a r in  S ew age W orks J ournal .

C H A R L E S  A L V I N  E M E R S O N  M E D A L  ( F o r  S e r v i c e s  t o  t h e  F e d e r a t i o n  a s  a  W h o l e )

F o r  o u t s t a n d i n g  s e r v i c e  i n  t h e  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  w o r k s  f i e ld  a s  r e l a t e d  

p a r t i c u l a r l y  t o  t h e  p r o b l e m s  a n d  a c t i v i t i e s  o f  t h e  F e d e r a t i o n  o f  S e w a g e  W o r k s  A s s o c i a 

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

t o  s o m e  m e m b e r  o f  t h e  F e d e r a t i o n .

K E N N E T H  A L L E N  A W A R D S  ( F o r  S e r v i c e  i n  L o c a l  M e m b e r  A s s o c i a t i o n s )

F o r  o u t s t a n d i n g  s e r v i c e  i n  t h e  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  w o r k s  f ie ld ,  a s  r e l a t e d  

p a r t i c u l a r l y  t o  t h e  p r o b l e m s  a n d  a c t i v i t i e s  o f  a n y  M e m b e r  A s s o c i a t i o n  ; t o  b e  i n  t h e  f o r m  

o f  a  c e r t i f i c a t e  i s s u e d  f r o m  t h e  h e a d q u a r t e r s  o f  t h e  F e d e r a t i o n  o f  S e w a g e  W o r k s  A s s o c i a 

t i o n s  a n d  b e a r i n g  p r o p e r  a n d  a d e q u a t e  s i g n a t u r e s ;  a n d  t o  b e  g r a n t e d  t o  a n y  o n e  M e m b e r  

A s s o c i a t i o n  o n c e  i n  t h r e e  y e a r s ,  a c c o r d i n g  t o  s c h e d u l e ,  i n  r o t a t i o n  w i t h  o t h e r  M e m b e r  

A s s o c i a t i o n s .

Harrison Prescott Eddy (1870-1937), whose name is perpetuated by the re
search award, was a native of Massachusetts and a true pioneer in the art of sew
age treatment. He was educated in Worcester, Mass., where he graduated from 
Worcester Polytechnic Institute in 1891 with the degree of B.S. in Chemistry. 
His notable professional service led to his being conferred with the honorary de
gree of Doctor of Engineering by W. P. I. in 1930 and with the same degree by

F E D E R A T IO N  A W A R D S
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Northeastern University of Boston in 1931. Upon graduation from college, Mr. 
Eddy assumed the duties of chemist in charge of the Worcester sewage treatment 
plant and, after only one year, was advanced to the position of Superintendent 
of the Department of Sewers, which post he held for fifteen years. During this 
time he fostered and conducted fundamental research in sewage treatment meth
ods which are in current usage. Mr. Eddy’s first engagement as a consultant, in 
connection with the design of a sewer system at Louisville, Kv., in 1906, led to his 
joining with the late Leonard Metcalf to create the well known consulting engi
neering firm of Metcalf and Eddy in 1907. This partnership served more than 125 
cities in water and sewage works improvements and the firm continues to function 
under the original name. Messrs. Metcalf and Eddy also co-authored the books 
“ American Sewage Practice” and “ Sewerage and Sewage Disposal,” which vol
umes are standard references today. Reference to Mr. Eddy as the “ Dean of 
American Sanitary Engineers” in his memoirs as published in A. S. C. E. 
Transactions, October, 1939, is a fitting summation of the place he held in his pro
fession.

George Bradley Gascoigne (1844-1940), whose name designates the award for 
meritorious contribution in sewage works operation, was a resident of Ohio dur
ing his entire life. He was a graduate of Ohio State University in 1910, receiv
ing the degree of Civil Engineer. Mr. Gascoigne began his professional career 
as an engineering assistant in the Engineering Department of the City of San
dusky, Ohio, where he remained until 1912. He then entered the employ of the 
City of Cleveland where he was placed in charge of the newly created Subdivision 
of Sewage Disposal. This engagement yielded valuable experience including 
basic sewage treatment research in screening methods, sludge dewatering and 
disposal and secondary treatment methods, which work prefaced the design and 
construction of Cleveland’s excellent treatment works. In 1922, Mr. Gascoigne 
embarked into the practice of consulting engineering, organizing the firm of Gas
coigne and Associates. The firm specialized in sewerage and sewage treatment 
work and, since the death of Mr. Gascoigne, has continued to function under the 
name of Havens and Emerson. Early in his professional life, Mr. Gascoigne 
recognized the extreme importance of plant operation experience in the analysis 
of design problems and, as a consultant, he maintained an unusual contact with 
the operation of all of the works which were engineered by his firm. Thus, it is 
most appropriate that the plant operation award bear his name.

The award for service to the Federation could not be better exemplified than 
by the unselfish devotion of Charles Alvin Emerson, President of the Federation 
during its first thirteen years of existence. Although he no longer carries the 
responsibility of leadership, the advice and guidance of Charlie Emerson is still 
sought and valued by the officers of the Federation. Born at Beloit, Wisconsin, 
on July 10, 1882, Mr. Emerson attended Beloit College where he received the 
degree of B.S. in 1903. He then attended the Massachusetts Institute of Tech
nology, receiving the degree of B.S. in Sanitary Engineering in 1905. He was 
conferred with the Honorary Degree of C.E. in 1917 by Pennsylvania State Col
lege. After a year at Columbus, Ohio, and five years with the Baltimore Sewer
age Commission on design and construction of water and sewage works, Mr. 
Emerson joined the staff of the Pennsylvania State Health Department as Prin
cipal Assistant Engineer and, three years later, became Chief Engineer, which 
position he held for ten years. In 1923, he associated with Fuller and McClin- 
tock, Consulting Engineers, with which firm he carried heavy responsibilities in 
the performance of many important municipal sanitary engineering projects. 
Since 1936 Mr. Emerson has been an associate and partner in the firm now
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operating as Havens and Emerson, Consulting Engineers and he now manages 
the New York office. Charlie is a member of many technical organizations but 
of them all, the Federation has received the greater share of his effort and in
terest. Reference has been made in these pages many times to the part he played 
in establishing the Federation, to his leadership through the lean and doubtful 
early years and to his participation in the 1941 reorganization. Charlie Emer
son is truly the “ Father of the Federation” and holds the distinction of being 
its first Honorary Member.

Kenneth Allen (1857-1939), for whom the award for service to Member As
sociations of the Federation was named, was born at New Bedford, Mass., and 
was a graduate of Rensselaer Polytechnic Institute in 1879. Mr. Allen had 
broad experience in the water and sewage works fields. He was in charge of 
the preliminary studies connected with the Baltimore sewerage problem and 
served for some years as Engineer for the Metropolitan Sewerage Commission 
of New York City. From 1913 to the time of his death he was Sanitary Engi
neer on the staff of the Board of Estimate and Apportionment of New York 
City. In 1913 Mr. Allen visited Europe to inspect and study sanitary engineer
ing works. He was the author of a book entitled “ Sewage Sludge” and of 
many published articles contributing to the science of sewage treatment. That 
the name of Kenneth Allen is appropriately selected to designate the award for 
Member Association service is proven by his own participation in the activities 
of the New York State Sewage Works Association. He is credited by that or
ganization as being the individual most responsible for its creation and, as its 
first President, for the impetus which has made the N.Y.S.S.W.A. one of the 
Federation’s largest and strongest units today.

At the Fifth Annual Meeting of the Federation held in October, Dr. John 
Raymond Snell became the second winner of the Eddy Award for his contribu
tion “ Nitrogen Changes and Losses During Anaerobic Digestion” (This Jour
nal, 15, 56; January, 1943). Harry W. Gehm received the first Eddy Award 
in 1943.

The paper, “ Rotary Vacuum Filtration of Sludge and the Effect of War on 
Operation” (This Journal, 15, 807; September, 1943) brought the 1944 Gas
coigne Award to James T. Lynch and Uhl T. Mann of Auburn and Cortland, 
N. Y., respectively. This award was won by Kerwin L. Mick in 1943.

In recognition of his valuable researches into the underlying principles of 
sewage and industrial waste treatment; of his many contributions to S e w a g e  
W o rks  J o u r n a l ; and of his unwavering loyalty to the welfare of the Federa
tion,” Dr. Willem Rudolfs received the 1944 Emerson Award. Dr. Floyd W. 
Mohlman was the recipient of this honor in 1943.

Kenneth Allen Awards are nowT held by the following, the respective Member 
Associations being indicated:

Alfred E. Berry (Can. Inst.) Dana E. Kepner (Rocky Mt.)
Harry T. Calvert (I.S.P.-Eng.) Fred Merryfield (Pac. Northwest)
Edward F. Eldridge (Mich.) Edward P. Molitor (New Jersey)
Van P. Enloe (Georgia) Robert S. Phillips (No. Car.)
Alfred L. Genter (Md.-Del.) Leon B. Reynolds (Calif.)
F. Wellington Gilcreas (New Eng.) W. Waldo Towne (Dakota)
Charles A. Holmquist (New York) Alfred H. Weiters (Iowa)
John K. Hoskins (Federal) William H. Wisely (Cent. St.)



Proceedings of M em ber A ssociations

CALIFORNIA SEWAGE WORKS ASSOCIATION

Seventeenth Annual Meeting 

Fresno, California, June 22-25, 1944

R egistered attendance a t this, the Second W artim e Conference, was 
156, an increase of 9 over the F ir s t  W artim e Conference held last year. 
One feature of the program  was the full day sessions devoted to Indus
tria l W aste D isposal problems which have been intensified greatly  by 
w artim e m anufacturing activity in this S tate. There were in addition 
to the Association members, many technical men from  the industrial 
field also p resent who took a very active p a rt in the program .

T h u r s d a y , J u n e  22  

Sm oker and Get-together

Sixty-three members and guests assembled in the P atio  Room of 
the Hotel Californian a t 8 :00 P.M. fo r a buffet dinner and refreshm ents, 
furnished by the m anufacturers whose representatives are  members 
of the Association. A fter a very enjoyable dinner, P resid en t R ichard 
D. Pom eroy called the meeting to order. W ith  a few opening rem arks 
he turned the meeting over to Mr. E. A. Reinke, M aster of Ceremonies.

Mr. M. F. T iernan, P residen t of W allace & T iernan  Company, Inc., 
was introduced and called on for a few rem arks. Mr. T iernan  replied 
with a humorous, yet serious and enlightening talk in which he traced 
the development and progress in the a r t  of chlorination by a review of 
the h istory  and activities of his company. This was followed by other 
introductions, some story-telling, a fte r which the m eeting was ad
journed a t 10:30 P.M.

F r i d a y , J u n e  2 3

The Technical Meeting sta rted  prom ptly a t 9 :00 A.M. with 93 mem
bers present. P resident Pomeroy, a fte r a few opening rem arks, 
tu rned  the meeting over to Mr. Keeno F raschina, C hairm an for the 
day. There were 102 members p resent a t the afternoon meeting.

D i n n e r  M e e t i n g — E l e c t i o n  o f  O f f i c e r s

In  the evening, 112 members and guests met fo r dinner, followed by 
entertainm ent and election of officers. Reuben F . Brown, accompanied 
by Mrs. Carl M. Hoskinson a t the piano, sang a solo, the lyrics of which
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were w ritten  by Mr. Brown, with musical accompaniment composed by 
Mr. Berle Phelps—all of which was composed during the evening meal 
immediately preceding the presentation. The members, I  am certain, 
agree tha t these men should give up engineering work for this fa r  more 
enjoyable profession of songwriting. Later in the evening the same 
team, with Brown as the blindfolded mind reader and with Phelps 
as his assistan t designating articles and individuals in the audience 
for identification, these men dem onstrated that they possess many 
varying and divergent talents and it became apparent that maybe their 
success in the sewage disposal field can be explained and attributed to 
the finesse with which they have been able to apply such mystic acts of 
vaudeville origin during these many years.

The speaker of the evening, Ralph Stevenson", presented a talk— 
“ Experience in Field Sanitation in N orth A frica,”  in his usual enter
taining m anner with “ ligh ting” effects.

Following this, P resident Pomeroy reported that the Nominating 
Committee made the following recommendations for officers to be 
elected:

President .......................................... F rank  S. Currie
First Vice-President ..................... Keeno Fraschina
Second Vice-President ................. Gf. A. Parkes
Secretary-Treasurer  ..................... H arold H. Jeffrey
Director, F e d e r a t io n ..................... Clyde C. Kennedy
Director, C. S. W. A., 1949  ........  Paul A. Shaw

These were the unanimous nominations of the Nominating Committee, 
composed of H arold  Farnsw orth  Gray, Chairman, Carl M. Iioskinson 
and H arold K. Palm er.

The nominee for each office was placed in nomination individually 
by motion, duly seconded and voted unanimously.

S a t u r d a y , J u n e  24  

Operators’ Breakfast

Toastm aster Jam es H. V an Norman called the B reakfast Meeting 
to order afte r some delay occasioned by the fact that it apparently was 
unusual a t this hotel, for guests to expect breakfast to be served a t the 
early hour of 7 :00 A.M. There was lively discussion of problems of 
operation as well as discussion regarding certification of operators. 
The B reakfast Meeting was adjourned a t 9 :00 A.M. to perm it participa
tion in the rem ainder of the d ay ’s program.

O p e r a t o r s ’ S e c t io n  a n d  I n d u s t r ia l  W a s t e s  S e c t io n

The program  for the day was divided into parallel sections with the 
usual O perators’ Section, as well as an Industria l W astes Section.
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Operators’ Section
W ith F . W. Jones, Chairm an of the O p era to rs’ Section, presiding, 

82 members convened fo r the m orning session and 62 members fo r the 
afternoon session.
Industrial W aste Section

W ith W. T. Knowlton, Chairm an of the In d u stria l W aste Section, 
presiding, 67 members m et a t the m orning session and 81 members a t 
the afternoon session.

Chemists’ Luncheon

Mr. H aro ld  H. Jeffrey  presided a t the C hem ists’ Luncheon. There 
were 35 in attendance including industria l chemists, in addition to mem
bers of the Association.

A nnual Banquet

Ninety-seven members and guests a ttended the A nnual Banquet in 
the Ballroom of the H otel Californian. D eputy M ayor W arner of the 
City of F resno  was introduced and he extended a welcome to members 
and guests visiting Fresno. He called atten tion  to m any in teresting  
sights and places which should be visited while in F resno , one of which 
was a large winery. Mr. John  B. Gill, accompanied a t the piano by 
Mrs. Carl M. Hoskinson, favored members by singing several solos.

Mr. A. M. Rawn, P residen t of the Sewage W orks Federation , as 
well as a charter member of the C alifornia Sewage W orks Association, 
was presented by P residen t Pomeroy. Mr. Rawn, in his usual in sp ir
ing straight-forw ard  manner, reviewed the h isto ry  and cited the aims 
of the Association. He told of some of his experiences as E ngineering 
Consultant heading the Sanitation Branch of the G overnm ent Division 
of the W ar Production Board. He urged tha t those in the sanitation 
field adopt B lueprint N ow and prepare  plans fo r construction when 
m aterial and manpower become available. He pointed out the tre a t
m ent and disposal of industria l waste is one of the m ost pressing  prob
lems in this connection.

Sunday, J une 25

The Sunday session was devoted to the subject “ Em ergency M eas
ures and New Ideas.”  P resident Pom eroy closed the section in time 
for the members to attend the luncheon and business meeting.

D uring the afternoon, members and guests inspected the F resno  
Sewage Disposal P lan t and the Ham m er F ield  T reatm ent P lant.

B usiness Meeting

P residen t R ichard D. Pom eroy called the Business M eeting to order, 
a t the close of the luncheon, w ith 46 members in attendance. He ex
plained tha t in order to save time and perm it discussion of the reports  
on which there has been a lively in terest shown, the committee reports
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were considered by the Governing Board and only those committee re
ports on which there is this in terest would be presented a t this Business 
Meeting.

H o n o r a r y  M e m b e r s h i p — G u n n a r  K j e l l b u r g

P residen t Pomeroy reported the Governing Board had, by le tter 
earlier in the year, voted to extend to Mr. Gunnar K jellburg, retiring 
M aintenance Superintendant of Riverside, a complimentary member
ship for 1944 in the Sewage W orks Association. The Board decided 
to request an expression from  the membership regarding their desire 
to make this a life membership. On motion of Mr. W. T. Knowlton, 
seconded by Mr. Carl M. Hoskinson, tha t honorary life membership be 
extended to Mr. K jellburg and the T reasurer instructed to annually 
pay such dues in to the Federation, the members voted unanimously, 
approving by standing vote, to bestow this life membership upon Mr. 
Kjellburg.

K e n n e t h  A l l e n  A w a r d — P r o f e s s o r  L e o n  B. R e y n o l d s

Mr. W illiam J . O ’Connell, J r ., placed Professor Leon B. Reynolds’ 
name in nomination for the Kenneth Allen Award. On motion of Carl 
M. Hoskinson, seconded by E. A. Reinke, nominations were closed and 
by unanimous vote the Secretai’y was instructed to cast -unanimous 
vote for P rofessor Reynolds and to so notify Mr. W. H. Wisely, Ex
ecutive Secretary of the Federation.

C o m m it t e e  R e p o r t s

The following committee reports were p resen ted :

M em bersh ip   Wm. J . O ’Connell, J r., Chairman
R eport of S ecretary -T reasu rer. . Judson A. Harmon,

Secretary-Treasurer
Conference A tte n d a n c e .................Jndson A. Harmon,

Secretary-Treasurer
J o u r n a l ........................... Judson A. Harmon, Manager
A u d it in g ......................... H arold H. Jeffrey, Chairman
Certification of O p e ra to rs  G. A. Parkes, Acting

Chairman

By unanimous vote the members instructed the incoming secretary 
to write Messrs. Bowlus, U pdegraff and Harmon, expressing the ap
preciation of the Association for their successful efforts in publishing 
the J o u r n a l  during these difficult times.

President Pomeroy called attention to the fact tha t advertising ma
terial was already in for the 1944 J o u r n a l  and a considerable portion 
of the m aterial was in the hands of the prin ter. He reported the Gov
erning Board had requested, in order to facilitate the issuing of this
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J o u r n a l , th a t J . A. H arm on continue as M anager of the J o u r n a l  until 
issue is completed.

H arold  IJ. Jeffrey  reported  the A uditing Committee consisting of 
himself as Chairman, E_. C. H ardenburg  and Wm. A. Allen, had  audited 
the books of the S ecretary-T reasurer and found them in p roper order. 
On motion duly seconded, report of the A uditing Committee was unani
mously approved.

G. A. Parkes, Chairm an of the Acting Committee on Certification, 
reported  th a t the Committee had been in session a to tal of over eight 
hours during this conference in an effort to form ulate a plan of certi
fication which could be reported  to the F ederation  as requested a t the 
time of the fall meeting. He explained th a t the Committee had recom
m endations to make a t this time, among which is the recom mendation 
th a t additional consideration be given this subject before the fall con
ference of the Federation, to the end tha t Mr. Allen will have a definite 
proposal from  the Association fo r presen ta tion  to the F ederation  a t 
th a t time. On motion duly seconded, and passed unanimously, the com
m ittee report was accepted.

The meeting was turned  over to Incoming P residen t Currie, who 
announced the Membership of the Committee on Certification, Wm. A. 
Allen, Chairman, R. F . Goudey, Advisory Member, H. W. Davey, Carl 
M. Hoskinson, E. A. Reinke, Wm. J . O ’Connell, J r .,  F . W ayland Jones, 
J . A. H arm on and E. A. Fiscus. There being no fu rth e r business, 
P resident Currie adjourned the meeting.

J u d s o n  A. H a r m o n ,
Past Secretary-Treasurer

KANSAS W ATER AND SEWAGE WORKS  
ASSOCIATION

F i f t e e n t h  A n n u a l  M e e t i n g  

T o p e k a ,  M a y  2 5 - 2 6 ,  1 9 4 4

The fifteenth annual meeting of the K ansas W ater and Sewage 
W orks Association was held in the M unicipal A uditorium  in Topeka on 
May 25 and 26. The to tal registration, including members and guests, 
was 103. Thirty-one K ansas cities were represented. The m eeting 
was called to order a t 10:00 A.M. on May 25 by P residen t W. 0 . M vers 
of Ottawa. M ayor F ran k  J . W arren  of Topeka gave the address of 
welcome.

Various w ater supply problems, including plumbing, m eter m ain
tenance, distribution, and an outbreak of w ater borne dysentery, were 
discussed during the first day. H ighlights of the p rogram  on the sec
ond day were papers and discussions on postw ar planning, pum p and 
chlorinator maintenance, cathodic protection of steel tanks, well w ater 
supplies, w ater and sewerage systems a t arm y posts, and sludge d i
gesters.



Vol. 16, No. 6 PROCEEDINGS OF MEMBER ASSOCIATIONS 1267

A t the business meeting following the progress, the following new 
officers were elected: R. H. Hess, W ichita, P residen t; Herman W ei
gand, Leavenw orth; P. D. Elliott, Goodland; H. H. Huffman, Topeka; 
Rex Reynolds, Dodge City, Vice-Presidents. Paul D. H aney continues 
as Secretary-T reasurer.

P a u l  D. H a n e y , Secretary-Treasurer

NEW  YORK STATE SEWAGE WORKS ASSOCIATION

A n n u a l  S p r i n g  M e e t i n g  

S y r a c u s e ,  N .  Y . ,  J u n e  1 6 - 1 7 ,  1 9 4 4

The annual spring meeting of the New York S tate Sewage Works 
Association was held in Syracuse, N. Y., on June 16 and 17, 1944, with 
headquarters a t the Hotel Syracuse. Approximately one hundred 
members and guests were registered.

General arrangem ents for the meeting as well as arrangem ents for 
the entertainm ent were made by a committee from  the Central New 
York Section of the N.Y. S. S. W. A. composed of Uhl T. Mann, H. H. 
W agenhals and J . M. MacCrea as chairm'an. The Central New York 
Section acted as hosts for the meeting.

On the evening of June 15 the Executive Committee of the N. Y. S. 
S. W. A. held its usual dinner meeting. P resent a t this meeting were 
William H. Larkin, president, William D. Denise, H. 0 . Johnson, Uhl 
T. Mann, George W. Moore, H enry H. Rath, Edw ard J. Smith and 
Charles L. W alker, members of the Executive Committee; C. George 
Andersen, representative of the N. Y. S. S. W. A. to the Federation; 
A. S. Bedell, S ecre tary -T reasu rer; J . C. Brigham, A ssistant Treasurer, 
and A. W. Eustance, A ssistant Secretary.

Following a brief business meeting on F riday  morning, June 16, the 
technical session was opened with a paper by Channel Samson, Super
intendent a t Tonawanda, N. Y., on the subject of “ Sewage Treatm ent 
Practices in the Town of Tonaw anda.”  Mr. Samson pointed out that 
the design of their sewage treatm ent plant serving a population of 
52,000 was based to a large extent on laboratory results obtained when 
the old Imlioff plant was being used. The new plant was therefore 
provided with a complete and well equipped laboratory and the plant 
is being run with laboratory control. Mr. Samson also discussed vari
ous phases of plant operation and maintenance in his interesting paper. 
The several operators a t this plant work on a rotating schedule so all 
can become fam iliar with all phases of operation.

Considerable discussion from the floor followed this paper.
The next paper on the program  was an exceedingly interesting one 

by F red  J . Biele, Consulting Engineer, Huntington, N. Y., on “ Over
coming Ground W ater Difficulties in Sanitary  Construction.”  One 
point in particu lar brought out by Mr. Biele was the necessity of al
ways taking test borings before starting  the design. Mr. Biele also
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pointed out methods and examples of pipe laying to overcome the p rob
lem of ground water.

In  the discussion of this paper, Mr. Glenn 0 . Holmes of Syracuse 
sketched on the blackboard an instrum ent developed to take te st bor
ings. This was m erely a piece of pipe about 1" to iy2" in d iam eter p ro 
vided with a point and a slotted opening near the bottom. This open
ing was made by cutting the pipe lengthwise fo r a distance of from 
6" to 12" and bending out the pipe wall. The instrum ent was operated 
by driving to the desired depth and then ro ta ting  so tha t an earth  core 
could be picked up by the cut edge of the pipe which had been bent out. 
This would give a sample of the soil a t the depth of the opening in the 
pipe, the sample not being disturbed when the pipe was pulled out.

The last paper of the m orning session was entitled “ O peration of a 
Mechanical A eration A ctivated Sludge P la n t”  and was given by W il
liam D. Denise, Superin tendent of W ater and Sewer D epartm ents, 
Greece, N. Y. In  this paper Mr. Denise s ta ted  tha t aera tion  of the 
prim ary  tank effluent before the addition of re tu rn  sludge relieved bulk
ing conditions a t his plant.

The meeting was then adjourned fo r the inspection of gadets and for 
luncheon.

The afternoon session was opened w ith a paper entitled “ Safe
guards A gainst H azards a t Sewage T reatm ent P la n ts ,”  by L. L. L ang
ford, E astern  Sales M anager of the Pacific Flush-Tank Co. A t the 
beginning of his paper, Mr. Langford  com pared the accident ra tes  a t 
sewage treatm ent plants with accident rates a t industria l plants, po in t
ing out tha t rates a t sewage trea tm ent p lants were higher than a t in 
dustria l plants when figured on the same basis. In  his m ost in teresting  
paper Mr. L angford listed the places of hazards a t a sewage trea tm en t 
p lan t with particu lar reference to explosion and asphyxiation hazards. 
This paper was illustrated  with many slides, some showing the results 
of explosions a t several sewage trea tm ent plants.

There was considerable discussion from  the floor following this 
paper. Mr. L angford also referred  to the work of the Committee of 
the Federation  studying the problem of hazards a t sewage trea tm ent 
plants under the chairm anship of M orris Cohn of Schenectady, which is 
p reparing  a manual on this subject.

The next paper was entitled “ Postw ar P lans fo r Sewage and Sew
age Disposal P ro jects in New York S ta te ”  and was given by E a rl 
Devendorf, A ssistan t Director, Division of Sanitation, New York S tate  
D epartm ent of Health. In  this paper Mr. Devendorf explained in de
ta il the Postw ar P lanning Legislation, policy and procedure in New 
York S tate, and indicated he felt new sewage trea tm ent p lan ts are 
among the m ost im portant of postw ar projects.

A brief interm ission was then held fo r the inspection and balloting 
on the gadets submitted.

The last paper of the afternoon was entitled “ The O peration of a 
W artim e Industria l Sewage P la n t”  and was presented by H arold  
Fanning, Superintendent of Sanitation, Bendix A viation Corp., E lm ira,
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N. Y. In  this paper Mr. Fanning pointed out the need fo r designing 
for peak loads a t a sewage treatm ent plant to serve this type of in 
dustria l plant.

An inform al banquet was held in the E ast Room of the Hotel S yra
cuse on F rid ay  evening. Inform al entertainm ent was provided by E.
C. La Valley a t the piano and Bill F arre ll playing a harmonica.

Following the banquet the presentation of the R ating A ward to the 
operator subm itting the best report on the operation of his plant for 
the preceding year was made by A. W. Eustance, Chairman of the 
R ating Committee, to Uhl T. Mann for his report on the operation of 
the city of Cortland sewage treatm ent plant. Mr. Mann, who was 
form erly the Superintendent of the Cortland sewage treatm ent plant, 
is now the Superintendent of the Ley Creek sewage treatm ent plant at 
Syracuse.

The guest speaker of the evening was 'Dean M. Lyle Spencer, School 
of Journalism , Syracuse U niversity, who spoke on “ Behind the News 
in A sia .”  Dr. Spencer gave an exceedingly interesting talk on the sub
ject and pointed out the differences between the customs and thinking 
of the people of the E as t from ours. He stated tha t if we could under
stand the people of Asia, we then could not understand our own peo
ple. Dr. Spencer believed tha t we had a long flight ahead of us in our 
war against Jap an  when we consider the distances involved and the fact 
tha t Jap an  controls so much vital w ar m aterial, including rubber, tin 
and quinine. W hen asked concerning the aid to be expected from 
China, he stated  tha t this depended on how soon we could get into the 
Pacific theatre with adequate men and m aterial. Unless this were ac
complished a t an early date, very little aid could be expected from 
China who has already been fighting Japan  for some eight years. Dr. 
Spencer gave a most in teresting talk and answered a number of ques
tions from the audience.

The Saturday  m orning session opened with an announcement by 
George Moore on the winners of the gadget contest. A total of five 
gadgets was subm itted but it is believed th a t if traveling conditions 
had been better a larger number would have been submitted because 
there is always considerable in terest shown in this contest. A certifi
cate is awarded to the members whose gadgets receive first, second 
and third place in this contest. The winning gadgets submitted and 
their order in the contest are as follow s:

The lime slacking machine submitted by H arold R. Fanning of 510 
W est Second Street, E lm ira, N. Y., who is Superintendent of Sanita
tion a t Bendix Aviation Corporation, received first place.

The sludge sam pler subm itted by Mr. Alexander S. Zele of the Long 
Island State P ark  Commission, Belmont Lake State Park, Baylon, New 
York, received second place.

The diagram  of the sludge sam pler submitted by Byron Evans of 
Pine Camp was th ird  choice of the membership.

Following the announcement regarding the gadget contest winners, 
M orris Cohn of Schenectady pointed out the need of this nation for
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more money to conduct this w ar and appealed to everybody to buy an 
ex tra W ar Bond in the F ifth  W ar Bond Drive. In  a show of hands 
as to who was planning on buying tha t ex tra  bond, the group was unani
mous in prom ising to buy an ex tra  W ar Bond.

The technical session fo r S atu rday  m orning consisted of a controlled 
discussion period on “ Sludge D isposal”  under the leadership  of F . W. 
Gilcreas, New York S tate  D epartm ent of H ealth, Albany, N. Y. P re 
pared  discussions were given by W illiam  D. Denise of Greece on “ Dis
posal of Raw Sludge,”  Glen Searls of Rochester on “ Digestion in Im- 
hoff T anks,”  Charles Velzy of New York City on “ D igestion in 
Separate T anks,”  Uhl T. Mann of Syracuse on “ Vacuum F iltra tio n ,” 
P rof. C. L. W alker of Ithaca  on “ D rying on Sand B eds,”  and by A. 
W. Eustance of Geneva on ‘ ‘ D isposal of D ew atered Sludge. ’ ’ » Follow
ing each paper there was considerable discussion of the subject from 
the floor so th a t time did not allow the p repared  discussion by Mr. Gil
creas on “ Use of Sludge as F e rtiliz e r.”

Following the paper by Mr. Eustance on “ D isposal of Dewatered 
S ludge” in which he pointed out th a t sludge disposal a t about 50 per 
cent of our p lants is an  expense and th a t w ith a little salesm anship this 
could be a paying proposition. Mr. Cohn of Schenectady explained 
how they handled sludge a t his plant. A t Schenectady the sludge is 
ground and sold under the name of ‘ ‘ Gro-Hume ’ ’ and its  use is increas
ing w ith advertisem ent.

The next meeting of the New York S tate  Sewage W orks Association 
will be held in New York City Jan u ary  19, 1945.

A. W. E u s t a n c e , A ssis tan t Secretary

OHIO CONFERENCE ON SEWAGE TREATM ENT
E i g h t e e n t h  A n n u a l  M e e t i n g  

M a r i o n ,  J u n e  2 1 - 2 2 ,  1 9 4 4

H otel H ard ing  a t Marion, Ohio, was the headquarters fo r the 
E ighteenth A nnual Ohio Conference on Sewage T reatm ent held on 
June 21 and 22. R egistration fo r the event totaled 80. Sixteen new 
members were received during the Conference, boosting the to ta l mem
bership to 105.

The Conference opened a t noon W ednesday and the en tire  a f te r 
noon was given over to round table discussions which evoked consid
erable in terest, allowing all to present the ir problem s and interchange 
ideas and inform ation b\ means of general discussion. Round table 
discussions and their leaders were as follows :

Laboratory  P ra c tic e ..............  B. H. B arton, F ind lay
Sprinkling F ilte rs  .................  T. C. Scliaetzle, Akron
Sludge D ry in g ......................... G. E. Flow er, Cleveland
M aintenance ...........................  H. Bloem, E ly ria
A ctivated S lu d g e ...................  J . R. T urner, Mansfield
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Headlining- the two day session was the Annual Conference Banquet 
in the hotel ballroom W ednesday evening, attended by members and 
their wives. Among those who spoke briefly was F. H. W aring, Chief 
Engineer of the S tate D epartm ent of Health. Honoring their wedding 
anniversary, Chairm an R. F. Snyder in behalf of the Conference pre
sented Mrs. W aring with an orchid.

The guest speaker of the evening was M orris M. Cohn, Sanitary 
Engineer of the City of Schenectady, N. Y., and E dito r of Sewage 
Worlcs Engineering. Mr. Cohn’s subject was “ W here is Sanitation 
Going.”  In  a thoroughly amusing- and interesting manner, Mr. Cohn 
covered the various divisions of the field of sanitation, and pointed out 
the present trends and what could be expected in the future.

Chairm an Snyder opened the Thursday morning session by reading 
a message on the state of the Federation by W. H. Wisely, Executive 
Secretary, who was unable to be present. Following this E. L. Filby, 
F ield Director! Committee on W ater and Sewage W orks Development, 
spoke on “ B lueprint Now,”  urging members to go back home, check 
their needs, and then lay the groundwork for the needed improvements.

“ Oils and Greases as They Affect Sewage P la n ts”  was a very in
teresting paper effectively presented by F red  G. Nelson, The D orr Co. 
The final paper was on “ Sludge D igestion” by W. A. Sperry, Superin
tendent, A urora Sanitary  D istrict, and J . D. W alker, Sanitary  Engi
neer, The American Well W orks, and presented by the la tter. This 
paper attacked some of the conventional theories of digestion and 
evoked more discussion than any other presented a t the Conference.

Officers elected to serve during the coming year are as follows:

C h a irm a n ........
Vice Chairman

J . R. Turner, Mansfield 
Don Heffelfinger, Alliance

Secretary-Treasnrer  .. L. B. Barnes, Bowling Green

D. D. H e f f e l f i n g e r , Retiring Secretary

MEMBER ASSOCIATION MEETINGS

S o u t h  D a k o t a  W a t e r  a n d  S e w a g e  

W o r k s  C o n f e r e n c e  

O k l a h o m a  W a t e r  a n d  S e w a g e  

C o n f e r e n c e

Association Place 
W a t e r t o w n ,  S .  D .

Bate  
N o v .  1 4 - 1 5

M u n i c i p a l  W a t e r  

T r e a t m e n t  P l a n t ,  

O k l a h o m a  C i t y

N o v .  2 0 - 2 2

N e w  Y o r k  S t a t e  S e w a g e  W o r k s  

A s s o c i a t i o n  

T e x a s  S h o r t  S c h o o l

H o t e l  P e n n s y l v a n i a , Jan. 19
N e w  Y o r k  C i t y  
C o l l e g e  S t a t i o n Feb. 5 -7



Federation Affairs

T H E  S I X T E E N T H  A N N U A L  M E E T I N G  * 
P I T T S B U R G H ,  P E N N S Y L V A N I A  

O C T O B E R  12-14, 1944

D e s i g n a t e d  b y  t h e  B o a r d  o f  C o n t r o l  a s  t h e  S i x t e e n t h  A n n u a l  M e e t i n g  * i n s t e a d  o f  

t h e  F i f t h  A n n u a l  M e e t i n g ,  a s  h a d  b e e n  a n n o u n c e d ,  t h e  1 9 4 4  c o n v e n t i o n  o f  t h e  F e d e r a t i o n  

a t  P i t t s b u r g h  o n  O c t o b e r  1 2 - 1 4  r a n k s  a m o n g  t h e  m o s t  s u c c e s s f u l  c o n f e r e n c e s  h e l d  t o  d a t e .  

T h e  r e g i s t r a t i o n  o f  5 2 4 ,  w h i c h  i n c l u d e d  3 5  l a d i e s ,  w a s  d e e m e d  h i g h l y  s a t i s f a c t o r y  u n d e r  

p r e s e n t  c o n d i t i o n s ,  c o m p a r i n g  f a v o r a b l y  w i t h  t h e  a v e r a g e  r e g i s t r a t i o n  o f  5 3 4  r e c o r d e d  a t  

t h e  f iv e  m e e t i n g s  h e l d  s i n c e  1 9 4 0 .
A b o u t  1 5 0  e a r l y  c o m e r s  w e r e  o n  h a n d  f o r  t h e  P r e - C o n v e n t i o n  G e t - T o g e t h e r  h e l d  o n  

t h e  e v e n i n g  o f  O c t o b e r  1 1 ,  w h i c h  e v e n t  f e a t u r e d  f e l l o w s h i p  a n d  r e f r e s h m e n t s .  E a r l i e r  

i n  t h e  e v e n i n g ,  o f f i c e r s  o f  t h e  P e n n s y l v a n i a  S e w a g e  W o r k s  A s s o c i a t i o n  e n t e r t a i n e d  F e d 

e r a t i o n  o f f i c e r s ,  D i r e c t o r s ,  a n d  C o m m i t t e e  r e p r e s e n t a t i v e s  a t  a  m o s t  e n j o y a b l e  i n f o r m a l  

d i n n e r .  T h i s  p l e a s a n t  i n n o v a t i o n  p r e s a g e d  t h e  h o s p i t a l i t y  w h i c h  w a s  a c c o r d e d  t h r o u g h o u t  

t h e  s u c c e e d i n g  d a y s  o f  t h e  m e e t i n g  b y  t h e  F e d e r a t i o n ’s  h o s t  M e m b e r  A s s o c i a t i o n .

T h e  m e e t i n g  p r o p e r  w a s  c a l l e d  t o  o r d e r  b y  P r e s i d e n t  R a w n  a t  1 0  :3 0  A . M .  o n  O c t o b e r  

1 2 .  I n  t h e  a b s e n c e  o f  M a y o r  C o r n e l i u s  D .  S c u l l y ,  w h o  c o u l d  n o t  a t t e n d  b e c a u s e  o f  a  c o n 

f l i c t i n g  e n g a g e m e n t ,  t h e  F e d e r a t i o n  w a s  g r e e t e d  b y  t h e  H o n .  F r a n k  M .  R o e s s i n g ,  D i r e c t o r  

o f  P u b l i c  W o r k s  o f  P i t t s b u r g h .  I n  h i s  w e l l - c h o s e n  r e m a r k s  o f  w e l c o m e ,  M r .  R o e s s i n g  

r e f e r r e d  t o  h i s  e x p e r i e n c e s  a s  a n  o b s e r v e r  o f  e m e r g e n c y  s a n i t a t i o n  p r o c e d u r e s  d u r i n g  t h e  

L o n d o n  “ b l i t z ”  a n d  t o  h i s  p e r s o n a l  i n t e r e s t  i n  t h e  a i m s  o f  t h e  F e d e r a t i o n .  T h e  r e m a i n d e r  

o f  t h e  m o r n i n g  w a s  d e v o t e d  t o  t h e  p r e s e n t a t i o n  o f  b u s i n e s s  i t e m s  o f  g e n e r a l  i n t e r e s t ,  i n 

c l u d i n g  t h e  a n n u a l  r e p o r t  o f  t h e  E x e c u t i v e  S e c r e t a r y  a n d  a  p r o g r e s s  r e p o r t  o n  t h e  w o r k  

o f  t h e  J o i n t  C o m m i t t e e  o n  W a t e r  a n d  S e w a g e  W o r k s  D e v e l o p m e n t ,  i n  w h i c h  t h e  F e d e r a 

t i o n  i s  a  p a r t i c i p a n t .  T h e  l a t t e r  r e p o r t  w a s  r e a d  b y  C . A .  E m e r s o n ,  a  m e m b e r  o f  t h e  C o m 

m i t t e e ,  a n d  d i s c u s s e d  b y  E .  L .  F i l b y ,  f o r m e r l y  F i e l d  D i r e c t o r  o f  t h e  p r o g r a m .

M o r e  t h a n  2 5 0  m e m b e r s  a n d  g u e s t s  w e r e  i n  a t t e n d a n c e  a t  t h e  F e d e r a t i o n  L u n c h e o n  

w h i c h  f o l l o w e d  t h e  o p e n i n g  s e s s i o n .  D r .  A l e x a n d e r  H .  S t e w a r t ,  S e c r e t a r y  o f  t h e  P e n n 

s y l v a n i a  D e p a r t m e n t  o f  H e a l t h  a n d  C h a i r m a n  o f  t h e  S t a t e  S a n i t a r y  W a t e r  B o a r d ,  a d 

d r e s s e d  t h o s e  i n  a t t e n d a n c e  o n  “ S t r e a m  P o l l u t i o n  C o n t r o l  i n  P e n n s y l v a n i a , ”  r e l a t i n g  t h e  

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

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

t e r  C e n t u r y  O p e r a t o r ’s  C l u b .  F r a n k  W o o d b u r y  J o n e s ,  o r g a n i z e r  o f  t h e  c l u b ,  i n t r o d u c e d  
t h o s e  m e m b e r s  p r e s e n t ,  i n c l u d i n g  s e v e n  n e w  a f f i l i a t e s .

T h e  a f t e r n o o n  t e c h n i c a l  s e s s i o n  c o m p r i s e d  a  s y m p o s i u m  o n  t h e  o p e r a t i o n  o f  s e w e r  
s y s t e m s .  T h e  f o l l o w i n g  p a p e r s  w e r e  i n c l u d e d :

L o c a t i n g  L o s t  S e w e r s  a n d  M a n h o l e s .  B y  Eugene T .  C ra n c h  ( r e a d  b y  C .  A .  E m e r 
son)

C o n t r o l  o f  I n f i l t r a t i o n  a n d  S t o r m  W a t e r  Flow. B y  R a lp h  W .  H o rn e
V e n t i l a t i o n  o f  S e w e r s .  B y  R ic h a rd  D . Pomeroy ( r e a d  b y  R .  F .  B ro w n )

T h e  T h u r s d a y  p r o g r a m  w a s  b r o u g h t  t o  a  c l o s e  b y  t h e  S t a g  S m o k e r  i n  t h e  P i t t s b u r g h  

R o o m .  M o r e  t h a n  4 0 0  w e r e  p r e s e n t  t o  e n j o y  t h e  r e f r e s h m e n t s  a n d  e n t e r t a i n m e n t  w h i c h  
w e r e  p r o v i d e d .

T h e  m o r n i n g  p r o g r a m  o n  t h e  s e c o n d  d a y  o p e n e d  w i t h  a  d e m o n s t r a t i o n  o f  t h e  u s e  o f  

s a f e t y  e c j u i p m e n t  i n  t h e  o p e r a t i o n  o f  s e w e r a g e  s y s t e m s  ( a  m o s t  a p p r o p r i a t e  b e g i n n i n g

* While technical programs have been included only in the programs of the annual meetings 
held since the 1940 gathering in Chicago, business meetings of the Federation had been held 
annually since its organization in 1928. Consequently, the Board of Control in  session on Oc
tober 14, 1944, decreed by resolution that the 1944 meeting is to be designated as the sixteenth 
and that future ones be numbered thereform.
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f o r  F r i d a y ,  O c t o b e r  1 3 ) .  C h a i r m a n  L e R o y  W .  V a n K l e e c k  o f  t h e  S u b - C o m m i t t e e  o n  

S a f e t y  H a z a r d s ,  a s s i s t e d  b y  S .  H .  A s h ,  R .  F .  B r o w n  a n d  L .  L .  L a n g f o r d ,  o t h e r  m e m b e r s  

o f  t h e  S u b - C o m m i t t e e ,  s t a g e d  t h e  d e m o n s t r a t i o n  i n  e x c e l l e n t  f a s h i o n .  A  d i s c u s s i o n  o f  

M a n u a l  o f  P r a c t i c e  N o .  1  o n  “ O c c u p a t i o n a l  H a z a r d s  i n  t h e  O p e r a t i o n  o f  S e w e r a g e  S y s 

t e m s , ”  a s  c o m p l e t e d  r e c e n t l y  b y  t h e  S u b - C o m m i t t e e ,  w a s  p r e s e n t e d  b y  M o r r i s  M . C o h n ,  

C h a i r m a n  o f  t h e  S e w a g e  W o r k s  P r a c t i c e  C o m m i t t e e  o f  t h e  F e d e r a t i o n .  O t h e r  p a p e r s  
p r e s e n t e d  a t  t h i s  s e s s i o n  w e r e :

D e s i g n  o f  F i n a l  S e t t l i n g  T a n k s  f o r  A c t i v a t e d  S l u d g e .  B y  N o rv a l E .  Anderson
A  C o m p a r i s o n  o f  t h e  Q u a n t i t y  a n d  B i o c h e m i c a l  C h a r a c t e r i s t i c s  o f  t h e  F i l m  i n  a  B i o -  

f i l t e r  a n d  S t a n d a r d  F i l t e r .  B y  H .  H e u k e le k ia n

T h e  L u n c h e o n  a n d  B u s i n e s s  M e e t i n g  o f  t h e  P e n n s y l v a n i a  S e w a g e  W o r k s  A s s o c i a t i o n  

w a s  h e l d  a t  1 2 : 1 5  P . M .  w i t h  1 2 5  i n  a t t e n d a n c e .  M e s s r s .  C h a r l e s  A .  E m e r s o n  a n d  H .  E .  

M o s e s ,  b o t h  m e m b e r s  o f  t h e  P e n n s y l v a n i a  A s s o c i a t i o n  a n d  l e a d e r s  o f  t h e  F e d e r a t i o n  d u r 

i n g  i t s  e a r l y  y e a r s ,  w e r e  s i g n a l l y  h o n o r e d  a t  t h i s  f u n c t i o n .
D r .  F .  W .  M o h l m a n  p r e s i d e d  a t  t h e  s y m p o s i u m  o n  i n d u s t r i a l  w a s t e s  w h i c h  c o m p r i s e d  

t h e  F r i d a y  a f t e r n o o n  t e c h n i c a l  p r o g r a m .  P a p e r s  i n c l u d e d  w e r e  t h e  f o l l o w i n g :

T r e a t m e n t  of P a c k i n g h o u s e  W a s t e s .  B y  K .  V .  H i l l
T r e a t m e n t  of O i l  I n d u s t r y  W a s t e s .  B y  W .  B .  H a r t
F l o r i d a ’s  C i t r u s  C a n n i n g  W a s t e  P r o b l e m .  B y  R obert S .  In g o ls
T r e a t m e n t  o f  S o m e  C h e m i c a l  I n d u s t r y  W a s t e s .  B y  Thos. J .  Pow ers
I n d u s t r i a l  W a s t e s  i n  C o n n e c t i c u t  a n d  T h e i r  T r e a t m e n t .  B y  W i t .  S .  W i s e

A  m o s t  d e l i g h t f u l  e v e n t  w a s  t h e  d i n n e r  d a n c e  h e l d  o n  F r i d a y  e v e n i n g  w i t h  3 5 0  i n  

a t t e n d a n c e .  F o l l o w i n g  t h e  d i n n e r ,  P r e s i d e n t  R a w n  i n t r o d u c e d  t h e  n e w  o f f ic e r s  o f  t h e  

F e d e r a t i o n  a n d  p r e s e n t e d  t h e  v a r i o u s  1 9 4 4  a w a r d s  a s  a u t h o r i z e d  b y  t h e  B o a r d  o f  C o n 

t r o l  o n  O c t o b e r  1 1 .  T h e  a w a r d s  p r e s e n t e d  w e r e :

H onorary Membership  

F lo y d  W illia m  M ohlm an

H arrison Prescott E ddy  A w ard  (F or Research)

J ohn  R aymond S n e ll

George B radley Gascoigne A w ard  (F or Operation)

James T .  L y n c h  and U h l T .  M ann

Charles A lv in  Em erson A w ard  (For Federation Service)

W il l e m  R udoles

K enneth  A llen  A w ard  (F or Service to M ember Associations)

A lb e r t  Edw ard B e rry  ( C a n a d i a n  I n s t i t u t e )

V a n  P o rte r  E n lo e  ( G e o r g i a )
A lb e r t  Legrand G e n te r ( M a r y l a n d - D e l a w a r e )

F .  W e llin g t o n  G ilc re a s  ( N e w  E n g l a n d )

C h a r le s  A .  H o lm q u ist ( N e w  Y o r k )
D ana E w art K e p n er  (Rocky Mountain)
L eon B e n e d ic t  R eynolds (C alifornia)
W ilso n  W aldo T o w ne (Dakota)

A n  a c c o m p l i s h e d  o r c h e s t r a ,  a  s k i l l f u l  o r g a n i s t ,  a  d u o  o f  u n u s u a l l y  f in e  s i n g e r s  i n  
M a r y  M a r t h a  B r i n e y  a n d  B o b  C a r t e r  a n d  a n  e x t r a o r d i n a r y  n o v e l t y  p r e s e n t a t i o n  b y  t h e  

“ T e l e v i s i o n  K i d s ”  c o m p l e t e d  t h e  e v e n i n g  e n t e r t a i n m e n t  i n  a  m o s t  s a t i s f a c t o r y  m a n n e r .

T h e  O p e r a t o r ’s  B r e a k f a s t  F o r u m  o n  S a t u r d a y  m o r n i n g ,  O c t o b e r  1 4 ,  f e a t u r e d  a  s y m 

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

u n d e r  t h e  l e a d e r s h i p  o f  C h r i s t i a n  L .  S i e b e r t ,  E x e c u t i v e  E n g i n e e r  o f  t h e  P e n n s y l v a n i a  

S a n i t a r y  W a t e r  B o a r d .  T h e  f o l l o w i n g  p a p e r s  w e r e  i n c l u d e d :
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E f f e c t s  o f  G r e a t l y  I n c r e a s e d  F l o w s  o f  S e w a g e .  B y  Don E .  Bloodgood 
D i f f i c u l t i e s  O c c a s i o n e d  b y  D i s c h a r g e  o f  G r e a s e  a n d  O i l s .  B y  Reuben F .  B ro w n  
E f f e c t s  o f  I n c r e a s e d  V o l u m e s  o f  A c i d - I r o n  W a s t e s  o n  S e w a g e  T r e a t m e n t  W o r k s  

O p e r a t i o n .  B y  R oy S .  L a n p h e a r 
E f f e c t s  o f  R u b b e r  W a s t e s  o n  S e w a g e  T r e a t m e n t  P r o c e s s e s .  B y  T .  C .  S c h a e tz le  
E f f e c t s  o f  O x i d i z i n g  O i l s  a n d  S o m e  O t h e r  W a r  I n d u s t r y  W a s t e s  o n  S e w a g e  T r e a t 

m e n t  W o r k s .  B y  R o b e rt M .  B o le n iu s  
E f f e c t s  o f  P a p e r  M i l l  W a s t e s  o n  S e w a g e  T r e a t m e n t  P l a n t  O p e r a t i o n .  B y  H a r r y  W .  

Gehai
E f f e c t s  o f  I n d u s t r i a l  W a s t e s  f r o m  F i s h  C a n n e r i e s  o n  a  S e w a g e  T r e a t m e n t  P l a n t .  B y  

W .  T .  K n o w lt o n

T h e  t e c h n i c a l  p r o g r a m  w a s  c o n c l u d e d  b y  a n  o p e n  d i s c u s s i o n  o f  t h e  1 9 4 3  r e p o r t  o f  

t h e  C o m m i t t e e  o n  O p e r a t o r ’s  Q u a l i f i c a t i o n s  (This Journal, 15, 1 2 3 5 ) .  P r e s i d e n t - e l e c t  A .

E .  B e r r y  a w a r d e d  t h e  1 9 4 4  C o n v e n t i o n  A t t e n d a n c e  T r o p h y  t o  t h e  C e n t r a l  S t a t e s  S e w a g e  

W o r k s  A s s o c i a t i o n ,  w h i c h  F e d e r a t i o n  a f f i l i a t e  h a s  w o n  t h e  c o n t e s t  f o u r  c o n s e c u t i v e  y e a r s .  

T h i s  y e a r ,  5 7  C e n t r a l  S t a t e s  m e m b e r s  t r a v e l l e d  a n  a g g r e g a t e  o f  2 9 ,5 S 0  m a n - m i l e s  t o  P i t t s 

b u r g h .  C o n t e n d e r s  w e r e  t h e  N e w  Y o r k ,  P e n n s y l v a n i a ,  N e w  J e r s e y ,  C a n a d i a n ,  a n d  N e w  

E n g l a n d  A s s o c i a t i o n s .

T h e  A r r a n g e m e n t s  C o m m i t t e e  p r o v i d e d  a  v e r y  e n j o y a b l e  p r o g r a m  f o r  t h e  3 5  l a d i e s  

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

T h u r s d a y  a f t e r n o o n ,  a  t h e a t e r  p a r t y  o n  T h u r s d a y  e v e n i n g  a n d  a  t o u r  o f  t h e  C a t h e d r a l  o f  

L e a r n i n g  a t  t h e  U n i v e r s i t y  o f  P i t t s b u r g h  o n  F r i d a y  a f t e r n o o n ,  i n  a d d i t i o n  t o  t h e  d i n n e r  
d a n c e  o n  F r i d a y  e v e n i n g .

B u s i n e s s  s e s s i o n s  o f  t h e  F e d e r a t i o n  B o a r d  o f  C o n t r o l  w e r e  h e l d  a s  l u n c h e o n  a n d  a f t e r 

n o o n  m e e t i n g s  o n  W e d n e s d a y ,  O c t o b e r  1 1  a n d  S a t u r d a y ,  O c t o b e r  1 4 .  O f f i c e r s  e l e c t e d  f o r  
t h e  y e a r  1 9 4 1—1 5  a r e :

P re s id e n t ..................................................................  D r .  A .  E .  B e r r y ,  T o r o n t o ,  C a n a d a

Vice-President ...................................................  J .  K .  H o s k i n s ,  W a s h i n g t o n ,  D .  C .

Treasurer ................................................ .. ...........  W .  W .  D e B e r a r d ,  C h i c a g o ,  111.

D irec to r-a t-L arge ............................................  F .  W .  M o h l m a n ,  C h i c a g o ,  111.

T o r o n t o ,  C a n a d a ,  w a s  s e l e c t e d  a s  t h e  s i t e  o f  t h e  S e v e n t e e n t h  A n n u a l  M e e t i n g  i n  1 9 4 5 .  

T h e  d e t a i l e d  m i n u t e s  o f  t h e s e  s e s s i o n s  w i l l  a p p e a r  i n  t h e  J a n u a r y ,  1 9 4 5 ,  i s s u e  o f  t h e  
J o u rn a l.

T h e  u s u a l  i n t e r e s t i n g  a n d  e d u c a t i o n a l  e x h i b i t  w a s  s p o n s o r e d  b y  t h e  W a t e r  a n d  S e w a g e  

W o r k s  M a n u f a c t u r e r ’s  A s s o c i a t i o n  u n d e r  t h e  m a n a g e m e n t  a n d  s u p e r v i s i o n  o f  S e c r e t a r y  - 

M a n a g e r  A r t h u r  T .  C l a r k .  A  t o t a l  o f  3 1  m a n u f a c t u r e r s  p a r t i c i p a t e d  i n  t h e  d i s p l a y .

F o l l o w i n g  a r e  t h e  C o n v e n t i o n  C o m m i t t e e s  t o  w h o m  a l l  c r e d i t  a n d  t h a n k s  a r e  d u e  f o r  
t h e  s t a g i n g  o f  t h e  S i x t e e n t h  A n n u a l  M e e t i n g  :

C on ventio n  M an ag em en t

H onorary Chairmen H .  E .  M o s e s
L .  S .  M o r g a n ,  Chairman

C . H .  Y o u n g ,  Vice-Chairman

E .  P .  J o h n s o n  

M r s .  M .  G .  M a n s f i e l d  
M .  G .  M a n s f i e l d  

W .  J .  M u r d o c h
L .  M .  O a k s

P e n n s y l v a n ia  S ew age W orks A ssociation

W .  J .  M u r d o c h ,  Chairman 
T .  S .  B o g a r d u s  T .  R .  H a s e l t i n e

R ,  M .  D o u g l a s s  IL . E .  M o s e s
J .  M .  R i c e

C .  A .  E m e r s o n

W .  S .  A n d r e w s  
A .  T .  C l a r k  

D .  E .  D a v i s  

F .  S .  F r i e l
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R .  H .  B e c k  

R .  D .  H o a k

R e g istra tio n  

M . G . M a n s f i e l d ,  Chairman

H .  M . O l s o n  

E .  A .  W a l k e r

N .  B .  J a c o b s  

R .  L .  P h i l l i p s

C .  H .  B a r r e t t  

E .  A .  H o l b r o o k

F in a n c e

E .  P .  J o h n s o n ,  Chairman
W .  P .  S n e l s i r e  

W .  H .  W i s e l y

H otel A rrangem ents

D . E .  D a v i s ,  Chairman

C . M .  H o l t  
L .  W .  M o n r o e

H .  M . O l s o n

M . M .  C o h n  

L .  H .  E n s l o w

R o l f  E l i a s s e n  

F .  S .  F r i e l  
C . E .  G r e e n  

C . C . L a r s o n

J .  L .  A u s t i n

P u b lic it y  and A tte n d a n ce  

E. J .  C l e a r y ,  Chairman

A . P .  F o h v e l l  

W .  S .  F o s t e r

P rogram

F .  W .  G i l e r e a s ,  Chairman

F .  W .  M o h l m a n  

R .  S .  P h i l l i p s

E .  W .  S t e e l
F .  M . V e a t e h

W .  H .  W i s e l y

M anufacturers’ E x h ib it s

A . T .  C l a r k ,  Chairman

P i e r c e  B e n n e r

W .  W .  H e n d r i x

E n te r ta in m e n t

W .  S .  A n d r e w s ,  Chairman  L .  M . O a k s ,  Vice-Chairman
C l i n t o n  I n g l e e ,  A dvisory Chairman 

J .  T .  C a m p b e l l  J -  E g o l f

F .  J .  D u r n e r  G - F - L i n n

L ad ies ’ E n ter ta in m en t

M r s .  M . G .  M a n s f i e l d ,  Chairman 
M r s .  W .  S .  A n d r e w s  M r s .  M o r g a n
M r s .  D .  E .  D a v i s  M r s .  W .  J .  M u r d o c h

M r s .  F .  S .  F r i e l  M r s .  L .  W .  O a k s

M r s .  E .  P .  J o h n s o n  M r s .  C . H .  o u n g



R eview s and Abstracts
G l a d y s  S w o p e

Mellon Institute of Industrial Eeseareli, 
Pittsburgh 13, Pennsylvania
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B y  E .  F .  E l d r id g e

B u l l e t i n  N o .  9 9 ,  M ic h ig a n  E n g i n e e r i n g  E x p e r i m e n t  S t a t i o n .  71  p a g e s .  ( J u l y ,  1 9 4 4 )

M u c h  o f  t h e  p a p e r  i n d u s t r y  i n  w h i c h  o l d - p a p e r  s t o c k  i s  u s e d  a s  a  b a s i c  r a w  m a t e r i a l  

i s  l o c a t e d  w i t h i n  a  d i s t a n c e  o f  2 0  m i l e s  a l o n g '  t h e  K a l a m a z o o  R i v e r .  T h e r e  a r e  1 7  m i l l s  

o p e r a t e d  b y  1 1  c o m p a n i e s ,  1 3  o f  t h e  m i l l s  b e i n g  l o c a t e d  i n  t h e  c i t y  o f  K a l a m a z o o .  F o u r  

o f  t h e  m i l l s  m a n u f a c t u r e  p a p e r  b o a r d  f r o m  o l d - p a p e r  s t o c k  a n d  s u l p h i t e  o r  k r a f t  p u l p .  

T h e y  m a k e  a b o u t  6 0 0  t o n s  o f  b o a r d  d a i l y .  T h e  o t h e r  m i l l s  p r o d u c e  a b o u t  8 7 0  t o n s  o f  

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

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

f r o m  t h e  o l d  s t o c k .  T h e  g r e a t e r  p a r t  o f  t h e  l i q u i d  w a s t e  i s  t h e  w h i t e  w a t e r  f r o m  t h e  

p a p e r  m a c h i n e .  I n  b o o k  o r  w r i t i n g  p a p e r  m a n u f a c t u r e ,  h o w e v e r ,  t h e  i n k ,  c o a t i n g  a n d  

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

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

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

p a p e r  m a c h i n e s .

I n  1 9 4 0  t h e  “ P a p e r  M i l l  W a s t e  R e s e a r c h  C o m m i t t e e ”  w a s  o r g a n i z e d  f o r  t h e  p u r p o s e

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

m a n  f r o m  e a c h  o f  t h e  c o m p a n i e s .  A n  a g r e e m e n t  w a s  m a d e  w i t h  t h e  M i c h i g a n  E n g i n e e r 

i n g  E x p e r i m e n t  S t a t i o n ,  M i c h i g a n  S t a t e  C o l l e g e ,  E a s t  L a n s i n g ,  w h e r e b y  t h e  S t a t i o n  w a s  

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

T h e  p r i m a r y  o b j e c t  o f  t h e  i n v e s t i g a t i o n  w a s  t o  i m p r o v e  m e t h o d s  o f  w a s t e  d i s p o s a l  

i n  o r d e r  t h a t  t h e  v a r i o u s  m i l l s  m i g h t  e f f e c t i v e l y  a n d  e c o n o m i c a l l y  r e d u c e  t h e  p o l l u t i o n  o f  

t h e  K a l a m a z o o  R i v e r .  I n  a d d i t i o n ,  a s  a  s e c o n d a r y  o b j e c t i v e ,  i t  w a s  d e s i r e d  t o  f i n d  u s e s  
f o r  m a t e r i a l  r e c o v e r e d  f r o m  t h e  w a s t e s .

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

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

Volume, gallons per day.......................................................  45,194,930
Suspended Solids, pounds per d ay....................................... 220,957

• Fiber, pounds per day..........................................................  96,874
5-day B.O.D., pounds per d ay ............................................. 27,428

T h e  t a b l e  b e l o w  s h o w s  t h e  w a s t e s  d i s c h a r g e d  f r o m  t h e  m i l l s  o f  f i v e  f i r m s  m a n u f a c t u r 

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

In k  W asher W astes W h ite  W astes

T o ta l
A m oun t % A m ount %

Volume, gal. per day...............
Susp. Solids, lb. per day.........
Fiber, lb. per day....................
B.O.D., lb. per day.................

7,182,400
112,786

31,329
14,153

33.0
72.2
58.7
74.5

14,476,400
43,224
21,853

4,893

67.0
27.8
41.3
25.5

21,658,800
156,010

53,182
19,046
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A  p o l l u t i o n  s u r v e y  o f  t h e  K a l a m a z o o  R i v e r  w a s  m a d e  a s  p a r t  o f  t h e  s t u d i e s .  S i x 

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

a f t e r n o o n ,  a n d  n i g h t .  A n a l y s e s  w e r e  m a d e  f o r  s u s p e n d e d  s o l i d s ,  d i s s o l v e d  o x y g e n ,  a n d  

5 - d a y  B . O . D .  S t u d i e s  o f  t h e  r e s u l t s  i n d i c a t e d  t h a t  a b o u t  5 7  p e r  c e n t  o f  t h e  s u s p e n d e d  
m a t t e r  s e t t l e d  o n  t h e  s t r e a m  b e d .

T h o u g h t  h a d  b e e n  g i v e n  a t  t i m e s  t o  t h e  a d v i s a b i l i t y  o f  a  p l a n t  f o r  t h e  t r e a t m e n t  o f  
c o m b i n e d  m u n i c i p a l  a n d  p a p e r  m i l l  w a s t e s .  F o u r t e e n  o f  t h e  1 8  m i l l s  a r e  s o  l o c a t e d  t h a t  

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

a b o u t  3 7  m . g .d . ,  m a n y  o f  t h e  e x i s t i n g  s e w e r s  a n d  i n t e r c e p t o r s  w o u l d  h a v e  t o  b e  i n c r e a s e d  
i n  c a p a c i t y .

T h e  m u n i c i p a l  s e w a g e  f r o m  t h e  a r e a  a m o u n t s  t o  a b o u t  7  m .g .d .  T h u s ,  w i t h  a  c o m 
b i n e d  p l a n t  o f  4 4  m .g .d .  c a p a c i t y  o n l y  1 6  p e r  c e n t  o f  t h a t  c a p a c i t y  w o u l d  b e  f o r  t h e  t r e a t 

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

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

T h e  u s e  o f  a  c o m b i n e d  p l a n t  w a s  d e e m e d  i n a d v i s a b l e  b e c a u s e  ( 1 )  s u c h  a  p l a n t  w o u l d  

b e  l i m i t e d  t o  c h e m i c a l  t r e a t m e n t ,  ( 2 )  t h e  h i g h  c o s t ,  ( 3 )  s e c o n d a r y  t r e a t m e n t  w o u l d  h a v e  t o  

b e  p r o v i d e d  f o r  4 4  m .g .d .  i n  o r d e r  t o  r e d u c e  t h e  B .O .D .  o f  7  m .g .d .  o f  d o m e s t ic -  s e w a g e ,  
a n d  ( 4 )  r e c o v e r y  o f  p a p e r  m i l l  w a s t e s  w o u l d  b e  i m p o s s i b l e .

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

s o l i d s  i n  t h e  w a s t e s  i s  r e d u c e d .  T h e s e  a r e :  ( 1 )  t h e  r e c i r c u l a t i o n  o f  w h i t e  w a t e r  i n  p a r 

t i a l l y  o r  c o m p l e t e l y  c l o s e d  s y s t e m s ,  ( 2 )  t h e  u s e  o f  c l a r i f i e d  w h i t e  w a t e r  o n  w a s h e r  s y s 

t e m s ,  ( 3 )  t h e  u s e  o f  e f f i c i e n t  s a v e - a l l s  i n  t h e  w h i t e  w a t e r  s y s t e m s ,  ( 4 )  t h e  u s e  o f  

c o u n t e r - c u r r e n t  w a s h i n g s ,  a n d  ( 5 )  t h e  u s e  o f  c o a g u l a t i o n  a n d  s e d i m e n t a t i o n  t a n k s  a s  
t r e a t m e n t  u n i t s .  M o s t  o f  t h e  m i l l s  u t i l i z e  w h i t e  w a t e r  r e c i r c u l a t i o n  i n  s o m e  f o r m .  

T h e r e  h a s  b e e n  s o m e  o b j e c t i o n  t o  t h e  u s e  o f  r e c i r c u l a t i o n  r e s u l t i n g  f r o m  i m p r o p e r l y  i n 
s t a l l e d  e q u i p m e n t .  P r o p e r l y  d e s i g n e d  a n d  i n s t a l l e d  e q u i p m e n t  o p e r a t e s  w i t h o u t  d i f f i 

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

p a s s  m o s t  o f  t h e  p a r t i c l e s  w h i c h  p a s s  t h r o u g h  t h e  m a c h i n e  s c r e e n .  T h e  t e r m  s a v e - a l l  i s  

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

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

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

c o u l d  b e s t  b e  d o n e  b y  a  c o a g u l a t i o n - s e d i m e n t a t i o n  p r o c e s s .  T h e  r e c o m m e n d e d  p r o c e 

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

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

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

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

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

a  r a p i d  m i x e r ,  w i t h  a  p e r i o d  o f  4 0  t o  6 0  s e c o n d s .  T h e  c o a g u l a t i o n  c o m p a r t m e n t  w a s  2  

f t .  9  i n .  d i a m e t e r  a n d  3  f t .  6  i n .  d e e p  o v e r a l l .  P a d d l e s  m o u n t e d  o n  a  v e r t i c a l  s h a f t  w e r e  
p r o v i d e d  f o r  a g i t a t i o n .  T h e  c o a g u l a t e d  l i q u o r  p a s s e d  i n t o  t h e  s e t t l i n g  c o m p a r t m e n t  

t h r o u g h  a  n u m b e r  o f  l a r g e  h o l e s  i n  t h e  b o t t o m .
T h e  s e t t l i n g  t a n k  w a s  6  f t .  4  i n .  d i a m e t e r  a n d  6  f t .  6  i n .  d e e p  a t  t h e  c e n t e r .  A  h o p p e r  

w a s  p r o v i d e d  i n  t h e  b o t t o m  w i t h  s l o p e s  a b o u t  2  v e r t i c a l  t o  3  h o r i z o n t a l .  T h e  d e s i g n e d  

p e r i o d s  w e r e  2 0  m i n u t e s  f o r  c o a g u l a t i o n  a n d  2  h o u r s  f o r  s e t t l i n g .
T h e  u n i t  w a s  o p e r a t e d  a t  t w o  m i l l s  r e p r e s e n t a t i v e  o f  t h e  b o o k  m i l l s ,  a n d  a t  t w o  

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

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

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

a g e s  o f  r u n s  f o r  t h r e e  t o  s i x  d a y s ,  e x c e p t  a s  n o t e d .
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P la n t C hem ical D osage,
p .p .m .

S uspended Solids 5 -day  B .O .D .

In fluen t,
p .p .m .

E ffluent,
p .p .m .

%
R ed .

In fluen t,
p .p .m .

E ffluent,
p .p .m .

%
R ed .

Book M ills

1 N o n e 1 0 6 0 2 4 8 7 5 .2 2 3 2 1 21 4 4 .3

1 A lu m 3 4 7 1 8 8 5 171 8 9 .0 2 8 8 1 6 5 4 3 .7

1 B e n t o n i t e 1 07 6 1 2 6 7 8 8 .1 1 2 3 4 5 6 2 .3

2 N o n e — 5 0 0 8 4 8 1 .7 9 4 4 5 5 3 .5

2 A lu m 71 5 6 3 5 5 9 0 .0 1 4 0 5 1 6 2 .4

2 B e n t o n i t e 2 5 2 6 6 0 6 4 8 9 .5 1 1 2 4 5 5 9 .9

Board Mills

1 N o n e H 2 4 4 111 5 3 .4  - 8 0 5 6 2 9 .5

1 B e n t o n i t e 7 9 2 5 5 6 5 7 6 .4 6 3 3 2 5 8 .0

1“ A lu m 1 1 0 3 6 6 1 8 8 4 8 .5 6 6 5 8 1 2 .0

I a L i m e 5 0 2 3 2 4 1 1 0 6 6 .0 51 2 3 5 4 .8

2 N o n e — 3 5 6 4 3 8 9 .1 6 0 2 8 4 8 .3

2 A lu m 4 2 3 6 9 21 9 4 .1 5 7 3 2 4 3 .4

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

w a s t e s  t o  s e r v e  a s  a  g u i d e  f o r  p i l o t  p l a n t  o p e r a t i o n .  C o a g u l a n t s  u s e d  i n c d u d e d  a l u m ,  

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

c - h lo r in e .  T h e  f i r s t  t h r e e  m e n t i o n e d  g a v e  t h e  b e s t  r e s u l t s ,  a n d  l i m e  a p p e a r e d  t o  a f f o r d  t h e  

b e s t  r e m o v a l  o f  t h e  t h r e e .  O p e r a t i o n  o f  t h e  p i l o t  p l a n t  g a v e  r a t h e r  w i d e  v a r i a t i o n s  i n  

t h e  r e m o v a l  o f  s u s p e n d e d  s o l i d s .  T h e  d a i l y  v a r i a t i o n s  r a n g e d  f r o m  2 0 .7  t o  6 2 .2  p e r  c e n t ,  

4 5 .4  t o  8 4 .6  p e r  c e n t ,  a n d  3 6 .7  t o  8 1 .1  p e r  c e n t  w i t h  p l a i n  s e t t l i n g ,  a l u m  c o a g u l a t i o n ,  a n d  

l i m e  c o a g u l a t i o n ,  r e s p e c t i v e l y .  C h e m i c a l  d o s a g e  v a r i e d  f r o m  4 5 5  t o  7 4 5  p . p . m .  a n d  f r o m  

5 1 5  t o  9 0 0  p . p . m .  f o r  a l u m  a n d  l i m e ,  r e s p e c t i v e l y .

D u r i n g  t h e  c o u r s e  o f  t h e  s t u d i e s  i t  w a s  f o u n d  t h a t  a t  t i m e s  c o a g u l a t i o n  w a s  e x t r e m e l y  

d i f f i c u l t  t o  o b t a i n .  S t u d i e s  i n d i c a t e d  t h a t  w a s t e s  i n  w h i c h  t h e  c a s e i n  c o n c e n t r a t i o n  w a s

h i g h e r  t h a n  4  l b .  p e r  1 ,0 0 0  g a l .  c o u l d  n o t  b e  c o a g u l a t e d .  S i n c e  t h i s  p a r t i c u l a r  m i l l  u s e d

b a t c h  w a s h i n g  t h e  c a s e i n  c o n c e n t r a t i o n  w a s  h i g h  a t  t h e  s t a r t  o f  e a c h  w a s h i n g .  D i l u t i o n  

w i t h  w h i t e  w a t e r  w a s  f o u n d  t o  b e  v e r y  e f f e c t i v e ,  a n d  t h e  m o s t  d i f f i c u l t  w a s t e  c o u l d  b e  c o 

a g u l a t e d  r e a d i l y  w h e n  d i l u t e d  i n  a  r a t i o  o f  1  t o  1 .  T a p  w a t e r  w a s  n o t  a s  e f f e c t i v e  a s  

w h i t e  w a t e r  a s  a  d i l u t i n g  a g e n t .  F u r t h e r  s t u d i e s  i n d i c a t e d  t h a t  a l u m  i n  t h e  w h i t e  w a t e r  

c a u s e d  t h e  g o o d  r e s u l t s  o b t a i n e d ,  a n d  t h a t  a l u m  a d d e d  a h e a d  o f  l i m e  m i g h t  g i v e  e q u a l l y  

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

w a s t e s ,  a n d  t h e  q u a n t i t y  o f  l i m e  r e q u i r e d  v a r i e s  f r o m  5  t o  1 0  l b .  p e r  1 ,0 0 0  g a l l o n s .

T h e  r e c o m m e n d e d  p l a n t  f o r  t h e  t r e a t m e n t  o f  w a s t e s  f r o m  t h e  m i l l s  i n  t h e  K a l a m a z o o  

a r e a  w a s  t h e  c o a g u l a t i o n - s e d i m e n t a t i o n  t y p e .  T h e  f o l l o w i n g  u n i t s  w e r e  s u g g e s t e d ,  f l o w  
m e t e r ,  f l a s h  m i x e r ,  c h e m i c a l  f e e d  e q u i p m e n t ,  c o a g u l a t i o n  t a n k ,  s e t t l i n g  t a n k ,  a n d  s l u d g e  

d i s p o s a l  f a c i l i t i e s ,  e i t h e r  s l u d g e  s t o r a g e  p o n d s  o r  l a g o o n s ,  o r  v a c u u m  f i l t e r s .  T h e  c o a g u 

l a t i o n  t a n k  s h o u l d  b e  m e c h a n i c a l l y  a g i t a t e d ,  w i t h  a  p e r i o d  o f  a b o u t  2 0  m i n u t e s .  T h e  

s e t t l i n g  t a n k  s h o u l d  p r o v i d e  a  d e t e n t i o n  p e r i o d  o f  a b o u t  2  h o u r s ,  a n d  s h o u l d  b e  e q u i p p e d  
w i t h  a  s u i t a b l e  s l u d g e  r e m o v a l  m e c h a n i s m .

S l u d g e  s t o r a g e  p o n d s  s h o u l d  h a v e  a  c a p a c i t y  o f  a b o u t  1 ,0 0 0  c u .  f t .  p e r  m . g . d .  o f  
w a s t e ,  b a s e d  o n  6  m o n t h s  s t o r a g e .  O w i n g  t o  t h e  r a t h e r  l a r g e  a r e a s  r e q u i r e d  a n d  d i f f i 

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

m o i s t u r e s  o f  7 0  t o  7 5  p e r  c e n t  c a n  b e  o b t a i n e d  a n d  t h a t  w i t h  t o t a l  m i l l  w a s t e s  a n  a r e a  o f  

2 5 0  s q .  f t .  p e r  m .g .d .  w o u l d  b e  r e q u i r e d .  T h i s  a r e a  i s  b a s e d  o n  a  f i l t e r  o p e r a t i n g  p e r i o d  
o f  2 0  h o u r s  d a i l y .
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P r o p o s a l s  m a d e  t o  i n d i v i d u a l  p l a n t s  i n c l u d e d  t w o  a l t e r n a t e  p l a n s .  T h e  f i r s t  i n 
v o l v e d  t r e a t m e n t  b y  c o a g u l a t i o n  a n d  s e d i m e n t a t i o n  o f  t h e  t o t a l  m i l l  w a s t e  i n  p r e s e n t  c o n 

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

t a i n  m i l l s .  C h e m i c a l s  w o u l d  b e  u s e d  o n l y  d u r i n g  p e r i o d s  o f  l o w  r i v e r  s t a g e ,  a b o u t  5  
m o n t h s  p e r  y e a r .

T h e  s e c o n d  a n d  r e c o m m e n d e d  p l a n  c a l l e d  f o r  a  r e d u c t i o n  i n  t h e  v o l u m e  o f  t h e  w a s t e  
b y  r e c i r c u l a t i o n  o f  t h e  w h i t e  w a t e r ,  t h e  i n s t a l l a t i o n  o f  e f f i c i e n t  s a v e - a l l s ,  a n d  t h e  t r e a t m e n t  

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

Combination plants fo r two groups of mills were recommended where such plants 
were possible.

T .  L .  H e r r ic k

T H E  T R E A T M E N T  O F  S P E N T  P I C K L E  L I Q U O R

B y N. Sw indin

I n d u s t r i a l  C h e m is t  (Great B ritain), 20, 291-300 (June, 1944)

T h i s  i s  a n  a b s t r a c t  o f  a  p a p e r  r e a d  a t  a  j o i n t  m e e t i n g  o f  t h e  I n s t i t u t e  o f  C h e m i c a l  

E n g i n e e r s  a n d  t h e  C h e m i c a l  E n g i n e e r i n g  g r o u p  i n  L o n d o n  o n  A p r i l  2 5 ,  1 9 4 4 .

S w i n d i n  i n d i c a t e s  t h a t  t h e  p r i n c i p a l  u s e  o f  a c i d  i s  i n  p i c k l i n g  s h e e t  s t e e l .  E x c e p t  
w h e r e  p r e l i m i n a r y  t o  g a l v a n i z i n g  a n d  e n a m e l l i n g ,  s u l f u r i c  a c i d  i s  u s e d .  I n  t h e  w i r e  i n 

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

p i c k l i n g )  u s e d  a b o u t  o n e - f o u r t h  t h e  s u l f u r i c  a c i d  u s e d  f o r  p i c k l i n g  i n  G r e a t  B r i t a i n .  

T h i s  l i q u o r  i s  d i s c h a r g e d  w i t h  a  l o w  i r o n  c o n t e n t  a n d  m u c h  f r e e  a c i d .  H a l f  t h e  h y d r o 
c h l o r i c  a c i d  u s e d  i s  f o r  p i c k l i n g  g a l v a n i z e d ,  e n a m e l l e d ,  a n d  t i n  f a b r i c a t e d  v e s s e l s .

E x p e r i m e n t s  i n d i c a t e d  t h e  b e n e f i t  o f  u s i n g  a  m i x t u r e  o f  h y d r o c h l o r i c  a n d  s u l f u r i c  
a c i d s  a t  a  t e m p e r a t u r e  n o t  e x c e e d i n g  6 0 °  C . T h e r e  w a s  s o m e  l o s s  o f  h y d r o g e n  c h l o r i d e  

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

o f  s p e e d  o f  p i c k l i n g  a n d  q u a l i t y  o f  s u r f a c e  e x p o s e d ;  t r e a t m e n t  a n d  r e g e n e r a t i o n  o f  t h e  
a c i d  b e i n g  s e c o n d a r y .  M o d e r n  b a t h s  o f  m i x e d  s u l f u r i c  a n d  h y d r o c h l o r i c  a c i d  p r o m o t e  

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

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

c h l o r i d e  i n  w a t e r  a n d  o f  f e r r o u s  s u l f a t e  i n  s u l f u r i c  a c i d  s o l u t i o n s .
M o s t  o f  t h e  e x i s t i n g  p r o c e s s e s  o f  r e g e n e r a t i o n  a r e  fo T  l i q u o r  f r o m  t h e  u s e  o f  s u l f u r i c  

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

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

t o  r e g e n e r a t e  t h e  h y d r o c h l o r i c  a c i d  b a t h .  O f  t h i s  t y p e  i s  t h e  d e  L a t t r e  p r o c e s s .
W i t h  t h e  m i x e d  h y d r o c h l o r i c  a n d  s u l f u r i c  a c i d  b a t h s ,  i t  i s  g e n e r a l l y  b e l i e v e d  t h a t  t h e  

h y d r o c h l o r i c  a c i d  a t t a c k s  t h e  i r o n  o r  i r o n  o x i d e s ,  f o r m i n g  f e r r o u s  c h l o r i d e ,  w h i c h  i s  t h e n  

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

t h e  h y d r o c h l o r i c  a c i d .  T h e  p i c k l i n g  b a t h  u s u a l l y  s t a r t s  w i t h  2 0  p e r  c e n t  a c i d  f o r  p i c k 
l i n g  w i r e ,  e t c . ,  a n d  i s  w o r k e d  d o w n  t o  1 0  p e r  c e n t  a c i d .  I f  s u l f u r i c  a c i d  b e  a d d e d ,  

e q u i v a l e n t  t o  t h e  f e r r o u s  c h l o r i d e  f o r m e d ,  t h e  h y d r o c h l o r i c  a c i d  i s  r e c o v e r e d .  S u c h  a  

m i x e d  b a t h  c a n  b e  m a d e  f r o m  s u l f u r i c  a c i d  a n d  c o m m o n  s a l t .  F r o m  f o r t y  y e a r s ’ e x 
p e r i e n c e ,  S w i n d i n  b e l i e v e s  m o r e  a t t e n t i o n  s h o u l d  b e  p a i d  t o  i n h i b i t o r s .  I n  1 9 0 4  D a v i s  

u s e d  t h e  s u l f u r i c - h y d r o c h l o r i c  b a t h ,  b u t  l a c k e d  a  c o n t r o l .  L a t e r  D a v i s  a n d  I  e a r o n  d e 

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

c r y s t a l l i z i n g ,  w i t h  r e u s e  o f  t h e  m o t h e r  l i q u o r .
L a t e r  J o n e s  t o o k  s p e n t  s u l f u r i c  a c i d  p i c k l i n g  l i q u o r  a n d  c o o l e d  i t ,  c r y s t a l l i z i n g  o u t  

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

A t  t h e  b e g i n n i n g  o f  t h e  w a r  a  d e  L a t t r e  p l a n t  w a s  b u i l t  f o r  B a l d w i n s .  L t d . .  w h i c h  

w o r k s  s a t i s f a c t o r i l y .

S w i n d i n  d e s c r i b e s  t h r e e  p l a n t s  f o r  t h e  r e g e n e r a t i o n  o f  s p e n t  p i c k l e :  ( 1 )  i n  w h i c h  

s u l f u r i c  a c i d  p i c k l e  i s  c o o l e d :  S t e e l e - P e e e h  a n d  T o z e r ,  L t d .  ( H e a s t i e ) : K e s t n e r - F a k l e r :

( 2 )  i n  w h i c h  p i c k l e  l i q u o r  f r o m  a  m i x t u r e  o f  h y d r o c h l o r i c  a n d  s u l f u r i c  a c i d  i s  c o o l e d :  

d e  L a t t r e .  T i n s l e y :  ( 3 )  i n  w h i c h  p i c k l e  l i q u o r  f r o m  m i x e d  h y d r o c h l o r i c -  a n d  s u l f u r i c  a c i d  

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

o u t  a n d  f l o w .
A  m o d i f i e d  d e  L a t t r e  p r o c e s s  i s  o p e r a t i n g  a t  B a l d w i n s ,  L t d .  ( S t o u r p o r t )  u s i n g  a b o u t  

1 4  g .  o f  s u l f u r i c  a c i d  a n d  1  g .  o f  h y d r o c h l o r i c  a c i d  p e r  1 0 0  m l .  T h e  c o n c r e t e  t a n k s  a r e  

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

t o  s u l f u r i c  a c i d  a n d  m e t a l l i c  i r o n ,  u s i n g  m i x e d  a c i d s  a n d  e v a p o r a t i o n  t o  r e c o v e r  a  m o n o 

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

e c o n o m i c .  B e f o r e  e v a p o r a t i o n  t h e  p r o p e r  a m o u n t  o f  s u l f u r i c  a c i d  i s  a d d e d  t o  t h e  s p e n t  

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

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

r e m o v e  a n y  s t r o n g  a c i d .
A  K e s t n e r - F a k l e r  a c i d  r e c o v e r y  p l a n t  h a s  o p e r a t e d  a t  t h e  W h i t e h e a d  I r o n  a n d  S t e e l  

C o . .  L t d . .  s i n c e  1 9 3 9 .  T h e  s p e n t  a c i d  i s  p u m p e d  i n t o  a  2 .0 0 0  g a l .  ( I m p . )  t a n k ,  h e l d  a t  

7 0 c C . .  t o  s e t t l e .  T h e  l i q u i d  i s  p u m p e d  t o  o n e  o f  t w o  1 .0 0 0  g a l .  ( I m p . )  c r y s t a l l i z e r s ,  

f i t t e d  w i t h  a  c o o l i n g  c o i l  a n d  m o t o r - d r i v e n  p a d d l e .  T h e  c o o l e d  l i q u o r  i s  r e m o v e d  t o  a  

t a n k ,  t h e n  r e h e a t e d  t o  7 0 °  C .  i n  a  s t o r a g e  t a n k  a n d  i s  r e a d y  f o r  r e u s e .  T h e  a d v a n t a g e s  

a r e  ( 1 )  o p e r a t i n g  a t  7 5 °  C . ,  ( 2 )  i m p r o v e d  p r i c k l i n g  q u a l i t y .  ( 3 )  r e m o v a l  o f  g o o d  q u a l i t y  

i r o n  s u l f a t e ,  ( 4 )  s a v i n g  o f  a c i d ,  a n d  ( 5 )  a v o i d i n g  n e u t r a l i z a t i o n  o f  w a s t e  a c i d  b e f o r e  

d i s c h a r g e  t o  s e w e r .
T h e  s u b m e r g e d  f l a m e  b u r n e r  d i f f e r s  f r o m  t h e  A m e r i c a n  t y p e  ( w h e r e  a i r  a n d  g a s  

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

p ip r e  l a i d  a l o n g  t h e  b o t t o m  o f  t h e  b a t h )  i n  t h a t  a i r  a n d  g a s  a r e  p r e m i x e d  a n d  c o m p r e s s e d  

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

b u s t i o n  a n d  l a z y  f l a m e ) .

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

U l t i m a t e l y  h e  r e c o m m e n d s  i t  b e  c o n v e r t e d  t o  i r o n  a n d  a c i d ,  t h r o u g h  a  c e n t r a l  r o a s t i n g  

p d a n t  a n d  s u l f u r i c  c o n t a c t  p l a n t .  T h e  i r o n  o x i d e  c a n  b e  r e d u c e d  t o  i r o n  i n  a  b l a s t  f u r n a c e .

L axgdo x P ea rse

TRADE EFFLU EN T POLICY

B y  J o h x  H u r l e y  

T h e  S u r v e y o r .  1 0 3 . 3 4 3 - 3 4 5 ,  3 5 5 - 3 5 6 ,  3 7 0 - 3 7 1  ( 1 9 4 4 )

T h e  a u t h o r  d i s c u s s e s  t h e  P u b l i c  H e a l t h  ( D i - a i n a g e  o f  T r a d e  P r e m i s e s )  A c t .  1 9 3 7  

( G r e a t  B r i t a i n ) ,  w h i c h  o b l i g e d  m u n i c i p a l i t i e s  t o  r e c e i v e  t r a d e  w a s t e s  i n t o  t h e i r  s e w e r s .  

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

c a s e s  p r e l i m i n a r y  t r e a t m e n t  a t  t h e  f a c t o r y  i s  r e q u i r e d ,  e .g . .  t o  n e u t r a l i z e  a c i d i t y ,  t o  r e m o v e  

h e a v y  s o l i d s ,  s e p a r a t e  o i l .  a n d  r e d u c e  t o x i c  c o n s t i t u e n t s .  H o w e v e r ,  l i t t l e  w a s  d o n e  t o  
i m p l e m e n t  t h e  A c t  p r i o r  t o  t h e  w a r .

V e r y  f e w  a u t h o r i t i e s  h a v e  d r a f t e d  t r a d e - e f f l u e n t  b y - l a w s .  O n e  d i f f i c u l t y  h a s  b e e n  t o  

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

L o c a l  a u t h o r i t i e s  m a y  b e  g r o u p e d :  ( 1 )  t h o s e  w h i c h  h a v e  f o r  y e a r s  r e c e i v e d  t r a d e  
w a s t e s  w i t h o u t  p a y m e n t s :  s u c h  m a y  n o w  h a v e  t r o u b l e  i n  o b t a i n i n g  p a y m e n t ; ( 2 )  t h o s e  

w h i c h  h a v e  a c c e p t e d  e f f l u e n t s  s u b j e c t  t o  s a f e g u a r d s  a n d  p a y m e n t s ;  ( 3 )  t h o s e  w h o  h a d  n o t  

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

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

T o  p r e p a r e  t o  a p p l y  t h e  A c t  ( w h e r e  l i t t l e  d a t a  a r e  a v a i l a b l e )  a  c a r e f u l  s u r v e y  i s  r e 
q u i r e d  t o  d e t e r m i n e  i f  a n y  e f f l u e n t  w a s  d i s c h a r g e d  t o  t h e  s e w e r s  f o r  t h e  t w e l v e  m o n t h s  

e n d i n g  M a r c h  3 ,  1 9 3 7 ,  a n d  w h e t h e r  a n y  i s  d i s c h a r g e d  c u r r e n t l y .  T w o  s e t s  o f  p a r t i c u l a r s  
s h o u l d  b e  o b t a i n e d  f o l l o w i n g  t h e  f o r m  o f  t h e  t r a d e  e f f l u e n t  n o t i c e  p r o p o s e d  b y  P o r t h o u s e  

( c f .  J .  I n s t .  S e w ,  P u r i f n . ,  1 9 3 9 ,  P a r t  I ) .  T h e  m a i n  p o i n t s  t o  f ix  f o r  a l l  e f f l u e n t s  a r e  t h e  
m a x i m u m  d a i l y  f lo w ,  t h e  m a x i m u m  r a t e  o f  d i s c h a r g e  ( g a l .  p e r  h r . ) ,  a n d  t h e  n a t u r e  o r  

c o m p o s i t i o n  o f  t h e  d i s c h a r g e .  S o m e  a c t u a l  g a g i n g s  a n d  a n a l y s e s  m a y  b e  r e q u i r e d .  T o  
c h e e k  b a c k  t o  1 9 3 6 —1 9 3 7  m a y  p r o v e  d i f f i c u l t .  A  l e g a l  q u e s t i o n  m a y  a r i s e  a s  t o  w h e t h e r  

a n  e f f l u e n t  w a s  “ l a w f u l l y  d i s c h a r g e d . ”  I f  u n l a w f u l ,  n o  p r e s c r i p t i v e  r i g h t  e x i s t s .  I f  t h e  

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

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

c h a r g e  i s  t o  b e  o n  a n  e c o n o m i c  b a s i s ,  t h e  c h a r g e  m a y  b e  d e t e r m i n e d  b y  i n d i v i d u a l  a r 
r a n g e m e n t  o r  b a s e d  o n  a  s c h e d u l e  a t  s o  m a n y  c e n t s  p e r  1 ,0 0 0  g a l l o n s ;  o r  o n  g r o u p s ,  e a c h  

w i t h  a  f l a t - r a t e  c h a r g e .  P r o b a b l y  t h e  f a i r e s t  w a y  i s  b a s e d  o n  t r e a t i n g  e a c h  c a s e  i n d i v i d 

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

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

i s :

1  +  l i / 7 5  +  S / 6 0  =  P .

I n  t h i s ,  M  =  M c G o w a n  s t r e n g t h  f i g u r e  o f  t h e  s e t t l e d  t r a d e  w a s t e ;
S  —  S u s p e n d e d  s o l i d s  i n  e f f l u e n t  i n  p a r t s  p e r  1 0 0 ,0 0 0 ;

P  =  P r i c e  i n  p e n c e  ( a p p r o x i m a t e l y  2  c e n t s )  p e r  1 ,0 0 0  g a l .  ( I m p . ) .

F o r  a  n o r m a l  s e w a g e  T o w n e n d  s u g g e s t s  2 X/ ^  p e n c e  p e r  1 ,0 0 0  g a l .  ( I m p . )  o r  3 .5  c e n t s  p e r  

U .  S .  g a l .
I n  s o m e  l o c a l i t i e s  p u m p i n g  c o s t  m a y  n e e d  c o n s i d e r a t i o n .
O t h e r  t e c h n i c a l  q u e s t i o n s  a r i s e  i n  i m p l e m e n t i n g  t h e  t r a d e  w a s t e  p o l i c y ,  t o  c o v e r  n o t  

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

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

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

t a c t .  M a n y  a u t h o r i t i e s  a r e  i n c l i n e d  t o  p o s t p o n e  a c t i o n  u n t i l  a f t e r  t h e  w a r .  O n  t h e  o t h e r  
h a n d ,  t h e  A c t  i s  i n  f o r c e .  T h e  e x e m p t i o n  o f  l a u n d r y  w a s t e s  h a s  c a u s e d  s o m e  c o m m e n t  
a n d  m a y  b e  u n j u s t i f i a b l e ,  w h e r e  l a u n d r i e s  s e r v e  a r e a s  o u t s i d e  t h e  d i s t r i c t  i n  w h i c h  l o c a t e d .  

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

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

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

f o r c e m e n t  a n d  b e  m o r e  e q u i t a b l e .  H e  f u r t h e r  r e c o m m e n d s  i m m e d i a t e  a c t i o n  t o  u t i l i z e  

t h e  A c t .
L axgdox P earse

NOTES ON OXYGEN ABSORBED TESTS

B y  W il l i a m  M. C a m e r o n  

Presented at tlie March 29, 1944 meeting of the Institute of Sewage Purification, 7 pages

T h e  u s e  o f  p o t a s s i u m  p e r m a n g a n a t e  a s  a  m e a s u r e  o f  t h e  o r g a n i c  c o n t e n t  o f  d r i n k i n g  

w a t e r  w a s  s u g g e s t e d  a s  l o n g  a g o  a s  1 S 5 0  b u t  i t  i s  f e l t  t h a t  t h e  l i m i t a t i o n s  o f  t h e  t e s t  h a v e
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n e v e r  b e e n  f u l l y  d e m o n s t r a t e d .  T h e  e q u a t i o n  g i v e n  f o r  t h e  p o t a s s i u m  p e r m a n g a n a t e  

t e s t  i s  :

( 1 )  2 K M n C h  +  3 H - S C E  +  o x i d i z a b l e  m a t t e r  —> K - S C h  +  2 M n S O ,  +  3 H - 0  + 2 % 0 ?

T h e  o x y g e n  c o m b i n e s  w i t h  t h e  o x i d i z a b l e  m a t t e r .  H o w e v e r ,  n o  a l l o w a n c e  i s  m a d e  f o r  

t h e  d e p o s i t i o n  o f  h i g h e r  o x i d e s  o f  m a n g a n e s e .  T h e  d e p o s i t i o n  o f  o x i d e s  o f  m a n g a n e s e  

m a y  b e  r e p r e s e n t e d  a s :

( 2 )  4 H M n C b  +  2 H . 0  4  M n O  ( 0 H ) 2 +  3 0 2

T h e  e f f e c t  o f  t h e  d e p o s i t i o n  o f  o x i d e s  o f  m a n g a n e s e  t o g e t h e r  w i t h  t h e  e f f e c t  o f  o t h e r  v a r i 

a b l e s  w a s  s t u d i e d  a s  f o l l o w s :

( 1 )  R o u t i n e  e s t i m a t i o n  c a r r i e d  o u t  i n  t h e  n o r m a l  m a n n e r ,  a d d i n g  m o r e  p e r m a n g a n a t e  

i f  n e e d  b e .
( 2 )  A s  i n  ( 1 )  b u t  p e r f o r m e d  i n  a  c l o s e d  g r a d u a t e d  c y l i n d e r .  T h e  v o l u m e  o f  d e 

p o s i t  w a s  m e a s u r e d  a t  t h e  e n d  o f  f o u r  h o u r s .  T h e  d e p o s i t  w a s  t h e n  f i l t e r e d  o f f ,  w a s h e d  

w i t h ,  w a t e r ,  d i s s o l v e d  i n  d i l u t e  s u l f u r i c  a c i d  a n d  p o t a s s i u m  i o d i d e  a n d  t i t r a t e d  w i t h  

s o d i u m  t h i o s u l f a t e .  B e f o r e  d i s s o l v i n g  t h e  c o n t e n t s  o f  t h e  f i l t e r ,  t h e  f i l t r a t e  w a s  r e m o v e d  

a n d  t i t r a t e d  s e p a r a t e l y .  T h e  t w o  t i t r a t i o n s  w e r e  t h e n  a d d e d  t o  d e t e r m i n e  t h e  o x y g e n  

a b s o r b e d .
( 3 )  E s t i m a t i o n  w i t h  i n s u f f i c i e n t  p e r m a n g a n a t e  p e r f o r m e d  i n  a  g r a d u a t e d  c y l i n d e r ,  

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

( 4 )  E s t i m a t i o n  w i t h  s u f f i c i e n t  p e r m a n g a n a t e  b u t  u s i n g  1 0  c c .  c o n c e n t r a t e d  s u l f u r i c

a c i d .
( 5 )  E s t i m a t i o n  w i t h  i n s u f f i c i e n t  p e r m a n g a n a t e  u s i n g  1 0  c c .  c o n c e n t r a t e d  s u l f u r i c  a c i d .

T h e  r e s u l t s  o f  t h e s e  t e s t s  a r e  s h o w n  i n  t a b u l a r  f o r m  a n d  i n d i c a t e  t h a t  t h e  o x i d e s  o f  

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

i n  t h e  t e s t ,  o n e  l e a d i n g  t o  t h e  d e p o s i t i o n  o f  m a n g a n e s e  o x i d e s  a n d  t h e  o t h e r  f o l l o w i n g  

e q u a t i o n  _ (1 )  f o r  i n o r g a n i c  a n d  e a s i l y  o x i d i z e d  o r g a n i c  m a t t e r .

A  c o n s i d e r a t i o n  o f  t h e  r e l a t i o n s h i p  b e t w e e n  q u a n t i t y  o f  s a m p l e  a n d  q u a n t i t y  o f  p o 

t a s s i u m  p e r m a n g a n a t e  l e a d s  t o  t h e  f o l l o w i n g  p r a c t i c a l  i n f e r e n c e s :  ( 1 )  5 0  p e r  c e n t  a b 

s o r p t i o n  g i v e s  t h e  m o s t  r e l i a b l e  r e s u l t s ;  ( 2 )  t o o  l i t t l e  p e r m a n g a n a t e  l e a d s  t o  l o w  r e s u l t s ;

( 3 )  t o o  m u c h  p e r m a n g a n a t e  l e a d s  t o  h i g h  r e s u l t s .

R e a s o n a b l y  c o m p a r a b l e  r e s u l t s  s h o u l d  b e  o b t a i n e d  i f  t h e  a b s o r p t i o n  l i m i t s  a r e  s e t  

f r o m  3 0  t o  7 0  p e r  c e n t .

T h e  t e s t  w a s  f u r t h e r  s t u d i e d  b y  u s i n g  b o t h  N / 8  a n d  N / 8 0  p e r m a n g a n a t e .  T h e  c o n 

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

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

c o n d i t i o n s  d e f i n e  t h e  t e s t  :

( 1 )  f i n a l  v o l u m e  o f  s a m p l e  a n d  r e a g e n t s ,

( 2 )  a  p a r t i c u l a r  w e i g h t  o f  K M n O *  ( t h e  a i m  s h o u l d  b e  t o  o b t a i n  5 0  p e r  c e n t  a b s o r p 

t i o n ) ,

( 3 )  a  p a r t i c u l a r  t i m e  a t  a  p a r t i c u l a r  t e m p e r a t u r e .

I t  c a n  b e  c o n c l u d e d  t h a t  t h e  t e s t  d o e s  m e a s u r e  o r g a n i c  p o l l u t i o n  s i n c e  t h e  a m o u n t  o f  

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

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

D u r i n g  t h e  c o u r s e  o f  t h i s  i n v e s t i g a t i o n  a  t h r e e  m i n u t e  o x y g e n  a b s o r b e d  t e s t  w a s  

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

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

D a t a  a r e  p r e s e n t e d  i n  n i n e  t a b l e s .  T h e r e  a r e  e i g h t  r e f e r e n c e s .

P a u l  D. H a n e y
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T H E  D E T E R M I N A T I O N  O F  I N O R G A N I C  S U L F A T E S  IN  S E W A G E

B y  L .  A .  A l l e n  

Journal o f the Society o f Chemical Industry, 63, 89-94 (1944)

T h e  g r a v i m e t r i c  m e t h o d  o f  d e t e r m i n i n g  s u l f a t e  a s  b a r i u m  s u l f a t e  i s  l a b o r i o u s .  T h e  

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

I n  t h e  g r a v i m e t r i c  m e t h o d  s i l i c a  a n d  i r o n  w e r e  e l i m i n a t e d  i n  t h e  u s u a l  w a y .

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

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

t h e  a d d i t i o n  o f  b e n z i d i n e  h y d r o c h l o r i d e  a c c o r d i n g  t o  t h e  f o r m u l a :

( C „ H , - N H 2) 2 2 H C 1  +  R . S O ,  =  2 R C 1  +  ( C , H 4- N H 2) 2 - H 2S 0 1

T h e  b e n z i d i n e  s u l f a t e  f o r m e d  c a n  b e  d e t e r m i n e d  b y  t i t r a t i o n  w i t h  s t a n d a r d  a l k a l i  

u s i n g  p h e n o p h t h a l e i n  a s  t h e  i n d i c a t o r .

T h e  m e t h o d  i n  d e t a i l  i s  a s  f o l l o w s :  W e i g h  4  g r a m s  o f  p u r e  b e n z i d i n e  a n d  m a k e  a  

t h i n  p a s t e  i n  a  m o r t a r  w i t h  d i s t i l l e d  w a t e r .  T r a n s f e r  t o  a  2  l i t e r  g r a d u a t e d  f l a s k  w i t h  

5 0 0  m l .  o f  w a t e r .  A d d  5 .3  m l .  o f  c o n c e n t r a t e d  h y d r o c h l o r i c  a c i d  a n d  s h a k e  u n t i l  b e n z i 
d i n e  h a s  d i s s o l v e d .  A  .0 5 N  s o d i u m  h y d r o x i d e  s o l u t i o n  i s  u s e d  w i t h  a  5  m l .  m i e r o b u r e t t e .  

A  b e n z i d i n e  s u l f a t e  s o l u t i o n  i s  p r e p a r e d  b y  a d d i n g  a  l i t t l e  s o d i u m  s u l f a t e  s o l u t i o n  t o  

2 0 0  m l .  o f  b e n z e n e  h y d r o c h l o r i d e  r e a g e n t .  F i l t e r  t h r o u g h  a n  a s b e s t o s  p a d  i n  a  G o o c h  

c - r u c ib le  a n d  w a s h  t h o r o u g h l y  w i t h  c o l d  w a t e r  a n d  s u s p e n d  t h e  p r e c i p i t a t e  i n  a b o u t  2  l i t e r s  

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

C e n t r i f u g e  t h e  s e w a g e  a t  a b o u t  2 ,0 0 0  r . p . m .  f o r  5  m i n u t e s  t o  f r e e  i t  f r o m  c o a r s e  
p a r t i c l e s .  P a s s  s u p e r n a t a n t  t h r o u g h  S e i t z  f i l t e r .  T o  2 0 0  m l .  o f  f i l t e r e d  s e w a g e  a d d  a  

f e w  d r o p s  o f  b r o m p h e n o l  b l u e  a n d  m e a s u r e  t h e  a m o u n t  o f  N  h y d r o c h l o r i c  a c i d  r e q u i r e d  
t o  t u r n  t h e  i n d i c a t o r  y e l l o w .  T o  a n o t h e r  2 0 0  m l .  p o r t i o n  o f  c l a r i f i e d  s e w a g e  a d d  t h e  r e 

q u i r e d  a m o u n t  o f  N  a c i d  b u t  n o  i n d i c a t o r .  A d d ,  w i t h  c o n s t a n t  s t i r r i n g ,  2 0 0  m l .  o f  b e n 

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

a l l o w  t h e  p r e c i p i t a t e  t o  b e c o m e  d r y .  T r a n s f e r  t h e  p r e c i p i t a t e  i n t o  t h e  f i l t e r  a n d  w a s h  

w i t h  f o u r  s u c c e s s i v e  q u a n t i t i e s  o f  1 0  m l .  o f  s a t u r a t e d  b e n z i d i n e  s u l f a t e  s o l u t i o n .  W a s h  
d o w n  t h e  s i d e s  o f  t h e  c r u c i b l e  w i t h  t h e  s a m e  s o l u t i o n .  T r a n s f e r  t h e  f i l t e r  p a d  t o  a  f l a s k  

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

a n d  s h a k e  v i g o r o u s l y  u n t i l  t h e  p r e c i p i t a t e  i s  e m u l s i f i e d .  W a s h  d o w n  t h e  i n s i d e  o f  t h e  
f l a s k  w i t h  h o t  w a t e r .  A d d  p h e n o p h t h a l e i n  a n d  t i t r a t e  w h i l e  h o t  w i t h  .0 5  N  s o d i u m  
h y d r o x i d e .  W h e n  t i t r a t i o n  i s  c o m p l e t e ,  b o i l  t h e  l i q u i d  f o r  5  m i n u t e s  a v o i d i n g  b u m p i n g .  

C o n t i n u e  t h e  t i t r a t i o n  u n t i l  a  f a i n t  p e r m a n e n t  p i n k  c o l o r  i s  p r o d u c e d .

1  m l .  o f  .0 5 N  N a O H  =  2  m g .  S 0 3

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

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

t e r e d  w i t h  e a s e .
H . H e u k e l e k ia n

R E C O V E R Y  O F  G R E A S E  F R O M  S E W A G E  S L U D G E

B y  T .  W . B r a n d o n  

Journal Society o f Chemical Industry, 63, 185-186 (1944)

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

s l u d g e  p r o d u c e d  f r o m  d o m e s t i c  s e w a g e .
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T h e  s a m p l e  w a s  a c i d i f i e d  t o  p H  3 .5 ,  d r i e d  a n d  e x t r a c t e d  w i t h  l i g h t  p e t r o l e u m  w i t h  
a  b o i l i n g  r a n g e  o f  1 0 0 - 1 2 0 ° .

T h e  g r e a s e  c o n t e n t  o f  s k i m m i n g s  f r o m  p r i m a r y  s e d i m e n t a t i o n  t a n k s  v a r i e d  f r o m  

5 2 .4 —7 7 .8  p e r  c e n t  ( 3  s a m p l e s )  a n d  o f  f r e s h  s e w a g e  s l u d g e  f r o m  1 3 . 3 - 1 8 . 4  p e r  c e n t  ( 5  

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

i n i t i a l  o f  2 3 .3  p e r  c e n t  t o  9 .7  p e r  c e n t  a f t e r  f iv e  w e e k s  o n  d r y  m a t t e r  b a s i s .

T h e  g r e a s e  e x t r a c t e d  f r o m  s k i m m i n g s  a n d  f r e s h  s o l i d s  h a d  t h e  f o l l o w i n g  c h a r a c t e r 
i s t i c s  :

A sh
%

Saponif. 
V alue as mg. 

K O H /gm .
U nsaponif.

M a tte r
A cid as mg. 

K O H /gm .
Iod ine Value 

g m ./I  per 
100 gms.

S k i m m i n g s ...........................................

F r e s h  s e w a g e ......................................
0 . 6 -  2 .0  
0 .3 - 1 4 .1

1 2 1 - 1 6 7

1 3 4 - 1 7 1

8 .3 - 3 1 .2

5 .6 - 3 7 .8

5 0 - 1 0 4

3 6 - 1 2 6

2 6 -  4 9  

2 6 - 1 0 1

B e c a u s e  o f  t h e  h i g h  p e r c e n t a g e  o f  u n s a p o n i f i a b l e  m a t t e r ,  t h e  v a l u e  o f  t h e  g r e a s e  i s  

n o t  g r e a t .  I t  h a s  t h e  p o s s i b l e  u s e  i n  s o a p  m a n u f a c t u r e .  T h e  v a l u e  o f  g r e a s e  w a s  s e t  
a t  £ 1 0  p e r  t o n .

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

T H E  C H L O R I N A T I O N  O F  S E W A G E  A N D  S E W A G E  E F F L U E N T S

B y L. A. A l l e n  

Proc., Soc. Agricultural Bacteriologists, pp. 5-8 (1943)

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

t i e s  o f  c h l o r i n e  t o  s e w a g e  o n  t h e  b a c t e r i a l  n u m b e r s .  T h e  c h l o r i n e  d o s a g e  i n  o n e  e x 

p e r i m e n t  v a r i e d  f r o m  0  t o  1 0 0  p e r  c e n t  o f  t h e  c h l o r i n e  d e m a n d  o f  t h e  s e w a g e .  A f t e r  1 5  

m i n u t e s  c o n t a c t  t h e  r e d u c t i o n  o f  t o t a l  n u m b e r  o f  b a c t e r i a  w a s  1 8 ,  2 9 ,  9 3 ,  a n d  9 9  p e r  c e n t  

w i t h  1 0 ,  2 5 ,  5 0 ,  a n d  1 0 0  p e r  c e n t ,  r e s p e c t i v e l y ,  o f  t h e  c h l o r i n e  d e m a n d  b e i n g  s a t i s f i e d .  

A f t e r  2  d a y s  c o n t a c t  b a c t e r i a l  n u m b e r s  i n c r e a s e d  b e y o n d  t h e  n u m b e r s  i n  t h e  o r i g i n a l  

u n c - h l o r i n a t e d  s e w a g e  i n  a l l  e x c e p t  w h e r e  1 0 0  p e r  c e n t  o f  t h e  c h l o r i n e  d e m a n d  w a s  s a t i s 

f ie d .

I n  a n o t h e r  e x p e r i m e n t  t h e  c h l o r i n e  w a s  a d d e d  e q u i v a l e n t  t o  1 0 0 ,  1 4 0 ,  a n d  1 8 0  p e r  

c e n t  o f  t h e  c h l o r i n e  d e m a n d  o f  t h e  s e w a g e .  T h e  o r i g i n a l  n u m b e r  o f  b a c t e r i a  i n  t h e  

s e w a g e  w a s  3 .4 8  m i l l i o n  p e r  c e .  A f t e r  1 5  m i n u t e s  c o n t a c t  t h e  n u m b e r s  w e r e  2 5 , 5 0 0 ;  

1 2 , 1 0 0 ;  a n d  9 ,6 0 0  p e r  c c .  w i t h  1 0 0 ,  1 4 0 ,  a n d  1 8 0  p e r  c e n t  c h l o r i n e  d e m a n d  s a t i s f a c t i o n ,  
r e s p e c t i v e l y .

A f t e r  3  d a y s  c o n t a c t  t h e  n u m b e r s  w i t h  t h e  1 0 0  a n d  1 4 0  p e r  c e n t  d e m a n d  s a t i s f a c t i o n s  

h a d  i n c r e a s e d  b e y o n d  t h e  l e v e l  i n  t h e  o r i g i n a l  s e w a g e  w h i l e  w i t h  1 8 0  p e r  c e n t  d e m a n d  
s a t i s f a c t i o n  h a d  i n c r e a s e d  a b o v e  t h e  o r i g i n a l  l e v e l .

C h l o r i n a t i o n  e x p e r i m e n t s  w i t h  a n  e f f l u e n t  o f  t h e  s e c o n d a r y  t y p e  t r e a t m e n t  p l a n t  w e r e  

a l s o  m a d e .  W h e n  5 0  p e r  c e n t  o f  t h e  d e m a n d  w a s  s a t i s f i e d  9 9  p e r  c e n t  r e d u c t i o n  i n  t h e  
t o t a l  n u m b e r  o f  o r g a n i s m s  w a s  o b t a i n e d  a f t e r  1 - h o u r  c o n t a c t .

H .  H e u k e l e k i a n
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T h i s  r e p o r t  t o  t h e  D i r e c t o r  o f  P u b l i c  S e r v i c e  o u t l i n e s  t h e  h i s t o r y  o f  s e w a g e  t r e a t m e n t  
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m e n t s  a n d  a d d i t i o n s .
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F o l l o w i n g  s u i t s  i n  1 9 1 0 ,  a  s e w a g e  t e s t i n g  s t a t i o n  w a s  o p e r a t e d  i n  1 9 1 2  b y  H .  B .  
H o m m o n ,  w h i c h  r e s u l t e d  i n  a n  I m h o f f  t a n k - t r i c k l i n g  f i l t e r  p l a n t  ( 1 5  m .g .d .  c a p a c i t y ;

1 2 0 ,0 0 0  p o p u l a t i o n ;  c o s t  $ 4 6 0 , 0 0 0 ) ,  p u t  i n  o p e r a t i o n  i n  1 9 1 7 .  I n  1 9 2 0  t h e  p o p u l a t i o n  
r o s e  t o  2 0 8 ,0 0 0 ,  g r o s s l y  o v e r l o a d i n g  t h e  w o r k s .  I n  1 9 2 3  M e t c a l f  a n d  E d d y  m a d e  a  r e 

p o r t  p r o v i d i n g  f o r  h a n d l i n g  3 0 0 ,0 0 0  p o p u l a t i o n  a n d  3 8 .1  m .g .d . ,  a d v i s i n g  t h a t  i n d u s t r i a l  

w a s t e s  b e  t r e a t e d  a t  t h e  s o u r c e .  T h e  o l d  p l a n t  w a s  r e h a b i l i t a t e d  f o r  4 0 ,0 0 0  p o p u l a t i o n  
a n d  5 .1  m .g .d .  T h i s  r e m a i n e d  i n  s e r v i c e  u n t i l  F e b r u a r y ,  1 9 4 1 .  A  n e w  p l a n t  ( I m h o f f  

t a n k - t r i c k l i n g  f i l t e r  t y p e )  w a s  b u i l t  a t  B o t s u m  f o r  2 6 0 ,0 0 0  p o p u l a t i o n  a n d  3 3  m .g .d . ,  a t  

a  c o s t  o f  $ 3 ,6 4 4 ,0 0 0 .  A  s u s p e n d e d  s o l i d s  l o a d  o f  2 5 .4  t o n s  p e r  d a y  w a s  e x p e c t e d .  T h i s  
w e n t  i n t o  s e r v i c e  i n  D e c e m b e r ,  1 9 2 8 .  A d d i t i o n s  c o s t i n g  $ 6 3 2 ,2 0 0  h a v e  b e e n  a d d e d .

A t  p r e s e n t  t h e  p l a n t  i s  o v e r l o a d e d .  T h i r t y - f i v e  d a m a g e  s u i t s  h a v e  b e e n  b r o u g h t ,  e v e n  
t h o u g h  t h e  p l a n t  i s  l o c a t e d  i n s i d e  a n  a r e a  o f  8 3 4  a c r e s .  T e n  h a v e  b e e n  t r i e d ,  w i t h  d a m 

a g e s  a s s e s s e d  a g a i n s t  t h e  c i t y ,  t o t a l i n g  $ 1 6 ,6 5 0 .  N u i s a n c e s  c l a i m e d  w e r e  f r o m  o d o r s ,  

f l i e s ,  a n d  g n a t s .  T h e  e x i s t i n g  w o r k s  a n d  s i t e  a r e  a v a i l a b l e  f o r  c o n t i n u e d  u s e .
O w i n g  t o  t h e  f a i l u r e  o f  i n d u s t r y  t o  p r e t r e a t  i t s  w a s t e s ,  t h e  B o t z u m  p l a n t  s t a r t e d  a t  

c a p a c i t y .  I n  1 9 4 3  t h e  f lo w  i n c r e a s e d  t o  5 2 .2  m .g .d . ,  a n d  d a i l y  d r y  s o l i d s  t o  8 0 .4  t o n s .  

T h e  p l a n t  w a s  w e l l  d e s i g n e d ,  s o u n d l y  b u i l t ,  p r o p e r l y  m a i n t a i n e d ,  a n d  r u n  t o  i t s  l i m i t .

T h e  r e p o r t  a s s u m e s  t h a t  r u b b e r  p l a n t  w a s t e s  w i l l  b e  g i v e n  p r o p e r  p r e t r e a t m e n t .  T h e  

s t u d y  p r o v i d e s  f o r  t h e  p e r i o d  e n d i n g  1 9 6 0 ,  w i t h  a  p o p u l a t i o n  b e t w e e n  3 1 0 ,0 0 0  a n d  3 3 0 ,0 0 0 ;  

a n d  a  f lo w  b e t w e e n  5 6  a n d  6 7 .5  m .g .d .  T h e  c i t y  a r e a  i s  5 5  s q .  m i l e s .  T h e  e x p e c t e d  p o p u 

l a t i o n  d e n s i t y  m a y  b e  f r o m  8 .8  t o  9 .4  p e r  a c r e .

B e t w e e n  1 9 2 9  a n d  1 9 4 3  t h e  s e w a g e  a n a l y s e s  h a v e  v a r i e d  a s  f o l l o w s :

D ete rm ination
R esu lts  in P .p .m .

A verage M axim um M inim um

S o l id s :
1,893 2,476

392
1,603

202297
10.5 14.1 8.0

707 995 544
171 242 131

0.8 1.6 0.3
pH ...................................................................... 7.3 7.5 7.2

218 301 128

O c c a s i o n a l  d a t a  s h o w  e t h e r  s o l u b l e  ( c h l o r o f o r m )  f o r  1 9 4 1  a v e r a g e  w e e k l y  c o m p o s i t e s  

1 2 3  p . p . m . ,  a n d  v o l a t i l e  s o l i d s  7 3 .7  p e r  c e n t  f o r  t h r e e  d a y s  i n  1 9 4 3 .
I n d u s t r i a l  w a s t e s  f r o m  t h e  r u b b e r  p l a n t s  a r e  h i g h  i n  s u s p e n d e d  s o l i d s ,  c h l o r i d e s ;  

b r o w n  i n  c o l o r  a n d  c o n t a i n  p e t r o l e u m .  F i n e  r u b b e r  p a r t i c l e s  a l s o  o c c u r .
T h e  s u s p e n d e d  s e w a g e  s o l i d s  p e r  c a p i t a  h a v e  i n c r e a s e d  f r o m  0 .2 3  lb .  p e r  d a y  i n  1 9 3 3  

t o  0 .5 8  i n  1 9 4 2  a n d  1 9 4 3 .
F o r  t h i s  r e p o r t  t h e  a s s u m e d  a n a l y s e s  f o r  t h e  r a w  s e w a g e  a r e : t o t a l  s o l i d s  1 ,9 0 0  p . p . m . ; 

s u s p e n d e d  s o l i d s  3 3 5  p . p . m . ,  a n d  B .Ó .D .  2 0 0  p . p . m .  T h e  t o n n a g e  o f  s u s p e n d e d  s o l i d s  i s  

9 4  p e r  d a y  ( i n c l u d i n g  a n  i n d u s t r i a l  s u r l o a d  o f  4 4 .5  t o n s  p e r  d a y ) .
T h e  p l a n t  s h o u l d  s e r v e  3 3 0 ,0 0 0  p o p u l a t i o n  a n d  h a n d l e  a n  a v e r a g e  f lo w  o f  6 7 .5  m .g .d .
T h e  C u y a h o g a  R i v e r  a t  P o r t a g e  h a s  a  d r a i n a g e  a r e a  o f  4 0 5  s q .  m i .  a n d  a  f lo w  b e 

t w e e n  1 9 2 1  a n d  1 9 3 5  a v e r a g i n g  4 3 4  s e c .  f t . ,  w i t h  a  m i n i m u m  m o n t h l y  f lo w  o f  5 1  s e c .  f t . ,  

a n d  a  m i n i m u m  d a i l y  o f  2 5  s e e .  f t .  M o n t h l y  f lo w s  u n d e r  7 0  s e c .  f t .  h a v e  o c c u r r e d  i n  n i n e  

o f  t h e  1 7 8  m o n t h s  o f  t h e  r e c o r d .
T h e  r i v e r  b e l o w  t h e  B o t z u m  o u t f a l l  i s  u n a t t r a c t i v e .  A b o v e  B o t z u m  t h e  r i v e r  f lo w  

c o n t a i n s  i n  t h e  s u m m e r  5 .1  p . p . m .  d i s s o l v e d  o x y g e n .  T h e  o x y g e n  b a l a n c e  s h o w s  t h e  r i v e r  

c a n  a b s o r b  t r e a t e d  s e w a g e  a m o u n t i n g  t o  6 7 .5  m .g .d . ,  i f  t h e  p l a n t  e f f l u e n t  c o n t a i n s  o v e r  
3 0  p . p . m .  s u s p e n d e d  s o l i d s  a n d  a v e r a g e s  1 5  p . p . m .  5 - d a v  B . O . D . ; 3  p . p . m .  d i s s o l v e d  o x v -
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g e n ,  a n d  4  p . p . m .  n i t r a t e s  a n d  n i t r i t e s .  I m p r o v e m e n t  o f  t h e  e x i s t i n g  w o r k s  s h o u l d  i n 

c l u d e  f a c i l i t i e s  f o r  c h l o r i n a t i o n ;  p r o v i s i o n  f o r  f i l t e r  f l o o d i n g ;  a n d  a  m e t h o d  o f  s l u d g e  

d i s p o s a l  t o  m i n i m i z e  o d o r s .

E xistin g  W orks

T h e  e x i s t i n g  w o r k s  i n c l u d e  c o a r s e  s c r e e n s  ( o n e  a u t o m a t i c a l l y  c l e a n e d  b a r  g r a t e ;  

c l e a r  o p e n i n g s  %  i n . ) ;  g r i t  a n d  g r e a s e  r e m o v a l  i n  t w o  c i r c u l a r  d e t r i t u s  t a n k s  ( d e s i g n e d  

f o r  1 5  m i n .  d e t e n t i o n )  f r o m  t h e  b o t t o m  o f  w h i c h  a b o u t  2 0  p e r  c e n t  o f  t h e  t o t a l  f lo w  w a s  

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

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

i s  p r a c t i c e d  b y  m o v a b l e  a r m s .

P r i m a r y  t r e a t m e n t  i s  f u r n i s h e d  b y  T in  h o  f t  t a n k s  ( 2 4  u n i t s ;  2  h r .  d e t e n t i o n  a t  a v g .  

f l o w ; s e t t l i n g  c o m p a r t m e n t s  t o t a l i n g  4 2 6 ,0 0 0  c u .  f t . ; d i g e s t i o n  c o m p a r t m e n t s  t o t a l i n g

6 7 2 ,0 0 0  c u .  f t . ) .  S e c o n d a r y  t r e a t m e n t  i s  b y  t r i c k l i n g  f i l t e r s  ( 1 4  a c r e s ;  1 0  f t .  d e e p ;  d i 

v i d e d  i n t o  s e v e n  u n i t s ) .  T h e  o r i g i n a l  d e s i g n  p r o v i d e d  f o r  1 ,8 5 0  p e r s o n s  p e r  a c r e  f o o t ,  

w i t h  a  l i q u i d  f lo w  o f  2 .3 6  m . g . a . d .  T h e  i n f l u e n t  p a s s e s  t h r o u g h  a  2 0 - m e s h  s c r e e n .

H u m u s  t a n k s  i n c l u d e  1 2  u n i t s ,  1 0  f t .  t o t a l  d e p t h ,  w i t h  l )/2  h r .  d e t e n t i o n .

S i n c e  1 9 4 3  t h e  I m h o f f  t a n k s  h a v e  s e r v e d  c h i e f l y  a s  s e t t l i n g  t a n k s .  S e p a r a t e  s l u d g e  

d i g e s t i o n  t a n k s  h a v e  b e e n  p r o v i d e d  ( 2  u n i t s ,  t o t a l  v o l u m e  1 4 5 ,5 0 0  c u .  f t . ) ,  o n e  w i t h  f l o a t 

i n g  c o v e r ,  t h e  o t h e r  w i t h  s t i r r i n g  m e c h a n i s m s .

T h e  d i g e s t e d  s l u d g e  w a s  i n t e n d e d  t o  b e  d r i e d  o n  s l u d g e  d r y i n g  b e d s ,  o f  t o t a l  a r e a  

1 6 3 ,2 0 0  c u .  f t .  ( 0 . 6 3  s q .  f t .  p e r  c a p . )  d i v i d e d  i n t o  6 8  u n i t s .  T h e s e  h a v e  b e e n  s u p p l e 

m e n t e d  b y  1 9  a c r e s  o f  a u x i l i a r y  d r a i n e d  d r y i n g  b e d s ,  a n d  a  l a r g e  v o l u m e  o f  l a g o o n s .  A t  

p r e s e n t  a l l  s l u d g e  i s  l a g o o n e d .

E n d  p r o d u c t s  ( g r i t ,  g r e a s e ,  s c r e e n i n g s ,  a n d  d r i e d  s l u d g e )  a r e  d u m p e d  a t  r e m o t e  

p o i n t s .
S i p h o n  o v e r f l o w s  p r o t e c t  t h e  p l a n t  f r o m  r e c e i v i n g  m o r e  t h a n  9 3  m . g . d .

A t  i n f r e q u e n t  i n t e r v a l s  f l o o d  h e i g h t s  i n  t h e  r i v e r  s u b m e r g e  t h e  h u m u s  t a n k s ,  a n d  

w a t e r  l o c k s  t h e  d r a i n a g e  o f  t h e  f i l t e r s .

T a b l e  I .— Performances of Sewage Treatment Botzum Plant, Akron, Ohio

Y ear
A verage
Sewage
Flow,

M .G .D .

R em oved in  C u. F t.  per M .G . R em oved in  P e r C en t F in a l E ffluen t

C oarse
Screenings G rit G rease Suspended

Solids B .O .D .

p .p .m .
P er C en t 

S a tu ra tio n  
D .O .Suspended

Solids
5-D ay
B .O .D .

1930 27.4 0.44 5.41 0.14 80.4 87.7 94 43.2 43.8
1931 28.1 0.42 5.65 0.16 85.5 89.7 37 15.8 56.7
1932 31.2 0.46 6.52 0.21 74.7 87.4 50 16.8 66.4 •
1933 31.4 0.51 8.01 0.19 81.5 88.9 41 17.2 60.3
1934 27.7 0.69 8.85 0.23 84.1 90.8 41 17.7 59.1
1935 29.6 0.68 7.32 0 .1 1 78.2 89.2 54 18.4 62.5
1936 30.2 0.77 8.68 0.10 79.6 87.9 54 19.4 60.1
1937 32.9 2.03 7.09 0.10 80.2 88.8 55 17.6 61.1
1938 32.7 1.52 10.63 0.09 83.0 88.3 50 18.1 67.3
1939 38.4 0.73 8.31 0 .1 1 83.9 87.7 49 17.9 57.3
1940 41.0 0.80 9.53 0.14 79.1 83.9 61 27.2 52.7
1941 39.8 0.75 12.19 0.12 81.4 86.6 73 29.3 50.7
1942 46.9 0.53 8.34 0.28 75.7 85.7 91 34.7 40.2
1943 52.2 0.42 7.44 0.12 64.6 75.6 131 58.0 24.0

D ata compiled from 1943 Annual Report.
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I  h e  p e r f o r m a n c e  o f  t h e  p l a n t  i s  i n d i c a t e d  b y  t h e  a n n u a l  a v e r a g e s  f r o m  1 9 3 0 - 1 9 4 3  
( T a b l e  I ) .

U n d e r  s c r e e n i n g s ,  t h e  f in e  s c r e e n i n g s  ( 2 0 - m e s h )  a r e  e x c l u d e d .  T h e  o r i g i n a l  b a r  

g r a t e s  w i t h  2 %  c l e a r  s p a c i n g ,  w e r e  r e p l a c e d  i n  1 9 3 6  b y  % - i n c h  a u t o m a t i c a l l y  c l e a n e d  b a r  

g r a t e .  A  s c r e e n i n g s  g r i n d e r  t h e n  i n s t a l l e d  w a s  r e m o v e d  a f t e r  t h r e e  y e a r s ’ u s e .  S m a l l  

p a r t i c l e s  o f  s y n t h e t i c  r u b b e r  p a s s  t h r o u g h  t h e  2 0 - m e s h  s c r e e n .

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

o c c u r  i n  a  f l a t  4 - m i l e  s e c t i o n  o f  t h e  i n t e r c e p t i n g  s e w e r .  T h o s e  a r e  f l u s h e d  o u t  i n  e x 

c e s s i v e  a m o u n t s  a t  t i m e  o f  s t o r m .  T h i s  c o n d i t i o n  n e c e s s i t a t e d  c l e a n i n g  o f  t h e  d i g e s t i o n  

t a n k s  i n  1 9 3 8 ,  1 9 4 0 ,  1 9 4 1 ,  1 9 4 3 .  T h e  g r i t  r e c o v e r e d  r a n g e d  f r o m  1 7  t o  5 4  p e r  c e n t  v o l a 

t i l e .  B e t t e r  f a c i l i t i e s  a r e  r e q u i r e d .

T h e  s k i m m i n g s  r e m o v a l  ( 0 . 1 5  c u .  f t .  p e r  m . g . d . )  i s  i n a d e q u a t e ,  c o n s i d e r i n g  t h e  

g r e a s e  i n  t h e  r a w  s e w a g e  ( p e t r o l e u m  e t h e r  4 5  p . p . m .  ; c h l o r o f o r m  1 2 3  p . p . m .  ; s p e c i a l  

e t h e r  1 3 2  p . p . m . ) .

W i t h  t h e  o v e r l o a d e d  p l a n t ,  t h e  p r i m a r y  s e t t l i n g  h a s  b e e n  l o w e r  t h a n  e x p e c t e d  ( 5 0  p e r  

c e n t ) .  T h e  g e n e r a l  r e s u l t s  f r o m  1 9 3 0 - 1 9 4 3  a r e :

Removal of Suspended Solids and B.O.D. Imhoff Tanks at Akron

In fluen t Susp. Solids and  B .O .D . (p.p.m .)

100 150 200 250 300

Suspended Solids with Detention :
1 è hr.......................................................... 42 44 47 50
2 hr.......................................................... 44 46 49 52
2$ hr.......................................................... 46 48 51 54
3 hr.......................................................... 48 50 53 56

B.O.D. with Detention:
H  hr.......................................................... 24 26 28 — —
2 hr.......................................................... 26 28 30 — —
21 hr.......................................................... 29 31 33 — —
3 hr.......................................................... 31 33 35 — —

S e t t l i n g  e f f i c i e n c y  h a s  v a r i e d  f r o m  y e a r  t o  y e a r  ( 4 1  t o  5 4  p e r  c e n t )  a n d  m o n t h  b y  

m o n t h  ( 4 3  t o  6 3  p e r  c e n t ) .  A n y  d e f i c i e n c y  o f  s e d i m e n t a t i o n  i s  d u e  t o  t h e  c o m m i n u t i o n  o f  

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

s e t t l i n g  a t  i n d u s t r i a l  p l a n t s .
D a t a  o n  t h e  t r i c k l i n g  f i l t e r  p e r f o r m a n c e  i s  s h o w n  i n  T a b l e  I I .

T h e  t a b l e s  d o  n o t  r e f l e c t  p o o l i n g  t r o u b l e s  o f  r e c e n t  y e a r s ,  d u e  t o  r u b b e r  p a r t i c l e s  

a c c u m u l a t i n g  o n  t h e  s t o n e s ,  o r  t h e  f ly  n u i s a n c e s  o r  i n t e r f e r e n c e  o f  f l o o d i n g  b y  h i g h  r i v e r  

s t a g e s .
F r o m  1 9 3 0  t o  1 9 4 3  t h e  s l u d g e  r e c o v e r e d  i n c r e a s e d  f r o m  8 8 ,0 0 0  t o  3 1 8 ,8 0 0  c u .  y d .  

E v e n  u n d e r  t h e  o v e r l o a d ,  f r o m  1 9 3 1  t o  1 9 3 8  t h e  I m h o f f  t a n k  s l u d g e  s h o w e d  a  v o l a t i l e  c o n 

t e n t  f r o m  4 5  t o  4 9  p e r  c e n t  v o l a t i l e  a n d  m o i s t u r e  c o n t e n t  f r o m  8 9 .1  t o  9 3 .4  p e r  c e n t .  

D u r i n g  t h e  p e r i o d  1 9 3 2 - 1 9 3 8  t h e  s l u d g e  w i t h d r a w n  r a n g e d  f r o m  8 4 ,9 0 0  t o  1 3 3 ,3 0 0  c u .  y d .  

a n n u a l l y .  I n  1 9 3 9  t h e  s l u d g e  j u m p e d  t o  1 8 4 ,4 0 0  c u .  y d .  a n d  r o s e  t o  t h e  m a x i m u m  i n  

1 9 4 3 .  T h e  d e t e n t i o n  p e r i o d s  f o r  d i g e s t i o n  h a v e  v a r i e d  w i d e l y .
S e p a r a t e  s l u d g e  d i g e s t i o n  i n  h e a t e d  t a n k s  t r e a t e d  a b o u t  1 4  p e r  c e n t  o f  t h e  s o l i d s  

r e c o v e r e d  i n  t h e  I m h o f f  t a n k s .  A  t e m p e r a t u r e  o f  9 3 °  F .  w a s  m a i n t a i n e d  i n  t h e  p r i m a r y  

t a n k  w h e r e a s  i n  t h e  s e c o n d a r y  i t  f a l l s  t o  7 6 ° .  T e s t s  i n d i c a t e  t h a t  a  r e a s o n a b l e  d i g e s t i o n  

c a n  b e  h a d  i n  3 0  d a y s  ( T a b l e  I I I ) .
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T a b l e  I I . — Trickling Filter Loadings and Performances, Akron, Ohio

F ilte r  In fluen t F ilte r  E ffluen t

Y ear
A verage

B .O .D .

N itrite s , 
P .p .m .

N itra tes ,
P .p .m .

R ela tive
B .O .D .

Flow,
M .G .D .

P .p .m . L bs. per 
A cre F o o t

S tab ility , 
P er C en t

p .p .m . Lbs. per 
Acre F oo t

1 9 3 0 2 7 .4 1 0 5 171 0 .3 5 3 .1 1 6 8 2 2 .0 3 6
1 9 3 1 2 8 .1 1 0 9 1 8 2 0 .7 3 2 .9 2 7 6 2 0 .8 3 5
1 9 3 2 3 1 .2 91 1 6 9 0 .5 4 3 .3 8 8 7 2 3 .8 4 4
1 9 3 3 3 1 .4 1 0 5 1 9 6 0 .4 9 5 .2 7 8 8 2 4 .0 4 5
1 9 3 4 2 7 .7 1 27 2 0 9 0 .2 9 6 .9 9 8 6 2 6 .7 4 4

1 9 3 5 2 9 .6 1 2 0 2 1 1 0 .4 9 8 .1 8 8 4 2 6 .5 4 7
1 9 3 6 3 0 .2 10 7 1 9 2 0 .3 5 6 .1 7 8 3 2 3 .2 4 2

1 9 3 7 3 2 .9 1 0 6 2 0 7 0 .4 7 5 .4 6 7 9 2 4 .1 4 7
1 9 3 8 3 2 .7 1 0 2 1 9 8 0 .5 1 5 .5 9 81 2 3 .3 4 5
1 9 3 9 3 8 .4 10 6 2 4 2 0 .4 9 4 .7 8 7 4 2 3 .2 5 3

1 9 4 0 4 1 .0 1 28 3 1 2 0 .6 9 3 .1 2 6 8 3 6 .1 8 8
1 9 4 1 3 9 .8 1 5 9 3 7 6 0 .4 7 2 .7 1 6 8 3 5 .7 8 4
1 9 4 2 4 6 .9 181 5 0 5 0 .4 2 2 .0 0 5 9 4 0 .9 1 14
1 9 4 3 5 2 .2 191 5 9 2 0 .2 5 0 .9 7 4 5 6 4 .5 1 9 9

D a t a  t a k e n  f r o m  A n n u a l  R e p o r t s .

T a b l e  I I I . — Separate Sludge Digestion for Shortened Periods Akron, Ohio

53 D ays 50 D ays 35 D ays

V o l a t i l e  M a t t e r  A d d e d ,  t o n s ...................................................... 9 1 5 .7 6

3 8 5 .8 6

5 2 9 .9 0

1 1 ,6 7 1 ,8 4 4

1 1 .0

3 .8 6

4 .1 5
5 7 .8

4 9 9 .8 5
1 1 8 .4 4

2 5 7 .9 0

6 ,8 4 7 ,4 0 0

1 3 .5

3 .6 1

4 .3 3

5 1 .7

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

2 3 8 .6 3

6 ,9 4 1 ,1 0 0

1 4 .5

4 .4 0

3 .8 7

4 4 .3

V o l a t i l e  M a t t e r  W i t h d r a w n ,  t o n s ..........................................

V o la t i l e  M a t t e r  D e s t r o y e d ,  t o n s .............................................

T o t a l  G a s ,  c u .  f t ....................................................................................

C u b i c  F e e t  o f  G a s  p e r  P o u n d  o f  V o l a t i l e  M a t t e r  
D e s t r o y e d ..........................................................................................

C u b i c  F e e t  o f  G a s  p e r  P o u n d  o f  S o l id s  A d d e d ...........

P o u n d s  o f  S o l id s  p e r  M o n t h  p e r  C u b i c  F o o t  o f  
D i g e s t e r  C a p a c i t y ..........................................................................

P e r  C e n t  R e d u c t i o n  in  V o l a t i l e  M a t t e r .................

F o r future designs fo r sludge digestion, factors suggested are :

D i g e s t i o n  lo a d ,  a s  t o t a l  s o l id s  p e r  m o n t h  p e r  c u b i c  f o o t  o f  d i g e s t i o n  c a p a c i t y  4  p o u n d s
S o l id s  R e d u c t i o n

I n  t o t a l  s o l i d s   3 5  p e r  c e n t

I n  v o l a t i l e  s o l i d s   4 6  p e r  c e n t
G a s  p r o d u c t i o n ,  p e r  p o u n d  o f  d r y  s o l id s  a d d e d .................................................................. 3 J  c u .  f t .

G a s  p r o d u c t i o n ,  p e r  p o u n d  o f  v o l a t i l e  m a t t e r  d e s t r o y e d  o r  d i g e s t e d   1 2  c u .  f t
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T h e  e x i s t i n g  w o r k s  ( i m p r o v e d  s o m e w h a t )  a r e  a d e q u a t e  f o r  t r e a t i n g  a  f lo w  o f  3 0  
i n . g . d .  c a r r y i n g  r a w  s e w a g e  s u s p e n d e d  s o l i d s  o f  3 3 5  p . p . m .  a n d  a  B .O .D .  o f  2 0 0  p . p . m .  

T h e  p l a n t  w a s  c a p a b l e  o f  t r e a t i n g  a b o u t  5 0  p e r  c e n t  o f  t h e  1 9 4 3  s o l i d s  a n d  4 0  p e r  c e n t  
o f  t h e  B .O .D .

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

t e r s  a r e  r e q u i r e d .  L a g o o n s  a r e  n e e d e d  a s  a  t e m p o r a r y  e x p e d i e n t .
N e w  w o r k s  a r e  n e e d e d  t o  c a r r y  t h e  3 7 .5  m .g .d .  e x c e s s  o v e r  t h e  3 0  m .g .d .  t o  b e  h a n d l e d  

a t  B o t z u m .  V a r i o u s  p r o c e s s e s  a n d  t y p e s  o f  p l a n t s  a r e  d i s c u s s e d  p r o  a n d  c o n .  T h e  c o n 

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

r a t e  f i l t r a t i o n  o r  t w o  s t a g e s  o f  h i g h - r a t e  f i l t r a t i o n .
F o r  t h e  d i s p o s a l  o f  s l u d g e ,  a i r  d r y i n g  o f  d i g e s t e d  s l u d g e  i s  e l i m i n a t e d .  D i g e s t i o n  

a n d  m e c h a n i c a l  d e w a t e r i n g ,  a l o n e ,  o r  f o l l o w e d  b y  i n c i n e r a t i o n  w e r e  c o n s i d e r e d .  I n c i n e r a 

t i o n  w a s  e s t i m a t e d  a t  $ 5 .0 2  p e r  t o n  o f  d r y  s o l i d s ,  a s  c o m p a r e d  w i t h  d i r e c t  d i s p o s a l  b y  

d u m p i n g  a t  $ 4 .4 0  p e r  t o n .  I n c i n e r a t i o n  w a s  r e c o m m e n d e d .

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

6 0 0  H . P .  T h e  r e c o v e r y  o f  m a t e r i a l  f o r  f e r t i l i z e r  a f t e r  d i g e s t i o n  i s  d i s m i s s e d  a s  o f  d o u b t 

f u l  v a l u e  i n  t h e  l o n g  t e r m .  T h e  m a r k e t i n g  o f  a i r - d r i e d  A k r o n  s l u d g e  ( A k r a - S o i l i t e )  h a s  

b e e n  a b a n d o n e d  a f t e r  f o u r  y e a r s ’ t r i a l .
V a r i o u s  a l t e r n a t i v e  p r o j e c t s  a r e  d i s c u s s e d  a l o n g  t h e  l i n e s  m e n t i o n e d .  T h e s e  s h o w  

a  c o n s t r u c t i o n  c o s t  r a n g i n g  f r o m  $ 5 ,1 0 0 ,0 0 0  t o  $ 6 ,5 1 2 ,0 0 0  ; w i t h  a n n u a l  o p e r a t i o n  f r o m  

$ 2 9 0 ,1 0 0  t o  $ 3 2 2 ,0 0 0  a n d  a n n u a l  f i x e d  c h a r g e s  b e t w e e n  $ 6 1 8 ,8 0 0  a n d  $ 6 9 3 ,0 0 0 .  T h e  b e s t  

p r o j e c t  f o r  A k r o n  i s  P r o j e c t  I ,  b r i e f l y  r e h a b i l i t a t i n g  a n d  c o n t i n u i n g  t h e  e x i s t i n g  p l a n t  

a t  3 0  m .g .d .  ; p r o v i d i n g  a  n e w  c o m p l e t e  a c t i v a t e d  s l u d g e  p l a n t  w i t h  s e p a r a t e  s l u d g e  d i 
g e s t i o n  t a n k s  f o r  3 7 .5  m .g .d .  a n d  m e c h a n i c a l  d e w a t e r i n g  a n d  i n c i n e r a t i o n  f o r  a l l  s l u d g e .  

T h i s  h a s  a  c o n s t r u c t i o n  c o s t  o f  $ 5 ,1 0 0 ,0 0 0  a n d  a n n u a l  o p e r a t i o n  $ 3 2 2 ,0 0 0 ,  w i t h  f ix e d  

c h a r g e s  o f  $ 6 1 8 ,0 0 0 .  T h e  n e w  p l a n t  i s  e s t i m a t e d  a t  $ 3 , 4 0 2 ,0 0 0 ;  r e h a b i l i t a t i o n  o f  t h e  

e x i s t i n g  p l a n t  a t  $ 6 3 3 ,0 0 ,  a n d  s l u d g e  d i s p o s a l  f o r  b o t h  a t  $ 1 ,0 6 5 ,0 0 0 .

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

T h e  m a x i m u m  c a p a c i t i e s  a r e  s e t  a t  :

Imhoff Tank-Trickling Filter
Complete treatment to .................................................  93 m.g.d.

Activated Sludge Plant
Complete treatment to.................................................  75 m.g.d.
Primary treatment only to additional.........................  39 m.g.d.

Total  207 m-g-d-

D esign Data

Y ear.......................................................................................  1960
Population.............................................................................  330,000
Sewage Flow

Average..........................................................................  67.5 m.g.d.
Maximum......................................................................  207 m.g.d.

Sewage
Suspended Solids...........................................................  335 p.p.m.
B.O.D   200 p.p.m.

Complete treatment  168 m.g.d.
Primary treatment for excess  39 m.g.d.
Screenings for maximum day  270 cu. ft.
G rit for maximum day  200 cu. yd.
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Neiv W orks

Chlorine— Provide 12 p.p.m. for 67.5 m.g.d.
G r i t  D e t r i t o r s ................................................................. ................. 2

S c r e e n i n g  M a c e r a t o r s ......................................................................................... 4

A e r a t i o n  C h a n n e l ................................................................................. ................. 3 m i n .  d e t e n t i o n

A i r ........................................................................................................................... 0 .0 2  c u .  f t .  p e r  g a l .

P r i m a r y  S e d i m e n t a t i o n ................................................................... ............  6 u n i t s

P e r i o d ..............................................................................................................  1 h r .

R a t e  o v e r f l o w ............................................................................... ..........  1,700 g a l .  s q .  f t .  p e r  h r .

R e m o v a l  a s s u m e d  ( s u s p e n d e d  s o l i d s ) ......................... ........... 54 p e r  c e n t

A e r a t i o n  T a n k s .............................................................................  8 u n i t s

2 - p a s s  s p i r a l  f lo w  p e r i o d ...................................................... ..........  6 h r .

S lu d g e  r e t u r n ................................................................................ ........... 25 p e r  c e n t

F i n a l  S e t t l i n g .......................................................................................................  8 units
T w o  g r o u p s —

P e r i o d  a t  125% a v e r a g e  f l o w ....................... ........... .2 h r .

O v e r f lo w  r a t e ............................................................ ........... 850 g a l .  p e r  s q .  f t .  p e r  h r .

S u s p e n d e d  s o l id s  r e m o v a l  a s s u m e d  a t ................ ..........  40 p e r  c e n t

B lo w e r  i n s t a l l a t i o n : ............................................................................ a n d  e l e c t r i c  d r i v e n

T o t a l ...................................................................................... ..........  45,000 c . f .m .

Sludge Digestion—
4 units floating covers 
2 existing tanks 
All heated

Total Volume........................................................................  815,000 cu. ft.,
or 4.45 c.f. per cap.
(on nominal 183,000 pop.)

Gas Storage....................................................................................  80,000 cu. ft.
Sludge F ilte rs................................................................................

Operate 3 shifts daily for 6-day week a t rate 5 lb. of 
dry solids per sq. ft. per hr.

E lutriation Tanks for 4 to 1 wash of digested sludge.
Sludge Incinerators......................................................................

Operate 3 shifts daily for 6-day week. Computed a t 
a drying-burning rate of 40 lb. dry solids per sq. 
ft. of hearth area per day, bu t alternative types 
admissible. One stack.

D etailed estim ates are given. Special foundations are  required  fo r  certa in  s tru c 
tures. A  ra ilroad  siding is essential.

A  force of 89 employees is estim ated a t an average of $2,080 p e r year.
The program  fo r  construction  estim ates two w orking seasons.

4 units 
(includes 1 spiral)

4 units 
(includes 1 spiral)

L angdon P earse



U R B A N A  A N D  C H A M PA IG N  SA N IT A R Y  D IST R IC T

Operation R eport for F iscal Y ear, May 1, 1943-A pril  30, 1944 

By W. M. K ttnsch

The U rbana and C ham paign S an ita ry  D istric t serves a connected population  of
45,000. The flow record fo r  the p a s t three years shows:

Vol. 16, No. 6 REVIEW S AND ABSTRACTS 1 2 9 1

Year
Sewage Flow Water

Consumption

Total
M.G.

Per Capita 
Gal./Day

Per Capita 
Gal./Day

1 9 4 3 - 4 4 .................................................................................................................... 1 3 9 4 8 9 9 9
19-42 4 3 .................................................................................................................... 1 4 2 4 8 7 9 3
1911  4 2 .................................................................................................................... 1 6 0 9 9 9 9 4

In  1943-44, 90.6 p er cent o f sewage received complete treatm ent. All sewage re 
ceived p rim ary  treatm ent.

The am ount of dilution afforded by the Saline D itch was sufficient to m aintain  the 
desired dissolved oxygen. The duration  of various ra tes of flow are :

Stream Flow M.G.D.
Per Cent of Time

1943-44 1942^3 1941 1̂2

L e s s  t h a n  2 ........................................................................................................... 0 .3 0 .5 0 .5

12 6 10

L e s s  t h a n  5 ........................................................................................................... 4 2 19 15

7 6 8 3 6 0

87 9 3 8 6

13 7 14

The average rem oval of wet screenings was about 3 cu. ft. per day. These are 
ground  and re tu rned  to the raw  sewage. The g rit chamber was cleaned twice, the rem oval 
of g r it being 0.41 and 0.49 cu. f t . p e r million gallons.

The Im hoff tanks removed an average p e r cent of 67.4 of suspended so lids; 48.2 of
B .O .D .; and 95.9 of the settleable solids. There was no difficulty with foam ing. The 
loading on the tanks was excessive.

Data Avg. Max. Min.

4 .6 3

1 .5 8
16

1 .4 4

1 .1 8

6 .6 9
2 .1 4

2 2
1 .8 3

1 .4 7

2 .8 1
0 .8 7

13
1 .0 7

0 .9 5
S u s p .  S o l id s ,  lb .  p e r  c u .  ft. p e r  m o ............................................................................
V o l .  S u s p .  S o l id s ,  l b .  p e r  c u .  ft. p e r  m o ...............................................................
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The flow is reversed tw ice a year.
A n average of 3.37 m.g.d. was pum ped to the trick ling  filter, w ith an average o f 140 

K .w.h. p e r million gallons. C u rren t costs p e r K .w.h., $0.0155.
A to ta l o f 65 beds of sludge and 19 of scum were draw n. 80 beds were cleaned. 

A ll of the d ried  sludge (2,200 cu. yd .) w ent to the stock pile, whence fa rm ers and garden
ers load a  considerable am ount. The average d ry ing  tim e was 49 days, ran g in g  from  21 
to 95 days. The m oisture content as rem oved is about 60 p e r cent. The beds are  loaded 
a t the ra te  o f 16.6 lb. p e r sq. f t . p e r year. N ine beds were resanded, a t a ra te  of 0.4 
cu. yd. of sand p e r 1,000 sq. f t . of bed p e r  year.

On the trick ling  filters, once a m onth the dosing tank  p ip in g  is flushed, all filter 
nozzles rem oved and cleaned, and d is tribu tion  system  rise r p ipes brushed clean. Pooling 
on the filters was very slight, in a few  isolated spots a t the end o f the w inter.

F o rty  p e r cent of the final effluent is passed th rough  the lagoon.
The popu la tion  equivalent d ropped  from  52,900 to 47,900 fo r 1943-44, probably  due 

in p a r t  to  the d rop  in  enrollm ent a t the U niversity  o f Illinois.
The p la n t perform ance averaged in overall rem ovals in  p e r c e n t:

Effluent
Removal Secondary Tank

5 - D a y  B . O . D .......................................................................................................... 9 0 .1
Suspended Solids.........................................................................88.8

The perform ance o f the Im hoff tanks was as fo llow s:

Removal
5 - D a y  B . O . D . . . .

Suspended Solids

The trick ling  filter da ta  show :

Data

R e m o v a l  B .O .D .  p e r  c e n t ..........................................................................................  6 7

A p p l i c a t i o n  o f  s e w a g e ,  m . g . a . d ..............................................................................  2 .1 1
B .O .D .  lb .  p e r  a c r e  f o o t  p . d .......................................................................................2 4 9

The final sedim entation tanks removed 39.5 p e r cent o f the suspended solids w ith 
1.07 hr. detention.

T reating  40 p er cent of the final tan k  effluent, the lagoon reduced the suspended solids 
from  26 to 20 p.p.m . and the B.O.D. from  27 to  22 p.p.m . The lagoon effluent contained 
6.3 p.p.m . of dissolved oxygen, slightly  less than  the 6.6 p.p.m . in the final tan k  effluent.

The to ta l cost of operation  was $23,681.38, or $0,527 p er cap ita . A ll bonds have 
been retired . E xcluding trustees’ salaries and legal expense, the o p era ting  costs w e re :

Cost 1943-44 1942—43 1941-42

T o t a l ......................................................................................... $ 2 1 ,7 3 1
0 .4 8 2

$ 1 9 ,1 2 6
0 .4 0 7

$ 1 9 ,3 4 5
0 .4 1 2

1 2 .0 3
6 .7 2

P e r  C a p i t a  p e r  Y e a r ................................................................

P e r  M .G .  t r e a t e d ........................................................................................ 1 5 .5 8 1 3 .4 3
P e r  1 0 0 0  lb .  5 - d a y  B .O .D .  r e m o v e d ................................................. 7 .9 1 6 .5 8

P o p u l a t i o n  C o n n e c t e d .................................................................................. 4 5 ,0 0 0 4 7 ,0 0 0 4 7 ,0 0 0

Per Cent 
. .4 8 .2  

. .6 3 .1

Lagoon

9 1 .9
9 1 .4
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Analytical D ata

M o n t h l y  A v e r a g e s  1 9 4 3 - 4 4

Suspended Solids
Parts per Million

Average Maximum Minimum

R a w  S e w a g e
T o t a l ............................................................................................................... 2 3 3 3 3 2 1 43
V o l a t i l e ......................................................................................................... 1 9 0 2 7 4 1 1 4

I m h o f f  E f f l u e n t

T o t a l ............................................................................................................... 8 6 1 0 8 6 4
V o l a t i l e ......................................................................................................... 6 7 8 8 5 2

F i l t e r  E f f l u e n t

T o t a l ............................................................................................................... 4 3 61 3 0

V o l a t i l e .............................................................................................. 3 3 2 5 4 8

F i n a l  T a n k  E f f l u e n t

T o t a l ............................................................................................................... 2 6 3 9 16

V o l a t i l e .......................................................................................................... 2 0 3 0 13

L a g o o n  E f f l u e n t

T o t a l ............................................................................................................... 2 0 3 0 11

V o l a t i l e .......................................................................................................... 15 21 9

Parts per Million
5-day B.O.D.

Average Maximum Minimum

R a w  S e w a g e ......................................................................................................... 2 7 2 3 3 2 1 68

I m h o f f  E f f l u e n t .................................................................................................. 141 181 68

F i l t e r  E f f l u e n t ..................................................................................................... 4 6 6 9 2 8

F i n a l  T a n k  E f f l u e n t ...................................................................................... 27 4 4 17

L a g o o n  E f f l u e n t ................................................................................................ 2 2 3 3 12

L angdon P earse

A N N U A L  R E P O R T  OF C O M M ISSIO N E R  OF PU B L IC  W O RK S,
F IT C H B U R G , M ASS.

B y  J .  M . P eirce ( 1 9 4 3 )

This A nnual R eport contains the rep o rt of H . B. Allen, chemist-in-eharge, on the
operation  of the sewage works.

In  1943, the annual ra in fa ll was 40.82 inches, com pared w ith a norm al of 40.43. The 
extrem e tem peratures were 97° and — 21° F ., w ith an average of 47.7°, com pared with a 
norm al of 47.5° F . The average flow of sewage and surface w ater treated  was 3.17
m.g.d. (81.9 gal. p e r cap. per d ay ), or 8.8 p er cent less th an  in  1942. The monthly flow
was 2.20 m.g.d. as a minimum, and 4.23 m.g.d. as a maximum, the peak daily flow being 
8.9 m.g.d. The maximum capacity  of the trickling  filter is 6.36 m.g.d.

The design and operating  bases fo r the respective units are as fo llow s:
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Units
Flow, Gal. per cap. per day
Population..............................
Imhoff Tanks

Capacity, m.g.d.............
Average, m .g.d..............
Maximum, m.g.d..........
Detention, h r.................
Sludge removed, gal__

Trickling Filters
Area, Acres.....................
Load, m .g.a.d.................

On November 1, 82 p e r cent o f the sludge sto rage was available. The sludge was 
draw n du ring  M ay to  October, inclusive. D uring  the y ear the skim m ings averaged 4.4 
cu. f t . p e r day, w ith a m axim um  m onthly average o f 11.2 c-u. f t .  p e r  day. The tanks were 
skim med once a day  in  the w in ter and tw ice daily  d u ring  the sum m er. A ll sludge from  
the tan k s w as a ir  dried, 661 c-u. yd. being rem oved fro m  the d ry ing  beds. The beds were 
resanded d u ring  the  sum m er. A t the end of the d ry ing  season, ten  u n its  a re  em pty.

The average num ber of nozzles on the trick ling  filters cleaned daily  w as 14.8, w ith  a 
m axim um  m onth  of 18.4.

The analy tica l resu lts a re  as fo llo w s:

Crude
Sewage

Effluent
Per Cent 
RemovalDetermination

Imhoff
Tank

Trickling
Filter Final

Free Ammonia....................................................... 30.5 23.8* 7.1 6.6 78.5
Alb. Ammonia........................................................ 5.6 3.1 1.0 0.8 85.2
Organic N itrogen................................................... 14.8 7.1 2.4 2.1 85.8
Oxygen Consumed................................................
Suspended Solids

67.5 23 12.2 9.3 86.3

T o ta l................................................................ 231 41 29.3 22.0 90.5
V olatile............................................................ 185 26.5 18.8 17.0 90.8
Fixed................................................................ 46.5 14.5 10.5 5.0 89.3

N itrates (N )........................................................... — — 11.2 10.6 —

A lkalinity................................................................ 168 138 50 45.5 73.4
5-day B.O.D........................................................... 215 81 7.7 9.1 95.8

The o p era ting  cost in  1943 was $13,133.99, as com pared w ith  $11,529.23 in  1942. 
This was d is tribu ted  as fo llo w s:

Distribution Personal Service Expense
A dministration..................................... ............... 81,375.05 81.50
Laboratory ............................................ ............... 1,375.08 8.32
G rit and Siphon C ham ber................. ...............  683.80 311.97
Imhoff T anks...................................... ............... 2,548.27 40.90
Sprinkling F ilte rs ................................. ............... 698.82 149.50
Secondary T anks.......... ....................... ............... 383.57 65.24
Sludge B eds........................................... ........  560.75 91.32
Care of G rounds.................................. ........... 451.98 29.32
W atchm en............................................. ........  3.508.71
Miscellaneous and Vacations............. ........  271.37 628.52

T o ta l............................................... ...............811,857.40 SI,326.59
L ahgdok P earse

Mil. Gal. Daily 
Design Average ■
Basis 1943

125 81.9
55.000 40,000

6.875
3.11
4.23

3 7.23
740,000

2.12 1.86
2.0 1.70
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SE W A G E  D IS P O S A L  FO R  LO S A N G E L E S A N D  A SSO C IA T E D
C O M M U N IT IE S

By Metcalf and E ddy 

A p r i l  2 5 ,  1 9 4 4

This is a rep o rt subm itted to the B oard of Public W orks of Los Angeles recommend
ing the construction of a high-rate activated sludge p lan t a t H yperion , with a new m ul
tip le  outlet ocean outfall one mile offshore in about 60 feet of w ater, w ith capacity  to 
tre a t an average dry  w eather flow of 380 c.f.s, equivalent to the sewage of 3,000,000 
people. The estim ated cost of the p ro jec t is $21,000,000, of which the trea tm en t p lan t 
and ou tfa ll cost $19,500,000. The to ta l cost is $7.00 p e r cap ita  on a design basis. The 
opera ting  cost annually  is estim ated a t $525,000, or $5.88 p er m.g., or $0,175 p e r capita.

The 1940 tr ib u ta ry  population  of 1,700,000 is estim ated to increase to 2,500,000 by 
1950 and approach  2,900,000 by 1955. The present to ta l sewage flow from  two outfalls 
averages 378 c.f.s., with a peak around 540 c.f.s. The w ater consum ption of Los Angeles 
is 115 g.c.d., bu t the sewage flow is 81 g.c.d. in 1943. The sewage a t H yperion  is stale 
and strong. F o r  the purpose of the report, it is estim ated to contain in p.p.m .— sus
pended solids, 300; 5-day B.O.D., 250; grease, 100; with a flow of 82 g.p.e.

The quaran tine  on the use of the beaches on S an ta  M onica Bay cut the visitors from
40,000,000 in 1942 to 14,500,000 in 1943.

S ix a lternate  p rogram s were considered, including prelim inary  treatm ent by settling 
and grease removal, alone; prelim inary  treatm ent in p art, with p a rt of the load given 
activated sludge trea tm en t; or all activated sludge. The situation  requires f a r  more 
trea tm en t than  fine screens provide.

M etcalf and Eddy recommend a p lan t consisting of rack  screening; pre-chlorination 
equipm ent; g rit cham bers; p rim ary  se ttling ; short period aera tion ; and final settling 
tanks. The sludge will be pum ped to heated separate  digestion tanks (2-stage digestion), 
dew atered on vacuum filters, and dried fo r fe r tilize r o r incineration. Gas will be utilized 
in  gas engines, the w aste heat from  the cooling w ater of the engines to be utilized in heat
ing the digestion tanks. D isinfection of the p lan t effluent by chlorine will be provided. 
A bout 200 acres is needed fo r a site.

The rep o rt fu r th e r recommends th a t when the sewage flow near H yperion  reaches 
90 per cent of the design capacity, a new tru n k  sewer be constructed to divert from  the 
north  outfall sewer the flow in th is sewer east of the divide between the Los Angeles 
R iver and B allona Creek to a new trea tm en t p lan t of the activated sludge type, or equiva
lent, to be located in the industria l area along the river.

L angdon P earse

H O W  TO M EET T H E  D E M A N D  FO R B E T T E R  W A ST E  D ISP O SA L

By E arl 8. F enelon 

F o o d  I n d u s t r i e s ,  1 5 , 8 4 - 8 6  ( 1 9 4 3 )

The article discusses the need fo r studying the wastes from  food process industries 
due to increased pressure on the p a r t  of S tate  and Federal Government to reduce the load 
on streams.

Thirty-tw o states have passed acts perm itting  sewer ren tal charges and one of the 
bases fo r the charge includes the volume of w ater consumed and the B.O.D. of the sewage 
discharged.

In  the food industries this should lead to an analysis of production methods so as 
to reduce volume of waste to a minimum and to separation  of pollutional portion  from  the 
unpollutional.

The branches of the food industry  having high B.O.D.’s are m eat packing, slaughter
ing, vegetable canning and allied operations (including dehydration) candy m anufactu r
ing and  brewing.
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A  table is given showing analyses o f w astes from  canning processes taken from  an 
article by TV. A. R yan  which was published in S ewage W orks J ournal, 11, 100 (1940).

Gladys S wope

B R O M IN E  A N D  C H L O R IN E  D IO X ID E  A S W A T E R  
D IS IN F E C T A N T S

B y  J .  A . McCarthy 

J o u r n a l ,  N e w  E n g l a n d  W a t e r  W o r k s  A s s n . ,  58, 5 5 - 6 8  ( 1 9 4 4 )

The efficiency o f brom ine and chlorine dioxide in  the d is tribu tion  o f bacte ria  was 
com pared w ith th a t o f chlorine. N either agent is as effective as chlorine bu t e ither could 
be used as bactericide. B oth agents are m ore affected by organ ic  m a tte r in  w ate r th an  
is chlorine and neither agent has nearly  as much residual effect as chlorine.

The bactericidal action of brom ine and  chlorine dioxide is la rgely  a fu n c tio n  o f the 
chlorine dem and or the am ount of organic m a tte r p resen t. W ith  p u re  cu ltu res suspended 
in sterile ta p  w ater where the chlorine dem and is negligible, brom ine and  chlorine dioxide 
are  nearly  as effective as chlorine in  equal coneentractions. B rom ine has a flash effect 
on bacteria. In  any reasonable concentration  the kill in 15 m inutes is as g re a t as in  one 
o r tw en ty -four hours. Chlorine dioxide produces less chlorphenol tas tes th an  chlorine.

H . H eu kelekian

S A F E T Y  O F M E C H A N IC A L  R E S U S C IT A T IO N  A P P A R A T U S

( A  R e p l y  b y  t h e  C o u n c i l  o n  P h y s i c a l  T h e r a p y  o f  t h e  A m e r i c a n  M e d ic a l  A s s o c i a t i o n  t o  
P r o f e s s o r  Y a n d e l l  H e n d e r s o n ’s  A r t i c l e  i n  S c i e n c e ,  D e c e m b e r  2 4 ,  1 9 4 3 , o n  “ T h e  R e t u r n  o f  t h e  
P u l m o t o r  a s  a  ‘ R e s u s e i t a t o r  ’— A  B a c k - s t e p  T o w a r d  t h e  D e a t h  o f  T h o u s a n d s .  ’ ’ T h e  a b s t r a c t  
o f  t h e  o r i g i n a l  a r t i c l e  a p p e a r e d  i n  t h e  Sewage W orks J ournal, 1 6 , 8 5 4  ( 1 9 4 4 ) ) .

•
P ro fesso r H enderson claimed th a t m echanical devices fo r  artificial re sp ira tio n  know n 

as resuseita tors are  essentially identical w ith a device fo rm erly  know n as the pulm otor. 
The m odern devices are, however, essentially different from  the pulm otor, since they in 
corpora te  mechanisms fo r  the control of p ressure. In  the resuseita to rs accepted by the 
council, dangerous pressures are not produced. The m axim um  positive p ressu re  o f 13 
mm. of m ercury  created in  them is less than  th a t which a hum an being can vo lun tarily  
produce in his own lungs w ithout discom fort. The Council agrees w ith  P ro fesso r H e n 
derson th a t in  order to avoid delay which m ay be fa ta l, m anual artific ia l re sp ira tio n  
should be adm inistered a t the earliest possible mom ent, w hether o r not an  in h a la to r o r a 
resuseita to r is expected. The Council has advocated R ed Cross tra in in g  o f persons fo r  
giving first aid by m anual methods. The Council has fa iled  to find a single instance  in  
which loss of life  or in ju ry  has been caused by accepted resuseita tors.

H . H eu k elek ia n
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T h e  P . F . T .  S u p e r n a t a n t  G a u g e  F u r t h e r  

I m p r o v e s  t h e  W i t h d r a w a l  o f  S u p e r n a t a n t

Details of Supernatant Gauge, Sight-Glass and 
Sampler.

P.F.T. Supernatant Selector installed in digestion 
tank. It is equally effective regardless of where 
the liquid m ay be located in the tank. The slots 
in the vertical tube are sufficiently narrow to 
hold back liquid containing large amounts of 
solids, resulting in the w ithdrawal of the best 
supernatant.

The P.F.T. Supernatant Selector, detailed 
in the drawing below, has provided a 
simple and effective means of removing 
from digesters only the best supernatant 
liquor at a desirable slow and continuous 
rate.

To properly control the rate of with
drawal, the P.F.T. Supernatant Gauge, 
Sight-Glass and Sampler shown at the left 
have been developed for use with the 
Supernatant Selector. Control of the rate 
of withdrawal is provided by an indication 
of the rate by the head showing in the 
unit for a selected gauging orifice. Samples 
of supernatant can easily be obtained with 
the sampling provisions incorporated in 
the unit.

When the rate of withdrawal of super
natant liquor drops below rate established, 
the supernatant selector may be back- 
washed either with the treatment plant 
effluent, treated supernatant or a tem
porary water connection. A  backflushing 
connection is furnished as a part of the 
gauge unit. The frequency of backflush 
based on observation of a number of the 
twenty installations now in service varies 
from a daily schedule for an overloaded 
primary digester to several months for a 
secondary digester.

Write for complete information and 
operating data.

4Î41 RAVENSWOOD AVENUE, CHICAGO NEW YORK CHARLOTTE, 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  1891
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7 2 - i n c h  f l a n g e d  Y - B r a n c h  w e ig h i n g  1 7  t o n s  b e i n g  s e c u r e d  to  s p e c ia l  
u n d e r s l u n g  c a r  f o r  r a i l  s h i p m e n t  to  a  W a r  P r o j e c t .  D r a w n  b y  R ic o  
L e b r u n  f o r  U . S . P i p e  &  F o u n d r y  C o .

O ur fa c ilit ie s  for p ro d u c in g  f it t in g s  and  

c a s t in g s  in  large  s izes  are a d e q u a te  for  

an y  r e q u ir e m e n t. A n ex p er ien ce  o f  m o re  

th a n  fo r ty  years in  d e s ig n in g  p ip e  an d  

f it t in g s , as w ell as sp ec ia l c a s t in g s , for  

o u t-o f- th e -o r d in a r y  r e q u ir e m e n ts , is  a t  

you r serv ice . In q u ir ie s  receive  p ro m p t a t 

te n t io n  an d  e n ta il  n o  o b lig a tio n .

U.S.
cast iron
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T JU B L IC  w orks p lan n ers w h o  see  beyon d  today  are look in g  to  
N orton  P orou s P la te s  and  T ub es as th e  m odern  m ed iu m  for 

to m orrow ’s a c tiv a ted  s lu d g e  sew age p la n ts . For N orton  P orous 
M ed iu m s are th e  p ion eers in  th e  field  o f  fused  a lu m in a  diffusers. 
N o rto n  en g in eers exercise th e  c lo ses t co n tro l over su ch  e ssen tia l  
q u a lit ie s  as p erm ea b ility , porosity , pore size  and  w et pressure  
lo ss . T h e  d iffu sion  o f  air is  th e  prim ary req u irem en t o f  a c ti
vated  s lu d g e  sew age sy s tem s and  N o rto n  P orou s M ed iu m s per
form  th is  service w ith  m a x im u m  effic iency and  m in im u m  oper
a tin g  c o sts  over a lo n g  period o f  t im e .

NO RTO N COM PANY W orcester 6, M ass.

For those who plan for tomorrow...
NORTON POROOS PLATES and TORES
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FIGURE 58C 
" V A R E C ” ^A pproved  
PRESSURE RELIEF 8C 
V A C U U M  BREAKER  
VALVE W IT H  FLAME 

ARRESTER

I nstalled on digester and 
gas holder domes, it affords 
emergency pressure relief and 
prevents flame entrance from 
atm ospheric d isturbances. 
E q u ip p e d  with telescopic 
flame arresting element for 
easy inspection and m ainte
nance. Pure aluminum con
struction—noncorrosive.

T he "VAREC” Engineering 
Department and Laboratories 
are always ready to collaborate 
with you at your command. 
Askfor your copy of “VAREC” 
Sewage Gas Control and Safety 
Devices Catalog and Hand
book No. S-3.

S P E C I F  V

H P P R O V E D

EIMP ni EUT
TO

C O IT R B l  S e w a g e -  BBS 

5 H F E L Y ,  E F F I C I E N T L Y ,

m i d  E i a n o m i c n i i v . .

“ V A R E C ” Approved S e w a g e  G a s  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 ” Equipm ent stand
ard by Sanitation Engineers everywhere.

THE VAPOR RECOVERY SYSTEMS C O M PA N Y
C om pton, C a lifo rn ia

B ranch  Offices —  S tocks ca rrie d  a t :
NEWYORK, N.Y. -  NEW ORLEANS, LA. TULSA, OKLA. 
HOUSTON, TEX. Agencies Everywhere

PRESSURE REGULATORS MANHOLE COVERS FLAME ARRESTERS MANOMETERS

SUPER 
SENSITIVE 

PRESSURE REGULATORS HANDHOIE COVERS
WASTE GAS 

BURNERS DRIP-TRAP ASSEMBLIES .
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F O R  T H E  S M A L L  S E W A G E  P L A N T  

l  T H E  R O Y E R  “ J R ”  I S  I D E A L  i

This Royer “ Jr . ”  Sludge Disintegrator is converting sludge into 
fertilizer at Lincolnton, North Carolina— population 4,525.

Although the amount of sludge from this sewage disposal plant is 
but 20 to 25 tons per year, the officials are reported as well pleased 
w ith  their Royer; especially for the ease w ith  which it can be moved 
anywhere on the drying basin. Fertilizer produced by this Royer is 
used on the city cemetery and school lawns. Farmers and gardeners 
take the surplus.

In cities of every size throughout the nation, Royers are making 
marketable fertilizer out of sludge at a cost no greater than that of 
burial or incineration. A ll the labor required is shoveling the sludge 
cake into the hopper. The machine shreds, mixes, aerates and 
further dries the material; discharging onto pile or truck an effective, 
ready-to-use fertilizer, which finds a ready market among V ictory  
gardeners and commercial growers.

The Royer “ Jr . ”  has proved ideal for the smaller communities. In 
the larger cities other Royer models of greater capacities are producing 
substantial revenues for sewage disposal plants.

W r ite  for the Sewage Sludge U tilization Datalog.

FOUNDRY & MACHINE CO.
1 7 6  PRINGLE ST., KINGSTON, PA.

PIONEERS LIN THE 
SALVAGE OF 
SEWAGE 
SLUDGE 1
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LET MINUTES OF EASY 
WORK TAKE THE PLACE 

OF HOURS OF TOIL
H e re ’s th e  m o d e rn  w a y  to  
c le a n  s e w e rs  — E l im in a te  
9 0 %  o f  y o u r se w e r d ig -u p s. 
C u t o u t  th e  b a c k b re a k in g  
to il  o f  th e  o ld , o u t-m o d ed  
m eth o d s .

J o in  th e  th o u sa n d s  o f  e n 
th u s ia s tic  F L E X IB L E  users 
fro m  C o as t to  C oast.

W rite fo r  special descriptive 
catalog and instruction manual 
e x p la in in g  th e  W h y s  a n d  
W h e refo res  o f  F L E X IB L E 'S  
b ig  tim e- and  m o n ey-sa v in g  
record.

F L E X I B L E  S E W E R - R O D  E Q U I P M E N T  C O .
9059 VENICE BOULEVARD LOS ANGELES, CALIFORNIA
401 BROADWAY. NEW YORK, N. Y. • PICKWICK BLDG.. KANSAS CITY, MO.

IN CIN ERATIO N  ENGINEERS

i u i h o l s  E n c m E E R i n c  &  

R E 5 E R R I H  ( 0 R P 0 R H T I 0 R
6 0  WALL TOWER NEW YO R K , N. Y.

Consultants • Designers • Constructors

A f f i l i a t e  w i t h

F e d e r a t io n  of S e w a g e  W o r k s  A s s o c ia t io n s
For particu lars w rite  

W. H . W IS E L \, E x e c u tiv e  S e c r e ta ry , 325—6 I llin o is  B ld g ., C h a m p a ig n , I ll in o is



*)tt Sewaye

W h en  m aking decisions, facts are often more 
im portant than judgm ent. T he figures result
ing from accurate measurement are essential 
facts to  th e  p ro p er  m a n a g em en t o f  every  
sew age disposal plant.

M eters answer such ever-occurring questions as:

" H ow much hot water was used to heat the 
EMCO Sludge digestion tanks during that sub-zero period?”

Gas Meter
"W hat was the volume o f  gas produced in 
digestor No. 3 during the past 24 hours?”

"H ow  many cubic feet o f  sludge gas d id  
we generate last month a n d  what d id  
it save over the cost o f  purchased power?”

EM CO S lu d g e  G as M ete rs  and  P IT T S - 
B U R G H -E M PIR E  H o t and C o ld  W ater  
Meters provide treatment plant m anagem ent 
with the necessary too ls for efficient operat
ing control. They em body the best in de
sign, thought, material, and workm anship.
Made in a com plete range o f  sizes and types 
for every operator’s requirement. W rite for 
illustrated literature.

P I T T S B U R G H  E Q U I T A B L E  ME T E R  CO.
Atlanta Houston M E R C O  N O R D S T R O M  VALVE CO . Los Angeles Boston
Brooklyn Pittsburgh M a in  O ffices, P IT T S B U R G H , P A . Seattle Buffalo
Chicago Kansas C ity  Tulsa San Francisco N e w  York

National M e te r Division, Brooklyn. N. Y.

EMPIRE 
Water Meter

N O R D S T R O M

jß t t ia ic d te id

V A L V E S
PROVIDE POSITIVE FLOW LINE CONTROL

A great m ajority o f  the large sew 
age treatm ent plants built during  
the im m ediate pre-war p eriod  are 
N ordstrom  V alve controlled . T he  
engineers w h o  specified them  and 
operators w ith  daily experience  
for guidance are m ost enthusiastic  
over their perform ance.
T h e sw in g  to N ordstrom  V alves 
cam e through dem onstrated su
perior perform ance. N ordstrom  
Lubricated P lug V alves are leak- 
resistant— they always op en  or 
close easily. T heir patented  de
sign nullifies the affects o f  cor
r o s io n  or e r o s io n . 
N o r d s t r o m s  w i l l  
outlive the average 
valve several times 
over. A pply  N ord- 
strom s to  your valve 
problem s and save. Nordstrom Valve

r i i r c h - f m p i r f E M C O  S E W A G E
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SLUDGE GAS MEETS ITS MATCH IN BITUMASTIC No. 5 0

Bitumastic No. 5 0  pro

v i d e s  p o w e r fu l  p r o te c 

tion against the corrosive  

effect of sludge gas on 

s te e l  a n d  c o n c re te  su r

fa c e s .  F o r  th is  u n iq u e ,  

h e a v y - b o d i e d  c o a l  tar 

base  coating, applied  in 

film th ick n esses  up to 1-

1 6 -inch in  m ultiple coats, 

stands up u nder lon g  time 

exposure  to se w a g e  and 

sew ag e  gas.

Fo r adequate corrosion 

protection for your s e w 

age  p lant equipm ent and  

structures use  Bitum astic  

No. 5 0 .

D is tr ib u to r s  in  p r in c ip a l  c i t ie s

WAILES D O V E - H E R M I S T O N  C O R P O R A T I O N
Westfield, New  Jersey  

N E W Y O R K  •  PHILADELPH IA .  CLEVELAND .  C H I C A G O  

H O U S T O N  • TULSA • MIAMI • S A N  F R A N C IS C O  • L O S  ANGEL ES
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Water can be either friend or foe. 
When it carries disease, water is a 
deadly foe. Chlorine makes it a friend.
Chlorine’s protective armor against 
water-borne disease is defending our 
armed forces everywhere. In base hos-
Eitals Chlorine guards wounds against 

acteria, in camp laundries it protects 
clothes, in foot baths it battles com 
mon fungus infections. And every
where, Chlorine and its compounds 
are helping make drinking water safe.
It is to these purposes that the prin
cipal output of Penn Salt Chlorine 
Products are dedicated right now. As 
you can see, military demands m ust 
be answered first. But while this is 
happening a vast fund o f experience
and expanded facilities is being cre
ated. And this will be dedicated to  
the more effective service of our cus
tomers when peace returns again.

P E N N S Y L V A N I A  S A L T
M A N  u/ T a^ C  T U R I N G  C O A *  P A  N  Y

1000 W ID EN ER  BU ILD IN G , PH ILA D ELPH IA  7, P A .

NEW YORK • CHICAGO • ST. LOUIS • PITTSBURGH 
CINCINNATI • MINNEAPOLIS • WYANDOTTE • TACOMA

Pe+tst S a i t  *na*uifactu>ie4. 
LIQ U ID CH LO R IN E

for w ater sanitation and 
sew erage treatment

a lia
Perc/>/oron* • Anhydrous Ammonia Filter Alum • Ferric Chloride Sodium Alumínate • Chloride of Lime Caustic Soda and other products *Trade-Mark Reg. U. S. Pat. Off.
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DIRECTORY OF ENGINEERS

A LBRIGHT & FRIEL, INC.
Consulting Engineers

Water, Sewerage, Industrial Waste, 
Garbage, Power Plant and 

Valuation Problems
1520 LOCUST ST. 

PHILADELPHIA, PENNA.

Charles B. Burdick Louis R. Howson 
Donald H. Maxwell

ALVORD, BURDICK & HOWSON  
E ngineers

Water Works, Water Purification, 
Flood Relief, Sewerage, Sewage 
Disposal, Drainage, Appraisals, 

Power Generation 
Civic Opera Building Chicago

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  

4706 Broadway, Kansas City, Mo.
Sewerage, Sewage Disposal, Water Supply, Water Purification, Electric Lighting, 
Power Plants, Valuations, Special Investigations, Reports and Laboratory Service 
E. B. Black N. T. Veatch, Jr . A. P. Learned H. F. Lutz

F. M. Veatch J. F. Brown R. E. Lawrence E. L. Filby

C L IN T O N  L . B O G E R T
C o n s u l t i n g  E n g i n e e r
Water Supply and Treatment 

Sewerage and Sewage Treatment
624 Madison Avenue 

New York 22, New York

B U C K ,  S E I F E R T  A N D  J O S T
C onsu lting  E ngineers

(FORM ERLY NICHOLAS S. H IL L  ASSOCIATES)

Specializing in Sewerage and Sewage Disposal, 
Water Supply and Water Purification, 

Valuations and Reporta
Chemical and Biological Laboratories 

112 East 19th Street New York, N. Y.

burns & McDonnell engineering co.
M c D o n n x l i^ S m it h - B a x d w in - T im a n u s - M c D o n n e l l

Consulting Engineers since 1897
W a te r w o r k s ,  L i g h t  a n d  P o w e r , 
S e w e r a g e ,  R e p o r t s ,  D e s i g n s ,  
A p p ra is a l s ,  R a t e  I n v e s t i g a t i o n s .

Kansas City 2, Mo. 107 West Linwood Blvd.

T H O M A S  R .  C A M P
Consulting Engineer

Water Works and Water Treatment 
Sewerage and Sewage Treatment 
Municipal and Industrial Wastes 

Investigations and Reports 
Design and Supervision 

Research and Development 
Flood Control

(> Beacon St. Boston 8, Mass.

THE CHESTER ENGINEERS
C a m p b e l l ,  D a v is  &  B a n k s o n

W ater Supply and Purification, Sewerage 
and Sewage Treatm ent, Power Develop
m ent and A pplications, Investigations 
and Reports, Valuations and Rates.

2 1 0  E .  P a r k  W a y  a t  S a n d u s k y ,  
P i t t s b u r g h  1 2 ,  P a .

FAY, SPOFFORD & THORNDIKEENGINEERS
Charles M. Spofford 

John Aier Carroll A. Farwell
Bion A. Bowman Ralph W. Horne

Water Supply and Distribution—Drainage 
Sewerage and Sewage Treatment—Airports

Investigations and Reports 
Designs Valuations

Supervision of Construction 
Boston New York

CONSOER, TOWNSEND & ASSOCIATES
W ater Supply—Sewerage—Flood Con
trol & Drainage— Bridges—Ornamen
ta l S tree t L ighting— Paving—L ight 
and Power Plants. Appraisals.

Chicago Times BIdg., 211 W. Wacker Drive

W IL L IA M  A. G O F F
C on su ltin g  E ngineer  

Private and Municipal Engineering 
Sewerage, Sewage Disposal 

Water Supply and Treatment 
Garbage, Refuse, Industrial Wastes 

Design, Supervision, Valuations, Reports 
Broad St. Station Bldg., Philadelphia

B L U E P R IN T  N O W / With the Aid of These Outstanding Consultants
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: :  D IR E C T O R Y  O F  E N G I N E E R S  : :

GANNETT FLEMING CORDDRY AND CARPENTER, INC.
H ARRISBURG , PE N N SY L V A N IA

:: E N G I N E E R S  ::
Preparation of 

P O S T  W A R  R E P O R T S  A N D  P L A N S

G R E E L E Y  & H A N S E N
E n g in e e rs  

Samcel A. Greeley Padl Hansen 
Paul E. Lanodon Kenneth V. H ill  
Thomas M. N iles Samcel M. C larke

Water Supply, Water Purification, 
Sewerage, Sewage Treatment, Flood 
Control, Drainage, Refuse Disposal 

6 N. Michigan Are., Chicago

H A V E N S  A N D  E M E R S O N
(formerly Gascoigne & Associates)

W. L. Havens C. A. Emerson 
A. A. Burger F. C. Tolies F. W. Jones

Water, Sewage, Qarbage, Industrial 
Wastes, Valuations.—Laboratories

Deader Bldg. Woolworth BIdg. 
Cleveland New Tork

K E I S  &  H O L R O Y D
Consulting Engineers
Formerly Solomon & Keis 

Since 1906
Water Supply and Purification, Sewerage and 

Sewage Treatment, Garbage and Refuse 
Disposal and Incineration, Industrial 

Buildings.
TROY, N. Y. FT. LAUDERDALE, FLA.

M O R R IS K N O W L E S, In c . 
E ngineers

Water Supply and Purification, Sewer
age and Sewage Disposal, Valuations, 

Laboratory, City Planning.

1312 Park Bldg. Pittsburgh 22, Pa.

M E T C A L F & EDDY  
E ngineers

Water, Sewage, Drainage, Refuse and 
Industrial Wastes Problems 

Laboratory Valuations 
Airfields

Statler Building
Boston 16

MALCOLM PIRNIE
E n g in e e r

Sewerage, Sewage Disposal,
Water Supply, Treatment, 
Reports, Plans, Estimates, 
Supervision and Operations 

Valuation and Rates.
25 W. 43rd S t. N ew  Y ork 18, N . Y .

R O BER T T . R E G E ST E R
C o n su ltin g  E ng ineer

Sewerage—Sewage Treatment 
Water Work«—Industrial Wastes 
Flood Control—Fire Protection

Advisory Service, Reports and Designs 
Baltimore Life Building 

Baltimore, Md.

R U S S E L L  a n d  A X O N
C o n su ltin g  E ngineers  

Geo. S. Russell John C. Pritchard 
Joe Williamson, Jr. F. E. Wenger
Sewerage, Sewage Disposal, Water Sup
ply, Water Purification, Power Plants, 
Appraisals, Rate Investigations, Reports, 
PlanB, Specifications.
4903 Delmar Blvd. St. Louis

STANLEY ENGINEERING COMPANY
Sewerage—W a ter work s 

Drainage—Flood Control 
Electric Power—Airports

Central State Bank Building 
Muscatine, la.

WHITMAN, REQUARDT & ASSOCIATES
Engineers— C o n su lta n ts

Civil—Sanitary—Structural 
Mechanical—Electrical 

Reports, Plans, Supervision, Appraisals 

1304 St. Paul Street Baltimore 2, Maryland

B L U E P R IN T  N O W / With the Aid of These Outstanding Consultants
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•  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
lo a d in g . ..  w ith  the

A C C E L O -  

F I L T E R

D i r e c t  r e c i r c u l a t i o n  o f  filter  
effluent through the rotary distrib
utor with the resultant continuous 
inoculation is responsible for the 
economy and efficiency o f this re
markable sewage treatm ent 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.

D osage rates are higher. Anaerobic 
decomposition and the attendant 
odors are avoided by repeated aera
tion o f the sewage and freshly acti
vated material.

The Accelo-Filter is being m et 
with enthusiastic acceptance. W rite 
today for a com plete description. 
Send for Bulletin 2415.

D [ F  D [L E  0  INTERNATIONAL FILTER CO.
INCORPORATED 32 5 W. 2 5TH PLACE, C H ICAGO, I LL.

Y O U R  P A C K IN G  W O R R IE S  A R E  O V E R
When You Pack Your Sludge-Sewage Pumps With

M A B B S  R A W H I D E  P A C K I N G
• PREVENTS WEAR AND CU TTING  OF SH A FT S
• IS AN T I-FR IC T IO N A L —SAVES POWER
• WATER IS ITS BEST LUBRICANT
• LASTS MUCH LONGER

P R O M P T  S H I P M E N T  O F  A N Y  S I Z E

M A B B S  H Y D R A U L IC  P A C K IN G  C O .
4 3 1  S .  D E A R B O R N  S T . Incorporated 1892 C H IC A G O  5 , IL L .

O N L Y  lO O  C O P IE S  L E F T !
OF

M o d er n  S e w a g e  D is p o s a l
The Federation's Tenth Anniversary Book

$ 2 .5 0  to JOURNAL subscribers $ 3.50 to N on-subscribers

W. H. WISELY, Executive Secretary  
325-6 Illino is B uild ing  - .  C ham paign , Illino is
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B U I L D E R S -  P R O V I D E N C E

M E T E R

BUILDERS QUALITY

VENTURI DESIGN

DIRECT READING

ACCURATE

LOW co:

C H E C K  T H E S E  Ü  IMPORTANT ADVANTAGES
y f  LOW COST: Produced by modem facilities 

in sizes 2'to 24'. Flange, bell and spigot or saddle 
type mounting; easily installed in any position. 
Complete in itself no extras to buy.

y f  ACCURATE: Within 2% over wide range 
of flow. Straightening vanes correct spiral flow.

y f  DIRECT READING: Flow-driven, the count
er registers flow in gallons directly, without clocks 
or electricity.

V  VENTURI DESIGN: Provide, more uniform 
velocity distribution at propeller, resulting in in
creased accuracy and range, plus ample power to 
drive auxiliary units.
^  BUILDERS QUALITY: Preci.ion-made

with excellence of workmanship and design gained 
in over 50 years of fine instrument making.

Write for Bulletin 350. Address Builders- 
Providence, Inc., (division of Builders Iron 
Foundry), 9 Codding Stzeet, Providence f,R. I.

"BLUE PRINT NOW”
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Jeffrey Floc- 
trols and pri
mary settling  
tanks in large 
sew age treat
m ent plant in 

Wisconsin.

E Q U I P P E D

M E A N S  E ffic ien t Perform ance

IN SEWAGE 
AND W ATER TREATMENT 

PROCESSES . . .

Many sewage and water treatment plants all 
over the country are using Jeffrey units o f im
proved design for efficient operation. We will 
send you a list o f these Jeffrey-equipped plants 
upon request.

Bar Screens 
Chemical Feeders 
Grit Collectors 
Grit Washers

Floctrols
Dried Sludge Grinders 
Sludge Collectors 
Screenings Grinders

And Equipment for Biofiltration Plants

Jeffrey  m ech a n ica lly -c lea n ed  bar 
screen— rakes enter screen from  d is 
charge side . N o jam m ing at bottom  

of screen.

THE JEFFREY MANUFACTURING COMPANY
(,Established in 1877)

9 0 2 -9 9  North Fourth Street, Columbus 16, Ohio
BALTIMORE 1 
BIRMINGHAM 3
BOSTON 16 
BUFFALO 2

CHICAGO 1 
CINCINNATI 2 
CLEVELAND 13 
DENVER 2 
DETROIT 13

HARLAN 
HOUSTON 5 
HUNTINGTON 19 
MILWAUKEE 11 
NEW YORK 7

PHILADELPHIA 3 
PITTSBURGH 22 
ST. LOUIS 3 
SALT LAKE CITY 1 
SCRANTON 3
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CONKEY SLUDGE FILTERS

Conkey Sludge Fillers are efficiently dewatering sludges such as 

primary, elutriated digested, bio-chemical and certain industrial 

wastes in large and small communities.

The adaptability of Conkey filters to different sludges and wastes, 

and their flexibility of operation, has made them standard equip

ment for sludge dewatering operations in outstanding waste dis

posal plants throughout the country.

Conkey engineers can be helpful— now— in assisting municipal 

and consulting engineers prepare plans for badly needed sewage 

and waste disposal plants.

G eneral Am erican Process Equipm ent is a 
consolidation of four outstanding  process 
equipm ent m anufacturers, each a well-known 
specialist in its field, now welded together to 
serve you with one organization, one respon
sibility and one high standard  of perform ance. 

This Division is also closely associated with 
the P late and W elding Division o f G eneral 
A merican Transportai ion Corp. at S haron , Pa., 
where Conkey S ludge filters are fabricated.

G E N E R A L  A M E R I C A N  P R O C E S S  E Q U I P M E N T
A  D iv is io n  o f  G e n e r a l  A m e r ic a n  T r a n s p o r ta t io n  C o r p o r a tio n

E . e c i t l v .  O ffic e s , US 5  BA X TER  A V E N U E , L O U IS V IL L E  U, K E N T U C K Y  

N ew  Y o rk  O f f ic e !  U 2 0  L E X IN G T O N  A V E N U E , N E W  Y O R K  17

tioNATING COLUMNS. TURBO MIXERS. CONKEY VACUUM AND AMERICAN DRUM DRYERS LOUISVILLE DRYERS
fW RRESSURE VESSELS ACITATORS. AERATORS PRESSURE FILTERS AND ELAKERS COOLERS. KILNS ’

CONKEY VACUUM 
EVAPORATORS
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RIGID INSPECTION
AND TESTING —

The highest quality of engineering 
design and of w orkm anship  has 
always been the ideal of the De 
Laval S team  T urb ine Company. 
High grade machines can be pro
duced only by care in selecting and 
purchasing materials and by the use 
of specialized equipment, including 
precision tools, gages, jigs and 
m easuring  devices, followed by 
limit-gage inspection of finished sur
faces and by thorough testing of 
completed units.

D E  L A V A L
S T E A M  T U R B I N E  C O M P A N Y

TRENTON 2, NEW JERSEY

S E W A G E  T R EA T M EN T  PLA N T S  
Send for Bulletin 120 on

S p i r a f l o  C l a r i f i e r s
and ^

Aero-filter Bulletin 112

Low in i t ia l  c o s t .
Low operating cost.

IT'S THE DISTRIBUTOR 
THAT DOES THE TRICK

★ ★ ★

W A T E R  T R EA T M EN T  P L A N T S  
Send for Bulletin 36

LAKESIDE ENGINEERING 
CORPORATION
2 2 2  W . A dam s S t .

C H IC A G O  6  IL L IN O IS

L a M O T T E  S L U D G E  

p H  O U T F I T

This outfit em
ploys the dilu
tion method for 
determining the 
pH of sewage 
sludge which ob- 

I viates the neces- 
sity for centri

fuging or fdtering and therefore en
sures the minimum chance for escape 
of carbon dioxide. This outfit con
tains all necessary equipment and 
is packed in a compact carrying 
case. Price complete with instruc
tions $35.00 f.o.b. our laboratories.

“ O u r  F i f t y  N i n t h  Y e a r ”  
S e r v i n g  A m e r i c a
Doing The Things We Know Best

LaMOTTE Chemical Products Co.

DEPT. SW, TOWSON 4
m m m mBALTIMORE, MD.

POLITECHNIKI

SA N IT A R Y  E N G IN E E R S
S e n d  f o r  F a c t s  o n  L a t e s t

G ruendler Sewage Shredders
f o r  M u n i c i p a l  S e w a g e  P l a n t s

For disintegration of Rag Stock, Garbage, 
Floatablea, and Fibrous Materials with out 
C.hoke Down ao as to pass Screen Bar— 

Select a GRUENDLER SHREDDER.

G R U E N D L E R
C R U S H E R  & P U L V E R IZ E R  CO. 
2929 N. M arket St. St. Louis, Mo.

Builders of
GARBAGE 
DISPOSAL 

SHREDDERS 
for Battleships, 
M erchant 

M arine 
and 

Municipal 
Plants



IN D E X  TO ADVERTISERS

Albright & Friel, Inc...........................................................................................  30
Aluminum Co. of America ...............................................................................  9
Alvord, Burdick & Howson ...............................................................................  30
American Brass Co...............................................................................................  12
American Well Works .......................................................................................  1
Black & Veatcli ....................................................................................................  30
Bogert, Clinton L .................................................................................................. 30
Buck, Seifert & Jost .........................................................................................  30
Builders Providence, Inc.....................................................................................  33
Burns & McDonnell Engineering Co................................................................  30
Camp, Thomas R ...................................................................................................  30
Carter Company, Ralph B...................................................................................  17
Cast Iron Pipe Research Assn............................................................................  20
Chain Belt Company .........................................................................................  8
Chapman Valve Mfg. Co............................................................................... 10-11
Chester Engineers, The .....................................................................................  30
Chicago Pump Company ...................................................................................  15
Consoer, Townsend & Associates ..................................................................... 30
De Laval Steam Turbine Co..............................................................................  36
Dorr Company, The ............................................................................................ 3
Dresser Mfg. Co.....................................................................................................  19
Economy Pumps, Inc...........................................................................................  13
Fay, Spofford & Thorndike .............................................................................  30
Flexible Sewer Rod Equipment Co...............................................................  26
Gannett Fleming Corddry and Carpenter, Inc............................................... 31
General American Process Equipment Co.......................................................  35
General Chemical Co.............................................................................................  18
General Electric Co............................................................................................... 14
Goff, William A....................................................................................................  30
Graver Tank & Mfg. Co......................................................................................  16
Greeley and Hansen ...........................................................................................  31
Gruendler Crusher & Pulverizer Co................................................................ 36
Havens and Emerson .......................................................................................  31
Infilco, Inc..............................................................................................................  32
Jeffrey Mfg. Co., The .......................................................................................  34
Johns Manville .................................................................................................... 5
Keis & Holroyd .................................................................................................. 31
Knowles, Inc., Morris .......................................................................................  31
Lakeside Engineering Corp................................................................................. 36
LaMotte Chemical Products Co........................................................................  36
Link Belt Company  .......................................................................................  5
Mabbs Hydraulic Packing Co............................................................................  32
Metcalf & Eddy .................................................................................................. 31
Nichols Engineering & Research Corp..............................................................  26
Norton Company ................................................................................................ 23
Pacific Flush-Tank Co.........................................................................................  21
Pennsylvania Salt Mfg. Co................................................................................  29
Pirnie, Malcolm .................................................................................................. 31
Pittsburgh Equitable Meter Co.......................................................................... 27
Regester, Robert T ...............................................................................................  31
Royer Foundry & Machine Co............................................................................  25
Russell and Axon ...............................................................................................  31
Stanley Engineering Company........ ................................................................... 31
U. S. Pipe & Foundry Co....................................................................................  22
Vapor Recovery Systems Co.  ....................................................................  24
Wailes Dove-Hermiston Corporation ..............................................................  28
Wallace and Tiernan Company, Inc......................................................Back cover
Whitman, Requardt & Smith ........................................................................... 31
Wood Company, R. D ..........................................................................................  4
Yeomans Brothers .............................................................................................  7

When writing advertisers, please mention SEWAGE WORKS JOURNAL

Page

LANCASTER PR E S S , IN C .,  LA N CA STER, PA .



In planning for the future needs of your sewage-plant consider the 
advantages of using chlorination for these purposes —

For disinfection For the conditioning of return

e  For odor control

supernatant liquid

For corrosion and concrete 
disintegration control

For B.. O. D. reduction

© To improve settling and con
trol foaming

To prevent sludge bulking

For sludge conditioning

O As an adjunct in chemical pre
cipitation

© For trade waste control

Consult your W&T Representative, or write to our Engineering Department, 
for technical information on these various applications of chlorination.

“The Only Safe Sewage is a Sterilized Sewage"

W A L L A C E  &  T I E R N A N
C O M P A N Y ,  I N C .

M ANUFACTURERS O F  CHLO RIN E A N D  A M M O N IA  CO NTRO L APPARATU S 

NEW ARK 1 ,  NEW  JERSEY •  REPRESENTED IN PRIN CIPAL CITIES
SA-163


