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R a w  W a s te 342 370
P r im a r y  E fflu e n t 235* 13.4
I n f lu e n t  to  F i l te r 5 1 0 f
F i l t e r  E ff lu e n t 99 143
I n te r m e d ia te  E fflu e n t 58 65
%  R e d u c tio n  F i l t e r  In f lu e n t  th ro u g h  I n te rm e d ia te  E fflu en t 89.5
F in a l  E fflu e n t 13 15
%  O v e ra ll R em o v a l 97.5 96

D o m estic , M alt, B rew ery  and  
  C ann in g  W a ste s

5 BOD S usp en d ed
S o lid s

♦H igh  Soluble 5 BOD from  m a lt and  brew ery .
•{•Pea w a s te ;  600-1200 ppm . 5 BOD, added in  p rim ary  effluent.
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A m & U c c u t ßio-A c t iv a t io n
WASTE TREATMENT

COVINGTON
OHIO

CHILTON
WISCONSIN

FLOW SHEET

/ i ia - A c t iu a t ia t l  combines the best qualities of both the trickling filter and the acti
vated sludge process to produce a completely stable, nitrified effluent, low in B. O. D. 
and suspended solids.
__________________  TYPICAL OPERATING RESULTS
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Dorrco Doings in 1944
E x c e r p t s  f r o m  M r. D o r r ' s  "a n n u a l le t t e r ”  a d v e r t is e m e n t  p u b l is h e d  in  f u l l  
in  W a t e r  W o r k s  S e w e r a g e  a n d  S e w a g e  W o r k s  E n g in e e r in g  f o r  J a n u a r y .

'44 is ending w ith  "W h e n ” still indefinite. 
T echnology  p lus th e  courage and bravery  
of free peoples fighting for th e ir hom es have 
been the  deciding factors.

T he postw ar w orld from  all v iew poin ts— 
political, social, and econom ic— m ust be con
sidered only as a whole.

T h e  recent cam paign has show n th a t 
A m erica realizes a t last, w orld so lidarity  
m eans c iv ilization’s survival.

W h atev er the basis—and it 's  obvious th a t 
m ethods are legion— one th in g  s tan d s out 
above a ll: W e m ust plan for a w orldw ide 
freedom  to  grow .

T he M.R.A. is doing w ork of g rea t s ig 
nificance especially in in dustria l relations. I 
saw  a play "T h e  F o rg o tten  F a c to r” recen tly  
p u t on by them , the  thesis of w hich w as th a t 
d isharm ony a t hom e becom es troub le  indus
tria lly  and nationally  and finally in te rn a 
tionally . O ne phrase  s tuck  w ith  m e: N ot 
“w ho’s r ig h t”, b u t ‘‘w h a t’s r ig h t.” I t  is im 
possible to say how  far we could go if we 
coujd w ork  on th a t line alone.

I ’m afraid w e're  all too inclined to w ant 
to change the  o th er fellow  instead  of ou r
selves. I cam e aw ay in a very  hum ble  fram e 
of m ind w hich stays w ith  m e. T h ey  m ay 
have the  answ er to  a lot of ou r trouble.

T he book of R ussell D av en p o rt’s called 
"M y C o u n try ” m ade me even m ore hum ble. 
H ere  is a poet saying th in g s to  m ake you 
stop and think. H ere  is a p ictu re  of our 
c o u n try ’s ideals w hich should m ove all of 
us. L e t me give you a few of its m any 
quotable  lines.

“T he E m b attled  D estination  of the  free 
N ot peace, no t rest, no t p leasure 
B ut to dare  to  face the axiom  of dem ocracy. 
F reedom  is not to  lim it bu t to  share 
A nd freedom  here is freedom  everyw here .”

SA N ITA RY
P o s t w ar p lann ing  p rog resses. "B L U E  P R IN T  

N O W ” is becom ing an  accom plished  fact.
In  em ergency  cases like th a t of K ansas  C ity, 

Kan., p rio rities  g ran ted  allow ed s ta r tin g  a g ig an 
tic new  w ater p lan t to  be fully D o rr equipped.

D evelopm ent w ork from  fundam enta l investi
gation  to  equipm ent im provem en t has continued. 
C om ing in to  sigh t a fte r long  te stin g  periods are 
therm ophyllic  d igestion  to  cu t d ig e sto r space in 
half and dual c larification applicable  to  high  ra te  
filter p lan ts , w hile ou r V acu a to r reach ing  from  
syn thetic  rubber to Sew age is developing as a 
scum  and  g rit rem over unit.

IN D U S T R IA L  W A STE T R E A T M E N T
A large p lan t fo r the  tre a tm e n t of sw eet po ta to  

s ta rch  w aste  in F lo rid a  is com pletely  D orr 
equipped and should soon go in to  opera tion . T h is  
p lan t being  bu ilt by the  U. S. S u g ar C om pany 
d e m o n stra te s  th a t p rog ressive  in d u strie s  a re  ready

and  w illing to  bear th e ir sh are  of the  general 
plan  fo r s tre am  im provem en t. I t  com bines the  
advan tag eo u s fea tu res  of p re -d iges ting  the  s tro n g  
w aste  follow ed by high ra te  trick ling  filter tre a t
m ent.

D-I SYSTEM
H aving  devo ted  th ree  years  to  p ioneer w ork  

on the  tre a tm e n t of chem ical so lu tio n s  by  D e
ion ization , we applied  our know ledge to  the  field 
of w ater tre a tm e n t. A ttra c tiv e  la b o ra to ry  un its  
and com pact se lf-con ta ined  com m ercial p lan ts  
have been developed. O ur w ork  in the  la rg e r p lan t 
field has d em o n stra ted  the  value of s tag e  re g e n 
e ra tio n  first d em o n stra ted  by us on sugar.

SE M I-W O R K S PL A N T
C om ple ting  ou r o rig inal p ro g ram  of '36 a t 

W es tp o rt, w e \s ta r te d  hand ling  m a te ria ls  in M ay. 
D esigned fo r g re a t flexibility, it  p rov ides  fo r 
product-g rind ing , sep a ra tio n s , d isso lu tion  and  fil
tra tio n  on a to n n ag e  scale giv ing  p ro d u c ts  for 
com m ercial d em o n stra tio n  and  da ta  fo r p lan t de
sign. I t  includes also  a full size m agnetic  sep a ra 
to r.

T he  va rie ty  of w ork  b ro u g h t here  has  been  from  
do lom ite  sep ara tio n  to  a re frac to ry  m agnesia  and  
a carb o n ate  filler, to  the  s tab iliza tion  tre a tm e n t 
of apple juice.

O ur staff’s en g ineering  w ork  in the  design  and  
layou t o f th is  build ing  has given us m ore facilities 
and yet p reserved  the  in h e ren t b eau ty  o f o u r 
su rround ings.

A technical m useum  in our “a ttic ” te lls  the  s to ry  
of D o rr D evelopm ents.

ABROAD
As the A xis sh rin k s  we h ea r from  D o rr  E n g i

neers  in libera ted  areas. O ne in E u ro p e  hung  a 
hom em ade A m erican  flag a few m inu tes  too  soon 
and lost a w indow  pane thereby .

O ur p re p a ra tio n s  fo r renew ed  w orld  coverage 
include an  .o rg an iza tio n  th a t recogn izes the  new  
global concep t, and  we expect to  w ork  w ith  ou r 
triends everyw here, sh arin g  o u r experience and 
th a t of ou r a ssoc iates here . A s one well travelled  
eng ineer said to  m e, "Y ou  can g e t m en and  m a
ch inery  to sell, bu t you c an n o t buy o r m anufac tu re  
th ir ty  years of c h a rac te r and  experience".

A s la rg e r and  la rg e r areas are becom ing 
liberated  from  A xis dom ination , w e are  m ak
ing con tact again  w ith  increasing  num bers 
of ou r friends and form er rep resen ta tives, 
abroad. W e w elcom e these  renew ed asso
ciations. A long w ith  ou r N ew  Y ear’s G reet
ings, goes the  hope th a t  1945, as a year of 
v ictory, will u sher in th e  rem oval of all w ar- 
im posed b a rrie rs  to  w orld  trade.
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PIPIN G
Every form of cast iron p ip e—plain end, raised 
end, bell and spigot end, flanged, or m echan
ical joint. It can be provided with cem ent or 
tar lining, or the highly and  perm anently 
impervious Hi-Co Lining. R. D. Wood 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  ac
com panied by its own com plete line of fittings, 
products of one of A m erica's oldest and  best 
equipped foundries. Special fittings make 
possible com plicated piping arrangem ents in 
a  minimum of space.

VA LV ES
R. D. Wood gate  valves a re  unique in  the 
simplicity of their construction and the de
pendability of their operation. They use only 
three moving parts. W e provide them in all 
sizes from 2" to 30" for m anual or power opera
tion, as well as check valves, foot valves, etc.

FLOOR STANDS—ACCESSORIES
Accessories necessary to the piping and  con
trol of sewage, water, or gas. O ur Engineering 
Department will gladly give information, ad 
vice, suggestions, prices, and other assistance.
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The Coagulant that 

Cuts C osts!

Ferri-f loc . . . the  ferric coagulan t  tha t  is 
successfully and  economical ly  used in sewage 
t r e a t m e n t  t h r o u g h o u t  the  U n i t e d  States.  
T a k e  advantage o f  m o d e r n  p la n t  research 
and  findings:  use Ferri-floc.

Tennessee  C o r p o r a t i o n ’s technical  staff will 
he g lad  to  h e l p  you w i t h  y o u r  speci f ic  
p r o b l e m s .  W r i t e  t o  us  t o d a y .  T h e  
consul ta t ion service is free, o f  course.

‘Uhe ¿%Cark of Quality

O S r
TENNESSEE CORPORATION

T E N N E S S E E  C O R P O R A T I O N
A T L A N T A ,  G E O R G I A  L O C K L A N D ,  OHIO



QUICK FACTS ON 
TRANSITE SEWER PIPE

FAST INSTALLATION . . .
Transit e’s long lengths reduce 
the number of joints needed in 
the line . . .  its light weight per
mits easier, faster, more eco
nomical handling.

LESS INFILTRATION . . .
Fewer, tighter joints minimize 
leakage, cutting down on the 
load at the disposal plant.

HIGH DELIVERY CAPACITY . . .
This advantage of Transit e Pipe 
frequently permits smaller pipe 
or flatter grades, resulting in 
shallower trenches.

AVAILABLE BOTH FOR FORCE 
MAINS AND GRAVITY LINES

Complete information is given 
in brochure TR-2 1 A. And for de
tails on lower-cost water trans
porta tion , send for T ransite 
W ater Pipe Brochure T R -1 1 A. 
Johns-Manville, 22 East 40th 
Street, New York 16, N. Y.
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YEOMANS BROTHERS COMPANY
C H I C A G O

9 3%  REMOVAL OF 5-DAY B.O.D.
76%  REMOVAL OF SUSPENDED SOLIDS 

AT LAKE FOREST HOSPITAL

These test figures were taken from a typical week’s 
operation of Yeomans "W ater-W heel" Distributor at 
Lake Forest Hospital, near Lake Forest, Illinois. The 
"W ater-W heel" distributes over a 20-foot filter bed, 
and treats sew age from an institution of 2 2 0  persons 
— laundry, toilets and operating room wastes.

SEND CO UPO N . . . lU ie i «o 6 àlùj,atio*t

Y E O M A N S  B R O T H E R S  C O M P A N Y  
1411 North Dayton Street • Chicago 22, Illinois

Please send Bulletin No. 6552 with full description 
of Yeomans "W ater-W h eel" Distributor.

For small communities, institutions, industrial plants 

YEOM ANS " W o d e n . -  W h e e l "  DISTRIBUTOR

• Low Initial Cost
• Simple Maintenance
• Extraordinary Results

• Serving small isolated communities — 
schools, hospitals and industrial plants 
— this simple, well built unit has made 
an excellent record for unfailing regu
larity and a minimum of attention.

The distributing trough rotates only 
as the water-wheel buckets fill, at any 
rate of flow. The V-notch openings 
with spreader plates are spaced for 
even distribution. C logging and fre 
quent cleaning are prevented.

The “ W ater-W heel" Distributor can 
be used with any kind of primary sedi
ment tank. No dosing chambers or 
siphons are needed, no accessories re
quired. Any good handy-man can 
install and service the unit.

Bulletin No. 6552  gives you full de
tailed information. Send the coupon.
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p l a n n i n g  a  s m a l l  P L A N T

I f  you  a re  . . .  o r  w ill be  p la n n in g  a sm all 
se w ag e-trea tm en t p l a n t . . .  you  w ill w a n t 
to  k n o w , in  advance . . . h o w  y o u r  com 
m u n ity  can  be  fu l ly  p ro tec te d  by  complete 
sew age  trea tm e n t, c o m p a rab le  to  th e  
best in  la rg e r  cities.

G et th e  facts by  c a llin g  in  a  R ex  S a n i
ta t io n  E n g in eer. T h e re  is n o  o b lig a tio n . 
P la n  w ith  h im . L et h im  sh o w  y o u  the  
s im plic ity , e co n o m y  a n d  efficiency th a t 
R ex S a n ita tio n  E q u ip m en t m ak es  p o ss i
b le  in  sm a ll sew a g e-tre a tm en t p lan ts .

Here are a few of the many advantages offered 
by Rex:

The Rex typ e  m echanically cleaned Bar
Screen is engineered specifica lly  to g ive  a ll the 
ad va n ta ge s in design and construction found in 
la rg e  plant units.

The R ex “M .l." Conveyor S lu dge  Collector and 
Skimmer reducesinstallation costs 
and maintains plant efficiency.

The R ex “ M .l.” G rit  Collector is 
a simple, ru g g e d ly  constructed 
unit that assures low  installa
tion cost and high efficiency for 
the sm aller plant.

Rex Aero-Filterpermits much larger daily capacities 
with smaller filte r  bed.

Sm all prim ary settling tanks equipped with  
Rex " M .L ” Conveyor Sludge Collectors.

The Rex Aero -Filter is an exclusive process that 
eliminates the need for excessive  recirculation 
and oversize  prim ary settling tanks. It m ateria lly  
reduces the size  and operating cost o f the plant.

Specia lly  t ra in e d  R ex  sa n ita tio n  e n g i
n eers  can  h e lp  y o u  w ith  y o u r  p ro b lem s. 
Fo r com ple te  in fo rm a tio n , w rite  C h a in  
B elt C o m p an y , 1606  W es t B ruce S treet, 
M ilw aukee  4, W isco n sin .

Rex "M .l.” mechanically cleaned B ar Screen and  
Rex G rit Collector.

S A N I T A T I O N  E Q U I P M E N T
B a r  Screens • To w -B ro  S lu d g e  R e m o v e rs  • S lo -M ix e rs  
R a p id  M ix e rs  • G rit and  S lu d g e  C o llecto rs a n d  G rit  W ashers

CHAI N BELT COMP A NY OF M I L W A U K E E
 M e m b e r o f  the W ater and  S e w a g e  W orks M a n u fa ctu rers  A s s o c ia t io n , Inc.
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I T ’S Y OU R S  FOR T HE  A S K I N G  * 
T his booklet, reviewing some prew ar uses of Alcoa 
A lum inum  Alloys in sewage trea tm en t plants,w ill serve as 
a guide for your postw ar designs. 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 ulf B uilding, P ittsb u rg h  19, Pa.

M A IL TH IS  COUPON FOR A COPY
N am e___________________________________________________________
A ddress_________________________________________________________
City S ta _te_______________

[ALCOAl

ALCOA ALUM INUM  W
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Dependable G A S  D E T E C T I O N  
and A C C U R A T E  I N D I C A T I O N

B E T T E R  S E W A G E  P L A N T  S A F E T Y

- - - - - - - - - - - - - - -  M ' S * A  . . .
c o N » o S tGAS ALARM

This widely-used M.S.A. Alarm pro
v id es c o n tin u o u s , 2 4 -h o u r-a -d a y  
sam pling of confined atmospheres in 
the sewage disposal plant, with instant 

warning when concentration of combustibles in air reaches a pre-de- 
termined limit. Accurate and sensitive to an unusual degree, the instrument 
may be set to respond at any point between 10% and 100% of the low er  
explosive limit. For wall or panel mounting; uses 110-volt lighting  
circuit. Bulletin DT-1.

M * S * A
E X P L O * ' * ” “

M O D EL 2
Compact, light in weight, and so  
simple in operation that any workman 
can use it to test atmospheres accu
rately on the job for explosion hazards, 
this popular M.S.A. instrument is 
powered by ordinary flashlight bat
teries and employs a dependable measuring circuit. Easy-reading meter, 
one-hand operation, sturdy construction for daily service are advantages 
joining with many exclusive features, detailed in Bulletin D N -4.

Demonstrations gladly arranged on request.

MINE SAFETY APPLIANCES CO.
■ H A D D O C K ,  T H O M A S  A N D  M E A D E  S T R E E T S

P I T T S B U R G H  8 ,  P A .
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Chapman Standard S luke  Gates
can be supplied in many types and sizes, w ith 
any type o f  co n tro l . . . inc lud ing  Chapm an 
M oto r U nits w hich  are m ore and m ore w idely 
used to lessen w artim e lab o r problem s.

So if you need Sluice Gates for any w a ter
w orks, sewage, o r flood con tro l p ro jec t, d o n ’t 
defer your o rd e r . . . place it now. Y ou may save 
tim e r ig h t from  the start by ge tting  from  
C hapm an’s Standard Line the exact type and 
size o f gate you w ant . . . and for w hich  you’d 
w ait a long  tim e for, elsew here. A nd you 
certainly w ill save time in insta llation , because 
C hapm an’s in terchangeable  stem s and coup
lings d o n ’t have to be M atch-m arked. C heck 
your needs against C hapm an’s Sluice G ate 
H andbook  w hich  gives com plete in fo rm a
tion, dim ensions, and specifications. Send for 
your copy today.

THE CHAPM AN VALVE MFG.
INDIAN ORCHARD,  MASS.



SEWAGE PLANTS THAT ARE BUILT TO

USE £ ïd & Îc tu fc  EQUIPMENT

Shop assembl' 
o f 12-foot EV; 
sewage disc 
with revolving 
m echanism  
staves no t sh 
D esigned  an 
nished by Kraj 
Pesant Mfg. 
New York Ci 
the Stafford Si 
Connecticut, S 
Treatm ent W<

Here are just a few of the well-known plants using 
Everdur*. . . and the service record of this corrosion 
resistant metal to date:

ELIZABETH, N . J. 17 YEARS
DEARBORN, M ICH. 12 YEARS
H A G ERSTO W N , M D. 12 YEARS
CHICAGO, ILL. 10 YEARS
BO UN D  BROOK, N . J. 8 YEARS
W A R D ’S ISLAND, N . Y. 7 YEARS
RA HW A Y , N . J. 7 YEARS
TALLM AN’S ISLAND, N . Y. 6 YEARS
SAN FRANCISCO, CAL. 6 YEARS

Everdur, the copper-silicon alloy of The American 
Brass Company, combines the tensile strength of mild 
steel with the corrosion resistance of pure copper. It 
is available in forms suitable for hot or cold working 
and for welding by commonly used methods with

AnacondAfrom mine to con turner

rods of the same material. Its outstanding use in 
sewage field is due to its high resistance to corros 
and wide adaptability that includes its effective us 
light weight, wrought, built-up structures.

EVERDUR METAL
is used in sewage works for Coarse and Fine Screens, 
Swing Gates, Built-up Sluice Gates, Coarse Bar Rack 
Aprons, Effluent W eirs and Scum Weirs, Structural 
Scum Baffle Brackets, Troughs, Screen Hoppers, Ori
fices, Baskets, Anchors, Ladders, Float Gage Chains, 
Valve Springs, Manhole Steps, Guides, Walkways, 
Bars and Plates, Bolts and Nuts.

»Ros. U. S. Pat

M ETAL
THE AMERICAN BRASS COMPANY— General Offices: Waterbury 88, Connecticut

Subsidiary of A naconda  Copper M in in g  Company—In  C anada: A n a c o n d a  A m e r i c a n  B r a s s  L t d . ,  N e w  Toronto, 0
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OF

SINGLE STAGE 
DOUBLE SUCTION 

CENTRIFUGAL

Catalog A-145, just off the press, covers an 
entire range of Centrifugal Pumps especially 
engineered for industrial, municipal and 
other water supply systems. Cross-section 
illustrations, performance curves and struc
tural details show at a glance why users of 
Economy Pumps save in cost, power, labor. 
Selection tables simplify the choice of exact 
types and sizes to handle specific require
ments. A copy of the Catalog is yours for 
the asking, on your letterhead. So are the 
services of our engineering staff—for special 
problems—without obligation.

•  NEW FEATURES OF 
DESIGN

•  NEW PERFORMANCE 
ACHIEVEMENTS

•  NEW SIZES AND 
CAPACITIES

•  NEW APPLICATIONS

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

F O R  O V E R  T H I R T Y  Y E A R S  M A K I N G  B E T T E R  P U M P S  D O  M O R E
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This Is The Pipe That 
SPEEDS S E W E R  R E P A I R S

W h e n  th e  o ld  s e w e r  c o lla p s e d , a  n e w  tre n c h  w a s  d u g  in 8 h o u rs  a n d  in 1 0  m o re  h o u rs  
1 8 8  le e t  o f A R M C O  P ip e  w a s  in s t a lle d  a n d  b a c k f ille d . L o n g  p ip e  le n g th s  cut jo b  t im e .

You save valuable time in sewer repair 
jobs when you use Asbestos-Bonded 
A r m c o  Pipe to replace or reline the fail
ing conduit. Unskilled workmen easily 
join the long pipe sections with sturdy 
band couplers, making a tight, durable 
job. N o cradling is needed. Street or 
highway traffic soon rolls again. Time 
saved also means reduced repair costs.

Once Asbestos-Bonded A r m c o  Pipe is 
in the ground, you are assured of long 
"headache-free” service. A bituminous 
coating bonded to the galvanized metal 
stops corrosion in its tracks. And a thick 
bituminous pavement stoutly resists the

erosive effect of sewage; makes the bot
tom last as long as the top.

Use this pipe for essential repairs now, 
and plan it into your new, postwar 
sewerage projects. Our 48-page Armco 
Sewer Booklet will help you. Write for 
your copy. Armco Drainage Products 
Association, 55 Curtis Street, Middle
town, Ohio.

ASBESTOS-BONDED ARMCO SEWER PIPE
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THERE'S A WHALE OF A LOT 
OF ENGINEERING SERVICE IN 
CHICAGO SEWAGE EQUIPMENT

ENGINEERED fo r  specific

T HESE exclusive Chicago Pump Company 
products have the advantages of closest co
ordination betw een engineering research, 
product design, developm ent, and application 
experience. Each one w as designed for its 
specific service and developed  to do its job 
right before being offered for sale. Improve
ments have been  made as unusual installation 
and operation problems were met. Our instal
lation engineers and our operating engineers 
report directly to the Sew age Equipment Engi
neering Department, where com plete records 
are kept and co-ordinated.

Consulting Sanitary Engineers specify Chi
cago sew age treatment plant equipment in 
com plete confidence that they are engineered  
to do their jobs right, w ill last a long time and 
will g ive the most econom ical service.

Write for literature containing engineering data and application information.

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

SERVICE:

SMALL COftJüNmES. FOR

s ' s r > o'rros,°«

COMMINUTORS FOR AUTO

u n d e r  w a t e r .

S C R U -P E L L E R  P B , M s d  
s l u d g e  p u m p  P B i m a « v

SOLIDS

2 314  WOLFRAM STREET

Flush  Kleen, S c r u - P e l l e r ,  P lunger, 
Horizontal and  Vertical Non-Clogs, 
W ater Seal Pum ping Units, Sam plers.

CHICAGO 1 8 ,  I L L I N O I S

Sw ing  D iffusers, S tationary D iffusers, 
M echanical A erators, Combination 
A e ra to r -C la r if ie r s ,  C o m m in u to rs .
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PLANS for BETTER DEWATERING 
of SLUDGES Should Include

AMERICAN
j  P R O C E S S  ; 
-E Q U IP M E N T

G en era l A m erican  P rocess  
Equipm ent is a consolidation of 
four outstanding process equip
m ent m anufacturers, each a 
well-known specialist in its field, 
now welded together to serve 
you w ith one organization, one 
responsibility and one high 
standard  of performance.

This Division is also closely as
sociated w ith the P late and 
Welding Division of General 
American Transportation Corp., 
a t Sharon, Pa.

CONKEY 
SLUDGE FILTERS
C onkey engineers can  be helpful— NOW1— to  m unicipal and 
consulting engineers in  p reparing p lans for bad ly  needed 

sewage and  w aste  disposal p lan ts.

T he ab ility  of C onkey Sludge F ilte rs  to  efficiently dew ater 
th e  various typ es of sludges and  w astes—regardless of th e  
size of th e  com m unity—has been  p roved  for m an y  years.

O perating  records of overloaded an d  overw orked sewage 
disposal p lan ts in th is  coun try  will disclose th e  superio r 
perform ance of these  filters during  the  p a s t few y ears under 
adverse conditions. F o r b e tte r  and  m ore efficient p lan ts  
for th e  fu tu re , ge t in  to u ch  w ith  a  C onkey engineer.

GENERAL AMERICAN PROCESS EQUIPMENT
A D iv ision  o f  G enera l A m e r ic a n  T ra n sp o r ta tio n  C o rpora tion

General Sales Offices: 4 2 0  Lexington Ave.
New York 17, N. Y.

FRACTIONATING COLUMNS. TURBO-MIXERS. CONKEY VACUUM AND AMERICAN DRUM DRYERS
PRESSURE VESSELS ACITATORS. AERATORS PRESSURE FILTERS AND FLAKERS
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C A R T E R  NO. 800 D U P L E X  P U M P  

10" diameter plunger; 5 "  m axim um  stroke. Good fo r  ca
pacities up to 175 g.p.m . Note heavy shaft and ball bearing 
construction, also quickly accessible valve chambers and struc
tural steel base. Either electric or gasoline drive.

CARTER SLUDG E PUM PS are built in 12 basic sizes: 6, 8§, 10 and 12" di
ameters; simplex, duplex and triplex types. From this range, with their varying
drive and power, practically any condition or special requirement can be met
satisfactorily.

SPECIAL CARTER FEA TU R ES include: Flanged construction throughout 
pump; renewable valve seats; elimination of pump pound by automatically 
maintaining air cushion in pump cylinder; Babbitt-lined eccentrics; flywheel 
effect on main shaft; chain or “ V ” Belt drive and herringbone reduction gears 
which distribute shock load and reduce wear.
TO  T H E S E  A D V A N TA G ES A D D  self-aligning ball bearing shaft supports; oversize air cham bers; 
bases carefully m achined afte r welding; ex tra  size, low pressure eccentric bearing; drip-proof ty p e  
m otors w ith  m oisture-proof im pregnation  . . . and  you will understand  why  C A R T E R  Sludge 
Pum ps give long, trouble-free and q u ie t operation  on even th e  toughest assignm ents.

SPECIFICATION Q n  re q u e s t  we p rov ide C onsulting Engineers w ith  tim e-saving specification
FORMS for form s. T hese form s do n o t lim it th e  choice to  C A R T E R  pum ps, b u t
CONSULTING ENGINEERS they  do endeavor 
to  assure th e  advantageous construc
tional features of th e  ty p es shown in 
our R ulletins.

T H E  W ID E  E X P E R IE N C E  and help 
of our Engineering D ep artm en t is a t 
your com m and. W rite  for specification 
form s and Special R ulle tin  No. SJ-816.

CARTER ALSO MANUFACTURES
Diaphragm Pumps * Slow Mixers * Flocers * Flash 
Mixers * C larifiers * Paddle Aerators * Alternating 
Siphons * Sludge Mixers * Digesters * Rotary 

Distributors * Contractors’ Pumps

RALPH B. CARTER CO M PAN Y
M a i n  O  H i c »  

H A C K E N S A C K ,  N . J .
M m  w  Y  o r ic  O f  f i r m  

53 Park Place, NEW YORK 7, N. Y.
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G E N E R A L  C H E M IC A L  A L U M "... EQUALLY EFFICIENT FOR COAGULATION

O F  M r t Z a r i S r J M f F /

Today, alum inum  sulfate is alm ost univers
ally accepted by w ater experts as the best 
co agu lan t fo r the rem oval of tu rb id ity , 
color and bacteria from w ater . . . and 
G eneral Chemical A lum inum  Sulfate is 
the outstanding choice the nation  over. 
The reason ? O perating  men have come to 
rely on its h igh  quality  and constant un i
form ity, know ing that the effectiveness of 
G eneral Chemical A lum  has been "proved 
in the settling basins” year after year in

towns and cities all over Am erica.
M unicipal officials in  charge of sewage 

disposal find that clarity  and p u rity  of sew
age effluent are also easily ob tainab le  w ith  
G eneral Chemical A lum inum  Sulfate be
cause of the many reasons no ted  below . 
W hy no t join the m ajority  of A m erican 
cities that prefer G eneral Chem ical A lum  
—and specify "G eneral” fo r your  w ater 
works and sewage disposal system s? Ask 
any Technical Service Office for details.

★  FOR WATER W O R KS
1 . Produces crystal-clear water.
2 .  Gives better floe form ation resulting in longer 

filter runs.
3 - It is a low-cost coagulant.
4 .  Has no chlorine demand, conserving chlorine 

exclusively for disinfection.
5 .  Superior in tests against other coagulants.
6. H igh in quality, its constant uniform ity can 

be counted upon.
7 .  Aids in the reduction of tastes and odors.

★  FOR SEW AGE PLA N TS
1 . Clean, easy to handle, dry feeds well, and 

economical to use.
2 .  Simple application, requires only low cost 

feeding apparatus and m inim um  attention.
3 .  Clear, colorless effluents are possible.
4 .  Sludge digests readily.
5 .  Treated digested sludge dries quickly, w ith a 

minimum of odor.
6. Chlorine consum ption is cut due to low er de

mand of clarified sewage.

B a sic  C h e m ica ls  
fo r In d u s tr ia l A m e rica

P re fe rre d  by M ost A m erican C itie s '

G E N E R A L  C H E M I C A L  C O M P A N '
40 RECTOR STREET, N E W  Y O RK  6, N . Y .

Sales and Technical Service Offices: A tlan ta  . B a lthnore  . Boston . Bridgepoi 
(Conn ) . Buffalo . Charlotte (N. C.) . Chicago . Cleveland . Denve
D etroit • Houston • K ansas City • Los Angeles • M ilwaukee • M inneapoli 
A ew Y ork .P h ila d e lp h ia  . P ittsb u rg h  . Providence (R. I .)  . San Francise 
Seattle * St. Louis « U tica  (N. Y. ) • W enatchee * Yakima (Wash.

In  C a n a d a :  T h e  N ic h o ls  C h e m ic a l  C o m p a n y , L im it e d  
M o n tre a l • T o ro n to  . V a n c o u v e r



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 9 6 "  in diam eter— couplings, fittings, re
pair clamps, sleeves. Every Dresser product is ready-m ade. Some 
require only the simplest assembly. Others are completely fac
tory-assem bled, all read y 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.

In Canada: Dresser M anufacturing C o ., Ltd., 6 0  Front St., W est, Toronto, Ont.

Dresser Manufacturing C ompany
ONE OF THE DRESSER I NDUSTRI ES  

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

Houston O ffice  and Warehouse: 1121 Rothwell St., Houston, Texas

D R E S S E R  S T Y L E  38  C O U P L I N G
For All Kinds of Plain-End Pipe 
Joining— Sizes Va" ID to 24" O D 
and larger.

D R E S S E R  
S T Y L E  3 9

Insulating
Coupling

g

D R E S S E R  
S T Y L E  9 0

Super-Service
Fittings

D R E S S E R  
S T Y L E  4 0
Long Sleeve

D R E S S E R  
S T Y L E  6 2

Reducing
Coupling

D R E S S E R  
S T Y L E  5 3

Cast Coupling

D R E S S E R
B E L L M A S T E R

(Style 85)
For Cast Iron Pipe
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Such overw helm ing ev id en ce  
cannot be disregarded

FOR w ater d is tr ib u tio n  m a in s  
A m erica  b u y s several t im e s  

m o re ca st iron  p ip e  th a n  a ll o th er  
k in d s  o f  p ip e  c o m b in e d . M ore  
th a n  95 per c e n t  o f  th e  p ip e  in  th e  
w ater d i s t r i b u t i o n  s y s te m s  o f  
A m erica ’s f if te e n  la r g e s t  c it ie s  is 
ca st  iron  p ip e .

P h ila d e lp h ia , th e  first c ity  in  
A m erica  to  b u y  c a s t  iron  p ip e  123 
years ago , is  98% c a s t  iro n ; N ew  
Y ork is 97% ; C h ica g o , 99% . P h ila 
d e lp h ia ’s first c a s t  iron  m a in , la id  
in  1822, is  s t i l l  serv in g  in  t e s t i 

m o n y  to  th e  fo r e s ig h t  a n d  ju d g 
m e n t  o f  th e  C ity  F a th e r s .

A nd in  W ater F iltr a t io n  P la n ts  
an d  S ew age  T r e a tm e n t  P la n ts  
th r o u g h o u t  A m er ica , m o r e  th a n  
95% o f  a ll th e  p ip e  u se d  is  c a s t  
iro n  p ip e .

For fu r th e r  ev id en ce  o f  th e  over
w h e lm in g  m a jo r ity  v o te  for c a s t  
iro n  p ip e , sen d  for b o o k le t , “ F a c ts  
A b o u t C a st Iron  P ip e .”  W rite  to  
C a st Iron  P ip e  R esea rch  A sso c ia 
t io n , T h o m a s  F . W olfe , R esea rch  
E n g in eer , P eo p les  G as  
B ld g ., C h icago  3, 111.

TIRON PIFE
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P l a n t  O p e r a t i o n

A MODIFIED INDEX FOR SEDIMENTATION 
EFFICIENCY *

B y  J o s e p h  D o m a n

Sanitary  Engineer, Public  Worlcs Dept., Greenwich, Conn.

In  judging the perform ance of sedim entation plants, reliance is 
usually placed on suspended solids tests to indicate p lant efficiency on 
the basis of percentage removal and also to indicate the quality of the 
effluent from  the p.p.m. of suspended solids remaining. U sing the 
percentage removal as a criterion of p lan t performance, an attem pt is 
sometimes made to establish some specific percentage as a standard

T a b l e  1 .— Data on P lant Performance

Grass Island Sewage Disposal Plant, Greenwich, Conn.

Sampling
Periods
(1943)

Sewage
Flow

(m.g.d.)

Estim ated 
Settling 

Period * (hrs.)

S

Inf.
(p.p.m.)

uspended Solids

Eff.
(p.p.m.)

t

Per Cent 
Removal

Sedimenta
tion

Index

1/18- 1/23 3.040 2.9 80 38 52 86
2/15- 2/20 2.830 3.0 62 34 45 89
3/15- 3/20 3.820 2.3 40 28 30 98

4/12- 4/17 1.734 5.0 88 34 61 73
5/10- 5/15 2.198 3.9 100 26 74 52
6/ 7 -  6/12 2.940 2.9 78 30 62 68

7/ 5 -  7/10 1.760 4.9 130 31 76 55
8/  2 -  8/ 7 1.592 5.4 151 38 75 63
8/30- 9/ 4 1.448 6.0 162 30 82 48

9/27-10/ 2 1.515 5.7 162 38 77 61
10/25-10/30 2.840 , 3.0 81 28 65 63
11/22-11/27 2.240 3.7 74 26 65 61
12/20-12/24 1.730 5.0 128 34 73 61

Average 2.280 4.1 103 32 69 63

M axim um 3.820 6.0 162 38 82 98
M inim um 1.448 2.3 40 26 30 48

* T aken as 100 per cen t of theoretical as tan k s are equipped w ith sludge collectors and  sludge 
is rem oved daily. Sludge hoppers no t included in settling  tan k  capacity.

f D eterm ined from  8 A .M . to  2 P .M . composites for influent and  10 A.M . to  4 P .M . composites 
for effluent during  th e  sam pling period.

* P resented  a t P a ll M eeting, New E ngland  Sewage W orks Assn., W orcester, Mass., 
Septem ber 13, 1944.

3



4 SEW A G E W ORKS JO U R N A L Jan u a ry , 1945

which the p lan t should meet in order to be judged as functioning 
properly.

The effective use of percentage removal as a criterion  fo r establish
ing standards obviously depends upon a reasonable correlation between 
such percentages and the p.p.m. rem aining in the effluent, in which there 
will be less solids in the effluent as the percentage removal increases. 
This correlation, which is a na tu ra l one to expect, really does not exist 
a t some plants because of the considerable variation in sewage streng th  
and flow and the occasional interference by industria l wastes. In 
these circumstances, very little value is obtained from  the use of p e r
centage removal as a criterion of sedim entation efficiency or as a 
perform ance standard .

T a b l e  2.-—Data on P lant Performance

Old Greenwich Sewage Disposal Plant, Greenwich, Conn.

Sampling
Periods
(1943)

Sewage
Flow

(m.g.d.)

Estim ated 
Settling 

Period * (hrs.)

s

Inf.
(p.p.m.)

uspended Solids

Eff.
(p.p.m.)

t

Per C ent 
Rem oval

Sedim enta
tion

Index

1/18- 1/23 0.770 3.0 84 29 65 64
2 /15- 2/20 1.071 2.1 61 34 44 90
3 /15- 3/20 1.723 1.3 40 23 42 81

4 /12- 4/17 0.798 2.9 79 34 57 77
5 /10- 5/15 0.726 3.1 68 22 68 54
6/  7 -  6/12 1.056 2.2 64 28 56 72

7/ 5 -  7/10 0.639 3.6 167 41 75 66
8/ 2 -  8/  7 0.588. 3.9 120 47 61 86
8 /30- 9/ 4 0.508 4.5 113 42 63 79

9/27-10/ 2 0.666 3.4 104 46 56 90
10/25-10/30 1.646 1.4 63 34 46 88
11/22-11/27 0.864 2.6 68 33 52 81
12/20-12/24 0.586 3.9 93 40 57 83

Average 0.895 2.9 87 35 60 75

M axim um 1.723 4.5 167 471 75 90
M inim um 0.508 1.3 40 22 42 54

* T aken  as 95 per cent of theoretical as tan k s are equipped w ith  sludge collectors an d  sludge is 
rem oved th ree  tim es a week. Sludge hoppers n o t included in se ttling  ta n k  capacity , 

f  D eterm ined  in sam e m anner as for G rass Island  P lan t.

There can be no doubt th a t a practical criterion  and s tan d ard  of 
some sort would be of benefit to p lan t operators as well as to adm ini
strative agencies in the judgm ent of sedim entation efficiency. W ith 
this idea in mind, a study was made of the records of the four plants 
a t Greenwich and some ra th e r encouraging results were obtained by 
combining the percentage phase w ith the p.p.m. phase into one number,
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hereafter called the “ sedim entation index.”  This index is obtained 
by adding the percentage solids remaining in the effluent to the p.p.m. 
of solids also rem aining in the effluent.

The following six tables illustrate the application of the index to the 
four plants a t Greenwich. Tables 1 to 4 inclusive, give pertinent 
data  for each of the plants in 1943. Table 5 combines these data and 
reclassifies the certain  values to show the relationship between p er
centage removal and effluent p.p.m. while Table 6  is another reclassi
fication to show the relationship between sedim entation index and 
effluent p.p.m.

T a b l e  3 .— Data on P lant Performance

Cos Cob Sewage Disposal Plant, Greenwich, Conn.

Sampling
Periods
(1943)

Sewage
Flow

(m.g.d.)

Estim ated 
Settling 

Period * (hrs.)

s

Inf.
(p.p.m.)

uspended Solids

Eff.
(p.p.m.)

t

Per Cent 
Removal

Sedimenta
tion

Index

1/18- 1/23 0.914 2 .8 42 28 33 95
2/15- 2/20 0.930 2.7 46 31 33 98
3 /15- 3/20 1.520 1.7 18 15 17 98

4 /12- 4/17 0.764 3.3 54 32 41 91
5/10- 5/15 0.771 3.3 52 30 42 88
6/  7 -  6/12 0.965 2.6 24 15 38 77

7/ 5 -  7/10 0.575 4.4 108 40 63 77
8/ 2 -  8/  7 0.449 5.8 142 71 50 121
8/30- 9/ 4 0.399 6.4 140 59 58 101

9/27-10/ 2 0.405 6.3 174 56 68 88
10/25-10/30 1.056 2.4 60 40 33 107
11/22-11/27 0.858 3.0 70 32 54 78
12/20-12/24 0.615 4.1 126 40 68 72

Average 0.787 3.8 81 38 53 85

M axim um 1.520 6.4 174 71 68 121
M inim um 0.399 1.7 18 15 17 72

* T aken as 80 per cent of theoretical as tan k s were originally designed as septic tan k s b u t are 
now operated  for a four-m onth run  during which tim e solids are allowed to  accum ulate. T anks 
are thoroughly cleaned prior to  sta rtin g  each run . Sludge hoppers no t included in settling  tan k  
capacity.

t  D eterm ined in sam e m anner as for Grass Island  P lan t.

As can be seen from Table 5 the effluent suspended solids content 
in p.p.m. actually increases instead of decreases as the per cent removal 
increases, thus nullifying the use of per cent removal as a criterion for 
judging the functioning of the plants. Table 6 , on the other hand, 
shows a fairly  good correspondence between effluent p.p.m. and sedi
m entation index, the p.p.m., as expected, increasing fa irly  regularly 
with the index. F o r the Greenwich plants, a t least, the sedim entation
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T a b l e  4 .— Data on P lant Performance

E ast Port Chester Sewage Disposal Plant, Greenwich. Conn.

Sampling
Period
(1943)

Sewage
Flow

(m.g.d.)

E stim ated 
Settling 

Period * (hxs.)

Suspended Solids f Sedim enta
tion

IndexInf.
(p.p.m.) •

Eff.
(p.p.m.)

Per C ent 
Removal

1 /18- 1/23 0.274 3.9 182 38 79 59
2 /15- 2/20 0.277 3.9 195 48 75 73
3 /15- 3/20 0.347 3.1 216 40 82 58

4 /1 2 - 4/17 0.210 5.1 255 76 70 106
5 /1 0 - 5/15 0.191 5.6 257 44 83 61
6/ 7 -  6/12 0.277 3.9 188 48 74 74

7/ 5 -  7/10 0.209 5.1 254 58 77 81
8/ 2 -  8/  7 0.200 5.3 394 46 88 58
8/30- 9 / 4 0.198 5.4 290 47 84 63

9/27-10/ 2 0.193 5.5 289 50 83 67
10/25-10/30 0.360 3.0 176 36 80 56
11/22-11/27 0.252 4.2 214 48 78 70
12/20-12/24 0.208 5.1 232 51 78 73

Average 0.246 4.5 242 49 80 69

M axim um 0.360 5.6 394 76 88 106
M inim um 0.191 3.0 176 36 70 56

* T aken  as 80 per cent of theoretical as tan k s were originally designed as sep tic  tan k s  b u t  are 
now operated  for a  th ree-m onth  run  during  w hich tim e solids are allowed to  accum ulate . T anks 
are thoroughly  cleaned prior to  sta rtin g  each run . Sludge hoppers n o t included in se ttlin g  tan k  
capacity .

t  D eterm ined  in sam e m anner as for G rass Island  P lan t.

T a b l e  5 .— Correlation of Per Cent Removal with Effluent Suspended Solids

Per C ent 
Removal

No. of 
Samples

Effluent Suspended Solids 
(p.p.m.) Average

p.p.m .

0 to  30 2 15, 28 22

31 to  40 4 15, 28, 31, 40 26

41 to  50 7 23, 30, 32, 34, 34, 34, 71 37

51 to  60 8 28, 32, 33, 34, 38, 40, 46, 59 39

61 to  70 12 22, 26, 28, 29, 30, 34, 40, 40, 42, 47, 56, 76 39

71 to  80 13 26, 31, 34, 36, 38, 38, 38, 41, 48, 48, 48, 51, 58 ' 41

81 to  90 6 30, 40, 44, 46, 47, 50 43

Average of all 52 sam ples 38
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index provides a reasonably satisfactory  criterion for p lan t efficiency.
Investigation was therefore made to determ ine if this criterion 

could be used fo r establishing a standard  for p lan t performance. The 
best procedure seemed to be to arrive a t an average figure fo r the dry 
w eather flow, as uninfluenced by excessive infiltration or storm  w ater, 
and to require a. reasonable removal of suspended solids for sewage of 
this strength, then compute the sedim entation index from  these figures 
and establish it as a standard .

T a b l e  6 . — Correlation of Sedimentation Index with Effluent Suspended Solids

Sedimentation
Index

No. of 
Samples

Effluent Suspended Solids 
(p.p.m.)

Average
p.p.m.

O to  50 1 30 30

51 to  60 7 22, 26, 31, 36, 38, 40, 46 34

61 to  70 12 26, 28, 29, 30, 34, 38, 38, 41, 44, 47, 48, 50 38

71 to  80 1 1 15, 28, 32, 34, 34, 40, 40, 42, 48, 48, 51 37

81 to  90 12 23, 30, 33, 34, 34, 34, 38, 40, 46, 47, 56, 58 39

91 to  100 5 15, 28, 28, 31, 32 27

10 1  to 110 3 40, 59, 76 58

1 1 1  to  120 0

121 to  130 1 71 71

Average of all 52 samples 38

A veraging the suspended solids for the four plants during the five 
periods of dry w eather flow, the influent sewage showed an average 
content of 175 p.p.m. A pplying a 60 per cent removal to this figure 
yields a 40 per cent rem ainder, which amounts to 70 p.p.m. in the 
effluent. Adding these last two figures gives a sedim entation index of 
110 as the general standard. Regardless of variations in sewage flow 
or strength, indices below this figure should indicate good p lan t p er
formance and those above this figure should indicate poor performance, 
if this standard  is to be of practical value.

Table 6  shows that 51 of the 52 samples complied with this standard  
and the effluents were actually satisfactory, ranging from 15 to 76 p.p.m. 
and averaging 38 p.p.m. The one sample which failed to meet this 
standard  was a t the Cos Cob P lan t during a period when the sewage 
was noticeably soapy in character, due no doubt to com paratively 
large amounts of laundry wastes. At this time the influent sewage 
showed 142 p.p.m. and the effluent 71 p.p.m. a removal of only 50 per 
cent. F o r average strength  domestic sewage this would really be poor
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perform ance by the p lan t and the high sedim entation index points this 
out. On the o ther hand, one of the satisfacto ry  effluents showed 76 
p.p.m. suspended solids, which, a t first glance, would seem to reflect 
poorer p lan t perform ance than th a t yielding the 71 p.p.m. effluent. 
The influent sewage fo r the 76 p.p.m. effluent, however, showed 25o 
p.p.m. suspended solids and the removal was 70 per cent, which 
indicated sa tisfac to ry  p lan t perform ance fo r th a t s treng th  sewage. 
The sedim entation index in this case was • 106, which also indicated 
satisfactory  p lan t perform ance.

In  general, it is the w r ite r ’s opinion th a t the use of the sedim entation 
index as a criterion  and s tandard  reflects actual p lan t sedim entation 
perform ance in the Greenwich p lan ts in a reasonably satisfacto ry  
maimer.

In  establishing the sedim entation index standard , a rem oval of 60 
per cent suspended solids from  the average dry  w eather sewage was 
taken as a reasonable figure. I f  this figure is used as a general s tan 
dard  a very in teresting  condition is indicated by Table 5. H ere i t  is 
found th a t 21 of the 52 samples, or 40 per cent, failed  to m eet this 
standard  but showed an average of 35 p.p.m. suspended solids in  the 
effluent, w hereas the other 31 samples which did m eet this s tandard  
showed an average of 41 p.p.m. Actually, the samples which m et the 
60 per cent removal s tandard  were of poorer quality  than  those which 
failed  to meet this criterion. A lthough 60 per cent rem oval of sus
pended solids should readily  be provided by plan ts trea tin g  domestic 
sewage not excessively diluted by infiltration or storm  w ater, the 
general use of this or any other percentage rem oval fo r actual con
ditions a t a p lan t where considerable varia tion  occurs in sewage flow 
and streng th  is of very  doubtful value.

I t  is suggested tha t the sedim entation index affords prom ise as a 
reasonably correct criterion of the efficiency of sedim entation units 
and th a t appropria te  standards of p lan t perform ance m ay be derived 
from  it. F o r very dilute sewages and very small percentage rem ovals, 
a high index will be obtained which will reflect p lan t perform ance in  a 
reasonably correct m anner but which m ay unnecessarily condemn an 
effluent of good quality. This is brought out by the following exam ple:

Two influent analyses showed 40 p.p.m. suspended solids. I f  the 
corresponding effluents had shown 35 p.p.m. (actually they were lower) 
this would have shown a removal of only 12.5 per cent and a sedi
m entation index of 123, thus correctly indicating poor p lan t p e r
formance. Yet, a prim ary  sedim entation effluent of only 35 p.p.m. 
suspended solids is actually a very good one. H ere it is believed tha t 
the quality of effluent should take precedence over percent rem oval or 
sedim entation index. Conditions of this sort, therefore, should be 
given consideration in establishing any standard  fo r perform ance of 
sedim entation plants.

As a general s tandard  fo r the Greenwich plants it is considered 
th a t all effluents of 35 p.p.m. or less of suspended solids should be
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regarded as satisfac to ry ; above this figure a sedim entation index of 
1 1 0  or less should be regarded as indicating satisfactory  p lan t per
formance and a g rea ter index as indicating unsatisfactory  perform ance, 
requiring investigation of its cause as a prerequisite fo r possible 
rem edial m easures.

I t  is to be noted tha t the foregoing discussion of results a t the 
Greenwich plants is based on analyses of samples of the day flow only. 
I f  full 24 hour samples had been taken, no doubt the suspended solids 
in influent and effluent would have been less than those recorded; the 
percentage removals would probably have been less than those noted
and the sedim entation index greater. In  the establishm ent and use 
of standards, therefore, it  is im portant th a t the period of sampling 
and method of compositing be definitely stated  in order to avoid m is
leading conclusions. ’While a 60 per cent removal of suspended solids 
from  the dry w eather clay flow may seem reasonable fo r th e  conditions 
and sampling methods a t Greenwich, this figure may not apply a t all 
to conditions and sampling methods a t other places. S tandards would, 
therefore, have to be worked out independently for each locality, with 
perhaps, some sort of lim iting standard  fo r an entire region or drainage 
area. W hether or not practical standards fo r entire drainage areas 
can be developed from  the sedim entation index will require fu rth er in- 

iit vestigation, but from  the data a t Greenwich it offers more promise than
551 a percentage removal standard.

the
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OPERATING STAFFS FOR SEWAGE 
TREATMENT PLANTS*

B y  N. S. H o l r o y d

P artner, K e is  and H olroyd, Consulting Engineers, Troy, N . Y .

Everyw here today is heard  the cry of “ m anpower sho rtage .”  I f  
a piece of equipm ent is ordered from  a m anufacturer, the first thing 
he asks is, “ W hat is your p rio rity?  In  other words, are  your requ ire
ments im portan t enough fo r us to remove men from  another job or 
m ust we hold your o rder fo r fulfillment until some time in the fu tu re ? ” 
The operators of m ost sewage trea tm en t p lants have been hearing  the 
cry of manpower shortages fo r many years before the time “ p r io r i ty ” 
became such an im portan t w ord in our vocabulary. Sewage trea tm en t 
p lan t personnel should enjoy a high p rio rity  in  any m unicipality inas
much as the disposal of sewage is such an im portan t and essential 
utility  to the good health of its citizens.

The success of any project depends upon the in te res t shown by all 
who are a p a r t of th a t program . The successful operation of a sewage 
treatm ent p lan t is no different from  any other undertaking. A definite 
adm inistration policy m ust be adopted which provides all partic ipan ts  
w ith a feeling th a t the desired results can be obtained. I f  an  impossible 
program  is la id  out the sp irit is lost and the pro ject is due fo r failure 
before it  s tarts. The results obtained a fte r the righ t policy has been 
adopted largely depend upon the operating personnel placed in  charge 
of the plant.

Many plants have a fine policy p repared  fo r them and a com petent 
superintendent or chief operator found and placed in charge. This 
man is in complete agreem ent on the schedule selected but when he 
begins his work he finds th a t he cannot accomplish his goal due to the 
lack of co-operation in the obtaining of supplies and accessories needed 
to make the p lan t function smoothly or due to inadequate or incom
petent help or possibly both. As soon as he realizes th a t the policy ou t
lined cannot be followed, he should not hesitate to discuss the situation  
w ith his superior. F irs t, however, he should study his own job and 
those of the other p lan t personnel to see if each man on his staff is 
being used to the best of his ability. If  he thinks changes should be 
made among his men he should not hesitate to make them. The chief 
operator should use his own in itiative to see th a t the desired resu lts 
are obtained; tha t is the first responsibility and duty of his position. 
I f  the operator fails to get the results required afte r really try ing, he 
should then make up a detailed list of the items tha t are  giving him 
trouble. Each item  should be followed by a statem ent showing w hat 
he has tried  to do to correct the difficulty and the results. A fte r this 
should follow his plan, outlining w hat he thinks is needed to rectify  the

* P resen ted  a t P a ll M eeting, New E ngland  Sewage W orks Association, W orcester, Mass. 
Septem ber 13, 1944.
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situation. The supervisor cannot help but listen to a concise report 
which has been made afte r considerable thought and detailed study. 
Many operators are continually annoying their supervisor with items 
of such triv ia l natu re tha t when something im portant arises, it is not 
recognized as such and considered only as another m inor complaint 
tha t will be overcome in time.

The chief operator should be given the full support of the supervisor 
in the handling of the men placed under him. W ithout this support, 
it is almost impossible fo r an operator to secure efficient and eco
nomical operation and meet the requirem ents of the S tate D epartm ent 
of Health. I f  a man comes from  the plant to the supervisor with 
petty  complaints, they should be heard  before the chief operator or 
the answ er given through him. Due to various reasons it is sometimes, 
we m ight say, impossible to discharge certain  employees for failure 
to do the work assigned to them. In  some municipalities the super
visor, through the chief operator, has given the uncooperative employee 
an immediate vacation from  one to two weeks without pay. This has 
been most effective. The employee and all the operating force then 
realize tha t the chief operator has authority  and tha t they m ust do the 
work assigned.

I t  is not difficult fo r the designing engineer to make definite recom
m endations as to the number of employees and the qualifications re
quired by each, fo r a p lan t which he has built. He has made a study 
of the type of sewage which is to be treated , designed the plant 
accordingly, and knows what is required in the way of staff fo r proper 
operation. I t  is well known tha t the quantity  of screenings, grit, scum, 
etc. received and handled, vary  with every plant. Some small plants 
receive much larger quantities of g rit than other plants several times 
their size. This means additional labor a t the small plant to remove 
and dispose of the grit. The am ount of screenings and grease obtained 
from  some systems provide a m ajor problem while they are no cause 
fo r concern a t others. O perating personnel m ust be picked according 
to the requirem ents of the plant and not by the number of men em
ployed in the treatm ent works of a neighboring community.

A t a certain p lan t which handles the sewage from  a population of 
only about 3,000 people, the flow and screenings were exceedingly 
heavy due to the location within the village of a large factory  which 
processes leather. This company receives hides in  carload lots direct 
from slaughterhouses throughout the country. All the hair m ust 
be removed from  the skin together with uneven pieces of the hide known 
as fleshings. Considerable quantities of w ater are used in the process 
and when the vats are emptied, hair and fleshings enter the sewer and 
flow to the sewage trea tm ent plant. F o r many years some of the 
fleshings were removed on the hand-raked bar screen but practically 
all of the smaller pieces and the hair went through to the tanks, 
causing trem endous layers of scum. The number of men required to 
operate this plant fa r  exceeded tha t normally expected for a community 
of this size. A fter considerable discussion, the leather company agreed
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to install a fine screen to remove the liair and fleshings from  the ir m ost 
offending sewer. This a t once lightened the load a t the sewage tre a t
m ent p lan t and be tte r results were obtained. This screen was installed  
several years ago and today you could not make the leather company 
remove it as they have found a ready m arket fo r the hair. The sale 
of this ha ir has not only paid  fo r the screen but is a continual money 
m aker for the company. Sometime a fte r this screen had been in service 
a comminutor was installed a t the sewage trea tm en t p lan t which cut 
up the rem aining fleshings together w ith the other large solids received 
from  the village san ita ry  system. These im provem ents reduced the 
operating force, thereby saving money fo r the community, made money 
for the leather company by the sale of the h a ir salvaged, and also 
pleased the S tate  H ealth  D epartm ent by the discharge of a much more 
desirable effluent from  the plant. This incident has been brought into 
this discussion as an example of one of the m any things which affect the 
number of men needed to operate a sewage trea tm en t p lan t and  the 
results which can be obtained when a detailed study is made, followed 
by a definite plan of action.

The amount of equipment also has a decided bearing  on the number 
of men required. The type of equipm ent is another im portan t factor, 
not only in deciding the number of men, but also the ir qualifications. 
In  the case of a new plant, or the remodeling of an old one, the engineer 
should make positive recom mendations to the owner regard ing  the 
number of men required to operate the plant. He should also designate 
the types of men needed and the am ount of tra in ing  required  by each to 
handle the job properly.

A g rea t deal is heard  today about creating public in te res t in  sani
tation. The operating staff can do fa r  more to stim ulate in te rest in 
the municipal sewage treatm ent p lan t than any others connected with 
the program . One of the first requirem ents is to insist on a clean plant. 
Good results cannot otherw ise be obtained fo r long and it  is im 
possible to in terest people in visiting a p lan t which is d irty . Care 
should be exercised by the operator to continually keep it clean because 
one poor repo rt overshadows many good ones and the uninform ed 
public expects fhe place to be filthy due to the na tu re  of m ateria l being 
handled. A clean plant gives standing to the operator and his staff and 
their work is considered on an equal basis w ith others in industry . 
Personnel a t a d irty  p lan t are often considered fa r  from  this equal.

P rovision should also be made in staffing the p lan t to provide fo r 
the upkeep of the buildings and grounds around the units. A  few 
dollars spent fo r paint, shrubs and seed pays big dividends in public 
respect. This is extremely im portant and is becoming more so each 
year w ith the trend  to locate plants closer to the area being served. 
W ith the combining of the municipal incinerator and the sewage tre a t
m ent p lant a t one site this is especially true. A nicely kept lawn, some 
well placed shrubs and a few flowers command the a tten tion  of every 
passerby, thereby creating the in terest and good-will of the public. 
A tally  of the names found in the guest book of a clean, well kept plant



Vol. 17, No. 1 O PE B A T IN G  S T A F F S  FO B SEW AGE PL A N T S 1 3

over th a t of a poorly kept one will show this to be very true. I t  is 
difficult to think of the Garden Club of a good sized city listing the 
city sewage trea tm ent p lant and incinerator as one of their garden spots 
but this, however, is ju s t w hat has been done fo r the last few years a t 
New London, Connecticut. The operating staff has taken such an 
in terest in its p lan t by the planting of flowers, shrubs, and the upkeep of 
its  lawns th a t it is one of the show places in the city. People who 
otherwise would never think of visiting the site become interested  in 
the p lan t due to the pleasing appearance of the grounds and ask to be 
taken on a complete tour of inspection.

The certifying or licensing of sewage treatm ent p lan t superin
tendents and operators by the S tate D epartm ents of H ealth has done 
much to improve the caliber of operating personnel. While the classi
fications differ in various states, the advantages are there and the 
general standing has been raised. There has been considerable dis
cussion w hether more than one man should he certified a t a single 
plant. I t  is na tu ra l fo r a conscientious and able employee to desire 
to improve himself in position as well as financially. I f  he knows tha t 
by applying himself he can obtain a certificate which will then perm it 
advancement or the opportunity of becoming chief operator a t another 
plant, it will be an incentive to do good work. I t  appears tha t capable 
operators should be given every consideration.

As mentioned before, it is not difficult for the engineer to recommend 
operating personnel for the p lan t he has designed. I t  would not only 
be difficult but very unwise to state tha t a definite number of operators 
are  required based only on the population served or the average 
sewage flow. Each plant should be considered as an individual problem 
and manned according to the work involved. This can be very readily 
shown by reviewing the records of many plants from all sections of the 
country with sewage flows from  0.3 million gallons per day to 98.6 
million gallons per day. These records show operating costs which 
vary  from  $2.48 per million gallons to $40.75 per million gallons and 
from  $0.11 per capita yearly to $1.60 per capita yearly. The great 
variation  in  cost is due to many features such as character of sewage, 
type of plant, design, arrangem ent of plant units, age of plant, size, 
degree of treatm ent, and so forth. The adm inistration policy also has 
a g reat bearing on the cost of operation. Political or non-political 
control of municipal plants is of m ajor im portance as well as the 
degree of civic in terest shown. L arge plants are usually able to show 
lower costs per million gallons trea ted  and per capita yearly than are 
small plants, although the large plants are more liberal in the number 
of operating personnel and the ir salaries.

Many small p lants are lim ited to one operator regardless of the 
number of p lan t units and of his assignm ent to other p a rt time services. 
He is to give the plant the attention he thinks it needs. There is no set 
schedule and if the operator is not conscientious and interested in the 
results obtained or the appearance of the plant, it soon takes on a 
run-down look. A fter a time, it is necessary to furnish  additional
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help for a good clean up and general repair a fte r  which the cycle s ta rts  
over again. Few  plants can get along on p a r t  time, h it or miss 
attention. Definite instructions should be given to the operato r out
lining his duties, and periodical inspection should be made to see th a t 
the instructions are being carried  out. I f  it  is a new installation, the 
engineer should properly  instruct the superin tendent when he takes 
over the p lan t in  the operation of the different units. I f  it  is an 
existing p lan t th a t has become run  down and the designing engineer 
is not available, the S tate  D epartm ent of H ealth  will be found m ost 
co-operative and helpful if sincere assistance is requested. A dequate 
additional help should be prom ptly given to a good operato r when 
needed for the removing of sludge, making repa irs, or other 
emergencies.

While it has been pointed out th a t it would be very  unwise to 
select the staff required fo r a sewage trea tm en t p lan t w ithout knowing 
the character of the sewage and other operating  conditions, we will 
select several hypothetical plants fo r the purpose of this discussion, 
make certain  assum ptions, and man the p lan ts accordingly. All plants 
will be located in cities of about 2 0 , 0 0 0  population, receiving sewage 
from  a san itary  system only and w ith the volume of industria l wastes 
small in comparison with the to tal received. The plan ts will be moved 
from  one section to another and the trea tm en t changed as requ ired  to 
meet conditions. W orking time will be on the basis of a fo rty-four 
hour week with shifts staggered fo r complete coverage. All p lants 
will be attractively  landscaped.

The first p lant will be located along the coast or on a large river. 
Due to the dilution obtained by the effluent in the adjoining large body 
of w ater p rim ary  trea tm ent only is required. This p lan t will consist 
of g rit collector, bar screen, plain sedim entation, separate  sludge 
digestion, gas utilization, chlorination, and sludge drying beds.

The staff a t this p lan t would consist of one superin tendent or chief 
operator, one operator skilled in mechanical and electrical m aintenance, 
and two general operators. O peration is on the basis of one sh ift per 
day. O perators in a p lan t of this size are  expected to do all types of 
work and their duties are not lim ited to taking samples and pum ping 
sludge.

Now let us move the p lant inland and place it so th a t the effluent 
enters a small river or stream . U nder these conditions additional 
trea tm ent is required so trickling filters and final sedim entation are 
added. One additional operator is now needed who is particu larly  
skilled in chemistry. One laborer should also be employed. The staff 
would then consist of one superin tendent or chief operato r, one operator 
skilled in electrical and mechanical m aintenance, one operato r tra ined  
in chemistry, two general operators and one laborer. This p lan t 
would normally operate on a one-shift schedule although it  m ight be 
necessary during the summer months to work the two general operators 
on a two-shift arrangem ent.
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5 The th ird  p lant to he considered will rem ain on the same small river
s or stream  as the second but will be located nearer to the center of town
t- and will be modernized by the installation of vacuum filters in place of
at sludge drying beds. The operating schedule and number of men would
lie rem ain the same as fo r plant number two.
® The next p lant will rem ain the same as number three, which included
an trickling filters and separate sludge digestion, except tha t a fte r vacuum
«et filtration the sludge cake will be dried and burned. The same opera-
aost ting force will be employed provided tha t the equipment is of a type

tha t can he operated during only one shift. In  the event tha t the 
Ad incinerator requires tw enty-four hour operation, two additional men

would be needed for each of the two night shifts. These would he re
quired only during the periods th a t the filtering and burning was in 

set« progress.
I! L et us now revise the type of treatm ent and make it an activated
if sludge plant. I t  is still located inland and includes g rit collector, bar

¡m screen, se ttlin g 'tan k s, aeration tanks, final settling tanks, separate
ilantj sludge digestion, gas utilization, chlorination, and sludge drying beds.
, The operating staff would rem ain the same on the day shift as plant
ijjtpj number two except tha t the operator previously referred  to as skilled

in chem istry should be a chemist. There would also be one operator for 
each of the two night shifts. Personnel would be as follow s: one 
superintendent or chief operator, one chemist, one operator skilled in 
electrical and mechanical maintenance, four general operators and one 
laborer. No change would be made in the number if vacuum filters 
were used. I f  the sludge is to be burned on a tw enty-four hour sche- 

; dule, two additional men would be required during the period tha t the
incinerator was in operation.

This discussion has now indicated the number of operators for 
several hypothetical plants. Actual conditions may change the number 
m aterially. I t  has also pointed out some of the more im portant re 
quirem ents to be considered in the staffing of any plant. Sewage 
treatm ent plants m ust be designed to meet existing conditions. P e r
sonnel fo r operating them m ust also be picked according to the amount 
of work to be done. To insure good results, it is im perative tha t 
management and operators co-operate to the fullest extent. The 
operating staff m ust consist of men who are not only capable, willing 
and interested in their work, but in an adequate number to keep the 
plant well groomed and functioning properly a t all times so tha t it 
serves the purpose intended, tha t is, to safeguard  the public health.

:nlar?
le stall --------------------------
yatd
aiBf] ERRATUM
ohlit Donaldson, W ellington. “ U tilization  of Sewage G rease.’ ’ This Journal, 16, 495 (M ay, 1944).
t  ba D isregard d a ta  given for “ average m o n th ’ ’ and “ average d a y ”  in  las t column of Table 
lorS 1 on page 496. By direction of the author.



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

THE DETERMINATION OF GREASE IN SEWAGE*

B y W. D. H a t f i e l d  a n d  G e o r g e  E. S y m o n s

Superintendent, Decatur ( Illino is) San itary  D istrict, and A ssocia te E ditor,
W ater Worlcs and Sewerage, N ew  Torh  C ity, Respectively

The determ ination of grease in sewage, like much of the h isto ry  of 
sewage trea tm ent in America, dates back to the early  work of Allen 
Hazen (1) a t the Lawrence E xperim ent Station.

Throughout the first seven editions of Standard Methods fo r  the 
Examination of W ater and Sewage, H azen’s historic m ethod served 
its purpose and because there seemed to be no dem and fo r m ore ac
curate methods, it persisted. The method consisted of evaporating 
500 ml. of sewage to 50 ml., neutralizing the alkalin ity  w ith norm al 
H 2S 0 4, evaporating to dryness and extracting the residue w ith boiling 
ethyl ether three times. The ether was filtered and evaporated, and 
the greasy residue was dried fo r 30 m inutes a t 1 0 0 ° C., weighed and 
reported as fats  or ether solubles.

In  1934, Knechtges, Peterson, and S trong (2) reported  a study of 
“ lipids in sew age”  in which the method of determ inations was as 
follows: N eutralize the sample w ith hydrochloric acid; evaporate in a 
dish containing about 15 mg. of asbestos to facilita te  rem oving the 
residue; tran sfe r the residue to a thimble where it  was ex tracted  in a 
Soxhlet extractor fo r 12 to 16 hours w ith ethyl ether, petroleum  ether 
or chloroform. Chloroform gave the highest results and was p re fe rred  
by the authors.

The Committee on S tandard  Methods appointed in May, 1935, by the 
Federation of Sewage W orks A ssociations was not quite ready  to 
recommend chloroform as the exclusive ex trac tan t and  did the de
plorable thing of recommending all three ex tractan ts un til fu rth e r  work 
was done. The method as recommended by the Committee was pub
lished in the 8 th edition of Standard Methods in  1936.

Since tha t time, there has been an increased in te rest in the deter
mination of “ g rease”  and several new methods have been evolved and 
proposed. These new methods m ight be classified or designated ac
cording to certain  distinguishing characteristics as fo llow s:

1. Alum coagulation with diatomaceous earth  as a filter aid, drying 
and sixteen hour extraction w ith petroleum  ether (Gehm (3) )

2. Acidification and re frigera tion ; filtration through cotton, ex
traction of filtrate, drying and extraction w ith petroleum  ether for 
four hours (H urwitz (4 )-Ludwig (5) )

* Sub-committee R eport P resen ted  a t  16th A nnual M eeting, New Y ork S ta te  Sewage 
W orks Assn., New York City, Ja n . 21, 1944.
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3. D irect wet extraction of acidified sewage with mixed hexanes in 
separato ry  funnel, filtrations of hexane, evaporation and weighing of 
grease (Pomeroy-W akeman (6 ) )

4. Lime coagulation and filtration on asbestos, acidification and 
fluffing, extraction with petroleum  ether fo r 3 to 4 hours (E liassen and 
Schulhoff (7) )

5. Oil extraction of sewage solids or sludge and ether extraction of 
the oil (Gelim (8 ) )

G r e a s e  R e f e r e e  C o m m i t t e e

In  1941, the Chairm an of the Committee on S tandard  Methods of 
the Federation  (the senior au thor), appointed a referee committee on 
the grease determ ination to be headed by the junior author. F ifteen 
persons with laboratory facilities were asked to serve on this referee 
committee, each to carry  out certain  com parative experiments. Be
cause of the w ar or for other reasons the response was not unanimous. 
In  fact, only three laboratories actually undertook and carried  out the 
tests as prescribed. These were the laboratory of the New York State 
Dept, of Health a t Albany, N. Y., under the direction of F. W ellington 
Gilcreas, Asst. D irec to r; the laboratory of the Buffalo Sewer A uthority, 
Buffalo, N. Y., under the direction of Dr. George E. Symons, Chief 
Chemist; and the laboratory of the Indianapolis sewage treatm ent 
plant, Indianapolis, Ind., under the direction of Don E. Bloodgood, 
Supt.

The work on investigation of the methods for grease determ ination 
was s ta rted  before the last two above named methods had been sug
gested and hence the com parative studies were confined to the first 
three methods. In  the com parative studies, each laboratory  was to 
determine grease on ten samples of sewage, the determ ination being

T a b l e  A .— Comparison of Procedures fo r Grease Determination

G ehm

1. 1-4 liters sewage
2. See (5) below

3. 40 ml. (300 g. per 1,000)
alum , stir  5 m inutes, settle

4. F ilte r on D icalite  etc.
5. Acidify residue w ith  10 ml.

1 : 10 HC1
6. D ry  a t  60° C., th is takes 2-4 

hrs.
7. E x trac t in Soxhlet 12 hrs.

8 . Petroleum  e ther 30-60° C.

9. D ry  60° w ith  vacuum  1 hr. 

10. Weigh

H urw itz-L udw ig

1  lite r sewage
Acidify (HC1) to  pH  1.0, boil 2 

m in., chill 2 hrs.

F ilte r on co tton  disc

D ry  residue 103° C. 30-45 m in
utes

E x tra c t in Soxhlet 3 -5  hrs.

Petro leum  ether 40-60° C.

D ry  103° C., 15 m inutes w ith 
vacuum  

D esiccate 1 hr. and  weigh

P om eroy-W akem an

1  liter sewage
5 ml. 1 : 1 H 2SO4 (pH not 

given) •

E x trac t in sep. funnel ab ou t 5 
tim es

H exane (60-62° C.) no t speci
fied.

D ry  103° C., 15 m inutes air 
je t

W eigh
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made by each of the tliree methods and each method being determ ined 
in triplicate. In  all, this m eant ninety determ inations of grease to be 
made in each laboratory. A t Indianapolis and Buffalo the determ ina
tions were made on different samples of sewage from  the same plant, 
but a t A lbany the determ inations were made on samples of ten different 
sewages.

As to the technique of each method used it should be noted here that 
the actual techniques were not those as published by the authors of the 
methods but were the la test revisions (a t the time) as obtained from 
those authors. Before the tests were undertaken each of the origi
nators of the methods was supplied with the step by step procedures 
proposed fo r the committee to follow. A fter considerable corre
spondence all of the authors were agreed on the size of the sample, 
drying time, and tem perature, and other details. The details of these 
techniques as they vary  from  the original published methods are not 
im portant enough to reproduce here. I t  is sufficient to say tha t stan
dard  techniques approved by the method originators were used in each 
of the three laboratories and Table A shows the general features of the 
tests. The studies were begun in late 1941 and completed in 1943.

R e s u l t s  o f  C o m p a r a t iv e  T e s t s

The analytical data  of all tests are shown in Table B from which, 
together with comments by the workers, it has been possible to see 
certain  advantages and disadvantages of the three methods of deter
mining grease.

In  general, the first method, alum coagulation with Dicalite as an aid 
was found to be tedious because the diatomaceous earth  holds the grease 
so firmly tha t 1 2  to 16 hours extraction are required to remove the 
grease. This long extraction period tends to dissolve soluble m aterial 
other than  grease. In  short, it may be said tha t good results were 
obtained with the method although the results seem to be somewhat 
high.

The second method, tha t of refrigera tion  and acidification of the 
sewage, appeared to give a grease tha t was quickly soluble in petroleum 
ether, although it has the disadvantage of requiring extraction (wet) 
of the liquid to obtain dissolved grease and emulsified grease tha t had 
not solidified on chilling.

The th ird  method, that of wet extraction with hexanes, has several 
advantages, particu larly  for field work. I t  is also very applicable to 
sewages low in suspended solids. W ith high suspended, solids, acti
vated sludges, digested sludge, or mixed liquors, the results would 
appear to be low when determ ined by the wet extraction method. 
W hether hexanes as a solvent have any advantage was not observable 
from  the studies made, but it seems tha t the more readily obtainable 
and standard  solvent should continue to be the more desirable.

In  o rder to arrive a t the tendencies shown in the tests it is helpful



to summarize in brief the data from  Table B and this m ay best be done 
as follow s:
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Average Grease C ontent in p.p.m.
Laboratory

Coagulation Refrigeration W et E xtr.

N . Y . S ta te— 10 different sewages, range 50-300 p.p.m . 126 102 79
Indianapolis— 10 sam ples sam e sewage, range 25-110 73 54 54

p.p.m .
Buffalo— 10 sam ples sam e sewage, range 14-43 p.p.m . 20 28 • 22

I t  will be observed th a t a t the New York S ta te  Lab. there was no 
agreem ent in any of the three methods, but the coagulation method 
gave the highest results and the wet extraction the lowest. A t 
Indianapolis the coagulation method gave the higher resu lts  while 
the refrigera tion  and wet extraction methods gave lower bu t relatively 
equal results. A t Buffalo the refrigera tion  method gave the highest 
results while the coagulation and w et extraction method gave lower 
but relatively equivalent results.

In  spite of this seeming inconsistence, a study of the m ain table 
will indicate th a t reproducibility of results is quite feasible in  the 
determ ination of grease regardless of the method. The average devia
tion from  mean values ranged only from  1.7 to 2.1 p.p.m. fo r all of the 
270 tests.

C o m m i t t e e  D e c i s i o n s

There has been an insistent demand from  the sewerage field to do 
two th ings; ( 1 ) to define “ g rease”  fo r the purposes of sewage analysis 
and p lan t operation and (2 ) to present a s tandard  procedure which 
would have the legal backing of the A .P.H.A. S tan d ard  M ethods even 
though other methods seemed to be ju s t as good or w ere receiving 
fu rth e r study by the committee.

A t the F ou rth  Annual M eeting of the F ederation  of Sewage W orks 
Associations in Chicago in  October, 1943, members of the referee com
mittee and of the S tandard  Methods Committee of F.S.W .A . m et and 
discussed these results in an effort to a rrive  a t answ ers to both of the 
above points. By th a t time there were, in the lite ra tu re , two other 
methods fo r grease determ ination and the members of the committee 
had to weigh these also. (These are  Nos. 4 and 5 as listed  earlie r in 
this report.)

I t  was the consensus th a t the analytical da ta  were inconclusive and 
did not ju stify  the selection of any one of the three methods. Other 
observations and comments of these committeemen w ere: Each ob
server appeared  to obtain the best resu lts w ith the method w ith which 
he was m ost fa m ilia r ; the oil extraction method of Gehm appears to be 
more in  the natu re  of an  approxim ate and rap id  te st than  one which 
could be chosen as a s tandard  m ethod; personnel time and elapsed 
time fo r the determ ination are  im portan t factors, as is equipm ent;
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the long time of the coagulation and filter aid trea tm ent method of 
Gehm rules against this method, while the newer method of lime 
coagulation of E liassen and Schulhoff has distinct advantages both as 
to time and equipment required, but it unfortunately  lacked confirma
tion in other laboratories.

D e f i n i t i o n  o f  G r e a s e  •

By unanimous agreem ent grease was defined as “ th a t m aterial 
which is extracted from  an acidified sample of sewage by petroleum 
ether (b.p. 40-60° C.) when using the standard  procedure as outlined 
by the com mittee.”  W hile this is an a rb itra ry  definition, it has two 
advantages. F rom  a practical point of view it determ ines grease that 
causes “ troub le”  in sewage treatm ent plants and it is not concerned 
with small amounts of grease fa ts  or lipoids contained in seeds or 
otherwise bound in sewage solids. The definition is also practical in 
tha t should the committee find another method to be more exact, easier 
of technique or generally more applicable, the definition will still hold 
good.

D e t e r m i n a t i o n  o f  G r e a s e  i n  S e w a g e  a n d  I n d u s t r i a l  W a s t e s

The standard  procedure as agreed on by the Committee consists of 
the refrigeration  method combined with a wet extraction of the filtrate 
to remove any emulsified grease which may not be removed by the 
chilling and filtration process. In  many cases the wet extraction of 
the filtrate will be found unnecessary. The standard  procedure is as 
follow s:

1. Reagents

1.1 Hydrochloric acid, conc.
1.2 Petroleum  ether, B.P. 40° -  60° C.
1.3 .Cotton discs, washed with solvent and dried.
1.4 F ilte r  p ap e r—No. 1 W hatm an 9 cm.

2. Procedure

2.1 Strongly acidify (pH  1.0) a lite r sample with conc. HC1. 
B ring to boil and boil fo r two minutes. Cool and chill in 
re frigera to r (50° F. or lower) fo r a t least two hours.

2.2 P repare  a 9 cm. filter paper overlaid with grease-free cotton 
disc (cut from  absorbent cotton to fit filter) extracted w ith 
petroleum  ether and dried.

2.3 F ilte r  the chilled sample through the cotton disc. W ipe the 
sides and bottom of the beaker carefully w ith a pad of 
grease-free cotton taking care to collect all solid m aterial, 
add to filter.

2.4 D ry the filter paper and cotton pad in an evaporating dish 
in a hot a ir oven a t 103° C for 30 to 40 minutes.

2.5 Boll filter paper and cotton pad to fit in a suitable extraction 
thimble and insert the thimble.
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2.6 T ransfer filtrate to a separato ry  funnel. Shake with 50 ml. 
or more of solvent. Run off the w ater layer and filter the 
ether layer through the Soxhlet thimble into a weighed ex
traction flask.

2.7 E x trac t in Soxhlet appara tus a t ra te  of 8  to 10 cycles per 
hour for 3 to 5 hours.

2.8 Drive off ether from  extraction flask on w ater bath and dry 
in oven a t 103° C. fo r 15 minutes.

2.9 Draw off last traces of ether vapor by inserting  a tube 
connected with vacuum pump into flask while still warm.

2.10 Cool in desiccator fo r one hour and weigh.
2.11 Gain in weight of flask in gms. X 1,000 =  p.p.m. to tal grease.

D e t e r m i n a t i o n  o f  G r e a s e  i n  L i q u i d  S l u d g e  

Procedure
2.1 W eigh sample large enough to yield abo-ut 50 mg. grease. 

2 .2-2 .10  Proceed as fo r sewage, om itting step 2.6.
2.11 Determine per cent of dry  solids on separate  sample.

Gain in wt. of flask in gm. . .  _ , , , ,212 ----------- -77 =—t 5—-X 100 =  per cent to ta l grease.
Dry wt. of sample m  gm.

C o m m e n t

Although the committee members agreed on the above technique as 
standard , they also recommended th a t fu rth e r studies be made in 
some of the available laboratories, of the lime coagulation method of 
Eliassen and Schulhoff. This recommendation was made w ith the idea 
in mind tha t this method and the wet extraction method m ight be in 
cluded in the next edition of Standard Methods  as a provisional method.

In  choosing one method in preference to the others, the committee 
members did not intend to criticize the techniques of the other methods, 
but by and large they agreed tha t the chosen method best fitted the needs 
of the field as regards equipment, personnel time involved, elapsed 
time, and simplicity of technique.
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TH E RELATIONSHIP BETW EEN ACCUMULATION, 
BIOCHEMICAL AND BIOLOGICAL CHARACTER

ISTICS OF FILM, AND PURIFICATION CAPA
CITY OF A BIOFILTER AND A 

STANDARD FILTER

I. Film Accumulation *

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

Associate, Dept. W ater and Sewage Research, N ew  Brunsw ick, N . J .

A number of excellent studies pertain ing to the biology and bio
chem istry of conventional or standard  filters are available. The per
formance of such filters is well established. Features of design, 
loadings, and operation results of biofilters and other high-rate filters 
are becoming available of recent years, especially from  arm y camp 
installations. V ery little inform ation, however, is available to parallel 
the studies in respect to the biochemistry and biology of standard  
filters. The following are some of the fundam ental questions that 
remain to be answ ered:

1. Is the mechanism of purification of sewage in biological filters 
changed by increasing the load? In  other words, is the difference 
between a high-rate and standard  filter qualitative or merely quanti
tative ?

2. Is the quantity  of film in a high-rate filter different from tha t in 
the standard  filter? W hat are the factors which govern the rate  of 
accumulation and the ra te  of discharge of the film in a high-rate filter?

3. Are there essential differences in the biochemical characteristics 
of the film from  the two types of filters? Is the degree of stability of 
the film in a high-rate filter different from tha t of the standard  filter 
film? Is it true, as has been claimed, tha t a high-rate filter is merely 
a colloider and, therefore, the biological oxidation is of secondary 
importance?

4 . Is the fact tha t high-rate filters generally do not produce appre
ciable quantities of n itra tes  due to the failure of n itrify ing organisms 
in getting established, or is it due merely to the inability of the or
ganisms to n itrify  during the short time of contact with high rates of 
application?

5. Are the flora and fauna of the two types of filters different, and 
if so which type supports the g reater number and types of organism s?

6 . Is the perform ance of the filter affected by the quantity  and 
characteristics of the film?

7. Do variations in environm ental factors such as tem perature 
affect both types of filters to a sim ilar degree?

* Jo u rn a l Series Paper, New Jersey  A gricultural Experim ent S tation, R utgers U niversity, 
Dept. W ater & Sewage Research, New Brunswick, N. J .
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8. W hat is the im portance of surface and w hat is the relationship 
between surface and purification?

The objective of this study was to answer, if possible, these m ain 
questions and a number of others tha t are  in terre la ted  with them.

The results of the study will be published as a series of papers, each 
dealing with a different phase of the p rob lem :

1. Film  Accumulation
2. Biochemical C haracteristics of the Film

• 3. Nitrification and N itrify ing Capacity of the Film
4. Biology of the Film
5. Purification Capacity of the T reatm ent P lan ts
6. Correlation Between the Accumulation, Biochemical and Bio

logical Characteristics and Purification Capacity
7. Correlation of V arious Types of F ilters.

The helpful co-operation of M ajor R. E liassen, Mr. C. Shephard, and 
Mr. M. Kachorsky in making such a study possible, by fu rn ish ing  help 
in obtaining the stone samples and in making available the operating 
records of the plants studied, is gratefully  acknowledged. Acknowl
edgment is also made of the work done in the enum eration of the bio
logical population of the film by Dr. J . P. Lackey, Senior B iologist of 
the United States Public H ealth Service W ater and Sewage 
Investigations.

D e s c r i p t i o n  o f  t h e  P l a n t s

The biofilters studied are a p a r t of the sewage trea tm en t p lan t 
located in an arm y em barkation camp, consisting essentially  of g rit 
chambers, p rim ary  and secondary clarifiers, filters, separate  sludge 
digestion tanks, and sludge drying beds. The p lan t was designed fo r 
a population of 35,000, but the population is variable. The sewage is 
d istributed to the filters by two-arm r.otary distribu tors. Recirculation 
is practiced from  the effluent of the filters to the p rim ary  clarifier and 
also from  the secondary clarifiers to a diversion cham ber ahead of the 
filters. The plant was put in operation in October, 1942. The stan 
dard  filter studied is a p a rt of the Manville, New Jersey , sewage tre a t
ment plant, I t  trea ts  only domestic sewage. The d istribu tion  to the 
filter is by two-arm ro tary  distributor. The p lan t has been in operation 
since 1938. Some of the pertinen t basic design data  of the two plants 
are shown a t top of opposite page.

M e t h o d s  a n d  P r o c e d u r e

The sampling on both filters was s ta rted  in Jan u ary , 1943. Samples 
were taken once or twice a month. Sam pling in the biofilter p lan t was 
extended to February , 1944. I t  was discontinued a t the s tandard  filter 
p lant in December, 1943, when 22 sets of samples had been collected.

Stone samples were collected from  the top, one-foot, and two-foot
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Biofilter
Standard

Filter

Sewage flow, average m .g .d .......................................................... .............  3.5 0.83
Clarifiers

N u m b e r...................................................................................... .............. 2 1
D eten tion  period, ave. h o u rs .............................................. .............  2 4

Filters
N u m b e r ...................................................................................... .............. 2 1
D iam eter each, f t .................................................................... 125 110
D ep th  of stone, f t ................................................................... .............  3 6 ^
Size of stone, inches............................................................... .............  2 ^ i y 2 to  2
T o ta l surface area, a c re s ...................................................... 0.56 0.22
T o ta l stone, cu. y d ................................................................. ............. 2734 2285
R aw  sewage application, m .g .a.d ...................................... .............  6.3 3.8
R aw  sewage loading, lbs. B .O .D . per cu. yd. per day .............  1.5 0.3 to  0.4*
R ecirculation  ra t io ................................................................. .............  1.5 none

F ina l se ttling  tanks
N u m b e r..................................................................................... .............  2 1
D eten tion  period, h o u rs ....................................................... .............  2 1

* On th e  basis of assum ed values of 100 and  150 p.p.m . of B .O .D . in  raw  sewage. T he average
suspended solids during the year for the eight-hour day flow was 170 p.p.m.

levels. The surface layer of stone was removed before the samples 
were taken from  the top. A hole was dug each time a t a different 
p a rt of the filter fo r sampling from  the different depths. In  the 
biofilter, the same filter was sampled each time, except when tha t filter 
was out of service.

The stone samples from  each level, am ounting to 20-25 pounds, 
were scraped with a brush into tap  w ater immediately afte r they were 
brought to the laboratory. The weight of the stone and the volume of 
sludge obtained were determ ined and the quantity  of film per kilogram 
of stone was calculated from  the amount of dry solids in the m aterial 
removed from  the stone.

R e s u l t s

The average quantity  of the film in three levels of the biofilter during 
the period covered by this study is shown in Fig. 1. The quantity  of 
dry  film fluctuated from  1.4 to 2.8 gram s per kilogram of stone from  
Jan u ary  to October. There was a sharp increase thereafter, reaching a 
maximum of 4.4 gram s per kilogram  in January . The results indicate 
that the quantity  of film during the first w inter was lower than tha t 
during the second winter.

The yearly, summer and w inter averages of the film a t different 
levels are  given in Table I. The summer average covers the period 
from  May to November inclusive, when the tem perature of the sewage 
was in excess of 62 deg. F . and averaged 70 deg. F. The w inter period 
covered from  December to April, inclusive, when the tem perature of 
the sewage was below 56 deg. F. with an average of 54 deg. F . The 
averages fo r the 1942-43 and 1943-44 w inters together and separately 
are given in the table. The results indicate tha t the quantity  of film 
at all levels was lower in the w inter of 1942-43 than in 1943-44.
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The pounds of B.O.D. and suspended solids applied to the filter 
are shown in Fig. 1. They represent the load applied to the filter and 
include the B. 0 . D. and suspended solids contributed by the prim ary  
clarifier effluent and the recirculation from  the secondary clarifier.

Fig. 1.— Comparison of the film content (gm. dry solids per kilogram stone, average of 
three levels) in the biofilter with the B.O.D. and suspended solids load applied to the filter and 
the temperature of sewage.

Table I.— Quantity of F ilm  in  Biofilter in  Grams D ry Solids per Kg. Stone

Period
No.
of

Samples
Temp. °F Top l-foot 2-foot

Ave. 
of 3 

Levels

Y early Ave. Jan . 1943-Feb. 1944 22 62 2.12 2.80 2.71 2.52
Sum m er Ave. M ay to  Nov. 1944 12 70 2.33 2.72 2.47 2.51
W inter Ave. W inter of 1943 and 1944 10 55 1.87 2.90 3.12 2.63
W inter Ave. W inter 1943 7 54 1.30 2.39 2.09 2.26
W inter Ave. W inter 1944 3 54 3.21 4.10 4.49 3.90

The differences in film accumulation during the two w inters are  not 
due to the load variations, because the pounds B.O.D. and suspended 
solids applied to the filter during the w inter of 1942-43 were as high as 
in 1943-44. I t  should, therefore, be concluded th a t the quan tity  of 
film in the bed in the w inter of 1942-43 is not typical of w inter condi
tions. F ilm  accumulation was re ta rded  by the onset of cold w eather 
soon afte r the plant was put in operation in October, 1942. Since the 
film failed to accumulate, despite the high loadings, the removals of 
suspended m aterial by the bed during this period should be low.
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Actually, such was the case, as will be shown in the section dealing with 
the purification capacity of the filter.

The quantity  of film in the biofilter, with the exclusion of the initial 
working-in period, varies directly with the pounds B.O.D. and sus
pended solids applied and indirectly with the tem perature (Fig. 1). 
W hen the ra te  of biological destruction of the film was high in the 
summer, the loading was low and the conjunction of these two factors 
resulted in low film accumulation. "When the ability of the bed to 
destroy the film was re tarded  by the lower tem perature, high loads 
were applied, which resulted in la rger film accumulation. If  the 
loadings applied had been higher in the summer than in the w inter, it 
is possible tha t the quantity  of the film would have been greater, but 
probably not a t the same level as in the winter.

W hen May and October are selected fo r comparison, the following 
results are ob ta ined :

The average tem perature of the sewage was 3 deg. F. higher, the 
B.O.D. loading was 700 pounds or 27 per cent higher, and the quantity  
of film was 0.3 gm. per kg. stone lower in October than in May. The 
results on film accumulation are on the basis of one sample during each 
month and may not represent accurately the actual quantities during 
the month. W ith nearly equal loadings on the basis of pounds B.O.D. 
and suspended solids and with tem perature above 70 deg. F. during 
June, July , August, and September there were some m inor fluctuations 
in the average quantities of film. The discrepancy in the quantities 
of film in December and February , with nearly  equal B.O.D. and sus
pended solids loadings and tem perature, is due to the failure of the 
bed to m ature fully in the cold months afte r the p lan t was placed in 
operation.

The average quantities and the progressive changes in the film at 
the top, one-foot, and two-foot levels are given in Table I  and 
Fig. 2. W ith only a few exceptions, the top level of the bed contained 
the least film. The average values are considerably lower a t the top 
than a t the lower levels. The difference in the average film content 
between the one and two-foot levels is not appreciable. The individual 
values a t these two levels are close to each other, with a few exceptions 
when the quantity  of the film was considerably higher a t one level than 
the other. The fluctuations in the quantity of film a t different levels 
follow one another fa irly  closely. An increase in the quantity  of the 
film a t one level is reflected in the other levels. In  other words, the 
factor or factors tha t influence the film accumulation are effective 
throughout the top two-foot zone. This also indicates tha t the sam p
ling methods were adequate and reliable.

T em perature, deg. F .........................
Load, lbs. B .O .D . ap p lied ..............
F ilm  d ry  solids, gm. per kg. stone

M ay

64
2,600

2.8

October

67
3,300

2.5
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The vertical d istribution of the film in the bed is shown in F ig . 3. 
D uring the summer the quantity  of film in the bed was low and was 
uniform  from  the top to the two-foot level. D uring the w inter of

j f m a m j j a s o n d j

F ig. 2.— Comparison of the quantity of film at the different levels of the biofilter (gm. dry
solids per kilogram stone).

TOP

I FT.

2FT.

2  3 4  5
F I L M  GM. /  KG.  S T O N E

F ig. 3. Vertical distribution of film in the biofilter during the summer and winter (gm. dry
solids per kilogram of stone).

1943-44, the solids content in the bed was high and increased from  the 
top to the two-foot level.

In  an effort to account fo r the low film accumulation on the top of 
the filter, the volume of to tal flow applied to the filter is com pared with
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the film accumulation on the top of the filter in Fig. 4. The to ta l flow 
figures include the recirculation. A fter the middle of March, there is 
a d irect positive relationship between the quantity  of film a t the top 
level and the to tal flow through the filter. I t  appears from  these re
sults tha t the low film accumulation on the top of the filter is not due to

J F M A M J J A S O N  D J

F ig. 4.— The quantity of film at the top layer of the biolilter and the flow applied to the
filter including the recirculation

the flushing action of the higher flows striking the surface, because a 
positive correlation was obtained instead of a negative correlation. 
The range in the flows varied from  a minimum of 4 to a maximum of 
10 m.g.d. or from 7 to 18 m.g.a.d. W ithin this range of flows, scouring 
of the film does not seem to be an im portant factor.

Since the quantity  of film in the bed is the resu ltan t between the 
ra te  of accumulation and the unloading of solids, the periods of high 
accumulation should coincide with periods of low discharge of sus
pended solids and vice versa, provided unloading is an im portant factor 
in determ ining the quantity  of film rem aining in the bed. Such a 
comparison is made in Fig. 5, where the p.p.m. suspended solids in the 
effluent from  the filter is compared with the average quantity  of film 
a t the three levels. The results show tha t a t certain  times the relation 
between suspended solids in the filter discharge varies indirectly with 
the film growth, as would be expected if unloading was the only factor 
in the quantity  of film present in the bed, but a t other times the relation
ship is direct. The negative correlation between suspended solids in 
the filter effluent and the quantity  of film is more apparen t during the 
w inter when biological growth is limited. The suspended solids in the 
filter discharge was a t a minimum during the period from  May to July.
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D uring this period the suspended solids and B.O.D. load applied to the 
filter were also a t a minimum. The solids in the effluent increased, how
ever, before the load increased appreciably.

P ig. 5.— The film growth (average of three depths) and suspended solids in the filter discharge
in the biofilter.

The effect of applying the whole flow on one of the filters, necessary 
fo r tem porary  repairs of the distribu tors, on the quan tity  of film is 
presented in Table II. On October 12, one of the filters was shut down 
for two days. The bed was sampled on October 13 and again  on

T a b l e  I I .— Effect o f Temporary Shutdown of One Filter on the Q uantity o f F ilm  
in  the Filter in  Operation

Film  Growth D ry Solids gm./kg.
D ate Filters in Sewage Flow Total Flow

Operation M.G.A.D. M.G.A.D.
Top l-ft. 2-ft. Ave.

Septem ber 2 9 ........................ two 4.4 12.8 3.26 3.43 2.52 3.07
October 13 ............................. one 5.8 14.5 2.66 2.55 2.34 2.51
October 15 ............................. two 6.4 15.6 2.41 2.57 2.38 2.45
N ovem ber 3 .......................... one 9.8 17.6 3.90 4.97 3.19 4.00
N ovem ber 12........................ one 6.6 16.4 2.92 3.03 3.44 3.13
D ecem ber 1 ........................... two 4.6 13.2 3.19 3.71 4.72 3.87

October 15 when the two filters had been pu t in service. The sample 
taken on September 29 when both filters were in operation is included 
fo r comparison with the October 13 and 15 samples. F rom  October 25 
to November 12 the whole flow was again  passed through one filter. 
Two samples were taken during this period, one on November 3 and one
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on November 12, ju s t before the two filters were put in service again. 
The December 1 sample, representing a period of operation of over 
two weeks when both filters were in service, is included fo r comparison. 
The method of operation during the periods when one of the filters was 
out of service was modified to the extent of elim inating the recirculation 
of the secondary clarifier effluent to the biofilter, although the recircula
tion from  the filter effluent to the p rim ary  clarifier was m aintained. 
The to ta l sewage flow was trea ted  on one filter during these periods. 
The sewage flow and to tal flow to the filters in m.g.a.d. are given on the 
basis of the number of filters in actual operation. During the first 
period, w ith one filter in operation on October 13, the sewage flow and 
to tal flow did not increase m aterially  on the basis of m.g.a.d. of actual 
filter area in service. The film growth at the different levels decreased 
somewhat over the September 29 values. On November 3 and 12 the 
actual rates of application were higher. There was a considerable 
increase in the quantity  of film on November 3, but the November 12 
values were lower than December 1 values when both filters had been in 
operation for over two weeks. I t  appears from these results tha t the 
volumetric ra te  of application influences the film accumulation only to 
a lim ited extent and tha t the im portant factor is the total B.O.D. and 
suspended solids load applied.

T a b l e  I I I .— F ilm  Accumulation in  Standard Filter (gm. dry solids -per kg. stone)

No. of Samples Top l-foot 2-foot Ave.

Yearly Ave.................................. 17 3.98 2.64 2.77 3.31
Sum m er A ve............................... 9 2.53 1.99 1.83 3.17
W inter A ve.................................. 8 5.60 3.44 4.47 4.50

The quantity  of film in the standard  filter is given in Table III . 
In  contrast w ith the biofilter, the highest film accumulation in the 
s tandard  filter was a t the top. A t the one-foot level the values were 
higher in the summer and lower in the w inter than a t the two-foot level. 
As in the biofilter, the film was lower a t all levels during the summer 
than in winter. The average film content in the standard  filter was 
30 per cent higher than in the biofilter, practically all due to the g reater 
film content a t the top, since the quantities of film at the other two levels 
were nearly  the same in the two types of filters. As in the biofilter, 
the vertical distribution of the film in the standard  filter was. more 
uniform  in the summer than in w inter (Fig. 6). The seasonal fluctua
tions in the quantity  of film a t the three levels is presented in Fig. 7. 
The quantity  of film in the filter reached a peak in A pril and decreased 
sharply until the middle of June. P lan t records show tha t spring 
sloughing s tarted  in the middle of May and continued until the end 
of June. Flooding fo r fly control was resorted  to only twice during 
the summer and, therefore, exerted only minor influence on the quantity 
of film. The increase of film in the filter afte r the spring sloughing
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sta rted  a t the top of the filter, was followed by increases a t each 
succeeding level. By December, the top level had accum ulated a 
copious film, but a t the one and two-foot levels it was only m oderate.
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F ig. 6.— Vertical distribution of film in the standard filter during the summer and winter
(gm. dry solids per kilogram stone).

F ig. 7.— Comparison of the quantity of film at the different levels of the standard filter (gm.
dry solids per kilogram stone).

I t  appears that, in the s tandard  filter, first and grea test accumulation 
takes place a t the top, the grow th moving downward as the top accumu
lation becomes heavy.
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D i s c u s s i o n

The quantity  of film in a filter bed is determ ined by the net effect of 
two opposing factors, (1) accumulation and (2) unloading and oxida
tion. The accumulation is the result of removal of solids from  the 
sewage applied and the grow th of the flora and fauna. The film 
consists of (1) living and dead cells of the biological population, (2) 
organic m atter reta ined  from  sewage a t different stages of decompo
sition, and (3) digested and undigestible organic residues. The 
quantity  of film is influenced directly by the B.O.D. and the suspended 
solids load applied. In  general, the g reater the load applied the higher 
is the removal of solids and B.O.D. and the greater is the resu ltan t 
increase in the biological population. The film thus grows directly 
by the solids removed and indirectly by the biological growth which 
feeds on the m aterials removed. U nder certain  conditions, however, 
the removals of applied solids may not take place and the quantity  
of film may not respond to the g reater load applied. Such was the 
case in the biofilter during its initial operation period in the cold 
w eather. Despite the high loadings, the quantity  of film in the bed 
rem ained low during this period. I t  follows tha t it is not the total 
suspended solids and B.O.D. load applied as much as the portion that 
is removed and adsorbed which builds up the film either directly or 
indirectly by increased biological population. W ith equal percentage 
removals the g reater load applied will result in greater film 
accumulation. »

The removal of the applied load is in tu rn  dependent on a number 
of factors. Tem perature is an im portant factor influencing the per
centage removal of applied solids both in high-rate and standard  
filters. According to results published from  other sources and the data 
that will be furnished in a subsequent paper in this series, tem perature 
exerts a g rea t influence on the removals in high-rate and standard  filters. 
I t  is to be expected th a t with equal loads, the removal by the bed will 
be lower in w inter than in summer and should therefore result in a 
lower quantity  of film. But tem perature acts also in the opposite 
direction. A g reater percentage of the solids removed from sewage 
will be destroyed during the summer than in w inter, resulting in a 
lower net increase in film, despite higher percentage of removals. If, 
in addition, the B.O.D. and suspended solids load applied decreases in 
summer, as it did in the biofilter studied, the net effect of all these 
factors will be a considerably lower quantity  of film in the summer. I t  
appears, then, tha t variations in the quantity  of film caused by normal 
decrease in the efficiency of removals in w inter are not so im portant 
as the load applied and the g reater destruction of the film induced by 
higher tem perature. The im portance of the la tte r  factor will be dis
cussed in the next paper of this series.

In  evaluating the relative im portance of the load and of tem perature, 
the data obtained from  the biofilter plant under study are insufficient 
to w arran t generalization because the suspended solids and B.O.D. load
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to the filter decreased simultaneously w ith an increase in  tempei a uie. 
The decrease in the load to the filter was not caused so much b> a e 
crease in the flow and concentration of incoming sewage as by e 
g rea te r efficiency of the p rim ary  clarifier, as will be shown in  a su - 
sequent paper. I t  is conceivable, however, th a t if the am ount of sus
pended solids and B.O.D. applied to the filter was considerably higher 
in the summer, a g rea te r quan tity  of film m ight be obtained despite 
the g rea te r ra te  of destruction of the film.

The retention of the applied load by the filter is also affected by the 
ra te  of application and the contact time. The percentage of applied 
load removed is lower but the to ta l quan tity  of m ateria l removed per 
unit volume of filter medium is g rea te r in  the h igh-rate than  m  the 
s tandard  filter. In  spite of this, the quan tity  of film m  the high-rate 
filter is actually lower. Aside from  the differences m  the unloading 
rates in the two types of filters, which is discussed below, a p a r t of this 
effect is due to the shorter contact time between the applied load and the 
film in the biofilter as com pared w ith the s tandard  filter. I t  has been 
shown tha t the quantity  of film is lowest a t the top of the biofilter and 
highest a t the top of the s tandard  filter. I t  is to be expected tha t the 
greatest removals would take place a t the top where the la rg est quantity 
of removable m aterial comes in contact w ith the film. In  the standard  
filter, where longer contact time is available, the rem oval and conse
quent film accumulation is g reatest a t the top. In  the high-rate filter, 
sufficient adsorption and retention of the applied load does not take 
place a t the top because of the high velocity and short contact time. 
As the sewage passes into the filter, the velocity is reduced and greater 
removal becomes possible with resu ltan t la rger film accumulation.

The im portan t factors tending to increase the quan tity  of film in a 
bed are, therefore, (1) load, (2) tem perature, and (3) reten tion  of the 
applied load. Biological growth, which constitutes a considerable 
portion of the film, is affected by the load and the tem perature. The 
load is derived not only from  the non-settled portion of the sewage 
flow but also from  the unremoved portion of the filter effluent recircu
lated  to the p rim ary  clarifier and the load contributed by the recircula
tion of final effluent to the filter. A t certain  times, these last two 
components of the load applied to the filter increase the load con
tribu ted  by sewage to a considerable degree. The rem oval of the load 
applied is influenced, in  turn , by tem perature and the ra te  of appli
cation.

The forces tending to reduce the quantity of film in the filter work 
simultaneously with the forces tending to increase the quan tity  of 
film. U nloading and destruction of the film by biological action are  the 
two most im portan t forces tending to reduce the quan tity  of film, 
tem perature being a contributory factor to both unloading and bio
logical destruction. The influence of oxidation in reducing the quantity  
of 1film has been referred  to above. The magnitude of this factor will be 
discussed in g reater detail in connection with the biochemical character
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istics of the film. F o r the present, it is sufficient to say that it is an 
im portant item and is influenced by the tem perature.

F acto rs contributing to the unloading of a standard  filter have been 
previously studied in detail. The standard  filter studied did not 
vary  m aterially  from the recognized pa tte rn  in this respect. The large 
quantities of film accumulated in the bed during the w inter were un
loaded in the spring. The am ount of film decreased sharply during 
the sloughing period and rem ained low during the summer months. 
There was no indication of a natu ra l fall sloughing. The filter is 
underloaded even as a standard  filter and the increase in the quantity 
of film and the destruction of the film during favorable summer 
tem peratures kept pace with the accumulation, resulting in maintenance 
of an equilibrium. In  the absence of excessive accumulation of film, 
the fall sloughing was not noticeable.

Insect larvae play an im portant role in destroying and dislodging 
the film. The average numbers of insect larvae per gram  of dry 
solids in the different levels of the standard  filter are given in Table IY.

T a b l e  IV .— Average Number o f Insect Larvae in  the Standard Filter (per gm. dry solids)

Top l-foot 2-foot 6-foot Effl. SI.

Y early  A ve.................................. 1,380 2,930 2,400 436 152
Sum m er A ve............................... 2,245 4,580 3,075 580 230
W inter Ave................................. 230 1,050 900 . 145 58

The numbers are relatively low a t the top, increase to a maximum at 
the one-foot level, drop somewhat a t the two-foot level, and are low 
at the six-foot level and in the sludge from  the secondary clarifier. 
The numbers are decidedly higher in the summer than in the w inter at 
all levels, as was to be expected. In  addition, the activities of the 
larvae are g reater in summer than in winter. These facts correspond 
to the low film accumulation in the summer and indicate tha t the larvae 
play an im portant role in keeping down the growth either by direct 
consumption or by the dislodging of the film.

There is no evidence of seasonal unloading in the biofilter. The 
quantity  of film in the biofilter is low in the summer, but this is not 
due to a spring unloading, because the suspended solids in the filter 
effluent do not show an increase during this period. Only once were 
the suspended solids in the effluent high enough (110 p.p.m.) to be 
indicative of unloading. This occurred in February  and can be readily 
a ttribu ted  to the failure of the bed to remove the large concentration 
of suspended solids applied. The suspended solids in the filter dis
charge varied considerably and were generally higher in the winter. 
The suspended solids also fluctuated directly with the quantity  of film. 
These facts indicate tha t the solids in the discharge are influenced 
not only by the unloading, but also by the efficiency of removals and 
cannot be taken as a safe index of the extent of unloading. Unloading
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appears to be continuous but a t no time severe enough to affect the 
quantity  of film in the bed appreciably.

In  regard  to unloading induced by varia tions in  flow, the evidence 
presented seems to indicate th a t w ithin a range of flow from  7 to 18 
m. g. a. d. including recirculation, the quantity  of film a t the top of the 
filter varies directly w ith the flow. I t  does not seem that, w ithin this 
range of flow, flushing velocities are  effective in removing the film 
from  the top of the bed. I t  has already been shown th a t the relatively 
lower quantities of film a t the top of the filter in com parison w ith the 
lower levels could be a ttribu ted  to the failu re  of adsorption to take place 
with the high surface velocities.

T a b l e  V .— Average N umbers of Insect Larvae in  the Biofilter (per gm. dry solids)

T o p l-foot 2-foot Effl. SI.

Y early  A ve................................................ 625 1,270 1,740 355
621 1 ,1 2 0 1,730 435

W inter A ve................................................ 628 1,450 1,765 270

The average numbers of insect larvae per gram  of d ry  solids in the 
different levels of the biofilter are  given in Table V. The resu lts show 
tha t a t the top level the num bers are  low, as in the s tan d ard  filter. 
The maximum numbers in  the biofilter, however, occur a t the two-foot 
level instead of a t the one-foot level as in the s tandard  filter. I t  is 
noteworthy th a t the num bers of insect larvae in the biofilter are  con
siderably lower than in the s tandard  filter. F urtherm ore, the numbers 
in the summer and in the w inter are nearly  the same. These facts 
indicate tha t larvae play a more restric ted  role in the biofilter than  in 
the standard  filter.

On the basis of a minimum of 2 and a maximum of 4 gram s of dry 
film per kilogram  of stone (see Table I)  the to ta l quan tity  of d ry  film 
in the biofilter would vary  from  15,100 to 30,200 pounds or 5.5 to 11.0 
pounds per cubic yard  of stone. S im ilar calculations fo r the standard  
filter, using the basic figure of 3 and 4.5 gram s of d ry  film per kilogram 
of stone, give values of 8.1 and 12.2 pounds of dry  film per cubic yard  
of stone.

The suspended solids load applied to the biofilter including tha t 
contributed by the effluent from  the p rim ary  clarifier and the recircula
tion directly to the filter varied  from  3970 to 1660 pounds per day. On 
the basis of 15,100 pounds of solids in the bed, the ratio  of film to 
suspended solids applied would vary  from  4:1 to 9:1. On the basis of 
twice as much solids in the bed, the ratios would be 8 :1 and 18 :1. In  
the activated sludge process the retu rned  sludge suspended solids ratio  
has been placed between 10:1 and 20:1 (2). Heukelekian (1), f vom 
laboratory  investigations, arrived, a t a value of 13:1 as the optimum 
for activated sludge. In  comparison w ith activated sludge, the load 
applied per unit quantity  of biological m ate iia l is gi eater in the bio
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filter than in activated sludge, and hence the degree of purification is 
less. Since the rate  of application and the strength  of sewage on the 
s tandard  filter were less than in the biofilter, and a t the same time the 
quantity  of film was higher, the load applied and the work done per 
unit am ount of film were lower than in the biofilter.

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

The quantities of film a t the top, one-foot, and two-foot levels in a 
biofilter and in a standard  filter were determ ined a t intervals fo r a 
period of over a year. The results w arran t the following conclusions:

1. There was an extended m aturing period in the biofilter due 
to the cold w eather a t the s ta rt of the operation. Consequently, the 
film accumulation during the first w inter was lower than tha t during 
the second winter. The quantities of film were considerably lower 
during the summer than during the second winter.

2. The variations in quantity  of film in the biofilter, with the ex
clusion of results obtained during the m aturing period, follow directly 
the load applied to the filter expressed as pounds of B.O.D. and sus
pended solids. Both the load applied and the quantity  of film accu
m ulated were low in the summer and increased during the winter.

3. The quantity  of film in the standard  filter was also high in the 
w inter and decreased to a low level during spring sloughing. There 
was only a m oderate quantity  of film during the summer.

4. The vertical distribution of film in both filters was uniform 
during the summer period when the quantities of film were generally 
lower. In  the winter, however, the maximum quantity of film in the 
biofilter was found below the top level, whereas in the standard  filter 
it was found a t the top.

5. W ithin a range of flows varying from  7 to 18 m.g.a.d. the film 
quantity  varied directly with the flow in the biofilter. I t  does not ap
pear tha t within this range of flow, which includes recirculation, a 
presumed flushing action is effective in dislodging the film.

6. The difference in the quantity  of film at the top of the biofilter and 
standard  filter is a ttribu ted  to incomplete adsorption and removal 
of the load by the biofilter a t the surface because of inadequate con
tact time.

7. The quantity  of film in the standard  filter was 8-12 pounds per 
cubic yard  of stone in comparison with 5.5-11 pounds per cubic yard  
of stone in the biofilter.

8. Calculations show tha t the suspended solids load applied per unit 
amount of biological m aterial was higher in the biofilter than is common 
in the activated sludge process.

9. The im portant factors determ ining the quantity  of film in the 
biofilter a re : (a ) B.O.D. and suspended solids applied and removed. 
W ith higher applied loads and g reater removals the quantity  of film 
increases by the retention of the solids and the resu ltan t increase in 
biological population, which uses as food the m aterials removed from
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sewage, (b) H igher tem peratures increase the removals, but the net 
effect, on the basis of equal loadings, is to decrease the quantity  of film 
because of a higher ra te  of biological oxidation of the film, (c) U n
loading in the biofilter is continuous and not seasonal, and does not 
deplete the quantity  of film markedly. The suspended solids in  the 
filter effluent vary  considerably but do not necessarily indicate un
loading, since with high suspended solids in the filter effluent the film 
may increase. The high suspended solids in the filter effluent seem to 
be due to failure of removal when passing through the bed.

10. The application of the whole flow on one filter during  periods of 
repair on the d istribu tor arm s varying from  two days to over two weeks 
did not increase the quantity  of film m aterially  beyond some of the 
values obtained during periods when both filters were in operation.

11. Numbers of insect larvae both in the biofilter and in the standard  
filter are low a t the top. The maximum num bers occur a t the one-foot 
level in the standard  filter and a t the two-foot level in  the biofilter. 
The numbers in the biofilter are lower than in  the s tan d ard  filter and, 
unlike the la tter, do not show an increase in the summer. I t  is con
cluded tha t larvae play a restric ted  role in the biofilter.
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I n d u s t r ia l  W a s t e s

INDUSTRIAL COFFEE W ASTES IN EL SALVADOR

B y  C a p t a i n  P a u l  C. W a r d , Sn. C., A.U.S.
Sanitary  Engineer, In s titu te  o f  Inter-Am erican A ffa irs

The chief industry  of the Republic of E l Salvador is the growing 
and processing of coffee. The average yearly  production fo r the 
period 1936-1941 was in the order of 120 million lbs. The present 
w ar has stim ulated coffee production in this country and new ground is 
now being converted to coffee cultivation.

A pproxim ately 70 per cent of the coffee produced is “ w ashed,” 
tha t is, the ripe coffee cherry is picked and milled in a process which 
requires the use of water. This process is differentiated from tha t of 
“ d ry ” coffee, in tha t the dry cherry is picked from  the tree and the 
hull is removed by dry milling.

W ashed coffee of good quality receives the highest price in the 
United States where it is blended and roasted before the ultim ate 
consumption in the American home. W ashed coffee generally brings a 
price of $1.20 per 100 lbs. more than dry coffee, and thus this process is 
a profitable one.

The best quality of coffee is grown a t the higher altitudes (2,000-
3,000 ft.), and because of this fact and the necessity of adequate clean 
water, many small mills are located near spring outcroppings or on the 
headw aters of small creeks. The larger mills, however, are located 
a t the lower elevations near railroads and highways where the coffee 
cherries may be easily transported  from several producing areas.

The ultim ate discharge of the liquid w astes from  the coffee mills 
has become an im portant problem to solve. W ater is a scarce com
m odity and stream s are being subjected to a damage from which they 
cannot recover. W astes are discharged into dry channels where de
composition occurs, and an odor nuisance develops affecting those in 
the immediate vicinity. Fortunately , during the rainy season these 
channels are flushed.

The ground w ater in E l Salvador is lim ited to certain areas, and the 
inhabitants of many localities are dependent upon small stream s as 
the only sources of w ater. The dangers of surface w ater for drinking 
purposes are well recognized, but the chemical and physical properties 
of these stream s m ust be protected so tha t subsequent treatm ent, even 
simple boiling, will yield a palatable and safe product.

The scarcity of w ater is also reflected in the operation of mills and 
the quality of the coffee produced. Many plants m ust collect and store 
ra in  w ater fo r use during the milling season as no other w ater is 
available.
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The greatest single factor th a t lim its the capacity of the coffee mills 
is the quantity  of w ater w hich/a mill has available. Thus, in  many 
plants, w ater is recirculated ahd reused to the point where fu rth e r  use 
would damage the quality of the product.

The w ater requirem ent is in the o rder of 260 gallons per 100 lbs. 
(quintal) of finished coffee, in those p lants w here it is only used once. 
This quantity  is reduced to 100 gallons per 100 lbs. (quintal) of finished 
coffee in those plants which recirculate as much w ater as is possible.

D e s c r i p t i o n  o f  P r o c e s s

The coffee cherry is dumped into a receiving v a t from  which it is 
conveyed to the pulpers by w ater. D uring this conveyance, stones, etc. 
are separated  by traps, and “ floaters,”  the unsound cherries, are di

verted to separate pulpers. The pulper removes the skin and  a large 
proportion of the flesh from  the coffee bean. The hulled bean is then 
transported  by w ater to a ferm entation v a t where it  is allowed to re
main and ferm ent in a moist state, the excess w ater being drained off 
afte r conveyance and reused if necessary. The period of ferm entation 
may he as little as 12 hours or as much as 2 days, depending on fer
m entation conditions.

Ferm entation of the bean is required  before all the flesh of the 
cherry can be satisfactorily  removed from  the parchm ent which im
mediately surrounds the silver skin of the coffee bean. The proto- 
pectine in the flesh is insoluble and cannot be washed or scrubbed off



the parchm ent, and no machine has been yet developed th a t can sa tis
factorily  remove the unferm ented flesh and undried parchm ent from 
the bean. The bean cannot be satisfactorily  dried before dam aging 
ferm entation of the bean itself occurs as long as the protopectine ad
heres to the tough parchm ent. The ferm entation process enables the 
bean to be dried in a clean parchm ent which guarantees its quality.
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F ig. 2.— Coffee drying patio . Photo by courtesy of Publie  Roads A dm inistration.

The theory of the ferm entation process is as follow s: protopectine 
in the presence of the enzyme protopectinase is converted to pectine. 
The pectine is converted by pectase into pectic acid and methyl alcohol 
or is converted to pectinase, galactoronic acid and methyl alcohol. In  
the presence of calcium, which is always present in small amounts, the 
pectic acid is converted to a soluble gel of calcium pectate. These 
products, some of which are soluble, are readily removed from  the 
parchm ent of the coffee bean by washing.

The ferm ented bean is then washed and conveyed to the drying 
patios, again by water. The beans are screened from  the w ater and 
spread out to dry  in the sun for several days. Some plants are 
equipped with mechanical driers which are used subsequent to sun 
drying.

W hen the coffee has dried sufficiently to insure color and flavor it 
is milled to remove the parchment. The coffee bean is then graded, 
sacked, and shipped to the markets.

Therefore, the principal uses of w ater in the coffee mills are as 
follow s;
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1. To tran sp o rt the coffee to the pulpers.
2. To tran sp o rt the pulp to a hopper or pile.
3. To tran sp o rt the beans to the ferm entation vats.
4. To wash the ferm ented bean.
5. To tran sp o rt the ferm ented bean to the drying patio.
6. Miscellaneous op era tio n s:

a. T raps fo r stones, etc.
b. Separation of “ floaters.”
c. H ydraulic classification of beans.
d. Boiler water.

C h a r a c t e r  o f  W a s t e s  

The w astes from  coffee mills m ay be listed as fo llow s:

1. Pulp.
2. Pulping water.
3. Ferm entation  wash water.
4. Parchm ent.

These result from  the processing of the coffee cherry, which has the 
following composition :*

Minimum 
(per cent)

M aximum 
(per cent)

Average 
(per cent)

W a te r .............................................................................. 6 16 9-12
A sh.................................................................................. 3 4.5 4
N itro g en ........................................................................ 8 14 12
C ellulose........................................................................ 10 35 24
S u g a rs ............................................................................. 6 11 9
D e x trin e ......................................................................... — — 1-1.5
F a t ................................................................................... 10 14 12
Cafetannic A cid .......................................................... 6 10 8 -9
C afeine ........................................................................... 0 .6 2.25 0 .7-1 .3
N itrogen-free E x tra c t ............................................... 12 33 18
E ssentia l O il................................................................. — ___ 0.7
W ater Soluble M a te r ia l........................................... 20 36 25.30
T heophy lline ................................................................ Trace ___

T heobrom ine ................................................................ Trace — —

The pulp is the m ost potentially dam aging waste from  the mills, 
but it is generally recovered and used for fuel or fertilizer. W hen 
the fresh  pulp is stored in open piles its sugar is a ttrac tive  to flies and 
a bad nuisance develops. W hen the pulp begins to ferm ent, a foul 
repulsive odor is emanated. There is no fly breeding in the pulp' 
probably because of the acid nature of its decomposition.

The pulping w ater contains a relatively high am ount of settleable 
solids, and as it contains sugars and other soluble m aterials, it is a 

•large contributor to stream  pollution.

D ata  by Asociación C afetalera  de E l Salvador.
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The ferm entation wastes are very bulky with colloidal gels of 
pectine and the other products made removable from  the coffee 
parchm ent by ferm entation. The strength of this waste is small when 
com pared with th a t of the pulping w ater, and its products of de
composition are relatively stable and inoffensive.

The parchm ent from  the dry milling of the dried bean has no sani
ta ry  significance. I t  is nearly pure cellulose, and is generally used 
fo r fuel in the steam boilers tha t power the mills.

Samples were taken of the wastes a t three plants and as each plant 
used different proportions of w ater, the results of the examinations 
varied  considerably. The extreme values of the analyses are as 
follow s:.

5-Day, 20° B.O.D.
(p.p.m.)

Settleable Solids 
(ml. per liter)

Total Solids 
(p.p.m.)

Suspended Solids 
(p.p.m.)

P u lp ................................................ 47,000 — — —

F erm en tation  W aste s ............... 1,250- 2,220 660-700 4,260. 2,060
Pulping W astes.......................... 1,800- 2,920 60-127 4,960 848
C om bined Pulp  and Ferm en

ta tio n  W aste s......................... 6,150-134,000 160 3,220 —

These analyses were made a t the end of the milling season, and 
the plants were not operating a t capacity. The above figures will, 
therefore, be low compared to what may be expected when the peak 
of the processing is reached, and more cherries are milled per volume of 
water.

The results are more significant and consistent when calculated 
on a unit basis. They will also more nearly  approach the strengths 
expected when the mills are operating a t capacity.

Lbs. of 5-day, 20° B.O.D. per Quintal (100 lbs) of Coffee Cherry M illed

Plan t Pulping W ater Ferm entation W ater

A teos..................................................................... 0.51 0.10
E l J a b a li .............................................................. 0.61 0.06

A verage................................................................ 0.56 0.08

D isregarding the pulp which is usually removed, the expected 5-day 
20° B.O.D. load per quintal of coffee cherry milled would be the sum of 
the two other components of the waste or a to tal of 0.64 pounds. This 
represents a population equivalent of 4 persons per quintal of coffee 
cherries processed per day. Thus a coffee plant tha t mills 1,000 
quintals of coffee cherry per day, would contribute the same B.O.D. 
load to a stream  as would a city of 4,000 people.

P r e s e n t  D i s p o s a l  M e t h o d s

Many plants are now practicing methods tha t minimize the extent 
of the dam age'and nuisance created by their wastes. In  a few mills 
these methods are sufficient and satisfactory.
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Pulp  is valuable as a fuel or fertilizer, and a fte r removal from  the 
conveying w ater by screens it may be bandied in one of the following 
w ay s:

1. S tored in a pile. The fresh  pulp, because of its sugar content, 
creates a fly nuisance. Also, if it  is allowed to rem ain in a m oist con
dition, ferm entation occurs which yields foul odors. F lies and odors 
are sometimes partia lly  controlled by sprinkling lime over the pile. 
A fter the milling season the pulp is usually taken to the farm s where 
it is used as fertilizer.

2. Im m ediately hauled by trucks or carts  to the farm s where it  is 
pu t into the ground and covered.

3. Im m ediately dried upon patios and used fo r fuel. F ilte r  presses 
have been used very satisfactorily  to yield a cake tha t m ay be burned 
afte r a few hours drying. D ried pulp is also used fo r fertilizer.

Most mills discharge their liquid w astes directly into the nearest 
w ater course, but in a few instances, the w astes m ay be subjected to 
sedim entation or lagooning. The wastes are  held in the lagoons until 
the rainy season. They are  then discharged into the flooded stream s. 
Odor nuisance a t lagoons cannot be avoided, but are lessened by the 
use of lime. Sedim entation, using a series of small basins or baffles 
in a dry w ater course, has been practiced w ith good results.

In  most coffee mills, screening and p rim ary  sedim entation of the 
wastes is justified. This will not only reduce the am ount of oxygen 
required to stabilize the effluent, but will increase the yield of pulp 
which in itself is valuable to the industry. One analysis * of dried 
pulp is as follow s:

The value of pulp for fuel and fertilizer is well established, and  these 
two products, fuel and fertilizer, have become increasingly scarce in 
this country. In  every p lant visited which has had com plaints made 
of it, im proper pulp disposal was observed.

As mentioned before, the storage of moist pulp in piles resu lts in 
a serious odor and fly nuisance. I f  it is not practicable to d ry  or 
remove pulp immediately, or to add sufficient lime to the pile to control 
these nuisances, the pulp should be put in pits and covered. This 
disposal would be sim ilar to the land fill method of garbage disposal. 
Trenches or cells could be dug, and the pulp discharged into them.

R e c o m m e n d e d  M e t h o d s  o f  D is p o s a l

Content 
(per cent)

P ro te in ...........................
F ib e r ...............................
N itrogen-free E x trac t 
A sh ..................................

1.30
19.7
50.1
9.0

* U niversity  of C alifornia, Experim ental S tation , Davis, C alifornia.
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A fter each d ay ’s milling, the resulting pulp could be completely covered 
with earth. Pulp will then decompose without nuisance, and will yield 
a rich humus th a t can be la ter used on the farm s.

I t  is in teresting  to note tha t pulp silage has been suggested for 
anim al feed. Controlled feeding experiments are now being conducted 
a t a dairy  farm  owned by Sr. Carlos Alvarez, Santa Ana, with the co
operation of the Institu te  Technologico de E l Salvador.

The use of liquid wastes for irrigation  has been overlooked. Ob
servations of dry  stream  channels which conduct wastes tha t have had 
reasonable sedim entation, show no evidence tha t the waste is toxic to 
plant life. Damage has only been observed where plant life is sub
jected to wastes, high in solids, tha t have been ponded. This method 
of disposal would be practicable and beneficial in those areas where 
contour irrigation  ditches could be utilized. Lime could be added if 
needed fo r pH  control, and its application would enhance the value 
of the waste fo r land use.

Lagooning of the liquid w astes is an easy solution of the problem 
in those instances where the mills are in isolated areas. The liquid 
w astes can be la ter discharged during the rainy season when stream s 
are flooded.

Should the nature of the area  and receiving stream  be such as to 
require other and fu rther treatm ent, liming, biological treatm ent, and 
possibly slow sand filtration is suggested. Reductions in the five-day 
B.O.D. averaging 26 per cent were obtained by doses of 2 to 10 grains 
of lime per gallon of waste. Chemical precipitation, using lime and 
alum as a coagulant, did not m aterially reduce the B.O.D. of the waste 

• to a g reater extent than did the use of lime alone.
A pilot treatm ent plant is to be built before the next milling season 

a t a mill of de Sola and H ijos of San Salvador. A study will be made 
of the possibility of trea ting  the liquid wastes so tha t they can be reused 
in the milling processes. In  addition to screening and sedimentation, 
the plant will have trickling filters tha t can be operated a t various 
rates, final sedimentation, and slow sand filtration. I t  will be possible 
to add lime to w astes a t any stage of treatm ent. Results of this 
p la n t’s operation will be of in terest to the coffee industry  and the public 
health officials of E l Salvador.

This investigation was carried  on by the w riter under the immediate 
supervision of L ieutenant Colonel H enry W. Van Hovenberg, Chief 
of the United States H ealth and Sanitation Field P a rty  of the Institu te  
of Inter-A m erican Affairs, and D irector of the Servicio Cooperativo 
Interam ericano de Salud Publica in E l Salvador, C. A. The Institu te  
field p arty  is operating under the general direction of the Division of 
H ealth & Sanitation of the office of the Co-ordinator of Inter-A m erican 
A ffairs, of which L ieutenant Colonel H. B. Gotaas Sn. C., is Director.



S e w a g e  W o r k s  D e s ig n

PREAERATION, GRIT CHAMBERS AND  
SKIMMING TANKS *

B y  F r a n k  S. C u r r i e

Consulting Engineer, San Bernardino, Calif.

In  January , 1941, the B ureau of S an ita ry  E ngineering  of the 
California S tate B oard of H ealth presented a complete list of sewage 
disposal works fo r all political subdivisions of the state. This list 
includes sewage disposal installations fo r communities ranging  in 
population from  200 to 1,500,000, w ith degrees and  types of trea tm ent 
varying from  the old sewer farm , and ocean disposal of raw  sewage, to 
complete treatm ent. The first of these installa tions was made in 1906.

Of these nearly  400 various disposal works, seven are  provided with 
g rit chambers or detritors, and two have facilities fo r grease or scum 
removal other than th a t provided in the o rd inary  sedim entation tanks. 
No record was made of the use of aera tion  preceding p rim ary  settling.

D uring the past 30 years I  have been directly connected w ith the 
design of a t least 50 sewage trea tm ent plants. N early all of these 
plants were designed for the treatm ent of sewage from  separa te  sani
ta ry  sewer systems. Not one of them provided separate  skimming 
tanks, or any method fo r grease and scum removal other than  the 
m anual or mechanical skimming of the settling tanks. The de trito r 
fo r the p lant a t San Diego and the small m anually cleaned g rit chamber 
fo r the City of Las Vegas are the only plants where any provision 
(other than prim ary settling) was used fo r the rem oval of grit.

We have used preaera tion  a t Seal Beach and S an  B ernardino. 
P reaera tion  has also been used a t W hittier and we are  planning to 
re ta in  it in the revam ped W hittier plant.

I t  is evident from the foregoing tha t few of us are in terested  in 
the actual operation of g rit chambers and separate  skimming tanks. 
Personally, I  believe the percentage of p lants requ iring  either g rit 
chambers or separate skimming tanks is typical of the California 
installations, which is less than 2 per cent fo r g rit cham bers and  1 per 
cent for separate scum removal.

However, w ithout question, g rit chambers are  indicated fo r some 
installations, especially where the collection system  is used fo r com
bined storm  and san itary  sewage. M any operators have undoubtedly 
had trouble with sludge lines clogging because of excessive g rit, and the 
life of many pump impellers has been shortened fo r the same reason.

* Presented  a t  17th Annual M eeting, C alifornia Sewage W orks A ssociation, P resno 
Ju n e  22-25, 1944.

46

\



Vol. 17, No. 1 PR E A E K A TIO N , GRIT CHAM BERS AND SK IM M IN G  T A N K S 4 7

Recently in some of the la rger plants, “ flash d ry ing”  of the sludge 
has been used. In  these installations considerable w ear has been ex
perienced in the drying units because of the presence of g rit in the 
sludge. However, the presence of large amounts of g rit in a well de
signed and constructed separate san itary  sewerage system is highly 
improbable and, though some difficulty may occasionally arise because 
of the presence of sand and grit, less trouble, and certainly less odors 
and nuisance, will be experienced in the occasional cleaning of lines 
and tanks than in the continuous operation of a g rit chamber or de- 
trito r. I t  is suggested tha t the operator who thinks he might w ant one 
first ask the man who has one.

W hile few of us have separate skimming tanks, practically all of us 
are  fam iliar with the problems of skimming settling tanks. Most 
rectangular clarifiers move the scum to the outlet end of the tank, and

¡I most circular clarifiers collect scum at some point near the outer peri
phery. The slight' disturbance caused by the skimming mechanism 
usually causes p a rt of the scum to pass under the baffle and over the 
w eir into the tank effluent. A t the San B ernardino plant, where the 

jjl overflow of the circular clarifier is split with one-half of the flow 
going to the north  trickling filter and one-half to the south trickling 
filter, the skimming trough is so located tha t any scum passing under the 
baffle is carried  to the south filter. Practically  no nozzle cleaning is 
required in the north filter, but the south filter nozzles cause con- 

.' siderable trouble. The collection of skimmings a t the inlet end of
rectangular clarifiers and the center of circular clarifiers would cer
tainly go a long way tow ard better effluents.

Since the outbreak of the w ar and the construction of a large 
number of sewage treatm ent plants fo r m ilitary camps, grease removal 
has become a m ajor problem. Analyses of arm y sewage indicate a 
grease content varying from  25 to 250 parts  per million. Such amounts 
are, of course, fa r  in excess of norm al municipal sewage, but they are 
responsible fo r several reports on grease removal, the m ost compre
hensive of which is “ Grease Removal a t Army Sewage Treatm ent 

igt' P la n ts”  by Rolf E liassen and H. B. Schulhoff, This Journal, 16, 296
(March, 1944). As this article is available and has undoubtedly been 

edt read by all, it is not necessary to discuss it here. However, the au th o rs’
conclusions, which discuss the various methods of grease removal, 

gii; consider tha t “ plain settling is one of the most effective means of
o r ®  removing grease from  raw  sewage.”
lj W here grease and scum removal beyond th a t obtained in the

ordinary clarifier is advantageous, the Vacuator, which has been 
soui developed by the D orr Company, seems to have considerable merit.
0 This equipment consists of a covered tank equipped with a skimming
jjjj device and designed w ith an overflow ra te  of 10,000 gallons per square

foot per day. A vacuum of 9 inches of m ercury holds the surface of 
s(JIl the sewage a t an  elevation of approxim ately 10 ft. above the norm al

flow line. Sewage which has been aera ted  by a mechanical aera to r 
e01 fo r a very short period is allowed to flow through this tank, where the
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increased volume of tlie a ir  bubbles floats a large proportion  of tbe 
finer light m aterials to the surface, where they are  removed by 
skimming.

I t  is claimed th a t the V acuator also serves as a g r it chamber, 
although the problem of cleaning and disposing of the g rit is still to be 
solved.

In  This Journal, 3, 621 (October, 1931), W. D. H atfield discusses 
the operation of a p reaera tion  un it a t D ecatur, 111. As this Was during 
the days when about all a san ita ry  engineer had  to do was read, the 
w riter spent considerable time on this article, and felt th a t while the 
advantages of p reaera tion  as a method of odor control (especially 
spray  odors in trickling filters) had not been stressed  by the author, 
it m ight be considerably better and cheaper than prechlorination. The 
results of two years of study and testing  by H atfield indicated th a t 2.5 
hours aeration  could reduce the B.O.D. from  30 to 40 per cent, and 
tha t the settled, aera ted  effluent could be successfully applied to 
sprinkling filters a t three times the ra te  of unaera ted  sewage. The 
w riter also felt tha t the principal reason the activated  sludge process 
was a t tha t time replacing the s tandard  trickling filter as a method of 
secondary trea tm ent was because of the excessive odors from  the fixed 
nozzle sprays. In  fact, the trickling filter was probably saved as a 
method of trea tm ent only by the use of the revolving d istribu to r which 
minimized spray  odors. I t  will be rem em bered th a t they came into 
extensive use im mediately following this period.

The preaeration  units a t the D ecatur p lan t provided 2.5 hours 
aeration. These tanks are im mediately followed by clarifiers providing 
overflow rates of 800 gallons per square foot per day. A t this plant, 
considerable activated sludge was developed; in fact, reae ra tion  of 
this sludge was provided. I t  can be seen th a t this is actually a short- 
period activated sludge plant, inserted  between the Imhoff tanks and 
the trickling filter, and should provide a high to ta l B.O.D. rem oval pre
ceding the trickling filter, as approxim ately 20 per cent B.O.D. removal 
is accomplished in the Imhoff tanks.

P reaeration , as we have used it, provides fo r the aera tion  of the raw 
sewage immediately preceding the p rim ary  clarifiers, only as a means 
of introducing dissolved oxygen into the sewage. I t  definitely cannot 
be considered as activated sludge in any sense. A t no time has any 
activated sludge ever developed in the p reae ra to rs  a t San Bernardino, 
although sludge from  the secondary clarifier is re tu rned  to the inlet of 
the aeration tank.

In  1934 a t Seal Beach, where an especially septic sewage was en
countered, preaera tion  was provided. However, the ag itation  caused 
large quantities of hydrogen sulphide to be released in the building 
which housed the aeration  tanks, clarifier, and filter, so th a t while the 
spray odors might have been decreased, it could not be noticed. There 
is no question but tha t sedim entation efficiency was g reatly  increased 
by this preaeration.



A t the old San B ernardino plant, previous to the depression, from 
300 to 400 pounds of chlorine were used daily to control odors. W ith 
the beginning of the depression and continuing until the construction 
of the recent p lant enlargement, the amounts of chlorine fo r odor 
control were greatly  reduced and odors were very noticeable all around 
the plant. The problem was to double the capacity of the existing 
plant, which was done by providing a 2-hour preaera tion  period, fol
lowed by p rim ary  clarification a t 800 gallons per square foot per day, 
the use of the existing trickling filter, and secondary clarification a t the 
p rim ary  rates.

A fter the experience a t Seal Beach where considerable hydrogen 
sulfide was released by the preaeration, there was some concern that 
preaera tion  a t San Bernardino would release considerable odors, es
pecially in the first aeration tank. However, this has not been the case. 
I t  is probably due to com paratively low amounts of hydrogen sulfide 
at the s ta rt of aeration, although all tests preceding aeration show no 
oxygen. Dissolved oxygen a t the outlet of the aerators, when the 
supernatant is not returned  to the incoming sewage, has varied  from
3.0 to 6.3 p.p.m. Dissolved oxygen a t the outlet of the p rim ary  clarifier 
has varied from  0 to 1.7 p.p.m. This, together w ith the re tu rn  of from 
10 to 20 per cent of the flow from  the outlet of the secondary clarifier to 
the dosing chambers, has practically entirely eliminated all spray odors.

O peration to date a t San Bernardino indicates tha t during the warm 
w eather months better than 0.5 cubic foot of a ir per gallon will be nec
essary to produce dissolved oxygen in tbe dosing chambers.

So fa r  our experiences have been thoroughly convincing in that 
p reaeration  m aterially increases solids removal in the prim ary clarifier, 
and by providing some dissolved oxygen in the trickling filter influent 
greatly  increases their efficiency and capacity. However, if this were 
not the case, the cost of preaeration  is fully justified in the elimination 
of spray odors alone, and should be worthy of consideration, both in the 
design of new plants and the rehabilitation and enlargem ent of old ones.
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DESIGN OF FINAL SETTLING TANKS FOR 
ACTIVATED SLUDGE*

B y N o r v a l  E. A n d e r s o n

Engineer o f  Trea tm ent P lan t Design, The San itary  D istric t o f  Chicago

This discussion is lim ited to settling  tanks used in the activated 
sludge process because the mixed liquor from  aera tion  tanks, when 
introduced into a settling  tank, produces the phenomenon of “ density 
cu rren ts,”  which is not p resen t in other sewage settling  tanks. These 
density currents have an im portan t effect on the perform ance of a 
settling tank, and a design which does not take them into account may 
give poor results.

3
-s' «
-io ' £

WARDS ISLAND -  NEW YORK
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S-FT. EFFLUENT WEIRS 
12 PER TANK -  EL.♦ 21-25—

SCUM BAFFLE~

—»7.5*»5.0 --»7.5 —»7.S -

—»  8.5 —»8.5  —»8-5 »8.7 —» 7  A

RECTANGULAR TANK 103'-6*X 10l'-o" STRAIGHT LINE MECHANISM-2 FEET PER MIN.
SETTLINC RATE: 8,000 G.P.O. /SOFT.
DETENTION PERIOO. 13 MIN.
VELOCITY MEASUREMENTS 0EC 23VIB40 BY KING

PRELIMINARY S E TT LIN G  TANK
SOUTHWEST -  CHICAGO

F i g . 1 .— Velocity m easurem ents in  se ttling  tanks.

D e n s i t y  C u r r e n t s

A density curren t is a g rav ity  flow produced in one fluid by another 
fluid of slightly g rea ter density seeking the lower level. This happens 
when the mixed liquor of an activated sludge p lan t enters the final 
settling tanks. A pparently , the mixed liquor is such an in tim ate sus
pension of flocculent solids th a t it  acts as a liquid of g rea te r density 
than w ater. This causes the mixed liquor influent to plunge to the 
bottom of the tank and flow along the bottom  until deflected upward 
by some obstruction, usually the side of the tank, thereby inducing a 
counter-current in the upper levels back tow ard the influent.

This is shown by F ig. 1, which gives actual velocity m easurem ents 
in two different tanks of approxim ately the same length and depth.

* Presen ted  a t  S ix teenth  Annual M eeting, Federation  of Sewage W orks Associations 
P ittsb u rg h , Pennsylvania, Oct. 12-14, 1944.
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On these longitudinal sections of the tanks, the direction and magnitude 
of the velocities are shown by arrow s. The length of the arrow s are 
in proportion to the velocity. The figures a t the arrow heads show 
the observed velocities in feet per minute.

The upper illustration  shows a final settling tank fo r activated 
sludge a t the W ards Island  p lant in New York. This may look 
fam iliar since Mr. Gould used the illustration in a paper (2) presented

A turbid underflow leaping over a submerged weir.

When a flow reaches the dam it rises against the face. 
Fig. 2.-— Model tests of density currents.

before the Federation and in subsequent published articles (3) (4). 
Note that only in the lower four feet of liquid above the sludge blanket 
is the flow tow ard the effluent end of the tank, with velocities up to 
7 ft. per min. In  the upper six feet, the flow retu rns tow ard the 
influent end, with velocities up to 6 ft. per min. There was no m easur
able velocity in the sludge blanket which was about 2 ft. deep a t the 
time.

F o r contrast, the lower illustration shows a prelim inary settling 
tank handling raw  sewage a t the Southwest Sewage T reatm ent W orks, 
Chicago. In  this case the flow is always tow ard the effluent end in all 
parts  of the tank, density currents being practically absent.

I t  is in teresting to find examples of density currents in other 
fields. There is a practical application in the control of w ater reser
voirs, as presented in a publication (1) of the D epartm ent of A gri
culture, issued in 1942, on “ S tratified Flow in R eservoirs.”  This 
study is based on soundings in reservoirs and model tests. F igure 2
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F in a l Settling  Tank— A ctivated Sludge. Southwest— Chicago. C ircular Tank 126 '-0" Dia. 
Revolving Type Mechanism, 1.0 R .P .H r.; Settling  R a te : 1200 G al./Sq. F t . ;  Velocity
M easurem ents and Soundings Oct. 11, 1940 by H illm an; R ate  of Sludge Draw-off 25% (15 
M.G.D. Inflow, 3 M.G.D. R e tu rn ) ;  Solids Sludge Draw-off 1 .89% ; Sludge Index 53; Solids 
Concentration F igures in  P .P .M . (Suspended Solids).

Fig. 3.—Velocities and solids concentrations.

shows two photographs of model tests taken from  the above publication, 
and illustrates the flow characteristics of density curren ts be tte r than 
words could describe. Velocity m easurem ents indicate th a t the mixed 
liquor influent to a final settling tank acts in a sim ilar m anner.

F igure 3 gives the results of velocity m easurem ents and soundings 
fo r solids concentrations in a 126-ft. d iam eter final settling  tank made 
a t Chicago’s Southwest plant. The velocities are  shown in feet per 
minute, and the solids in p arts  per million. Lines of equal density  are 
interpolated fo r 10, 20,100,1,000 and 10,000 p.p.m. These lines form  a

=5íS

F ig. 4.— Velocity measurements in final settling tanks.
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p a tte rn  sim ilar to the turbid  underflow of the models shown in Fig. 2. 
Note again, the outw ard curren t is only in the lower th ird  of the tank, 
while in the upper two-thirds the flow is back tow ard the influent.

F igure 4 gives the results of velocity m easurem ents in final settling 
tanks of other activated sludge plants. The upper illustration presents 
the 153 by 60-ft. rectangular tanks a t Columbus, Ohio, which have a 
grid  pa tte rn  of effluent weirs with no w eir a t the effluent end. The 
lower one shows the 112-ft. diam eter tanks a t the Cleveland E asterly  
P lan t, which have peripheral effluent weirs. The middle left is a 75-ft. 
diam eter tank a t the Chicago N orth Side P lant. The middle right 
shows the currents found when the sludge blanket was maintained 
within 4 ft. of the w ater surface in one of the 126-ft. diam eter tanks 
a t the Chicago Southwest P lant. In  all cases there is the characteristic 
outw ard flow ju st above the sludge blanket, and a re tu rn  flow in a 
broader band above.

The velocity of the density curren t appears to be affected by the 
tank proportions and the inlet velocity.

How D e n s i t y  C u r r e n t s  W e r e  D is c o v e r e d  

The discovery of density currents in final settling tanks resulted 
from  a series of tests sta rted  a t the Southwest Sewage Treatm ent 
W orks of The S an itary  D istric t of Chicago in June, 1940. The object 
of the tests was to improve the perform ance of the tanks, which were
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not giving results equal to the D is tric t’s N orth Side and Calumet 
plants. The D orr Company engineering staff co-operated in these 
tests, one of its jun ior engineers, A rth u r H illman, being assigned 
full time to work with the san itary  d istric t engineers fo r about four 
months.

In  the course of investigating m any types of influent diffusers and 
baffles, the curren ts in the tanks were m easured by tim ing the travel 
of floats, such as shown in F ig. 5. The length of the line between 
the vanes and the cork is adjustable, and the a rea  of the vanes is so 
much la rger than the area of the cork th a t the travel of the cork a t the 
surface represents approxim ately the cu rren t a t the elevation of the 
vanes. This device was suggested by George D arby, of The D orr 
Company.

The inability of any type of baffle to stop the plunge of the influent to 
the bottom of the tank led W. C. W eber, of The D orr Company, in 
August, 1940, to suggest the possibility of a density  current. Subse
quent tests confirmed the belief th a t such was the case a t the Southwest 
P lant.

In  November, 1940, the author and his assistan t, H. R. K ing, made 
sim ilar current measurem ents in final settling  tanks a t Columbus, 
Cleveland E asterly  P lan t, and New York W ards Island  P lan t, w ith the 
co-operation of the staffs a t the respective plants. The same charac
teristic  currents were found, regardless of the type of tank, as shown in 
F igures 1 and 4.

E f f e c t  o n  D e s ig n

Recognizing the nature of these density currents, which apparently  
will obtain in any type of final settling tank fo r activated  sludge, let 
us examine their effect upon the design factors.

Tank Rate
The custom ary surface rating  factors fo r design capacity appear to 

be satisfactory  insofar as they go, but the m ost conservative ra ting  will 
not assure good perform ance if other details of design are  not correct. 
R. T. R egester (6) in his review of activated sludge design data  in 
1941, summarized tha t ‘ ‘ the custom ary design ra te  is between approxi
mately 900 and 1,000 gal. per sq. ft. daily on the average mixed-liquor 
basis. There are a few exceptions in  which a ra te  of 1,200 gal. per sq. 
ft. daily is used. On the maximum mixed-liquor basis, the settling  rate 
is between 1,600 and 1,800 gal. per sq. ft. daily. Corresponding average 
detention periods range from  1.7 to 2.6 hr., depending upon the tank 
depths.”

Tank Depth

This question of tank depth deserves more than casual mention. 
A pparently  there should be a lim iting ra tio  between the flow length, or 
distance from  the inlet to the up tu rn  of the density current, and the tank 
depth. This is best illu stra ted  by com paring the velocities in the 
Southw est final tanks in F igs. 3 and 4, identical tanks, operating a t
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approxim ately the same rate. F igure 3 shows a tank operating' with 
the sludge blanket about 10 ft. below the su rface ; the maximum bottom 
velocity is 5.6 ft. per min. and the maximum retu rn  velocity is 2.8. In  
Fig. 4, with the sludge blanket held up to within 4 ft. of the surface, 
giving the effect of a tank only 4 ft. deep, the maximum bottom velocity 
is 14.6 and the maximum re tu rn  velocity 5.0 ft. per min. The velocities 
are in approxim ately inverse ratio  to the flow depth. This tendency 
tow ard higher velocities was found in the rectangular final tanks a t 
Columbus (Fig. 4) and W ards Island, New York (Fig. 1), where the 

4 ratio  of length to depth is relatively large.
There are insufficient data to fix this lim iting ratio, and probably 

other elements of design modify the limit. However, the author would 
hazard an opinion that, in general:

(a)  f o r  c irc u la r  ta n k s  w ith  cen te r  in le t, th e  ra d iu s  should  n o t exceed ab o u t 5 tim es 
th e  side w a te r  d e p th ;

( b ) f o r  re c ta n g u la r  tan k s , w here  th e re  is  a  b e tte r  o p p o r tu n ity  to  red u ce  th e  in le t 
It: velocity , th e  flow len g th  should  n o t exceed ab o u t 7 tim es th e  d e p th ;

(c )  th e  d e p th  below  th e  effluent w eirs shou ld  n o t be less th a n  ab o u t 10 f t .  in  o rd e r  to  
avo id  a n y  d is tu rb an c e  caused by th e  m echanism  a n d  d en sity  c u rre n t, n o r  less 
th a n  12 f t .  i f  th e  w eirs a re  lo ca ted  a t  th e  u p tu rn  o f th e  d en sity  c u rre n t.mk

§ t t  Influent Arrangement

R egarding the inlet arrangem ent, it appears from the experiments 
a t the Southwest P lan t tha t no type of baffle has much effect on the 
quality of the effluent. Some 25 different arrangem ents were tried  
on the 126-ft. circular tanks, such as cylindrical baffles, or influent wells 
20 ft. and 40 ft. in diam eter, with a depth of 3, 7, and 12 f t . ; an inverted 
conical baffle with apex a t the center of the influent; horizontal baffles 
a t various elevations; directional vanes around the inlet to give the 
influent a ro tating  motion; and multiple horizontal plates with con
centric orifices. The combination of directional vanes and multiple 
plates was found by Hubbell (5) a t D etroit to be the m ost effective, 
from the hydraulic displacement standpoint, for 200-ft. diam eter p re 
lim inary settling tanks, as a result of model tests. However, neither 
device appeared to be of benefit in the Southwest final tanks, due 
apparently  to the density effect of activated sludge.

Inlet locations away from  the center also were tried  a t Southwest, 
[! including tangential inlets 22 ft. from  the center by means of pipes

carried on the rake a rm s ; inlets along the bottom and side of a radial 
conduit; 8 inlet ports w ithin 25 ft. a t the side of a tank with vanes to 
direct the current in a sp ira l; and inlet ports spaced uniform ly around 

^  the circumference of a tank. These arrangem ents produced more
solids in the effluent than was obtained with the center inlet.

The Southwest tests indicated th a t the mixed liquor should be 
introduced as gently, or a t as low a velocity as possible, w ithout de- 

^  pendence on baffles. F o r a center feed, this means a velocity in the
'ft11 riser ju s t sufficient to prevent settling, probably one ft. per sec. a t
iait average flow, and as much area as practical in the diffuser to get the

1 ^  least horizontal velocity. However, general observation indicated the
ff at
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benefit of a baffle extending above the w ater surface and about 3 ft. 
below for the purpose of subm erging light solids which would otherw ise 
float across the tank surface to the effluent weir. Also, in the case of 
large circular tanks, such a center baffle may be beneficial in re ta rd ing  
currents induced by high winds.

Regarding these wind currents, it  has been observed in the 126-ft. 
diam eter tanks th a t a high wind seems to produce an overturning 
current, which raises more floe on the w indw ard side, but causes more 
flow over the effluent weirs on the leeward side w ith less floe, so th a t the 
final effluent was apparently  little affected.

Effluent Weirs
Two factors are involved in the design of the effluent weirs, the 

location and the length, or w eir rate , and these are in terrela ted . A 
higher rate  may be used fo r weirs located away from  the up tu rn  of the 
density curren t than fo r weirs located a t or near the upturn.

I t  should be noted tha t there were early  experim ents w ith effluent 
weirs which indicated the benefits of increased lengths and locations 
away from  the effluent end of the tank before the reason was known. 
Among these were tests on rectangular tanks a t the Des P laines River 
W orks of The S an itary  D istric t of Chicago in 1931, and on rectangular 
and square tanks a t Springfield, Illinois, in 1932. Also, in early  designs 
a t Milwaukee and Chicago N orth Side, ample w eir lengths in the 
middle of the tanks were provided and gave good results. However, 
this experience was not fully appreciated in some of the more recent

F ig. 6.— Weir-rato effect.
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designs, including our own, because the reason back of it had not been 
apparent.

P lo tting  the effluent suspended solids against the weir ra te  for 
various p lants gives an erra tic  pattern . A better indication of the 
w eir-rate effect is shown by Fig. 6. This gives the results of parallel 
tests a t the Chicago Southwest plant on 126-ft. diam eter tanks, identical 
except fo r the weirs, and operated under identical conditions with close 
test control. F rom  left to righ t: The first point represents a tank 
equipped with two concentric w eir troughs, 15 ft. and 25 ft., respectively, 
from  the outside wall, giving an overflow rate  of 9,900 g.p.d. per ft., 
and an effluent with 10.6 p.p.m. suspended solids. The second point 
represents a tank with one concentric w eir trough, 15 ft. from  the 
outside wall, giving an overflow rate  of 17,700 g.p.d. per ft. and 13.8 
p.p.m. suspended solids. The th ird  point represents a tank with a 
peripheral weir, giving an overflow rate  of 28,200 g.p.d. per ft. and

The S an ita ry  D istrict of Chicago. W est-Southwest Sewage T reatm ent W orks. Design 
D a ta : Sewage Flow P e r Tank— 12.5 M.G.D.; Gross Tank Area— 12,500 Sq. F t . ;  N et W ater
Volume—180,000 Cu. F t . ;  Effluent W eir Length—614 F t . ;  W eir R atio—20.4 F t.  of P e r Sq. F t. 
of T ank ; Surface R ating— 1200 G.P.D. P er Sq. F t .  Inflow W ith  20% R etu rn ; Detention 
Period— 1.85 Hrs. W ith 20% R etu rn ; Effluent W eir Overflow R ate— 20,400 G.P.D. P er F t.

Fig. 7.— A dditional final se ttling  tanks— 1941.

18.2 p.p.m. suspended solids in the effluent. The lower line is drawn 
through the first two points, which represent weirs away from the 
upturn  zone of the density current. The upper line is drawn parallel 
to the first and through the th ird  point which represents a weir within 
the upturn  zone. During this test the sludge index averaged 52. W ith 
a less favorable sludge the distance between the two lines would have 
been greater.

I t  is the au th o r’s present opinion that fo r effluent weirs located 
away from the up turn  of the density current, the overflow ra te  should 
not exceed 20,000 g.p.d. per ft. of w e ir ; and for weirs located w ithin the 
upturn  zone the ra te  should not exceed 15,000 g.p.d. per ft.

This would limit circular tanks with center feed and peripheral 
effluent weir to a maximum diam eter of about 80 ft. a t custom ary 
surface ratings. However, the inherent economy of the circular tank 
design may be carried  into la rger sizes by providing effluent weir 
troughs carried  on cantilever brackets from  the walls, as shown in 
Fig. 7. This is the design developed by The Sanitary  D istric t of
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F ig. 8.— 126-ft. dia. final settling tank with bracketed effluent through.

Chicago in 1941 fo r 16 additional final settling tanks a t the Southwest 
W orks. F igure 8 is a photograph showing one of the nearly  completed 
tanks. In  the background can be seen the tank in which the two 
experim ental w eir troughs were installed. U nfortunately , the w ar has 
delayed the completion of this contract fo r the p ast two years, so that 
no perform ance data  are available on the new design.

R egarding the location of effluent weirs there seems to he a great 
deal of latitude. As previously noted, it is desirable to avoid the 
up tu rn  of the density current. Also, effluent weirs located directly 
above the influent gave poor results in experim ents a t Chicago South
west, due to wind or other disturbances causing clouds of light floe to 
rise over the weirs occasionally. However, experim ental set-ups, 
with the inlets a t one side, on the 77-ft. square tanks a t N orth  Side 
Chicago, in 1931, showed good results w ith effluent w eirs only 7 ft. out 
from  the influent. Between these extrem es there seems to be little 
if any choice as fa r  as available data  indicate.

Sludge Draw-off

Design of the sludge draw-off involves chiefly the problem  of moving 
the settled solids from  the entire tank bottom  to one or m ore draw-off 
pipes. The two desired results are  (1) quick removal to keep the 
re tu rn  sludge as fresh  as possible, and (2) as much concentration as 
possible to reduce the cost of re tu rn  sludge pum ping and the size of 
aeration tanks required. U nfortunately , m ost of the things th a t can 
be done tow ard accomplishing either objective work against the other, 
so it seems the best th a t can be expected is a compromise.
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A pparently , the g reatest factor affecting sludge freshness is the 
sludge depth or sludge detention period. F o r example, if 5 ft. of 
sludge were carried  in a tank 12 ft. deep operating a t 2 hrs. gross 
detention period and 25 per cent sludge return , the average detention 
period of the sludge would be 3.3 hrs. While if the sludge were carried 
only 1 ft. deep, the average detention period would be only 40 minutes. 
This general idea has been recognized for many years, to the extent 
that m ost p lan t operators carry  as little sludge as practical in the final 
tanks.

R idenour and H enderson (7) made some investigation of the value 
of freshness, and determ ined fo r the particu lar plant investigated tha t 
concentrating the re tu rn  sludge 2.5 to 3 times the mixed liquor gave 
best results. However, a t Chicago N orth Side and a t Milwaukee 
efficient operation is obtained with concentration ratios of 4.5 to 5.5.

Zack, (8) in connection with experiments on a 20-ft. dia. final 
settling tank equipped with a Laughlin filter, determ ined the relation 
between per cent return , concentration of re tu rn  sludge, and sludge 
detention period. P lotting  average curves from  his tabulated figures 
(Table V I) gives the following average resu lts:

Solids in  R eturn Detention
P er Cent Sludge of Sludge

R eturn P er Cent H ours
20 1.8 2.5
40 1.0 1.2
60 0.7 0.8
80 0.55 0.65

100 0.5 0.6

The figures would vary  with different tank characteristics and with 
different sludges. However, it should be kept in mind tha t this general 
relationship does exist and affects the design of the sludge handling 
facilities as well as the general plant operation.

A tank mechanism is one device tha t aids both quick removal and 
sludge concentration. The most popular types scrape and agitate 
the sludge on the tank bottom, causing the sludge to flow along the 
bottom to a central draw-off point. I t  has been recognized fo r some 
time tha t the g reater p a rt of the sludge movement is a hydraulic flow 
induced largely by the density of the sludge, and tha t the chief function 
of the flights or blades of a mechanism is to prevent adherence of the 
sludge to the bottom. Probably only the heaviest particles are actually 
conveyed or moved in the mechanical sense. The tendency of activated 
sludge to adhere to tank bottoms is dem onstrated by the experience 
with small hopper-bottom tanks, where sludge builds up in clinging 
masses, even on slopes as steep as 2 on 1, so tha t some sort of 
mechanism seems justified even on very small tanks.

A nother type of mechanism acts like a vacuum cleaner, picking up 
sludge from  the tank bottom by a system of nozzles traversing  the 
tank bottom periodically. Theoretically, any reasonable degree of 
freshness could be obtained with such a device if the bottom were 
traversed  frequently enough and no depth of sludge allowed to ac
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cumulate. However, there m ust be some sludge depth in  o rder to give 
a reasonable concentration, and this depth represents an appreciable 
detention period.

Location of Draw-off
In  the New York Bowery Bay final settling tanks, Gould placed the 

sludge draw-off a t the effluent end of the tanks in o rder to utilize the 
curren t along the tank bottom to help move the sludge to the point of 
draw-off. He reports (3) favorable results and th a t “ tests of dis
solved oxygen in the outgoing sludge have shown positive values on 
numerous occasions.”  However, the general applicability of this 
scheme appears to be doubtful, on the basis of the available data  re
garding three factors involved:

INFLOW -  1330 G-PO- PER SQ.FT. 
RETURN SLUDGE 21 Jo 
RETURN SLUDGE I.Re%SOL10S

SUSPENDED SOLIDS-
RAW SEWAGE -  ITI P.PM. 
MIXED LIQUOR -4216 P PM. 
FINAL EFFLUENT-JO PPM

JUNE 2,1931-SLUDGE MECHANISM STOPPED.

F ig . 9.— Final settling tank studies— -1931 at Des Plaines river sewage treatment works.

F irs t, activated sludge settles so quickly that, in general, practically 
all solids are deposited in the first tw o-thirds of the tank from  the inlet. 
F igure 9 illustrates this point. These diagram s show the results of 
soundings fo r solids concentrations, made a t the Des P laines River 
W orks of The S an itary  D istric t of Chicago, in 1931. Dense sludge is 
found a t the influent end, while a t the effluent end, only light m aterial, 
in concentrations of less than 100 p.p.m., is generally present, except 
when the sludge blanket is high, as shown on the d iagram  fo r A ugust 
4, 1931. I t  would seem desirable to move the settled sludge the least 
distance on the tank bottom, which is tow ard the inlet.

The second factor is th a t the density cu rren t seems to have little
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effect in moving sludge afte r it has settled to a concentration g reater 
than th a t of the mixed liquor. This was found in m easuring the bottom 
density currents as previously described. W hen the vanes were 
lowered, even a few inches, into the sludge below a relatively high 
velocity current, there would be practically no movement.

Third, recent experim ents indicate tha t a fresh re tu rn  sludge, 
containing dissolved oxygen as found a t Bowery Bay, can be obtained 
with a tank of conventional design when operated on a sim ilar b a s is ; 
namely, a 45 per cent sludge re tu rn  containing only 3,980 p.p.m. sus
pended solids, as shown by Gould (3) (4).

F ig. 10.-— Bate of draw-off effect.

F igure 10 gives an indication of the effect of this high ra te  of 
draw-off on the freshness of sludge. This represents a 7-hr. te st a t 
the N orth Side, Chicago. The sludge re tu rn  was first th ro ttled  for 
about 40 hrs. to build up the sludge blanket to a depth of 4 to 5 feet. 
The draw-off valve was opened wide a t 9:40 A.M. to give a flow 
equivalent to 40 per cent re tu rn  a t average flow. H ourly determ ina
tions of dissolved oxygen and suspended solids were made from  9 A.M.
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to 4 P.M. W ithin three hours, 0.1 p.p.m. dissolved oxygen appeared  in 
the re tu rn  sludge, when the sludge blanket had been draw n down to a 
depth of 1 ft. and the sludge re tu rn  suspended solids reduced to about
6,000 p.p.m.

A nother test of the effect of the ra te  of sludge re tu rn  on the fresh 
ness of the re tu rn  sludge was made on one of the 126-ft. d iam eter final 
tanks a t the Southwest P lant. In  this case an entire ba tte ry  of tanks 
was operated a t 40 per cent sludge re tu rn  fo r three days before and 
during the te st run. H ourly samples, taken from  10 :15 A.M. to 3 :15 
P.M. on Monday, October 2, 1944, gave the following average resu lts:

Dissolved Suspended
Oxygen Solids

M ixed L iq u o r  8.1 p .p.m . 1248 p.p.m .
R e tu rn  S ludge ....................................................................... 5.9 3506
F in a l E ffluen t........................................................................  6.0 13

Sludge blanket determ inations, made hourly during the test, showed an 
average depth of 1.5 ft. a t the center, tapering  to a trace a t the outside 
of the tank. The high dissolved oxygen in the mixed liquor is abnormal, 
due to the week-end reduction in industria l wastes. However, it is 
significant tha t the re tu rn  sludge showed 73 per cent as much dissolved 
oxygen as the mixed liquor.

These two tests indicate th a t the freshness of the re tu rn  sludge is 
determ ined by the ra te  or per cent of sludge re tu rn  ra th e r than  tank 
design. Therefore, until there are da ta  from  parallel tests  to the con
tra ry , a location near the tank inlet appears p referab le fo r the point of 
sludge draw-off.

C o n c l u s io n

I t  should be kept in mind th a t the conclusions presented  in  this 
paper are based chiefly on data  and experience from  com paratively 
large activated sludge plants of the diffused a ir type handling domestic 
sewage w ith some industria l wastes, and th a t judgm ent m ust be 
exercised in applying design factors to any individual plant. There 
is still much to be learned about final settling  tanks. W ith the accu
mulation of more data  on w hat is tak ing  place w ithin the tanks, it 
should be possible to ^assign m ore definite lim its to all the design factors.
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is, respectively, under the direction of A. H. Goodman a t W est- 
Southw est; J .  R. Palm er a t N orth S ide; and C. E . W heeler, J r .  at 
Calum et; all of whom have given valuable assistance in the experi
m ental work. Special credit is due to C. T. Mickle, A ssistan t Civil 
Engineer, and G. G. Poindexter, Senior San itary  Chemist, fo r the ir
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active prosecution of the extensive experim ental work a t the Southwest 
P lan t; to T. L. Herrick, A ssistan t Civil Engineer, fo r compilation of 
records and suggestions in the experim ents; and to H. R. King, Senior 
Civil Engineer, for much of the work on control computations and tria l 
designs in the experim ental work. Also, credit should go to the several 
co-workers who assisted in the experim ental work, and to associates and 
friends for their criticism s of the m aterial.
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D i s c u s s i o n  

B y  R. H. G o u l d

Director, Division o f Engineering, D epartm ent o f Public Worlcs, N ew  Yorlc C ity

Mr. A nderson’s paper is of g reat in terest and im portance in empha
sizing the existence of “ density cu rren ts”  in final settling tanks for 
activated sludge. I  had the opportunity to discuss this same pheno
mena before the S an itary  Engineering Section of the American Society 
of Civil Engineers in 'Jan u ary , 1943, under the caption of “ Improved 
F inal Settling Tanks a t Bowery B ay .”  * We seem to be in close 
agreem ent as to the nature of these currents and differ only in the 
application tha t is made in adapting the final tank design to take 
advantage of the principles disclosed.

I t  so happens tha t we in New York apparently  became concerned 
about the effect of these density currents a t about the same time th a t the 
m atter was under discussion and investigation in Chicago. A t the 
same time Mr. Anderson came on to conduct the curren t tests a t the 
W ards Island  p lant I  was able to show him a prelim inary p rin t of the 
contract draw ing of the Bowery Bay final tanks substantially as de
scribed in the paper above referred  to. The results of his findings a t 
W ards Island  and a t several other locations, which he most generously

* Civil Engineering, Vol. 13, No. 6, June  1943, page 279.
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made available, were of g rea t help in assuring  us th a t we were on the 
righ t track.

Mr. A nderson in discussing the location of sludge draw-off refers 
to the Bowery Bay final settling tanks and reaches the conclusion that 
“ until there are data  from  parallel tests to the contrary , a location near 
the tank inlet appears preferable fo r the point of sludge draw -off.” 
This conclusion is apparen tly  based on three factors. The first was 
tha t ‘ ‘ activated sludge settles so quickly th a t in general practically  all 
solids are deposited in the first tw o-thirds of the tank from  the in let.” 
This is illustrated  by diagram s showing the results of soundings for 
sludge concentration made a t the Des P laines R iver W orks in 1931 
where dense sludge was found a t  the inlet end while a t the effluent end 
only light m aterial was generally present. The second factor was 
“ tha t the density cu rren t seems to have little effect in moving sludge 
a fte r it  has settled to a concentration g rea te r than  tha t of mixed 
liquor.”  Both these conclusions seem to have been based on tests in 
tanks where the sludge draw-off was a t the inlet end.

One of the illustrations (Fig. 1) included in the w r ite r ’s paper on the 
Bowery Bay tanks, referred  to above, shows velocity curren ts and 
sludge densities found in actual operation of a tank w ith the sludge 
draw-off a t the effluent end. I t  will be noted therefrom  th a t the acti
vated sludge flows along the bottom of the tank, m ost of it in the first 
two feet of depth, with the velocities near the inlet end of the tank at 
the rate  of over ten feet per minute, and overruns the flights of the 
sludge collecting mechanism which are moving in the same direction 
but a t a velocity of only three feet per minute. The velocity of the 
flow along the bottom apparen tly  dim inishes w ith increasing density 
of the blanket so tha t near the effluent end it  is running  only a little 
over four feet per minute. There seems to have been a progressive
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increase in the density of the bottom sludge from  about 2,500 p.p.m. 
near the influent end to a little over 5,000 p.p.m. a t the effluent end and 
this maximum density found here appears to coincide with th a t of the 
sludge w ithdraw n from  the tank. These conditions are exactly re
versed from those on which Mr. A nderson based his conclusions.

The th ird  factor cited by Mr. A nderson is a somewhat negative one 
where he dem onstrates th a t dissolved oxygen may be found in the 
sludge removed from the tank provided the rate  of sludge pumping 
is high enough. This, of course, should be self-evident, for if the 
pumping ra te  is in excess of tha t a t which sludge will flow to the pump 
suction, supernatan t w ater in the tank containing dissolved oxygen 
will be draw n in with the sludge and the m ixture may well contain 
dissolved oxygen. The scraper flights a t Bowery Bay traveling at 
three feet per minute will move the heaviest sludge th a t may adhere 
to the tank bottom from  the influent to the effluent end in something 
like th irty  minutes. The flow of sludge along the bottom under the 
influence of the ‘ ‘ density currents ’ ’ and the sludge pumping moves the 
bulk of the sludge fas te r than the collector flights so tha t most of it 
would rem ain in the tank only about fifteen minutes. U nder these 
conditions, all the sludge of necessity m ust be fresh. This can by no 
means be assured where the sludge is moved to the influent end by 
mechanical and hydraulic means counter to the flow of the “ density 
current. ’ ’

The problem, of course, in rectangular tanks and circular radial 
flow tanks is quite different. We feel th a t we are working tow ard 
adequate solutions fo r rectangular tanks. Mr. A nderson’s solution for 
circular tanks appears to be about the best tha t can be done with a 
difficult situation. There is no question th a t excellent results have been 
secured with both rectangular and circular tanks of a more conventional 
type but I  feel tha t these results have been based more on the securing 
of sludge with good settling qualities ra ther than in the outstanding 
excellence of the final settling tank design.

I t  is of first im portance th a t basic principles be clarified and for 
this reason Mr. Anderson has made a distinct contribution in publishing 
the im portant test data  and results from  his numerous experiments. 
The application of these principles, of course, m ust be made by the 
designing engineer as he sees fit, based on all of the elements involved.
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SAFETY CONSIDERATIONS IN TH E DESIGN OF 
GAS UTILIZATION FACILITIES *

B y  L e o n a r d  L .  L a n g f o r d

Pacific F lush Tank Company, N ew  York, N . Y .

While it is generally known tha t one is subject to the g rea tes t danger 
when in his own home, m any of the same type of accidents such as 
slipping or exposure to electric shock, which prove fa ta l a t home, are 
possible in sewage works, and means fo r the ir prevention should be 
instituted. In  this connection, valuable inform ation will be found in 
the recent report on “ Occupational H azards in  the O peration of 
Sewage W orks,”  made available recently by the Sewage W orks P rac
tice Committee of F.S.W .A. as M anual of P ractice No. 1.

Of g reater and more specific danger in sewage works is the handling 
of digester gas, involving the possible danger from  explosion, burning, 
toxicity, and resp ira to ry  difficulties resulting  from  oxygen deficiency. 
The adaptation  of separate sludge digestion in  the p ast and its  antici
pated universal application in the fu tu re, w arran ts  our m ost careful 
consideration of the hazards inherent in the production, use and waste 
of digester gas. Considered thought respecting the design of struc
tures and equipment, from  the standpoint of safety  of men and 
m aterials, as well as from  the more usual economic considerations, will 
in the long run, resu lt in economy of life and p ro p erty ; w ithout in  any 
way sacrificing efficiency of operation.

In  the field of American commercial gas practice involving the 
d istribution and utilization of m anufactured or n a tu ra l gas, constant 
attention is paid to the fundam ental detail of m aintain ing a constantly 
positive pressure a t all times (6). This same fundam ental is likewise 
of param ount im portance in the safe handling of d igester gas.

As so aptly expressed by M orrill (1), “ any explosion is the result 
of four fa c to rs ; the presence of an inflammable gas, oxygen, a proper 
m ixture of the two, and a source of ignition. E lim inate any one of 
these and there can be no explosion. A t the sewage plant, gas and 
atm ospheric oxygen are, of course, always present, but the gas will 
not burn or explode unless diluted with oxygen supplying air. Be
cause sources of ignition are so numerous and to a large extent un
predictable, it is accepted practice to consider them as uncontrollable, 
w ithin limits of absolute safety. Fortunaiely one can control the 
formation of explosive mixtures of gas and air by the simple expedient 
of keeping them separated.”

V an Kleeck (2) has pointed out th a t “ In  considering burning we 
m ust remember tha t when the percentage of gas as com pared w ith air, 
is high, at, or above the lim it of the explosive range, a burning m ixture 
is encountered. ’ ’

* P resen ted  a t  Spring  M eeting of New Y ork S ta te  Sewage W orks Association, Syracuse 
Ju n e  16-17, 1944.
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In  considering the m inor constituents of digester gas, with reference 
to toxicity, we find hydrogen sulphide as the m ost im portant, for con
centrations higher than 0.2 per cent can cause almost immediate 
cessation of breathing, this gas having about the same lethal power, as 
hydrogen cyanide (H CN), always considered the most deadly of gases.

In  the consideration of “ noxious gases,”  it is suggested tha t re fer
ence be made to a volume bearing tha t title  in which the authors (3) 
point out tha t even educated and thoughtful people are generally 
oblivious to resp iration  and gaseous substances which are taken into 
the body through the lungs—“ the reaction between a living man and the 
atm osphere about him are so immediate, so continual and so much a 
m atter of course, tha t the norm al individual passes days, even years, 
without a thought of breath ing .”  “ Yet the way most people die is by 
a cessation of resp ira tion .”

I t  will thus be seen, how im portant is the m atter of adequate 
ventilation under all atmospheric conditions.

V e n t il a t io n

V entilation is a science tha t trea ts  of a ir in relation to human 
comfort, health and efficiency. The test of good ventilation is the 
measure of health, comfort and efficiency derived from it. The object 
of ventilation a t sewage trea tm ent works is to provide and m aintain 
a ir purity , prim arily  with reference to its freedom from  toxic gases. 
P roper ventilation depends prim arily  upon a ir volume, a ir tem pera
ture, relative hum idity and a ir motion.

W hile injurious substances such as gases and fumes are usually 
handled by mechanical exhaust ventilation w ith effective distribution 
of inlets to the exhaust ducts, the w riter is of the opinion tha t this type 
of ventilation should be used with discretion in connection with certain 
locations a t sewage treatm ent w orks; particu larly  where gas consuming 
devices require an adequate supply of oxygen fo r their efficient opera
tion and fo r safety to operating personnel.

From  the practical standpoint, the one item which is the basis of 
all calculations and layouts is the quantity  of a ir to be handled by the 
ventilating system to produce the results desired. I t  m ust be re 
membered th a t a supply of a ir  which proves to be adequate fo r m ain
taining effective conditions in the w inter, may prove inadequate fo r the 
same purpose in hot weather.

V entilating systems may be roughly classified as natural, gravity  
and mechanical, and frequently various combinations of these systems 
may properly  be used. W ith respect to natu ra l ventilating systems 
utilizing the wind and tem perature difference between the inside and 
outside a ir of the building, the openings utilized should provide fo r 
a sufficient. a ir  flow with wind forces of slight intensity. I t  is im
portan t, however, tha t control of such ventilation always be provided.

W indows, of course, are usually used to provide ventilating area  in 
addition to their use fo r the transm ission of light. Reliance upon the
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use of windows only as ventilating areas in those p a rts  of sewage 
works which are  listed as m ost critical, is not believed to he good 
practice.

Roof outlets concern mechanical as well as n a tu ra l ventilating 
systems. Such outlets function as outflow or exhaust openings only, 
and, therefore, a tten tion  m ust be given to the provision of openings 
fo r inflow or supply, as it is evident th a t such ventilators could not 
function even in the strongest wind, and w ith the maximum tem perature 
difference, w ithout inlet openings. In le t openings of about twice the 
area of the roof ventilators should be provided where n a tu ra l ventila
tion is used. D am pers should be installed in ventilators, w ith adequate 
and accessible operating mechanism.

The discharge openings fo r all system s of ventilation m ust be 
arranged  so th a t they shall not be influenced by wind or other a t
mospheric conditions.

G ravity ventilating systems are those which use openings es
pecially provided fo r a ir flow, with ducts and flues, and which depend 
on the difference in weight caused by heat to compel the movement of 
air. G ravity  systems obtain the necessary p ressu re  difference by 
using chimneys or vent flues which become m ore and m ore effective as 
the difference between the outside and inside tem peratu re  increases. 
As long as a tem perature difference of not less than  40 degrees be
tween indoors and outdoors exists, these systems can be depended 
upon fo r a definite result. "With slight tem perature differences, the 
effectiveness of gravity  systems decreases rapidly.

E xhaust systems of mechanical ventilation may be used in connec
tion with any system of a ir  supply. They will always be more effective 
if used to supplem ent controlled equipment fo r replacing w ith new air 
the exhausted a ir and its objectionable tenan try  of gas or dust. Out
lets from  buildings fo r discharged a ir  from  exhaust system s of ventila
tion m ust be given careful attention. No dependence can be placed 
upon outlets which look out horizontally even though they come from 
powerful fans. A cold gale of wind against such an outlet can stop 
the egress of exhaust.

While there is no particu lar rule fo r locating inlets or outlets which 
can be laid down, it  seems reasonably safe to suggest tha t, with 
horizontally discharging diffusers on the side of the room looking 
tow ard the windows and sym etrically located, best resu lts will be 
obtained.

In  many cases in sewage trea tm ent works both inlets and outlets, 
well designed, may properly be placed a t or n ear the ceiling and near 
the floor, thus giving consideration to gases such as hydrogen sulphide 
which may be near the bottom of the structure, m ethane norm ally near 
the top but sometimes increasing to an uncertain  depth, carbon dioxide 
norm ally found a t the bottom but when heated m ay be stratified  at 
points above the floor, hydrogen and carbon monoxide a t or n ear the 
top, and chlorine a t the bottom.
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C h i m n e y s

Concomitant with the subject of ventilation we m ust give some 
consideration to chimneys, the purpose of which is to produce the 
required d ra ft as well as to carry  off the products of combustion and 
to discharge them so tha t they will not be harm ful or annoying. Chim
neys of inadequate area  and height are  a general hazard ; a t sewage 
trea tm ent works, chimneys which do not meet these requirem ents have 
proven to be extremely hazardous. In  most cases natu ra l d ra ft is 
employed and this should be sufficient to overcome the friction and 
produce the velocity of the a ir required a t the entrance to the furnace, 
to force a ir through the fuel bed, if any, to produce the velocity and to 
overcome the friction of the products of combustion in their passage 
through the heat absorbing surfaces, breeching and the chimney itself. 
In  addition, adequate area is of equal im portance especially where fuels 
other than gas are used.

B ear in mind tha t the burning of gas differs from  the burning of 
coal or oil. In  order to prevent incomplete combustion from excessive 
d raft, all gas-fired boilers and furnaces should have a back-draft 
d iverter in the flue connection to the chimney. While the use of such 
a d iverter will cause the combustion products to come out into the 
boiler room in the event of a stoppage of the chimney, there will 
a t least he no interference with the complete combustion of the gas. 
Also, of course, down d ra ft from the chimney will have practically 
no effect upon the combustion of the gas, due to the baffles deflecting 
the d ra ft into boiler room.

As is the case with the complete combustion of almost all fuels, 
the products of combustion of gas are carbon dioxide (C 0 2) with w ater 
vapor, nitrogen (N 2), and a trace of sulphur trioxide (S 0 3). Sulphur 
usually burns to the trioxide in the presence of an iron oxide catalyst. 
The volume of w ater vapor in the flue product is about twice the 
volume of the carbon dioxide when coke-oven or natu ra l gas is burned. 
Because of the large quantity  of w ater vapor which is form ed by the 
burning of gas, it is quite im portant tha t all gas-fired units be connected 
to a chimney having adequate draft. Lack of chimney d ra ft causes 
stagnation of the products of combustion in the chimney and results 
in the condensation of a large amount of the w ater vapor. A good 
chimney d ra ft draws a ir into the chimney through the openings in the 
back-draft diverter, lowers dew-point of the m ixture and reduces the 
tendency of the w ater vapor to condense.

A chimney fo r a gas-fired boiler or furnace should be constructed in 
accordance with the principles applicable to other boilers. W hether 
round or rectangular, all chimneys should preferably  have a tile lining, 
although flue linings may be omitted in brick chimneys, provided the 
walls of the chimneys are not less than 8 inches, and the inner course be 
laid  up with a refractory  clay brick.

Flue connections from  a gas-fired boiler or furnace to the chimney 
should be of a non-corrosive m aterial. I t  should be resistan t not only
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to the corrosion of w ater, but also to the corrosion of dilute solutions of 
sulphuric trioxide in w ater. Sheet aluminum is reported  as serving 
this purpose very well.

I t  is im portan t th a t there be separate  chimneys and flue connections 
fo r each boiler or furnace where each is to burn  a different kind of fuel. 
I t  is not desirable to serve devices using the same fuels—as for 
example, a gas boiler and a gas w ater heater w ith the same chimney 
flue, especially fo r low chimneys. Doors left open on one device while 
it is unfired will tend to annul the d ra ft on another device. Gas burning 
devices, w ith their d ra ft hoods and lack of d ra ft dam pers, are  especially 
bad in  this respect.

B o il e r s

W ith respect to boilers a t sewage disposal works, these are  usually 
fo r steam  or hot w ater heating, of cast iron or steel construction. 
Boilers of all types, w hether coal, oil or gas fired, m ay constitute a 
hazard from  several standpoints. Their use involves a chimney for 
providing means of d ra ft of adequate capacity. F uel used should be 
of a heat content comparable to the basis on which the boiler was 
selected. The am ount of atten tion  required  and the frequency of firing 
m ust equal tha t contem plated a t the time of boiler selection. The 
proper design of the piping and heat-em itting surfaces connected to the 
boiler is necessary and it m ust function p roperly  to obtain desired 
efficiency; the w ater in the system  m ust be kept in favorable condition, 
free from  grease and other foreign m atter. W e should add also 
th a t where hot w ater heating systems are  used, there m ust be adequate 
w ater supply and adequate pressure relief!

Boilers are often placed in quarte rs  which are  too cram ped for 
convenient operation, m aintenance and repair. A space of a t least 3 
feet should be allowed 0 1 1 the back and two sides of every boiler for 
convenience of erection and fo r accessibility to the various, dam pers, 
cleanouts, pilots, controls and trim m ings. Six feet in fro n t of such 
boilers should be allowed fo r the purposes m entioned and so-called 
specialty equipment. Boiler room height should be sufficient fo r loca
tion of boiler accessories and fo r p roper insta lla tion  of all p ip ing and 
breeching. The general ceiling height fo r small boilers should be at 
least 3 feet 6 inches above norm al boiler w ater line.

F o r the protection of boilers there should be provided p roper and 
convenient drainage connections. S tra ins on the boiler due to move
ment of piping during expansion should be prevented by suitable 
anchoring of piping and by p roper provision fo r pipe expansion and 
contraction. D irect im pingem ent of too intense local heat upon any 
p a r t of the boiler surface, as w ith oil burners, should be avoided by pro
tecting the surface with fire brick or other insulating m aterial. P roper 
sizing of combustion chambers in p roportion  to the oil delivery ra te  
is also im portant on oil-fired boilers. Condensation m ust flow back 
to the boiler as rapidly  and uniform ly as possible, and re tu rn  con
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nections should prevent the w ater from  backing out of the boiler. 
Methods used fo r preventing w ater from  backing out of steam boilers 
include check valves or the H artfo rd  re tu rn  connection. The H artfo rd  
re tu rn  connection is to be p referred  over the check valve because 
the la tte r  is ap t to stick or not close tightly  and, furtherm ore, because 
the check valve offers additional resistance to the condensate coming- 
back to the boiler, which in gravity  systems would raise the w ater line 
several inches in the fa r  end of the wet return.

Fig. 1.— A ttractive  and well ventilated structure  w ith safe provision fo r waste gas disposal a t  
New Haven, Conn., digesters. Gascoigne and Associates, Consulting Engineers.

Safety and lim it controls include the low w ater cutoff fo r steam 
boilers, used to shut off the burner if w ater drops below a safe level 
and the aquasta t on w ater boilers to prevent w ater tem perature from  
rising above a safe or desired degree. W ith w ater boilers, reverse 
acting aquastats are also used to control and prevent circulation of too 
low tem perature w ater through the system, until the burner has been 
able to bring the tem perature up to the desired degree.

Connection from  the boiler smoke outlet to the chimney should be 
of adequate size, a ir-tigh t and as short and direct as possible, p re fe r
ence being given to long radius and 45-degree, instead of 90-degree 
bends.

Corrosion lodging between sections of gas-fired boilers will in time 
cause a s tra in  to be set up which may crack a section which, of course,
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should be avoided. Corrosion lodging between boiler sections, if a l
lowed to build up sufficiently, m ay cause the gas flame to dam age the 
fron t of the boiler and its  controls w ith hazard  resulting  from  products 
of incomplete combustion or products of combustion, finding their 
way into the boiler room, to say nothing of possible damage to the gas 
control valve itself. To those operators who are  inherently  good 
housekeepers, this statem ent may seem fa r  fetched, but the w riter 
has seen ju s t such conditions, unfortunately , a t more than one plant. 
Corrosion of breeching will create p itting  and set up a hazard  if it is 
not checked in time.

An inadequate d ra ft condition in connection w ith the use of a 
gas-fired boiler can readily  prove fa ta l to an operator, particu larly  if 
the boiler is located in a room which is inadequately ventilated.

Gas boilers should be elevated above the floor by being placed on a 
concrete pedestal at least 15 inches high, thus perm itting  safe operation 
and servicing of pilots and main burners, etc.

G a s  P i p i n g

W here several connecting tanks and buildings are  in close proxim ity 
to each other, the advantage of short gas lines can be obtained. 
Adequate support of gas piping is essential and lines outside of build
ings are frequently  im properly designed in  this respect. P ipes laid 
in or supported by fill are frequently  subject to severe strain , p a r
ticularly  where they run under perm anent or tem porary  roadways. 
Such lines, properly  re ferred  to as mains, should be laid a t sufficient 
depth to avoid fro s t penetration  and protection from  dam age from  
roadw ay traffic. They should not come w ithin the danger zone of tree 
root damage, generally understood to be six times the num ber of inches 
of the diam eter of the trunk  a t a height of 4 feet 6 inches above ground, 
according to Codding (4). Deuber (5) reports th a t slow leaks of 
m anufactured gas stim ulate trees but excessive am ounts b ring  certain 
death and, with increased beautification of trea tm en t plants, this is a 
m inor point to be considered. The subject of jo in ts fo r m ains is im
portan t, particu larly  in connection w ith pipe 3 inches in  diam eter or 
larger. Screw couplings fo r pipes up to 2 inches in d iam eter a re  used 
almost exclusively and, of course, screw joints are  also used in connec
tion with cast iron piping sizes up to 6 inches in diam eter. In  these 
la rger sizes cast iron pipe is most widely used, despite the fact that, due 
to its  brittleness, it is subject to rup tu re  by an outside cause, such as 
frost, or the settling of the ground.

Corrosion of gas mains and services is som ething th a t can always 
be expected to occur to a g rea te r or less extent. Corrosion of gas 
piping generally takes the form  of p ittin g  and, of course, gives rise 
to leaks. W hile special means can be taken to protect gas pipe, it 
m ust be considered w hether it is more economical to replace the pipes 
or to pay for the additional cost of protection against corrosion, which, 
in general, is caused by electrolysis, self-corrosion or soil corrosion.



W ith respect to the various branch or service lines, care should he 
exercised in locating the various pieces of gas equipment. They 
should be reasonably accessible, adequately supported and so located 
as to afford reasonable protection against being accidentally knocked 
or struck. Control equipment which is subject to adjustm ent should be 
conveniently placed with respect to both light and position. Provision 
for flexibility and expansion, adequate drainage and the ready collec
tion of m oisture by providing safety type, manually operated drip 
traps a t all low points in the system is im portant.
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Fig. 2.— D igesters a t  Denver, Colo., w ith well lighted  and ventilated control chamber. 
B lack and Veatch, Consulting Engineers.

Gas lines of adequate size and capacity for handling peaks of gas 
production of a t least three times the anticipated average flow, con
tribute to safe practice.

To facilitate periodic checking, gas lines may be painted a significant 
color or they may be m arked every few yards; a combination of both 
schemes may well be considered.

Gas piping systems should, of course, be provided with means for 
determ ining gas pressures a t a suitable number of proper points 
throughout the system.

G a s  M e t e r s

Gas m eters used in sewage works are of two general classes, 
designated as volume or displacement m eters and velocity meters. 
U nder the first classification, we have the dry m eter of the in tegrating 
type. Such m eters, in a cast iron case and specially constructed for 
sludge gas, are available up to a ra ted  capacity of 3,800 cubic feet per 
hour of 0.6 specific gravity  gas a t 2-inch adsorption. L arger m eters of
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the same class and type, in pressed steel cases, and ra ted  up to 10,000 
cubic feet per hour, are also available. In  this same classification is 
the positive or ro ta ry  displacem ent m eter, which m ay he of the indi
cating or recording type. The advantages claimed fo r the la tte r  are 
accuracy and dependability because the various p a rts  are  made of 
iro n  and steel and the design makes the m eter self-cleaning, thereby 
reducing the liability of stoppage from  im purities in the gas. Such 
m eters are available in capacities up to 500,000 cubic feet p er hour. 
Those of smaller capacity operate on a differential pressure of V2 inch 
w ater column while m eters having ratings of 200,000 cubic feet per hour 
and larger, operate a t 1 inch differential.

U nder the second classification there are  various velocity type 
m eters employing the flat p late orifice, the V enturi tube, the flow nozzle, 
and the P ito t tube principles of m etering. These have close precision 
and are  available in in tegrating, indicating and recording types.

M oisture will often accumulate in gas m eters which, of course, 
should be provided with a by-pass of adequate capacity. By the use of 
such by-pass and determ ination of pressure loss through each meter, 
as indicated by pressure gauges properly  located in the gas piping 
system, m eters can be drained when required. Lack of a tten tion  to 
this detail should not contribute to a hazardous condition. I f  means 
fo r relief of undue gas pressure have not been properly  provided or 
m aintained, however, the hazard  might be developed and in any event 
efficiency of operation of the gas u tilization system  would be impaired.

Gas m eters should always be placed on the protected  side of flame 
trap s  and should be designed to w ithstand the same p ressures as other 
portions of the gas system.

C o n d e n s a t e  T r a p s

Designs of any system m ust include condensate trap s  or “ d rip s,” 
as they are  known in connection w ith the d istribution  and utilization 
of city gas, a t all low points in m ain lines. D rips on low pressure 
systems, such as we are considering, are of even g rea te r importance. 
Their location m ust be determ ined alm ost entirely  by the condition 
which makes them necessary. Mains should be provided w ith shut-off 
valves and the design of the system  will influence the placing of such 
valves. I t  is generally desirable to have one on the line from  and 
adjacent to each digester. On 4-inch mains or la rger, a low pressure 
cast iron drip  pot of 32 qt. capacity may properly  be installed if p ro
vided with suction pipe and curb box.

D rip trap s  should be inspected periodically and if upon test any 
leaks are  discovered, prom pt correction of the cause of such leaks 
should be instituted. The ro ta ry  valve is self-aligning against the ring 
gaskets around the two ports, and seals positively since spring  pressure 
is exerted through a spherical w asher a t the center of the valve. The 
only adjustm ent necessary is to keep adequate p ressure between the 
face of the ro ta ry  valve and the ring  gaskets around the inlet and
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outlet ports. To make this adjustm ent, tu rn  the handle so th a t the 
outlet po rt is open and the inlet po rt from  the gas line is closed. 
Remove the reservoir casting and clean out any sediment tha t m ay have 
collected. Tighten up on the spring w ith the nu t provided until ade
quate pressure is exerted on the ring gaskets. Lock in this position 
with the lock nut, replace the reservoir and resume norm al operation.

P r e s s u r e  R e g u l a t o r s

W ith respect to the relief or waste gas branch of the system, such 
lines are of im portance and should be of sufficient' size to pass the 
maximum ra te  of production which has been used for determ ining the 
proper size of mains. A t the junction of the waste line and the main 
or service to which it may be connected, there is required a pressure

F ig . 3.— Compact design a t  Levy Court P lan t, W ilm ington, Delaware. Note provision fo r 
lighting, ventilation  and entrance to both floor levels from  grade. Jo h n  W. Alden, County 
and D esigning Engineer.

regulator or relief trap , adequate both as to capacity and ease of ready 
adjustm ent throughout the full range of operating pressures.

P ressu re  regulators are used to provide individual pressure control 
adjacent to each of a group of sludge digestion tanks or to give pressure 
control adjacent to sludge digestion tank where the waste gas burner 
must be located a t a considerable distance from  the point of pressure 
control. In  these instances a separate flame trap  m ust be used near 
the waste gas burner.

A nother application of the pressure regulator is fo r booster control 
where a gas booster is used to increase the pressure in the gas supply 
lines following the sludge digestion tanks. The pressure regulator in 
this instance Serves to lim it the supply to the booster to the actual 
rate  of gas production and prevents the booster from  draw ing a 
vacuum a t the sludge digestion tank a t times when the rate  of gas flow 
is less than the capacity of the booster.
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The pressure regulator consists of a relief valve of the weighted 
diaphragm  type. The pressure control tube connected to the underside 
of the diaphragm  serves to allow the gas pressure in the supply line to 
act on the diaphragm  to open or close the valve.

The diaphragm  housing should be vented to the outside to prevent 
escape of gas through the control tube into the room in the event of a 
diaphragm  failure.

The valve seat and the valve plate should be made of aluminum to 
reduce the corrosive effect of the sludge gas. The valve stem  should 
be of stainless iron, passing through an aluminum bushing to reduce 
the binding effect of im purities carried  along with the sludge gas.

The weight of the diaphragm  casting, valve p late and stem  are 
equivalent to a relief pressure of 2 inches m easured in w ater column. 
Cast iron weights w ith equivalent values of 1 inch and % inch are  nor
mally furnished. In  special cases, lead weights equivalent to 4 inches 
are  available. S tandard  construction is such as will perm it esta
blishing a maximum relief pressure of 8% inches. Special diaphragm  
housings are  available th a t will perm it maximum relief p ressures as 
high as 14% inches.

A djustm ent of the relief pressure is made by adding or removing 
weights above the diaphragm  and access is obtained by rem oving the 
diaphragm  cover.

W hen used to allow gas to go autom atically to waste, the pressure 
regulator should be set to open a t a pressure of %  inch w ater column 
below the maximum operating p ressure a t the digester a fte r deducting 
the pressure loss a t maximum gas flow between the d igester and the 
control point.

In  installations where the p ressu re  regu la to r is used fo r control 
ahead of a centrifugal gas booster, it  will be necessary to have in mind 
the characteristics of the booster in determ ining the correct setting  of 
the pressure regulator. I t  will be necessary to make adjustm ents by 
tr ia l because the characteristics of the booster affect the ad justm ent of 
the valve.

W here regulators are  used, they should norm ally be placed as close 
to the point of gas collection as possible.

•
C o m b in a t io n  P r e s s u r e  a n d  W a s t e  G a s  R e l i e f s

The pressure relief w aste gas flame trap s  are, as the name implies, 
a combination of pressure regu lato r and flame tra p  units, and the con
struction is sim ilar to th a t described fo r them. I f  a com bination relief 
and w aste gas burner flame tra p  is used, such a device should be located 
w ithin 25 ft. of the w aste b u rn er; it is none the less desirable tha t its 
location be such as to perm it ready inspection and adjustm ent.

The pressure relief w aste gas flame tra p  installed on the sludge gas 
supply line from  the sludge digestion tank is intended to allow excess 
gas beyond dem and to pass autom atically to the w aste gas bu rn er where 
it is disposed of by burning to elim inate odor. The flame tra p  portion



Vol. 17, No. 1 D E SIG N  OE GAS U T IL IZ A T IO N  F A C IL IT IE S 7 7

of the unit affords protection of the gas collection and distribution 
systems against entrance of flame from  the waste gas burner.

The pressure relief waste gas flame trap  contains a pressure relief 
valve of the weighted diaphragm  type. The waste gas escaping 
through the relief valve passes through a flame trap  element of a lte r
nately corrugated and smooth aluminum strips with openings of size 
sufficiently small to prevent passage of flame. The vertical direction of 
the passages is intended to insure drainage and reduce the tendency 
for clogging. The therm al plug serves to protect the flame trap  ele
ment against continued burning gas m ixtures. W hen subjected to 
excess heat, the solder in the bottom of the therm al plug will melt, 
allowing the link to pull out, releasing the spring and closing the relief 
valve, preventing the continued flow of gas tha t would m aintain the 
flame.

The pressure control tube connected to the underside of the d ia
phragm serves to allow the gas pressure in the supply line to act on 
the diaphragm  and open or close the relief valve.

The diaphragm  housing should be vented to the outside to prevent 
escape of gas through the control tube into the room in the event of a 
diaphragm  failure.

As in the case of pressure regulators the weight of the diaphragm  
casting, valve p late and stem of the combination pressure and waste 
gas relief is equivalent to an initial relief pressure of 2 inches m ea
sured in w ater column. Cast iron weights with equivalent values of 
1 inch and ^ 2  inch are norm ally furnished.

A djustm ent of the relief pressure is made by adding or removing 
weights above the diaphragm . Access is obtained by removing the 
diaphragm  cover. I t  is usually desirable also to remove the cotter pin 
at the therm al plug. W hen this has been done, the entire top assembly 
can be lifted off.

The pressure relief valve should be set to open a t a pressure of 
% inch w ater column below the maximum operating pressure a t the 
digester, a fte r  deducting the pressure loss a t maximum gas flow 
between the digester and control point.

The leather diaphragm  of the relief unit, although out of the stream  
of gas flow, will be in contact with sa tu rated  gas on the underside, 
and the life of the diaphragm  will be m aterially  prolonged if it is kept 
treated  w ith neatsfoot oil. The gas produced a t the digester, p a r
ticularly during its in itia l operation, may be of such quality tha t the 
seat and plate of the relief valve will become coated with slime. 
Application of a very light grade of machine oil will keep the valve 
stem free. The valve p arts  should be inspected occasionally and kept 
clear.

F l a m e  T b a p s

I t  is of im portance to understand the essentials of an adequate 
flame trap . Flam e traps  should be installed in all supply lines to the 
various gas burning appliances and should be located in horizontal
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positions w ithin 25 ft. of the respective appliance. The flame trap  
affords protection of the gas collection and gas d istribution  systems 
against entrance of flame from  points of gas use.

Flam e trap s  of the so-called d ry  seal type consist of a readily  re
placeable flame trap  element, p referably  of alternately  corrugated  and 
smooth aluminum strips, w ith openings of size sufficiently small to 
prevent passage of flame. V ertical direction of the passage insures 
drainage and reduces the tendency fo r clogging. Supported  in  a cast 
iron case is a spring operated, quick-closing valve actuated by a therm al 
link located above the flame trap  element. This therm al plug serves 
to protect the flame trap  element against continued flame from  burning 
of m ixtures of gas in the event of a flash-back. W hen subjected to 
excess heat, the solder in the bottom of the therm al plug will melt, 
allowing the link to pull out, thus releasing the spring  and closing 
the valve on the inlet side and preventing the continued flow of gas 
through the unit. This action provides visual evidence of a closed valve 
and such action can also be reg istered  by means of a bell or signal 
light located a t any point in the plant.

There are  no adjustm ents to make in the flame tra p  assembly. If 
losses through the tra p  are  found to be excessive, the cover should be 
removed and the inside of the unit inspected to make sure th a t the 
passages of the flame trap  element are  open and perm itting  the free 
flow of gas.

F l a m e  C e l l s

W hile flame cells, also referred  to as flame a rres te rs , are  available, 
the ir use is not to be recommended fo r lines over 1 inch in diam eter, or 
where the maximum flow will am ount to more than  100 cu. ft. per hour. 
The device consists of a replaceable flame cell element, consisting of 
a series of ducts of p roper design, enclosed in a cast iron housing. 
No therm al shut-off is provided fo r in this type of service and in  this 
it is distinctly different from  a flame trap . Such cells are  reasonably 
self-cleaning if correctly installed in a vertical run  of pipe.

Low P r e s s u r e  C h e c k  V a l v e s

There are  no adjustm ents to make w ith respect to low pressure 
check valves. I f  losses through the valves a re  found to be excessive, 
the drain  plugs should be removed a fte r shutting  off the section of 
piping in which the valve is located. Except to keep the leather 
diaphragm  trea ted  with neatsfoot oil as required, no other maintenance 
is necessary.

P r e s s u r e  G a u g e s

I t  is again time to be rem inded of our p rim ary  aim w ith respect 
to safeguarding against explosion hazards, th a t being the m aintenance 
of a constantly positive gas p ressure in all p a rts  of the sludge gas 
d istribution  system. F o r the determ ination of gas p ressures in low
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pressure systems of this order, a U-gauge or its equivalent is normally 
used where very accurate m easurem ents are desired.

Such pressure gauges have scales calibrated fo r direct reading in 
inches of w ater, although gauges should use an oil of light grade with 
a viscosity ra ting  of S.A.E. 10, thus minimizing the possibility of loss 
of gas through the device due to evaporation of the liquid used in the 
gauge column.

F o r sa fe ty ’s sake, not to mention convenience in p lan t operation, 
suitably designed pressure gauges perm itting fo r a maximum pressure 
of a t least 8 inches equivalent w ater column should be available a t 
several points within the gas piping system, as well as a t one or more 
convenient points about the p lan t such as the digester operating gallery, 
gas m eter room, boiler room or other locations. This will enable a 
quick but accurate observation to be made by the operator on duty 
while attending  to his routine chores.

All such pressure indicating gauges should be provided with means 
for venting pressure columns safely, and they should likewise be 
provided with means for gas-tight connection to vents which m ust be 
connected to a point outside the building. Such vents should neither 
term inate into the room or chamber in which the gauge is located nor be 
run into the breeching or chimney from  a gas-fired or other type of 
boiler.

W a s t e  G a s  B u r n e r s

W aste gas burners are used fo r burning excess sludge gas which is 
not required fo r use, thereby elim inating one of the sources of odor 
nuisance. Such burners should be supported by a pedestal of adequate 
height, through which passes the m ain supply and pilot line, which 
piping should be insulated for the purpose of minimizing the tendency 
for accumulation of fro st inside these lines.

Such burners, usually equipped with a flame retention nozzle and fire 
clay briquets, or their equivalent, surrounded by a burner pot ade
quately ventilated, are suitable fo r handling quantities of gas up to 
approxim ately 6,000 cu. ft. per hour per burner.

P roperly  located, this type of burner offers no particu lar hazard. 
There is, however, a tendency fo r the gas to burn away from  the 
burner, particu larly  under high wind conditions.

The location of waste gas burners is, therefore, of considerable 
importance, and while the best location is possibly debatable and will 
to no little degree be influenced by p lant layout, there are, however, 
two fundam entals which cannot be ignored. The location of any open 
flame m ust be such as to afford protection to persons and animals, and 
to insure against any possibility of igniting any combustibles under all 
wind conditions. Location should be such as to provide fo r safe access 
to the burner by qualified operators only.

I f  it is necessary to run horizontal lines to waste gas burners, their 
design should receive the same consideration as referred  to in con
nection with gas mains.
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P ilo t lines to waste gas burners should be adequate in size, p roperly  
dripped and provided w ith convenient shut-off valves. Both m ain and 
pilot linfes to waste burners are particu larly  susceptible to freezing of 
any m oisture which may collect in them, therefore, particu la r care 
should be paid to the design and installa tion of them to prevent the 
possibility of such a condition.

E x p l o s io n  B e l ie f s

Explosion reliefs have no place in the sewage gas u tilization system. 
Any explosion relief m ust be so placed th a t it will release gas to 
outside atm osphere and, therefore, m ust in m ost cases be located at 
some distance from  the source of the explosion. Hence, it is question
able w hether the operation of any relief so located would be effective. 
This is because the speed of the explosion would undoubtedly carry  the 
explosion pressures through the system, before the relief valve could 
function. The source of an explosion hazard  can and  should be 
elim inated by the p roper location of adequate flame tra p  protective 
devices.

M ix e d  G-a s  U t il iz a t io n

W here the use of a blend of m anufactured or n a tu ra l gas and 
sewage gas is to be used, there is generally required  a pressure reducing 
valve and gas m eter (both usually supplied by the local gas company), 
a low pressure check valve and a weighted regula tor on the utilities 
side of the system. A low pressure check valve is used in addition 
to the other usual equipment on the sludge gas line. Such a mixture 
of gases together w ith the simple controls indicated can equally well 
be used in connection with hot w ater or steam  boilers, o r gas engines, 
without introducing any additional danger.

G a s  H o l d e r s

There are  three types of holders developed fo r commercial gas 
practice which have- been successfully used fo r the storage of sludge 
gas. Two are classified as low pressure holders, and include the w ater 
sealed and the w aterless or piston type of g rav ity  holder. The third 
type of holder fo r high pressure storage involves either the bullet or 
cylindrical type or the spherical tank frequently  referred  to as the 
H ortonsphere.

W ater sealed holders fo r sludge gas are  generally lim ited to the 
single lift type, capable of developing pressures of from  4 to 5 inches. 
By fa r  the g rea tes t volume of sewage gas is stored  in high pressure 
tanks which have the advantage of no moving p a rts  and no sealing 
liquids. Also, on account of the ir relatively sm aller size, therefore 
less space occupancy, they can more easily be made to harm onize with 
the attrac tive  surroundings of our modern sewage works. Also, their 
cost is more nearly  proportional to the ir capacity than  is the case with
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the low pressure holders, and they have the fu rth er advantage of 
requiring only m oderate foundations.

Placing a holder into operation should be carried  out in the most 
cautious and businesslike manner. The American Gas Association, 
through a special committee, has established a recommended procedure 
for purging and placing gas holders into service or removing them from 
service. This applies to w ater-sealed holders and also various types 
of w aterless and pressure holders. P relim inary  inspection should 
determine tha t everything is in working order and, of course, the im
portan t thing is to guard  against the form ation of an explosive m ixture 
of a ir and gas under conditions which would perm it of its becoming 
ignited. In  a w ater-sealed holder, even with the bell of the holder 
all the way down, there is always some space between the level of the 
w ater and the crown. As the holder is filled with a ir during construc
tion, the problem is to dispose of this a ir in p roper manner. This 
involves purging holder crown and all connecting lines with an inert 
gas. The inert gas is then displaced w ith the combustible gas or, in 
the event of removing the holder from  service, with air.

In ert gas includes nitrogen, carbon dioxide and combustion products 
which are substantially  free from  oxygen and combustible components. 
Proper and approved connection arrangem ents fo r purging should be 
carried out and such connections should provide fo r test cocks for 
taking samples of gas a t the p roper time. Purg ing  should be under the 
control of an experienced and competent gas analyst equipped with 
suitable gas analysis apparatus. P u rg ing  is generally considered 
complete when the purged gas from the vent and test cocks shows by 
analysis an oxygen content of less than 5 per cent by volume. A fter 
purging and closing of all vents, the holder should be inflated with inert 
gas to a height of a t least 2 feet.

W ith respect to m aintenance of w ater-sealed holders, some of the 
most im portant items include regular inspection of guide fram es and 
carriages and proper lubrication and adjustm ent of these parts. 
Corrosion which m ight cause binding of rollers or corrosion of holder 
cups should not be perm itted. P ro p er w ater level should be m ain
tained. The holder crown should be kept as free as possible from  snow 
during the w inter and it  should be kept clean a t all times. H older 
w ater should be tested periodically fo r acidity and harm ful concentra
tion of salts.

The im portance of adequate pain ting  as protection against corro
sion should hard ly  need special mention.

H eating the holder w ater, special inspection of m etal p a rts  afte r 
several y e a rs ’ service, which may include “ plugging”  and repairs of 
gas leaks in plates and seams of crown and sides, are  im portant details 
to consider as time goes on.

Purg ing  of high pressure holders should be done with equal care, 
but as there are  no moving p arts  or sealing liquid to complicate this 
procedure, it can be more easily carried  out.
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P r e s s u r e -V a c u u m  R e l ie f s

In  connection with the m aintenance of p roper p ressure range 
within the gas utilization system, the pressure-vacuum  relief assembly, 
with which the digester should he equipped, m ust not be overlooked. 
I f  this piece of equipment suffers from  lack of m aintenance or inade
quate adjustm ent, it may be the cause of sufficiently reduced gas p res
sure w ithin the system as to incline tow ard a hazardous condition.

The pressure-vacuum  relief assembly is intended to act as an 
emergency relief only against excessive pressures, and also against 
possible vacuums which might cause s truc tu ra l damage. The unit 
contains a pressure relief valve of the weighted diaphragm  type and a 
vacuum relief assembly of the liquid seal or other type. Such an 
assembly should be so designed th a t escaping gas passes through a 
flame cell of adequate design. W here the vacuum relief assembly is of 
the liquid seal type, it is, of course, im portan t th a t the seal be m ain
tained, preferably  using kerosene or oil as the sealing liquid so as to 
prevent excessive evaporation and to m itigate freezing.

I t  is not uncommon to observe an accumulation of m ineral deposit 
upon the face of the pressure relief valve. This should be removed 
carefully so as not to score the seat of the valve and in this way prevent 
gas leakage a t this point. The w rite r has observed the loss of gas in 
varying amounts due to this cause in a large num ber of assemblies, 
which periodic m aintenance would have eliminated. Also, if gas is 
thus allowed to waste a t this point, there m ay during w inter months 
be a tendency fo r the form ation of hoar frost, a substantial accumula
tion of which would nullify the action of the device.

Continuous w asting of gas through the assembly, if properly  ad
justed, of itself would norm ally indicate incorrect adjustm ent of the 
pressure regulator or combination relief located elsewhere.

L i g h t n i n g  H a z a r d s

W hile damage suffered as the result of the stroke of lightning is 
popularly referred  to as an “ act of God,”  sewage works operators 
should be protected against this hazard  insofar as possible. Such 
protection is possible, as w itnessed by the operato r a t Lincoln, 
Nebraska, who had an in teresting  experience in connection w ith his 
vacuum -pressure relief assembly. L ightning struck and ignited the 
gas being released through the assembly on one of the digesters, but 
the gas only burned on the surface of the flame trap  element, until it 
was extinguished by the operator. The flame tra p  element on this 
unit was adequate and prevented w hat otherw ise m ight have become 
a very serious accident.

L ightning also struck the sewage works a t an A rm y airport, 
jum ping about fifty feet from  a pole transfo rm er to the end of a metal 
chimney pipe of a small gas-fired boiler located between two floating 
covered digesters. The bolt traveled down to the boiler, dam aging
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the altitude gauge and therm om eter and the gas control valve, to the 
extent tha t these units had to be replaced. Fortunately , no other 
damage resulted.

As an im mediate reaction, the thought was to erect an a rres te r 
from  the top of the gas pipe housing of one of the covers. I t  was 
pointed out, however, that, while possibly satisfactory  as long as ,the 
tank was full enough to float the cover, a very poor ground condition 
would exist whenever the digester was less full. This brings out the 
im portance of considering the adequacy of any lightning a rres te r 
system or means which may be established, either in the original design 
or subsequently, as an aid to the prevention of this universal hazard.

D ig e s t io n  T a n k s

Construction of sludge digestion tanks should be of the best and any 
leakage a t walls or construction joints, particu larly  into adjoining 
control rooms, should not be tolerated. In  conjunction with lack of 
ventilation, such a condition, involving leakage of liquor from active 
sludge placed into a new digester for seed purposes, produced a most 
hazardous condition in one instance which jeopardized the lives of two 
men.

I t  m ight be well to repeat for emphasis a statem ent previously 
made that, “ One can control the form ation of explosion m ixtures of 
gas and a ir by the simple expedient of keeping them separated .”

The sim plest method of keeping a ir out of a digestion tank is by 
keeping the gas within the tank, under the classification of a w ater-seal 
gas holder. In  norm al operation, this condition is assured in the 
case of floating cover installations, since the unit floats upon the liquid 
in the tank and lowers when the liquid is lowered by removal of 
sludge or liquor, thereby elim inating any space which m ust be filled 
up by a ir or liquid.

In  the operation of fixed-cover tanks, not connected to a gas holder 
filled to ample capacity, it  is necessary to add liquid to the tank when
ever sludge or liquor is w ithdraw n w hether mechanically, or, as the 
result of barom etric change, so th a t the liquid level in the digester is 
not lowered to a point where the gas is no longer under pressure (1) 
(8).

Pressure-vacuum  reliefs on digestion tanks, installed to safeguard 
the structure, have already been described.

Piping, particu larly  gas and hot w ater piping, may be the indirect 
cause of an  increased and unusually hazardous condition, resulting 
from the necessity of entering a digester for the purpose of inspection, 
cleaning, repair, or replacement of such piping. Adequate support, 
together w ith provision for expansion and contraction of heating coils, 
are of g rea t importance.

I t  is of in terest and no little im portance to note in passing, the 
possibility of severe burns resulting from  the opening up of digestion 
tanks and exposure to atmosphere of iron sulphide deposits. This
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m ay be found w herever steel has been attacked by hydrogen sulphide. 
In  addition to burns of p a rts  coming in  contact w ith such deposits, 
form ation of sufficient spontaneous heat may cause ignition followed 
by fire or explosion.

D igesters equipped w ith floating covers or gasom eters should also 
be provided w ith tell-tale gauges of adequate size and properly  placed. 
These will enable the operator to determ ine the elevation of the movable 
cover a t all times. Such gauges should also be designed and con
structed  as to notify  by electric bell a n d /o r light, before such cover 
comes to rest upon the stops and a fte r which point, a vacuum could be 
established w ithin the digester with its concom itant possible gas a ir 
m ixture.

W herever digesters are designed in such a fashion as not to provide 
fo r em ptying the tanks completely by gravity , or mechanically, there 
is a po tential hazard  whenever such tank m ight have to be entered for 
m aintenance or repa ir purposes.

The removal of fuel oil from  sludge digestion tanks, as is regular 
practice a t the Main P lan t a t Springfield, M assachusetts, could well be 
considered as introducing a supplem ental fire hazard, in addition to 
those more usually thought of in  connection w ith such tanks. P roper 
means should be taken to safeguard  against possible fire where such 
practice is employed.

Of course, in placing digestion tanks into operation, or removing 
them from  service, the same precautions should be observed as has 
been referred  to under the section “ Gas H o ld ers”  w ith reference to 
purging.

G a s  C o n t r o l  R o om

L et the gas control room be separate, having an  outside entrance 
and equipped w ith electrical equipment of explosion-proof type. This 
is not to say th a t means should not be provided fo r readily  looking 
into this room from  the control chamber, or gallery, to observe th a t the 
gas system  is functioning p roperly  w ith respect to m eter operation 
and particu larly  the gas pressures a t suitable points.

A dequate ventilation, lighting and w orking tem peratures, are  pre
requisite.

B o il e r  R oom

I t  is, of course, vitally  im portan t th a t boilers, w hether of the gas- 
fired, oil-fired or coal burning type, be located in  a room where ample 
oxygen is available. Too frequently , boilers a re  placed in small, 
inadequately ventilated  rooms with-too little thought given to adequate 
lighting. All too often the gas boiler indicated on the draw ings as 
being a fro n t burning type is actually, when delivered on the job, 
provided w ith burners fro n t and back, and the boiler room, therefore, 
does not provide those requisites which have been set fo rth  as being 
essential fo r adequate boiler operation and m aintenance. T hat is to
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say, th a t there is not available the 6 feet required for the fron t of the 
boiler since the boiler in this case would actually have two fronts.

Boiler rooms should have ceilings of adequate height and should 
p referably  have an outside entrance. As in the case of gas control 
rooms, means should be provided fo r observing boiler tem peratures, 
pressures, etc., from  the control chamber or gallery. F o r sa fe ty ’s 
sake, gas p ressure gauges suitably located in the boiler room should 
indicate pressures on the inlet and outlet sides of flame traps.

As this room is the one m ost likely wherein an explosion might 
take place, complete reliance m ust not be placed upon a mechanical 
ventilating system. Conceivably there could be a power failure a t the 
very time when removal of toxic gas or products of combustion was of 
the utm ost im portance from  the standpoint of operating safety. The 
electrical system w ithin such a room might well be of the explosion- 
proof type, fo r when the boilers are out of service conditions are most 
favorable fo r the creation of explosive m ixtures which could be ignited 
by an electrical spark. The switch fo r the lighting system in the boiler 
room m ight well be placed outside of and near the entrance to such 
room.

W indows in boiler rooms might well be of liberal glass area and 
so hung tha t they will readily swing out in case of an explosion. Gas 
and oil burners should be installed and used in accordance with local 
ordinances or codes and the N ational B oard of F ire  U nderw riters’ 
Code relating to such equipment.

This is one room where the desirability  of having a handily located 
fire extinguisher is definitely indicated.

Boiler rooms should be provided with adequate floor drainage.

S l u d g e  P u m p i n g  F a c il it ie s

While sludge pumps need not be in a separate room, such design 
has its advantages, provided again tha t ample ventilation is secured, 
together w ith adequate floor drainage and ready means fo r washing 
down. '

I t  would not be out of o rder to consider sludge pump connections 
as hazardous points, for the sludge does under certain  conditions, 
represent actual as well as potential gas. I t  is believed, therefore, 
that w hether separately  positioned or not, sludge pumps should always 
be located a t or very close to grade and within ready reach of an outside 
door a t grade. As such location allows fo r the fu rth er operating 
advantage of a nominal suction lift on these pumps (usually of the 
reciprocating type) there seems to be no legitim ate reason fo r sub
jecting sewage works operators to a hazard of the type which conduced 
to the loss of three lives a t a W est V irginia plant as well as the deaths 
of three other men in a sim ilar accident a t a nearby plant, as reported 
by B rand t (9).

I t  is recommended tha t sludge lines on a closed system of piping 
be trea ted  with all of the respect th a t should be accorded to gas lines,
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and a t the very least, they should be provided with adequate vents. 
Centrifugal sludge pumps should likewise be suitably vented, as well 
as gate valve bonnets and plugs of lubricated valves of th a t type. 
This does not mean fitting such p arts  w ith pet-cocks free to discharge 
into the operating room or building!

E l e c t r ic a l  S y s t e m s

In  the opinion of K eefer (7) “ the use of electric power a t sewage 
plants presents a hazard  tha t should not be m inim ized.”  He points 
out, however, th a t while contact with even low voltages has proven 
fatal, when electrical equipment has been properly  installed there should 
be little danger.

Rubber m ats on the floor in fro n t of switchboards m ounting “ alive” 
equipment has already been mentioned. G rounding of all electrical 
equipment in accordance w ith requirem ents of the N ational Electric 
Code is of the utm ost im portance, and all electrical m aterials and 
workmanship should conform to cu rren t s tandard  rules, regulations 
and specifications of the American Institu te  of E lectrical Engineers, 
the N ational B oard of F ire  U nderw riters, and the N ational Electrical 
M anufacturers Association.

Electrical equipment of explosion-proof type only, should be in
corporated in any room, building, gallery or chamber w here there 
might be the possibility of explosive liquids or vapors. All power 
ventilating equipment must, of course, be equipped w ith approved 
explosion-proof motors.

C o n t r o l  C h a m b e r s

Control chambers, as referred  to here, are  intended to include all 
confined spaces wherein are located means fo r control of flow of liquid 
or gaseous substances. Or, simply, pipe galleries or rooms where 
the operation of valves or their equivalent control the flow of sewage, 
sludge, supernatan t liquor or gas. O perating galleries between Imhoff 
tanks, or a valve and pipe chamber a t the sludge-hopper end of one or 
more clarifiers, are likewise typical examples, in addition to chambers 
of g rea ter cubage such as central control rooms between three or more 
digesters.

F irs t  m ust be provided adequate ventilation under the m ost severe 
emergency conditions likely to occur; fo r of w hat value is consideration 
of such m atters under norm al conditions, when lives are  generally  lost 
a t times of modifying circumstances?

Certainly, safe means of ingress and egress are  essential and this 
does not mean step-irons or ladders. Then comes the im portan t detail 
of adequate lighting a t all times. There is seldom justification for 
not providing reasonable headroom.

Out-of-reach valves should always be provided w ith chain pulls or 
the equivalent. A slip, while attem pting  to m anipulate a handwheel
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from  a precarious position some distance above the floor, could result 
in a serious accident.

Means fo r adequate drainage for all such chambers is essential.

P i p e  T u n n e l s

Control chambers are frequently connected by so-called pipe 
tunnels, to which the above safety considerations are  likewise applicable 
in design. In  addition, a ttention is called to the possible “ flue”  con
ditions which, under certain  atmospheric situations, may be set up in 
such tunnels. To m itigate against such d ra ft conditions which might 
carry  odorous or toxic compounds from  one point to another, to the 
injury of operating personnel or to cause damage to structures or equip
ment, means to prevent such a situation should be instituted. Some
times a division wall and door is sufficient; possibly more attention to 
design or rearrangem ent of roof outlets for the ventilation system of 
the control rooms, or tunnel itself, is required, as for example, the use 
of positional dow ndraft and upd raft roof outlets.

I t  will be observed th a t no reference has been made to sludge 
pumping, gas m etering or boiler operation in defining control chambers. 
It is the opinion of the w riter tha t the stage has been reached in the 
evolution of sewage works design where separate rooms should be 
provided fo r these operations. Design practice has passed beyond the 
one-room igloo of the Eskimo type to a point where these functions and 
services should be given the privacy befitting them. This redounds to 
the good of the p lant as a whole and of the operating personnel in 
particular.

A ir  P o l l u t io n  A b a t e m e n t

In  addition to the removal of toxic fumes, ventilation is im portant 
from the standpoint of dust removal a t certain  points a t sewage works 
such as chemical storage rooms and open sludge grinding and /o r 
sacking chambers. I f  such dust is of sufficient quality and quantity  as 
to become a secondary nuisance, a fte r  dissipation into the atm osphere 
as the resu lt of adequate ventilation of such buildings, then suitable 
flue gas trap s  should be provided.

U nder certain  conditions, fortunately  not common to any except 
sewage trea tm ent works in very large municipalities, ventilation is 
called upon to include chemical treatm ent of vitiated a ir from  all of 
the tanks (except digesters), chambers, operating galleries and build
ings. Ozone may be used with limited success for the destruction of 
micro-organisms and as a deodorant. Activated carbon is also used to 
adsorb organic vapors from  air in connection with a ir conditioning.

C o n c l u s io n

In  term inating this discussion, it is emphasized tha t p rim ary  re
liance should be placed on the fundamentals  of safe practice during the
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design of gas utilization facilities and appurtenances. A common ex
pression, “ Rely on your brakes instead of your h o rn ,”  finds application 
to this suggestion. There m ay be some accusations of heresy in the 
omission heretofore of reference to “ No Sm oking” and other w arning 
signs a t locations in sewage works m ost subject to fire and explosion 
hazards. Rem inders of this character are, of course, highly desirable, 
but it is the w rite r ’s firm conviction th a t those concerned w ith the de
sign, construction and operation of sewage works should asp ire  to the 
incorporation of every possible safety  fundam ental in gas collection 
and utilization facilities, thus minimizing the need fo r such w arnings.
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S e w a g e  W o r k s  P la n n in g

PROPOSED IMPROVEMENTS IN SEWAGE DISPOSAL 
AND TREATM ENT IN THE BOSTON 

METROPOLITAN DISTRICT*

By K a r l  R. K e n n i s o n

Chief Engineer, M etropolitan D istrict W ater Supply Commission, Boston, Mass.

The agitation fo r im provement of conditions in connection with 
sewage disposal in the M etropolitan area  has been going on for a 
number of years and many reports on the subject have been made to 
the legislature. The m ost noteworthy and m ost recent of these are 
the report of the Special Commission on the Investigation of the 
Sewage into Boston H arbor and its T ributaries, published as House 
Document 1600 of the year 1937, the repo rt of the Special Commission 
Investigating Systems of Sewerage and Sewage Disposal in the North 
and South M etropolitan Sewerage D istricts and the City of Boston, 
published as House Document 2465 of the year 1939, and the special 
report of the M etropolitan D istric t Commission and the Department 
of Public H ealth Relative to Sewage Pollution of the Charles River, 
published as House Document 1961 of the year 1939. Most sanitary 
engineers are fam iliar with many of the problems involved through 
the publication of data  and maps in these and previous reports.

Boston H arbor is a natural recreational area  for Metropolitan 
Boston and it is polluted by over 250 million gallons of raw sewage 
which are discharged into it every 24 hours. There are three sewerage 
systems trib u ta ry  to Boston H arbor, namely, the Boston Main Drainage 
D istrict, the N orth M etropolitan Sewerage D istrict and the South 
M etropolitan Sewerage D istrict. The population tribu tary  to these 
three outlets is as follows:

Boston 
M ain Drainage 

System

N orth
M etropolitan

System

South
Metropolitan

System

500.000

400.000 
100

400.000

700,000+

790,000-
95

750,000

850,000+

980.000 
92

900.000

F u tu re  population  considered in th e  estim ates 
(1955) ...............................................................

Figure 1 shows the location of all im portant bathing beaches in 
Boston H arbor and their relation to these outlets. The o u t l e t  n e a r e s t  
the m ost im portan t of these beaches from the standpoint of their

* P resented  a t  F a ll M eeting of the New England Sewage Works Association Worcester 
Mass., Septem ber 14, 1944. ’ >
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crowded attendance is the Moon Island  outlet of the Boston Main 
D rainage System. Conditions are somewhat am eliorated a t th is im
p o rtan t outlet by the fact tha t raw  sewage is discharged only on the 
outgoing tide. Next in im portance and nearness to the beaches is the 
N ut Island  outlet of the South M etropolitan System. The D eer Island  
outlet of the N orth M etropolitan System  is more fo rtunate ly  located 
in the deep m ain channel known as P residen t Roads, a much g reater 
distance from  most of the beaches.

F ig. 1.— Relative location of ba th in g  areas and sewer outlets in  B oston H arbor. 
(A ) Moon Island  outlet of B oston M ain D rainage System, (B ) N u t Is lan d  ou tle t of South 
M etropolitan System  and (C) Deer Is lan d  outlet of N orth  M etropolitan  System.

In  addition to the recreational use of the beaches, the investigators 
have also stressed the deterioration  of aesthetic values. The harbor 
is used by many yacht clubs whose members rep o rt th a t p resen t con
ditions are a definite detrim ent to the advancem ent of the harbor as a 
recreational area.

In  spite of the ra th e r dark  picture which has been pain ted  the 
reports indicate th a t the m ost objectionable conditions are  confined to 
the im mediate vicinity of the three m ain sewer outlets, although, under 
certain  tide and w eather conditions, grease and other floating m atters 
characteristic of sewage do reach the shores used fo r bathing. * In 
House 1600 the D epartm ent of H ealth  concluded th a t Boston H arbor 
has not, except in F o r t P o in t Channel, contained oxygen in  less than 
57 per cent saturation . Therefore, the g rea t dilution possible in
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Boston H arbo r which perm its natu ra l purification by oxidation of the 
organic m atter makes a high degree of purification unnecessary, 
although some form  of pretreatm ent for the removal of grease and 
floating m atter may be necessary. This conclusion is supported by the 
unanimous opinion of the la te r special commission reporting  in House 
2465 that, fo r the present, only p artia l trea tm ent is necessary fo r the 
sewage discharged into Boston H arbor and this is the basis of the 
designs.

House 2465 included results of investigations by Greeley & H ansen 
and M etcalf & Eddy, and the legislature in 1939 authorized the continu
ation of the studies and the p reparation  of prelim inary plans. These 
engineers then undertook a program  of subsurface investigations by 
borings covering many of the sites involved and prepared  outline 
plans and a comprehensive report. As a result, the legislature in 1941 
conditionally appropria ted  $15,000,000 fo r the construction of five 
specific projects. Various conditions with respect to the commence
ment of the work on any project and the securing of F ederal aid mean 
that, as a practical m atter, they are all in the class of postw ar projects 
and there will undoubtedly be delays in the case of some of them. 
The im portance of cleaning up the situation in the Boston Main D rain
age outlet cannot be stressed too strongly. However, this is a m atter 
which is being handled by the city of Boston independent of the 
m etropolitan d istricts. As to the relative im portance of conditions a t 
the South M etropolitan and N orth M etropolitan outlets, the legislature 
has concluded to proceed first with the trea tm ent works a t the South 
M etropolitan outlet, where the expenditures can be most effective in 
early results. The N orth M etropolitan Outlet discharge into the main 
deep channel appears to give less trouble, as above noted, but the im
portance of cleaning up this situation also in the near fu ture is not to 
be forgotten.

A t about the time this legislation was passed the M etropolitan 
D istrict W ater Supply Commission was completing a program  of 
heavy construction fo r additions to the system of w ater supply of the 
M etropolitan W ater D istrict. These consisted of the 415 billion-gallon 
Quabbin Reservoir, the 24.6-mile Quabbin Aqueduct tunnel, the W are 
River Diversion W orks, the new 18-mile P ressu re  Aqueduct, Norum- 
bega D istributing Reservoir and other works, for which $65,000,000 
was appropria ted  in 1926, which sum has been increased by Federal 
aid to about $72,700,000. The w ater supply commission was purely a 
designing and constructing commission created for the purpose of 
carrying out this huge program  and distinct from the regular perm a
nent maintenance departm ents. I ts  work would now be completed if 
the expenditure of the last $5,000,000 for the extension of the P ressure 
A queduct by tunnel to Chestnut H ill had not been in terrup ted  by the 
war. The Legislature of 1941, however, gave to this construction 
organization the work of designing and building the sewerage projects 
above referred  to. This accounts for the apparen t misnomer and
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explains why the M etropolitan D istric t W ater Supply Commission is 
engaged in sewerage activities.

The M etropolitan D istric t W ater Supply Commission as originally 
organized consists of three members, two appointed by the Governor 
and a th ird  who is chairm an by v irtue of his appointm ent by the Gover
nor as chairm an of the M etropolitan D istric t Commission, the perm a
nent organization fo r m aintenance. As enlarged fo r the purpose of 
designing and constructing the sewerage projects, the commission 
includes two others, ex-officio, nam ely the chief engineer of the 
Sewerage Division of the M etropolitan D istric t Commission and the 
chief san itary  engineer of the D epartm ent of Public H ealth.

The five projects re ferred  to above, which are  specified in Chapter 
720 of the Acts of 1941, are as follows:

P ro ject 1—A sewage trea tm en t and sludge disposal p lan t and 
appurtenan t works a t the N ut Island  outlet of the trunk  sewer 
of the South M etropolitan Sewerage D istrict.

P ro ject 2—Extension from  E as t Boston to D eer Island  of the N orth 
M etropolitan relief sewer recently completed to E a s t Boston by 
the Sewerage Division of the M etropolitan D istric t Commission.

P ro ject 3—A conduit to carry  storm  overflows in  the Alewife 
Brook valley to the N orth M etropolitan relief sewer above re
ferred  to.

P ro jec t 4—A storm  overflow relief conduit along the southerly 
side of the Charles R iver and the Charles R iver Basin.

P ro ject 5—A sim ilar storm  overflow relief conduit on the northerly  
side of this river and basin.

Of the to tal appropria ted  $15,000,000, $3,800,000 was specifically 
allocated by the Act to the N ut Island  trea tm ent works, and the balance 
lacks approxim ately $800,000 of covering the aggregate estim ates that 
have been made by the consulting engineers. M oreover, all the con
struction was made contingent upon the receipt of 25 per cent Federal 
aid. The only present authorization to proceed covers the m a tte r of 
design of approved p ro jec ts ; the necessary approval has been obtained 
and progress is being made in the p repara tion  of construction plans 
for P ro ject No. 1, the Nut Island  sewage trea tm en t works.

In  addition to the five projects named, the comprehensive plan en
visages other fu tu re  works to which these are  not only d irectly  related  
but to which the plan definitely points as necessary. These additional 
projects comprise principally the following:

1—A deep rock tunnel from  the Back B ay to the E a s t Boston 
pum ping station  to relieve the South M etropolitan trunk  sewer 
by a p artia l diversion to the N orth M etropolitan trunk  sewer.

2—Sewage trea tm en t a t the Deer Island  outlet of the N orth 
M etropolitan Sewer. '

3—A lthough not a D istric t pro ject there should also be listed  with 
these postw ar projects one which the city of Boston will some day 
have to undertake, namely a sewage trea tm ent p lan t a t the 
Moon Island  outlet of the Boston M ain D rainage System.
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P r o p o s e d  S e w a g e  T r e a t m e n t  P l a n t  a t  t h e  O u t l e t  
o p  t h e  S o u t h  M e t r o p o l i t a n  T r u n k  S e w e r  

( N u t  I s l a n d , H o u g h ’s  N e c k , Q u i n c y )

A t the present time the sewage is untreated  except a t the so-called  
screen house on N ut Island  where it passes through racks of the cage- 
elevator type, from  which it is discharged continuously through two 
60-inch pipes to a point about 6,000 feet from  the shore. A th ird  
60-inch pipe to a point 1,400 feet off-shore is available a t times of high 
flow. In  the new design these pipes will be used to carry  off the sewage 
effluent. Regardless of the im provement in the character of the 
sewage discharged through these outfalls, it is considered im portant 
to improve also the condition of diffusion a t the submerged outlets.

T a b l e  1 .— Design Data fo r Proposed N u t Island Sewage Treatment Plant, Boston, M ass.

Present Conditions Design Conditions

Normal
D ry

W eather
Average Average Maximum

Sewage flow—m .g .d ............................................ 701 872 112 300
Population se rv ed ............................................... — 700,000 900,000 —
Suspended solids—lbs. per day

(At 0.2 lb. per cap. d a ily ) ....................... 140,000 180,000
G rit channel velocities— f.p.s.

Two channels ............................................... 0 .8-0.9 _
T hree ch annels............................................ — 0.72-0.82 0.85-0.95 —
Six channels.................................................. — — — 0.95-1.05

Pum ping lift—fe e t............................................. 8.4 8.6 8.9 10.75
Aeration channel deten tion— m in.................. 32 26 20 7.5
Sedim entation period—h rs............................... 2.35 1.9 1.5 0.55
Suspended m atte r  rem oval— per c e n t ......... 65 58 50 —
R aw  sludge—gallons per day

(At 95 per cen t m o is tu re )....................... _ 191,000 213,000 _
Digested sludge solids3—lbs. d a ily ................ — 51,000 56,500 —
Digested sludge— gallons per day

(At 92 per cen t m o is tu re )....................... _ 75,000 82,500 _
S up ern a tan t liquor—gal. per d a y ................. — 114,000 126,000 —
Gas production— c.f. per day

(At 0.75 c.f. per cap. d a ily ) ................... — 525,000 675,000 —

1 Occasional hourly  m inim um  ab o u t 45 m .g.d.
2 Does no t include occasional storm  flows.
3 Assuming 60 to  65 per cent of solids rem oved by  sedim entation.

I t  is expected th a t some form  of baffles can be constructed a t the outlet 
ends of these three pipes which will mix the effluent with sea w ater more 
thoroughly than is now the case with raw  sewage.

The p lant is being designed to remove floating solids and grease, 
and to reduce the am ount of suspended solids by plain sedimentation. 
The minimum period of detention in sedim entation tanks tha t has 
been considered is about one hour a t the design ra te  and the maximum 
about one and one-half hours. Provision will be made for chlorination
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of the effluent during the recreational season to preven t bacterial 
pollution of harbor and shore w aters. P lans are being made to digest 
the sludge, and the approval of the S tate  and F edera l au thorities is 
being sought to discharge the innocuous residue from  the digestion 
tanks through an outfall pipe about 4 miles long to deep tide w ater.

The following table presents miscellaneous data  being used in the 
design of the sewage trea tm ent plant.

The proposed trea tm en t works will include the following m ajor 
units :

T w o m edium  screen  ra ck s  o f  a b o u t 2 -inch  n e t o p en in g s , in  p a ra l le l  ch an n e ls  6 f t .  w ide 
by  6.5 f t .  deep .

S ix  p a ra l le l  g r i t  channels .
F iv e  screen  ra ck s  o f ab o u t 0 .7-ineh n e t o p en in g s , fo llo w in g  th re e  o f  th e  g r i t  channels.
S ix  36-inch co m m in u to rs  fo llo w in g  th re e  o f  th e  g r i t  chan n e ls , tw o  in  each  channel.
T h ree  150 m .g .d . p u m p s , one o f  w hich  is a  s ta n d b y  u n it.
F iv e  p a ra lle l  a e ra tio n  channels .
S ix  se d im en ta tio n  tan k s .
N ine  150 g .p .m . s ludge  a n d  g rease  p u m p s, th re e  in  each  o f  th re e  s ta tio n s , one in  each 

s ta tio n  to  be u sed  n o rm a lly  f o r  g re a se  a n d  scum  only .
F o u r  d ig es tio n  tan k s , 110 f t .  in  d ia m e te r  a n d  30 f t .  deep , w o rk in g  c a p a c ity  o f  2,332,- 

000 g a llo n s each.

Miscellaneous basic data  being used in the design are  given in  Table 1.

V a r ia t io n s  i n  R a t e  o f  S e w a g e  F l o w

The variations, in flow follow a definite p a tte rn  and there is a con
siderable equalizing effect in the long trunk  sewer approaching the 
site. The minimum flows occur between 7 :00 and 8 :00 A.M. and  the 
maximum between 5 :00 and 6 :00 P.M. ; the difference between daily 
minimum and maximum appears to be about 26 m.g.d., regardless of 
w hether the daily average is 65 or 165.

R e s u l t s  o f  R e c e n t  A n a l y s e s  o f  S a m p l e s

F o r the past year or more composite 24-hour samples have been 
taken, with the following results, from  analyses made by the De
partm ent of Public H ealth as shown on opposite page.

An average of the above, weighted fo r the flows m easured on thé 
days the composite samples were taken, gives the to ta l suspended 
solids a t a little  less than 160 p a rts  per million.

P l a n  o f  C o n s t r u c t io n

The layout is designed to take advantage of the fac t th a t the trunk 
sewer fo r a length of about 270 feet approaching the existing screen 
house is divided into two parallel conduits, one of which can he used 
to m aintain un in terrup ted  flow during  the construction of the new 
works. The old cage racks in the so-called screen house will be re
moved as soon as the ir usefulness has ceased and the building will he 
used to house chlorine storage rooms and chlorinating plant.
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D ate

Parts per Million

Total

Suspended Solids 

Volatile Fixed
B.O.D. Dissolved

Oxygen

19Ą3
Ju ly  8 - 9 .............................. 179 134 45 162 0.7

327 Max. 2.4
80 Min. 0.0

Aug. 1-2 ........................... 94 72 22 128 1.5
170 Max. 2.9

85 Min. 0.2
Sept, 21 -2 2 ........................... 300 235 65 234 0.6

407 Max. 2.2
125 M in. 0.0

Oct. 2 1 -2 2 ........................... 153 119 34 315 0.8
670 Max. 2.4
170 M in. 0.0

Nov. 1 9 -2 0 ........................... 205 158 47 240 0.6
450 Max. 1.6

53 Min. 0.0
Dec. 8 -9  ........................... 138 108 30
Dec. 1 4 -1 5 ........................... 182 140 42
Dec. 2 0 -2 1 ........................... 231 169 62
Dec. 2 7 -2 8 ........................... 178 121 57

1 9 U
Jan. 4 -5  ........................... 82 65 17
Jan. 1 2 -1 3 ........................... 126 98 28
Jan . 2 0 -2 1 ........................... 166 130 36
Jan. 2 8 -2 9 ........................... 88 68 20
Feb. 7 -8  ........................... 230 177 53
Feb. 1 5 -1 6 ........................... 156 106 50
Feb. 2 3 -2 4 ........................... 160 124 36
M ar. 2 -3  ........................... 113 88 25
M ar. 10 -11 ........................... 179 136 43
M ar. 2 0 -2 1 ........................... 120 86 34
M ar. 2 8 -2 9 ........................... 113 75 38
April 5 -6  ........................... 113 103 10
April 13 -14 ........................... 154 122 32
April 21 -2 2 ........................... 114 91 23
M ay 1-2 ........................... 107 79 28
M ay 9 -1 0 ........................... 133 100 33
M ay 17 -1 8 ........................... 205 145 60
M ay 2 5 -2 6 ........................... 194 150 44
June 2-3  ........................... 194 164 30
June 12 -1 3 ........................... 169 133 36
June 2 0 -2 1 ........................... 223 156 67
June 2 8 -2 9 ........................... 290 229 61
Ju ly  6-7  ........................... 173 153 20
Ju ly  1 4 -1 5 ........................... 180 138 42
Ju ly  24 2 5 ........................... 164 116 48
Aug. 1 2  ........................... 230 174 56
Aug. 9 -1 0 ........................... 268 209 59
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M a i n  E m e r g e n c y  S p i l l w a y

The break into the existing sewer will be confined to a short length 
and the effluent will be re tu rned  close to the point of diversion. This 
perm its the convenient installa tion  a t this point of an  emergency 
spillway autom atically bypassing the en tire plant. Such a spillway 
m ust be provided w ith tide gates on the crest to cover the contingency 
of an extreme rise in level in the effluent conduit resu lting  from  the 
maximum ra te  of sewage flow a t the time of extrem e high tide. The 
extent to which the spillway crest can be raised  is lim ited by the su r
charging of the trunk  sewer itself. There is also an economical limit 
to the height to which the sedim entation basins and the ir overflows 
can be raised. On th a t account extrem e conditions m ust be cared for 
by another emergency spillway which under the m ost critical conditions 
will perm it a small quantity  of sewage effluent to spill over to an off
shore outlet instead of through the existing outfall pipes.

C o a r s e  R a c k s  a n d  G r i t  E e m o v a l

The entering sewage will first pass through mechanically cleaned, 
coarse racks designed to be free from  any tendency to jam  the m aterial 
a t the bottom of the racks or a t the top of the w aterw ay opening. 
These racks m ight better be called medium ra th e r than coarse because 
they are designed to eliminate as fa r  as practicable the passage of rags 
and sim ilar m aterial which would tend to ball up and clog the sub
sequent g rit removal mechanisms. The two coarse racks are  in the 
approaches to a channel from  which six parallel g rit chambers are 
supplied through sluice gate control. These cham bers a re  80 feet long 
by 10y2 feet wide with collectors tha t scrape the m aterial from  the 
downstream  to the upstream  end, elevate it  through the incoming 
sewage and discharge it  on a cross-belt supplying w ashers of the 
jig  type. The velocities in the g rit chamber vary  from  0.8 to 1.0 f.p.s.

C o M M IN U T O R S AND F l N E  R a CKS

Beyond the g rit chambers, the design provides fo r the installation 
of comminutors or fine racks or both; fo r example, the p lan  shows a 
design which in o rd inary  operation will use two or three of the grit 
chambers depending upon the ra te  of flow, and these three chambers 
will feed six comminutors, two 36-inch units below each chamber. The 
other three channels, which ord inarily  will be used only fo r infrequent 
high flows, feed fine racks of the same type as the coarse racks above 
referred  to. Both comminutors and fine racks will discharge into the 
pump suction well but the discharge from  the fine racks will have to be 
th ro ttled  to give the same conditions of hydraulic loss as occur through 
the comminutors. W ith  such a design, all screenings would be fed to 
the comminutors, screenings from  the coarse rack being first manually 
sorted fo r the removal of m ateria l th a t cannot be comminuted so that 
the other screenings can be sluiced directly to the comminutors through 
channels which bypass the g rit chambers. Screenings from  the fine
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racks when in use will be sluiced directly to the adjoining comminutors. 
Another possibility with such a design is th a t in am r emergency re
quiring the pumps and sedim entation basins to be out of service, the 
p lan t can still be operated up to and including the fine racks which 
can bypass directly into the effluent conduit.

L o w - L i f t  P u m p s

Next come low-lift pumps capable of handling the entire capacity 
of the m ain trunk sewer, 300 m.g.d., with standby provisions. An 
investigation is being made of the possibility of reducing the number of 
units to three and using constant speed, direct-connected pumps with 
adjustable-blade im pellers in which a wide range of capacities a t high 
efficiency is obtained by autom atically changing the angle of inclination 
of the im peller blades. The discharge from  the pumps will unite to 
pass through a V enturi meter.

P r e a e r a t i o n  C h a n n e l s

We are investigating the extent to which preaera tion  should be 
employed to improve the removal of solids in the sedim entation tanks. 
The plans show five m ain channels about 180 feet long, 131/2 feet deep 
and 17 feet wide in which it is proposed to aerate through headers 
that can be raised above the sewage level fo r servicing. The plans 
show a detention period of approxim ately 20 minutes a t the design 
rate corresponding to about 30 minutes during the more im portant 
period of low flows in the summer recreational period.

S e d i m e n t a t i o n  B a s i n s

The influent and effluent conduits extend along the two ends of the 
sedim entation basins, the conduit wall being the basin end wall in 
each case. The plans show 6 basins about 185 feet long, 64 feet wide, 
each partitioned into four 16-foot channels in which scum and sludge 
collectors of s tandard  design will operate. I t  is planned to operate 
the basins in pairs, the cross scum collectors from  two basins feeding 
one narrow  conveyor designed to re tu rn  the grease and scum along 
the side of one of the basins to the head end where the sludge and grease 
pump houses are located, one house fo r each two basins. The plans 
show the sludge sump constructed as an extension beyond the side wall 
of the basin in such a way as to perm it the cross sludge collector to 
extend above the sewage level on its re tu rn  course. In  this way, all 
the conveyors are accessible for replacement and repair.

S l u d g e  a n d  G r e a s e  P u m p s

I t  is planned to have three sludge and grease pumps in each of the 
three houses and to have them more or less interchangeable, although 
ordinarily  it  will be more convenient fo r one pump to handle the 
grease. The sludge pumps will pump directly from  the basin sumps 
and the grease pump from  a grease collecting and decanting tank fed
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by means of a controlled w eir which will draw  the grease and scum 
directly from  the re tu rn  conveyor above referred  to. I t  is planned 
to have this w eir discharge through a rack to remove any sticks or 
rags th a t may get by the comminutors or into the subsequent channels. 
These will then be sluiced back into the main trunk  sewer ahead of the 
plant, using decant liquor from  the grease collecting tank to assis t the 
sluicing.

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

The plans show four digestion tanks, 110 feet in diam eter. Studies 
are being made of the practicability  of having two tanks fo r prim ary  
digestion, possibly with fixed covers, and two fo r final digestion with 
floating covers combined with a gas storage tank. The large diam eter 
of the tanks insures ample room in the central control building which 
will have two stories, an upper or mezzanine floor beneath which most 
of the piping will be located and a lower floor fo r pumps and other 
equipment. I t  is proposed to utilize the cooling w ater from  the gas 
engines to m aintain the tem perature in the digestion tanks a t the 
desired point, about 85 deg. F . Three 300 g.p.m. pumps are planned for 
this closed system of w ater circulation. D uring cold w eather addi
tional heat will be obtained from  steam  using the existing boilers in the 
screen house. These are fa irly  new, coal burning, in good condition and 
the 'fire boxes will be reconstructed to burn gas from  the digestion 
tanks, or oil as a reserve. D uring hot summer w eather, the digesters 
will not remove sufficient heat from  the system  and a cooler will have 
to be cut into the circuit, using sewage effluent fo r cooling w ater.

I t  is anticipated th a t sufficient gas will be generated  in the digesters 
to develop the power required a t all tim es; also th a t during  the w inter 
it will be necessary to heat the office building independently and the 
m ain building by steam  generated  in the existing re-equipped boilers.

P o w e r  P l a n t  I n s t a l l a t i o n

I t  is proposed to insta ll:
Two— 500 K w . gas-engine electric generators  
One— 500 K w . D iesel electric generator  
Two— 200 H .P . 5000 c.f.p .m . blowers

One gas-engine generato r will ca rry  the norm al load and two will 
operate a t higher loads. The diesel will serve as a spare un it and it 
will also be operated as necessary whenever sufficient gas is not avail
able, and also during the period in which the d igesters are  pu t into 
service.

F e r t i l i z e r  P o s s i b i l i t i e s

Prelim inary  estim ates indicate th a t it  will not pay  to d ry  the 
digested sludge fo r the m anufacture of low-grade fertilizer. However, 
there is space available so th a t experim ents can be conducted on a 
small scale on the dew atering of a portion of the sludge to make it 
available as humus. I t  is impossible a t this time to see how even this 
can be made to pay fo r itself.



THE OPERATOR’S CORNER
ANNUAL OPERATION REPORTS

As the new year brings its timorous hope and promise of peace and 
good will to this troubled sphere, how many sewage works supervisors 
will actually complete last y e a r ’s job by compiling a useful summary 
record into an annual report? I t  is our positive opinion tha t the 
preparation  of such a report is a definite responsibility—an essential 
duty to the m unicipality served.

Volumes have been w ritten  and spoken about the value of operation 
records with never a dissenting voice. O perators religiously begin 
each day with a round of all the m eters and gauges, painstakingly 
recording the various readings. D iary entries are made and laboratory 
results recorded. Monthly summaries of these data  are assembled in 
most plants but it  is feared tha t even this practice might be much less 
general if it were not th a t sta te  health departm ents and other pollution 
control agencies require them. B ut when it comes to annual reports, 
the picture changes m aterially ; we hazard the guess that yearly 
summaries are  p repared  in less than ten per cent of all treatm ent works 
in existence!

I t  is true th a t p lant superintendents have many other pressing 
duties and responsibilities; tha t they are often loath to leave more 
interesting tasks to undertake desk chores; tha t there is sometimes 
a discouraging lack of in terest on the p a rt of the municipal officials 
to whom such reports are subm itted; that some expense is involved in 
reproducing the report fo r d istribution; tha t the report is beyond the 
comprehension of the average citizen if it is made sufficiently technical 
to be of practical value as a plant record. Yet it is also true tha t the 
busy p lant superintendent can waste much time in sifting through daily, 
weekly or monthly reports fo r w hat may be located quickly in the annual 
and th a t he will get an over all picture from  the annual summary that 
is not possible in data representing shorter periods. P reparation  
of the annual report need not be an onerous chore if one is a lert to the 
lessons and practical conclusions which so frequently may be found 
and used in meeting problems of the future.

Municipal officials who may not seem to appreciate the report when 
it is subm itted must, however, respect the force given the superin
tenden t’s recommendations and argum ents as substantiated by the 
data which are contained in such reports. I t  would be an ill-fated in
dustria l corporation indeed, if its board of directors paid no attention 
to production records and costs. Our attention has been directed to 
one instance in which a city councilman has actually opposed the

99



100 SEW AGE W ORKS JO U R N A L Ja n u a ry , 1945

p reparation  of an annual rep o rt a t the sewage trea tm en t p lan t on 
the vague grounds “ th a t it was unnecessary ,”  hut th is is certain ly  a 
ra re  exception. Many m unicipal adm inistrative bodies insist on annual 
reports and m ost of those rem aining would place a higher value on the 
p lan t superintendent who, of his own volition, subm itted annual reports 
fo r their inform ation and guidance.

I t  is not essential th a t the annual rep o rt be presented  as an elaborate 
p rin ted  brochure, replete w ith photographs and illustrations, such as is 
d istributed from  plants serving very  large cities. These are  too 
luxurious fo r the sm aller m unicipalities and are  usually not justified 
in such cases. A neatly  m im eographed rep o rt will answ er the purpose 
adm irably and the reproduction cost is alm ost negligible, particu larly  
if a machine is available in  the m unicipal offices. Produced in this 
fashion, excessive cost is not a legitim ate argum ent against their 
p repara tion ; it is obvious th a t the m odest investm ent involved m ay be 
offset many times by the savings made possible in operation, engi
neering and fu tu re construction costs.

The repo rt need not be produced in sufficient num bers to supply 
each taxpayer w ith a copy. Local and state governm ent officials should 
certainly be on the m ailing list, as should the local new spapers. I t  is 
through the new spapers th a t the superin tendent m ay achieve the dual 
functions of the transform ation  of his technical rep o rt into a story 
th a t the average citizen will understand  and the actual d istribu tion  of 
the popularized version to the public. The superin tendent will do well 
to offer personal assistance to the rep o rte r in enlarging upon such items 
as m ay have particu lar news and public relations value. F inally , the 
mailing list should include the names of superin tendents of other 
sewage trea tm ent works in the s tate  or region so th a t there is an 
interchange of inform ation which will resu lt in benefit to all.

The make-up and content of annual reports  will differ somewhat 
due to the varied  responsibilities of the superin tendent and due to the 
varied character of facilities operated. N evertheless, a complete re 
po rt should contain the following essential elem ents:

1. A review of adm inistrative activities including reference to per
sonnel m atters, official inspections, com plaints, extension of facilities 
and sim ilar developments pertinen t to the adm inistration  of the de
partm ent.

2. A sum m ary of general inform ation on rainfall, sewage and 
stream  flows, population changes, etc., as will p o rtray  the general con
ditions and requirem ents imposed upon the facilities.

3. A resume of the operation of each p a r t of the sewage collection 
and trea tm ent works, setting  fo rth  loadings, efficiencies, difficulties 
experienced, quantities of m ateria ls involved and unusual occurrences.

4. Detailed tabulations of operating  and analytical data, including 
coverage of the outlet w atercourse.

5. A  chronological m aintenance schedule sta ting  when and w hat 
m aintenance work was perform ed on buildings, structu res, equipm ent 
and grounds—a m ost useful reference item.
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6. A breakdown and sum m ary of costs, with comparison to those of 
preceding recent years.

7. A statem ent of conclusions and recommendations.

If  annual reports are w orth while in large sewage treatm ent 
p lan ts—and they certainly are—they are ju st as much justified in the 
smaller ones. W hy not pu t your p lan t in the “ big tim e” by preparing 
your first annual report to cover the year 1944?

W. H. W.

SUMMARY OF EXPERIENCE IN MECHANICAL 
ACTIVATED SLUDGE PLANT OPERATION

C o m p i l e d  b y  D o u g l a s  E. D r e i e r

Senior Sanitary  Engineer, Illinois Dept, o f Public H ealth, Springfield

Continuing the program  of “ The O perato r’s C orner”  in presenting 
studies of actual operation procedures in fundam ental sewage tre a t
ment processes, this article reviews control practices in mechanical 
activated sludge plants. I t  is largely based upon data and comments 
obtained from  27 superintendents, engineers, chemists or operators of 
29 representative p lants through detailed questionnaires and through 
supplem entary correspondence. An effort was made to obtain an even 
distribution of re tu rns from  plants utilizing the three most common 
types of mechanical aera to rs  and, while complete success in tha t regard 
was not achieved, it is believed th a t adequate distribution was obtained. 
I t  is not the purpose of this review to discuss and compare the relative 
m erits of mechanical aeration equipment of the several types. G rate
ful acknowledgment is given the complete co-operation of the following 
con tribu to rs:

Bradley, L. R., O perator, Buchanan, Michigan 
Browne, F. G., Consulting Engineer, Bucyrus, Ohio 
Carothers, C. H., Chemist, Riddle A eronautical Institu te , Carlstrom  

and D orr F ields, A rcadia, F lorida, and Riddle Field, Clewiston, 
F lorida

Cortner, L. A., Supt., Ind iana Soldiers and Sailors C hildren’s Home, 
K nightstown, Indiana 

Decker, C. D., Supt., B ryan, Ohio 
Denise, Wm. D., Supt., Greece, New York 
Dick, Robert, Supt., E lm hurst, Illinois 
D ietrich, Paul, Supt., C rystal Lake, Illinois
Dulmage, R. W., Supt., Willow Run Bomber P lant, Ypsilanti, 

Michigan
Fischer, N., City Engineer, Kewanee, Illinois 
Freem an, L. H., O perator, Geneva, Illinois 
Grinnell, R. R., Supt., Birmingham, Michigan
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Howe, W. A., San itary  Engineer, Illinois Ordnance P lan t, Carbon- 
dale, Illinois

Klay, Lt. Comdr. A.S., (CEC) USNR, Public W orks Officer, Lam bert 
Field, St. Louis, M issouri 

K rueger, A. L., Supt., Ferguson, M issouri 
Lamb, Miles, City Engineer, Belvidere, Illinois 
Longley, P. H., Supt., R adnor-H averford, Pennsylvania 
Lovejoy, J . W., Supt., L aurens, South Carolina 
Miller, D. R., S an itary  Engineer, Public W orks Dept., USNTC, 

G-reat Lakes, Illinois 
Olson, P . W., O perator, B atavia, Illinois 
P atriarche, J . M., Supt., E a s t Lansing, Michigan 
Russell, J . H., Supt., Rochelle, Illinois 
Somers, Verne, Supt., Stevens Point, W isconsin 
Tanari, Myron, O perator, Ladd, Illinois 
Todd, L. J ., Supt., Milton Junction, W isconsin 
Tompkins, L. B., O perator, Michigan S ta te  Home and Training- 

School, Coldwater, Michigan 
Wolf, E. H., O perator, W aterloo, Illinois

A wide varia tion  in capacity, loading and design is indicated in the 
general data for the plants contributing, as tabulated  in Table I. 
The loading data  tabulated in the ninth column of the table were 
calculated from  the inform ation submitted. W hile the data  in that 
column are of general in terest in indicating the relative degree of 
loading a t the various plants, they should not be in terp re ted  too broadly 
for the reason th a t some of the B.O.D. data  utilized in the calculations 
may have been obtained from  grab samples while o ther data  were 
obtained from  composite samples.

Before going into the detailed operation control procedures, it might 
be well to discuss first the general method of placing a p lan t in opera
tion. In  building up a healthy, well conditioned activated  sludge it is 
im portant th a t certain  fundam ental factors be considered and followed. 
The organism s which go into the building of an activated  sludge are all 
present in the sewage, but in o rder tha t those organism s m ay become 
acclimated and cultivated it is im portan t th a t the aera tion  m ixture 
contain dissolved oxygen and tha t the organism s be fed  a t a proper 
rate. In  s ta rtin g  a plant, allow the aera tion  tanks to fill w ith settled 
sewage and s ta r t the aera to rs, setting  them to operate continuously. 
Allow 30 to 50 per cent of the design flow to pass into the aeration 
tanks, by-passing the rem ainder of the settled sewage. The Chicago 
Pum p Company, in its  O peration Bulletin No. 1165, suggests by-passing 
all settled sewage fo r 24 hours a f te r  s ta rtin g  the ae ra to rs  and before 
allowing additional sewage to pass through the aera tion  tanks. A fter 
the final settling  tanks are  full, s ta r t the collecting mechanism and 
re tu rn  sludge pumps (or open valve on autom atic sludge re tu rn  line *). 
The re tu rn  of these previously aera ted  sewage solids will cause a

* In  the case of p lan ts  using Am erican aerators.
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gradual increase in the mixed liquor solids concentration. W alker, 
of the A m erican W ell W orks, in notes fo r a lecture on activated sludge 
p lan t operation presented before the 1944 Illinois Sewage W orks 
O perators Short Course, sta ted :

“The quantity  o f  sew age added to the aerated m ixture is gradually  increased from  
day to day. The return to the incom ing sew age o f  the settled  solids (taken  from  the 
final settlin g  tank) from  the prev iou sly  aerated sew age w ill gradually  increase the solids 
concentration o f  the aerated m ixture. The addition o f  m ore sew age has to  be done very  
carefu lly  so as not to su p p ly  m ore organic food  to the organism s than they can consume. 
O verfeeding o f the organism s w ill have a very  detrim ental effect u p on  their  existence  
because there w ill then be m ore organic m atter being absorbed by  the y ou n g  activated  
sludge than it  can digest. In  a like m anner, underfeed ing has a very  detrim ental effect 
and it ean be easily  im agined that starved organism s do not thrive.

“O perate the p lan t at % to Vz rated (d esign ) load and do not try  to  force  the early  
activated sludge developm ent. A s the activated  sludge starts to develop (recognized first 
by much w hite foam ing and characteristic strong, sp icy  o d or), increase the sew age load  
slow ly.

“S top  a p p ly in g  the sew age load at once i f  the activated sludge seem s to be reverting  
back to the air flocculated solids phase.” (N o te : W alker d ivides activated  sludge devel
opm ent into  two phases: first, the air flocculated solids phase, and, second, the true acti
vated sludge phase.)

The mixed liquor solids concentration will g radually  build up to a 
point where sufficient solids are  present to perm it tu rn ing  the entire 
sewage flow into the aera tion  tanks. O peration B ulletin No. 1165, of 
the Chicago Pum p Co., suggests tha t this can be done when the sus
pended solids in the mixed liquor reach 400 p.p.m., and th a t careful 
w asting of activated sludge can be s ta rted  when the suspended solids 
reach 600 to 800 p.p.m.

W hen sta rtin g  a new activated sludge p lan t to serve a new sewer 
system it is nearly  always found tha t the sewage flow is well below the 
design flow, which makes it advisable to begin operations, as described 
above, utilizing only a portion of the to ta l aera tion  tank capacity of the 
plant. Similarly, if the p lant is designed w ith more than one prim ary 
tank and final settling tank, it would appear desirable to s ta r t  opera
tions with only a portion of the settling capacity to avoid difficulties 
from  overlong detention periods. Obviously, in  the sm aller p lants this 
flexibility of operation of p lan t units is not common.

A fter the activated sludge has been developed, the operato r finds 
tha t there are several variables over which he can and m ust exercise 
control in the operation of his plant. Those variables a r e :

1. Mixed liquor solids concentration.
2. R ate of re tu rn ing  sludge.
3. A pplication of a ir  (am ount of aera tion ).
4. A eration period.
5. Condition of the activated sludge.

Those operation variables m ust be controlled by the operato r to 
keep the p lan t in balance so th a t it can accommodate the norm al loading 
received, and the same variables m ust also be regulated to accommodate



fluctuations in  loading, whether seasonal or otherwise. The com
parison of control practices a t the various plants contributing to this 
review clearly indicates the effect of local conditions upon control 
procedures.

M i x e d  L iq u o r  S o l id s  C o n c e n t r a t i o n

The operation variable which usually receives first attention, and 
which is often considered the most im portant in activated sludge plant 
operation, is the mixed liquor solids concentration. The concentration 
of solids carried  in the aeration tanks is adjusted by apportioning the 
activated sludge removed from  the final settling tank between retu rn  
and waste, this apportionm ent being accomplished in one of several 
ways, depending upon the plant design. In  plants equipped for auto
matic sludge re tu rn  (utilizing American aera to rs), wasting of activated 
sludge is usually controlled by a telescoping valve installed on the 
end of a sludge line branching off the re tu rn  line and located in a 
waste sludge well. In  plants employing pumps for returning sludge, 
the sludge is commonly pumped to a division box which can be manually 
adjusted to apportion the activated sludge between re tu rn  and waste. 
In  the case of the Chicago combination aerator-clarifier plant, a special 
waste activated sludge hopper is provided through which there is a 
circulation of mixed liquor a t a controllable rate. Settling of waste 
activated sludge takes place in this hopper.

D ata including the average and range of mixed liquor solids carried 
in the aeration  tanks of 29 plants, together with the average sludge 
index and 30 m inute mixed liquor settleable solids, are tabulated in 
Table II. These data  indicate tha t fourteen of the plants carry 
average solids of 600 to 1,000 p.p.m., five plants carry  average solids of 
300 to 500 p.p.m., and one p lan t carries an average of only 200 p.p.m. 
Six of the plants carry  average solids of over 1,000 p.p.m., two of which 
(Birmingham, Mich, an^ the Michigan S tate Home a t Coldwater) 
carry  averages of 2,000 and 1,876 p.p.m., respectively.

Grinnell (Birm ingham , Michigan) states tha t his p lan t is normally 
operating a t nearly  100 per cent overload, which makes it necessary 
to carry  as high a mixed liquor solids concentration and index as 
possible in order to obtain good treatm ent a t the short aeration period. 
A t concentrations above 2,600 p.p.m. difficulty is experienced with 
floe carrying over the weirs of the final settling tanks, and this problem 
is accentuated when the volatile solids in the mixed liquor exceed 75 
per cent. Grinnell fu rth er states tha t he attem pts to m aintain a sludge 
as high in per cent volatile solids and as slow in settling as the plant 
flow loading will allow w ithout carrying floe over the weirs. The 
sludge high in volatile content is, of course, more active. This is 
im portant in an overloaded plant in which it is necessary to obtain the 
most from  the sludge concentration which can be carried. Grinnell 
states th a t two intercepting sewers lead to his plant, one of which 
carries very dilute sewage following rains. I t  is usually necessary to
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by-pass this sewage, which is high in ash content (fixed solids) due to 
the silt washed off the gravel s treets in the contributing area. I f  the 
volatile content of the mixed liquor is high when a ra in  occurs, the high 
ash content sewage is carried  into the p lan t fo r a time to reduce these 
high volatile solids, thus to make the sludge more dense so th a t it  will

T a b l e  I I .— M ixed  Liquor and Return Sludge Data

Plant

Mixed Liquor 
Suspended Solids 

(P.P.M .)
R eturn  Sludge

Average
Sludge
Index

Average 
Mixed 
Liquor 

Settleable 
Solids 

(% in 30 min.)Average Range
Average 
R eturn  

R ate (%)

R eturn
Rate

Range

Average
Sus

pended
Solids

(P.P.M .)

B atav ia, Illino is................ 824 806- 851 30 25-45 1,519 56 4.6
Belvidere, Illino is............. 557 416- 903 17 16-19 — 643 36
Birm ingham , M ich ig an .. 2,000 1,500-2,600 28 22-34 10,700 70 11
B ryan, O h io ....................... 711 557- 780 30 25-45 2,037 603 57
B uchanan, M ich ig an . . . . 676 530- 882 25 — — 266 18
B ucyrus, O hio .................... 1,000 — 25 25-50 4,800 150 20
C arlstrom  F ie ld ................ 840 260-1,400 — — — 631 53
C oldw ater, M ich igan . . . . 1,876 1,550-2,080 50 42-78 4,583 122 23
C rysta l Lake, 111............... 550 — 25 — — 85 4-10
D o rr F ie ld ........................... 744 4 6 7 - 910 — — — 483 36
E as t Lansing, M ich......... 1,100 500-1,790 33 23-44 2,700 53 12
E lm hurst, Illin o is............. 433 315- 655 27.5 16-41 — 530 22
Ferguson, M o..................... 300 200- 600 25 20-30 — 360 13
G eneva, Illin o is ................. 621 443- 778 14 13-17 2,518 110 5
G reat Lakes, 111................. 750 700-1,000 50 40-55 2,500 280 10
Greece, N ew  Y o rk ........... 1,036 669-1,470 17 7-39 4,170 173 19
Illinois O rd n an ce .............. 900 500-1,400 46 — 2,250 48 7
Kewanee, Illin o is.............. 1,062 200-2,800 30 — 3,453 309 30
K nightstow n, In d ............. 800 — — — — 800 50
L add, Illin o is ..................... 600 300-1,000 — — — 167 10
L am bert F ie ld ................... 500 — 25 — 900 700 35
Laurens, S. C a r................. 600 500- 700 20 — 700 350 36
M ilton  Junction , W ise... 200 — 50 — — 1,000 20
R adnor—H averford, Pa. 900 800-1,000 40 35-45 2.000 155 18
R iddle F ie ld ....................... 786 — — — — 114 9
Rochelle, Illin o is .............. 445 310- 534 61 — 1,248 405 18
Stevens Po in t, W ise......... 600 500- 900 50 40-60 1,800 135 10
W aterloo, Illin o is ............. 641 — 33 — 758 410 27
Willow R u n ........................ 1,100 650-1,550 28 16-56 3,400 237 40

settle in the final tanks a t the increased ra te  of flow. I f  loading of the 
sludge with the silt-bearing sewage is carried  to a point where the mixed 
liquor solids are  lowered to 50 per cent volatile, or less, G rinnell states 
tha t an insufficiently active sludge results, as m ight be expected.

Tompkins (M ichigan S tate  Home, Coldwater) indicates th a t best 
results are  obtained a t his p lan t w ith an  average mixed liquor solids 
concentration of 1800-1900 p.p.m. Decker (B ryan, Ohio) indicates that 
best results are  obtained there when the mixed liquor solids a re  car



ried a t 800 p.p.m. He indicates tha t about 100 p.p.m. higher mixed 
liquor solids are  usually carried  on Monday, the local washday, to 
compensate fo r the additional load.

Lamb (Belvidere, Illinois) carries an average of 557 p.p.m. of 
mixed liquor solids. He prefers to operate with mixed liquor solids 
as low as possible since it  has been his experience that, while the plant 
might be somewhat more sensitive to upset a t the lower solids concen
trations, it  will recover from  an upset much fas te r than a t higher 
solids values. P a tria rche  (E as t Lansing, Michigan) indicates that 
best results are obtained there a t concentrations of 1,100 p.p.m., but 
states th a t the concentrations vary  over a ra ther wide range in spite of 
efforts to control them. T hat this difficulty is sim ilarly experienced 
in many plants is indicated by the ra ther wide range of mixed liquor 
solids reported from  nearly every plant.

Denise (Greece, New York) states tha t 800 p.p.m. of solids are 
carried during the summer months and about 1,100 p.p.m. during the 
w inter months. I t  was not indicated whether a higher volatile solids 
content during the summer months enables lowering the mixed liquor 
solids, or w hether there might be a drop in the load during the summer, 
which would appear ra th e r unlikely. Carothers (Riddle A eronautical 
Institu te) indicates tha t his rule fo r mixed liquor solids is “ the higher 
the better, com mensurate with the oxygen supply.”  Freem an (Geneva, 
Illinois) m aintains approxim ately 620 p.p.m. of mixed liquor solids, 
but due to other duties which make it impossible to m aintain as complete 
laboratory data  as desired, mixed liquor solids are controlled on the 
basis of the settleable solids test, an effort being made to m aintain be
tween 5 and 8 per cent a fte r 30 minutes. L t Comdr. K lay (Lam bert 
Field, St. Louis) indicates tha t the settleable solids test on the mixed 
liquor is used to control the concentration, as does Bradley (Buchanan, 
Michigan) and Longley a t R adnor-H averford, Pennsylvania. Fischer 
(Kewanee, Illinois) attem pts to m aintain 800 to 1,000 p.p.m. of mixed 
liquor solids, and utilizes both suspended and settleable solids as a con
trol basis fo r determ ining re tu rn  sludge and wastage.

In  general, the amount of mixed liquor solids which can be carried 
in a p lan t is lim ited only by the a ir  supply and by certain hydraulic 
capacity factors. I t  is noteworthy here th a t mixed liquor solids 
concentrations as high as 2,600 p.p.m. are carried  in one plant utilizing 
mechanical aera tors, apparently  w ithout difficulty in supplying adequate 
aeration. The 2,600 p.p.m. of solids are carried  a t Birmingham, Mich
igan, w ith operation of the aera to rs only 50 per cent of the time, and a 
dissolved oxygen content of 4.0 p.p.m. is m aintained in the final 
aerator. I t  should be noted tha t the sewage a t B irm ingham is quite 
weak, however, an average aeration period of only 4.05 hours is avail
able. I t  appears tha t the solids concentration which can be carried  in 
some mechanical activated sludge plants overlaps well into the range of 
solids usually associated with diffused a ir operation.
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I t  is logical, from  the standpoint of economic considerations, that 
no more mixed liquor solids be carried  than necessary to meet the 
conditions under which a p lan t m ust operate and to perm it obtaining 
the required effluent quality. W here the strength  of sewage is widely 
variable, care m ust be exercised to m aintain  sufficient solids to handle 
the peak load. Most operators, particu larly  those operating plants 
trea ting  widely variable sewages, m ust determ ine by intelligent trial 
and e rro r methods the mixed liquor solids concentration which gives the 
best and m ost economical results, first em phasis being placed upon 
obtaining an effluent fitted to the outlet stream  requirem ents.

The Chicago Pum p Company, in O peration Bulletin No. 1165, 
states th a t the operation of many plants utilizing Chicago mechanical 
aera to rs  has indicated th a t fo r best results the mixed liquor solids 
should be from  600 to 1,000 p.p.m. Likewise, experience with their 
combination aerator-clarifier has indicated th a t best results are ob
tained in the 500 to 800 p.p.m. solids range. Yeomans B rothers sug
gests a range of mixed liquor solids from  300 to 1,000 p.p.m., with an 
average taken a t about 500 p.p.m. They fu rth e r point out the need 
fo r experim entation to determ ine the optimum concentration for any 
given plant.

W alker of the American W ell W orks, in lecture notes previously 
referred  to, stated  w ith regard  to mixed liquor solids concentrations:

“E xperim entation  and study o f  a great num ber o f  p lan ts op eratin g  under normal 
conditions d iscloses that it  requires about 2 pounds o f activated  sludge present in  the 
aeration tanks fo r  each pound o f 5-day B .O .D . jjer day in  the prim ary effluent. This 
figure is conservative and does not take into consideration any sludge that is present in 
parts o f the aeration tank which do not show a residual o f D .O .

“Presum ably, th is am ount o f  activated sludge can be carried as a h igh concentration 
in a rela tively  sm all aeration volum e, or in  a lesser  concentration in  a relatively  greater 
aeration volum e. This m eans that the currently pop u lar concentration  o f  1,200 p.p.m. 
o f  activated sludge requires a filling period (aeration  tank cap a c ity ) o f  about 6 hours, 
assum ing a fresh  prim ary effluent rela tive ly  free  o f  settleab le so lids and having a 
strength o f  about 150 p.p.m . 5-day B .O .D . (A uthor’s n ote: On th is same basis, 900 
p.p.m . w ould require a filling period o f  8 hours.)

“This is figured w ithout consideration to  the return activated  sludge flow because the 
activated  sludge aeration period is not affected by the return activated  sludge rate. The 
shorter flow ing through period caused by the am ount o f  return activated  sludge flow only 
affects the contact period betw een the sew age and the activated  sludge. The aeration period 
o f  the activated  sludge is a m atter o f  days and is a fu n ctio n  o f  the pounds o f  sludge carried 
and the sludge wasted, gained  by grow th, etc. (G ould’s form u la ).

“W hen su bstantia lly  less than  2 pounds o f  effective activated sludge is carried, the 
floe is  no longer a true activated sludge. In  such a case, the operation  am ounts to air 
flocculation o f  organic m atter in  the presence o f  a like substance acting as a nucleus. 
Such operation  m ay g ive  good clarification and reasonably good 5-day B .O .D . removal, 
but no nitrification or real stab ility .”

A t m ost of the mechanical activated sludge plants covered in this 
review, the suspended solids te st is used as the basis fo r controlling 
the mixed liquor solids, however, a t five of the plants it was indicated 
th a t the settleable solids determ ination is used fo r th a t purpose. Most 
of the p lan ts repo rting  indicated tha t settleable solids in the mixed
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liquor is utilized largely as an indication of the general condition of 
the sludge and fo r computing the sludge index, and several operators 
referred to the difficulty in controlling a plant on the basis of settleable 
solids alone because of the variable settling characteristics of the 
sludge. Cortner (Indiana C hildren’s Home, Knightstow n) utilizes a 
centrifuge in controlling mixed liquor solids, in lieu of suspended or 
settleable solids, as does Lovejoy a t Laurens, South Carolina. In  that

F ig. 1.—Yeomans-Simplex m echanical aera to r in  operation a t sewage works of 
Illinois Ordnance P lan t, Carbondale, Illinois.

regard, it should be stated  tha t there are many plants utilizing centri
fuge results on mixed liquor as a control test. The bulletin on “ The 
Operation of a Chicago Combination A erator-C larifier P la n t”  sta tes:

“It has been found that a centrifuge, either hand operated or electric, is a big help  
in controlling the concentration o f solids in  the m ixed liquor. I f  the character o f the 
sludge changes, the settlin g  tests m ay vary greatly  w ithout any great change in  the 
weight o f  the solids present or vice versa. . The centrifuge readings vary only slightly, 
regardless o f the character o f the sludge, being nearly directly proportional to the weight 
of solids present. The centrifuge cannot replace the balance fo r  accuracy, but is close 
enough for control o f the m ixed liquor solids and is fa r  more accurate than the settling  
test alone.

“A  centrifuge comes w ith two 15 c.c. graduated tubes. F ill these to the mark w ith  
a well mixed sam ple from  the aerator and insert in the holders. Sp in  fo r  3 m inutes at 
1,800 r.p.m. (2 revolutions per second w ith  the com m only used hand cen tr ifu g e ). Let 
the centrifuge die down w ithout braking and read the sludge volum e in the bottom. A  
reading o f 0.25 to 0.40 c.c. g ives the proper am ount o f solids. This is approxim ately the 
same as 500 to 800 p.p.m . suspended solids.”
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A study of the average mixed liquor settleable solids data  fo r the 
various plants, as tabulated  in Table I I  , indicates a wide variation  in 
per cent settleable solids fo r sludges of approxim ately the same sus
pended solids concentration, which is fu rth e r verification of the need 
fo r intelligent and careful use of settleable solids if it  is to be depended 
upon as the sole basis fo r controlling mixed liquor solids concentration. 
As a general average, in p lants trea tin g  norm al domestic sewages 
not containing troublesome industria l w astes, it may be stated  that 
with activated sludges of good settling  characteristics, 30-minute 
settleable solids in the 10 to 20 per cent range are  m ost common.

Sum m arizing briefly, the following comments regard ing  mixed 
liquor solids control are  offered:

1. Concentrations of 600 to 1,100 p.p.m. appear to be m ost common, 
although some plan ts operate below th a t range, and local conditions 
require th a t some plants operate above it. I t  is notew orthy tha t two 
plants included in this review are carry ing  concentrations normally 
associated only w ith diffused a ir operation, and w ithout difficulty in 
supplying adequate aeration.

2. A t all but five of the plants here represented, mixed liquor solids 
are controlled by use of suspended solids or centrifuge results, those 
five making use of settleable solids. I t  is recognized th a t many plants 
operate entirely on the basis of settleable solids, which procedure 
requires alertness on the p a r t  of the operator in in terpreting  the 
changes which occur in sludge settleability.

3. As stated  by W isely in his review of diffused a ir  operation (see 
This Journal, 15, 5, Sept., 1943), it is suggested th a t there be no hesi
tancy in varying the mixed liquor solids to meet seasonal variations 
in load and tem perature.

4. There does not appear to be evidence of any trend  among the 
mechanical activated sludge p lan t operators to utilize the volatile 
content of the mixed liquor solids as a control basis in lieu of the total 
suspended solids, only one operato r having an overloaded p lan t serving 
a combined sewer system  indicating the use of volatile solids as a 
control.

R a t e  o f  R e t u r n i n g  S l u d g e

The re tu rn  of settled activated sludge from  the final settling tanks 
to the aeration  tanks serves to m aintain  the necessary solids concentra
tion in the mixed liquor, and keeps the activated sludge in a usable 
condition. Sludge which rem ains in the final tanks too long will 
become septic and, upon its  re tu rn  to the aera tion  tanks, will exert a 
high oxygen demand, will not perform  its purification functions effec
tively, and m ay readily  cause a complete p lan t upset. Too low a rate 
of re tu rn  may result in a septic re tu rn  sludge; conversely, too high a 
ra te  of re tu rn  may presum ably cause difficulty in disposing of the 
excess sludge, due to the la rger volume which would have to be wasted 
of the resulting  dilute sludge in o rder to m aintain  the mixed liquor 
solids a t the desired concentration.
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W alker (Am erican Well W orks), in the lecture notes previously 
quoted, listed the following causes of a septic re tu rn  sludge:

“1. The return pum ping rate is  not great enough and a blanket form s on the floor o f  
the final tank, causing the activated sludge to be out o f  aeration too long.

2. F aulty , slow  or inefficient sludge conveying m echanism s in  the final tanks.
3. Bad draw-off hydraulics causing ‘holes’ to be pulled in the hoppers and leaving  

the sludge behind.
4. F in ał tank units too large, m aking expeditious m ovem ent o f settled sludge im 

possible.

F ig . 2 .— American m echanical aera to r installation  a t M cHenry, Illinois.
P rim ary  se ttling  tank  in  foreground.

5. N ot enough activated sludge available to treat the organic m atter fed  to it.
6. Too much dense prim ary solid  m atter enm eshed in the activated sludge.
“W here return activated sludge is septic and reaeration is im possible, either increas

ing the aeration at the head end, or returning sludge at a number o f poin ts along the line  
of flow may prove h e lp fu l.”

The rates of re tu rn  sludge practiced in the plants contributing to 
this summary, together with the re tu rn  sludge suspended solids data, 
are tabulated in Table II. Of the 24 plants indicating their re tu rn  
sludge rate, 12 employ rates between 20 and 30 per cent, 8 employ rates 
between 30 and 50 per cent, one employes a rate of 61 per cent, and 
only 3 employ rates under 20 per cent. The data on the range of the 
return sludge ra te  indicate a considerable variation in the re tu rn  sludge 
rate at a number of plants. Sludge re tu rn  rates fo r the combination

Z2~33
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aerator-clarifier p lants are  not given, as the autom atic re tu rn  of sludge 
is a featu re  of th a t design.

The operation bulletin of the Chicago Pum p Company suggests that 
the ra te  of re tu rn ing  sludge should be a t 20 to 25 per cent of the sewage 
flow, and w arning is given against allowing the sludge to become septic 
a t any point. Yeomans B rothers suggests a re tu rn  sludge ra te  of 
15 to 20 per cent, indicating it may be less than that, but th§y do not 
recommend a ra te  in excess of 20 per cent. Yeomans fu rth e r suggests 
tha t the best ra te  of sludge re tu rn  be determ ined by test so tha t the 
optimum mixed liquor solids concentration is m aintained to produce the 
highest degree of treatm ent. The Am erican W ell W orks, in its 
leaflet “ Suggested Principles of A ctivated Sludge P lan t Design,” 
states w ith regard  to re tu rn  sludge r a te s :

“A ctivated  sludge should be kep t in the aeration tanks where it belongs. Most 
p lan ts require a return sludge capacity  o f  50 per cent or over o f the average flow, and 
some as high as 200 per cent. G enerally, the sm aller the p lant, the greater the per cent 
o f return activated  sludge. W e recom m end 50 per cent to 75 per cent at large plants 
and 100 per cent or greater fo r  sm aller p lants. R eturn activated  sludge pum page re
quires energy, but usually  a greater return w ill result in  a sav ing  o f  aeration energy 
required to aerate a partia lly  stale return sludge. T herefore, an overall saving in 
‘pow er’ w ill he effected and the p lan t w ill run more sm ooth ly.”

A study of the re tu rn  sludge'suspended solids data  does not reveal 
any definite relationship between the concentration of re tu rn  sludge and 
the ra te  of sludge retu rn . V ariations in sampling methods may explain 
this seeming inconsistency. I t  is generally expected th a t lower solids 
concentrations will resu lt from  higher re tu rn  sludge rates.

Of the plants commenting upon the m aintenance of a sludge blanket 
in the final settling tanks, 14 plants do not m aintain  a blanket, but 7 
plants indicated th a t a sludge blanket is m aintained. In  the latter 
cases, the depth of sludge blanket m aintained was not indicated. The 
general tendency is to minimize the accumulation of a sludge blanket 
as much as possible, and it m ay also be stated  th a t lim itations in the 
sludge re tu rn  facilities a t some plants make it necessary to m aintain a 
blanket. Some plants do m aintain  some sludge blanket so tha t this 
sludge will be available fo r shock loads, however, th a t practice was 
not re ferred  to specifically by any of the p lants contributing to this 
summary.

A p p l i c a t i o n  o p  A i r

In  diffused a ir  activated sludge p lan t operation, the a ir m ust serve 
both as a m ixing agent and to m aintain  the aerobic conditions required 
fo r effective operation. In  a mechanical activated sludge plant, the 
a ir serves to satisfy  the oxygen requirem ents of the activated sludge- 
sewage m ixture and to m aintain  aerobic conditions, the mixing being 
accomplished by the mechanical ae ra to r as it circulates the contents of 
the aera tion  tank. I t  is by means of this mechanical circulation tha t the 
conditions requisite to the entrainm ent of a ir in the mixed liquor are 
obtained. In  a mechanical activated sludge p lan t the to ta l quantity  of



air available is governed by the number of aera to rs in use and by the 
basic oxygenation capacity of the aerators, which is somewhat variable 
by means of adjustm ent of the equipment. C ertain of the Yeomans 
Brothers-Simplex aera to rs are equipped so tha t the amount of a ir 
applied can be varied by a simple adjustm ent of the speed of rotation 
of the aera to r cone. Speed regulation from  30 per cent below to 30 
per cent above norm al speed is commonly provided. The aera to rs of 
the Chicago Pum p Company are rated  a t about 6 p.p.m. of oxygen 
supplied to the entire tank contents per tank turnover, the number of 
tank turnovers per hour determ ining the basic oxygenation capacity
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F i g . 3 .— Sectional view of Chicago Combination Aerator-Clarifier.

rating. In an existing installation, the oxygenation capacity of 
Chicago aerators can be increased about 25 per cent by increasing the 
aeration propeller size, and about 150 per cent by increasing both 
propeller and motor sizes, according to their Bulletin 128-L. The 
American Well W orks aerato rs are of the injector plate and mixing 
well type, or of the type equipped solely with a ir intake tubes. In  
the well type, the w ater level in the well can be regulated by adjusting 
the openings in the injector plate, which also regulates the a ir input. 
In the a ir tube type, the quantity  of a ir applied can be readily adjusted 
by opening or closing the orifice unit on the a ir intake tubes.

For flexibility and economy of operation, the m ajority  of mechanical 
activated sludge plants are equipped with time-clock control for the 
aerators which, by means of a simple adjustm ent, allows any desired 
opej'ation-rest cycle during each cycle of the clock. The clock cycle 
is usually 15 or 20 minutes. The sewage strength' a t the m ajority  of 
plants varies considerably, and for tha t reason it would not be eco
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nomical to operate the aera to rs  continuously a t the same ra te  required 
fo r strong sewage a t those times when a dilute sewage is received for 
treatm ent. In  ad justing  the time-clock control fo r the aera to rs the 
operator is nearly  always guided by the dissolved oxygen content of 
the mixed liquor, m ost operators a ttem pting to m aintain a definite 
oxygen threshold before resorting  to time-clock control.

T a b l e  I I I .— Aerator Operation and Dissolved Oxygen Control

Average Mixed Liquor D.O. (P P.M.) Final
Plant Operation of Effluent

Aerators, Per D.O.
Cent of Time Inlet M idpoint O utlet (P.P.M.)

B atav ia, Illino is......................... 76 1.0 2.5 5.0 3.2
Belvidere, Illin o is..................... (1) — — 3.4 5.1
Birm ingham , M ich ig an .......... 50 — — 4.0 2.0
B ryan, O h io ................................ 50-100 0.1 2.0 3+ 1.3
B uchanan, M ich igan ............... 100 — — 5.5 —
B ucyrus, O h io ............................ 85 — — — 5.6
C arlstrom  F ie ld ......................... 90 2.1 2.1 2.1 3.7
C oldw ater, M ich ig an .............. 90 — — 6.0 5.0
C rysta l Lake, 111........................ 85 — — — 3.0
D orr F ie ld ................................... 90 '%y 2.7 — — 2.9
E as t Lansing, M ich.................. 50-100 ; 2.2 3.5 5.2 4.6
E lm hurst, Illin o is..................... ' M o o — 3.0 6.0
Ferguson, M o ............................. 65 ¥ % - — 4.5 5.0
Geneva, Illin o is ......................... 100 0.2 2.2 3.0 4.6
G reat Lakes, 111......................... 80 2.0 — 1.5 0.2
Greece, N ew  Y o rk .................... 100 — —  ' 4.4 2.6
Illinois O rd n an ce ...................... 40 2.0 3-4 4-5 6.0
Kewanee, Illino is...................... 77 — — 2.7
K nightstow n, In d ..................... 100 — — 6.0
L add, Illin o is ............................. 50 1.0 4-5 6.2 6.0
L am bert F ie ld ............................ 62 — — 3.0 2.0
Laurens, S. C a r.......................... 100 3.5 — 4.0 2.5
M ilton Junction , W ise .............. 75 — — 2.0 0.4-1.0
R adnor— H averford , P a ........... 100 1.7 2.8 5.0 4.6
R iddle F ie ld .............................. 70 — 1.8 — 4.4
Rochelle, Illin o is ....................... 100 1.8 4.0 6.6 4.1
Stevens Po in t, W ise................. 66 — — 0.3 0.8
W aterloo, Illin o is ...................... 95 3-4 4.1 4.9 4.7
W illow R u n ................................ 100 2.7 2.3 3.7 1.7

(1) O perated  according to  oxygen dem and curve.

Table I I I  indicates the average per cent of time tha t the aerators 
are in operation a t the various p lants, and also indicates average dis
solved oxygen values in the mixed liquor a t the inlet, m id-point and 
outlet of the aeration  tank battery .

Decker (B ryan, Ohio) attem pts to m aintain  0.5 to 1.0 p.p.m. as a 
minimum dissolved oxygen concentration in regulating his time-clock 
control of aeration. Olson (B atavia, Illinois) has the last four of his 
six operating aera to rs  on time-clock control, and he attem pts to main
ta in  a D.O. of 4.0 p.p.m. in the final ae ra to r to meet shock loads of
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milk wastes. Grinnell (Birmingham, Michigan) operates his aera to rs 
to m aintain a minimum D.O. of about 2.0 p.p.m. in the final effluent, 
which gives an average of 4.0 p.p.m. in the final aerator. The sewage 
at B irm ingham is quite weak, and although 2,600 p.p.m. of mixed liquor 
suspended solids are carried  a t times, the operation of the aerators 
50 per cent of the time has proved adequate.

Lamb, a t Belvidere, Illinois, made some ra ther extensive oxygen 
demand studies by means of the Odeeometer and determ ined a typical 
oxygen demand curve fo r the conditions encountered a t Belvidere. He 
s ta tes :

“The curve shows that at B elvidere large am ounts o f air are needed to  sa tisfy  the 
demand during the first 15 m inutes o f  aeration period, and that at least a 7-hour aeration  
period is needed. B y  operating aeration units in accordance w ith this curve, we have 
obtained excellent operation w ith econom y. B efore operating in  accordance w ith this 
curve, tests showed that there w as considerable variation in  the oxygen  demand o f  the 
return sludge. On m any occasions this demand w as considerably higher than could be 
furnished by the aeration units.

“Tests taken a fter  operating in accordance w ith the oxygen  demand curve show that 
operation by th is m ethod elim inates excessive oxygen  dem and o f the return sludge, and 
keeps the demand down where the aerators can m eet it.

“The econom y o f operation is attested by the fact that pow er consum ption has been 
reduced from  a previous figure o f 0.371 kw. hrs. per lb. B .O .D . rem oved in 1938 to  0.293  
in 1939, 0.281 in 1940, and 0.257 in  1941.

“Aerators are cut in  and out o f service and tim e-clock operation used in  order to 
meet the changing oxygen  demand brought about by changes in either the volum e or 
strength o f the sew age.” (N o te : A  com plete description o f the experim ental work done 
by Lamb, and its interpretation in  p lant operation, is  given in his thesis, “The Operation  
of an A ctivated Sludge Sew age Treatm ent W orks W ith  Specia l R eference to the T reat
ment o f Cannery W astes and the O xygen Dem and o f Sew age and A ctivated  Sludge  
Mixtures,” U n iversity  o f Illin o is  Graduate School, 1940.)

Lamb fu rther states th a t dissolved oxygen tests are made twice 
daily on the mixed liquor in the final aera to rs in each of the three 
batteries, and a low D.O. in the evening followed by a substantial 
recovery the next morning indicates economical operation in accordance 
with the oxygen demand curve.

Howe (Illinois Ordnance P lan t) operates the aera to rs a sufficient 
time to produce an effluent in which the dissolved oxygen content is 
as great or g reater than the B.O.D. of the same effluent. The Illinois 
Ordnance P lan t is operating considerably below the design flow, and 
as a result the lift stations operate a t irregu lar intervals causing the 
sewage flow to be received more or less as shock loads. Due to the long 
aeration period available, however, operation of the aerators during 
40 per cent of a time-clock cycle has proved adequate to m aintain 
a high degree of treatm ent. Patriarche (E ast Lansing) finds tha t as 
long as a slight amount of dissolved oxygen can be m aintained in the 
return sludge, his plant is operating satisfactorily. A dilute sewage 
during the spring months makes 50 per cent time-clock operation of 
the aera tors adequate, but nearly 100 per cent operation is considered 
necessary during the summer. An average D.O. of 5.2 p.p.m. is m ain
tained in the final aerator. P atriarche states tha t a tapered aeration
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schedule has been tried, but th a t better results are  obtained by oper
ating  all aera to rs  the same percentage of time.

Denise (Greece, New York) indicates th a t about 2.2 hours pre
aera tion  of the p rim ary  effluent is s tandard  operation, the sewage 
leaving the p reae ra to r having a D.O. of 1.5 to 3.0 p.p.m. One hundred 
per cent operation of the aera to rs  m aintains a minimum of 4.0 p.p.m. 
D. 0 . in the final aera to r. T anari (Ladd, Illinois) indicates tha t from
4.0 to 6.0 p.p.m. D.O. seems to be necessary to prevent bulking, which is 
probably caused by milk wastes. W olf (W aterloo, Illinois) attempts 
to m aintain  a t least 3.0 p.p.m. of dissolved oxygen before resorting to 
time-clock control, as does Tompkins a t the Michigan S tate Home. 
Tompkins has one time-clock fo r controlling the last two of the three 
aera to rs, the first aera to r being run . 100 per cent of the time. Lt. 
Comdr. K lay (Lam bert F ield) indicates th a t an average D.O. of 3.0 
p.p.m. is m aintained in the final aera to r. F ischer (Kewanee, Illinois) 
has operated  on a tapered  aera tion  schedule, operating 4 aera to rs 100 
per cent, 4 a t 75 per cent, and 4 a t 50 per cent of the time. Lovejoy 
(Laurens, S. Car.) indicates th a t his p lan t was designed for tapered 
aeration, consequently all aera to rs  are run  continuously.

Miller, a t G reat Lakes, operates the mechanical aera to rs  80 per cent 
of each clock cycle. Due to the exceptionally strong sewage a t Great 
Lakes it was found necessary to supplem ent the mechanical aeration 
with diffused a ir a t approxim ately 1 cu. ft. per gallon, equivalent to 
about 490 cu. ft. per pound of B.O.D. removed. The supplemental 
diffused a ir system was designed fo r tapered  aeration. Dulmage 
(Willow Kun Bomber P lan t) indicates th a t 100 per cent operation of 
the aera to rs  has been necessary to m aintain  sufficient dissolved oxygen 
in the aera tion  tanks.

O peration Bulletin No. 1165, of the Chicago Pum p Co., suggests that 
there should be a t least 3.0 p.p.m. of dissolved oxygen in the mixed 
liquor in each aera to r tha t is placed on time control. W alker (Amer
ican W ell W orks) suggests that, under norm al p lan t operation, a posi
tive trace of dissolved oxygen in all p a rts  of the aera tion  tanks a t all 
times is sufficient to m aintain aerobic conditions. He indicates that in 
some plants it is necessary norm ally to carry  1 to 3 p.p.m. so as to assure 
the re tu rn  of a fresh  sludge to the aeration  tanks.

Several operators re ferred  to the need fo r building* up dissolved 
oxygen in the mixed liquor to meet shock loads.

A e r a t i o n  P e r io d

Stronger sewages require longer aera tion  periods in order to obtain 
a high degree of treatm ent, although some adjustm ent can be made by 
vary ing  the mixed liquor solids w ithin the lim its of the a ir supply. Ad
justm ents in the aera tion  period are made by placing aera tion  tanks 
in or out of service.

Table I  lists the average aera tion  periods for the contributing 
plants. A wide varia tion  in available plant capacity is indicated. In



studying the aeration  periods and sewage strengths indicated, it is not 
surprising th a t a considerable variation in operation control practices 
exists.

A t six of the plants reporting, aeration periods between 3 and 6 
hours are indicated; a t six plants, aeration periods in the 6 to 9 hour 
range are reported ; a t six plants, aeration periods are in the 9 to 12 
hour range. The rem aining plants have aeration periods in excess of 
12 hours. One plant, which is a combination aerator-clarifier plant
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F ig. 4.— A complete laborato ry  in the mechanical aera tion  activated sludge p lan t
a t Geneva, Illinois.

operating fa r below capacity, actually has a 42-hour aeration period. 
Carothers, a t tha t p lan t (Riddle Field, Clewiston, F la .), indicates 
some difficulty with rising sludge in the final tank due to overaeration.

Few of the plants included in this review indicated tha t the aeration 
period is used as an operation control. Lamb (Belvidere) does place 
aeration tanks in and out of service as required by the sewage flow and 
strength, as does Freem an (Geneva). Denise (Greece) used 4 or 5 
of the available 8 aeration tanks during 1943 to m aintain an average 
aeration period of 8.8 hours.

None of the plants indicated th a t reaera tion  of re tu rn  sludge is 
practiced, although Decker (B ryan) suggested tha t some aeration of 
return sludge is effected in his p lant by the unusual design, which 
provides a seven foot fall from the re tu rn  sludge draw-off pipe, and 
two additional cataracts of five feet from  the sludge division box.
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Normally, p lants having adequate aeration  periods have less diffi
culty m aintain ing a well conditioned activated sludge and, therefore, 
are  less affected by shock loads than plants which m ust operate with a 
low aera tion  period, low to the extent tha t it m ust be com pensated for 
hv carry ing  higher mixed liquor solids.

C o n d i t i o n  o f  t h e  S l u d g e

The operator is constantly guided by the condition of the activated 
sludge in controlling the operation variables, and the maintenance 
of a well conditioned sludge reflects the success of the operation pro
cedures, although a t times the activated sludge assumes character
istics which can be controlled w ith extrem e difficulty if a t all. In  deter
mining the condition of the activated sludge, the operato r is most 
commonly guided by some or all of the following observations:

1. Physical appearance, both in the aera tion  tank and in the labora
tory, and odor.

2. Settling characteristics, and sludge index.
3. Microscopic examination.
4. Sludge activity, often referred  to as oxygen demand, as deter

mined by the Odeeometer or by direct chemical methods.

Appearance and Odor.—A well conditioned activated  sludge is 
usually golden to m oderate brown in color, has a pronounced, spicy 
(sometimes described as earthy) odor, and, upon becoming septic, 
assumes a sour odor and a g ray  to black color. A  sample of a well 
conditioned activated sludge, when allowed to settle in  a graduate, 
will usually become gas lifted  to the surface in a few hours.

A well conditioned activated sludge, when placed in a glass cylinder, 
will quickly form  itself into clearly defined floes and then settle 
readily. As the sludge m ass begins to settle, an upw ard movement 
of some floes w ithin the settling sludge m ass is usually apparen t as 
other floes subside.

An experienced operato r can usually determ ine from  the appear
ance of the mixed liquor in the aera tion  tanks, to some extent a t least, 
w hether a well conditioned sludge is being m aintained. In  th a t regard, 
the O peration Bulletin of. the A m erican W ell W orks suggests:

“A nother w ay  o f  ju d g in g  the condition o f  the aeration tank is  to notice i f  the tank  
has a live ly , active look w hile the air diffusion un it is  running. F oam  should be plentifu l 
and w hite, and an active bubble pattern  should form . W hen the m achine is  stopped, the 
sludge should rap id ly  crease and form  furls. These fu r ls  should keep constantly  chang
in g  and m oving. I f  the sludge is  in  poor condition, the tank  w ill have a  dead look while 
the m achine is  running. There w ill be little  or no foam  present and the color o f the 
sludge w ill change from  brown to a pasty  gray. W hen the m achine is  stop ped  the sludge 
w ill lay  w ith  an even surface and there w ill be no im m ediate creasing and fu r lin g .”

Settling  Characteristics and Sludge Index .—The success of acti
vated  sludge p lant operation depends largely upon m aintaining the 
settleability  of the activated  sludge since the ready  separation  of the 
liquid and the sludge in the final sedim entation units is the final pre



requisite to the production of a good effluent. D isregarding activated 
sludges affected by industrial wastes, thirty-m inute settleable solids 
in the 10 to 20 per cent range are most common. Values above and 
below that range are also quite common, as the data  in Table I I  would 
indicate.

The sludge index (M ohlman), commonly defined as the volume in 
milliliters occupied by one gram  of sludge afte r th irty  minutes settling, 
is an expression of the density of the activated sludge and is found to 
be a helpful guide in p lant operation. A rising sludge index may 
indicate underaeration, an overload, or a bulking tendency. The wide 
variation in average sludge index among the plants contributing to 
this summary, as listed in Table II, is most in teresting  and indicates 
the importance of determ ining the optimum operating range for any 
given plant. An index a ttendan t to norm al operation at one plant 
may only occur during impending or actual bulking a t another plant.

Microscopic Examination.—The use of the microscope in observing 
activated sludge condition is reported  by five plants. Longlev 
(Radnor-Haverford) reports weekly observations to check fo r Sphaero- 
tilus natans. Miller (G reat Lakes) makes daily microscopic exam ina
tions of mixed liquor and re tu rn  sludge to check for Sphaerotilus and 
to observe the activity and types of organisms. Dulmage (Willow 
Run Bomber P lan t) uses the microscope to check the general appear
ance of the sludge as a param eter of sludge condition. Occasional 
observations are made a t Kewanee, Illinois, and a t least weekly at 
Michigan S tate Home.

Sludge Activity.—The oxygen utilization rate  of the sludge in p.p.m. 
per hour, commonly referred  to as sludge activity or oxygen demand, 
as determined by the Odeeometer or by direct chemical methods, is 
not utilized in most mechanical activated sludge plants. Of the plants 
included in this review, only Lamb a t Belvidere has made use of 
extensive oxygen demand studies in plant operation, as previously 
recounted in this review.

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

Bulking of Activated Sludge.—N early every activated sludge plant 
has a t some time experienced a bulking condition of the activated 
sludge which is characterized by the loss of sludge settleability to such 
an extent th a t natu ra l tank currents carry  the sludge over the weirs. 
Bulking tendencies naturally  occur with varying severity, and bulking 
may follow any condition from  a mild expansion of the activated sludge 
to one in which there is little or no settlem ent of the sludge. W hether 
or not bulking will occur with any given degree of loss of sludge 
settleability will depend upon final settling tank flow velocities. A t 
some plants, overloaded as to flow rate, a loss of solids occurs which is 
the direct resu lt of excessive overflow rates in final sedim entation 
units. This condition simulates bulking but is not related to activated 
sluda'e condition.
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Of the plan ts represented here, eight reported  little  or no trouble, 
two gave no reply, and the rem ainder indicated bulking difficulties with 
summarized causes as fo llow s:

1. Shock loads from  industria l w astes reportedly  account for bulk
ing a t eight plants. Milk w astes and wastes containing excessive 
grease content were the m ajor reported  causes of bulking attributed 
to industrial wastes. The p lan t a t Laurens, S. Car., reports bulking 
due to shock loads of starch and dye w astes from  a textile industry. 
An unusual cause is th a t a t Bryan, Ohio, reported  by Decker as due to 
fine cork particles from  a bottle cap salvage plant. The cork reduces 
activated sludge settleability, a t times resu lting  in  a sludge which 
contains 96 per cent settleable solids a fte r th irty  minutes. The sludge 
appears norm al in every other way. A lthough not reported  by any 
of the p lants represented here, it is known th a t bulking can also be 
caused by toxic wastes from  the m etal industry  or other sources, and 
by wastes high in organic content, such as those from  packinghouses, 
breweries, canneries, and a host of others.

2. Septic sewage was listed as a cause of bulking a t five plants, 
three of which indicated this difficulty usually follows a rain  which 
flushes accumulated septic sewage solids from  combined sewers. Diffi
culty w ith the carryover of waste activated sludge back to the aeration 
tanks was listed as a cause of bulking a t several plants. Bulking 
sometimes follows the discharge of heavy supernatan t liquor to the raw 
sewage a t a number of plants.

3. The loss of operation balance was re ferred  to by B radley (Buch
anan) and P atria rche  (E as t Lansing) as basic causes of bulking. 
P a tria rche  specifically referred  to bulking as resulting  from  too high 
or too low mixed liquor solids. Inadequate aera tion  might also be a 
cause.

4. I t  is common fo r overloaded plants to experience chronic bulking 
which defies the usual remedies. In  cases of consistent organic over
loading, unless the cause lends itself to ready reduction through pre- 
trea tm ent or other practices, p lan t expansion is usually indicated for 
chronic bulking elimination.

5. H igh pH  in the mixed liquor was a ttribu ted  by C arothers (Riddle 
A eronautical In stitu te ) as a cause of bulking a t a p lan t serving a mili
ta ry  camp having a lime-softened w ater supply.

Continuous, careful a tten tion  to the operation variables will prevent 
many cases of bulking, as will the exercise of careful and intelligent 
control over industria l wastes discharged to the sewers. Requiring 
industry  to provide p re treatm en t of troublesome wastes, removal 
of toxic wastes, an d /o r flow equilization equipm ent to assure more 
uniform  rates  of discharge to the sewers often will minimize industrial 
wastes influences. I f  shock loads are  a known cause of bulking, and 
if the loads are  of such in tensity  th a t com pensation or adjustm ent of 
operation variables may prevent or minimize some such cases of 
bulking, then it is obviously advantageous to learn  to recognize



prom ptly the receipt of a shock load so tha t preventive adjustm ents in 
operation may be made immediately. A ir application and re tu rn  
sludge ra te  are commonly increased to meet shock loads. E ither or 
both visual observations and analytical determ inations may serve to 
indicate receipt of shock loads, depending upon the nature of the 
wastes involved.

A common practice among operators upon the first evidence of 
bulking is to increase the application of a ir and the re tu rn  sludge rate. 
If possible, reducing the load applied to the aeration tanks is a helpful 
adjunct since the intensity  of loading is norm ally closely associated 
with bulking tendencies. Dick (Elm hurst, 111.) indicates bulking con
trol by increasing ra te  of re tu rn  sludge and sludge wastage (probably 
applied afte r bulking is in progress).

Chlorination of the re tu rn  sludge is utilized at G reat Lakes, Batavia, 
Bucyrus, and R adnor-H averford as a remedy for bulking. Miller 
(Great Lakes) begins chlorination of the re tu rn  sludge a t the first 
evidence of im pending bulking, a dosage of about 4 p.p.m., based on 
raw sewage flow, being utilized. Longley (R adnor-H averford) indi
cates tha t bulking occurs frequently, but reports excellent control by 
chlorination of the re tu rn  sludge a t a dosage of 10 p.p.m., based on the 
return sludge flow.

Olson (B atavia) reports varied success in bulking control with the 
use of copper sulfate, and Todd (Milton Junction, Wise.) reports some 
success with the use of lime. Patriarche (E ast Lansing) controls 
bulking by the careful discharge of heavy supernatant liquor (20,000 
to 40,000 p.p.m. suspended solids) direct to the aerators, a t the same 
time increasing the application of air, if possible. This method is 
used a t the first signs of bulking as a preventiva measure ra ther than 
a cure, and Patriarche reports that, if done carefully, it has always 
been very effective. A well conditioned activated sludge is usually 
restored, a t E as t Lansing, by this method in about two days. P a tr i
arche cautions tha t the mixed liquor solids concentration must be 
carefully watched.

Denise (Greece, N. Y.) reports tha t no bulking has occurred there 
since the practice of aera ting  the prim ary effluent p rio r to adding the 
return activated sludge was established. An average aeration period 
of 2.2 hours is utilized for tha t purpose, and the prim ary effluent 
contains 1.5 to 3 p.p.m. of dissolved oxygen when the re tu rn  activated 
sludge is added. This procedure freshens the sewage and reduces its 
oxygen demand, and is most helpful in cases where a septic sewage is 
received. P reaeration  before prim ary sedim entation of a septic sew
age would probably be of g reater overall benefit, however, few plants 
are so equipped.

Carothers (Riddle A eronautical Institu te) indicates that bulking was 
attributed  to too high a pH  in the sewage a t a m ilitary camp in Florida. 
He indicates tha t this pH  is lowered in the prim ary tanks from 9.5 to 
7.8-8.1 by merely stopping sludge pumping from those tanks, the drop 
in pH being a ttribu ted  to the bubbling of the CO, gas, form ed in the
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settled sludge, through the sewage flowing through the p rim ary  tanks. 
He indicates a content of 15 to 20 p.p.m. free carbon dioxide in the 
p rim ary  effluent. The sludge is skimmed off and pumped to the 
digester as soon as it is gas-lifted to the sui'face. The problem a t this 
p lan t is an unusual one, and the operation procedures indicated by 
C arothers are  unusual and certain ly  unorthodox. An unusual com
bination of circumstances m ust exist to perm it the successful use of the 
practices described by him, and high prevailing tem peratures may be a 
factor. P rim ary  tank efficiencies a t D orr and C arlstrom  Fields are low, 
as would be expected as the resu lt of the practices described by 
C arothers, however, it  should be observed th a t available aeration 
periods are very long.

To restore the condition of a bulked activated sludge, common 
practice is to waste all or p a r t of the bulky sludge, the am ount wasted 
usually depending upon w hether or not sludge w asting and disposal 
facilities are limited. Denise (Greece) reports tha t p rio r to the 
u tilization of p reaera tion  of the p rim ary  effluent, when bulking occurred 
it was controlled by w asting down to 400 p.p.m. suspended solids in 
the mixed liquor and building up again to the norm al concentration.

Rising Sludge in Final Clarifiers.—Rising sludge, a condition in 
which large m asses or clouds of sludge rise to the surface of the final 
settling  tanks, is a ttribu ted  to a number of causes by the operators 
contributing to this summary.

R ising sludge a ttribu ted  to overaeration occurs a t W aterloo, Dorr 
Field, Riddle Field, Laurens and Rochelle. A t the la tte r  two plants 
the rising  sludge condition follows a drop in the industria l w astes load, 
and Lovejoy, a t Laurens, w astes sludge as a control m easure. This 
condition is ra th e r common a t p lants handling fluctuating industrial 
w astes loads, and it  m ay occur a t any p lan t when the load falls off 
considerably. Decreasing a ir application and reducing mixed liquor 
solids may prove helpful, however, when reducing mixed liquor solids 
it should be borne in mind th a t the heavier loadings can be anticipated 
to retu rn . I t  is difficult, and often im practicable, to ad just mixed 
liquor solids to load varia tions closely enough to prevent some degree 
of rising sludge from  developing. The rising  sludge condition which 
sometimes occurs when nitrification is high is commonly attribu ted  to 
the reduction of n itra tes  in the sludge, the liberated  nitrogen bubbles 
buoying the sludge m asses to the surface. H igh nitrification commonly 
accompanies overaeration of the sludge, as does the presence of pin 
point floe in the p lan t effluent.

A  condition, term ed as rising sludge by the operators, occurs during 
the peak flows a t B ryan, B atavia, Birm ingham , Belvidere and Willow 
Run. This condition is probably closely associated with overflow rates 
and final settling  tank velocities. Decker (B ryan) controls this con
dition by checking the sewage flow and backing up sewage in the outfall 
sewer during the peak flow. Lamb (Belvidere) indicates some success 
by increasing the re tu rn  sludge rate. Dulmage, a t Willow Run, has had



some success in controlling this condition by discharging filtrate from 
the sludge filter into the inlet channel of the final settling tanks.

Septic conditions in the final settling tank sludge blanket will often 
result in the rising of masses of sludge to the surface. This was speci
fically referred  to by Todd (M ilton Junction), and is a basic reason why 
the m ajority  of plants do not m aintain a sludge blanket. This condition 
might occur if the final ,tank sludge collection mechanism was im
properly installed or has been damaged.

Grease and Oil.—The receipt of undue quantities of grease or 
oil can seriously affect activated sludge p lant operation. Six of the 
plants contributing to this review indicated some operation difficulty 
from oil or grease.

Grease may affect operation by acting as an organic overload, or 
by directly dam aging the activated sludge into which it is readily ab
sorbed. Im pregnation with grease seems to reduce the oxygen absorb
ing powers of activated sludge, thus lim iting the oxidizing capacity of 
the sludge which is reflected in the final effluent quality. This effect 
may be more pronounced when oil is received in quantity.

In lecture notes previously referred  to, W alker (American Well 
Works) stated with reference to grease:

“Grease passing  into the aeration tanks w ill be readily adsorbed by activated sludge. 
This adsorption is  accum ulative since the activated sludge cannot rapidly convert the 
grease adsorbed. V ery  soon (depend ing on the am ount o f grease and the am ount o f acti
vated sludge) the activated sludge becomes com posed o f one-half or more o f  grease, and  
goes septic and useless, even though com pletely aerobic conditions surround the floe. This 
is a case o f  pu trefaction  go in g  on internally  in the sludge floe even w hile a residual o f  
dissolved oxygen exists in the surrounding liquor.

“W hen the activated sludge has adsorbed too much grease, it  loses its  sp icy  odor and 
other activated sludge characteristics. I t  w ill turn to a ligh t gray  or black color and w ill 
refuse to settle w ell in  the final settling  tank. The effluent w ill develop a suspended  
turbidity which w ill be obvious in  the clarity test. This increase in turbidity (d im inish
ing final clarity) generally  precedes the poor settling  condition and is nearly always 
a good danger flag to  the operator that all is  not w ell.”

Prim ary  sludges or activated sludges high in grease content usu
ally do not concentrate well, resulting in a digester operation problem 
at some plants. In  addition to other effects, the pumping of a thin 
sludge to the digester results in a correspondingly larger quantity  of 
supernatant liquor, which often creates a difficult disposal problem.

Waste Activated Sludge Disposal.—Of the plants contributing to 
this summary, eleven reported  difficulty with waste activated sludge 
disposal, nine reported  no difficulty, and the rem ainder indicated the 
method of disposal w ithout fu rth er comment.

The most common method of handling waste activated sludge is to 
discharge it to the raw  sewage so th a t the waste solids can be removed 
to the digester, along with the p rim ary  solids, a fte r concentration in 
the prim ary settling tanks. T hat the method is not always satisfactory, 
however, is a ttested  by the fact tha t of twenty plants utilizing it, 
eleven indicated tha t difficulties are encountered, and several others 
indicated th a t it m ust be practiced with care.
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F ailu re  of the w aste activated sludge to settle out in the prim ary 
tanks during peak flows, thus im posing a recirculating load on the 
aera tion  tanks, was indicated a t E as t Lansing, Lam bert F ield and 
R adnor-H averford. Olson (B atav ia) indicates th a t difficulty is most 
pronounced a t times when a septic raw  sewage is received. Browne 
(Bucyrus) indicates the waste sludge does not settle readily  in the 
p rim ary  tanks when it contains appreciable grease and during the dry 
w eather months (probably associated with the high volatile solids 
commonly p revalen t during such periods). Dulmage (Willow Run) 
wastes activated sludge continuously to the p rim ary  tanks, and 
adds milk of lime to the w aste sludge a t times to prevent its 
carryover into the aera tion  tanks. Enough lime is added to raise 
the pH  of the w aste sludge to a maximum of 9.0, and the method 
has met with some success. W olf (W aterloo) and K rueger (F er
guson) refer to the necessity fo r frequent pum ping of the raw-waste 
sludge m ixture from  the p rim ary  tanks. F a ilu re  to do so often 
results in septicity of the sludge m ixture, accompanied by rising sludge 
masses in the p rim ary  tanks. Several operators re fe rred  to the im
portance of w asting activated sludge a t a low, uniform  rate , particu
larly  if p rim ary  sedim entation periods are low. Lamb (Belvidere) 
wastes sludge during the night when the sewage flow ra te  is low. 
Decker (B ryan) wastes sludge to the p rim ary  tanks continuously at a 
low ra te  and he indicates that, although a ra th e r dilute mixed sludge 
results, less difficulty is encountered than when a concentration box was 
used fo r the waste sludge. Denise (Greece) indicates th a t the raw- 
w aste sludge m ixture is usually not well concentrated when pumped to 
storage or thickener tanks p rio r to vacuum filtration and incineration. 
Howe (Illinois Ordnance) indicates tha t w aste activated sludge is 
pumped to a concentration well and thence to the digester. This 
practice is unusually successful a t th a t plant, as indicated by the 3 to 4 
per cent sludges reported  to obtain. A ctivated sludge w asting through 
p rim ary  settling tanks is often a problem when the sludge indicates a 
bulking tendency, or is actively bulking, as the w aste sludge may not 
settle, thus imposing a recirculating load on the aera tion  tanks. This 
condition m ay greatly  ham per efforts to resto re  activated sludge con
dition, since common practice is to increase g reatly  activated sludge 
w asting when bulking is out of control. Difficulties arise w ith nearly  all 
methods of waste activated sludge disposal when bulking occurs.

Chironomus Larvae .—Although m ost of the p lants contributing to 
this sum m ary indicated th a t the chironomus fly larvae, more commonly 
called the bloodworm, have not been a problem, three of the plants 
reported  th a t the larvae have caused interference w ith operation. At 
M ichigan S tate  Home, Tompkins reports  the blood worms constitute 
his most troublesome operation problem, and on occasion they have 
completely halted p lan t operation.

The larvae of the chironomus fly are  b righ t red worms, commonly 
reaching lengths of one-half to one inch. The average life cycle of 
the fly is reported ly  about five weeks, and under favorable conditions



they multiply rapidly. The larvae surround themselves with sheltering 
cocoons of w hatever m aterial is available, and when activated sludge 
plants are infested the cocoon is form ed of the activated sludge. The 
cocoons of sludge commonly adhere to tank walls fo r a while, then 
break loose and float on the final settling tank surface. The cocoons 
may break up and result in the form ation of a thin layer of sludge on 
the tank surface. The heavy infestation of a p lant may result in a 
serious loss of activated sludge, and in some plants the sludge has v ir
tually disappeared overnight.

Tompkins (Mich. S tate Home) indicates screens have been placed 
over channels and quiescent portions of the final settling tanks to keep 
the flies out. He also indicates some benefit by m aintaining a film 
of oil wherever possible. Denise (Greece) reported tha t difficulty with 
chironomus larvae was experienced during initial operation, and the 
only successful control was to clean out the entire p lan t and s ta rt over.

Pyrethrum , copper sulfate, and chlorine have been tried  as control 
measures, usually w ith indifferent results. I t  is commonly conceded 
that dewatering and scrubbing infested tanks is the most effective 
control.

The chironomus larvae may be present in limited numbers without 
detrimentally affecting operation, however, they may readily develop 
into a m ajor problem and their presence is always cause for concern.

Supernatant Liquor Disposal.—Probably the most common method 
of disposing of supernatan t liquor is to re tu rn  it to the raw sewage. 
This method of disposal is utilized a t th irteen plants contributing to 
this review, with several of those plants indicating tha t alternate 
methods of disposal are available. Olson (B atavia) reports this 
method as “ a nasty  practice and one difficult to control.”  Howe (111. 
Ordnance P lan t) reports no difficulty when supernatant liquor is 
drawn slowly and carefully to the raw  sewage. The supernatant liquor 
at Illinois Ordnance averages 800 to 1000 p.p.m. B.O.D., and only 110 
p.p.m. suspended solids—a good supernatant a t any plant. Tom pkins 
(Mich. S tate Home) discharges a supernatan t having an average of 619 
p.p.m. suspended solids to the raw  sewage without difficulty. A super
natant containing 661 p.p.m. suspended solids is similarly disposed of 
without difficulty by Dulmage a t Willow Run. Freem an (Geneva) 
reports tha t a supernatan t having an average B.O.D. of 610 p.p.m. and 
suspended solids of 1,730 p.p.m. is disposed of satisfactorily  to the raw 
sewage if drawn slowly. Bulking results a t Geneva if the supernatan t 
liquor is draw n to the raw  sewage a t too high a rate.

Four plants reported disposal of supernatant liquor direct to the 
aeration tanks. Patriarche (E ast Lansing) refers to the necessity for 
carefully watching the mixed liquor solids concentration when utilizing 
that method of supernatant disposal. Considerable use is made of 
supernatant liquor a t E as t Lansing to regulate and control the mixed 
liquor. This is interesting, particu larly  when considering tha t the 
supernatant liquor suspended solids average 25,000 p.p.m. A lternate 
disposal to the sludge drying beds is available. Fischer (Ivewanee)
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draw s supernatan t liquor into an idle aera tion  tank fo r storage and 
then discharges it to an  operating aera tion  un it a t a controlled rate. 
He states th a t this method has not proved too satisfactory . Dulmage 
(Willow Run) draw s supernatan t either to the aeration  tanks or to the 
raw  sewage. He cautions th a t supernatan t liquor disposal to the aera
tion tanks m ust be done w ith care. Browne (Bucyrus) indicates that 
when disposing of supernatan t liquor to the aera tion  tanks, it is dis
charged a t a low, continuous ra te  near the middle of an aeration tank 
battery . W hen supernatan t liquor quality indicates it cannot be dis
charged direct to the aeration  tanks a t Bucyrus, it  is discharged to a 
supernatan t trea tm ent tank equipped w ith an A m erican W ell aerator, 
this tank being operated  on a fill-and-draw basis. The supernatant 
liquor' is aerated , and coagulants and chlorine may he added if nec
essary. A fter this treatm ent, the settled sludge is re turned  to the 
digester and the clarified supernatan t is w ithdraw n to the raw  sewage. 
Browne reports very successful use of th a t trea tm en t method.

A Pacific F lush Tank “ atom izing”  aeration-settling  unit has been 
installed a t G reat Lakes fo r supernatan t liquor treatm ent. Operating 
results were not yet available, as the installa tion  was ju s t completed 
and was undergoing m inor adjustm ents when the questionnaires for 
this summary were d istributed. S im ilar units a t other plants have 
perform ed well, according to published data. Decker (B ryan) found 
it possible, through valve m anipulations, to draw  supernatan t liquor 
into an idle flash mixing tank, where it  is aera ted  and then discharged 
to the raw  sewage during the n ight and low flow period. The super
n a tan t liquor is draw n to the flash m ixing tank a t a slow rate.

A t Belvidere, Ind iana Soldiers and Sailors C hildren’s Home, Dorr 
Field, C arlstrom  Field, and Ferguson, supernatan t liquor is disposed 
of by discharge to sludge drying beds. Lamb (Belvidere) reports this 
method of disposal proves satisfactory, but th a t the supernatan t liquor 
dries slowly. B radley (Buchanan) disposes of supernatan t liquor to 
a lagoon, as does Russell a t Rochelle. Lovejoy (L aurens) discharges 
supernatan t liquor to the river.

S upernatan t liquor disposal constitutes one of the m ost common 
operation problems, particu larly  in p lan ts practicing its disposal to the 
raw  sewage. A t p lants utilizing this method of disposal, it is a helpful 
precaution to provide an a lternate  method, such as a lagoon or drying 
bed, to be utilized when a poor quality  supernatan t is present. A poor 
quality supernatan t liquor, if discharged to the raw  sewage or to the 
aera tion  tanks, m ay resu lt in a poorly settling activated sludge, which 
results in la rger volumes of sludge fo r tran sfe r to the digester, and thus 
in la rger volumes of supernatan t liquor fo r disposal. W hether a plant 
can handle supernatan t liquor in the aera tion  tanks w ithout p re treat
m ent depends upon the degree of loading of those units, and upon 
the quality of the supernatan t liquor.
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OPERATION OF A MECHANICAL AERATION  
ACTIVATED SLUDGE PLANT *

toiu
¡asj B y  W i l l i a m  D .  D e n i s e

Superintendent, W ater and Sewer Departm ents, Greece, N . P.
iijj

The Town of Greece is a residential community bordering on Lake 
Ontario northw est of the city of Rochester and adjacent thereto. The 
Town has a population of 15,000. The treatm ent plant serves the 
thickly populated suburban area and a t the present time is trea ting  the 
sewage from a population of 10,100. The p lan t was constructed in 
1937 and placed in operation in July , 1938, serving a population of about
2,000 the first year. G radually connections have been made until a t the 
present time about 60 per cent of the houses are connected to the sewer 
system.

as If The system is composed of separate sewers and, as there are no
industries in the district, the sewage is entirely domestic. The flows 

s for the period of operation have ranged from  100,000 to 1,900,000 g.p.d.
¿is The average fo r 1943 was 599,000, maximum 1,300,000 and minimum
list 377,000 g.p.d. The average flow per capita is 66, maximum 118 and
!)((! minimum 38 gallons per day.

The plant includes the following equipment and treatm ent devices: 
Two g rit cham bers; two prim ary sedim entation tanks of 26,600 gallons 
each, with sludge collecting mechanism; eight aeration tanks, each 27 
feet square and 10 feet 4 inches below the w ater line and equipped 
with down d ra ft mechanical aera to rs m anufactured by the American 
Well W orks; two circular final tanks 35 feet in diam eter and 9 feet 
average depth; and two W. & T. chlorinators followed by a contact 
chamber and outfall line to the creek. Both of the final settling tanks 
(Fig. 1) were originally equipped with m agnetite filter beds, but one of 
the beds has since been removed. The sludge disposal equipment 
consists of two thickener tanks, two 100 square foot ro tary  vacuum
filters and a 15-ton per day incinerator.toe J

P l a n t  O p e r a t i o n
a if
irdit The g rit chambers are cleaned on the average of once a month and

last year the average g rit removal was 8.4 cubic feet per million gallons. 
,rtj During 1943 both p rim ary  tanks were in operation; there are two 

reasons for th is : first, because we have found tha t the equipment in 
jjjl’ the tank is kept in better condition while in operation, secondly, it gives 

a longer retention period fo r settling out the waste activated sludge. 
The average retention period was 1.95 hours, which is much too long, 
but we feel tha t under our conditions it gives better operation. The 
sewage entering the plant in the summer months is stale and septic 
regardless, so little damage is done in this respect.

* Presented  a t Spring  M eeting of New York S ta te  Sewage W orks Association, Syracuse, 
June 16-17, 1944.



A fter several years of operation and having had considerable 
trouble from  bulking, it was thought th a t benefit m ight be derived from 
aera ting  the p rim ary  tank effluent before the addition of the return 
sludge, thereby freshening the aera to r influent. This was started  in 
Ju ly  of 1942 and since then there has not been a single case of bulking 
as com pared to 3 or 4 upsets yearly  before. However, there were some 
other fau lts of design, construction and operation tha t were corrected

1 2 8  SEW A G E W ORKS JO U R N A L  Jan u a ry , 1945

Fig. 1.— View of sewage trea tm en t works a t  Greece, N . Y. F in a l sedim entation tanks 
(equipped w ith m agnetite  filters) in foreground. M echanical aeration  units a t rear.

about the same time, some of which will be mentioned later, and 
probably these also have had something to do with the correction of 
form er troubles. The aera ting  of settled  sewage was continued until 
A pril of this year when it was discontinued so as to determ ine whether 
or not it is necessary. The re tu rn  sludge is now being reaera ted  before 
its addition to the first aeration tank to ascertain  if operation can be 
improved. I f  it does not considerably im prove conditions, it will be 
discontinued; in other words, it is stric tly  an experiment.

About 1,100 p.p.m. solids are  carried  in the mixed liquor during the 
w inter and about 900 p.p.m. during the summer months. Sludge that 
settles in a 1,000 ml. cylinder to around 20 per cent seems to be most 
desirable. None or a very little sludge blanket is carried  in the final 
tanks, fo r it is believed th a t the place fo r the activated sludge is in the 
aera tion  tanks. E xperim ental blankets of various depths and concen



trations have been tried  but no benefit was obtained. W hen a heavy 
blanket is carried  the sludge becomes septic and afte r being returned 
to the aeration tanks it requires considerable aeration to restore it to 
good condition. An average dissolved oxygen content of 4 p.p.m. in 
the mixed liquor is very desirable and appears quite necessary to good 
operation in this plant. The average aeration period during 1943 was 
8.8 hours with 5 aeration tanks in service and the average B.O.D. of 
the final effluent was 17 p.p.m.

A word about the m agnetite filters. The filters were of the up-flow 
type built in the final tanks. They were constructed in such a manner 
that the inner wall of the filter bed projected below the surface of the 
final tank to a depth of four feet. This left a tank depth below the filter 
bed wall of 5 feet, thereby cutting the effective volume of the tank by 
about 45 per cent, due to the fact tha t all of the tank effluent to be filtered 
was drawn from a point 4 feet below the surface. The filters, therefore, 
drew or swept the settled activated sludge from the lower portion of the 
tank, producing a much poorer effluent than if it had been taken from 
the surface. Perm ission for the removal of one of the filters was 
granted by the New York S tate D epartm ent of H ealth and the job was 
completed in June, 1942.

Following is a comparison of results for the years preceding and 
following removal of the filter. The average effluent B.O.D. afte r 
removal was 7 per cent lower, the maximum 47 per cent lower, the mini
mum 50 per cent higher. The average suspended solids a fte r removal 
39 per cent lower, the maximum 57 per cent lower and the minimum 
30 per cent higher. This shows that a t times the filters were effecting 
considerable removal. I t  was concluded that it is better to have a con
sistently good effluent than to have it excellent p a rt of the time and then 
very poor a t other times. The filters were installed as a protection 
to the stream  during times of bulking but it has been proven tha t during 
these times the effluent was considerably worse than if it had been taken 
from the surface of the tanks. I t  is known that when activated sludge 
is settling properly a filter is unnecessary and it is the w rite r’s con
tention that when bulking is taking place, no mechanical filter will 
satisfactorily remove the solids. A nother objection to the installation 
is that considerable quantities of activated sludge became lodged under 
the filter beds and eventually returned  to the aera to rs ; it is believed 
that this condition had something to do with the bulking.

In conclusion, the experience in this plant proves tha t cleanliness in 
the treatm ent works is very essential, particularly  in the activated 
sludge process. The channels, tank walls, and all other places where 
solids can lodge and become septic, should be flushed down. A practice 
is made of doing this job every day in the year. Sludge is draw n from 
the prim ary tanks twice daily in the warm months and daily in cold 
weather. All of these small items of operation, plus sound laboratory 
control, tend to make the plant operate satisfactorily.
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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

ELEVENTH ANNUAL REPORT OF THE GREEN BAY 
METROPOLITAN SEWERAGE DISTRICT COMMIS

SION, GREEN BAY, WISCONSIN*

B y  G e o r g e  M a r t i n , S u p e r i n t e n d e n t

Sludge Prices
On M arch 18, the following schedule of prices fo r digested sewage 

sludge was adopted:

Lump sludge, 75 cents per cu. yd. (by truck or tra ile r) .
Ground sludge, $1.50 per cu. yd. (by truck or tra ile r) .
Ground sludge, 10 cents per cu. ft. (small containers furnished by 

custom er).
Ground sludge, delivered, $2.75 per cu. yd. (1 yd. load).
Ground sludge, delivered, $2.25 per cu. yd. (2 or 3 yd. load).

Plant Heating

A gain this year the entire trea tm ent plant, including the digesters, 
was heated alm ost entirely  by the gas engine cooling w ater. There 
were, however, a few times when it became necessary to draw  on the 
auxiliary  heating equipment which consumed 890,000 cu. ft. of gas 
(about 4 per cent of gas produced) and 46 tons of coal valued a t $310.

Electric Power Generated by the Utilization of Sewage Sludge Gas

In  tlie six years th a t the D is tr ic t’s twTo W orthington sludge gas 
engine driven electric generators have been in operation, they have 
generated  3,596,437 kw. hr. of power tha t was used in the operation 
of the sewage trea tm ent plant. This represents a value or gross 
saving of $71,928; however, in producing this power, there were ex
penses or operating costs as fo llow s: In te re st on gas engine units and 
power house of $4,365; insurance of $300; repairs  and maintenance of 
$2,100; and lubricating oil of $1,535; all to taling  $8,300. This leaves a 
net profit or saving of $63,628 on an investm ent of approximately 
$29,000. In  figuring these profits, no labor was charged against the 
operation of these units—the reason being th a t the same number of 
men would be required w hether gas engines were operated or not.

Realizing th a t the above method of com puting net re tu rns might be 
questioned, another set of accounts were kept w herein net returns 
were figured on the same basis as on those units owned by a private 
utility . (In  the repo rt a complete break-down by this method is pre-

* R eport fo r 1939-40 ex tracted  in  This Journal, 13, 587 (M ay, 1941).
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sented.) On the la tte r  computation the net profit from  June 1, 1937, 
to March 31,1943, has been $34,395.67 or, based on a 55 per cent original 
cost to the D istric t (the plant construction was a P.W .A. project), 
the net profit fo r this period has been $45,129.55. This shows that, 
based on the D is tric t’s investment, the units had paid fo r themselves 
by March 31, 1942, a t which time the depreciated value of the units 
was $35,015 w hereas the to tal net re tu rn  am ounted to $36,058. Based 
on the total cost of the units they should be paid fo r during the fiscal 
year ending March 31, 1946.

Cost of Operation

The operating expense of the trea tm ent plant fo r the fiscal year 
ending March 31, 1943, was $36,624.67. Following is a summary of 
operating data fo r the y e a r :

Sum m ary of Operating Data at Green B a y , W isconsin , A p ril 1, 1942-M arch S I, 191$

Item  Average

Sewage flow, ave. daily, m .g.....................................  7.76
Kw. hrs. produced, ave. d a ily ..............................................................................................................  1,907.0
Kw. hrs. consumed, ave. daily * .......................................................................................................... 2,293.0
Chlorine, p.p.m ., ave. d a ily ..................................................................................................................  9.2
Chlorine, p.p.m ., max. d a ily ................................................................................................................. 15.1
Screenings ' ‘

Ave. daily, cu. f t ............................................................................................................................... 14.1
Max. daily, cu. f t .............................................................................................................................  139.0
Ave. daily, cu. ft. per m .g............................................................................................................. 2.0
Max. daily, cu. ft. per m .g............................................................................................................ 3.7

Grit
Ave. daily, cu. f t ............................................................................................................................... 51.8
Max. daily, cu. f t .............................................................................................................................  339.0
Ave. daily, cu. ft. per m .g............................................................................................................. 7.1
Max. daily, cu. ft. per m .g ............................................................................................................ 10.8
Max. per cent m o is tu re .................................................................................................................  87.6
Min. per cent m o is tu re ..................................................................................................................  25.9
Max. per cent volatile m a t te r .....................................................................................................  61.5
Min. per cent volatile m a t te r  .........................................................................................  13.7

Raw sludge
Lbs. dry  solids, ave. d a ily ..................................   8,750.0
Lbs. volatile dry  solids, ave. d a ily ............................................................................................  5,670.0
Per cent d ry  solids, m in. ave. d a ily ..........................................................................................  3.9
Per cent d ry  solids, m ax. ave. d a ily .........................................................................................  5.8

Digestor heating  w ater
1,000 g.p.d., ave. daily  per d ig es te r .......................................................................................... 10.5

Sludge tem peratures, F . deg.
Max. daily  ave. all d ig es te rs.......................................................................................................  99.0
Min. daily  ave. all d ig es te rs....................... '................................................................................ 73.0

Sludge gas
Per cent m ethane, m ax ..................................................................................................................  68.6
Per cent m ethane, m in ...................................................................................................................  64.4
Cu. ft., ave. daily, to ta l all t a n k s .............................................................................................  57,794.0
Cu. ft., per m .g..................................... ...........................................................................................  8,348.0
Cu. ft., per lb. volatile  solids ad d ed .........................................................................................  10.2
Cu. ft. consum ed per kw. h r.,ave ............................. -................................................................................. . 29.8
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Sum m ary of Operating Data at Green B ay, W isconsin, A p ril 1, 1942-M arch 31, 1943— Continued

Item  Average

D igested sludge
Cu. yds. rem oved from  digesters per m o n th ........................................................................... 14,454.0
P er cen t m oisture, m ax .................................................................................................................... 99.6
P er cen t m oisture, m in ..................................................................................................................... 86.1
P er cen t volatile  solids, m ax .......................................................................................................... 52.8
P er cen t volatile  solids, m in ........................................................................................................... 38.5
G round sludge, cu. yds. p er m o n th ............................................................................................  4,107.0

pH
R aw  sewage, m ax ...................   9.7
R aw  sewage, m in ................................................................................................................................ 6.7
E ffluent, m ax .......................................................................................................................................  8.5
Effluent, m in ........................................................................................................................................  6.8
R aw  sludge, m ax ................................................................................................................................  8.0
R aw  sludge, m in ..........................  5.0
D igested sludge, m ax ........................................................................................................................ 7.2
D igested sludge, m in ......................................................................................................................... 6.5

Suspended solids, p .p.m .
R aw  sewage, daily  av e .....................................................................................................................  226.0
Effluent, daily  av e .....................................................................................................e .....................  91.0
Average per cen t rem o v a l..............................................................................................................  60.0

5-day B .O .D ., p .p.m .
R aw  sewage, daily  av e .....................................................................................................................  283.0
Final effluent, daily  av e ..................................................................................................................  208.0
P er cen t rem oval, ave ......................................................................................................................  26.5

* Surplus over produced was purchased.

REPORT OF O PERATION OF T H E  DISTRICT OF COLUMBIA  
SEW AGE TR EA T M E N T  P L A N T  FOR T H E  

FISCAL YEAR 1943 *

B y  R a l p h  E. F u h r m a n , Superintendent

Sewage Pumping
F o r the entire year, more than fo rty-four billion gallons of sewage 

were pumped and trea ted  by the plant. The increase over the previous 
year was more than four billion gallons, or an increase of eleven per 
cent.

Grit Chambers
As in previous years, the operation of the g rit collectors and con

veyors was continued on an in term itten t basis to minimize w ear of this 
equipment. In  addition to saving mechanical wear, about half of the 
electrical energy form erly  used is saved.

Sludge Treatment
All solids removed from  the sewage, w hether they were removed 

as scum or sludge, were trea ted  by digestion, elu triation, and de-
* R eport fo r 1940-41 ex tracted  in  T his Journal, 14, 1102 (Septem ber, 1942).
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watering. The eight sludge digestion tanks were operated as single 
stage digesters.

The dew atering of digested and e lu tria ted  sludge was necessary 
at a high ra te  throughout the year because of the increased load. 
Reduced filter production early in the fiscal year indicated tha t it was 
largely due to the clogging of the vacuum filter screens, which support 
the filter cloth. Cleaning in place was not effective, so removal of the 
screens and sand blasting were finally necessary. This process re
stored the screens to their new condition and restored the filters to 
normal effective service. However, to regain the production lost 
through this period, it was necessary to operate this portion of the 
plant on a 6-day week instead of the usual 5 during the last three 
months of the fiscal year.

Of the total sludge cake production of 31,222.7 tons, 24,150 tons 
or 75.0 per cent were shipped by rail to the D istrict of Columbia Penal 
Institutions a t Lorton, V irginia. The rem ainder was hauled and used 
by others for miscellaneous soil conditioning uses. The largest user in 
this class was the U. S. Arm y at a nearby airport.

Power Plant

Operation of the 1200-horsepower sludge gas engine produced 
3,533,500 kilowatt hours or 67.0 per cent of the total power used by 
the plant during the year, 5,271,600 kilowatt hours. As the plant is 
the only supply of gas fo r space heating of the Bellevue Naval Housing 
Project, operation of the engine was curtailed during the months of 
December, January , February, and March. A t these times gas was 
furnished the housing project and the Navy paid for the additional 
electrical energy which the sewage treatm ent plant required.

As in the previous year, several shutdowns were forced by difficulty 
with the air-gas mixture entering the intake manifold. A ttention is 
being given to the possibility of reducing variations in the gas pressure 
to minimize this difficulty.

Operating Costs
The budgetary expenditures charged against the plant fo r the year 

amounted to $177,882. The unit cost including pumping was $4.00 per 
million gallons of sewage.

Following is a summary of operating data for the year 1943:

Sum m ary of 19ĄS Operating B ata at Washington, D. C

Item

Sewage treated
Mean flow, m.g.d.......................................................................................................

Kilowatt hours per m .g....................................................................................................
Grit

Cu. yds. per d a y ........................................................................................................
Cu. ft. per m .g............................................................................................................
Per cent solids............................................................................................................
Per cent volatile matter in solids........................................................................

Yearly
Average

121.7
87.5

9.1
2.0

72.1
21.4



Sum m ary  of 19Ą3 Operating Data at W ashington, D. C.— Continued
Yearly

item  Average
Suspended solids

R aw  sewage, p .p .m ............................................................................................................................ 172.0
Effluent, p .p .m ....................................................................................................................................  105.0
P er cen t rem o v a l................................................................................................................................ 39.0

B.O.D .
R aw  sewage, p .p .m ............................................................................................................................ 171.0
Effluent, p .p .m ....................................................................................................................................  115.0
P er cen t re d u c tio n ............................................................................................................................. 32.7

R aw  sludge
Suspended m a tte r  rem oved per day, d ry  p o u n d s .................................................................  68,000.0
p H ...........................................................................................................................................................  5.6
Specific g ra v ity ................................................................................................................................... 1.01
P er cen t so lid s....................................................................................................................................  8.0
P er cen t volatile  m a tte r  in so lid s ................................................................................................ 64.4
P er cen t fa ts in solids (chloroform )............................................................................................ 20.1

Scum  rem oved from  settling  tan k s
Rem oved per day, ga llons.............................................................................................................  11,300.0
P er cen t so lid s ....................................................................................................................................  16.0
P er cent volatile m a tte r  in so lid s ................................................................................................ 86.7

Sludge digestion
V olatile solids added  to  digesters daily, d ry  p o u n d s...........................................................  55,826.0
pH  digested s lu d g e ...........................................................................................................................  7.3
T em pera tu re  digesting sludge, F . deg........................................................................................ 94.0
P er cen t fa ts in digested sludge solids (chloroform )............................................................  6.3
Suspended solids in over flow liquor, p .p .m ............................................................................. 20,200.0
Sludge gas per cap ita  per d a y ....................................................................................................... 0.89

Sludge gas
M ethane, per cent by  vo lu m e......................................................................................................  59.3
C arbon m onoxide, per cen t by  v o lu m e ..................................................................................... 0.0
Oxygen, per cen t b y  vo lu m e .........................................................................................................  0.0
Hydrogen, per cent by  vo lu m e....................................................................................................  2.3
B .T .U . per cu. f t ................................................................................................................................  587.0

E lu tria ted  sludge
Specific g ra v ity ................................................................................................................................... 1.03
P er cen t so lid s ....................................................................................................................................  6.8
P e r cen t volatile  m a tte r  in so lid s................................................................................................  42.7
R a tio  w ash w ater to  sludge vo lu m e...........................................................................................  2:1
D igested sludge a lkalin ity , p .p .m ................................................................................................  3,209.0
E lu tr ia ted  sludge a lkalin ity , p .p .m .............................................................................................  681.0

E lu tria te
Suspended sohds, p .p .m ..................................................................................................................  3,950.0
A lkalin ity , p .p .m ................................................................................................................................  681.0
B .O .D ., p .p .m ...................................................................................................................................... 631.0

Sludge dew atering operations
D ays dew atering, m ean per m o n th ............................................................................................  20.0
F ilte r hours, m ean per m o n th ....................................................................................................... 393.3
C ake produced, to ta l  w et to n s .....................................................................................................  31,222.7
Solids in cake, per c e n t ...................................................................................................................  27.8
D ry  solids in cake, to ta l to n s .......................................................................................................  8,666.5
Yield, dry  pounds solids per sq. ft., per h o u r ..........................................................................  7.3
Ferric  chloride, per cen t dry  b a s is ..............................................................................................  3.29
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OPERATION REPORT: CRANSTON, RHODE ISLAND, FOR  
PERIOD FROM MARCH 1, 1942, TO DEC. 31, 1943

B y  W a l t e r  H. B r o w n , J r ., Superintendent

General Information

The plant serves the entire area of Cranston west of the main 
New York, New Haven & H artfo rd  R ailroad except p a rt of the 
Meshanticnt Park , all of Oaklawn, all of Fiskeville, and scattered 
outlying- d istricts. The estim ated population served is 25,000. The 
average design flow was 5.5 m.g.d. with a maximum of 12.0 m.g.d. 
Following are the p lan t u n its : One detritor, mechanically cleaned; 
one comminutor, fo r cutting up coarse m a te ria l; one main V enturi 
meter, capacity 12.0 m.g.d.; one grease flotation un it; two prim ary 
settling tanks, approxim ately 170,000 gallons each; two aeration tanks, 
approximately 750,000 gallons each; two final settling tanks, approxi
mately 300,000 gallons each; one chlorination channel, approxim ately
30,000 gallons; one chlorinator, 400 lbs. daily capacity; two sludge 
digestion tanks, approxim ately 420,000 gallons each; two elutriation 
tanks, approxim ately 50,000 gallons each; one sludge concentration 
tank, approxim ately 48,000 gallons; nine sludge pum ps; three w ater 
pumps; two a ir blowers, 4,000 c.f.m. capacity each, and two vacuum 
filters, 200 sq. ft. each.

The entire sewage flow through plant is by gravity. All sludge 
flow is by pumping. The p lan t was placed in operation on March 1, 
1942. The sewage trea ted  is approxim ately 40 per cent industrial 
waste and 60 per cent domestic wastes.

Grease Flotation Unit
This is an American Well W orks unit. The unit has removed 

131,270 gallons of grease in 1942 and 177,910 gallons of grease in 1943.

Vacuum Filters
Quite a bit of trouble was experienced from these units due to 

insufficient length of the barom etric leg. This was rectified only to 
find that the filtrate pumps would not discharge under a high vacuum. 
This also was overcome and since then, the filters and accessories have 
performed well. A fter quite a bit of experim entation, the ferric 
chloride injectors have steadied down in operation but these should 
be replaced with a more reliable type.

Sludge Pumps
The ball type check valve in sludge pumps has proven much more 

satisfactoi*y and should be adopted in place of the flapper type check 
valve wherever possible. The principal advantage of the form er type 
is freedom from  clogging.
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General Sum m ary  of Plant Operation and Results

The p lan t itself has proved highly satisfactory  fo r the job it was 
designed to do. However, since the N arraganse tt B rew ery Co. was 
connected, the B.O.D. load has been so g rea t th a t it has been 
approxim ately 100 per cent above normal. This has prevented normal 
activated sludge operation and resulted in insufficient reduction of 
B.O.D. and suspended solids along with increased cost of operation.

The visual results have been an unsatisfactory  effluent and occasional 
odors both a t the p lan t and along the Paw tuxet R iver especially in 
warm weather. I t  is felt tha t the p resen t difficulties arise from  two 
different causes: 1. L arge am ounts of settleable solids (brew ery grain, 
etc.) in the raw  sewage. 2. An unusually high B.O.D. load due p ri
m arily to unsettleable solids.

The first of these could and should be taken care of a t the source 
by the N arraganse tt Brew ery. A t the p resen t time, even under ideal 
conditions, the g r it removal un it is able to remove only a portion of 
the incoming g rain  and in freezing w eather, it often has to go out 
of operation completely. The g ra in  not thus removed eventually 
reaches the d igester where it  accumulates as an indigestible or a very 
slowly digestible floating layer which is already reaching such a depth 
as to pose a very troublesome and undoubtedly expensive removal 
problem. •
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F o r the past year, the removal of grain (6950 cu. ft.) from  the 
grit chamber alone is estim ated to have cost a t least $500. Expressed 
in other term s, this is equal to the sewer rental from  a one-family house 
for about 42 years.

The second item has prohibited the operation of the treatm ent 
works as an activated sludge plant. This is due to the fact th a t under 
present conditions, we are attem pting to tre a t waste equivalent to a 
population of 11,400. Thus it may be readily seen tha t with the 
present flow, we are  carrying a load which is approxim ately 100 per 
cent greater than anticipated in p lant design. One result of this has 
been the required use of chlorine in amounts fa r  g reater than normally 
expected.

A suggested solution fo r this problem is either p retreatm ent on the 
part of the brewery to reduce its w astes to the strength  of normal 
domestic sewage (approx. 200 p.p.m. B.O.D.) or the addition of suffi
cient high rate  trickling filters a t the trea tm ent works to reduce the 
strength of the p rim ary  effluent to such a point tha t it may be properly 
handled by the activated sludge process. Such an addition would in 
all probability not only solve the brewery problem but also make pos
sible the handling of other industrial wastes. Furtherm ore, by such 
an addition, the date of eventual plant expansion will be m aterially 
extended.

Operating Costs

The cost of operation in 1942 was $27,278.89 and in 1943 $30,255.62. 
This represents a cost of $74.77 and $79.24 per million gallons trea ted  
respectively.

Comment on Operating Costs

The cost of operation for the years 1942 and 1943 are relatively the 
same but when compared to that of other plants, they are high. This 
may be explained by noting tha t the average daily flow for the plant 
is only 1.0 m.g.d. Thus, when it is realized tha t our expenses will be 
essentially the same with an average daily flow of up to about 3 m.g.d. 
it is seen tha t the cost of treatm ent per million gallons will be one-third 
of $75, or about $25. In  other words, our largest item a t present is 
our fixed expenses (salaries, power, etc.) or overhead which will rem ain 
about the same up to a flow of about 3 m.g.d. W hen that flow is reached, 
our costs will be lower than most comparable plants.

Summary of Operating Data
Summ ary of Operating Data at Cranston, R. I .,  fo r Period from  March 1, 194%, through Dec. S I, 1943

Total flow—m illion gallons......................................................................................  746.89
Total g rit (including brew ery g ra in ) ....................................................................  6,993.00 cu. ft.
Total chlorine................................................................................................................ 30,374.00 lbs.
Total grease to  d igesters...........................................................................................  307,180.00 gals.
Dry solids of grease— av erag e .................................................................................  3.98 per cent



T o ta l scum  to  d ig es te rs ..............................................................................................  892,440.00 gals.
D ry  solids of scum — a v erag e ....................................................................................  0.89 per cent
Average p rim ary  de ten tion  tim e ........................................................    5.00 hours
T o ta l p rim ary  sludge to  d iges te rs........................................................................... 10,268,530.00 gals.
D ry  solids of p rim ary  sludge— a v erag e ................................................................  3.86 per cent
Average aeration  de ten tion  t im e ............................................................................. 16.00 hours
T o ta l a i r .............................................................................................................................1,660,492,000.00 cu. ft.
A ir per gallon, se ttled  sew age ..................................................................................  2.2
Average final se ttling  de ten tion  t im e   4.5 hours
T o ta l gas p ro d u ced   18,853,100.0 cu. ft.
T o ta l gas u se d   2,562,100.0 cu. ft.
Per cen t w asted   86.4 per cent

pH  raw  sewage— av erag e ...........................................................................................  7.6
pH  p lan t effluent— a v erag e .......................................................................................  7.7
A lkalin ity— average ra w   208.0 p.p.m.
A lkalin ity— average f in a l  252.0 p.p.m.
C hlorides— average r a w   47.0 p.p.m.
Chloride— average f in a l  62.0 p.p.m .
B .O .D .— average r a w   503.0 p.p.m.
B .O .D .— average f in a l  177.0 p.p.m.
P er cen t red u c tio n   65.0 per cent
T o ta l solids— average r a w   1,035.0 p.p.m.
T o ta l solids—average f in a l  730.0 p.p.m.
P er cent re d u c tio n   30.0 per cent
D issolved solids— average ra w   700.0 p.p.m.
D issolved solids— average f in a l  645.0 p.p.m.
P er cen t red u c tio n   8.0 per cent
Suspended solids— average ra w   335.0 p.p.m.
Suspended solids— average f in a l  85.0 p.p.m.
P er cen t red u c tio n   75.0 pe rcen t
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D ry  solids raw  sludge— a v erag e ..............................................................................  4.08 per cent
P er cen t v o la tile ........................................................................................................................ 76.9 per cent
D ry  solids digested s ludge .........................................................................................  3.67 per cent
P er cen t v o la tile ........................................................................................................................ 60.8 p e rcen t
D ry  solids e lu tria ted  s ludge ......................................................................................  4.07 per cent
P er cen t v o la tile ........................................................'   60.1 p e rcen t

T o ta l gallons e lu tria ted  sludge to  f ilte rs ..............................................................  1,580,690.00 gals.
T o ta l nos. d ry  solids filter c ak e ...............................................................................  616,985.00 lbs.
A verage per cen t FeC b (dry so lid s)....................................................................... 7.46 per cent
Average per cen t m oisture filter c ak e   .........................................................  80.00 per cent
F ilte r ra te  nos. per sq. ft. per h r .............................................................................  3.26 lbs.
Average a lka lin ity  of e lu tria ted  s ludge...............................................................  28.00 p.p.m.
A verage sludge gas— cu. ft. per cap. per d a y ...................................................................  3.1 cu. ft.

Comment on Operating Data

I t  will be noted th a t some of the above averages are  unlike those at 
any other sewage trea tm en t plant. This is due to the fact that the 
p lan t has not had a consistent raw  sewage to trea t. F o r instance, there 
was a period when only domestic sewage was treated, then domestic 
plus brew ery w astes, then domestic plus brew ery plus p rin t works 
wastes, and then back to domestic plus brew ery w astes again.
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GREATER W IN N IP E G  SANITARY DISTRICT: SUMMARY OF 
PL A NT OPERATIONS FOR 1943 *

B y  D. L .  M c L e a n , Superintendent

A description of the p lan t units is contained in the previous extract * 
on this plant. Following is a summary of general plant operating 
data for the years 1942 and 1943, together with a special summary of 
elutriated sludge filtering in Table I I :

T a b l e  I .—Sum m ary of Operating Data at W innipeg, Manitoba, fo r 1942-43

Item 1942 Average 1943 Average

Tem perature of raw  sewage, F. degrees..................... ......... 58.0 57.0
Sewage flow, m .g .d ............................................................. ......... 23.1 21.3
pH of raw sew age...............................................................
Settling tan k  operation

7.5 7.5

Settleable solids, influent, ml. per l i te r .............. ......... 7.3 7.7
Settleable solids, effluent, ml. per l i te r .............. ......... 1.7 2.1
Settleable solids, per cen t rem oval...................... ......... 76.7 72.7
Suspended solids, influent, p .p .m ......................... • ......... 318.0 315.0
Suspended solids, effluent, p .p .m ......................... ......... 134.0 138.0
Suspended solids, per cent rem o v a l.................... ......... 57.9 56.2
B.O.D., influent, p .p .m ............................................ ......... 365.0 289.0
B.O.D., effluent, p .p .m ............................................. ......... 264.0 222.0
B.O.D., per cen t rem o v a l....................................... .........  27.6 23.2

Grit, cu. ft. per Im perial m .g......................................... ......... 1.9 1.8
Raw sludge to  digesters, to ta l solids, lbs.*............... .........13,832,000.0 9,756,000.0
Raw sludge to  digesters, volatile solids, lbs.*.......... ......... 9,457,000.0 6,289,000.0
Digested sludge e lu triated , to ta l gals, for y e a r . . . . 10,350,869.0 7,557,800.0
Sludge cake, d ry  tons to ta l for y e a r ............................ ......... 1,265.0 681.0
Ferric chloride used, ave. per cent (dry bas i s ) . . . . ......... 2.5 3.1
Sludge gas produced, cu. ft., to ta l for y e a r .............. .........85,224,000.0 64,003,000.0
Cost of p lan t operation, to ta l for year, dol l ar s . . . . ......  — 66,402.35

* T o ta l for year.

T a b l e  I I .—Sum m ary of Filtering of Elutriated Sludge, 1940-1943
Total for 4-Year

Item  Period

Wet sludge cake filtered, lbs. to ta l .............................................................................................  37,624.870.0
Average per cen t w ater in sludge c ak e .....................................................................................  70.7
Dry sludge cake filtered, lbs. t o ta l ............................................................................................. 11,071,828.0
Ferric chloride used, lbs. to ta l .....................................................................................................  308.344.0
Ferric chloride used, per cen t (dry basis) a v ..........................................................................  2.8
Average filter ra te , lbs. d ry  solids per sq. ft. per h r ............................................................  3.9

Four-Year Observations on the Use of Elutriation and Ferric Chloride 
in Filtering Digested Primary Sludge

Table I I  above summarizes the results of filtering elu triated  digested 
sludge using ferric  chloride as a conditioner for the years 1940-1-2-3. 
The total cost of the ferric chloride for tha t four-year period tvas 
$13,051.80. I t  is estim ated tha t a saving of over $16,800 in cost of ferric 
chloride was made by using the élu triation process fo r this period.

* 1941 report ex tracted in This Journal, 14, 1096 (Septem ber, 1942).



1 4 0 SEW AGE W ORKS JO U R N A L Jan u a ry , 1945

Any discussion of the savings in ferric  chloride costs by the use 
of the élu triation  process to reduce the am ount of fe rric  chloride used 
to condition digested sludge fo r vacuum filtering, involves the fact that 
while certain  portions of the collection system and trea tm en t plant were 
designed fo r a population as a t 1945, the w ar loadings on the sewer 
systems of the D istric t have overloaded the p lan t so th a t the digesters 
have not been able to digest all the m aterials coming to them and they 
have had to be cleaned out from  time to time (all four digesters had to 
be cleaned out in 1943). The élu triation  process has also been over
loaded and the am ount of digested sludge going over the weirs of the 
élu triation  tanks a t times has been in excess of th a t going to the filters.

W hile this é lu tria tion  process has done all tha t was claimed it 
would do, experience here shows th a t some im provem ents may be made 
to it when installing it in a new plan t or where extensions or changes 
are made. These im provements are :

1. A sump or raw  sludge thickening tank fo r the raw  sludge from 
the clarifiers to help deliver heavy sludge to the digesters and later, 
heavy sludge to the élu triation  tanks.

2. Chemical feeders to condition the e lu tria ted  sludge, placed close 
to the vacuum filters.

3. Suitable wash w ater fo r the élu triation  process.
4. Positive control of the feed of the digested sludge to the élutri

ation tanks.
5. Use of tanks of ample size fo r mixing and settling  the sludge 

in the élu triation  process.

Such improvements would save fe rric  chloride but unless their cost 
justified the expenditure there would be no gain in them.

As a check on the estim ated $16,800 saving of ferric  chloride for the 
p ast four years by the élu triation  process, a full scale filter test was run 
on A pril 4, 1944, and this again dem onstrated not only the practical 
value of the process but tha t the digested sludge a t present coming 
from  digester No. 1 could not be filtered using up to 6.4 per cent of ferric 
chloride, hut tha t over 9 per cent of fe rric  chloride would he needed. 
W ith an alkalinity  of 4,430 p.p.m., a w ater content of 93.8 per cent and a 
volatile m atter of 57 per cent, this digested sludge required, therefore, 
over nine pounds of ferric  chloride to produce 100 pounds of dry solids 
in the filter cake. On the basis of this test, the saving of ferric  chloride 
by using the élu triation  process fo r the la st four years would not have 
been $16,800 but some $30,000.

TH E GADGET DEPARTM ENT

The devices described and illu stra ted  here were the w inners of the 
Gadget Com petition sponsored by the New York S tate  Sewage Works 
Association as p a r t of the m eeting held a t Syracuse on June  16-17,1944.
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A fourth  entry, still under consideration by the committee on Awards, 
is described in the “ Tips and Q uips”  column of the March issue.

F i r s t  P r i z e  

A LIME MIXING DRUM

By H a r o l d  R. F a n n i n g

Supt. o f Sanitation, B end ix  A via tion  Corp., E lm ira  H ts., N . Y .

Figures 1 and 2 illustrate  this device, the purpose of which is to 
slake and mix lime solutions fo r application to sewage or sludge as may 
be necessary during treatm ent. The central shaft is made of corrosion

F ig. 1.— Lime m ixing  drum  devised by H arold  R. Fanning , E lm ira, N . Y.

resistant pipe, through which perforated  paddles of %-inch steel plate 
are mounted. A bronze collar-bearing is bolted to the bottom of the 
drum to receive the bottom of the shaft and another bronze collar is 
provided a t the top guide and support, which is made of steel plate with 
welded flanges. The paddles are 4 inches wide and 1 foot 9 inches long 
and the perforations are 1-inch holes on a staggered 3-inch spacing. 
Assembly will be evident from the illustrations.
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A SLUDGE SAMPLER

B y  A l e x a n d e r  S .  Z e l e

Chemist, Long  Island  S ta te  Parle Commission, B rooklyn, N . Y .

Intended fo r use a t sludge digestion or sedim entation tanks, this 
sludge sam pler (Fig. 3) comprises a bucket w ith a hinged, gasketed 
cover and fitted with a long pipe handle attached with a swivel bolt to 
the two flanges on the side of the bucket. A wire, extending through

F ig. 2.— Paddle  assem bly fo r lime m ixing drum.

S e c o n d  P r i z e

» S L U D G E  S A M P L E R  »

f2 u & e > s e  o - A s K s r  U H d e c . c o u e k .

C o i l .  S P K I l i i  T O  C L O S E  CODEE.

E J u o a  t o  o p e «  c o v e r

BUTSllilOd PlPE

A l l s A  s c a t » '  r o  y«OIO HUEE

F ig . 3.— A sludge sam pling bucket. By Alexander S. Zele, Brooklyn, N. Y.
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the pipe handle, connects a sliding knob inserted a t the end of the pipe 
handle to the bucket cover. W hen the bucket is immersed to the desired 
level in the sludge, the cover can be raised to adm it a selected sample of 
sludge. A coil spring wire on the bucket is arranged to close the cover 
when the tension on the pull wire has been released.

T h i r d  P r i z e  

A M ULTI-LEVEL SLUDGE SAMPLER

B y  B y r o n  B .  E v a n s

Senior Operating Engineer, P ine Camp, N . Y .

This is a simple and easily constructed adaptation of the bottle-on- 
pole type of sampler, commonly used for the collection of digester 
samples a t two or more levels. Details of construction are shown in 
Fig. 4.

' Damper chain ZS 'long

k
M r

9Zpcs Y P  -  /"A3,/X / / -6 y

0 T '  Connecłer - See Delail

 ̂ Carriage hott with 
^ wing rrał

Carriage bolls

76 Oa. G. 1. Sleeve 
1Z" long

Eye bo/l Ihru rubber siopper

□ -Chair? fa fif over 
neck o f bo/f/e . 
Passes Ihru holes 
in /"X3"

Use 3Z og. boH/es- 
wide moulh 

Space ¿5-0" a par/

16 Ga. G. /. d r o p - /* w ide

/<S Ga. G./. -  3 'X 5 ' /Z"
Ben/ as shown and 
faslened w ilh  4 screws

'Boll/e Suppor/- See DelailJ

P ig, 4.—Device for sam pling sludge a t digesting tanks. By Byron B. Evans, P ine Camp, N. Y
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One featu re  of in terest is the connector which perm its the pole to 
be taken down into short lengths fo r convenience in handling and 
storage.

A complete series of 3-foot samples can be taken a t the average 
d igester w ith this device by one m an in only ten minutes.

BARK FROM THE DAILY LOG

By W a l t e r  A. S p e r r y

Superin tendent, Aurora Sanitary  D istrict

September 1— An interesting interview regarding an odor complaint with an 
irate tenant next door to the plant. The complaint was that the odors were 
so bad the night before that the man and his wife were unable to sleep and 
had to perfume the air and use the fan. Yet, our wind record showed that 
the wind was blowing toward the plant at the time.

W hen the call was made neither the man nor his wife could detect any 
odor (too often true) but they expressed the fear that their small baby might 
be injured. The tenant in the cottage just below that occupied by the 
complainant had detected no odor. The interview left us feeling that we 
lacked persuasive powers, but then logic never helps when people imagine 
odors.

The truth came later when it was learned that the complainant wished 
to break his lease. They are still occupying the property and have not 
complained since!

September 6— W alked into the wash room this morning and was startled, 
to say the least, to find a head resting on the window sill— a comely, pink
cheeked, blue-eyed, blond-haired one at that! Found out later that the 
night man had the real scare. On his routine clock punching rounds, on 
which one of his duties is to clean out the screening box at the screen house, 
he found this head from a window dresser’s dummy staring up at him from 
the screenings accumulation. His consternation may well be imagined!

September 8— Flexible coupling failed on the sewage pump driven by gas 
engine No. 2. A fter repair there was still an unnatural sound that was 
finally located within the pump. It was at first thought that a stone had 
gotten into the casing but upon opening it no such foreign object was found 
and a pump man was called. He found only a slight play in the impeller 
due to a loose key and shrugged off the trouble as one which comes to engine 
driven pumps after six or eight years of operation. He promised to have the 
repaired shaft and impeller back the next afternoon.

Just three weeks later the parts were returned in the form of a brand new 
shaft with a rebored impeller. Had the pump operated much longer in its 
original condition, the damage would have been much more serious. This 
gives us something else to watch out for in the future,
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September 11— Running paper mill tests today— a regular Monday job. 
Thereby hangs a tale, and this is Chapter 1 of a serial.

Aurora's only industrial waste is from a paper mill which manufactures 
book-back board from scrap paper. When the sewage treatment plant was 
started into operation, this mill installed an Oliver filter to act as a “save-all.” 
Late in December, 1943, we discovered an unusual amount of fibrous waste 
from this mill. Increased settleable solids, a much larger quantity of primary 
sludge of high volatile content, a gray foam on the clarifiers, and rapidly 
filling digesters at the worst time of the year, all were eloquent of paper mill 
waste.

Routine records take a lot of patience and time but they are valuable 
aids and we took them along to demonstrate the effect of the wastes on the 
sewage treatment plant. The manager of the paper mill, who is a decent 
and co-operative chap, expressed great surprise at our story and disclosed 
that they had no means of knowing their losses. W e immediately planned 
a campaign to determine how many tons of pulp (at $30 per ton) they were 
losing per week and in how much water the lost pulp was suspended. This 
was on December 29, 1943. (To be continued.)

Placed a want ad for men in the local paper.
Blew out the pressure rings and piping of Venturi meter and checked 

register.

September 12— The 1 3th Annual Report finally completed— two months late. 
First copies to the trustees and officers, of course. Then to the libraries of 
the schools round about, the Public Library and the Chamber of Commerce. 
The Annual is always first justified to the plant itself if it is a careful and 
complete record of accomplishments, problems solved and changes made. 
One complete file is always kept in the safe.

September 13— The blackest day in fourteen years— should have been a 
Friday. A t 10 P.M. the night man called to say that there was two feet of 
water over the pump room floor and that he and the watchman needed help. 
We laid down the Saturday Evening Post and hurried out to the plant, not 
to get back until 3:30 A.M .

Upon arrival at the plant, it was found that the master power switch had 
kicked out earlier in the evening. This stopped the circulating water motor 
and caused a temperature rise in the gas engine jacket water which cut out 
the engine driven generator, putting the plant in Stygian darkness. Before 
this engine could be started the other driving the sewage pump went out. 
With everything out of operation, the level of the settled sewage in the wet 
well raised high enough to geyser from the open casing of the pump which 
was awaiting repair of its shaft and impeller and, before the wet well by-pass 
could be opened, there was 21,000 gallons of settled sewage in the pump 
room with five motors submerged. Some mess! (It  had been believed that 
the suction valve on the pump taken down for repair was completely closed 
since three men had worked conscientiously to effect the closure when the 
pump was taken down.)

As soon as the emergency gasoline lanterns were lighted, the suction 
valve on the open pump was altogether closed, leaving us in the predicament
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of trying to figure out what to do next. The pump room floor is below the 
lowest river level and much longer suction and discharge connections were 
required than were immediately available. Furthermore, it would take a 
good long day just to rig the portable pump equipment.

Finally it was decided to call the volunteer fire department from the 
neighboring village of Oswego and these good sports left their warm beds to 
come to the rescue. Their fire truck was equipped with plenty of hose and 
with a small pump mounted in front of the radiator and they succeeded in 
getting out all of the water in an hour and a half, which prompt action saved 
two of the motors.

By 10:30 the next morning the plant was running in normal fashion and 
a visitor would never have known that we had been in trouble. It was a real 
pleasure to send an individual check to each of the Oswego fire fighters 
together with a generous one for their department fund.

The lesson from this experience is quite clear. On rainy days in the 
future, all large valves on suction and discharge lines w ill be occasionally 
worked and the number of turns to open or close w ill be determined and 
posted. Large valves in such locations are often not touched for long 
periods and they will inevitably fail when they are most needed.

September 15— Running routine Orsat test on plant gas and computing the 
fuel value.

Interview applicant answering our advertisement.

September 18— W orked all day on the Fox River stage and discharge curve 
to bring it up to date for officials of the local power company who are 
interested in the low flow days when sufficient cooling water for the steam 
turbines might be at a premium. A  bit of “ good neighbor” policy.

By using the Main Street dam as a weir, flow curves can be related to 
river elevation at the plant and readings taken from the water level 
recording instrument located there. In this way, a curve relating river 
elevation to discharge in C.F.S. can be constructed. From the results of 
D.O. tests of river samples and the streams flow data we are able to compute 
the pounds of oxygen available in the river and when this is compared to the 
oxygen demand of the plant effluent, we have a good measure of plant 
effectiveness. It is good river bookkeeping.

September 20— Revamped the emergency light arrangement. Gasoline lan
terns give a brilliant light but the mantels are delicate, the gasoline soon 
evaporates, they are not easy to light and must be kept pumped up while in 
use. Electric battery lights give only a small lighted area and battery upkeep 
is expensive and a nuisance. The men were overwhelmingly in favor of the 
good old kerosene lantern which does not give such brilliant light but is al
ways ready, easy to light, and will burn all night.

September 22— New man driving the sludge tractor smashed the jamb of 
the garage door. Takes a lot of patience to handle some of these wartime 
replacement employees.

The mayor and sewage plant operator from W ilm ington visited us to 
inspect the plant and talk a bit of shop.



Vol. 17, No. 1 T IP S  AND Q U IPS 1 4 7

September 25— Drawing sludge from digester No. 2 to four drying beds. 
No alum used because good drying weather is anticipated for some time yet.

September 28— Rain today enabled us to catch up on several miscellaneous 
inside jobs such as cleaning pump room walls which were soiled during the 
“flood” two weeks ago. Also emptied accumulated water from the bottoms 
of the two idle clarifiers.

September 30— The shaft and impeller of sewage pump No. 2 finally re
ceived from the shop and the pump made ready for service.

Painting outside iron work and giving the lawn the final trimming of the 
season.

October 2— Every day is an adventure, usually enjoyed for their excitement, 
for they are mostly pleasant ones. Today was the occasional and rare 
exception.

A t 4:30 P.M. the night man’s wife called to say that he was sick and 
would not be able to work. A  long distant call was finally successful in 
completing arrangements for a substitute— a new man not yet moved in from 
a neighboring town. He was not able to report, however, until 7:30 P.M. 
and it was up to the Superintendent to bridge the gap.

As we left the plant it was the darkest of nights and, what with a dense 
fog and drizzling rain, visibility was zero. A ll went well, however, until 
we reached the main line crossing of the Burlington at which the gates were 
up and the tower brightly lighted. Knowing that the crossing was rough, 
we started slowly and serenely across and crashed squarely into the side of a 
switch engine! The engine was just starting to pull out from the left side of 
the crossing and gave no warning by whistle, bell, steam, or smoke. For
tunately, we were only shaken up and bruised a bit. Incidentally, the onset 
of shock is an interesting study— the pains did not begin until about two 
hours later while we were trying to explain to friend wife.

Oh well, it is all part of the day’s work!

TIPS AND QUIPS 
•  •  •

Those who came to P ittsburgh  to attend the announced F ifth  Annual 
Meeting of the Federation and returned  home to read  tha t they had 
been present a t the Sixteenth Annual Meeting need not be alarm ed at 
the thought th a t the story of Rip V an Winkle may have had some tru th  
in it. I t  all came about through the decision of the B oard of Control 
that the Federation need not be coy about stating  its real age and that 
the annual business sessions of the B oard of Control from  1928 to 
1939, while not technical conferences, were actually meetings of the 
Federation and should have been counted as such. And so it shall be 
henceforth!

A fine meeting it was, and congratulations are due Local Chairman 
L. S. M organ and his various management committees fo r an excellent
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job. Now tha t the event is a p leasant memory it can be told th a t it  was 
m ighty close to being cancelled a t the la st moment ! Less than  a week 
before the opening, hotel authorities advised th a t a walkout of all 
hotel employees in P ittsburgh  had been scheduled fo r m idnight on 
October 6 and tha t the meeting could not be held if final negotiations 
w ere not successful. I t  was not until Monday, October 9, tha t a 
tem porary  agreem ent was reached which made it  possible to destroy the 
telegram  which had  been p repared  to advise all those who had made 
advance reservations tha t the meeting was being cancelled !

Incidentally, the reg istra tion  of 524 was very good under prevailing 
conditions, com paring quite favorably with the average registration 
recorded a t the past five meetings of 534.

•  •  •

Something m ust be done about this Convention A ttendance Trophy 
if it is ever to carry  the name of any other w inner than th a t of the 
C entral S tates Sewage W orks Association. F o r the fou rth  consecutive 
year the aw ard went to tha t nomadic tribe—this time by a m argin of 
almost 15,000 man-miles over the perennial runner-up, the New York 
S tate Sewage W orks Association. A tabulation of the leaders follows:

Association Registered Members Total Man-Miles

C entra l S ta te s ......................................................................  57 29,580
N ew  Y ork S ta te ..................................................................  48 14,980
P en n sy lv an ia ........................................................................  72 9,000
F ed e ra l....................................................................................  9 8,400
C alifo rn ia ...............................................................................  4 8,050
C anadian  In s t i tu te .............................................................  16 8,000
N ew E n g la n d .......................................................................  16 7,320
N ew  Je rse y ............................................................................ 21 5,670

• • •

Y ear by year, the Q uarter C entury O perators Club grows in number 
and eminence. Seven veteran  operators joined the ranks a t P ittsburgh, 
bringing the membership to a to tal of 19. The new affiliates were Al- 
mon L. Fales of Boston, H a rry  M. Beaum ont of Philadelphia, John  V. 
Lewis of Rochester, H. W. S tree ter of Cincinnati, C. D. McGuire of 
Columbus, Glenn Searles of Rochester and John  S. Simm erman of 
P itm an, N. J .

In troduction of members of the Club a t the F ederation  Luncheon at
P ittsburgh  was ably accomplished by F ran k  W oodbury Jones, founder
of this elite organization.

• • •

Other high-lights of the Sixteenth A nnual M eeting . . . the Penn
sylvania Luncheon, a t which C. A. Em erson and H. E . Moses were 
signally honored . . . the gathering  of 25 arm y officers who assembled 
in an ex tra-curricu lar session under the leadership of Lt. Col. J . J. 
G ilbert and Dr. F. W. Mohlman to discuss problems of sewage treat-
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ment in arm y posts . . . the aw ards presentation ceremony, so ably 
conducted by P residen t Rawn . . . the introduction of the cigarette 
famine to those coming from  points west of P ittsburgh  . . . tha t man, 
“ Dr. H olm an,”  who was paged so persistently  during the Smoker 
entertainment . . . the boisterous “ Television K id s ,”  who raised the 
roof and brought down the house a t the Annual D inner . . . the “ Man 
from M ars”  in the person of L. L. Langford of New York, as dressed 
in all the safety equipment he could carry  during the very instructive
and practical dem onstration staged by L. W. V an Kleeck.

•  •  •

Operators experiencing difficulty with corrosion a t wet seal gas 
holders will be interested in a pam phlet recently made available by 
The Stacey B rothers Gas Construction Company, 5535 Vine St., 
Cincinnati, Ohio. Causes of corrosion, vulnerable points and recom
mended operation and maintenance practices are given. When writing, 
refer to Bulletin No. 1-44.

Don’t be caught with your holders down!

•  •  •

The footnote on page 952 of the September, 1944, Journal brought to 
the mind of City Engineer W. C. Miller of St. Thomas, Ontario, his, 
boyhood plans for a real fishing spree, which plans were fru stra ted  only 
by his inability to find any “ cocculus indicus.”  Reference to the 
aforementioned footnote will reveal that cocculus indicus, the berry  of 
an E ast Indies plant, is prohibited by law from discharge into Cali
fornia stream s, much to the puzzlement of the State Division of Fish 
and Game.

The California authorities and others may be interested in Mr. 
Miller’s quotation from an old encyclopedia * which he recovered from 
a resting place in the attic. The following is given under the caption,
‘ ‘ The Chinese A rt of Catching F ish ’ ’ :

“ T ake C occulus In d icu s , p u lv erize  an d  m ix  w ith  dough, th en  sc a tte r  i t  b ro ad cast over 
the w a te r  a s y o u  w ould  sow  seed. T he fish w ill seize i t  w ith  g re a t  av id ity , a n d  w ill in 
stan tly  becom e so in to x ic a ted  th a t  th ey  w ill tu r n  belly  u p  on to p  o f th e  w a te r  by  dozens, 
hundreds o r th o u sa n d s  as th e  ease m ay  be. A ll th a t  you  now  have  to  do, is to  have  a  
boat o r  o th e r  convenience to  g a th e r  them  u p , an d  as y ou  g a th e r  them  p u t  them  in  a tu b  
of clean w a ter, a n d  p re se n tly  th ey  w ill be lively  a n d  h ea lth y  as ever.

“ T his m eans o f ta k in g  fish an d  th e  m an n e r  o f do ing  it  h as h e re to fo re  been know n 
only to  b u t few . T he va lue  o f  th is  know ledge ad m its  o f  no question . T his m an n e r o f 
tak ing  fish does n o t in ju re  th e  flesh in  th e  lea s t.”

Now, if we ju s t knew where one could buy some cocculus indicus!

•  •  •

Speaking of California, we are reminded of the introductory re
marks of P residen t Rawn, when introducing Dr. S tew art of Pennsyl-

* ‘‘ An Encyclopedia of P rac tica l In form ation  and Universal F o rm u lary ,”  by Robert 
Bradbury, M.D., published by the Century Book and P ap er Co. of Chicago in 1889.



1 5 0 SEW AGE W ORKS JO U R N A L Ja n u a ry , 1945

vania fo r the la t te r ’s address a t the P ittsburgh  meeting. Commenting 
on conditions in his home state, Mr. Paw n pointed out th a t California 
“ has more rivers and less w ater than any place he had ever seen”  and, 
la ter, th a t “ stream  pollution control in C alifornia was actually a sort of 
dust abatem ent p rog ram .”  All of which is quite in accord w ith what 
we hear about C alifo rn ia’s sunshine.

However, it does ra in  in  Los Angeles on occasion, as proven by the 
accompanying view (Fig. 1) of a manhole on an overtaxed sewer in that 
fa ir  city. The caption provided by Reuben F. Brown, Superintendent

F ig . 1.— Overflowing sewer manhole caused by a “ heavy dew ’ ’ in Los Angeles.

of Sewer M aintenance, even refers to a “ heavy sto rm .”  The surcharge 
was so g rea t th a t the 250-pound cover was raised  9 inches above the 
manhole ring  a t this time.

I t  would seem tha t the slogan, “ when it  rains, it p o u rs”  is apropos!

•  •  •

“ Seems like an investm ent of $250 to $500 in a (sludge) grinder
would be good business,”  commented A. W. Eustance of the New York 
S tate D epartm ent of H ealth  while addressing the New York Association 
a t Syracuse last June  on the subject of “ D ew atered Sludge D isposal.” 
This view was founded on experience a t Geneva, New York, where 
ground sludge was form erly sold fo r $7.00 per ton while the actual 
cost of handling was only $3.87 per ton. W ith  no sludge g rinder now 
on hand, the dried  sludge as removed from  the beds a t Geneva brings 
only 75 cents per ton, which is about equal to the cost of handling.

No doubt about it, be tte r p repara tion  of a ir  dried sludge will in
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crease its usage and the revenue therefrom —particu larly  in plants 
in which the stockpile is overflowing!

•  •  •

A new sub-committee of the Sewage W orks Practice Committee of 
the Federation will undertake a service which has been badly needed 
for a long time. Many operators have deplored the lack of uniform ity 
in units used in reporting  loadings of sewage treatm ent processes and 
other operation and analytical data. The new sub-committee, headed 
by Dr. Willem Kudolfs, who proposed the activity, will undertake to 
develop a standard  schedule of reporting  units in time to have it made 
a part of the new “ G lossary of W ater and Sewage Control E ngi
neering” which is being compiled by a Jo in t Committee representing 
A. S. C. E., A. P. H. A., A. W. W. A. and F. S. W. A.

As a closing tip* it is suggested tha t you send in your 1945 renewal 
dues immediately upon receipt of the first notice from the secretary of 
your Member Association. By doing so, you will avoid in terruption  in 
receipt of the Journal and the possible loss of one or more 1945 issues 
if stocks are exhausted before your dues are paid.

The Journal subscription of all delinquent members will be cut off 
before the March issue is distributed. If  you have not already done so, 
mail a check immediately to the secretary of your association!

•  •  •



E d it o r ia ls

TH E FEDERATION “DEM AND” CURVE

There is always a na tu ra l satisfaction in  the p reparation  of growth 
or development charts when there is advance assurance tha t the data 
will yield a good “ p ic tu re .”  W ith this admission, the accompanying- 
graphical representation  of the increasing in terest in the Federation 
since its inception is made the basis of these comments, although there 
is fu rth e r justification in tha t a m ajor milestone was passed when the 
aggregate membership of the associations com prising the Federation 
reached 3,000 in October, 1944, fo r the first time in history.

AG G R EG ATE G R O V G T H  O f  M E M B E R  A SS O C IA T IO N S  O f  f  S  !W .A

The strik ing sim ilarity  of the graph to our old friend, the bio
chemical oxygen dem and curve, will be noted a t first glance and it  is 
pointed out th a t the meanings of the two are also analogous in that 
the membership chart likewise represents a “ dem and” —a growing 
demand fo r the type of service and sponsorship tha t the Federation 
has to offer. I t  may be of in terest to carry  the analogy fu rth er in 
the in te rp re ta tion  of the varia tions in ra te  of m embership increase.

The “ im mediate dem and”  in 1928-29 constituted the thousand or 
so “ c h a rte r”  members, who appreciated  the need of a publication such 
as S e w a g e  W o r k s  J o u r n a l  as a professional instrum ent. I t  is signifi
cant tha t the nam es of a t least 75 per cent of this group are to be found 
in  the cu rren t roster.
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The “ first stage dem and” seems to have been reached a t the end of 
about five years a t approxim ately the 1,400 level. Then came the 
impetus of federal public works and the boom period of sewage works 
construction which brought a much wider in terest in the Federation 
and its Member Associations. ( I t will be noted tha t the “ second 
stage dem and”  is not being attribu ted  to the nitrogenous m atter 
represented in the huge quantity  of paper used in the adm inistration of 
PWA and W PA !) Reaching a tem porary satu ration  level a t about 
2,850 in 1939-40, the curve shows tha t a mild inhibiting substance (the 
increase in Federation  dues from  $1.50 to $3.00 in 1942) caused a tem
porary sag. The toxic effects of this condition were completely over
come in less than three years, however, and the present trend  of the 
curve predicts the onset of a “ th ird  stage dem and”  which bids fa ir  to 
dwarf its predecessors. I t  is hoped tha t this indicated growth reflects 
the promise offered by the reorganized and expanded Federation and 
the tangible benefits of recent years.

A t this point, pause m ust be taken to acknowledge the outstanding 
work of the officials and membership committees of the Member Asso
ciations in 1944. The net gain of 420 in aggregate Active and Cor
porate membership, the th ird  largest in any year, m ust be credited 
entirely to prom otional activities w ithin the organizations affiliated 
with the Federation. P articu lar commendation is due the association 
secretaries for their enthusiastic support and individual efforts. The 
accomplishments of the various associations in this connection may be 
compared in the tabulation * appearing elsewhere in this issue.

Returning to the “ dem and”  curve, the question arises as to the 
limits of the impending “ th ird  stage.”  I t  would be foolhardy, of 
course, to attem pt to forecast an ultim ate saturation  level but mention 
can be made of several im portant factors which might be expected to 
influence fu tu re growth.

F irst, there is the fact tha t the 27 Member Associations of the 
Federation now encompass only 36 states, leaving 12 states and the 
foreign possessions of the U. S. yet to be developed into new domestic 
Member Associations. Next, since stream  pollution recognizes no 
boundaries, there are potential Member Associations around the globe, 
particularly in those areas in which the w ar has brought a real 
consciousness of the im portance of sanitation. More immediate growth 
is to be expected from  the existing Member A ssociations; the cognizance 
being given sewage works construction in the postw ar era gives as
surance tha t this activity alone will make a “ th ird  s tag e” demand 
a certainty.

There will undoubtedly be several “ stag es”  to the curve as it is 
continued through the years. The challenge of the moment, however, 
is to meet curren t needs and the impending fu tu re “ dem and” as it 
occurs.

W. H. W.
* See ‘ ‘ Federation  A ffairs— R eport of Executive Secretary-Editor. ’ ’
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HERBERT C. W H ITEH EA D  (1884-1944) 

IN MEMORIAM

Among the outstanding members of the San itary  Engineering- 
profession in G reat B rita in  was H erbert Cecil W hitehead, who recently 
died a t B irm ingham  on May 3, 1944. He was born a t Burnley, Lanca
shire, on F eb ruary  1, 1884. H is early  education was in the gram m ar 
school a t B urnley and the M anchester Technical School. H is early 
engineering tra in ing  was as an assis tan t under Mr. J . Corbett, Borough 
Engineer of Salford, and under Mr. J . D. W atson, P a s t President, 
Inst. C. E., on the engineering staff of the Birm ingham , Tame and 
Rea D istric t D rainage Board. In  1907 he was appointed Deputy 
Borough E ngineer to the C orporation of Southend-on-Sea, serving until 
1920, when he re tu rned  to Birm ingham  as Chief A ssistan t Engineer 
to the D rainage Board. In  1924 he succeeded Mr. W atson as Chief 
Engineer, which position he occupied until his death.

Mr. W hitehead was a well-known au thority  on m atters of sewage 
purification and a very active and useful member of the W ater Pollu
tion Research B oard of the B ritish  M inistry of H ealth  and of the Com
mittee of tha t B oard appointed to investigate the effect of the discharge 
of crude sewage into the estuary  of the Mersey, since the ir inception in 
1927 and 1932, respectively.

Recently he had accepted an invitation from  the D epartm ent of 
Scientific and Industria l Research to become Chairm an of the W ater 
Pollution Research B oard in succession to S ir R obert Robertson. He 
was made a C.B.E. in Jan u ary , 1944. Mr. W hitehead was elected an 
Associate Member of The Institu tion  of Civil Engineers on February  
2, 1909, and became a Member on M arch 5, 1929. F rom  November, 
1940, to October, 1943, he served as a Member of the Council. In  1931 
he presented to The In stitu tion  of Civil Engineers, in collaboration 
w ith Mr. F . R. O ’Shaughnessy, F.I.C., a paper entitled, “ The T reatm ent 
of Sewage Sludge by B acterial D igestion,” 1 fo r which a Telford 
premium was aw arded; and in 1941, a paper on “ The Design of Sewage 
Purification W orks.” 2 He was also a Fellow of the Institu tion  of 
Sewage Purification, England, and P residen t of the Institu tion  in 
1939-1940.

In  July , 1910, lie m arried  Florence Annie Butcher, and had three 
sons and one daughter.

Those of us who met him a t B irm ingham  recall a courteous host, 
thoroughly conversant w ith the a r t  of sewage purification and the 
adm inistration  of the B irm ingham  D rainage Board. To his wife and 
children, who survive, we extend h eartfe lt sym pathy in their bereave
ment.

(D a ta  by courtesy of In s titu tio n  o f Civil E ngineers)

L a n g d o n  P e a r s e

1 M in. Proc., In s t. C.E., Vol. 233 (1931-1932, P a r t  I ) ,  p. 38.
2 Journal, In s t. C. E ., Vol. 16 (1940-1941), p. 3 (M arch, 1941).
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NEW ENGLAND SEWAGE WORKS ASSOCIATION
F iftee n th  A n n u a l M eeting  

W o rce s te r , M assach u se tts , S ep tem b er 13, 1944

The New England Sewage W orks Association held its fifteenth 
annual meeting a t the Hotel B ancroft in W orcester, M assachusetts, on 
Wednesday, September 13,1944. Eighty-two members and guests were 
registered a t this meeting. P resident Joseph A. Muldoon presided.

The following papers were presented during the technical session 
together with discussions by the members:

“ Removal and Recovery of Grease from  Sewage by Chlorination,”  
by H arry  A. Faber, Research Chemist, The Chlorine Institu te, New 
York City.

“ Proposed Im provem ents in Sewage Disposal and Treatm ent in 
the Boston M etropolitan D istric t,”  by K arl R. Kennison, Chief 
Engineer, M etropolitan D istrict W ater Supply Commission, Boston, 
Massachusetts.

“ O perating Staffs fo r Sewage Treatm ent P lan ts ,”  by N. S. Holroyd, 
partner, Keis & Holroyd, Consulting Engineers, Troy, New York.

“ A Modified Index fo r Sedim entation Efficiency,”  by Joseph 
Doman, Supervising S an itary  Engineer, Greenwich Public W orks 
Department, Greenwich, Connecticut.

Imm ediately a fte r the luncheon served in the Crystal Room of the 
Hotel B ancroft an address of welcome was given by the Honorable 
William A. Bennett, Mayor of W orcester. The following awards were 
made to operators of sewage treatm ent plants fo r outstanding annual 
operation re p o r ts : first prize and certificate of m erit to John H. Brooks, 
Jr., Superintendent of Sewers, W orcester, M ass.; second prize to 
John R. Szymanski, Superintendent, New B rita in  Sewage Treatm ent 
Plant, New B rita in  Conn.; th ird  prize to Paul V. Fleming, Superin
tendent, N orth Adams Sewage T reatm ent P lant, N orth Adams, Mass.

Following the presentation of these aw ards was a dem onstration 
on the “ Perm utit Seaw ater ‘D esalting’ M ethod,” by W. H. Reed of the 
Perm utit Company, New York City.

The technical session of the afternoon included the following 
p rogram :

Forum  on “ F edera tio n s’ Committee R eport on ‘Qualifications of 
Sewage T reatm ent P lan t O perators,’ ”  conducted by LeRoy W. 
Van Kleeck, chairm an of the committee.

“ P lan t Beautification,”  a discussion opened by W alter Capwell, 
Superintendent, New London, Connecticut, Sewage Treatm ent Plant.
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“ Use of Alum fo r D rying of D igested S ludge,”  a discussion opened 
by W alter Thompson, Superintendent, S tra tfo rd , Connecticut, Sewage 
T reatm ent P lan t.

The following officers were elected fo r 1945:
President—F ran k  L. Flood 
First Vice-President—George H. Craem er 
Second Vice-President—Thomas R. Camp 
Secretary-Treasurer— LeRoy W. V an Kleeck 
Directors—E. Sherm an Chase 

E rn es t G. Fenn, J r .
W alter H. Brown, J r .

L e R oy  W. V a n  K l e e c k , Secretary-Treasurer

NORTH DAKOTA W ATER AND SEWAGE WORKS 
CONFERENCE

S ix teen th  A n n u a l C onven tion  

B ism arck , N o rth  D ak o ta , S ep tem b er 12-13, 1944

The Sixteenth A nnual Convention of the N orth  D akota W ater and 
Sewage W orks Conference was held a t B ism arck on Septem ber 12 and 
13. A pproxim ately 100 delegates were registered.

The highlight of the Convention was a banquet a t which 240 persons 
were present. An address on his recent tour of the B ritish  Isles as a 
guest of the B ritish  M inistry of Inform ation  was given by E a rl Riley, 
M ayor of Portland , Oregon.

A panel discussion on the subject, “ P lanning  fo r W ater and Sewage 
W orks Development and O peration,”  conducted by E. L. Lium, was 
prim arily  designed to apprise m unicipal officials of the problems en
countered by w ater and sewage works men w ith the hope th a t in terest 
in such work would be augmented.

Papers presented w ere :

“ The Effect of Potato  D ehydration W astes on Sewage Treatm ent 
P lan ts ,”  by E. L. Lium, P rofessor of Civil Engineering, U niversity  of 
N orth Dakota.

“ E levated Tank M aintenance and Cleaning,”  by M. L. Lovell, City 
Engineer, Beach, N orth Dakota.

Officers elected fo r the Conference year w ere :
President—F. W. Pinney, F argo  
Vice-President— S. K. Svenkeson, Minot 
Secretary-Treasurer—VL. C. L auster, B ismarck 
Directors—John  Kleven, G rand Forks 

H arley  Quam, Lisbon 
R. J . Lockner, Cooperstown 
W. H. Swanson, St. Paul, Minn.

K. C. L auster, Secretary-Treasurer
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ROCKY MOUNTAIN SEWAGE WORKS ASSOCIATION
B usiness M eeting  

D enver, C olorado, S ep tem b er 20, 1944

A business meeting of the Rocky M ountain Sewage W orks Associa
tion was held a t Denver, Colorado, on September 20, 1944, with P res i
dent P. C. H ill presiding.

Dana E. K epner, director of the Federation  B oard of Control to 
fill the unexpired term  of L. 0 . W illiams, reported  on the B oard of Con
trol meeting held in October, 1943.

The Secretary presented a le tter received from  the Executive- 
Secretary of the F ederation  to the effect tha t the Rocky Mountain 
Sewage W orks Association was eligible to designate one of its members 
to receive the 1944 Kenneth Allen Award. Upon a motion by Carroll 
Coberly and seconded by John F ranks, Dana E w art K epner was named 
to receive the aw ard by virtue of his many years of devoted service 
to the Association.

Upon J . D. W alker’s suggestion it was moved and seconded tha t an 
editorial committee be appointed to handle a questionnaire to be sent to 
the membership concerning their operation and needs. The committee 
selected consisted of Mike Leonard of Wyoming, Ben Howe of Colo
rado, and the man who will be appointed as S tate Engineer in New 
Mexico.

The following officers were elected fo r the ensuing year :

President—Dana E. K epner 
Vice-President—Mike Leonard 
S  ecretary-T reasurer—Carroll Cobei’ly

C a r r o l l  C o b e r l y , S  ecretary-T reasurer

MEMBER ASSOCIATION MEETINGS

A sso c ia tio n  
New York State Sewage Works Association

Texas Sewage Works Section
New Jersey Sewage Works Association

Montana Sewage Works Association 
New England Sewage Works Association

Pacific Northwest Sewage Works Association

P lace  
Hotel Pennsylvania, 

New York City, N. Y. 
College Station, Texas 

Stacy-Trent Hotel, 
Trenton, N. J. 

Lewistown, Montana 
Hotel Statler, 
Boston, Mass. 

Gearhart, Oregon

D ate  
January 19

February 5-7 
March 22-23

April 
May 2

May 17
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M IN U T E S  O F  M E E T IN G  O F  1944 B O A R D  O F  C O N T R O L

Hotel William Penn, Pittsburgh, Pa., October 11, 1944

The Annual Meeting of the 1944 Board of Control of the Federation of Sewage 
Works Associations was called to order by Vice President Albert E. Berry in the unavoid
able absence of President A. M. Rawn, in the Forum Room of the Hotel William Penn at 
Pittsburgh, Pa., at 1 :10 P.M., October 11, 1944.

Roll call was as follows, a quorum being represented:

P r e s e n t  in  P erso n

A ffilia te  or Office R epresen ted)
Vice P resid en t.............................................
Past P resid en t.............................................
California Sewage Works Assn...................
Federal Sewage Research Assn.................
Georgia W ater and Sewage Assn...............
Maryland-Delaware W. and S. Assn.........
Missouri Water and Sewerage Conf.........
New England Sewage Works Assn...........
New Jersey Sewage Works Assn. - ........
Ohio Sewage Works Conf.........................
Pennsylvania Sewage Works Assn.............
Canadian Inst, on Sewage and Sanitation
Director-at-Large ......................................
Direetor-at-Large ......................................
Water and Sewage Works Mfgrs. Assn.
W ater and Sewage Works Mfgrs. Assn.
W ater and Sewage Works Mfgrs. Assn.
Publications Committee ............................
Sewage Works Practice Committee........

P r e s e n t  in  P erso n , A ctin g  by  P roxy

A ffilia te  or Office R e p re se n te d  R e p re se n te d  by
T reasu rer  W. H. Wisely (for W. W. DeBerard)
Central States Sewage Works Assn  G. J. Sehroepfer (for B. A. Poole)
Dakota Water and Sewage Wks. Conf  A. L. Bavone (for K. C. Lauster)
j,owa Wastes Disposal Assn.....................................  T. R. Lovell (for A. L. Wieters)
New York State Sewage Works Assn  A. S. Bedell (for C. G. Andersen)
Texas Sewage Works S ection   C. A. Emerson (for W. S. Mahlie)
Director-at-Large   H. S. Hutton (for W. J. Orchard)

By motion, seconded and carried, the minutes of the Board of Control meetings held 
at Chicago on October 20 and 23, 1943, were approved as published in S ew ag e  W orks 
J o u rn a l , 16, 184.

I t was moved that henceforth the Executive Secretary furnish each member of the 
Board a complete page proof of the minutes of all Board of Control meetings as soon as 
such proofs become available. Seconded and carried.
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R ep resen ted  by 
A. E. Berry 
G. J. Sehroepfer 
Wm. A. Allen 
J. K. Hoskins 
V. P. Enloe 
A. L. Genter 
W. Q. Kehr 
J. H. Brooks, Jr.
E. P. Molitor 
C. D. McGuire
F. S. Friel 
Stanley Shupe 
A. H. Niles
C. A. Emerson 
K. M. Mann 
L. H. Enslow 
W. B. Marshall 
F. W. Gilcreas 
Morris M. Cohn
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The Executive Secretary-Editor presented his report * for the year ended September 
30, 1944. Particular attention was directed to the progress made in Federation activities, 
membership, sale of advertising and financial position. The report was accepted by mo
tion, seconded and carried.

The report of the Treasurer was read by the Executive Secretary in the absence of 
Mr. DeBerard. The report stated that the unencumbered total balance in all banks as of 
September 30 was $19,121.31, distributed as follows:

Balance at
Bank September 30

First National (Champaign) .......................... $6,025.32
Less checks not cleared ............................ 746.94 $ 5,278.38

Busey’s State (Urbana) ...................................................... .6,091.29
Continental-Illinois (Chicago) .......................................... 7,751.64

Total Balance in B an k s ........................................ $19,121.31

It was pointed out that these balances were in agreement with those indicated in the 
financial report of the Executive Secretary and with the statements provided by the vari
ous banks. With reference to the $7,000 in Series “G” TJ. S. Government bonds held by 
the Federation, the report stated that these bonds are now kept in a safe deposit box in 
the First National Bank of Champaign, which box is held in the name of the Federation 
with keys in the possession of the Treasurer and of the Executive Secretary. By mo
tion, regularly seconded and carried, the report was accepted subject to the annual audit.

The report of the Executive Committee, offering the following three recommendations, 
was presented:

(1) The Convention Meeting Place Committee unanimously recommended that the 
1945 Annual Meeting be held at Toronto, Ontario, Canada. This Committee urges 
approval by the Board of Control of that recommendation.
(2) The following budget for the fiscal year 1945 has been prepared by the Financial 
Advisory Committee and adoption by the Board of Control is recommended.

R ec e ip ts  1945 B u g e t
Member Dues

Active .................................................................................  $ 8,400
Corporate ......................................................................... 125
Associate ...........................................................................  1,300

Nonmember Subscriptions ...................................................  1,900
Advertising (Net) .................................................................  12,000
Sale Misc. Publications (Net) ...............................................  400
W. & S. Wks. Mfgrs. Contribution.......................................  5,000
Miscellaneous Income .............................................................  500

$29,625
E xp e n se s

J o urn a l  Printing and M ailing.............................................  $12,000
Executive Secretary—Salary ...............................................  6,500

Office Salaries ................................................................ 5,000
Office Rent .......................................................................  720
Office Expense.................................................................... 1,400
Travel Expense ...............................................................  1,000
Editorial Expense ...........................................................  900

Administration Expense .......................................................  300
Committee E xpense.....................................................  1,000
Convention Expense ...............................................................  400
Contingencies ...........................................................................  405

* Published in entirety elsswhere in this issue.
$29,625
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(3) Subject to approval by the Finance Advisory Committee, it is recommended 
that an additional $8,000 of Federation funds now held in banks be invested in 
2 1 /2 %, Series “G,” U. S. Government bonds.

By motion, regularly seconded and carried the above recommendations were accepted and 
favorable action urged by the 1945 Board.

Chairman Schroepfer presented the report of the General Policy Committee, which 
report contained recommendations concerning additional recognition by the Federation 
of the need for expanded programs in the design, maintenance and control of sewage 
collection systems and in the field of industrial waste treatment. The report was received 
and recommended for favorable action by the 1945 Board, by motion, seconded and 
carried.

The report of the Publications Committee was presented by Chairman Gilcreas. Ac
tivities of the Committee in developing the program of the Pittsburgh meeting, collabo
ration with other committees engaged in the production of publications and co-operation 
with the Editor in matters pertaining to the J o urn a l , were described. The report in
cluded the recommendation:

“The Publications Committee recommends that the Executive Seeretary-Editor of 
the Federation be authorized to make any changes in the cover stock of the J o urnal, 
consistent with maintaining the standard o f  appearance of the J o u rn a l , that he 
may deem desirable from the point of view of more complete usage of the cover for 
advertising space.”

By motion, regularly seconded and carried, the report was approved, with thanks to the 
Committee.

The report of the Organization Committee was next presented as follows:

“The activities of this Committee have been quite limited, and the report is corre
spondingly brief. During the year the amended constitution and by-laws of the 
Texas Sewage Works Section were submitted for review and were recommended 
to the Board of Control for acceptance.

“The Articles of Association of the Institute of Sewage Purification were sub
mitted through Mr. W. F. Freeborn, 34 Cardinal’s Walk, Hampton-on-Thames, Mid
dlesex, England. The constitution of the organization is now undergoing change 
and pending such change, it is believed that the present Articles of Association may 
be regarded as a basis for an official tie between the Institute of Sewage Purification 
and this Federation. The Organization Committee recommends that suitable Board 
of Control action be taken to recognize and extend to the members of the Institute 
the privileges of membership in the Federation.

“The Ohio Conference on Sewage Treatment has revised Articles I I I  and IV of its 
constitution to provide for corporate membership. The approval of this change has 
been recommended by the Organization Committee.

“The Committee again recommends to the Board of Control that the National emer
gency be recognized as sufficient reason for a further delay on the part of certain 
member organizations in submitting their constitution and by-law changes and that 
suitable action be taken by the Board of Control to continue the affiliation of the 
following associations which have not as yet submitted constitution and by-law 
changes, as nominal members of the Federation for the ensuing year:

“In the cases of the Pacific Northwest Association, the Missouri Conference, and the 
Pennsylvania Association, certain recommendations were made by the Committee 
during the year 1942-43 upon which no action has as yet been recorded.”

Arizona
Georgia
Iowa
Maryland-Delaware

Oklahoma 
Pacific Northwest 
Pennsylvania
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By motion, regularly seconded and carried, the report was approved.
The constitution and by-laws of the Georgia Water and Sewage Association, as 

amended in September, 1944, was presented for approval by the Board. The instrument 
was approved subject to the review of the Organization Committee, by motion, seconded 
and carried.

I t was moved that the Organization Committee continue and intensify its efforts to 
strengthen the sewage works representation in those Member Associations serving the 
water and sewage works fields jointly. Seconded and carried.

Chairman Cohn presented the report * of the Sewage Works Practice Committee, 
summarizing the progress made in judicial matters referred to the Committee and the 
status of the several manuals of practice now in preparation. The report was accepted 
with commendation to the Committee, by motion, seconded and carried.

The report * of the Research Committee, next presented, reviewed the trends in re
search under wartime conditions and included substantiating statistics. By motion, sec
onded and carried, the report was accepted with commendation to the Committee.

The report of the Committee on Standard Methods of Sewage Analysis was presented 
as follows:

“There is little report on the work of the Committee on Standard Methods since 
its immediate responsibility was fulfilled early this year when the complete material 
on sewage analyses for the Ninth Edition was turned over to Chairman John P. 
Norton.

“Owing to the lack of adequate personnel in the offices engaged in the publication 
of the Ninth Edition, it appears that publication may be delayed to such an extent 
that certain currently proposed methods may require further revision. In  view of 
these delays, the writer has suggested to Dr. Norton that the new material in the sec
tion on water analyses as proposed for the Ninth Edition be published in the near 
future in the journal of the A.W.W.A. and that the new material on sewage analyses 
be published in S ew age  W orks  J ourn a l . Doctor Norton has indicated that this 
procedure might be an acceptable solution to the problem and proposes to take it up 
with officials of A.W.W.A. and A.P.H.A. in a conference which is to be held late in 
September.

“It is recommended that the Board of Control give approval at this time to the 
publication of the section on sewage methods in S ew age W orks J ournal in ease it 
is decided by the Joint Committee that this procedure offers the best means of making 
the latest revisions in methods available to the field at the earliest time.”

By motion, seconded and carried, the report was approved and it was ordered that, in the 
event that the Ninth Edition of Standard Methods of Water and Sewage Analysis is 
likely to be delayed for as long as one year, the revised sewage methods as prepared by 
the Committee be published in an early issue of the J ournal , subject to the decision of 
the Publications Committee that the material is in general accord with the editorial policy 
of the J o u rn a l .

Mr. Cohn called attention to the constitutional requirement that any publication 
which undertakes to present technical standards in the name of the Federation must 
clear through the Sewage Works Practice Committee. I t  was moved, seconded and car
ried that the revised methods of sewage analyses, as proposed to be published, be referred 
to the Sewage Works Practice Committee for a report to the 1945 Board on October 14.

Next to be presented was the report * of the Committee on Sewage Works Nomen
clature which reviewed the past work of A.S.C.E. and A.P.H.A. in publishing definitions 
of terms used in the sewage works field and described the development of the Joint 
Committee, comprising representatives of A.S.C.E., A.P.H.A., A.W.W.A. and the Fed
eration, which is currently engaged in producing a glossary of water control engineering. 
The glossary is now in the course of editing and is expected to be ready for publication 
in 1945. During the discussion on the report, the Executive Secretary presented the

*  Published in entirety elsewhere in this issue.
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result of the letter ballot of the Board -which was taken in July on the question of Fed
eration participation in production of the glossary and immediate appropriation of $300 
as the Federation’s pro-rata contribution toward the cost of editing. Final tabulation 
of the ballots was: 31 in favor, 1 ballot not marked, and 8 ballots not voted, of the total 
of 40 ballots distributed. By motion, seconded and carried, the report was accepted as 
a statement of progress.

The Committee on Operation Reports presented a report containing recommendations 
for the establishment of an annual award for the outstanding sewage works operation 
report of each year, with each Member Association to be eligible to furnish one entry 
annually for judgment by the Committee. The report was received with a recommenda
tion for favorable action by the 1945 Board, by motion, seconded and carried.

The report of the Committee on Publicity and Public Relations, listing several pos
sible activities for the improvement of public relations and of the welfare of workers in 
the sewage works field, was presented. By motion, seconded and carried, the report was 
accepted and the suggestions referred to the Executive Secretary for attention, the Com
mittee to be discharged with thanks for its past service.

No new report was presented by the Committee on Operator’s Qualifications, the 
1943 report (see T h is  J o u rn a l , 15, 1235) having been ordered presented to the member
ship for open discussion in the program of the 1944 Annual Meeting. The Execu
tive Secretary advised that arrangement had been made for such discussion on October 
14, 1944.

The report * of the W ar Services Committee, describing the present status of priori
ties, manpower, and civilian defense functions as they affect the sewage works field, was 
next presented. A plan for the joint action of nine national utility organizations in 
disaster emergencies, as proposed by the Technical Board of O.C.D. prior to its disso
lution, was reviewed and reference made to the usage of civilian defense facilities on 
Long Island during the recent hurricane. The report closed with the recommendation:

“Since most of its activities as a W ar Service Committee are being better performed 
through other channels, that its services be terminated -with this report. If  this doe« 
not seem feasible to the Board, it is recommended that the Committee should he 
dissolved with the elimination of either Germany or Japan from active hostilities.”

By motion, seconded and carried, the report was accepted and the Committee discharged 
in accordance with its request.

The Executive Secretary read the results of the letter ballot of the Board in August 
on the report of the Committee on Honorary Membership. This report contained a 
unanimous nomination of Floyd William Mohlman to the grade of Honorary Member 
in accordance with a resolution* submitted by the Central States Sewage Works Asso
ciation. The Executive Secretary was directed to east a unanimous ballot for Dr. Mohl- 
man’s election to the grade of Honorary Member, by motion, seconded and carried.

The report * of the Committee on Awards was presented, the following recipients 
being recommended for recognition in 1944:

A w a rd  R e c ip ie n t
Harrison Prescott Eddy ........................................ John Raymond Snell
George Bradley Gascoigne .................................. .. James T. Lynch, Uhl T. Mann
Charles Alvin Emerson ..........................................  Willem Rudolfs
Kenneth Allen:

Canadian Inst, on Sewage and San..............Albert Edward Berry
Georgia W ater and Sewage Assn..................Van Porter Enloe
Maryland-Delaware W. and S. A.................  Albert Legrand Genter
New England Sewage Works Assn.................F. Wellington Gilcreas
New York State Sewage Wks. Assn.............  Charles A. Holmquist
Rocky Mountain S.W.A..................................  Dana Ewart Kepner
California Sewage Works Assn.....................  Leon Benedict Reynolds
Dakota W ater and Sewerage Conf...............  Wilson Waldo Towne

*  Published in entirety elsewhere in this issue.
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By motion, seconded and carried, the report was accepted and the awards approved as 
recommended.

A motion was made that future Awards Committees be instructed to have their re
ports in the hands of the Executive Secretary by August 1 of each year, for presentation 
to the Board of Control by letter ballot prior to the Annual Meeting. Seconded and 
carried.

The report of the Committee on Water and Sewage Works Development was presented 
by C. A. Emerson, Federation representative on this Joint Committee. The report sum
marized the accomplishments of the Committee in the past year and presented policies to 
govern future operations. I t  was moved, seconded and carried that the report be ap
proved with the exception of the second paragraph on page 13, which dealt with policy 
on Federal financial aid in public works, and that the Committee be continued through 
1945.

For the guidance of Federation representatives in the Joint Committee on Water and 
Sewage Works Development, it was moved that it is the sense of this Board that the 
Federation is in favor of Federal loans and grants toward the construction of sewage 
works only when it has been determined that the municipality is unable to finance such 
necessary works. Motion seconded and carried.

The Executive Secretary presented an application for admission into the Federation 
of the Montana Sewage Works Association, stating that the constitution and by-laws of 
the applicant had been approved by the Organization Committee. The application was 
approved and the Montana Sewage Works Association admitted as the 27th Member 
Association of the Federation, by motion, seconded and carried.

The Executive Secretary presented applications for admission into the Federation as 
Associate Members of the following corporations:

Mine Safety Appliances Company 
Hersey Manufacturing Company 
Ampco Metal, Incorporated 
Fairbanks, Morse and Company 
ITardinge Company, Incorporated 
James A. Munroe and Sons

The applications were approved by motion, seconded and carried.
The Executive Secretary requested a statement of policy from the Board regarding 

the extent of Federation participation in legislative matters, several proposed measures 
of interest to the sewage works field having been referred to his office during the past year. 
It was pointed out that the Charter under which the Federation is incorporated contains 
the following statement:

“The Federation shall be organized and operated exclusively for the scientific and
educational purposes herein stated and . . .  no part of its activities shall be devoted
to carrying on propaganda or otherwise attempting to influence legislation.”

It was moved, seconded and carried that it is the sense of this Board that the Federation 
express its views on legislative matters which affect the Federation and are not in conflict 
with the Charter.

By motion, seconded and carried, the Rowan Bill (H.R. 3610), introduced November 
4,1943, was referred to the Executive Committee.

T he Executive Secretary was instructed to provide each member of the Board with a 
copy of the agenda at all future meetings.

Vice President Berry issued a call for a meeting of all Directors representing Mem
b er Associations to sit as an Election Committee in a session immediately following ad
jo u rn m e n t of this meeting.

T he meeting adjourned sine die at 5 :20 P.M.
W. H. W is e l y , Executive Secretary

Approved:
A. E. B e r r y ,  Presiding
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M IN U TES OF M EETING OF ELECTIO N COM M ITTEE  

Hotel William Penn, Pittsburgh, Pa., October 11, 1944

The called meeting of the 1944 Election Committee of the Federation of Sewage 
Works Associations was brought to order at 5:25 P.M., October 11, 1944, in the Forum 
Room of the Hotel William Penn at Pittsburgh, Pa. Vice President A. E. Berry pre
sided in the unavoidable absence of President A. M. Rawn.

Roll call of Directors representing Member Associations was as follows:

P r e s e n t  i n  P e r s o n

Member Association Represented Director
California Sewage Works Assn.....................................  Wm. A. Allen
Federal Sewage Research Assn.....................................  J . K. Hoskins
Georgia W ater and Sewage Assn.................................  V. P. Enloe
Maryland-Delaware W. and S. Assn...........................  A. L. Gen ter
Missouri W ater and Sewerage Conf...........................  W. Q. Kehr
New England Sewage Works Assn.............................  J . H. Brooks, Jr.
New Jersey Sewage Works Assn.................................  E. P. Molitor
Ohio Sewage Works Conf.............................................  C. D. McGuire
Pennsylvania Sewage Works Assn.............................. F. S. Friel
Canadian Inst, on Sewage and S an ita tion ................  Stanley Shupe

P r e s e n t  i n  P e r s o n , A c t i n g  b x  P r o x y

Member Association Represented 
Dakota Water and Sewage Works C onf...
Iowa Wastes Disposal Assn.......................
New York State Sewage Works Assn. . .. 
Rocky Mountain Sewage Works Assn. .. . 
Texas Sewage Works Section ..................

Represented by 
A. L. Bavone (for K. C. Lauster)
T. R. Lovell (for A. L. Wieters)
A. S. Bedell (for C. G. Andersen)
G. J. Schroepfer (for D. E. Kepner)
C. A. Emerson (for W. S. Mahlie)

The above representation constituted a quorum.
In  response to a call for nominations to the office of President for the year 1944-45,

E. A. Berry (Canadian Institute) was duly nominated and a motion to close the nomina
tions was seconded and carried. The election of Dr. Berry to the office of President was 
confirmed by viva voce vote and so declared.

Mr. J. K. Hoskins (Federal) was nominated to the office of Vice President for the 
year 1944-45 upon call for nominations to that office. There were no further nomina
tions and a motion was made, seconded and carried, that the nominations be closed. The 
election of Mr. Hoskins as Vice President was confirmed by viva voce vote and so declared.

A request for nominations to the office of Treasurer for the year 1944-4 5 brought a 
renomination of Mr. W. W. DeBerard (Central States). No other names were offered 
and a motion to close the nominations was regularly seconded and carried. By viva voce 
vote, the election of Mr. DeBerard was confirmed and so declared.

Nominations for the office of Director-at-Large for a three-year term ending in Oc
tober, 1947, were then in order. Dr. F. W. Mohlman (Honorary, Central States) was 
nominated and a motion made, seconded and carried that the nominations be closed. The 
election of Dr. Mohlman was confirmed by viva voce vote and so declared.

The meeting of the Committee was adjourned sine die at 5 :45 P.M.
Approved: A. E. B e r r y , Presiding
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M INU TES OF M EETING OF 1945 BOARD OF CONTROL  

Hotel William Penn, Pittsburgh, Pa., October 14, 1944

The organization meeting of the 1945 Board of Control of the Federation of Sewage 
Works Associations was called to order at 1:15 P.M., October 14, 1944, in the Adonis 
Room of the Hotel William Penn, Pittsburgh, Pa. The meeting was called to order by 
President A. M. Rawn.

Roll call was as follows, a quorum being represented:

P r e s e n t  i n  P e r s o n

Affiliate or Office Represented Represented by
President .......................................................................  A. M. Rawn
President-elect ............................................................... A. E. Berry
Vice President-elect .....................................................  J. K. Hoskins
Central States Sewage Works Assn..........................  Maj. B. A. Poole
Florida Sewage Works Assn........................................  F. A. Eidsness
Federal Sewage Research Assn..................................... M. LeBosquet, Jr.
Maryland-Delaware W. and S. Assn........................... A. L. Genter
Missouri Water and Sewerage Conf........................... W. Q. Kehr
New England Sewage Works Assn............................. J. H. Brooks, Jr.
New York State Sewage Works Assn.  .................... C. G. Andersen
Ohio Sewage Works Conference................................ C. D. McGuire
Pacific Northwest Sewage Works Assn.....................  M. S. Campbell
Pennsylvania Sewage Works Assn.............................  F. S. Friel
Rocky Mountain Sewage Wks. Assn.........................  D. E. Kepner
Canadian Institute on Sewage and S an ita tion   Stanley Shupe
Director-at-Large .........................................................  F. W. Mohlman
Director-at-Large .........................................................  C. A. Emerson
Director-at-Large .........................................................  W. J. Orchard
Water and Sewage Works Mfgrs. Assn......................  F. W. Lovett
Water and Sewage Works Mfgrs. Assn......................  W. B. Marshall
W ater and Sewage Works Mfgrs. Assn......................  L. H. Enslow
Publications Committee...............................................  F. W. Gilcreas
Sewage Works Practice Committee...........................  Morris M. Cohn
Research Committee.....................................................  Willem Rudolfs

P r e s e n t  i n  P e r s o n , A c t in g  b y  P r o x y

Affiliate or Office Represented 
Arizona Sewage and Waterworks Assn.
California Sewage Works Assn............
Dakota W ater and Sewage Works Conf 
Georgia Water and Sewage Assn. .
Iowa Wastes Disposal Assn.............
Michigan Sewage Works Assn.........
New Jersey Sewage Works Assn. . 
Oklahoma W ater and Sewage Conf. 
Texas Sewage Works S ection ........

Represented by 
W. D. Hatfield (for P. J. Martin) 
W. A. Allen (for C. C. Kennedy) 
A. L. Bavone (for K. C. Lauster) 
V. P. Enloe (for new Director)
T. R. Lovell (for J. W. Pray)
M. P. Adams (for W. F. Shepherd) 
L. J. Fontinelli (for E. P. Molitor) 
A. S. Bedell (for F. S. Taylor)
E. J. M. Berg (for W. S. Mahlie)

The Executive Secretary presented the report of the Election Committee, which re
port listed the following officers to have been elected for the terms indicated: A. E. Berry, 
President; J . K. Hoskins, Vice President; W. W. DeBerard, Treasurer (all to serve until 
October, 1945); F. W. Mohlman, Director-at-Large (to serve until October, 1947).

In  relinquishing the chair to President-elect Berry, Mr. Rawn expressed gratification 
at the progress made by the Federation in the past year and graciously acknowledged the



1 6 6 SEW AGE W ORKS JO U R N A L Ja n u a ry , 1943

assistance and co-operation extended him by all officers, committee chairmen and mem
bers of the Board.

In assuming the chair, President Berry bespoke his appreciation for the honor be
stowed upon him by the Federation and gave assurance that his best efforts, energy and 
enthusiasm would be devoted toward the duties of his office. Continuing, President 
Berry said, “I would be remiss in my duty if I  did not express to the retiring President, 
Mr. A. M. Rawn, the sincere appreciation of the Board, and the members of the Federa
tion, for the high and effective manner in which he has carried on the duties of President 
during the past year. He has brought prestige and honor to the position, and has made 
a most valuable contribution during his term of office. As an expression of our apprecia
tion I  suggest that this Board stand and pay tribute to the retiring President.” (Ap
plause.)

There having been no opportunity to prepare formal minutes of the meeting of the 
1944 Board held on October 11, the Executive Secretary reviewed the various actions 
taken, by reference to his notes.

The Executive Secretary presented a preliminary report for the Convention Manage- - 
ment Committee on the registration and finances of the Annual Meeting just terminated. 
Total registration was 524, including 489 men and 35 ladies. Receipts from registration 
and sale of tickets totalled about $3,900 with expenses aggregating approximately $3,850, 
leaving an apparent surplus of about $50. By motion, seconded and carried, the Execu
tive Secretary was directed to send an individual expression of appreciation in behalf of 
the Board to all members of the committees which functioned in connection with the Pitts
burgh meeting, and to the management of the Hotel William Penn, for their respective 
contributions to the success of the 1944 Annual Meeting.

Chairman Orchard presented a verbal report for the Finance Advisory Committee. 
Approval of the audit made as of December 31, 1943, was given with commendation to 
the auditors. Reference was made to the increasing net worth of the Federation and to 
the cash surplus now held in banks. The following recommendations were offered for indi
vidual action by the Board:

1. I t  was moved that the Finance Advisory Committee, with the approval of the 
President, be authorized to invest a suitable portion of the cash on hand in legal se
curities of the U. S. or Canada. Motion duly seconded and carried.

2. I t  was moved that the 1945 budget, as presented by the Executive Committee and 
approved by the 1944 Board, be adopted. Motion duly seconded and carried. •

3. I t  was moved that the Finance Advisory Committee and Secretary be authorized 
to determine the amount of the prizes to be offered for a membership contest in 1945 
and to determine the source of such funds from the budgeted appropriations. Mo
tion duly seconded and carried.

The report of the Operation Reports Committee, received by the 1944 Board and 
recommended to this Board for favorable action, was taken up for consideration. I t  was 
moved, seconded and carried that the report be accepted as a statement of progress and 
that the Committee be continued. I t  was the sense of the Board that a complete report 
providing for the mechanics of an Operation Report Award be submitted for action at 
the 1945 meeting of the Board.

Chairman Cohn reported for the Sewage Works Practice Committee, presenting the 
results of a poll of the Committee on the revised standard methods of sewage analysis as 
proposed to be published in the J o u r n a l , which action had been requested by the 1944 
Board for report at this time. Of eleven members of the Committee, seven members 
voted in favor of publication of the material and four members did not vote. Mr. Cohn 
interpreted this vote as approval of the revised standard methods by his Committee and 
moved for confirmation by the Board. Motion seconded and carried.

President Berry presented a tentative schedule of 1945 committee appointments 
which had been prepared for the guidance of the Board. First to be taken up were the 
constitutional committee appointments. In the discussion, it was pointed out that Dr. 
Rudolfs desired to be relieved temporarily of his duties as Chairman of the Research
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Committee and the following appointments were approved, by motion, seconded and 
carried:

Executive Committee
A. E. Berry,* Chairman (Canadian Inst.)
W. B. Marshall (Mfgrs. Assn.)
F. S. Friel * (Pennsylvania)
Dana E. Kepner * (Rocky Mountain)
C. A. Emerson * (Director-at-Large)

General Policy Committee (Latest living Past President as Chairman, three Directors, 
three Members-at-Large, three of total to be operators. Three-year terms)

A. M. Rawn,® Chairman (Past President, Operator)
S. R. Probasco, 1945 (New Jersey, Operator), Member-at-Large 
J. H. Brooks, Jr., 1946 (New England, Operator), Director 
A. S. Bedell, 1946 (New York), Member-at-Large 
M. S. Campbell,* 1947 (Pacific Northwest), Director 
M. LeBosquet, Jr.,* 1947 (Federal), Director
D. E. Bloodgood,* 1947 (Central States), Member-at-Largs

Publications Committee (Editor and at least four Members-at-Large)
F. W. Gilcreas, Chairman (New England)
W. H. Wisely (Editor)
F. W. Mohlman (Advisory Editor)
Rolf Eliassen (New York)
Carl Green (Pacific Northwest)
F. M. Yeatch, Jr. (Kansas)
C. C. Larson (Central States)

Organization Committee (Three Members-at-Large)
Earnest Boyce, Chairman (Kansas)
C. R. Compton (California)
R. H. Suttie (New England)

Sewage’Works Practice Committee (Editor and at least four Members-at-Large)
Morris M. Cohn, Chairman (New York)
W. H. Wisely (Editor)
F. W. Mohlman (Advisory Editor)
C. E. Keefer (Maryland-Delaware)
J. H. Brooks, Jr. (New England)
G. P. Edwards (New York)
H. F. Gray (California)
J. J . Wirts (Ohio)
J. R. Downes (New Jersey)
A H . Niles (Ohio)
Langdon Pearse (Central States)
L. W. Van Kleeck (New England)
F. W. Gilcreas (New England)

Research Committee (At least four Members-at-Large appointed by Chairman, President 
concurring)

H. Heukelekian,* Chairman

The following discussion and minor revisions to the tentative special committee 
schedules the following appoints were approved for 1945, by motion, seconded and car
ried:

* New member of committee,



1 6 8 SEW A G E W ORKS JO U R N A L Ja n u a ry , 1945

J o i n t  C o m m i t t e e s  o f  S o m e  Y e a r s  S t a n d in g  

Committee on Standard Methods of Sewage Analysis 
W. D. Hatfield, Chairman (Central States)
6 . E. Symons (New York)
S. E. Coburn (New England)
G. P. Edwards (New York)
E. W. Moore (New England)
D. E. Bloodgood (Central States)
F. W. Gilcreas (New England)
E. F. Hurwitz (Central States)
Keeno Fraschino (California)
W. S. Mahlie (Texas)
M. S tarr Nichols (Central States)
Richard Pomeroy (California)
C. C. Ruchhoft (Federal)
Willem Rudolfs (New Jersey)
H. W. Gehm * (New Jersey)
H. Heukelekian * (New Jersey)

Committee on Sewage Works Nomenclature (Three members serving with similar com
mittees of A.S.C.E. and A.P.H.A.)

C. J. Velz, Chairman (New York)
C. A. Emerson * (Honorary)
C. E. Keefer (Maryland-Delaware)

Committee on Water and Sewage Works Development 
C. A. Emerson, Chairman (Honorary)
G. J. Schroepfer (Central States)

S p e c i a l  C o n v e n t i o n  C o m m i t t e e s

Convention Meeting Place Committee (President, Vice President, Past President and 
Secretary of Federation; President, chairman of Sewage Works Div. and Seere- 
tary-Manager of W. and S. Works Mfgrs. Assn.)

A. E. Berry, Chairman (President F.S.W.A.)
J. K. Hoskins * (Vice President F.S.W.A.)
A. M. Rawn (Past President F.S.W.A.)
W. H. Wisely (Secretary F.S.W.A.)
E. M. Jones * (President Mfgrs. Assn.)
L. H. Enslow * (Chairman, Mfgrs. Sewage Works Division)
A. T. Clark (Secretary-Manager Mfgrs. Assn.)

Publicity and Attendance Committee 
L. H. Enslow, Chairman
E. J . Cleary 
M. M. Cohn 
Wm. S. Foster 
A. Prescott Folwell 
J. P. Russell 
James A. Daly *

Convention Management Committee (Three F.S.W.A. representatives, two Mfgrs. Assn. 
representatives)

A. E. Berry *, Chairman (President F.S.W.A.)
Stanley Shupe * (Director F.S.W.A.)
W. H. Wisely (Secretary, F.S.W.A.)
W. J. Orchard * (Director, Manufacturer)
A. T. Clark (Secretary-Manager Mfgrs. Assn.)

* New m em ber of committee.
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O t h e r  S p e c ia l  C o m m i t t e e s
Awards Committee

G. P. Edwards, Chairman (New York)
E. S. Chase (New England)
L. F. Warrick (Central States)
G. M. Ridenour* (Michigan)

Operation Reports Committee
H. E. Babbitt, Chairman (Central States)
Wm. A. Allen (California)
W. F. Shepherd (Michigan)

Operator’s Qualifications Committee
L. W. Van Kleeek, Chairman (New England)
Wm. A. Allen* (California)
E. P. Molitor * (New Jersey)

Finance Advisory Committee 
W. J. Orchard, Chairman 
A. M. Rawn (Past President)
A. E. Berry * (President)

Industrial Wastes Committee (To be selected by Chairman, President concurring)
F. W. Mohlman, Chairman (Central States)

Honorary Membership Committee (President and four living Past Presidents, senior Past 
President as Chairman)

C. A. Emerson, Chairman 
A. S. Bedell
G. J. Schroepfer 
A. M. Rawn
A. E. Berry

The action of the 1944 Board in dissolving the War Service Committee was con
firmed by motion, seconded and carried.

By motion, seconded and carried, it was ordered that, in the event of any national 
emergency or disaster, the Executive Committee is empowered to appoint a special 
Emergency Committee to provide such service as may be within its power. It was the 
sense of the Board that the Sewage Works Practice Committee might well give considera
tion to the production of a manual of practice on emergency sanitation service.

The report of the 1944 General Policy Committee, referred to this Board for action, 
was taken up for consideration. The report follows:

“Your General Policy Committee has, in the past year, given consideration to 
various matters in the Federations’ interest. I t  is pleasantly cognizant of the 
present desirable situation of the Federation, both from the standpoint of increased 
service and activity, and from the membership viewpoint. I t  recognizes that the 
revitalization program envisioned and developed several years ago has brought defi
nite results, possibly more real and tangible than the leaders in this movement could 
possibly have hoped for.

“In the interest of providing even greater service to present and prospective 
members of Associations comprising the Federation, your Committee makes the 
following recommendations:

“ (1) That in view of the importance of the sewer system from a financial 
standpoint, and its relation with the operation of sewage treatment plants, a Federa
tion of Sewer System Committees be appointed whose function and duty it shall be 
to promote the closer relationship between this field of sanitary engineering and the

* New member of committee,
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allied activity of sewage treatment plant operation. Their activities shall include 
the direction of a program aimed at the development of this field of activity, from 
the engineering design and operation standpoint, as well as in the interest of men in 
this field, whose activities should be associated with those of the Federation.

“ (2) That because of the effect of industrial wastes in sewage treatment plant 
operation and stream pollution, and the necessity and desirability of a closer associa
tion between industrial representatives in this field and the Federation, the Indus
trial Wastes Committee, the formation of which was authorized by the Board of 
Control in October, 1943, be continued and be made a standing Committee of the 
Federation. In  addition to the investigational and technical phases of its activity, 
this committee shall direct a program, planned to acquaint workers in the industrial 
waste field with the opportunities of service from the Federation.

“ (3) That proper provision for these two phases of activity continue to be made 
in the programs of the Federation and in the S e w a g e  W o r k s  J o u r n a l , and that 
activity in this regard be encouraged in the Member Associations.”

A motion was made and seconded that a Committee on Sewer Systems be appointed in 
accordance with the first recommendation above. When the ensuing discussion brought 
forth the conclusions that considerable attention has been given recently to sewer system 
design, operation and maintenance in the J o u r n a l  and in the program of the Pittsburgh 
meeting, and that the functions of the proposed committee would invade'to some extent 
the rights of the Member Associations, the motion was withdrawn with consent of the 
second. A motion was made, seconded and carried that it was the sense of the meeting 
that “proper provision and emphasis for these two phases of activity (i.e., sewage col
lection system functions and industrial waste treatment) continue to be made in the 
programs of the Federation and in S e w a g e  W o r k s  J o u r n a l , and that these activities 
be encouraged in the Member Associations.”

Dr. Rudolfs called attention to the wide variation and irrelevancy which is now 
prevalent in the reporting of research and operation data and pointed out that the Fed
eration could be of service in bringing about a uniform and standard practice in report
ing such data. I t  was moved, seconded and carried that a Sub-Committee on Presenta
tion of Sewage Works Data be appointed in the Sewage Works Practice Committee to 
fill this need.

Upon recommendation of the Executive Secretary, the following depositories for 
Federation funds were approved by motion, seconded and carried:

Continental Illinois National Bank and Trust Company of Chicago 
Busey’s State Bank of Urbana, Illinois 
F irst National Bank of Champaign, Illinois

I t was moved that the Finance Advisory Committee he empowered to select the audi
tors to conduct the audit of Federation accounts as of December 31, 1944. Motion sec
onded and carried.

The recommendation of the Executive Committee, urged for favorable action by the 
1944 Board, that the 1945 Annual Meeting of the Federation be held in Toronto, Canada, 
was adopted by motion, duly seconded and carried.

The m atter of the dates of the 1945 Annual meeting, with a preference for the 
month of September, was referred to the Convention Management Committee with power 
to act upon approval of the Executive Committee, by motion, seconded and carried. It 
was the sense of the meeting that every effort be made to correlate the time of the Fed
eration meeting with that of the A.P.H.A. meeting, insofar as possible.

The following resolution pertaining to currently considered Federal stream pollution 
control legislation was introduced by Mr. Rawn:

The Barkley-Spence Bill has been brought to the attention of the Board of Control of 
the Federation of Sewage Works Associations for review and endorsement.

(1) The Board endorses the objectives of the Bill; i.e., the elimination of stream 
pollution throughout the United States,
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(2) The Board endorses the principle of co-operation among the states and be
tween the states and Federal Government.

(3) The Board endorses the principle that the states shall have the right to 
pass upon and give final approval of plans of proposed sewage treatment works.

(4) The Board recommends that the Bill as finally presented shall clearly set 
forth these principles.

(5) The Board urges that all individuals and organizations interested in the 
elimination of stream pollution communicate their views to members of the Congress 
to the end that adequate implementing Federal laws may be enacted.

(6) The Board is of the opinion that Federal participation in the cost of con
struction of works designed to carry out the objectives of the Bill is a matter of broad 
public policy to be determined by the Congress at the time the measure is enacted 
into law.

By motion, duly seconded and carried, the resolution was referred to the General Policy 
Committee with a request for a report within 90 days to the Executive Secretary, for his 
transmission to the Board for letter ballot.

It was moved, seconded and carried that the principle of annual membership contests 
be continued, and that suitable rules for such a contest in 1945 be developed by a com
mittee comprising the President, Executive Secretary and a third member to be appointed 
by the President.

Mr. Emerson pointed out that the designation of the 1944 Annual Meeting as the fifth 
to be held by the Federation was incorrect, because annual meetings of the Board of Con
trol have been held each year since the Federation was organized in 1928. Accordingly, 
it was moved, seconded and carried that the 1944 meeting be designated as the Sixteenth 
Annual Meeting of the Federation and future annual meetings be numbered therefrom.

Mr. Emerson referred to the continuing growth and interest in the Quarter Century 
Operator’s Club and suggested that the Federation supply an official certificate of mem
bership to each present and future member of the club. Following further discussion, it 
was moved, seconded and carried that the matter be referred to the General Policy Com
mittee with a request for a report as promptly as feasible, in order that the question may 
be put to the Board for letter ballot at the earliest possible date.

Adjournment to the next annual meeting or upon call of the President was moved, 
seconded and carried at 4 :05 P.M.

W . H. W i s e l y , Executive Secretary
Approved:

A. E. B e e r y , President

REPORT OF EX ECU TIVE SECRETARY-EDITO R  

Year Ended September 30, 1944

All time highs in services to members, general activities, memberships, and several 
revenue classifications denote the continuing growth and strength of the Federation dur
ing the past year. While these accomplishments have been gratifying, some additional 
progress might have been possible were it not for the minor problems which were incident 
to the establishment of the new secretarial headquarters and the transfer of all functions 
to that office in January, 1944.

Since the equipping and opening of the new headquarters office on January 1, the 
Executive Secretary has been on full-time service. The office staff comprises an editorial 
assistant, a bookkeeper and a stenographer-clerk and has proven adequate to meet pres
ent needs. All details of business management and operation, including J o u r n a l  edi
torial and advertising functions, are now performed at the secretarial headquarters.

S e w a g e  W o r k s  J o u r n a l

Assumption of the duty of editing the J o u r n a l  took place with the January, 1944, 
issue. In accordance with the instructions of the Board, there has been strict adherence
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to the original editorial policies and only a few minor changes were made in format and 
makeup. The advice and guidance of Advisory Editor Mohlman were sought on nu
merous occasions and his gracious assistance is gratefully acknowledged.

Pages of paid advertising carried in each of the first five issues of 1944 established 
the highest totals in the history of the J o u r n a l . The following tabulation shows the 
trend in paid advertising for the past three years:

Issue 1942 1943 1944
January 24 20/24 26 11/24 31 8/24
March .......... 29 4/24 31 17/24 33 20/24
M a y .............. 27 3/24 32 5/24 34 4/24
July ............. 28 21/24 31 11/24 34 16/24
September . .. 45 23/24 48 14/24 50 16/24
November . . .. 27 5/24 32 8/24 35 12/24

Totals . . .  183 4/24 202 18/24 220 4/24

Paid circulation of the J o u r n a l  also reached its highest level, totaling 3,516 as of 
September 30, 1944, including 3,067 member and 449 non-member subscriptions. This 
represents an increase of 14 per cent for the year.

C o - o p e r a t i o n  w i t h  M e m b e r  A s s o c i a t i o n s

Wherever possible, the Executive Secretary has assisted and co-operated with Mem
ber Association secretaries in all matters pertaining to administration, operation, and 
development. The Executive Secretary also attended and participated in the programs 
of the following Member Association meetings during the year:

Association Date and Place of Meeting
New York S.S.W.A..............................  New York City, Jan. 21, 1944
Texas Sewage Works S ec tio n   College Station, Feb. 1, 1944
New Jersey S.W.A...............................  Trenton, March 23-24, 1944
Michigan S.W.A...................................  E. Lansing, April 5-6, 1944
New England S.W.A...........................  Springfield, Mass., May 17, 1944
Central States S.W.A...........................  Oshkosh, Wis., June 22-24, 1944
Iowa Wastes Disp. Assn.....................  Ames, September 15, 1944

Other meetings at which the Federation was represented by the Executive Secretary were 
the Illinois Sewage Works Short Course at Urbana on March 27-31; Indiana Sewage 
Works Operation Association at Anderson on July 19; and a postwar planning conference 
sponsored by the Illinois Sanitary Water Board at Springfield on August 22.

Some effort was expended toward the development of new Member Associations and 
it is anticipated that a new Federation affiliate will be created in Montana in the near 
future. Preliminary interest has also been developed in Louisiana and Kentucky-Ten- 
nessee along these lines.

C o m m i t t e e  F u n c t i o n s

In  spite of wartime conditions, a great deal of progress was made in various com
mittee activities. The Research, Standard Methods, Awards, Publications, and Operators’ 
Qualifications Committees were well established at the beginning of the year and accom
plished their functions effectively. The Sewage Works Practice Committee completed 
Manual of Practice Number 1 on “Occupational Hazards in the Operation of Sewage 
Systems” and this manual is expected to be distributed to the membership before the end 
of this year. Manual of Practice Number 2 on “Sewage Sludge as Fertilizer” is in a late 
stage of preparation and is expected to be available for distribution in 1945. The Com
mittee on Operation Reports completed basic recommendations for the establishment of an 
operation reports award.
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The Federation is continuing to participate in the Joint Committee 0 1 1  Water and 
Sewage Works Development. Another Joint Committee activity with A.S.C.E., A.P.H.A., 
and A.W.W.A. was initiated for the purpose of developing a “Glossary of Water and 
Sewage Control Engineering.”

The Executive Secretary continued his usual participation in the various Convention 
Management committees in regard to preparations for the Fifth Annual Meeting.

M e m b e r s h i p

There was no change in the number of Member .Associations affiliated with the Fed
eration during the year but it is gratifying to note that the Sanitary Engineering Division 
of the Argentina Society of Engineers reinstated its representation in the membership 
roster. The number of affiliated Member Associations remains at 26, subject to the pos
sible admission of the Montana Sewage Association at the October meeting of the Board 
of Control.

Due to the very tine work of the Member Association secretaries and membership 
committees, the total Active membership in these associations reached the highest level

N e t  M e m b e r s h i p  o f  M e m b e r  A s s o c i a t i o n s  * 
September 30, 1944

Membership—September 30, 1941
New

M ember Assn. Active
Corp. Total

Total
Member's
9/30/43

N et Incr.
Per

Cent
Incr.

Mem
bers

Since

Regular Alternate
9/30/44 9/30/43

Arizona............................... 10 — . — 10 15 — 5 — 2
( 'alifornia........................... 287 12 — 299 271 28 10 55
Central States....................
Dakota— North..................

South..................

526
22
19

—
12 538

41

460

32

78

9

17

28

134

14

Federal............................... 102 — — 102 85 17 20 23
Florida............................... 61 — — 61 48 13 27 18
Georgia............................... 53 — — 53 24 29 121 32
Iowa................................... 43 — — 43 43 — — 7
Kansas............................... 19 — — 19 19 *— — 3
Md.-Del.............................. 27 — — 27 22 5 23 7
Michigan............................ 105 15 — 120 111 9 8 18
Missouri............................. 37 — — 37 13 24 185 17
New England..................... 159 1 — 160 151 9 6 21
New Jersey........................ 82 — — 82 66 16 24 22
New York.......................... 483 4 1 488 473 15 3 42
No. Carolina...................... 58 — — 58 55 3 6 7
Ohio................................... 105 — — 105 90 15 17 20
Oklahoma........................... 5 — — 5 7 - 2 — 1
Pac. Northwest.................. 100 — — 100 84 16 19 13
Pennsy lvan ia.......................... 213 — 3 216 171 45 26 49
Rocky Mt........................... 71 — — 71 33 38 115 42
Texas.................................. 63 — — 63 36 27 75 34
Argentina........................... 10 — — 10 — 10 — 4
Canadian............................ 151 — — 151 117 34 29 35
I.S.E . (Eng.)...................... 32 — — 32 33 - 1 — 0
I-S.P. (E n g .)................... 97 — — 97 85 12 14 8

T o ta ls ...................... 2,940 32 16 2,988 2,544 444 17.5 628

Does not include dual members.
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in the history of the Federation. As of September 30, there was a total of 2,972 Active 
members and 16 per cent Corporate members enrolled in the Member Associations, a gain 
of 444 or 17.4 per cent during the year. A detailed tabulation of the membership in the 
various Member Associations is attached herewith; it will be noted that twenty of them 
show substantial gains.

I t will be of interest that the Central State Sewage Works Association has earned 
the privilege of designating one of its members as the recipient of one of the $100 War 
Bond membership prizes by virtue of its enrollment of 134 new members since September 
30, 1943. The Missouri Water and Sewerage Conference showed the greatest per cent of 
increase in membership (185%) since the same date and is thereby privileged to name 
one of its members as the winner of the other $100 W ar Bond prize.

Membership in the Associate class also reached a new high level of 72 as compared 
to 65 as of September 30, 1943.

F i n a n c i a l

In accordance with Section 5, Article IV of the by-laws, each member of the Board 
of Control was furnished statements of receipts and disbursements dated December 31, 
1943; March 31, 194'4, and June 30, 1944.

Financial progress of the Federation in recent years is shown by the following:

D ate  N e t  W o rth
December 31, 1940 ......................................  $ 3,075.78
December 31, 1941 .....................................  7,098.54
December 31, 1942 ..................................... 13,489.73
December 31, 1943 .....................................  21,981.73
September 30, 1944 ....................................  28,299.55

Respectfully submitted,
W . H . W is e ly ,  E x e c u tiv e  S e cre ta ry

R E P O R T  O F SE W A G E  W O R K S PR A C T IC E  C O M M IT T E E

S e p te m b e r  15, 1944

The Sewage Works Practice Committee has the pleasure to present herewith a brief 
report of its activities during the year 1943^44.

Again, as in the past, the work of the Committee has been of two types: (1) the 
serving in a judicial capacity upon standards and specifications as referred to the Fed
eration and (2) work on the Manual of Practice which will eventually span the entire 
field of sewerage and sewage treatment and will become the official pronouncement of the 
Federation on matters of design, construction and maintenance.

J u d i c i a l  A c t i o n

In December, 1943, the National Bureau of Standards, U. S. Dept, of Commerce, 
submitted to Secretary Wisely, the Recommended Commercial Standards for Bituminized- 
Fibre Drain and Sewer Pipe, TS-3619, with the request that the Federation make recom
mendation upon these standards. This matter was placed before the Sewage Works 
Practice Committee and on January 26, 1944, the Chairman circularized all of the mem
bers of the Committee, attaching copies of the tentative standards.

The reactions of Committee members were varied and it became evident that many 
of them had insufficient knowledge on the subject to warrant any conclusions on their 
part. Considerable correspondence was devoted to this matter, primarily because it 
represented the first venture of the Federation in the consideration and approval of na
tional standards. In  one sense, it showed that the Federation had reached national 
stature and that its approval was desired; in another sense, it involved grave responsi
bility on the part of the Federation to make certain that it establish proper policies on 
matters of this sort.
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I t  was the consensus of opinion of members of the Committee that the Federation 
should not be placed in the position of approving or disapproving specifications for any 
special commercial product, and that future approvals of Federal standards should he 
based upon thorough investigation by special committees which would study all aspects 
of these problems before recording the views of the Federation.

While this matter was still under consideration by the Committee, the Bureau of 
Standards of the Dept, of Commerce officially adopted the proposed standards under 
No. 116-44 for Bituminized-Fibre Drain and Sewer Pipe, effective March 10, 1944, with
out action by the Federation. This closed the matter to the approval of this Committee 
because of its feeling that it was not in a position to either approve or disapprove these 
standards. On February 25, 1944, the Chairman wrote to President A. M. Rawn and 
stated as follows: “It might appear on the surface that the Committee had wasted con
siderable time in reviewing a matter which was subsequently taken out of its hands by 
the action of the Department of Commerce, in unexpectedly approving a specification 
which it seemed anxious to have us review before it was approved. However, I deem the 
time and effort as well spent. We have succeeded in getting a clarification of the opin
ions of the members of our Committee and of you, as President, and we have definite 
basis upon which to judge future action on matters of this sort. I  would say, from the 
reactions of our Committee, that we must avoid any future action on such particularized 
materials as are covered by the specification we have just considered. I  think that our 
future policy has been clarified.”

P r e p a r a t io n  o p  M a n u a l

As might be expected, work on various Chapters of the Manual of Practice was im
peded by the effect of war on committee personnel. However, considerable progress has 
been made and the present calendar year should see at least one Chapter prepared in 
final form and printed for distribution to the members. Work has continued on the fol
lowing Chapters: (1) Use of Sewage Sludge for Fertilizing Purposes; (2) Occupational 
Health Hazards in the Operation of Sewerage Systems; (3) Maintenance of Sewers and 
Sewer Appurtenances and (4) Aeration of Sewage.

The subcommittee on the “Use of Sludge for Fertilizing Purposes,” under the chair
manship of A. H. Niles, completed a preliminary draft of its proposed Chapter. This 
material was distributed among members of the Committee and it became evident that it 
could be reorganized and collated into a Chapter of very great value to the Federation. 
The subcommittee had accomplished an outstanding job of gathering data on this subject 
and their efforts are worthy of commendation. Later in 1943, Dr. Mohlman reviewed 
this material and referred it to Langdon Pearse who offered to reorganize and revise the 
Chapter. This material is now in his hands, and he has promised early completion of it. 
It is hoped that this Chapter will soon be ready for approval and publication.

The subcommittee on “Occupational Hazards in the Operation of Sewerage Sys
tems” was under the chairmanship of L. W. Van Kleeck. An effort was made to obtain 
broad cross-sectional hazard experiences by means of an appeal made in the March issue 
of the J o u r n a l , asking members to supply the Committee with a record of such experi
ences. The Committee carried its work to completion during the year and after consid
erable review, this Chapter was placed in the hands of Mr. Wisely for the approval of 
the Executive Committee, the General Policy Committee and the Publication Committee. 
The personnel of these Committees have also made many comments and suggestions. 
While the Executive Committee on September 5 authorized Mr. Wisely to proceed with 
the printing and distribution of this Manual Chapter, there were a number of suggested 
changes which have made it impossible to publish this Chapter in time for distribution 
before the Convention. However, early publication is anticipated.

A revised outline of the chapter on “Aeration of Sewage” has been prepared by a 
subcommittee headed by John J . Wirts. Mr. Wirts states that his work has been im
peded by the war effort and that it now appears impossible to complete the work until 
after the war. This Committee should be continued because of the importance of the
problem it is studying.

The Committee on “Maintenance of Sewers and Sewer Appurtenances, under the 
chairmanship of John H. Brooks, Jr., has started work and specific assignments have
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been issued to Messrs. Reuben F. Brown, Los Angeles; Walter H. Brown, Jr., Cranston, 
R. I.; Roy E. Phillips, Meadville, Pa.; R. L. Patterson, Newport Beach, Calif.; Grant 
Olewiler, Ardmore, Pa.; C. George Anderson, Rockville Center, N. J . ; Richard Pomeroy, 
Pasadena, Calif.; Robert P. Shea, Boston, Mass.; Geo. E. Fink, Baltimore, Md.; and 
Benjamin H. Grout.

This Committee has promised a preliminary draft by the October meeting date.
Work should be started on additional Chapters of the Manual, in anticipation of the 

early cessation of war hostilities and the return of Committee members to more normal 
conditions.

F. W. Gilcreas has accepted the chairmanship of the Committee to prepare a Chap
ter on “Use of Chlorine in Sewage Treatment.” Another subcommittee on “Sludge Di
gestion” should be designated. A subcommittee on “Specific Aspects of Cross-connections 
Hazards in and Appurtenant to Sewerage Systems” has been suggested in lieu of in
cluding this matter under the heading of “Occupational Hazards in the Operation of 
Sewerage Systems.” Suggestions are invited on the assignment of other Chapters for 
1914—15. During the eourse of the year, Langdon Pearse and L. W. Van Kleeck have 
been added to the Committee and M. W. Tatlock has left the Committee while in military 
service. The splendid co-operation of all members of the Committee, of Chapter Com
mittee chairmen and all Chapter Committee personnel is acknowledged with thanks.

Respectfully submitted,
M o r r is  M. C o h n , Chairman 
J o h n  H. B r o o k s , J r .
J o h n  R. D o w n s

G . P .  E d w a r d s

H. F. G r a y  
C. E. K e e f e r

F. W. M o h l m a n  
A. H. N i l e s  
L a n g d o n  P e a r s e  
L. W. V a n  K l e e o k  
J. J . W ir t s

R E P O R T  O F R E SE A R C H  C O M M IT T E E  

August 15, 1944

The Research Committee has published its customary annual critical review of the 
literature pertaining to sewage and waste treatment and stream pollution in the March 
issue of the J o u r n a l . In spite of the war a total of 275 papers were reviewed. I t  ap
pears that the number of papers included in the review have not decreased on account 
of the war. This is indicated by the number of papers reviewed before and during tbe 
w ar:

1938—190
1939—267
1940—250
1941—232
1942—244 

'  1943—275

It should be kept in mind that only a portion of the papers published are considered 
worthy of review; papers of a descriptive nature and many which present operating re
sults and which do not materially contribute to new development are not mentioned. On 
the other hand the committe has been more and more thorough in the search for papers 
as years passed by. This undoubtedly has made up, in part, for any decrease in original 
papers published.

In  an effort to determine whether the trend in sewage research has been materially 
influenced by the war and determine in general the direction of sewage research as far
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as specific topics are concerned, the references cited have been tabulated for the review 
years 1938 to 1943 inclusive. The reviews under consideration were made by substan
tially the same committee members. The compilation is of interest.

R e f e r e n c e s  t o  V a r i o u s  T o p ic s

1938 1939 1940 1941 1942 1943

Biological and  chem ical. 8 29 24 11 14 18
L aboratory  and  m ethods 6 17 16 21 12 6
Sedim entation.......... 9 —- 13 7 3 7
F ilte rs .......................... 9 43 32 31 26 44
A ctivated  slu d g e ................... 21 21 27 16 13 19
C hlo rina tion ........................................... 22 43 31 23 26 20
Sludge d igestion .................................... 19 32 48 45 47 31
Sludge d isposal...................................... — 36 18 18 14 29
M echanical and  eq u ip m e n t.............. 17 20 27 10 44 32
Industrial w aste s .................................. 62 52 44 47 39 49
Stream  p o llu tio n ................................... 17 17 15 18 33 55

T o ta l ................................................ 190 310 295 247 271 270

The total number of titles printed are somewhat lower than the number of references 
in this table, because some papers are referred to more than once, and in some cases topics 
which have been introduced did not run over the entire period.

In general, it appears that published results' on fundamental studies of the biology 
and chemistry of sewage treatment and stream pollution and laboratory methods have 
decreased. The papers published on filters were substantially influenced by work done 
on high rate filter devices. Work on activated sludge during the last three years (1941- 
43) was somewhat less than during the previous three years (1938—40). I t  appears 
that the problem of sludge handling and disposal is still of great importance and these 
problems seem to receive more attention than any other single topic, including industrial 
waste treatment.

The question of industrial waste treatment has come to the front during the last few 
years and from general discussions the impression has been created that a considerable 
amount of work has been done. The references do not indicate this, and as a matter of 
fact, only 283 out of a total of 1,583 references, or less than 18 per cent of the references 
pertain to industrial waste treatment. Moreover, the tendency has not been to increase 
either relatively or absolutely. The field still appears wide open.

Chlorination studies have not increased, the tendency show a decrease. On the other 
hand the importance of stream pollution and attention given has, surprisingly, increased 
during the war.

In general, it would seem therefore that the trend in sewage research has been shifted 
to practical applications and less fundamental study. Work in activated sludge, chlori
nation, sludge digestion, and industrial wastes has not materially changed. More empha
sis has been placed on mechanical development and equipment.

The Research Committee has again made a survey of research projects under study 
and has listed problems deemed desirable for investigation and study. The problems 
under study, in addition to those listed, last year were 94. A comparison of the number 
of titles is as follows :

1943 1944
Sewage ............................ ............ 70 35
Industrial waste ............ 49
Stream pollu tion ........... 5
Methods ......................... 5

128 ‘ 94
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The problems suggested for investigations could be divided in to :

1943 1944
Sewage ............................ ..............  14 15
Industrial waste ............ ..............  12 17
Stream pollution .......... ..............  3 0
Methods .......................... ..............  2 9

31 41

The annual review has been frequently commented upon as of value to those who wish 
to keep up with the literature and cannot read the mass of material printed. The listing 
of research projects appears to have been of interest and help to a considerable number 
of people.

Respectfully submitted,
W i l l e m  R u d o l f s , Chairman, Research Committee

R E P O R T  O F C O M M IT T E E  O N S E W A G E  W O R K S N O M E N C L A T U R E

S e p te m b e r  14, 1944

The first effort of formulating definitions of terms used in sewerage and sewage dis
posal practice was initiated by A.P.H.A. in 1915, the results of which committee work 
culminated in publication of a list of 97 terms in the American Journal of Public Health, 
October, 1917. Following this initial publication, revisions and extensions of the list 
continued to be the consideration of committees of the A.P.H.A. until 1924, when the 
A.S.C.E. also appointed a committee on definitions and suggested joint action by the two 
societies. A.S.C.E. Manual of Engineering Practice No. 2, “Definition of Terms Used 
in Sewerage and Sewage Disposal Practice,” was published in 1928, the joint effort of 
A.S.C.E. and A.P.H.A.

Following the publication of A.S.C.E. Manual No. 2, there was immediately formu
lated a new joint committee under the chairmanship of Langdon Pearse, representing 
A.S.C.E., Paul Hansen, representing A.P.H.A., and Frank W. Jones, representing the 
Federation of Sewage Works Associations. The Federation’s participation dates back 
to the early years of the Association’s formation. This joint committee continued to give 
consideration to revisions and extensions of Manual No. 2, but no formal revisions were 
published, although a draft of a revision was prepared in 1940.

In the meantime, the supply of Manual No. 2 was exhausted, and the chairman of 
the Sanitary Engineering Division, A.S.C.E., thereupon appointed a committee of five 
under the chairmanship of W. W. Horner, in May, 1941, to revise and bring up to date 
Manual No. 2 of Engineering Practice, “Definition of Terms Used in Sewerage and Sew
age Disposal Practice.” After preliminary steps, the newly appointed committee of 
A.S.C.E. and the old joint committee of A.S.C.E., A.P.H.A., and Federation of Sewage 
Works Associations were combined into a new Joint Committee, with membership as 
follows :

General Chairman—W. W. Horner
A.S.C.E.—W. W. Horner, Langdon Pearse, E. Sherman Chase
A.P.H.A.—Paul Hansen (deceased, now replaced by Wm. C. Hoad), Gordon M. Fair,

H. A. Whittaker
Federation of Sewage Works Associations—F. W. Jones, C. E. Keefer, C. J. Yelz

This Joint Committee, of which the Federation’s Committee on Sewage Works Nom
enclature is a part, is directing its efforts exclusively to sewerage and sewage terminology, 
and to that end has reviewed a preliminary draft prepared largely by Mr. Pearse and Mr. 
Hansen prior to the organization of the present Joint Committee.

At the time of formation of the Joint Committee appointed to revise Manual No. 2, 
it was learned that two other committees were at work on terminology related to sani
tary engineering:
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1. National Resources Planning Board, under supervision of A.S.C.E., A.W.W.A., 
and A.P.H.A., sponsored preparation of a document entitled “Hydrologic, Hy
draulic and Sanitary Engineering Nomenclature.”

2. Joint Committee on W ater Works and Sanitary Engineering Terms with repre
sentation as follows:

General Chairman—Thorndike Saville
A.W.W.A.—Thorndike Saville, Samuel B. Morse, H. E. Babbitt 
A.S.C.E.—C. E. Brownell, R. S. Tyler, Arthur D. Weston 
A.P.H.A.—Earle B. Phelps, Sol Pincus, R. E. Tarbett

Accordingly, there were in existence three independent joint committees engaged in 
developing a nomenclature concerning sanitary engineering and related fields which over
lapped each other. The question arose as to the possibility of these three committees co
operating in a joint effort in publishing a single inclusive manual under the title of 
“Water Control Engineering,” sponsored by the various associations involved, namely, 
A.S.C.E., A.W.W.A., A.P.H.A., and F.S.W.A.

At a meeting held in January, 1944, with representatives of A.S.C.E., A.W.W.A.,
A.P.H.A., and P.S.W.A., it was recommended that the societies should co-operate in 
editing and publishing a single manual of “Water Control Engineering,” embodying the 
work of N.R.P.B., the Joint Committee on Water Works and Sanitary Engineering Terms, 
and the Joint Committee on Revision of “Definition of Terms Used in Sewerage and Sew
age Disposal Practice.” I t  was estimated that 32,000 (30,000 for distribution to mem
bers; 2,000 for reserve supply) would be required and that the cost of editing and printing 
would be $12,000. I t  was proposed that the cost be divided among the societies in pro
portion to the estimated membership as follows:

Members Proportionate
Share Total 1944

(Editing)
1945

(Printing)

A.S.C.E............... 20,000 20/30 $8,000 $2,000 .$6,000
A.W.W.A............ 6,000 6/30 2,400 600 1,800
A.P.H.A.............. 1,000 (Engr. Sect.) 1/30 400 100 300
F.S.W.A.............. 3,000 3/30 1,200 300 900

Total............... 30,000 112,000 $3,000 $9,000

These recommendations were acted upon by the various Boards of the four associa
tions, and by August, 1944, appropriations of funds were made for the first year’s work 
of editing.

Arrangements have been made with Mr. Clinton Bogert of New York City to under
take the work of editing for the sum of $2,500, which he estimates will be spent for 
stenographic and clerical services and incidental expenses, with his own time largely do
nated. I t  is estimated that editing will occupy the greater .part of a year and that the 
manual will be ready in the latter part of 1945. A.S.C.E. has offered to handle the de
tails and mechanics of publication when the editing has been completed. The drafts of 
definitions prepared by N.R.P.B. and the Joint Committee on Water Works and Sanitary 
Engineering Terms and the Joint Committee on Revision of “Definition of Terms Used 
in Sewerage and Sewage Disposal Practice” will be submitted to Mr. Bogert for editing. 
The joint committees will continue to maintain general supervision of the work and.to 
issue final approval of the edited manual before publication.

As of September 1, 1944, the Joint Committee on Revision of “Definition of Terms 
Used in Sewerage and Sewage Disposal Practice,” A.S.C.E. Manual No. 2, of which the 
Federation’s Sewage Works Nomenclature Committee is a part, is in the process of pre
paring a second draft of revision of Manual No. 2, which it is expected will be distributed 
to all members of this Joint Committee in October for review prior to submission to Mr. 
Bogert for editing.
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Certain matters of policy for action by committees of all four societies have arisen 
which require clarification, such as the inclusion of definition of proprietary names, in
clusion of terms from allied arts such as bacteriology and chemistry, and change in title 
suggested by the Federation to include the word sewage, i.e., “Glossary of W ater and 
Sewage Control Engineering.” A joint meeting, including the editor, to consider these 
questions has been set tentatively for January, 1945, in New York City.

C. J . V e l z , Chairman 
C. E. K e e f e r  
F. W. J o n e s

R E P O R T  O F T H E  W A R  SE R V IC E  C O M M IT T E E  

September 15, 1944

This report of the W ar Service Committee is submitted in a form similar to that of 
previous years.

1. Priorities. Since the last committee report the committee has had no work deal
ing directly with priorities; The matter of sewage works priorities has been most ably 
handled by President A. M. Rawn of Los Angeles, California, consultant to the W ar Pro
duction Board Sewerage and Sanitation Division. Revision of orders and regulations 
governing priorities for sewerage works have been made in such a way that steady im
provement in the materials situation has been evident.

2. Manpower. The needs of the armed forces continued high through the past year 
and, therefore, additional sanitary engineers were lost for the duration of the emergency 
to the armed forces. While this has been felt distinctly in the service of sewage works, 
it also has made it possible for the military to provide a degree of sanitary engineering 
protection to men in all theaters of operation comparable to the protection they are ac
customed to at home. The problem has been one of doing more with fewer men, but sewage 
works are in no worse position in this regard than many other civilian activities. Prob
ably additional demands will be made and must be met until the war is won and rehabili
tation is well under way.

3. Civilian Defense. This activity has practically passed out of existence with our 
enemies confined to fighting on their own soil. In most cases there is little fear of air 
activity in this country that would activate the Civilian Defense organization. In  the 
last report a meeting called by the Technical Board of the Office of Civilian Defense in 
Washington, D. C., was reported. The meeting held in July, 1943, was for the discus
sion of post raid restoration work and also an attempt to bring together various utilities for 
unified action in the event of such an emergency. With the virtual elimination of the 
possibility of enemy air attack, this organization, though a very loose one, has taken the 
form of one to be generally prepared for disasters, whether they occur during peace or 
war time. To this end the Technical Board of the Office of Civilian Defense issued a 
draft of March 29, 1944, entitled “Co-ordinated Action by Utilities and Public Services” 
which follows:

C o - o r d in a tb d  A c t i o n  b y  U t i l i t i e s  a n d  P u b l i c  S e r v i c e s  

(D ra f t  of M arch 29, 1944)

1. This sta tem ent is issued in  accordance w ith a recom m endation m ade to  the  Technical 
B oard  of the Office of Civilian Defense on Ju ly  21, 1943, by represen tatives of seven national 
u tility  associations (w ith  subsequent concurrence of 9 associations).

2. The recom m endation was contained in  the  follow ing R esolution: “ Resolved th a t  i t  is 
desirable fo r the  O.C.D. to  send a  directive to  Commanders of the  Citizens Defense Corps, rec
ommending th a t they invite  the p rivate ly  and  publicly owned u tilitie s  (com m unication, public 
works, tran sp o rta tio n , sewers, w ater, gas, e lectricity , and steam ) to  form  working groups for 
co-ordinating post ra id  resto ra tio n  work. R epresentatives p re fe rab ly  would be operating  ex
ecutives. O rganization  of these groups would be confined to  the larger comm unities and 
c ritica l areas. ’ ’

3. The p rim ary  objective of th is p lan  of action  was resto ration  of services d isrup ted  by 
a ir  ra ids , th e  dim inishing danger of which has caused announcem ent of the p lan  to  be w ithheld
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until th is  tim e. This danger has not entirely  passed and it  is desirable, as proposed in  the 
resolution, th a t  the p lan  be made available fo r application  as p ro jected  or, as a subscribing 
association has proposed, to  any type of w artim e disaster. Therefore i t  is now released 
through Defense Councils and U tility  Associations, to local au thorities and public services.

4. As proposed by the u tility  representatives, the Office of Civilian Defense recommends 
th a t local civilian defense or governm ental au thorities take the in itia tive  in  organizing U tility  
Boards fo r action  i f  and when occasion requires. A ll v ita l services should have Board rep re 
sentation. R epresentatives should possess the  position and au tho rity  to act decisively, and to 
arrange fo r in te r-u tility  co-operation and co-ordination as required, subject to  consultation 
with local au tho rities and  w ith emergency services.

5. I t  is recognized th a t Board ju risd ic tions and geographical boundaries will vary. The 
Board of a large city , fo r example, m ight have ju risd ic tion  over the facilities of th a t city alone, 
whereas in  an  area  contain ing a num ber of sm aller cities, a central Board m ight serve any 
locality in the area. Each board should be independently constituted, selecting its  own chair
man, and determ ining its  own practices and procedures. I t  would be subject to call only 
where dam age is so extensive th a t co-ordinated action  is im perative or where communities 
indicate the need of advance p lann ing  to  m eet an im pending a ttack  or disaster.

6. The proposed B oards would be d istinc t from , and no t in  conflict w ith, u tility  p a rtic ip a 
tion in the operation of the civilian defense control systems— as entirely  different types of 
problems are involved. In fo rm atio n  about dam age would be assembled during  an emergency 
through the civilian defense control system and u tility  trouble centers; while the restoration  
of u tility  service in general would no t commence un til im m ediately thereafte r.

Accredited representatives of the Associations listed  below have given their approval to 
the circular d ra f t  dated  M arch 29. The representatives listed below have been designated a s
sociation contacts to  inform  their respective memberships of the  p lan  fo r jo in t action and to 
take such other steps as they m ay agree upon to  implement the p lan of jo in t action.

American Gas A ssociation— C. George Segeler, 420 L exington Avenue, New York 17, New York. 
American Public  Pow er A ssociation— Carleton N au, 726 Jackson Place, W ashington, D. C. 
American Public  W orks A ssociation— Frederick Bass, 1313 E ast 60th S treet, Chicago 37, 

Illinois.
American T ran sit A ssociation—J . L. M artin , 820 Dauphin S treet, Philadelphia 33, P enn

sylvania.
Ronald G. T hring  (A lt.) , 3222 M Street, N.W., W ashington 7, D. C.

American W ater W orks Association— H arry  E . Jo rdan , 500 F if th  Avenue, New York 18, 
New York.

Council of E lectric  O perating  Companies—Robert C. H ill, Hom er Building, 13th and F  Streets, 
W ashington, D. C.

Federation of Sewage W orks Associations— Ralph E. Fulirm an, Sewage T reatm ent P lan t, Blue 
P la ins, D. C.

W. H . W isely (A lt.) , 325 Illino is Building, Champaign, Illinois.
N ational D istric t H eatin g  Association— Glen D. W inans, 2000 Second Avenue, D etroit 26, 

M ichigan.
U. S. Independent Telephone Association— Clyde S. Bailey, Munsey Building, W ashington, D. C.

As the Technical Board of the Office of Civilian Defense ceased to operate June 24, 
1944, it is obvious that there is no body to continue the promotion of such a scheme. It 
is clear that such co-ordination is highly desirable and at times of disaster invaluable. 
It also seems true that without a driving force much effort will be required on the parts 
of a few individuals to keep it alive.

In the last correspondence on this subject the Secretary of the Technical Board sug
gested that the American Gas Association supply an Acting Chairman, that the Council 
of Electric Operating Companies supply a Vice-Chairman, and that the American Water 
Works Association provide a Secretary. There the matter rests for the present.

The recent hurricane which advanced northward along the Atlantic Coast and passed 
over Long Island on the night of September 14-15 gives a current example of the desira
bility of co-ordinated utility action.

Immediately preceding and during the passage of the storm, heavy rain fell over the 
southeastern portion of the State and wind caused a very large amount of damage to 
trees, buildings, crops, shore installations and public utility services on Long Island. The 
velocity of the wind at the time of the hurricane was about 80 miles an hour and large 
numbers of trees were blown over, disrupting electric and utility services to water pump
ing stations and sewage disposal plants.
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In Nassau County, public utility services were disrupted from several days to a week 
before same could be restored. Those water supplying pumping stations and sewage 
disposal plants which were equipped with standby gasoline engines, were enabled to con
tinue operation. Many emergency water supply interconnections and gasoline engine 
standby equipment had been installed under the State Wide Mutual Aid Plan, directed 
by Mr. Earl Devendorf, State Co-ordinator, prior to the hurricane.

During the night of the hurricane, Mr. Richard A. White, Director of the Nassau 
County W ar Council, Office of Civilian Protection, together with Mr. W. Fred Welsch, 
were on duty at our headquarters Control Centre, at which time radio and telephone 
communications were received from various units of the local civilian protection offices 
reporting on damage which enabled this office, under the direction of Mr. J. C. Guibert, 
Commissioner of Public Works and Zone Co-ordinator, to take steps to restore utility 
services and to clear the roads of fallen trees.

This experience during the recent hurricane shows the wisdoiii of having an organi
zation to function during a disaster of this kind.

4. Recommendations. The Committee recommends, since most of its activities as a 
war service committee are being better performed through other channels, that its services 
be terminated with this report. I f  this does not seem feasible to the Board, it is recom
mended that the Committee should be dissolved with the elimination of either Germany 
or Japan from active hostilities.

Respectfully submitted,
R. E. F u h r m a n ,  C hairm an  
R . F. G o u d y  
W. F. W e l s c h  
L. S. K r a u s  
W. B. R e d  f e r n ’
D a n a  K e p n e r  
T. T. Q u i g l e y

R E P O R T  O F C O M M IT T E E  ON A W A R D S  

September 18, 1944

Following are the recommendations of the 1944 Committee on Awards:

1. That the H a rr iso n  P resco tt E d d y  A w a rd  be made to Dr. John R . Snell; primarily 
for his contribution to S e w a g e  W o r k s  J o u r n a l  entitled, “Anaerobic Digestion—II— 
Nitrogen Changes and Losses During Anaerobic Digestion” ( S e w a g e  W o r k s  J o u r n a l ,  
January, 1943, page 56); and secondarily for his paper published in S e w a g e  W o r k s  
J o u r n a l  entitled, “Anaerobic Digestion—I I I —Anaerobic Digestion of Undiluted Hu
man Excreta” ( S e w a g e  W o r k s  J o u r n a l ,  July, 1943, page 679).

In connection with the H a rr iso n  P re sc o tt E d d y  A w a rd ,  particular attention is di
rected to the contribution, “Modified Sewage Aeration—Part I ,” by Lloyd R. Setter 
( S e w a g e  W o r k s  J o u r n a l ,  July, 1943, page 629), which work received strong considera
tion by this Committee. Further consideration of these studies by a future awards com
mittee is urged at such time as subsequent discussion is published in the J o u r n a l .

2. That the G eorge B ra d le y  G ascoigne A w a rd  be made to James T. Lynch and Uhl 
T. Mann for their contribution to S e w a g e  W o r k s  J o u r n a l  entitled, “Rotary Vacuum 
Filtration of Sludge and the Effect of W ar on Operation” ( S e w a g e  W o r k s  J o u r n a l ,  

September, 1943, page 807).
3. That the C harles A lv in  E m e rso n  A iv a rd  be made to Dr. Willem Rudolfs with the 

following citation: “The Charles Alvin Emerson Award as of the year 1943 is hereby 
bestowed upon Willem Rudolfs in recognition of his valuable researches into the under
lying principles of sewage and industrial waste treatment; of his many contributions to 
S e w a g e  W o r k s  J o u r n a l ;  and of his unwavering loyalty to the welfare of the Federa
tion.”

4. Presentation has been authorized of the 1944 K e n n e th  A lle n  A w a r d  to the follow
ing, each of whom has been designated by his Member Association as having earned this 
recognition:
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Albert Edward Berry (Canadian)
Van Porter Enloe (Georgia)
Albert Legrand Genter (Md.-Delaware)
F. Wellington Gilereas (New England)

Respectfully

Charles A. Holmquist (New York)
Dana Ewart Kepner (Rocky Mountain) 
Leon Benedict Reynolds' (California) 
Wilson Waldo Towne (Dakota)

submitted,
C h a r l e s  G i l m a n  H y d e , Chairman
E. S h e r m a n  C h a s e

G a il  P .  E d w a r d s

C a r l  C . L a r s o n

L o u is  F. W a r r ic k

DR . F. W . M O H L M A N  BEC O M ES S E V E N T H  

H O N O R A R Y  M E M B E R  OF F E D E R A T IO N

One of the high-lights of the Sixteenth Annual Meeting at Pittsburgh was the elec
tion of Floyd William Mohlman to Honorary membership in the Federation, which action 
was climaxed by the presentation df his certificate by President Rawn at the Annual 
Dinner. Having held the appointive office of Editor of S e w a g e  W o r k s  J o u r n a l  until 
this year, Dr. Mohlman had not been eligible previously to qualify as an Honoray Mem
ber and the Board of Control was unanimous in conferring this well deserved honor at 
the first opportunity.

It would take many pages to present in detail a list of the innumerable contribu
tions of Dr. Mohlman to the Federation and its activities. I t  is believed fitting at this time, 
however, to refer to the following resolution which was transmitted to the Board of Con
trol by the Executive Committee of the Central States Sewage Works Association in nomi
nation of Dr. Mohlman to the grade of Honorary Member:

W h e r e a s : Floyd William Mohlman has served The Sanitary District of Chicago for 
the past twenty-four years; and

W h e r e a s : through his technical ability and administrative skill, personal interest, 
untiring efforts and official capacity he has contributed greatly to the knowledge and sci
entific advancement in the fields of sewage treatment, stresim pollution, control of indus
trial wastes, chemistry and public health in general; and

W h e r e a s : Dr. Mohlman was one of the founders of the Central States Sewage Works 
Association and of the Federation of Sewage Works Associations and has diligently 
striven to help those organizations attain their present high standing by serving on com
mittees, assisting with the arrangements and contributing outstanding papers for many 
successful programs presented at various annual meetings; and

W h e r e a s  : he has served as Editor of the S e w a g e  W o r k s  J o u r n a l  from its inception 
in 1928 until January, 1944, giving unstintingly of his time and effort, and has been the 
guiding force which has built up the J o u r n a l  into an authoritative technical and scien
tific publication, with world wide circulation; now,

T h e r e f o r e , B e  I t  R e s o l v e d : that the Executive Committee of tl;e Central States 
Sewage Works Association hereby nominates Floyd William Mohlman for Honorary 
membership in the Federation of Sewage Works Associations and hereby presents this 
nomination for consideration by the Board of Control of the Federation at its scheduled 
annual meeting in October, 1944.

Central States Sewage Works Association 
By the Executive Committee:

D o n  E. B l o o d g o o d , President 
D r . W. D. H a t f i e l d ,  Vice-President 
M a j o r  B. A. P o o l e , Director 
C a p t a in  E. J. B e a t t y  
P. W. R i e d e s e l  
L t . K. L. M i c k

J. C. M a c k i n , Secretary-Treasurer
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1944 MEMBERSHIP PRIZE W INNERS ANNOUNCED

Five hard-w orking individuals who contributed notable membership 
activity  to their Member Associations during the year ended Septem ber 
30, 1944, have found tha t the ir efforts brought them fortune as well as 
considerable personal satisfaction. Due to the in terest in  the F ed era 
tion of a well known leader in its  affairs, who insists th a t his identity 
be withheld, a to tal of $200 face value in W ar Bonds was donated for 
d istribution to the w inners of the 1944 M embership Contest, rules for 
which were published on page 1244 of the November, 1943, Journal.

The M issouri W ater and Sewerage Conference, by recording an in
crease of 185 per cent in membership fo r the period of the contest, 
earned the privilege of nam ing one of its members as w inner of one of 
the $100 bonds. A review of the record showed tha t Mr. George L. 
Loelkes of Clayton, M issouri, S an itary  Engineer of the St. Louis 
County H ealth  D epartm ent, had made the g rea test individual contri
bution to the rem arkable grow th of the M issouri Conference and he 
was nam ed as the sole w inner of the prize. In  the year covered by the 
contest, the M issouri Conference increased from  a m em bership of 13 
to a to tal of 37, the percentage increase represented being the greatest 
of any other Member A ssociation in the Federation.

The second $100 bond was to be aw arded to the individual judged 
to have been most responsible fo r the securing of the g rea test number 
of new members fo r his Member Association. The C entral S tates 
Sewage W orks Association, by enrolling 134 new members in  the one- 
year period, earned the righ t to designate the w inner of this prize but 
found its problem complicated by the fact th a t several individuals were 
almost equally responsible fo r the fine job done. By a decision worthy 
of K ing Solomon himself, the Executive Committee of the Association 
decided th a t the prize should be divided among the four workers who 
secured the g rea test number of new members from  the four states 
com prising the Association, each of the four w inners to receive a $25 
denomination bond. Thus were the following designated as jo in t re 
cipients of the prize: M artin  A. Milling, Indianapolis, Ind. (29 new 
m em bers); Douglas E. D reier, Springfield, Illinois (22 new m em bers); 
Maurice L. Robins, St. Paul, M innesota (17 new members) and John 
C. Mackin, Madison, W isconsin (10 new mem bers).

Honorable mention goes to the Georgia, Rocky M ountain and Texas 
associations in the percentage increase contest and to the California, 
Pennsylvania, New York, Rocky M ountain and Canadian associations 
fo r the num bers of new members enrolled. Only six of the 26 Member 
Associations of the F ederation  failed to show an increase in  member
ship fo r the year ended Septem ber 30, 1944.



R e v i e w s  a n d  A b s t r a c t s "
Conducted by

G l a d y s  S w o p e

Mellon In s titu te  of In d u stria l Research, 
P ittsb u rg h  13, Pennsylvania

M IC H IG A N ’S W A T E R  P R O B L E M S

W ater Conservation Conference, Jan u a ry , 1944.

This is a report (116 pp.) of a conference sponsored by the Michigan State Planning 
Commission, Michigan Department of Conservation, Michigan State College, and the Uni
versity of Michigan, featuring fourteen speakers. Of interest to sanitary engineers is the 
chapter on “Water in its Relation to Pollution” by M. P. Adams (pp. 69-80), which covers 
controlling pollution; salt brines and chemical pollutants; inorganic wastes; treating 
sewage; work of stream control commission and policies; and a discussion by E. E. Stiff 
of beet sewage waste treatment.

L a n g d o n  P e a r s e
[E d ito r ’s N o te :  T he a b s tr a c t  of th e  c h a p te r  by M r. A dam s fo llow s.]

W a t e r  I n  I t s  R e l a t i o n  t o  P o l l u t i o n  

B y  M i l t o n  P . A d a m s

More than half of the population of the State of Michigan depends on surface waters 
as a source of public water supply. In addition, these waters serve most of the major 
industrial plants, provide sport and commercial fishing, and support game and wildlife. 
Sewage and wastes must eventually reach the streams and lakes, and if pollution is not 
controlled the usefulness of the surface waters will be impaired or possibly completely 
destroyed.

The water in a stream or lake can supply the oxygen required by the pollution 
dumped into it, if the load is not too great. As the dissolved oxygen saturation value is 
lowest in the warm summer months, when the rate of oxygen utilization is highest, poorer 
stream conditions are apt to be found during these months. Domestic sewage and liquid 
wastes from paper mills, tanneries, slaughter houses, and other food processing plants 
are the principal oxygen-depleting offenders.

Bacteria in sewage is a second type of pollution and one that has a direct health 
significance. Primary treatment of sewage alone does not materially reduce the numbers. 
When oxidizing processes are used, however, the numbers are greatly reduced; roughly 
in proportion to the percentage removal of organic matter. Chlorination may be neces
sary in case the waters receiving the effluent are used for bathing or for domestic water 
supplies.

Other wastes have no oxygen demand or bacterial significance. Salt brine from oil 
fields or chemical plants is an example. The main constituents of this type of waste are 
the chlorides of sodium, calcium and magnesium. Total chlorides may vary from more 
than 200,000 p.p.m. in waste brines down to about four p.p.m. in the relatively pure 
water of Lake Superior. Apparently fresh water fish resist concentrations of these 
chlorides up to about 4,000 p.p.m.

* I t  will be apprecia ted  i f  Miss Swope is placed on the m ailing lis ts fo r all periodicals, 
bulletins special reports, etc., which m ight be suitable fo r ab strac ting  in  th is Journal. P u b li
cations of public health  departm ents, stream  pollution control agencies, research organizations 
and educational in stitu tions are p a rticu larly  desired.

185
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Strong acid or alkaline-bearing wastes must be at least partly neutralized before 
they are discharged into a stream if trouble is to be avoided. Cyanide wastes in very 
low concentrations have killed fish in Michigan. Livestock also have been killed by these 
wastes.

Oil wastes are troublesome in that they may seal off the surface and prevent the ab
sorption of oxygen by the water. Such wastes may also cause damage by injury to wild
life, the coating of boat hulls, and other damage to property. There are records of cases 
where the stream actually catches fire.

Inorganic wastes, such as top soil washed from farm lands, and wastes from gravel 
washing and stone crushing plants, may clog waterways or discolor streams and lakes.

Frequently industry has found that by-products can be salvaged from wastes. This 
has been found true in the case of beet sugar plants, slaughter houses, tanneries, and paper- 
mills. In the latter case pulp may be reclaimed, as well as the clarified water vehicle. 
Only in recent years have certain branches of industry gone beyond this point in efforts 
to abate pollution.

The Stream Control Commission consists of the heads of the departments of health, 
conservation, agriculture, highways, and law. I t  was formed to solve problems that do 
not yield readily to separate departmental effort. I t  conforms generally in function 
to the Sanitary W ater Board of Illinois and Pennsylvania, the W ater Pollution Com
mittee of Wisconsin, and other similar state bodies.

The Commission policy since new construction and treatment facilities have been 
suspended by WPB order (April, 1942) has been as follows:

1. To obtain maximum possible results with existing facilities, giving first considera
tion to conflicts in water use by war industries ;

2. To require improvised or temporary means of handling new or potentially critical 
problems by ponds, lagoons or other means, utilizing little or no critical materials;

3. To stimulate the preparation of reports, studies, research and construction plans 
for matured projects in order to contribute our share to postwar public works;

4. To stimulate thought and planning for the administration and financing of postwar 
projects;

5. Within the division of water itch control to continue useful studies and research 
in the administration of beach treatment measures, while servicing as many public 
frontages and resort owners as times and funds permit.

Since 1935 Michigan’s percentage of urban sewage treatment has increased from 19 
to 83 per cent. Some progress has been made in industrial waste treatment. Deficien
cies in municipal sanitation and 52 separate industrial problems and 16 state institutional 
problems have been incorporated into a suggested postwar construction program. The 
Commission’s report to the Michigan Planning Commission lists 237 projects. The cost 
of four of the seven groups of this program is tentatively estimated in excess of 
$48,000,000.

D i s c u s s i o n  b y  E. E. S t i f f  (Great Lakes Sugar Co., Detroit)

Operation of beet sugar plants affords an example of what can be done in the treat
ment of industrial wastes. No one was aware of the pollution problems involved when 
the industry was born about 1900. Attention was called to the problem in 1906 when 
many complaints of fish killing were received. In 1910 studies were made of disposal 
methods in Germany. This resulted in the construction of pulp drying equipment at all 
beet sugar plants in Michigan. At some plants screening and sedimentation equipment 
was provided. Some of these were effective but others were too small or fell into disuse.

A few years study was made by the Commission after its organization in 1929. In 
co-operation with the Michigan State College Engineering Experiment Station a 100,000 
gallon per day experimental plant was built at a beet sugar plant at Bay City and studies 
made in 1935. Further studies were made in 1936 in a 1,000,000 gallon per day plant.

On September 21, 1937, a general order was formulated by the Commission which 
established standards of oxygen demand for plant wastes. During the next three years
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the various firms proceeded with the construction of waste disposal plants. Standards 
set by the Commission have been substantially met.

T. L. H e r r i c k

P O S T W A R  P R O SP E C T S FO R  SE W E R A G E  IN  C A N A D A

B y  D r .  A. E. B e r r y  

W ater and Sewage, 82, 20 (M arch, 1944)

At present it appears that there will be considerable extension of sewerage facilities 
in most urban centers in Canada after the war. Construction of substantial numbers of 
sewage treatment plants to reduce the pollution load on streams is likely.

Much of the twelve million population of Canada is rural, though the percentage is 
decreasing. Industrial development since the war has augmented the urban population 
and it is thought that this situation will continue in the postwar period.

Little use has been made of the sanitary district method of organization in Canada. 
However, a well known example of this kind of administration is found at Winnipeg, 
Man., where a group of municipalities are organized for the purpose of sewage disposal 
under the Greater Winnipeg Sanitary District. In  Ontario the administration of utility 
services by public utility commissions has been successful, but there has been no tendency 
to place sewerage systems under these commissions. There is now an increasing interest 
in this direction and a change in legislation is being considered to facilitate procedure. 
Legislation has been passed in Ontario to permit the adaption of the sewer rental plan.

Capital charges for sewerage systems in Canada have been met by the municipal 
taxpayer, except for some governmental assistance during a limited period during the 
depression. However, during the war the government has paid its share where exten
sions were required because of war industries.

Trade wastes have not created the problems found in many American cities. There 
has been a change in recent years, however, and a modification of the practice of not re
quiring primary treatment at the industry may be in order.

■There are about 500 sewer systems in Canada, in contrast to about 1,300 water supply 
systems. As regards sewage treatment, 115 municipalities have plants in operation, 52 
of which provide primary treatment only. The activated sludge process has been very 
popular as a secondary treatment device, though trickling filters are again gaining favor 
for small plants. There are 48 activated sludge plants in Canada; 30 of them in Ontario.

Sludge handling has been a difficult problem and was intensified by the introduction 
of the activated sludge process. Heated digestion tanks have overcome odor troubles 
formerly encountered when attempting to handle undigested solids. Covered drying beds, 
in which only sufficient heat is used to prevent freezing, have been of value in improving 
methods of sludge handling. In recent years, however, vacuum filtration has gained 
favor, both for large and for small plants. As an economical method of handling; dis
posal as a fertilizer has been practised at some plants.

In planning for the future close attention must be paid to standards of treatment 
required. Over-emphasis must not be given economy in construction and operation to 
the detriment of the degree of treatment needed. High standards should be set for the 
conservation of natural resources, particularly water supplies.

T. L. H e r r i c k

A C T IV A T E D  SL U D G E  O P E R A T IN G  COSTS

B y  L t . - C o l .  W . M . V e i t c h  

W ater and Sewage, 82, 19 (Sept., 1944)

London, Ontario, has three sewage treatment plants. The West End plant, the main 
plant of the city, is an activated sludge installation with a capacity of 7y2 (Imp.) m.g.d.
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The other two plants, each with a capacity of one m.g.d., are known as the South End and 
the East End plants. The former is an activated sludge plant, while the other comprises 
Imhoff tanks and trickling filters.

West End plant started construction in 1927. Additions were made and new fea
tures were installed from time to time until the final completion in 1937. New innova
tions were tested at the South End plant before installation at the large plant. Sewage 
enters the plant through a 48 in. sewer, the last mile of which is an inverted syphon; 
sewage is prechlorinated at the upper end of the syphon.

At the plant the sewage first passes through an air agitated grease separation cham
ber, thence to a grit chamber and then through a coarse screen and a fine screen. The
coarse screen is made up of bars with %  in. openings. A panel type fine screen is used, 
with the panels made up of 6 mesh wire cloth.

After screening the sewage passes directly to the aeration tanks. Three types of
tanks are used. Standard spiral flow tanks with diffuser plates were installed in 1927. 
In  1931 additional tanks with semi-circular bottoms were built. Air is introduced through 
perforated pipes mounted on radial arms which rotate in an are corresponding to the 
tank bottom. A tripping device is used to open and close the air valve so that air is ad
mitted only during the lower one-third of the travel of the perforated pipe. There have 
been no deposits in these tanks but the air distribution is uneven and maintenance is 
more costly than in a later type of diffuser.

In  1935-36 this type was installed. Perforated pipes, laying perpendicular to the 
length of the tank, are located just above the bottom on 3 ft. centers. They hang from 
a rail mounted just above the surface. The whole mechanism is moved forward and 
back with a length of travel of 3 feet. Eight tanks are so equipped and a single drive 
shaft serves all of them.

Pinal settling tanks include two 50 ft. tanks and one 65 ft. tank, all with mechan
isms, and one 52% ft. by 65% ft. plain settling tank. Effluent from the three mechan
ically equipped tanks is passed to the rectangular tank. At intervals this tank is given 
a short period for sedimentation, after which the upper two-thirds is decanted off and 
the remainder pumped to the plant inlet.

Sludge reaeration is carried on in six tanks in the older portion of the plant. Ex
cess sludge is allowed to settle in these tanks, the top liquor decanted off and the sludge 
removed at moistures varying from 94 to 96 per cent. All sludge is used for fertilizer 
on farm lands. A contract was entered into with a private party who furnishes the tank 
trucks and distributes sludge to the farms.

Construction costs of the West End plant were $4.17 per capita and $46,690 per 
m.g.d. normal flow. Operating costs have been $0.51 per capita and $15.85 per million 
gallons treated.

T. L. H e r k ic k

C O N C E N T R A T IO N  O F S E W A G E  SL U D G E  

A Sym posium

Proc., A.S.C.E., 70, 1275-1296 (Oct., 1944)

Experience in Los Angeles, Calif. By R . P. G o u d e y  (pp. 1276-1279). At the Los 
Angeles experimental plant various methods of concentrating activated and fresh solids 
were tried. Activated sludge was concentrated by a “batch” process, allowing 24 hours 
settling in a separate tank. After withdrawing the clear liquor the settled sludge aver
aged 97.76 per cent moisture.

Continuous return of waste activated sludge to the primary clarifler resulted in a
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sludge of 94.42 per cent moisture, compared to 91.96 per cent for primary sludge when 
activated sludge was not so returned.

In the third method, aeration tank liquor was removed continuously and settled in 
a separate tank at a rate of 600 gallons per square foot per day. Chlorine was added to 
maintain 1 p.p.m. in the clear liquor over the sludge. Sludge was pumped once daily 
and average moistures of 94 per cent were obtained. Moistures of 90 per cent were pro
duced by the addition of lime.

B a ck  R iv e r  S ew a g e  W o rk s , B a ltim o re , M d. By C . E. K e e p e r  (pp. 1280-1282). 
The activated sludge units built as additions to the Back River sewage treatment works 
at Baltimore were placed in service in 1939. Two thickening tanks for waste activated 
sludge were provided, each 26 ft. in diameter with a working depth of 16 ft. The sludge 
removal mechanism carries vertical steel angles for thickening the sludge. Nozzles for 
dosing chlorine water are provided which terminate 12 inches below the surface.

It was estimated that the waste sludge would amount to 160,000 gallons per day con
taining 1.5 per cent dry solids when treating 40 million gallons per day. With one tank 
in service the surface loading would be 300 gallons per square foot per day. However, 
operating experience has indicated the desirability of using both tanks, even when the 
sewage flow is less than 20 m.g.d.

Operating results for 1940, 1941, and 1942 show sludge volume reductions of 88.3, 
81.3 and 75.0 per cent. The solids concentrations of the thickened sludge were 1.9, 2.1 
and 1.4 per cent.

A study of the results for the three year period have shown a correlation between 
the ratio of the solids in the thickened and unthickened sludge and the sludge index. This 
correlation can be formulated as follows:

R  =  7.94 s-o-3125

In this equation R  is the ratio of solids in the thickened sludge to the solids in the un
thickened sludge, and .s is the sludge index.

So m e R esu lts  in  the  S ta te  o f  N ew  J ersey .  By W i l l e m  R u d o l f s  (pp. 1283-1289). 
In the concentration of sludge the character of the sludge is of great importance. The 
initial concentration, time, and temperature have varying effects on fresh, activated, and 
digested solids.

At the Elizabeth Joint Meeting sewage treatment plant fresh solids are concen
trated and barged to sea. The effect of temperature is quite pronounced, with ma
terially greater concentration in summer compared to winter conditions. As an illustra
tion records show that an initial concentration of 5.2 per cent solids increases in 96 hours 
to 11.5 per cent and 8.7 per cent under summer conditions (75-80° F.) and winter con
ditions (47-50° F .), respectively.

The effect of temperature has an effect on the pumping time through the 4,000 ft., 
24 in. diameter line to the barge loading point. Records show that the pumping time per
1,000 tons of wet sludge varies as indicated in the following table.

Tem perature Range, 
Deg. F.

Per Cent 
Solids

Pumping Time per 
1,000 Tons, Min.

Average Temperature, 
Deg. F.

51-73 8.14 92 63.5
51-57 7.91 120 53.5
62-66 8.38 90 64.5
68-73 8.28 70 70.7

The increased pumping time with lower temperatures is due to increased viscosity of the 
sludge.

Compaction of activated sludge has been the subject of experiments over several 
years, using chemicals, inert materials, poisons and gases. In studies on flotation it was
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indicated that a dense sludge can be produced by the use of calcium hypochlorite. The 
initial concentration does not appear to be important but the degree of oxidation and size 
of floe are both factors. The liquor can be clarified by the use of ferric chloride or sul
furic acid with the calcium hypochlorite.

Concentration of Sewage Sludges, Neiu York, N. Y. By W e l l in g t o n - D o n a l d s o n  
(pp. 1290-1296). The Coney Island plant in New York, capacity 70 m.g.d., utilizes plain 
sedimentation eight months of the year and chemical precipitation during the four sum
mer months. All sludge is digested. I t  is hauled by scow to sand beds or lagoons on 
Marine Park. In  1941, when the plant capacity was half that at present, the analyses
for primary and digested sludges were, respectively, 7.80 and 7.71 per cent solids and
63.1 and 49.0 per cent volatile. The concentration of the digested sludge is influenced 
to a great extent by the running schedule of the scows.

Wooden scows are used. They are owned by the city and towed by contract. City
employees operate the pump for unloading. In  1941 the cost of sludge disposal by this 
method was $4.31 per ton dry solids, capital charges included.

At the Wards Island plant raw primary and waste activated sludges are barged to sea 
for disposal. Records for 1941 show an average solids content of the primary sludge of 
6.33 per cent. In order to remove excess water from the waste activated sludge certain 
final settling tanks are used for this purpose. They are operated at a lower rate than 
the other tanks. In  1941 the returned activated sludge averaged 0.48 per cent solids 
while the thickened sludge averaged 2.28 per cent. The combined primary and thickened 
activated sludges had a computed weighted average of 4.30 per cent solids. The sludge 
as barged to sea contained 4.45 per cent solids, the increase being due to decantation of 
liquor before loading the barges.

The Diesel sludge vessels are owned and operated by the city. The cost of disposal 
in 1941 was $3.13 per ton dry solids including capital charges.

The Bowery Bay plant was operated as a primary treatment plant from November, 
1939, to March, 1942, at which time activated sludge treatment was started. Primary and 
waste activated sludges are digested. Some of the digested sludge is hauled away wet 
and used for soil improvement after natural drying, but the bulk of it is barged to sea, 
as a t Wards Island.

Two concentration tanks are provided for thickening activated sludge. They are 
50 ft. in diameter and 9 ft. 10 in. deep at the side wall. Pickets are mounted on the rake 
arms to aid in thickening. They may be used for waste activated sludge or aeration tank 
liquor, though the latter method is used. For eight months of 1942 the per cent solids 
for aeration tank liquor, return sludge and concentrated sludge were, respectively, 0.16, 
0.40, and 2.40 per cent. The solids in the primary sludge averaged 5.38 per cent during 
the same period, and the combined sludge fed to the digesters averaged about 4 per cent 
solids.

The Tallmans Island plant, an activated sludge plant was placed in service in 1939. 
Two concentration tanks, fed only waste activated sludge, are provided. They are 24 ft. 
in diameter and 18 ft. deep at the side wall. Thickening pickets are mounted on the rake 
arms. During the first five months of 1941 the concentrated waste activated sludge was 
fed into the primary tanks. The activated sludge contained 1.35 per cent solids and the 
primary sludge 5.41 per cent during this period. For the rest of the year the waste 
activated sludge was fed directly to the digesters. The solids content for the primary, 
activated, and combined sludges were 7.52, 3.48, and 6.41 per cent, respectively. For 
the entire year the solids content of the digested sludge to storage and to disposal were 
5.94 and 7.23 per cent, respectively. The gain in the latter figure was due to decantation 
from the storage tanks. Part of the digested sludge has been hauled away in trucks 
to be used in soil improvement, and the rest has been barged.

Some experimental work has been done with the use of centrifuges for dewatering 
sludge. At the Jamaica, N. Y., plant digested sludge from the Coney Island plant was fed 
to a centrifuge installed for the purpose of dewatering fine screenings. Results were as 
follows: feed, 11.1 per cent solids; cake, 50.2 per cent solids, and effluent, 3.4 per cent 
solids.



At TV ards Island a continuous centrifuge was set up and the following results ob
tained.

Per Cent Solids

Feed Cake ' Effluent

R etu rn  sludge, 0 .398.....................................  4.72 0.0932
Excess sludge, 1.60 ........................................ 2.59 0.95

T. L. H e r r i c k
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N A T IO N A L  IN V E N T O R Y  O F N E E D S  FO R  S A N IT A T IO N  F A C IL I
T IE S ; III. SE W E R A G E  A N D  W A T E R  P O L L U T IO N  A B A T E 

M E N T  B Y  T H E  S A N IT A R Y  E N G IN E E R IN G  
D IV IS IO N , U . S. P U B L IC  H E A L T H  

SE R V IC E

P ublic H ealth  Reports, 59, 857-882 (Ju ly  7, 1944)

Urban development created the serious sanitation problem of waste disposal and 
this problem was not adequately solved until public water supplies were established and 
the use of water-carriage sewage systems became possible. However the solution of this 
problem created another, that of pollution of the natural waterways and according to an 
estimate by the National Resources Committee the total volume of treated and untreated 
sewage discharged from public sewer systems in 1938 was 5.75 billion gallons daily. Ap
proximately three-fifths of this volume was subjected to some degree of treatment.

The first comprehensive public sewer system in this country was designed for Chicago 
in 1855. In  1860 about 1,000,000 people representing 17 per cent of the total urban 
population were provided with some kind of sewerage. By 1900 these figures had in
creased to about 25,000,000 and 35 per cent, respectively. In  1942 they had become about
70,900,000 and 87 per cent. Thus during the past forty years the total population con
nected to sewer systems has increased about 3 times and the percentage of the urban 
population about 2.5 times.

In  1900 roughly 60 municipal treatment plants were serving a total population of 
1,000,000 or only 4  per cent of the population living in sewered communities. In  1935 
there were 3,700 municipal plants serving a population of 28,500,000 or 41 per cent of 
the population living in sewered communities. In 1942 there were 5,600 plants and the 
estimated connected population was 42,200,000 or about 60 per cent of the population 
connected to sewers. New construction except at war industries and military installations 
has been curtailed during the past three years. According to sewerage census data com
plete to the end of 1942 treatment facilities were distributed as follows:

Treatm ent
Number

of
Plants

Per Cent 
of Total 
Plants

Estimated
Population

Served

Per Cent 
of Total 

Population

M in o r.......................................................... 50 0.9 3,300,000 7.8
P rim ary ...................................................... 2,848 50.8 15,900,000 37.7
In term ed ia te  and  seco n d ary .............. 2,712 48.3 23,000,000 54.5

T o ta l .................................................. 5,610 100.0 42,200,000 100.0

P lan ts w ith  ch lo rin atio n ...................... 1,168 20.8 14,980,000 35.5

Primary treatment may be assumed to effect about 35 per cent purification; inter
mediate treatment, 50 per cent; and complete treatment, 85 per cent. Minor treatment 
is assumed to effect no purification.
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Applying the assumed purification efficiency factors to these data yields the informa
tion that the treated sewage, due to incomplete purification, has a residual polluting effect 
equivalent to the raw sewage from approximately 18,400,000 population. Added to the
28,700,000 discharging raw sewage this makes a total of about 47,000,000.

For the entire country it is estimated that the total pollution load derived from in
dustrial wastes is equivalent to a population of about 60,000,000. This estimate was 
based on extensive data compiled for the Ohio River Basin and the assumption that the 
total industrial waste pollution in the 48 States would bear the same ratio to the corre
sponding total for the Ohio River Basin, both expressed in equivalent population, as is 
borne by the estimated financial values of the products manufactured by the waste-pro
ducing industries in these two respective areas. On this basis, therefore, the combined 
sewage and industrial waste pollution for the entire country is roughly the raw sewage 
equivalent of not less than 100,000,000 population.

Damages resulting from water pollution are classified as follows:

(1) Damage to public water supplies used for domestic purposes.
(2) Damage to agriculture and food fish propagation.
(3) Damage to industrial uses of water.
(4) Interference with navigation.

, (5) Damage to recreational uses.
(6) Damage to land and property values.

The economic losses resulting from pollution of sources of public water supplies are 
serious. A variation from low to high pollution loads has been estimated to increase 
water treatment operating costs from $7.90 to $16.00 per million gallons. An increase 
in the yearly average raw water pollution load of coliform bacteria from 5,000 to 20,000 
per 100 ml. has added about $1.00 per capita annually to the cost of water purification. 
These estimates do not take into account depreciation in palatability and health hazards.

The economic losses resulting from industrial waste pollution are so variable that 
no evaluation is possible at this time. However as an example it is estimated that acid 
mine drainage water causes $2,000,000 damage annually in the Ohio River Basin. This 
estimate was made in 1940 at which time about 25 per cent of the acid load had been 
eliminated by the mine sealing program.

An estimate of $100,000,000 total annual damage due to water pollution is probably 
substantially low.

In  estimating sewerage needs throughout the nation 1940 U. S. census data and the 
1942 Public Health Service sewerage census data were used. All incorporated communi
ties having a population of more than 200 were included. For sewage treatment plants 
a design population 10 per cent greater than the 1940 population was used for com
munities under 10,000. An increase of 20 per cent was used for larger cities. While 
treatment facilities may not be needed in every case, the provision of at least primary 
treatment for all sewered communities has been contemplated as an ultimate goal and this 
plan was followed in estimating treatment needs.

A total of 16,752 incorporated communities having a total population of 83,766,379 
was listed in the 1940 census. Of these 10,083 representing 4,315,843 population had less 
than 1,000 inhabitants. The bulk of the urban population (74,423,702) was in communi
ties over 2,500 population.

New sewer systems are needed in a total of 7,718 communities having a total popu
lation of 4,835,847. Sixty per cent of the communities needing new sewer systems have 
less than 500 inhabitants and 87 per cent less than 1,000.

A total of 10,297,300 inhabitants live in 5,553 cities needing extensions to existing 
sewer systems. Approximately 1 out of 7 persons residing in sewered cities is not 
served by the existing system.

A total of 2,804 cities representing a population of 25,788,663 are not provided with 
any form of sewage treatment.

There are 10,522 communities in the nation with a total population of about 30,000,- 
000 which lack public sewer systems or sewage treatment plants or both.

A total of 13,915 out of 16,752 communities in the United States present some type 
of sewage collection or treatment need. The difference between these two figures is
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made up of 1,537 communities with less than 200 population (not included in this study) 
and 1,300 communities now having systems which are adequate.

For estimating the costs of fulfilling sewerage needs, per capita cost figures based 
on 1933—39 construction costs increased by 32 per cent to bring them to the 1942 level 
were used. New collection systems and extensions were estimated to cost $41 per capita. 
Intercepting sewers were estimated to cost $5 per capita for populations under 10,000 
and $10 per capita for populations over 10,000. Estimates for the cost of treatment 
plants were based on curves developed from the Ohio River Survey, one showing the per 
capita cost of primary treatment in relation to population served and the other showing 
a similar relationship for secondary treatment. As it was impossible in this study to 
determine the exact type of treatment needed a mean curve representing the average of 
the two per capita cost figures was used. As in the case of sewer construction estimates 
of treatment plant costs were increased by 32 per cent to bring them up to the 1942 price 
level.

Costs for the development of, and installation of, new types of industrial waste treat
ment are not known and were not included in any of the cost estimates. The Ohio River 
Survey figures cost data included only practical and proven treatment or other corrective 
measures.

The cost estimates for each State and the District of Columbia are presented in the 
following table in which costs are listed in thousands of dollars.

States

Sewers Municipal Treatment
Inde

pendent
Industrial

Waste
Correction

Com
bined
Total

New 
Systems 
and Ex
tensions

Inter
ceptors

Domestic
Sewage

Industrial
Wastes Total

Alabama...................... * 16,240 $ 5,490 $ 11,280 $ 2,370 $ 13,650 $ 2,480 $ 37,860
Arizona........................ 1,510 210- 950 200 1,150 210 3,080
Arkansas...................... 10,220 2,610 9,650 2,030 11,680 2,120 26,630
California.................... 50,970 33,470 32,610 6,850 39,460 7,170 131,070
Colorado...................... 5,440 810 5,610 1,180 6,790 1,230 14,270

Connecticut................. 6,780 2,660 5,310 1,110 6,420 1,170 17,030
Delaware..................... 1,730 1,520 2,110 440 2,550 460 6,260
District of Columbia.. . 8,580 8,580 6,600 1,390 7,990 1,450 26,600
Florida......................... 20,660 7,440 12,540 2,630 15,170 2,760 46,030
Georgia........................ 22,950 6,460 16,950 3,560 20,510 3,730 53,650

Idaho........................... 5.720 1,400 5,030 1,060 6,090 1,110 14,320
Illinois.......................... 43,920 12,280 51,360 10,790 62,150 11,300 129,650
Indiana........................ 20,420 13,040 20,890 4,390 25,280 4,600 63,340
Iowa............................. 14,740 4,580 16,690 3,510 20,200 3,670 43,190
Kansas......................... 11,170 2,850 10,040 2,110 12,150 2,210 28,380

Kentucky.................... 9,970 12,780 11,930 2,500 14,430 2,620 39,800
Louisiana..................... 11,760 9,760 11,200 2,350 13,550 2,460 37,530
Maine.......................... 3,670 4,310 4,260 890 5,150 940 14,070
Maryland.................... 12,170 13,520 5,790 1,220 7,010 1,270 33,970
Massachusetts............. 16,080 48,090 37,220 7,820 45,040 8,190 117,400

Michigan..................... 9,400 15,510 14,100 2,960 17,060 3,100 45,070
Minnesota.................... 19,240 1,950 12,540 2,630 15,170 2,760 39,120
Mississippi................... 10,120 4,030 9,970 2,090 12,060 2,190 28,400
Missouri...................... 24,140 18,770 27,250 5,720 32,970 6.000 81,880
Montana...................... 2,450 2,130 4,180 880 5,060 920 10,560
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States

Sewers M unicipal T reatm ent
Inde

pendent
Industrial

W aste
Correction

Com
bined
Total

New 
Systems 
and Ex
tensions

In ter
ceptors

Domestic
Sewage

Industrial
Wastes Total

N e b ra sk a .......................... « 7,080 $ 3,980 $ 10,300 $ 2,160 $ 12,460 1 2,270 $ 25,790
N e v a d a .............................. 360 30 230 50 280 50 720
New H am p sh ire ............. 3,200 3,060 3,200 670 3,870 700 10,830
New  Je rse y ...................... 13,690 9,750 13,830 2,900 16,730 3,040 43,210
N ew  M exico.................... 2,710 100 1,240 260 1,500 270 4,580

New  Y o rk ........................ 39,720 74,620 96,430 20,250 116,680 21,210 252,230
N o rth  C a ro lin a .............. 15,020 6,160 15,290 3,210 18,500 3,360 43,040
N o rth  D a k o ta ................ 4,800 360 5,460 1,150 6,610 1,200 12,970
O klahom a......................... 8,610 1,800 12,150 2,550 14,700 2,670 27,780
O hio .................................... 33,860 37,520 37,810 7,940 45,750 8,320 125,450

O regon ............................... 3,790 8,980 7,470 1,570 9,040 1,640 23,450
P en n sy lv an ia .................. 53,840 102,510 80,870 16,980 97,850 17,790 271,990
R hode Is la n d .................. 6,470 2,040 2,410 510 2,920 530 11.960
S outh  C aro lin a ............... 7,020 2,650 6,860 1,440 8,300 1,510 19,480
South  D a k o ta ................. 3,100 300 4,230 890 5,120 930 *9,450

T ennessee ......................... 14,250 25,340 13,690 2,870 16,560 3,010 ' 59,160
T ex as ................................. 34,100 2,860 11,210 2,350 13,560 2,470 52,990
U ta h ................................... 8,950 3,200 7,200 1,510 8,710 1,580 22,440
V e rm o n t........................... 1,090 1,310 3,070 640 3,710 670 6,780
V irg in ia ............................. 6,440 15,130 15,750 3,310 19,060 3,460 44,090

W ash in g to n ..................... 11,770 10,960 11,720 2,460 14,180 2,580 39,490
W est V irg in ia ................. 4,490 9,850 11,390 2,390 13,780 2,510 30,630
W isconsin ......................... 10,550 1,680 7,290 1,530 8,820 1,600 22,650
W yom ing .......................... 1,230 720 2,020 420 2,440 440 4,830

T o ta l ......................... 656,190 559,160 727,180 152,690 879,870 159,930 2,255,150

Logically the cost of interceptors and treatment plants may be lumped and this cost 
represents about 57 per cent of the total cost of the entire program. If  industrial wastes 
are included then the cost of pollution abatement represents about 70 per cent of the 
program cost.

The question of financing the improvements is one which involves consideration of 
many elements other than local financing. Conclusions reached by Baity and Velz re
garding Federal-State and State-local approaches to the problem are summarized briefly 
as advocating (1) Federal aid through financial assistance where needed, the development 
of sound technical methods and standards, and active co-operation with the States in 
working out well-balanced programs of pollution abatement, (2) State regulation of 
local pollution, with assistance to local communities, and (3) local responsibility for 
carrying out detailed projects for sewage treatment, sometimes jointly with industries 
and neighboring communities.

With interest at 3 per cent it is estimated that $115,000,000 would have to be set 
aside each year for an estimated useful life period of 30 years to liquidate the $2,255,150,- 
000 program outlined. Similarly $81,500,000 per year would be required for the pol
lution abatement portion of the program (interceptors and treatment). When annual 
operating and maintenance costs of $35,000,000 are added to the latter figure the annual 
cost of pollution abatement is $116,500,000 which compares favorably with the previously
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cited figure of annual damages of $100,000,000. I t  thus appears that pollution abatement 
as a national project would be practically self-liquidating from a strictly financial stand
point and intangible benefits not subject to direct evaluation would probably greatly ex
ceed the economic benefits.

From the standpoint of providing a public works program for the post-war period, 
sewerage projects are fully as important in the public interest as public water supply 
improvements. Because the public interest is so intimately involved in a broad sewerage 
program, Federal and State aid in financing is justified fully to the same extent that it 
is justified in other public works improvements affecting large numbers of people and 
large areas of the country. The importance of careful planning cannot be over-stressed. 
Close co-operation and effective leadership by Federal, State and local authorities will 
be essential to effective action.

Included in this paper are 7 tables of data and a bibliography with 15 references.
P a u l  D. H a n e y

BOOK REVIEW
Stream Sanitation. By E a r l e  B. P h e l p s .  With a Chapter on Stream Microbiology.

By J a m e s  B. L a c k e y . John Wiley and Sons, Inc., 1944. 264 pages. Price, $3.25.
This is 'an  unusual book, because it contains not only fundamental data on stream 

pollution and self-purification, but also discussions of the author’s development of mathe
matical means of expressing the degrees of stream defilement and regeneration, and sug
gestions of plausible theories of mechanism of sewage treatment processes and biochemical 
reactions. In addition, there are frequent unique comments or analogies that season the 
text and lend a flavor not usually found in a scientific treatise of this type. Few engi
neering books suggest the personality of the author, but this one clearly reflects the in
quiring, searching, proving quality of Prof. Phelps’ mind and judgment as applied to his 
life’s work. He is not concerned with the assembling of innumerable facts, but rather 
with the formulation of the fundamental reactions of stream pollution and self-purifiea- 
tion. The book is therefore not a text book, but rather a book of ideas built around the 
scientific memoirs of the distinguished senior author.

Dr. Lackey’s contribution is of no mean order, but a valuable yet concise presenta
tion of the types and functions of microorganisms in stream sanitation.

The seven chapters are headed: The Life History of a Stream; Biology of Growth 
and Decay; Aerobic Decomposition. Oxidation; Anaerobic Decomposition. Digestion; 
The Oxygen Balance; Public Health Aspects. Bacterial Pollution; and Stream Micro
biology. There are thirty figures, and frequent references, which are placed, fortunately, 
at the bottom of the pages, so that one is more urgently reminded of the source of certain 
data than is the case when the references are at the end of a chapter.

The primary objective of the book appears to be to reduce, so far as possible, the 
transformations of nature to mathematical expressions. In this attempt Prof. Phelps, 
Prof. Fair and Mr. Streeter have been most assiduous, but as the stream “struggles when 
an attempt is made to confine it” (p. 1), so also it struggles within the bonds of fixed 
equations even though such bonds be loosened here and there by insertion of suitable 
constants and exponents, which, as stated on page 164, are usually far from constant. 
Also (p. 183), time of flow relations are so indeterminate that “it is never possible to 
apply the strict mathematical formulations to stream conditions, especially where these 
have been inadequately studied or are being investigated for the first time.”

Although Prof. Phelps discusses and coordinates the mathematical relations of
B.O.D., stream flow, reaeration, and sludge deposits more clearly and simply than has 
ever been done heretofore, it is difficult to apply the theory to a practical problem of 
stream pollution, especially when sludge deposits are an important factor. However, 
the work of Fair and Moore on benthal deposits defines their properties as studied in the 
laboratory and relates the magnitude of deoxygenation to the concentration of volatile 
solids per unit area.
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The basic conceptions of oxygen balance are discussed with remarkable clarity by 
Prof. Phelps and with considerable ingenuity of analogy (p. 133). The opposing fac
tors of B.O.D. and sludge deposits versus dilution, reaeration and photosynthesis are ex
plained with suitable examples, and the discussions of reaeration and the sag curve are 
interesting and informative.

Some interjected remarks show a lively imagination that strikes the reader with 
surprise and pleasure, for example (p. 42) the expenditure of vis viva likened to “a tight 
rope walker balanced on a rope and apparently getting nowhere,” the selective charac
teristics of E. coli (p. I l l )  which “might properly be likened to the upper classes of 
society who have the more menial duties of food preparation performed for them” ; and 
the surprising recollection of the purity of sand filter effluents at Lawrence (page 192) 
such that “it was our regular custom to invite visitors, sometimes distinguished visitors 
from abroad, to drink of one of these effluents served from a cut-glass pitcher, in cut- 
glass tumblers.” In the latter case, the amenities of courtesy and sanitation might have 
been carried a little further if a cut-glass decanter had been brought forth and some of its 
contents added to make a sand-filter highball.

Seriously, there are several concepts in the text that may be questioned. There may 
be disagreement with the statement on page 88, that oxidation of ammonia to nitrate in 
no way depletes the oxygen resources of a stream because the nitrate oxygen is poten
tially available. There is of course a very serious doubt in many minds whether nitri
fication by sewage treatment is worth what it costs, as discussed by the reviewer in an 
editorial in the S e w a g e  W o r k s  J o u r n a l , July, 1938, but it must be admitted that a low- 
rate standard filter which nitrifies most if not all of the applied ammonia does more work 
than a high-rate filter, with an effluent of equal B.O.D. but no nitrate (based on equal 
volumes). Whether the nitrate is or is not an asset depends upon the conditions of 
disposal.

The secondary, or nitrogen, phase of the B.O.D. reaction is dismissed rather curtly 
by Prof. Phelps and most all equations relating to B.O.D. refer only to the first or carbon 
stage, extended. Sometimes, as in effluents undergoing incipient nitrification, the B.O.D. 
is almost completely in the nitrogen stage. In  this case, it is surprising that the original 
study of Prof. Phelps of some 2600 methylene blue stabilities of sewage filters worked 
out to give the monomoleeular curve used as the basis of stability. In  effluents from bio
logical treatment the second stage begins almost immediately, or within a few days, 
rather than between the tenth and twentieth day (p. 88).

The theory of activated sludge mechanism (pages 92 to 100), in which the normal 
rate of deoxygenation (fc =  0.1) applies to about 85 per cent of the total, and a much 
higher rate to the remainder, is very interesting and warrants further study. The theory 
is extended to other systems in which sludge is present, in which the “pollute” is removed 
from the liquid to the solid phase.

There are many parts of this stimulating book that leads one to think more deeply 
about the underlying reactions in the entire field of biological sewage treatment and dis
posal of effluents in streams. In  addition, the chapter on bacteria (VI) is highly readable 
and thought provoking. Finally, Dr. Lackey’s chapter is full of valuable information on 
stream biology.

This book will be a great pleasure to those who have spent years in the study of 
stream pollution and for others it will reveal the complexity and fascination that these 
problems have, especially for those sanitary engineers who think in mathematical terms.

F. W. M o h l m a n



SEW AGE W ORKS JO U R N A L 21

Four 85' P.F.T. Floating Covers at 
Denver, Colo. •

P.F.T. FLOATING COVERS
have stood the test of time

Since the first installation at Plainfield, New Jersey, in 1925, 
general acceptance has been accorded P.F.T. Floating Covers. 
Hundreds of subsequent installations have demonstrated that 
digesters equipped with P.F.T. floating covers provide more 
effective digestion, plus positive control of odor and sight 
nuisances and profitable utilization of gas for power. 258 
P.F.T. floating covers are in operation on war projects alone. 
There are now over one thousand in service.

All the requirements for the effective digestion of sewage 
solids are provided by digesters equipped with P.F.T. floating 
covers. Complete submergence of materials which normally 
float, with consequent acceleration of digestion, is assured at all 
times, regardless of varying operating conditions. Effective use 
is made of the natural forces of digestion by setting up conditions 
favorable to this process, without the need of employing me
chanical operating equipment.

The P.F.T. floating cover assures the greatest flexibility obtain
able. Two or more similar tanks equipped with floating covers 
may be used at will for either two stage or single stage digestion. 
Power costs are obviated and maintenance is reduced to a 
minimum. By the elimination of all moving parts, P.F.T. 
floating covers avoid the operating interruptions caused by 
breakdowns of mechanical equipment.

Catalog No. 232 shows the construction, advantages and 
typical installations of P.F.T. floating covers.

P.F.T. Equipment:
Floating Cover Digesters 
Sludge Gas Control 

Equipments 
External Digester 

Heaters 
Supernatant Treaters 
Supernatant Selectors 
Supernatant Gauge,

Sight Glass and 
Sampler 

Pre-Aerators and Grease 
Removers 

Laundry and Trade 
Waste Treaters 

Rotary Distributors 
Twin Tank Controls 
Alternating Siphons 
Sewage Siphons 
Sprinkling Filter Nozzles 
Air Diffusion Equipment 
Tray Clarifiers 
Sludge Pumps 
Sludge Samplers 
Flush-Tank Siphons and 

Regulators 
Jointite Sewer Joint 

Compound

- ‘ J a n â  C o .
4141 R A V C H S W O O D  A V E N U E ,  C H I C A G O  

NEW YO RK C H A A I O T T E . N . C .

S E W A G E  T R E A T M E N T  E Q U I P M E N T  E X C L U S I V E L Y  S I N C E  1 8 9 3
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I n s t a l l i n g  U . S . C a s t  I r o n  P i p e  i n  o p e r a t i n g  g a l l e r y  o f  s e w a g e  
t r e a t m e n t  p l a n t  i n  N e w  Y o r k  C i ty .  D r a w n  b y  R ic o  L e b r u n  T o r 
U . S . P ip e  a n d  F o u n d r y  C o .

cast iron More than 95 per cent of the pipe 
used for water distribution mains, 
filtration plants and sewage treat
m ent plants in the United States 
is cast iron pipe. It is the recog
nized standard material for these 
services. As the largest producer 

of cast iron pipe for 45 years, we have acquired a wide 
knowledge of pipe design which may be found helpful 
in solving your current or postwar problems.

U. S. P IP E  &  F O U N D R Y  CO.
G e n e r a l  O f f ic e s :  B u r l i n g to n ,  N . J .
/’hints anil Sali’s Office» ihroiif'lmut 

the V. S. A.
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For those who plan for lomorrouu...
NORTON PORDOS PLATES and TORES

p U B L I C  w orks p la n n ers w h o see  beyond  today are loo k in g  to  
N o rto n  P orou s P la te s  and  T ub es as th e  m odern  m e d iu m  for 

to m orrow ’s a c tiv a ted  slu 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 con tro l over su ch  e ssen tia l 
q u a lit ie s  as p erm ea b ility , p orosity , pore size  and  w et pressure  
lo ss . T h e  d iffu sio n  o f  air is  th e  prim ary req u irem en t o f  a c t i
v ated  s lu d g e  sew age sy s tem s and  N orton  P orous 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 t in 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.

N o r t o n  S  R e f r a c t o r i e s
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The new " V A R E C ” approved 
PRESSURE RELIEF 6* FLAME TRAP 

ASSEMBLY Fig. 4 4 0

•  This Unit consists of a diaphragm-operated 
Regulator, Flame Trap, and a Thermal Shut- 
off Valve. It maintains a predetermined 
back pressure, passing surplus gas to the 
waste gas burner. It stops Flame Propaga
tion. Patented extensible Flame Trap ele
ment simplifies inspection and maintenance. 
It is noncorrosive. Sizes 2" to 6".

Wherever there are toxic and com
bustible gases, specify “V AREC” for 
gas control with safety, economy, and 
performance. The vast research and 
engineering resources of the Vapor 
Recovery Systems Co. are always avail
able to consulting engineers and muni
cipal officials designing, constructing, 
and o p era tin g  Sewage T reatm ent 
Plants.

There is a wealth of information, 
illustrations, flow diagrams, charts, and 
data in the new “V A R EC ” Sewage 
Gas Control and Handbook S-3. It is 
yours for the asking.
THE VAPOR R ECO V ER Y SYSTEM S CO. 

Compton, California
Branch Offices and  Stock Carried a t 

N e w  Y o r k  C i ty  - N e w  O r le a n s ,  L a . - H o u s to n ,  T e x a s  
T u ls a ,  O k la .

Agencies Everywhere

PRESSURE REG ULATO RS M ANHOLE CO VERS FLAME ARRESTERS MANOMETERS

, v u ' SUPER 
SENSITIVE 

PRESSURE REGULATORS

P R O

HANDHOLE COVERS
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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  i 
T H E  R O Y E R  “ J R ”  I S  I D E A L  ^

r

This Royer “ Jr.”  Sludge Disintegrator is converting  sludge into 
ferti l izer  a t  Lincolnton, N orth  Carolina— population  4 ,525 .

A lthough  th e  am o u n t  of sludge from this sewage disposal p lan t is 
b u t  2 0  to  2 5  tons per year, th e  officials are reported as well pleased 
w ith  th e ir  Royer; especially for th e  ease w ith  which it can be moved 
anyw here  on th e  drying basin. Fertilizer produced by this Royer is 
used on th e  c ity cem etery  and school lawns. Farmers and gardeners 
tak e  th e  surplus.

In cities of every size th ro ughou t the  nation, Royers are making 
m arke tab le  ferti l izer  o u t  of  sludge a t  a cost no greater than  th a t  of 
burial or incineration . All th e  labor required is shoveling the  sludge 
cake into th e  hopper. The m achine shreds, mixes, aerates and 
fu r th e r  dries th e  m ateria l;  discharging onto  pile or truck  an effective, 
ready-to -use  fertilizer, which finds a ready m arke t  among Victory 
gardeners and  commercial growers.

T he Royer “ Jr.”  has proved ideal for the  smaller com m unities. In 
th e  larger cities o th e r  Royer models o f  greater capacities are producing 
substan tia l  revenues for sewage disposal plants.

W r i t e  for th e  Sewage Sludge Utilization Datalog.

i  PIONEERS 1 
m d  IN THE | h  
I j H  SALVAGE OF ■  
d E  SEWAGE ■  
B  SLUDGE J M

F O U N D R Y  fr M A C H IN E CC
176 PRINGLE ST„ KINGSTON, PÄ



FLEXIBLE SEWER-ROD EQUIPMENT CO.
9 0  5 9 V E N I C E  B O U L E V A R D  L O S  A N G E L E S ,  C A L I F O R N I A
4 0 1  B R O A D W A Y ,  N E W  Y O R K ,  N. Y .  •  P I C K W I C K  B L D G . ,  K A N S A S  C I T Y ,  MO.

INCINERATION ENGINEERS

miHOLS EncinEERinc & 
RE5 EKRIH CORPORRTIOR
6 0  WALL TOWER NEW YORK, N. Y.

Consultants • Designers • Constructors
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STORM DRAIN CLEANING MADE EASY WITH NEW
P IC K  UP l o a d I

F L E X IB L E  T O O L
S to rm  d r a in  c le a n in g  is  a 
s im p le  o p e r a t io n  w ith  the 
F le x ib le  H i - W a y  C u lv e r t  
Scrap er. W ith lines strung as 
illu stra te d , the truck p u lls  the 
co llap sed  tool into the c u l
vert; reversed , the tool opens 
a n d  p icks up a load  of sand 
an d  de b ris . S im p le , effective. 
Th is tool is a v a ila b le  in a 
va rie ty  o f s ize s. W rite  for 
ca ta lo g .

Affilia te  w i th

Fed eration  of Se w a g e  W o rk s Associations
For p a rticu lars w rite  

W . H . W ISE L Y , E x ecu tive  S e c re ta ry ,  325-6 I llin o is  B ld g ., C h a m p a ig n , I ll in o is
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FIT THE M E T E R S  AND 
VALVES TO THE SERVICE

M easurem ent and c o n tro l go  hand-in -hand  in 
sewage d isposal p lan ts. It takes specialized eq u ip m en t 
to con tro l the  d iversity  o f  services th a t are e n co u n 
tered in th is field. P ittsb u rg h  E quitab le  M eter C om 
pany and subsid iary , M erco  N o rd s tro m  Valve C om 
pany, have the  necessary m eters, reg u la to rs , and valves 
properly en g in eered  for th e  in sta lla tions involved  and 
in a com ple te  range  o f  sizes, types, and  w o rk in g  p res
sures for every req u irem en t.

In  th e  an tic ip a ted  post-w ar sew age trea tm en t 
construction  b o o m , it w o u ld  be  w ell to  rem em ber 
that for th e  b est resu lts  san ita tio n  eng ineers, in the 
past, have specified N o rd s tro m  L ubricated  Valves, 
EMCO S lu d g e  G as M e te rs  a n d  R e g u la to r s ,  a n d  
P ittsburgh-E m pire  H o t and  C old  W a te r  M eters.

P I T T S B U R G H  E Q U I T A B L E  M E T E R  C O
Atlanta Houston M E R C O  N O R D ST R O M  VALVE C O . Los A n ge les Boston
Brooklyn Pittsburgh M a in  Offices« P IT T S B U R G H ,  P A . Seattle 
Kansas C ity  Tulsa San Francisco

N ational M eter D ivision, B rooklyn , N. Y.

Ch icago 
N e w  York

N O R D S T R O M  V A L VE S  

ON C E N T R I F U G A L  S L U D G E  P U M P  

M I N N E A P O L I S - S T .  PAUL PL ANT

EMCORECTOR
GAUGE

EM P IR E  
LA R G E CA P A C ITY  

WATER M ETER

NORDSTROM
VALVES

EMCO NO. 5 
SLUDGE GAS METER

----------------

P I T T S B U R G H - E M P I R E  E M C O  S E W A G E  N O R D S T R O M

W A T E R  M E T E R S  GA S  M E T E R S  L U B R I C A T E D  V A L V E S
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Sheathing and Rafters 
Furnished by Others-

Pressure-and. Vacuum. 
Relief

HandholeEntrance Hatch
Sampling Well

3 "  Clearance
Landing Ledge or 

Brackets -— S

Gas Pipe Housing

Side elevation of sewage digester tank 
shows underside surface of floating roof 
cover, in constant contact with sludge gas, 
where Bitumastic No. 50 was specified for 
long-time protection against corrosion. 
These tanks have been installed in several 
army camps and bases and in municipal 
plants.

Heating Coils

SLUDGE GAS MEETS ITS MATCH IN BITUMASTIC No. 50

Bitumastic No. 5 0  pro
v id es powerful protec
tion against the corrosive 
effect of sludge gas on 
stee l and concrete sur
faces. For th is unique, 
h eavy-b od ied  coal tar 
base coating, applied in 
film thicknesses up to 1-

16-inch in multiple coats, 
stands up under long time 
exposure to sewage and 
sewage gas.

For adequate corrosion 
protection for your sew
age plant equipment and 
structures use Bitumastic 
No. 50 .

Distributors in principal cities

W A ILES  D O V E - H E R M I S T O N  C O R P O R A T IO N
Westfield, N ew  Jersey 

NEW YORK • PHILADELPHIA • CLEVELAND • CHICAGO 
HOUSTON • TULSA . MIAMI • SAN FRANCISCO • LOS ANGELES
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P lease return any empty Liquid  
Chlorine Containers in  your plant 

. . . prom ptly.

A lthough we have sufficient containers 
on hand . . . their prom pt return helps 

us all keep production ro llin g  smoothly. 
T hank you.

IDLE CYLINDERS MEAN IDLE MATERIAL 
AND LOST PRODUCTION

P E N N S Y L V A N I A  S A L T
M A N  l / f X A  T U R I N G  C  oJM  P A N  V

1000 W 1DENER BU ILDING , P H ILA D E LP H IA  7 , P A .

Now York • Chicago • St. Louis • Pittsburgh • Gncinnati 
Minneapolis • Wyandotte • Tacoma
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: : D IR EC TO R Y  O F E N G IN E E R S : :

ALBRIGHT 8C FRIEL, INC.
Consulting Engineers

Water, Sewerage, Industrial Waste, 
Garbage, Power Plant and 

Valuation Problems
1520 L O C U ST  ST . 

P H IL A D E L P H IA , P E N N A .

C h a r le s  B. B u rd ic k  L o u is  R . H o w so n  
D o n a ld  H . M axw ell

ALVORD, BURDICK &  HOWSON
E n g in ee rs  

W a te r  W o rk s , W a te r  P u r if ic a tio n , 
F lo o d  R elief, S ew erag e , S ew age  
D isp o sa l, D ra in a g e , A p p ra is a ls ,  

P o w e r G e n e ra tio n  
C ivic O pera B u ild in g  Chicago

B L A C K  &  V E A T C H
C o n su ltin g  E n g in e ers

4706 B road w ay, K an sas C ity , Mo.
S ew erage, Sew age D isposa l, W a te r  S u p p ly , W a te r  P u r if ic a tio n , E le c tr ic  L ig h tin g , 
P o w er P la n ts ,  V a lu a tio n s , S pec ia l In v e s tig a tio n s , R e p o r ts  a n d  L a b o ra to ry  S ervice
E. B. B l a c k  N. T . V e a t c h ,  J e . A. P . L e a r n e d  H . P . L utz 

F .  M . V e a t c h  J .  F .  B e o w n  R . E . L a w r e n c e  E . L .  F i l b t

C L I N 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
W a te r  S u p p ly  a n d  T re a tm e n t 

Sew erage  a n d  Sew age T re a tm e n t

624 M ad iso n  A venue  
N ew  Y o rk  22, N ew  Y o rk

B U C K , S E IF E R T  A N D  J O S T
C o n s u ltin g  E n g in eers

(FORMERLY NICHOLAS S. HILL ASSOCIATES)
Specializing in Sewerage and Sewage Disposal, 

W ater Supply and W ater Purification, 
Valuations and Reports

Chemical and Biological Laboratories 

112 E a st 19th  S tr e e t  N ew  York, N . Y.

burns & McDonnell engineering co.
McDONNELL-SutTH-BiLDWrN-TlMAtiUS-McDONNELL

T H O M A S  R. CAM P
C o n su ltin g  E n g in ee r

Water Works and Water Treatment 
Sewerage and Sewage Treatment 
Municipal and ^Industrial Wastes 

Investigations and Reports 
Design and Supervision 

Research and Development 
Flood Control

6 B eacon  S t. B o s to n  8, M ass.

Consulting Engineers since 1897
W a te rw o rk s , L ig h t  a n d  P o w er, 
S e w e ra g e , R e p o r t s ,  D e s ig n s ,  
A p p ra isa ls , R a t e  In v e s tig a tio n s .

Kansas City 2, Mo. 107 W eit Linwood Blvd.

THE C H E S T E R  E N G I N E E R S
C am pbell, Davis &  Bankson

Water Supply and Purification, Sewerage 
and Sewage Treatment, Power Develop
ment and Applications, 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 .

CONSOER, TOWNSEND &  ASSOCIATES
Water Supply— Sewerage— Flood Con
trol &  Drainage— Bridges— Ornamen
tal Street Lighting— Paving— Light 
and Power Plants. Appraisals.

C hicago Tim©* BIdg., 211 W. W acker Drive

FAY, SPOFFORD & THORNDIKE
E N G I N E E R S

C h a r l e s  M . S p o f f o r d  
J o h n  A y e r  C a r r o l l  A. F a r w e l l  
B i o n  A. B o w m a n  R a l p h  W. H o r n e

W a te r  S u pp ly  a n d  D is tr ib u tio n —D ra in a g e  
Sew erage  a n d  Sew age T re a tm e n t—A irp o r ts

In v e s tig a tio n s  a n d  R ep o r ts  
D esigns  V a lu a tio n s  

S u p erv is io n  of C o n s tru c tio n  
B o sto n  N ew  Y o rk

W I L L I A M  A. G O F F
C o n s u ltin g  E n g in ee r

P r iv a te  a n d  M u n ic ip a l E n g in e e r in g  
S ew e rag e , S ew ag e  D isp o sa l 

W a te r  S u p p ly  a n d  T r e a tm e n t  
G a rb a g e , R efu se . I n d u s t r i a l  W a s te s  

D esig n , S u p e rv is io n , V a lu a t io n s , R e p o r ts
B road  St. S tation  B ld g ., P h ila d e lp h ia

B L U E P R IN T  N O W /  With the Aid of These Outstanding Consultants
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DIRECTORY OF ENGINEERS

GANNETT FLEMING CORDDRY AND CARPENTER, INC.
HARRISBURG, P E 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  

S a m u e l  A . G b e e l e y  P a u l  H a n s e n

P a u l  E .  L a n g d o n  K e n n e t h  V . H i l l
T h o m a s  M . N i l e s  S a m u e l  M . C l a b k e  

W a te r S upply , W a te r  P u rific a tio n , 
Sew erage, Sew age T re a tm e n t, F lood  
C o n tro l, D ra in ag e , R efuse  D isposa l 

6 N . M ich ig an  Ave.. C hieago

KEIS &  H O LR O Y D
Consulting Engineers
Formerly Solomon & Keis 

Since 1906
W ater Supply and Purification, Sewerage and 

Sewage T reatm ent, Garbage and Refuse 
Disposal and Incineration, Industrial 

Buildings.
TROY, N. Y. FT. LAUDERDALE, FLA.

H A V E N S  A N D  E M E R S O N
C o n su ltin g  E n g in eers

W . L. H av en s  C. A. E m erso n  
A. A. B u rg e r  F . C. T o lles  F . W . Jo n es  

W a te r , Sew age, G arb ag e , I n d u s tr ia l  
W as te s , V a lu a tio n s .—L a b o ra to r ie s

L e a d e r  B l d g .  W o o l w o r t h  B l d g .
C l e v e l a n d  14 N e w  Y o r k  7

M O R R IS K NO W LES, In c. 
E n gin eers

W a te r  S u p p ly  a n d  P u r if ic a tio n , S ew er
ag e  a n d  S ew age  D isp o sa l, V a lu a tio n s , 

L a b o ra to ry , C ity  P la n n in g .

1S12 P a r k  B ld g . P i t t s b u r g h  22, P a .

M E T C A L F & EDDY  
E n gin eers

W ater , S ew age, D ra in a g e , R efuse  an d  
I n d u s t r i a l  W as te s  P ro b lem s  

L a b o ra to ry  V a lu a tio n s
A irfie ld s

S ta t le r  B u ild in g
B o s t o n  16

R O B E R T  T . R E G E ST E R
C o n su ltin g  E n g in eer

S ew erage— S ew age  T re a tm e n t 
W a te r  W o rk s — I n d u s t r ia l  W as te s  

F lo o d  C o n tro l—F ir e  P ro te c tio n
A dv iso ry  Service, R e p o r ts  a n d  D e sig n s

B a l t i m o r e  L i f e  B u i l d i n g  
B a l t i m o r e ,  M d .

MALCOLM PIRNIE
Engineer

Sewerage, Sewage Disposal,
W ater Supply, Treatment, 
Reports, Plans, Estimates, 
Supervision and Operations 

Valuation and Rates.
25 W . 43rd S t. N ew  Y ork 18, N . Y .

R U S S E L L  a n d  A X O N
C o n su ltin g  E n g in eers  

Geo. S. R u sse ll J o h n  O. P r i tc h a r d
J o e  W illiam so n , J r .  F . E . W en g e r
S ew erage, S ew age D isp o sa l, W a te r  S u p 
p ly , W a te r  P u r if ic a tio n , P o w e r P la n ts ,  
A p p ra is a ls , R a te  In v e s tig a tio n s , R ep o rts , 
P la n s , Spec ifica tions.
4903 D e lm a r B lvd. S t. L on ls

STANLEY ENGINEERING COMPANY
Sew erage— W aterw o rk s  

D ra in ag e— F lood  C on tro l 
E lec tr ic  P o w er— A irp o r ts

C e n tra l S ta te  B a n k  B u ild in g  
M u sca tin e , la .

WHITMAN, REQUARDT & ASSOCIATES
E ngin eers— 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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Samplers may be had with manual a d 

justm ent oj sampling interval or with  

automatic proportioner control.

Ask for Bulletin 2430

L «
I N F I L C O

I N C O R P O R A T E D

325 W. 25TH PLA CE, C H I C A G O  16, ILL.

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-Sew age Pumps W ith

MABBS RAWHIDE PACKING
• P R E V E N T S  W E A R  A N D  C U T T I N G  O F  S H A F T S
• I S  A N T I - F R I C T I O N A L —S A V E S  P O W E R
• W A T E R  I S  I T S  B E S T  L U B R I C A N T
• L A S T S  M U C H  L O N G E R

P R O M P T  S H IP M E N T  O F  A N Y  S IZ E

M A B B S  H Y D R A U L I C  P A C K I N G  C O .
4 3 1  S .  D E A R B O R N  S T . I n c o r p o r a t e d  1 8 9 2 C H IC A G O  5 ,  ILL.

W h e n  Writ ing  A d v e r t i s e r s  
Pie  ase  M e n t i o n  

S E W A G E  WORKS J O U R N A L
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Thousands of tons o f Clow’s C A S T  IR O N  P IP E  and F IT T IN G S  
were used in the construction of the C H IC A G O  S U B W A Y  
for water, gas, sewage, and drainage lines......................................

Write for F R E E  copy of our catalog PIPE ECONOMY

J ames B. C low  6* Sons
201-299 N. Taiman Avenue (P. O. Box 6 6 0 0  A) CHICAGO 80 , ILLINOIS
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¿ e t  f/ ie s e  c p u y s  s f â r f / f /

There's a day coming when you’ll 
want to stand up and cheer the great
est victory in history.

But let's not start cheering yet.
In fact, let’s not start it at a ll-over  

here. Let’s leave it to the fellows who 
are doing  the job to begin the cele
brating.

Our lead ers have told us that 
smashing the Axis will be a slow,

dangerous, bloody job.
If we at home start throwing our 

hats in the air and easing up before 
the job’s completely done, it will be 
slower, more dangerous, bloodier.

Right now, it’s up to us to k eep  on 
buying War Bonds until this war is 
won.

If we do that, we’ll have the right to 
join the cheering when the time comes.

K e e p  6 a c 6 / n f 'e m  u p  m 'f/ t W a r B o u  c / s

★ ★ ★

FEDERATION OF SEWAGE WORKS ASSOCIATIONS

This is  an official U.S. Treasury advertisement—prepared under auspices o f  
Treasury Department and War Advertising Council
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FOR OPEN FLOW
/ /

BUILDERS

16" Kennison Nozzle at Belgrave Sewer 
District, Great Neck, Long Island.

A ccurately m easures flow  of sew age  
and slu d g e  through partially filled  
p ip es or open  chann els. A vailab le  
w ith  B uilders instrum ents for totaliz
ing, rate ind icatin g  and recording.

W rite for illustrated B u lletin  3 3 4 A .
A ddress B u ilders-P rovidence, Inc. (d iv is io n  of B uilders Iron Foundry), 

9  C odding St., P rovidence 1, R. I.

" B L U E  P R I N T  N O W "

£ i* tc w e é t/.

B U I L D E R S - P R O V I D E N C E

Q -O fU et,

S U ll  f

A v a ila b le  •

B U L L E T I N
1 2 0

Gives details and performance data on 
Lakeside S p I R A p L O

C L A R IF IE R
3 in 1

Skims — Flocculates — Clarifies

B U L L E T I N  
1 1 2

A E R O -F IL T E R
Results Obtained by Excellent Distribu
tion and NOT BY RECIRCULATION

Write for your copy now ■

LAKESIDE ENGINEERING  
CORPORATION

222 W . Adams St. Chicago 6, Illinois

The highest quality of engineering 
design  and of w orkm anship  has 
always been the ideal of the De  
Laval Steam  Turbine 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  too ls, gages, jigs and 
m easuring devices, fo llow ed  by 
limit-gage inspection of finished sur
faces and by thorough testing of 
completed units.

DE L AVAL
S T E A M  T U R B I N E  C O M P A N Y

TRENTON 2, NEW JERSEY
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GIVE YOUR PROBLEM TO JEFFREYSINGLI TANK DRIVE UNIT 
(ALSO DOUBLE UNITS)

Whether it calls for applying the equipment for 
a complete plant or for revamping and improv
ing your present installation, Jeffrey has the 
answer in efficient and modern equipment for 
water and sewage treatment.

Shown here is a typical sludge collector instal
lation and a  few of its details. Jeffrey makes 
bar screens, screenings and garbage grinders, 
grit collectors, grit washers, chemical feeders, 
floctrols, equipment for biofiltration plants, and 
general conveying equipment.

ASSEMBLED 
SELF ALIGNING 
BEARING AND 

HOUSING

OFFSET DRIVE 
SPROCKET

ATTACHMENT 
TO GIVE 

FULL DEPTH 
SUPPORT 

TO FLIGHT
(PATENTED)
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do your plans call for a volumetric feeder?

AN OMEGA UNIVERSAL
These rugged, de
pendable volumet
ric feeders will feed: 

Alum 
Ferrisul 
Ferrifloc 
Ferrous 
Sulphate 

Lime 
Soda Ash 

Carbon 
Clay, etc.

Dissolving chambers of 
proper capacity are fur
nished for rate of feed 
specified.

O M EG A  M ACHINE CO.
(Division of Builders Iron Foundry)

85 CODDING ST., PROVIDENCE 1, R. I.

■ r r

O th er O M E G A  P ro d u cts
G r a v i m e t r i c  F e e d e r s  

S o l u t i o n  F e e d e r s  
L i m e  S l a k i n g  E q u i p m e n t  

M e c h a n i c a l  A g i t a t o r s  
B u c k e t  E l e v a t o r s  

L a b o r a t o r y  S t i r r e r s

W rite  fo r  descriptive bulletins

N EW  La M O T T E  H -C  C H L O R IN E  
C O M P A R A T O R

(For H igh  Chlorine C oncentrations— 
1 .0  to 2 0 0  ppm. and above)

A special Chlorine Unit designed for 
uses where a high residual of 1.0 ppm. or 
more of chlorine is maintained. Price, 
complete with instructions, $12.50.

The H-C Chlorine Comparator is 
one of a complete new line of LaMotte 
Chlorine Units. Embodies latest ap
proved developments, such as control 
of color development, pH, etc., with a 
new series of interchangeable 15 mm. 
chlorine color standards embracing the 
entire useful range. The new LaMotte 
o-Tolidine reagent is used with all La
Motte units, and may be purchased sepa
rately, in various package sizes. Write 
for descriptive booklet.
LaMOTTE CHEMICAL PRODUCTS CO.

Dept. SW
Towson U Baltimore, Md.

44 O u r  S i x t i e t h  Y e a r  ”

S erv in g  A m erica
Doing The Things We Know Best

Builders of 
GARBAGE 
DISPOSAL 

SHREDDERS 
for Battleships,
Merchant 
Marine 

and 
Municipal 

Plants

SA N ITA R Y  EN G INEERS
S e n d  f o r  F a c t s  o n  L a te s t

G r u e n d l e r  S e w a g e  S h r e d d e r s
f o r  M u n ic ip a l  S e w a g e  P la n t s

F o r  d i s in te g r a t io n  o f  R a g  S to c k , G a rb a g e , 
F lo a ta b le s ,  a n d  F ib ro u s  M a te r ia l s  w i th  o u t  
C .h o k o  D o w n  s o  a s  t o  p a s s  S c r e e n  B a r —  

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

G R U E N D L E R
CRUSHER & PULVERIZER CO.
2929 N. Market St. St. Louis 6, Mo.
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P h o to  sh o w s  3 “ R - C ”  M u lt i - C a p a c i ty  
B lo w e r s .  C a p a c i t i e s  o f  e a c h  u n i t  
5 8 3 /1 1 6 6 /1 7 5 0  c .f .m .,  a t  6 to  7 lb s. 
p re s s u re .

The Roots-Connersville Multi-Capacity Blower is one of the most 
effective means of obtaining an air supply flexible and adequate 
enough to meet varying conditions.

The blower chamber is divided into two sections of different widths. 
Each represents a separate rotary positive blower, but for economy, 
compactness, and convenience, both sets of impellers are as
sembled in one case and carried on the same shaft and bearings.

When the two bypass valves are closed, the capacity of both sec
tions is delivered into the line. With either one of the valves open, 
that section is by-passed to the suction without compression. This 
by-passing takes negligible power—only 1% to 2% of the total. 
Thus, with one unit, driven by one constant speed motor, it is pos
sible to obtain at high economy three different capacities. Let us 
figure on'youupost-war requirements.

ROOTS-CONNERSVILLE BLOWER CORPORATION
O N E O F THE DRESSER INDUSTRIES  

501 Wellman Ave., Connersville, Ind.

WRITE FOR BULLETIN 2 3-B-12

1  B L O W E R S
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I n  plans for sewage treatment most of the factors in your 
plant will necessarily be fixed, such as the capacities of the 
settling tank, the digestion chamber and the drying bed. 
They cannot be expanded temporarily to meet emergency 
conditions.

On the other hand the flow of sewage is an uncontrollable 
variable, both in its quantity and in its character.

Fortunately, however, chlorination is so flexible a process 
that it is readily adaptable to assist in handling effectively 
any varying flow of sewage.

For recommendations on employing the most advanced 
methods of chlorination to meet your particular problems, 
call on your W8sT Representative, or write to our Engineer
ing Department No obligation is involved.

“The Only Sale Sewage is a Sterilized Sewage”
. . . . .

WALLACE & TIERNAN CO., Inc.
M AN U FACTU RERS O F  C H LO R IN E  A N D  A M M O N IA  C O N T R O L  APPA RATU S 

NEWARK 1, NEW JERSEY • REPRESENTED IN PRINCIPAL. CITIES


