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N O T I C E  T O  O U R  

A D V E R T I S E R S !

•

T EE G IN N IN G  with the production of the March, 

1944 issue of SEWAGE WORKS JOURNAL, 

the h a n d l in g  of all advertising details will be car

ried on by the Federation’s new central office in 

Champaign, Illinois. All inquiries, contracts, in

sertion orders, cuts, etc., should be addressed as 

follows :

S E W A G E  W O R K S  J O U R N A L

W . H . W ISELY, Editor 

325-6 ILLINOIS BUILDING 
CHAMPAIGN, ILLINOIS

•

Please revise your records accordingly and let 
us hear from you when we can be of service.
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Dorrco Doings in 1943
Excerpts from Mr. Dorr's “annual letter” ad 
published in full in Water Works Sewerage 
and Sewage Works Engineering for January.

This year, for the first time since the W ar began, the question is not W hat or How, 
but W hen, and w ithout letting up one w hit in our war effort, the Sons of M artha realize 
that the true job comes after the V ictory celebrations. Peace is harder than war, and the 
part of peace directly following war is the m ost difficult of all.

“Careful and troubled about m any th ings” as we will be, our prayer tha t as a nation 
and as individuals we m aintain a sense of proportion, m ust be incessant.

Those of us whose work or training has made us realize we are part of this Round 
W orld rejoiced over the evidence of Global unity which we had prayed for. Casablanca, 
Moscow, Cairo, Teheran, are words tha t thrill! Y et I am sobered when I pick up an 
editorial in a chain new spaper of large circulation and find in leaded type “L et the E uro
peans and Asiatics organize them selves.” “W e should lead by example as we have since 
1789.”

I t seems to me that we were leading by example until D ecember 1941—and “w ith our 
chin” as well!

Untold sacrifices are being made to win. If our people could realize the th reat of 
blind minority pressure groups to nullify our efforts and re turn  to pre-Pearl H arbor 
Isolationism, they would consecrate them selves to its elimination, except as a relief valve 
such as long maintained in L ondon’s H yde Park  for blowing off the froth of Democracy.

The rush of construction of sewage plants for war camps has passed, and much of 
this work now is for expansion. Biofiltration, with over 225 plants now in operation, has 
proved most effective and represents a distinct advance in sewage treatm ent methods.

Post-w ar planning is proceeding actively in m any areas for new plants, enlargements, 
and more complete treatm ent.

An extension of our main building to include a Semiworks area is under way. This 
addition to our services was essential to supply larger quantities of dem onstration end 
products, better facilities between laboratory and commercial plant practices and our con
tinuing expansion in new fields such as FluoSolids, ion exchange, and corrosion control.

Government recognition of our w ork’s im portance to the war effort brought us a 
priority for this Extension. T his m eans much to D orr engineers. One who had worked 
South, abroad and in the W est for some years, w rote me after coming in for a W estport 
conference on new developments, “ I came away with a feeling of having after all these 
years caught a full glimpse of ‘the spirit tha t is W estport.’ I could not but feel that it is 
something we could share w ith others on a very large scale, som ething bigger than equip
ment or engineering or any concrete part; I  felt tha t I could visualize W estport in term s 
of the vital products created through our varied efforts.”

Post-war thinking for us m eans Global thinking and we realize more than  ever the 
need for cooperation and sharing so tha t each technical undertaking becomes a rivet to 
bind the world. I t  is with the hope tha t this understanding of a free society patterned on 
mutual friendship will become universal, that I  offer New Year Greetings for 1944.

S A N I T A T I O N

W E S T P O R T  M I L L

T H E  D O R R  C O M PA N Y , IN C . 
570 Lexington Ave., New York 22
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R. D. Wood Co. offers 
IMPROVED PRODUCTS FOR 

SEWAGE PLANTS

P IPIN G : Every form of cast iron pipe—plain end, raised end, bell and 
spigot end, flanged, or mechanical joint. It can be provided with 
cement or tar lining, or the highly and permanently 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 be accompanied by 
its own complete line of fittings, products of one of America's 
oldest and best equipped foundries. Special fittings make possi
ble complicated piping arrangements in a minimum of space.

VALVES: R. D. Wood gate valves are unique in the simplicity of their 
construction and the dependability of their operation. They use 
only three moving parts. We provide them in all sizes for manual 
or power operation, as well as check valves, foot valves, etc.

FLOOR STANDS and ACCESSORIES: Accessories neces
sary to the piping and control of sewage, water, or gas. Our 
Engineering Department will gladly give information, advice, 
suggestions, prices, and other assistance.

R. D. W O O D  C O M P A N Y
40 0  CHESTNUT STREET, PHILADELPHIA, PA. • ESTABLISHED 1803
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LOOKING AHEAD
W I T H  E N G I N E E R S  W H O  P L A N  F O R

BETTER SANITATION
•  Link-Belt, a company that has developed mechanical equipment for many of the 
world's most efficient sewage and water treatment plants, now looks ahead to the great 
task of keeping Am erica the cleanest, healthiest country in a world of peace. The 
post-war planning of every community should and will include facilities for the proper 
handling of its sewage and industrial wastes.

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

C ity of D ayton . Ohio sew age t re a tm e n t p la n t. S how ing  six final ta n k s  
equipped w ith  L in k -B elt C ircu line S lu d g e  C o lle c to rs  in  th is  m o d e rn  p la n t.

S o u th w es t S ew ag e T re a tm e n t  W o rk s , S a n ita ry  D is tr ic t o f C h icago . 
E q u ip p e d  w ith  L in k -B e lt S tra ig h tlin e  s lu d g e co llec to rs , b a r  screens, 
m ixers, screw  con v ey o rs , b e l t  co n v e y o rs  an d  o th e r  e q u ip m e n t.

L I N K - B E L T  C O M P A N Y
S pecia lists  in  th e  M a n u fa c tu re  o f  E q u ip m e n t fo r W a te r  and  

Sew age T re a tm e n t P la n ts  
C hicago  9 , In d ia n a p o lis  6, P h ila d e lp h ia  4 0 , A tla n ta , D a lla s  1, 

M in n e a p o lis  5 , S an  F ran c isc o  2 4 , T o ro n to  8

C hicago  P la n ts In d ia n a p o lis  P la n t O rd n a n c e  P la n t

FOR V IC T O RY-BU Y W AR BONDS

UNKiSi-BELT
32 F inal S ettlin g  T a n k s  eq u ip p e d  w ith  
h traigh tline C ollectors. W a rd ’s Is la n d  
Sewage T re a tm e n t P la n t ,  N ew  Y o rk  
Eng- d u lle r  & M cC lin lock , C on su ltin g SCREENS-COLLECTORS-MIXERS AERATORS



Q U I C K  FACTS O N  T R A N S I T E  SE W E R  PIP E
FAST INSTALLATION . . .T ran s ited  long lengths 

reduce the num ber of jo in ts  . . . its  light w eight 
perm its faster, more economical handling.

LESS INFILTRATION . . . Few er, tig h te r jo in ts 
minimize leakage, cu t the  load a t  disposal p lants.

HIGH DELIVERY CAPACITY . . . T his advantage, 
frequently  perm its sm aller pipe or fla tte r grades 
resulting  in shallower trenches.

AVAILABLE FOR FORCE MAINS AND GRAV
ITY LINES. W rite for brochure TR-21A. And 
for details on low er-cost w ater tran sp o rta tio n , 
w rite for T ransite  W ater P ipe brochure TR-11A. 
Johns-M anville, 22 E . 40th St., New  Y ork, N . Y.

J o h n s  -  M a n  v i l l e

TRANSITE

36" ci'"“ 3-'C/°** 4—

’f Sfron9Mi,,
°ring f6 . 

a. ®  "  " ’ ««•o«,
lat I 2 AC/as, 3
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I N  P L A N N I N G  N E W  T R E A T M E N T  P L A N T S ,

áñ 4oe¿C "to ’fêetnetrtôez*

A l c o a  A l u m i n u m  d i f f u s e r  

p l a t e  h o l d e r — p r e w a r  m o d e l .

R e s t o r i n g  t h e ir  e f f i c i e n c y  is  s i m 

p l i f i e d  w h e n  p l a t e s  a r e  m o u n t e d  

in  A l c o a  A l u m i n u m  h o l d e r s .

“Among the most troublesome problems 
of physical maintenance of activated 
sludge plants is that of clogging and 
restoration of air diffusers.”—Quoted 
from a recent Society report.

W artime increases in sewage flow 
and greater concentration of industrial 
wastes have given treating  p lan t oper
ators many a headache. One of these— 
clogged diffuser plates—has been eased 
considerably by Alcoa Aluminum plate 
holders.

Plates are removed for cleaning 
simply by loosening the holding-down 
bolts. Restored plates are bolted against 
airtight gaskets, and the diffusers are 
ready to  go to  work again. W here i t ’s 
necessary to  lift out an entire holder

(plates are m ounted in  gangs) the  light 
weight of aluminum makes this job 
easier.

M en who are laying out new sewage 
trea tm en t p lants should bear these 
facts in mind. The use of Alcoa A lum i
num  diffuser p late holders makes it 
easier to  keep p lants working a t high 
efficiencies. Labor is saved and m ain te
nance costs are kep t down.

Alcoa engineers will gladly advise 
you on the types of Alcoa Aluminum 
diffuser p late holders, and other a lum i
num  treating  p lan t equipm ent, to  be 
m ade available to  you ju s t as soon as 
the war perm its. W rite A l u m i n u m  

C o m p a n y  o f  A m e r i c a ,  2111 Gulf 
Building, P ittsburgh, Pennsvlvania.

REG. T. M.

_    I A LC O A )

ALCOA© ALUMINUM
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S C R E E N I N G S  R E M O V E D . . .  
FROM 5SO MGD OR .1 MGD

can  be rem o v ed  BEFORE PU M PIN G . 
R ex  M. E. has p a id  p a r tic u la r  a tte n 
tio n  to  th e  re q u ire m e n ts  fo r th e  sm all 
p lan t. T h is  "M  I ” type  sc reen  is e n 
g in e e re d  to  g ive th e  sm all p la n t all 
th e  ad v an tag es in  d e s ig n  a n d  c o n 
s tru c tio n  th a t a re  fo u n d  in  la rg e  p la n t 
un its . W e  w o u ld  lik e  to  p u t R ex  M. E. 
to  w o rk  o n  y ou r p ro b le m —le t us 
sh o w  you w h a t he can  do . C h a in  B elt 
C om pany , 1 6 0 6  W est B ru ce  S tree t, 
M ilw au k ee  4, W isc o n s in .

S A N I T A T I O N  E Q U I P M E N T
Triturators • Bar Screens • Tow -Bro Sludge R em overs • Slo-M ixers  
A e ro  - Filters • R a p id  M ix e rs  • G rit C o lle c to rs  a n d  W a sh ers

T h e re  is no  lim it to  th e  ra n g e  o f  flows 
w h ich  can  be h an d led  efficiently and  
econom ically  by R ex M echan ica lly  
c leaned  b a r screens. R ex M echan ica l 
E n g in e e r in g —R ex M. E .—has d eve l
o ped  a full lin e  o f screens to  suit th e  
unusual as w ell as th e  usual re q u ire 
m ents. In  som e in s tances, sc reen in g s  
are  rem oved  from  th e  sew age flow 
30 feet b e lo w  g ra d e  and  a re  e leva ted  
and  d isch a rg ed  several feet above 
g rade . T h is  m eans th a t sc reen in g s

C H A IN  B E L T  C O M P A N Y  O F  M I L W A U K E E
M e m b e r o f  the  Wafer and S e w age  W orks M a n u fa c tu re rs  A sso c ia tio n , Inc.
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types; ball and Timken Roller bearing 
equipped units; solid and split volute 
types—

• Cross section drawings, selection 
tables, typical specifications.

You’ll find this bulletin exceedingly 
helpful— full of the practical, usable 
material you want in your data file.

Use the coupon and your copy will 
be sent promptly.

Yeomans Brothers Com pany
1411 N O R T H  D A Y T O N  STREET •  C H I C A G O  22 ,  I L L I N O I S

Please send me your Bulletin 6201.

N a m e ___________________________________________________________________

A d d r e s s_________________________________________________________________

Company_______________________________________________________________

J F YOU are interested— or expect 
to be— in sewage and trash 

pumps for municipal and industrial 
uses, you need the new Yeomans 
Bulletin 6201 . . ,

• 32 pages of data essential to 
selecting the right type of pump to 
fit any given set of conditions—

• Horizontal and vertical pumps; 
close-coupled and motor-supporting
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S M a y  W e  S u g g e s t '— .

YO U  

BLUEPRINT NOW
Your Future Needs for 

Sewage Works Development

Committee on Water and Sewage Works Development

Suite 2110 

500 Fifth Avenue, New York 18, N . Y.

Federation of Sewage Works Associations
New England Water Works Association

American Water Works Association
Water and Sewage Works Manufacturers Association
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AFTER 1 1  YEARS SERVICE
Everdur* G ates in A eration Cham bers  

still in excellent condition

Engineers for Hagerstown plant, like many others, find Everdur ideal, 
for it is strong and highly resistant to corrosion

Hagerstown, Md., Sewage Disposal Plant where 14 Everdur gates and one Everdur weir plate have given many years of 
expense-free service. Fuller & McClintock, N. Y., C onsulting 
Engineers. J. B. Ferguson & Co., Hagerstown, C ontractors.

Everdur, a  co p p er-s ilico n  alloy , is unusually  w ell 
ad ap ted  to  lig h tw e ig h t, w ro u g h t, b u ilt u p  s tru c 

tu res such as th e  h and - an d  s tem -opera ted  gates il lu s 
tra ted . I t  h as been  se lected  fo r  a la rg e  n u m b er o f  
p ro jec ts  because over a p e r io d  o f  16 years th e  supe
rio rity  o f  th e  alloy  has been  d em o n s tra ted  u n d e r  a 
w ide  variety  o f  o p e ra tin g  co n d itio n s .
EVERDUR is  ru s tp ro o f  an d  h ig h ly  re s is ta n t to  c o r ro 

sion , possesses g re a t s tre n g th  an d  can  be fab rica ted  
econom ically  by a ll com m on  m ethods. W h a t’s m o re , 
th is  valuable alloy  is  m o d era te  in  cost. A  m o re  co m 
ple te  ex p lan a tio n  o f  its  w id e  use, n o t on ly  fo r  g a tes  b u t 
a lso  screens, effluent an d  scum  w eirs , etc., w ill be  found  
in  A n aconda  P u b lica tio n  E -l 1. W rite  fo r a /T\ 
copy—th e re ’s no  o b lig a tio n . «h b

H and- a n d  stem -operated gates a t  the  
Hagerstown, M d ., Sew age D isposal P lan t.

•  EV ER D U R  Is a  tra d e -m a rk  o f T h e  A m erican  B rass  C o ., re g is te re d  in th e  U n ited  S ta te s  P a t .  Off.

T H E  A M E R IC A N  BRASS C O ., G en e ra l O ffices: W a te rb u ry  8 8 , C onn .
Subsid iary o f  A naconda  Copper M in in g  Company 

In  Canada: A N A C O N D A  A M E R IC A N  BRASS L T D ., N et* Toronto, Ont.
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" * 7 ( 4 c  £ * t< f in e e s i 

y o u , w A o ie  lo 4

i i  . . . "

• • •  Welcome words, our friends in the Sewage and
W ater Works plants tell us.

★  ★  ★  ★

• • •  Because Tennessee C orp o ra tio n ’s C onsu ltan t
Staff, Engineers of long and practical experience, have 
solved many w ater and sewage coagulation difficulties.

★  ★  ★  ★

• • •   It is a free service, this consultant service. An
investment which the Tennessee Corporation has made in 
the interest of a healthier America.

★  ★  ★  ★

• • •  Take advantage of this service now! W rite us
your coagulation problems. I t will be a pleasure to help 
you in the solving of them.

TT/je tTKCark o f  Q uality

3 3 &
TENNESSEE CORPORATION

Tennessee Corporation
At l a n t a , G e o r g ia  l o c k l a n d , O h io

tf-eSlAÂ.- tylac G 04343a
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The Association has more members than ever before 
Its JOURNAL is read by more people than ever before

The world’s largest water works 
organization is now larger 

than ever. No man inter

ested in public w ater 

supply can afford not 
to  be a member.

D e c . ’4 3  . 5 , 0 3 1

■ 4 1 .................................................................4 , 2 9 6

' 4 0 ......................................4 ,126

, The 25  Sections o f
the A .W .W .A . in the 

U . S ., Canada and Cuba,3,670 /
keep their members w ide

awake and stimulated through 

regular meetings and contacts.

The Association’s JO U R N A L  is being read by more and more top 
men in the water works field, as more and more executives and 
their assistants become active members. Their joining is one re
sult of increasing public recognition of the place of water works 
in a wartime world and in the planning of postwar projects.

As a wartime service, the JO U R N A L  carries to American water 
works operators the regulations and guidance on W P B , O C D , 
Selective Service, etc., and, in addition, publishes postwar water 
works plans as they are developed.

Ame r i c a n  Wa t e r  Wo r k s  A s s o c i a t i o n
5 0 0  F ifth  Avenue N ew  York 18, N . Y .
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“ PACKAGED” SEWAGE TREATMENT 
PLANTS FOR SMALL COMMUNITIES

C om p lete  S ew age T rea tm e n t A t L ow est C ost 

— No F lie s  — No O dors —  S im p le  to  O p era te

Seventy plants in successful operation 
from 1 to 9 years, discharging a water- 
clear effluent. Purification up to 98 per 
cent.

Local operators without previous sew
age treatment experience and performing 
other municipal duties, successfully op
erate these plants after operator training 
service by the Chicago Pump Company 
Operating Sanitary Engineers.

Absence of flies, odors and unsightly 
nuisances have allowed economical loca
tion of plants near dwellings, thus avoid
ing long sewers required for locating 
other types of plants far away from 
residences.

Operate continuously during sub-zero 
weather. Ice cannot form at any point

to hinder operation. No extra winter 
maintenance necessary.

Ask for full description and discussion 
with actual operating data for this type 
of plant, which has been specifically de
veloped for the characteristic small com
munity sewage flow and strength.

CHICAGO PUMP CO. SEWAGE EQUIPMENT DIVISION

ÎJ36  Wolfram Street, C H IC A G O , IL L .  
Phon« BRUnswick 4110

VACUUM  —CONDENSATION —CIRCULATING — BILGE 
FIRE -  HOUSE -  SEW AGE -  SCRU-PELLER PUMPS 
A E R A T O R S  -  C O M M IN U T O R S  -  S A M P L E R S

R EPR ESEN T A T IV ES  T H R O U G H O U T  THE UN ITED  STATES A N D  F O R E IG N  CO U NTRIES
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It Does The Job As A P R O V E N  S E W A G E  C O A G U L A N T !
War industry waste, heavy domestic flows, increased solids, intense 
color, high effluent turbidity—all these may be making heavy de
mands upon your sewage treatment plant! Whether your problem 
is reducing such an increased flow of industrial and domestic wastes, 
removing extra suspended solids and color, or reducing the B.O.D., 
rely on General Chemical Alum inum  Sulfate to  help you get the 
job  done right!

W h y G e n e ral C hem ica l
For Sewage Clarification 

Coagulates over wide pH range. 
The gelatinous floe enmeshes fine 

solids, causing rapid settling.
★  Sparkling effluents are possible.
★  Suspended solids and B.O.D. are 
reduced.
★  Clean, easy to handle, and eco
nomical to use

“ A lu m ”  Is  P r e fe r r e d !
For Sludge Drying

★  Cuts drying time up to 75%.
★  Effectively increases sand bed ca
pacity.
★  Odors are reduced because of 
faster drying.
★  Sludge breaks clean from the sand
★  Ponding is eliminated.

If  you have a sewage problem—call 
on General Chemical Company’s 
technical service engineers to help

Do Y o u  H a ve  A  S e w a g e  P ro b le m ?
you! Your problems concerning the 
use of Aluminum Sulfate are ours. 
Please write to:

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

Technical Service Offices .-A tlan ta  • Baltim ore • Boston • B ridgeport (C onn .) 
Buffalo • C harlotte (N . C .)  • Chicago • C leveland • D enver • D etro it 
d i??5? 1} l*  Kansas Citv » M ilw aukee • M inneapolis • N ew  York 

Providence (R . I . )  • St. Louis • U tica (N .Y .) 
Pacific Coast Techn ica l Service O ffices: San Francisco • Los Angeles 

Pacific N orthw est Technical Service O ffice s : 
t  r  j  XT. Seattle (W ash.) • Y akim a (W ash )
In Canada: T h e  N icho ls C hem ical C o., Ltd. • M ontrea l • T o ro n to  • V ancouver
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1. Permanent Tightness 4. Quick Installation

2. Flexibility 5. Strength

3. Simplicity 6. True Economy

T hese are som e o f the im portant advantages o f  D resser  

C ouplings —  the reasons w hy you find D ressers used  

throughout the country for all types o f  sew er-lin es and  

sew age-plant p ip in g . For jo in in g  steel, cast-iron, or 

concrete p ip e — for both n ew  sew age construction  and 

for replacem ent and repair w ork , specify D ressers and  

save tim e, trouble, and expense. W rite fo r  Catalog 402B.

DRESSER M A N U F A C T U R I N G  C O M P A N Y  • B R A D F O R D ,  P A .
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BLUEPRINT NOW. . .
y o u r  p o s t w a r  P L A N S !

“ B lu e p r in t N o w ”  is  th e  o ffi
c ia l s lo g a n  o f  th e  n a t io n a l  
Committee on Water and 
Sewage Works Development* 
organ ized  a n d  fu n c t io n in g ,  
s ta te  by  s ta te , to  g e t  p ostw ar  
p la n s  o u t  o f  th e  “ ta lk in g ” 
sta g e  in to  b lu e p r in t  fo rm —  
d eta iled  p la n s  an d  sp ecifica 
t io n s — so th a t  c o n str u c tio n  
can  s ta r t a t  th e  drop o f  a 
h a t , w h en  a rm istic e  co m es.

T h e  C a st Iro n  P ip e  R e
se a rch  A s s o c i a t i o n  g la d ly  
co n tr ib u te s  a d d itio n a l p u b 
lic ity  to  th e  fu r th era n ce  o f  
th is  p rogram . I t  is  o f  p r im e  
im p o rta n ce  to  th e  c o m m u 
n ity  an d  th e  n a tio n .

W ater su p p ly , gas an d  sew 
e r a g e  s y s t e m s  h a v e  b e e n  
starv in g  for n eed ed  im p ro v e
m e n ts , an d  g e tt in g  a lo n g  on  
a bare su b s is te n c e  d ie t  for  
m a in te n a n c e , in  order to  c o n 
serve m an p ow er an d  m a te 
ria ls for th e  w ar effort.

W h en  w ar p r io r it ie s  a re  
lif te d , every c o m m u n ity  ex

p e c ts , a n d  is  e n t it le d , to  h a v e  
th e s e  v ita l p u b lic  serv ices re 
stored  to  fu ll e ffic ien cy  with
out delay. W h en  r e tu r n in g  
serv ice  m e n  are lo o k in g  for  
w ork , th e  n a t io n  w ill ex p ect  
th a t  th e  v a st reservoir o f  m i l 
lio n s  o f  m a n -h o u r s  o f  e m 
p lo y m e n t ,  r e p r e s e n te d  by  
th is  d eferred  c o n s tr u c t io n ,  
w ill be ready  to  b e  ta p p ed —  
without delay.

T h e  w ay to  p rev en t d e lay  
is  to  blueprint now. R e 
m e m b e r  t h a t  w h e n  t h e  
“ d a m ”  b reak s o n  d eferred  
p r o je c t s — g e n e r a l b u ild in g  
c o n s tr u c t io n  as w e ll as u n d e r 
grou n d  m a in s — th e r e  m a y  be  
a tem p o ra ry  sh o r ta g e  o f  cer
ta in  m a te r ia ls  u n t i l  p la n t  
c o n v e r s io n s  a r e  e f f e c te d .  
H ow ever, c a s t  ir o n  p ip e  w ill 
b e a v a ila b le , t h e n  a s  n o w ,  
without delay.

• • • •

* To communicate with the C o m m itte e  
on  W ate r a n d  Sewage W orks D evelopm ent 
address Suite 2110, 500 Fifth Avenue, 
New York 18, N. Y.

CAST IRON PIPE
RESEARCH ASSOCIATION, CHICAGO
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Plant O peration

SE W A G E  W O R K S P R IO R IT IE S — A SY M PO SIU M  *

H o n . M a u r y  M a v e r i c k  
F r e d e r i c k  G. N e l s o n  
D o n . E. B lo o d g o o d  
A. M. R a w n , Chairman

I .  P R I O R I T I E S  A N D  T H E  W A R  P R O D U C T I O N  B O A R D

B y  H o n . M a u r y  M a v e r i c k

Director, Government Division, WPB, Washington, D. C.

Several months ago, after I  had been informed that the W ar Produc
tion Board was in bad odor with sewage works engineers and operators 
I accepted an invitation to address the New Jersey group, one of your 
constituent organizations, in Trenton. I  had in mind the idea of ac
quainting that group, and through them the rest of the Federation, with 
the duties and policies of W ar Production Board. I  wished to deter
mine what, if anything, was materially at fault in our management of 
your problems and what changes of advantage might be made. Before 
addressing the group, I discussed the matter with three of your col
leagues : Messrs. Enslow, Raisch and Scliroepfer. These three men told 
me a lot about the general problem and specific details of American 
sewerage practice, what it hoped to accomplish; what it was doing, and 
what was needed in the way of assistance to maintain sound working 
conditions. They told me something of what might be in the minds of 
my auditors and what were their perplexities.

Profiting by their advice, I  prepared a speech which has had some 
considerable publicity in the national journals peculiar to your profes
sion. I spoke of what was in my mind regarding priority assistance to 
sewerage projects, dwelt to some extent upon the problems of operation 
and maintenance, encouraged the New Jersey group and through them, 
all sewerage men to use the facilities of Government Division to the full
est extent and promised that prompt attention would be given to your 
applications and questions.

The opportunity of speaking at Trenton was greatly appreciated. It 
gave me an excellent insight into the sewerage problem of the country 
as a whole, into the local problems in and about New Jersey and into 
those things which were concerning the sewerage operators and did not 
appear to be answered or adequately provided for in our directives or 
procedures.

* Presented at Fourth Annual Meeting, F. S. W. A., Chicago, Illinois, October 21-23, 1943.
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At that meeting, I  made a promise to the three men who had acted as 
my advisers. I t was that we of the W ar Production Board would estab
lish a Branch in Government Division to handle all matters relating to 
sewerage and refuse disposal and that we would appoint whoever these 
three men recommended to be the Chief of the Branch. Upon their 
recommendation, we selected one of your colleagues, an officer in your 
Federation, an engineer and operator, Mr. A. M. Rawn and requested 
him to spend enough of his time in Washington to organize and at least 
initially direct the efforts of the Sewerage and Sanitation Branch. We 
are greatly indebted to him for the work which he has done. Within 
three months after his appointment early in April, he had completed a 
revision of the operators priority rating order P-141, that greatly sim
plified operation procedure; had effected changes in construction appli
cation procedure which made material savings in time and money and 
had completed within the Division a branch designed to handle all prob
lems relating to refuse disposal, sewerage and allied activities. To Mr. 
Rawn and to Messrs. Enslow, Raisch and Schroepfer I  extend the thanks 
of the W ar Production Board and my congratulations upon the char
acter and efficiency of the work which they have completed.

From these representatives of yours we asked for constructive criti
cism—which—by the eternal, we got and took and applied.

I saw the logic of it because I  had run a sewer system as Mayor—I 
mean a real sewer system, not a political sewer—for two years without 
knowing much about the business except that you had to have competent 
engineers to do the work. As head of the Government Division of the 
WPB, I  knew that billions of dollars were invested in sanitary works of 
all kinds and character, with which the members of your Association 
are familiar. I  had sense enough to know that this great job which you 
are doing was the basic essentiality of a healthy nation, and that we 
could no more do without this service than we could do without food and 
soldiers.

Since that time, I have found out and have begun to know equally 
well that constant vigilance and constructive maintenance and operation 
and timely repair and necessary extensions are essential to the continued 
and effective services of these facilities. And I know that it has been the 
members of your Association who helped the W ar Production Board, 
both with their advice and by their continued support, and you have 
done us an overwhelmingly great favor—and that is getting us to take 
A. M. Rawn as head of this. He has done so at a financial loss and to 
the eternal credit of your Association and to himself.

Now finally to get back to the recommendations of Enslow, Raisch 
and Schroepfer.

They indicated certain broad paths and general principles which such 
a branch should follow, and stated the general objectives which they be
lieved should be attained. In short, from the standpoint of your profes
sion, they set out standards which, modified by W PB regulations and 
restrictions, would result in adequate sewerage and sanitation facilities, 
maintained in good order throughout the land. These gentlemen criti
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cized the former priority rating order P-141 ; they advised me of its 
shortcomings, and wherein they felt it was not strictly applicable to the 
all-important field of sewerage practice. They stated what they consid
ered were the weaknesses of our methods of handling sewerage prob
lems, and in general left me with the impression that here indeed was a 
problem calling for a type of highly specialized knowledge—to be gained 
only from men whose lives and efforts had been devoted to its solution.

I am more than happy to tell you at this time that every one of their 
recommendations has been carried to fulfilment. As I  have mentioned, 
P-141 has been revised to fit the conditions peculiar to your work. The 
former order PD-200 under which priority assistance for construction 
was granted, has been greatly simplified and is now far better adapted 
to sewerage, refuse disposal and other construction needs. Unnecessary 
proceedings have been eliminated in the foregoing orders as well as in 
the Controlled Materials Plan, procedure CMP 5A, all of which, as I 
have also already told you, was carried into effect with the advice of Mr. 
Rawn. Probably more to your interest than anything else, was the es
tablishment of the Sewerage and Sanitation Branch, Government Divi
sion, which has now been in operation for over five months, and which 
has as its sole purpose effectuating an intelligent and cooperative liaison 
between you, who are engaged in the great task of keeping our urban 
centers clean, and the various Federal agencies which allocate the mate
rial assistance which will permit you to do so. That Branch is ably 
constituted of engineers familiar with your problems and is guided al
most wholly by your Association and Mr. Rawn.

Let’s review the W PB situation a little-—particularly in its effect 
upon your work. W PB comprises many groups or divisions. Every 
agency in the country requiring material and labor for the conduct of 
its affairs is represented. The prim ary duty of WPB is to regulate 
supply and demand by determining the validity of each demand so that 
adequate supplies may reach those which are essential to minimum needs 
and maximum quantities of materials be available for civilian and mili
tary requirements to the end that the war may be successfully termi
nated with promptness and dispatch.

Since I spoke to your group in New Jersey, seven months of good 
fortune have greeted our efforts in combat. The United Nations have 
set the enemy back on his heels in several theatres of war. Our increas
ing tempo of production has been accompanied by additional success in 
transporting men, material, and supplies to the battle area—both in the 
Atlantic and the Pacific. During these seven months the enemy has had 
little from which to take comfort, while we, despite our losses in men, 
tremendous expenditures for materials and supplies, and no small civil
ian sacrifice, are entitled to a genuine feeling of optimism. We can now 
see some of the tangible results derived from the Herculean efforts 
which the nation has made.

Lest we become too optimistic, it is Avell to keep in mind the admoni
tions of our civilian and military leaders, that we temper our optimism 
with caution; that we adopt more the attitude of a confident fighter in
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the ring, who sees the fight going well for him but realizes that there 
are more rounds to come, and that the knock-out punch has not yet been 
delivered, nor the decision rendered in his favor. Therefore, while I  
join with you in this feeling of optimism regarding the progress of the 
war, I  must at the same time, reiterate what has been stated so many 
times and what I  stated in New Jersey: that is, we must continue to 
limit our construction, operation and maintenance activities to those 
which meet minimum civilian requirements. For how long—I don’t 
know. The pressure from some quarters is relieved ; that from others 
becomes greater, and the general over-all picture is still such as to de
mand what we think in terms of the war and that it be the greatest factor 
in consideration of our present needs and requirements.

Some critical materials are less critical. There is now a little more 
aluminum and copper for civilian needs. There is more cast iron in the 
form of pipe and sewerage accessories. Steel, in some of its forms, has 
eased off a little, but lumber is more critical than ever, and civilian man
power is at its lowest ebb. Thus while the war picture is brighter, and 
while we have just cause to derive great satisfaction from it, the brakes 
are still on—shortages, critical shortages, exist. We still are confronted 
with winning a hard, fierce and bloody struggle which will call for every 
ounce of our national stamina and resources, and we must judge all of 
our activities in the light of the battles to come, and not in the hope of 
easy victory.

Of importance to you is what probably all of you know, and that is 
that after the Sewage and Sanitation Section was established, the W ar 
Production Board assigned to it control over the production of all sewer 
cleaning equipment and sewage treatment machinery. This means that 
manufacturers of this machinery and equipment must get their metal 
under the controlled materials plan from the Government Division.

Before these product assignments were given to the Government Di
vision, producers of this machinery were almost as unhappy over their 
treatment by the W ar Production Board as were some of the members 
of your association. We have been taking care of them since Ju ly  1. 
We have been able to allow a little increase in their production. We 
believe that they are happy and will be able to produce materials which 
will take care of all your legitimate requirements.

I  wish to encourage postwar planning. Projects which may not show 
the necessary elements of essentiality at this time and for which priority 
assistance may not be granted by W PB may, and probably do, have all 
the essentials of good, sound immediate postwar construction, and I  en
courage you to test your projects—both as to essentiality now and im
portance for postwar planning—and to conceive and design those pro j
ects which, in less strenuous times, besides being essential to civilian 
needs, will merit and receive public support. In  this connection I  invite 
you to make full use of the facilities offered by the Sewerage and Sanita
tion Branch of the Government Division. Your problems will be 
promptly and conscientiously considered—each upon its own merits ; but 
if you do not receive a response as quickly as seems desirable, remember
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that ours is a large agency which receives thousands of applications 
daily, all of which must be read, recorded, routed, and acted upon in 
accordance with the law. This takes time, but we’ll hurry it along as 
fast as is consistent with the importance of the query. And so this about 
tells this specific story of sewerage and sanitation in war.

But I  know, Fellow Americans, it is needless for me to end my speech 
with any patriotic appeal. I have gotten to know you well, and I  find 
you a well informed, intelligent, and patriotic group of men. Like me, 
you have sons and sons-in-law, and daughters and nephews and brothers 
and friends who now fight on our far-flung fields. These young men and 
women are on the Seven Seas, on every continent and island and land in 
the world, and they fly everywhere through the air, and sail, and walk, 
and fight on.

We are proud of these young Americans, and we will do all we can 
to keep this country clean—clean physically, morally, industrially and 
economically. We will do this in order to preserve the American sys
tem, and make it so we will have a decent country in which to live, and a 
place where free men and women, and our returning soldiers, sailors, 
coast guardsmen, and Marines may get jobs, and live as they will deserve 
to live for the brave and faithful service rendered this country in time 
of need.

I want you to know my personal attitude on the matter of building 
in sewage now, or later. This attitude, in fine, is exactly like your 
attitude: and that is, to do as much as possible within the war effort, 
and to do what is necessary to maintain the health and safety of this 
great nation and the communities which compose it.

And so my friends, I  again thank you for inviting me to address you 
here. You have our confidence, we have done our best, and you have 
done your best. All together, I  think we have done a good job. But 
now we raise our head above every little or specific thing, and dedicate 
ourselves to the whole cause of America. Continuing to do our duty, 
we will keep fighting until America is free.

I I .  M E C H A N I C S  O F  P R I O R I T I E S

B y  A .  M .  R a w n  *

Special Consultant, Government Division, WPB

Mr. Maverick has told you something of the Sewerage and Sanitation 
Branch of the Government Division of W PB and has implied that I am 
your representative in that agency. The branch is a separate unit which 
deals specifically with your or rather, I should say, our problems. Gov
ernment Division is similar to W ar Utilities which latter deals with 
transportation, gas, electricity, communications, etc., whereas govern-

* Also Chief Engineer and General Manager, Los Angeles County Sanitation Districts, and 
President, F. S. W. A.
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ment is concerned with those functions of public service in government 
which are not strictly utilities.

We have a small branch and believe it is doing a good job. Three 
engineers administer its functions—Mr. Henry Evans, the acting chief; 
Mr. Mathew Sullivan, one of the principal analysts and Mr. B art M ar
shall, all of whom have knowledge of sanitation, sewerage and refuse 
disposal. Mr. Evans was unable to be here today because of illness.

When the branch was created, our first desire was to establish certain 
criteria of essentiality—the sort of thing I  call a “ tickler”—and this 
job was promptly completed with the cooperation and understanding of 
Mr. Maverick. These criteria are used to put every priority request on 
a common basis so that judgment may be passed fairly. The set of 
questions thus developed enables us to judge each project with a com
mon pattern of rules.

This, then, was how Form 2814.3 came into being. Form  2814.3 is 
the one that asks you a number of questions about your project and, from 
these questions, you yourself are able to make a fairly good determina
tion as to whether or not the proposed job is an essential one. When 
this preliminary inquiry form (2814) is filed with the Sewerage and 
Sanitation Branch, we in turn may decide whether the project is essen
tial. If  so deemed, the project is approved and you are advised that 
you may proceed with the detailed design and to prepare the detailed 
WPB-617 (formerly PD-200) application with complete assurance that 
priority assistance will be forthcoming. As a result of the published 
criteria questionnaire 2814.3 about 80 per cent of all the applications 
which are forwarded to us are acted upon favorably in all departments 
of the W ar Production Board.

The revised Order P-141 is in part responsible for this record. 
You will recall that P-141 in its original form was a utilities order 
modified slightly in an attempt to make it applicable to sewage works.

The principles and problems were entirely different. The utility 
has its distribution system to carry something which it has to sell its cus
tomers, such as electricity, gas or water. Sewers offer nothing for sale 
-—they serve in a fashion similar to the gutter in the street or a sidewalk.

I stated to Mr. Maverick and his advisers my firm opinion that no 
money was being spent in sewerage practice for unnecessary purposes. 
In other words, in nine cases out of ten the applications were worth con
sidering very seriously. Perhaps the person filing the application was 
unfamiliar with wartime construction procedure but the work he pro
posed was usually necessary or there would be no demand for it. 
Sewers are not built for pleasure or just because a city happens to have 
money. They are usually not self-supporting and there is usually no 
sinking fund or other backlog to furnish funds for their construction.

In any event, the original Order P-141 was chopped to pieces and 
put back together again in such a way that I  am convinced that at least 
80 per cent of all the 6500 treatment plants in these United States can 
operate without recourse to quarterly inventories or much of anything 
else. In the present form, most of the old restrictions are eliminated,



Vol. 16, No. 1 SEWAGE WORKS PR IO RITIES—A SYMPOSIUM 9

except for the larger plants where precise inventories are a necessity 
and are kept anyway.

To facilitate application of the various orders and forms, I  prepared 
a pamphlet called Bulletin 2, which has undergone careful scrutiny in 
WPB. The bulletin begins with a general statement about the essen
tiality of sewerage service and then goes into the use of the applications 
for construction projects (Forms 2814, 2814.3 and WPB-617) which I 
have already briefly discussed. The limited construction allowed under 
Order P-141, that is, $1,500 in the case of underground sewer or pipeline 
extensions and $500 for other additions or expansion of facilities above 
ground, is explained. Next, Bulletin 2 explains the use of Form W PB - 
541 (formerly PD-1A) for the purchase of new equipment where no new 
construction is involved. Considerable space is given in the bulletin to 
the use of Order P-141 which is our own order and is designed to enable 
us to obtain maintenance, repair and operation materials and supplies.

Briefly, P-141 assigns a preference rating of AA-1 to supplies for 
maintenance, repair and operation but warns against using the rating 
to obtain scarce materials possible of elimination without serious loss of 
efficiency. I t  assigns the lowest preference rating given to a rated pro j
ect to construction of sewerage facilities to serve such project but quali
fies this with the provision that W PB authority is prerequisite to com
mencement of construction of such facilities. That is to serve housing 
projects and plant corporations, etc.

P-141 prescribes the method of obtaining controlled materials, such 
as steel, copper and aluminum. Incidentally, it allows 100 pounds of 
aluminum per quarter for plants merely by placing on the order the spe
cial certification provided for the purpose.

It prescribes the certification for use in applying the AA-1 rating.
It establishes the year 1942 as the base year for operation, repairs 

and costs and divides it into four quarterly periods, where the expenses 
are over $1,000 a year, so the customary procedure may be followed.

All reference to classes of materials is eliminated in P-141 except 
where you are replacing materials in inventory. That did much to elimi
nate confusion in the minds of many operators who directed it to my 
attention. That is, if you spent $2,000 in 1942 for cement, you could 
spend $2,000 in 1943 for lumber, or anything else. You are not limited 
in 1943 or subsequent years to the class of materials that you used in 
1942. While the class restriction is necessary and essential in some 
departments of the W ar Production Board, it is not in ours, because the 
order of magnitude of the problem was not so great.

P-141 provides an increase in expenditures in proportion to increase 
in dry weather flow from year to year. Chemicals and fuels are al
located materials and are not included in P-141 limitations. I t  also 
provides for setting quarterly, annual allotments of supplies upon 
specific authority of the board, and gives the operator the opportunity 
to extend the limitations of the order pursuant to a letter, telegram or 
telephone communication to the Sewerage and Sanitation Branch of 
Government Division, WPB. I t thus establishes direct contact with the
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liaison group and if the showing of need is made upon the basis of that 
direct communication, authority will be allowed the operator to exceed 
his quarterly or annual limitations. The old restriction upon construc
tion of extensions to serve customer premises (house connections) has 
been eliminated from the Order.

Bulletin 2 then goes on to describe how CMP Regulation 5A applies 
to the maintenance, repair and operation requirements of refuse and 
garbage disposal plants and for storm sewer systems, much in the same 
fashion as P —141 serves for sanitary and combined sewerage systems.

Finally, all of the various forms and rating orders are briefly sum
marized in Bulletin 2, with instructions as to where the form may be 
secured. All of you have received copies of them, together with copies 
of Bulletin 2, via mailing made through the Secretary’s office of the 
Federation in September.

Mr. Maverick mentioned the spirit of your compliance and I  have 
been very gratified to observe the fine spirit with which operators all 
over the nation are complying with these orders and regulations.

I have one more thing to direct to your attention. Yesterday, I  was 
handed two documents, pertaining to communities among those regarded 
as most critical in the country, where it is the desire of W PB to learn 
through the regional offices what facilities are needed. That desire 
stems from a wish to know generally what controlled materials are 
going to be needed in the coming year. That is, if it is possible to know 
what facilities, extensions or repairs are needed in these critical areas, 
then the W ar Production Board may build up its controlled material 
requirements backlog or state what that amount should be. Now, the 
mere fact that you state that you need this or that in a critical area is 
not determination of essentiality. Your project must undergo the same 
scrutiny that any other project does, but your statement will form the 
basis of what the W ar Production Board believes is going to be needed 
for civilian requirements in those particular critical areas. There is a 
long list of these critical areas which I  shall not attempt to read. You 
will hear more about it through your regional offices, which are pre
pared to give you such information.

I I I .  P R I O R I T I E S  A N D  T H E  M A N U F A C T U R E R

B y  F r e d e r i c k  G. N e l s o n

Assistant Manager, Sanitary Engineering Division, The Dorr Company

The remarks presented in this discussion are confined to our experi
ence with handling of sewage treatment equipment orders under the 
Controlled Materials Plan.

In general our line of sewage treatment equipment is classified as 
Class B products under the CMP regulations. Therefore, it is not nec
essary for the customer to make provision for making allotments of con
trolled materials to us. All we need are the preference ratings which
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have been assigned to the job and the allotment symbol and number, if 
any.

We obtain from the W PB the allotment of the controlled materials 
needed to turn out our line of equipment, and preference ratings re
quired by us to purchase necessary component parts such as motors, 
starters, etc. Through restrictions of various preference rating orders 
and limitation orders, such as P-141, we are not permitted to receive 
orders for, or make shipment of equipment on orders not accompanied 
by suitable preference ratings.

Orders received with suitable preference ratings, can be scheduled 
for shipment using materials and parts obtained under the CMP regu
lations. To date the set-up under these regulations has worked very 
smoothly in getting the needed materials with a few exceptions, such as 
the obtaining of anti-friction bearings, gear reducers, some types of elec
tric motors, and steel plate.

When we obtain from the industry branch, under which we operate, 
our allotment of controlled materials for any particular quarter of the 
year, a peculiar situation exists as we also receive preference ratings 
which we are required to use in order to obtain component parts. For 
instance, for the Fourth Quarter of 1943, we have received from the 
sewage and sanitation section of the WPB 25 per cent AA-1, 25 per cent 
AA-2, and 50 per cent AA-3. This means that in any one class of prod
ucts, and taking electric motors as an example, each purchase of these 
motors for delivery in the Fourth Quarter has to be broken up so as to 
assign AA-1 to 25 per cent, on a dollar basis, AA-2 to 25 per cent, and 
AA-3 to 50 per cent. This applies to any order irrespective of the 
preference rating of the customer’s order to us on which the motor so 
ordered is to be used. Therefore, the preference ratings which we re
ceive from our customers have various meanings. First, to show that 
they are orders which we can accept and complete. Second, to deter
mine the preference rating pattern which is assigned to us by the in
dustry division as the result of the accumulation of preference ratings 
received by us with our orders. The final use of the preference rating 
is theoretically to determine shipping schedules.

At the present time our shipping schedules are frozen under Limita
tion Order L-269. This order is one under the control of the Mining 
Equipment Division whereby once we accept an order and establish a 
shipping date, no other orders can be received or scheduled if such ac
ceptances and schedules would interfere with the shipment of orders 
previously received, provided we do not have the permission of the Min
ing Equipment Division to do so. This is irrespective of any directive. 
In other words, whenever an order is accepted and a scheduled date set 
up, we are required to maintain that date regardless of any higher pref
erence rating or directive we may receive unless specifically ordered to 
make the change by the Mining Equipment Division. This means that 
our schedules are frozen. You will note from these remarks that the 
preference ratings have very little effect on the shipping schedules un
less orders are received from the Mining Equipment Division.
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The reason the Mining Equipment Division controls the^ manufac
ture of sewage equipment is due to the wording of the Limitation Order. 
I t  provides that a manufacturer of mining equipment must submit his 
schedule of all orders, irrespective of their End Use, and that all come 
under the regulations of the Limitation Order.

The supplying of motors and gearmotors of 1 IIP  and over is limited 
under General Conservation Order L-221. Before these units can be 
supplied, the customer must furnish us with a certification properly 
filled in and signed. In general the customer certifies he does not have 
on hand idle units, except operating spares, which would serve the pur
pose. The customer also gives the names and addresses of three firms 
dealing in used motors from whom he has endeavored to obtain the 
electric equipment.

All manufacturers now have been operating under the Controlled 
Materials Plan since April 1, 1943. I t  has proven to be a satisfactory 
means of getting steel, copper and aluminum to points where needed 
most. Up to now allotments have been granted to Industry on a quar
terly basis. Very soon we are promised that allotments will be granted 
on a yearly basis. This will be of further help to Industry as it will 
eliminate the necessity of filing applications four times each year. I t  is 
the opinion of most manufacturers that the CMP, since its inauguration, 
has greatly facilitated their obtaining needed materials.

I V .  P R I O R I T I E S  A N D  T H E  O P E R A T O R

B y  D o n  E. B lo o d g o o d  *

Associate Professor of Sanitary Engineering, Purdue University

I  believe that you will agree that priorities have been considerably 
clarified since we were confronted with them a number of years ago. 
No doubt the efforts of Mr. Rawn have been instrumental in simplifying 
the procedure to the point where it is no longer a larger job to obtain the 
priority than it is to do the job after the materials have been received.

The Pamphlet No. 2 “ Sewage and Refuse Disposal,”  written by Mr. 
Rawn and published by the WPB, and republished in the September 
1943 Sewage Works Journal, is the clearest, most concise publication I 
have seen. Let me suggest with further emphasis that you use it as a 
ready reference, if by chance you are still bothered by priorities.

At the start of allocation of materials I  found many individuals who 
seemed to feel that they were to be denied all rights to maintain their 
equipment and services in a satisfactory manner. Possibly they were 
right at the time but I  doubt it. Certainly, today we have assurance 
that our problems are being kept very much in mind and that, within 
reason, the sanitary facilities of our people will be maintained. In  fact, 
I  have heard rumors that there was or had been some concern expressed

* Formerly Superintendent, Indianapolis Sewage Treatment Works.
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by “ the powers that be” to the effect that maintenance and supply 
stocks were dropping below a standard which should be maintained. If 
this rumor is true it means that the purchasers are going to the extreme 
in savings and conservation, or they are afraid of priorities. I t is 
doubtful that the fear of priorities should, now with its simplification, 
be the stumbling block to proper maintenance of services.

Even in view of the fact that obtaining priorities has been materially 
simplified I  am a strong advocate of establishing extremely friendly re
lations with certain companies from whom purchases can usually be 
made, as they can be of great assistance in obtaining materials in a 
time of emergency. I  do not mean to infer that they will evade regula
tions but rather to point out that their experience with priorities often 
is of great assistance, their knowledge and suggestions on possible sub
stitutions is of great value, and in certain instances they may even know 
their competitor’s stock so well that they can tell you where to secure 
the necessary material much more quickly than you can locate it your
self. If you have been a good customer they want your business after 
the war, so they are doing all that they can to help you now.

So now, with the knowledge that the WPB insist that sanitation 
services be maintained, that most plant managers are conserving even 
more than was hoped for, and that industry and business is lending 
every effort possible, I  am sure that we are going to make the grade.

V .  P R I O R I T I E S  F O R U M *

Mr. John W. Alden (Wilmington, Delaware): Mr. Maverick, what is 
the possibility of obtaining sewage plant equipment in the case of a 
plant that is already overloaded and is being required to take on addi
tional load to serve a new housing project?

Mr. Maverick: I  should say that where there are additional housing 
facilities to serve and the new equipment is needed to protect the health 
and welfare of the community, that it would be up to us to help you find 
a way to get it.

Chairman Dawn: Yes. Application for priority assistance could be 
made on Form WPB-541, or, if new construction is required as well 
as new equipment, on Form WPB-617.

Mr. Carl B. Carpenter (Hammond, Ind.): What would be the gen
eral attitude of WPB with reference to the construction of facilities 
necessary to abate stream pollution which affected public water sup
plies ; where correction of the problem involved the purchase of consid
erable critical material such as steel and special piping?

Mr. Maverick: Such as where an industry is damaging a river used 
for water supply? Well, I  would say that the prim ary consideration 
is whether or not the public health and welfare is involved, and how 
much. If it is merely a matter of pollution which does not affect a wide

Open discussion at the Fourth Annual Meeting, Second Wartime Conference, F. S. W A 
Chicago, October 21-23, 1943. ■ > >
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area or a large number of people, W PB could not help much unless the 
material situation eased up. However, if it was pollution to the extent 
that health and welfare were menaced seriously, the W ar Production 
Board would do something about it. I  have in mind several seacoast 
cities at which sewage is discharged to the ocean, resulting in very bad 
odor nuisances and hazards to swimmers. This is an extremely un
desirable situation, but the public health is not seriously affected, and 
therefore, we can do nothing about it. I  would say that each case would 
be handled 011 its own merits.

Another thing, speaking as a former mayor, I  recall several indus
tries that discharged pollution to the river and put the city to consid
erable expense to clean it up. I  do not have much sympathy for some 
of those industries and feel that they should solve these problems for 
themselves.

Mr. Leo Holtcamp (Webster City, Iowa): If  a plant is equipped 
with a piece of machinery that could be replaced by a more modern 
unit and bring about a saving in manpower, time and operating cost, 
would it be possible to obtain the better equipment and discard the old?

Mr. Maverick: I  do not think so because the shortage of machinery 
is too great at this time. The rule is that you can get as much material 
as is available for sewerage and sanitation service in view of war condi
tions, and which is not needed for destroying our enemies.

May I  add this comment about our Sewerage and Sanitation Branch. 
I do not want to compliment Mr. Rawn to the extent that I  harm  him but 
I  want to make it plain that he has done a fine job in establishing our 
policies and training our engineers. The effectiveness of the present 
branch is proven by the enormous reduction in paper work from the 
early days of the WPB. We know that we are doing a better job now 
and most of our past mistakes have been corrected.

May I suggest that you have respect for and use your regional WPB 
offices when necessary. We are decentralizing in favor of these offices 
all the time and their capacity to serve you is constantly increasing.

Mr. T. C. Schaetzle (Akron, Ohio): Mr. Rawn, in Akron we have 
four synthetic rubber plants and three reclaiming plants. They neces
sarily overloaded our treatment devices, but what I  am prim arily inter
ested in is, would they be reasonably certain of obtaining priorities for 
individual treatment plants not because of the effect it would have on 
our treatment plant but because of the saving in rubber ? I  might add 
in some instances the losses are, in my opinion, rather excessive. They 
run in the reclaimed plants anywhere from half of one per cent up to 
12 per cent of the total production. Of course, that is based upon just 
two days sampling at each plant. Right now we are making a resurvey 
and shortly we will be confronted with the necessity of approaching 
them to do something to improve their treatm ent processes. My ques
tion is, would they receive favorable consideration from W PB under 
these circumstances?

Chairman Rawn: That would be a problem for the Industrial Branch 
to answer. I t isn ’t specifically a government problem when it comes
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to the reclamation or saving of reclaimed or other types of rubber in 
an industrial plant. I can say, however, that if your plant were being 
degraded to the extent that there was nothing you could do hut to by
pass appreciable quantities of untreated wastes, then you would receive 
priority assistance through the Government Division. As to the in
dustry that conies under an entirely different branch of the W ar P ro
duction Board, and I couldn’t answer. I assume on the basis of essen
tiality or on the saving in rubber, they would receive assistance. I  just 
assume that; I  don’t know.

Mr. Schaetzle: I t  is true, we are overloaded in solids about three 
and a half times and there are war industries below that use the river 
water. We haven’t had any specific complaints but the river has 
changed materially. I  have tried to look for an argument that would 
get them to do the work.

Chairman Raivn: You have cited the argument. If  they are wasting 
rubber, I  would think W PB would be glad to extend priorities if a sav
ing of rubber or critical materials would be saved thereby.

Mr. L. H. Enslow (New York):  Mr. Chairman, I  would call this a 
situation which probably exists at many places over the country, if not 
now, maybe later, and I am just wondering if the thing to do in a case 
of that kind wouldn’t be to file a parallel application with cross refer
ence so that the Government Division knows this has been filed from 
the industrial angle, and vice versa. I t  would seem that if we go at it 
from two different points it should land at the right pocket eventually.

Chairman Rawn: If  the reference is perfectly clear that the other 
application has been filed, that would be all right, but let us get back to 
that over-worked statement—criteria of essentiality. The criteria of 
essentiality are entirely different from the two different approaches. 
One is a matter of public health and safety and the other is a matter of 
business and industry—saving rubber. Prom the health and safety 
angle to the citizens of the community, if it is a government problem, 
that is our problem. If it is to be approached from that angle, that is 
a Sewerage Branch problem in the Government Division. If, however, 
it is a matter concerning rubber, that is not our problem at all. That is 
industry’s problem.

Mr. Ensloiv: I  have one more thing to say. Mr. Alden asked a ques
tion a little while ago which was realty covered in your last remarks 
about WPB having to know as far in advance as possible about how 
much material is going to be needed. That means certainty from quar
ter to quarter, which has been difficult to estimate. I  wonder why they 
haven’t made it semi-annually because you can catch up with yourself 
in that case. All of this problem is an essential problem as I  under
stand it because of governmental housing. Mr. Alden hopes to enlarge 
his plant and needs it pretty badly, but before he can get that through, 
the Governmental Division and WPB must know in advance how much 
material all over the country is going to be needed or else you won’t be 
able to get it in before about 1945. Eventually you get it. If you are
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going' to get it in 1944, really now is the time to estimate your needs, and 
that is a very important consideration at this time.

Mr. Lloyd Nelson (Washington, D. C.) *: I t  isn ’t actually on a quar
ter to quarter basis. The estimates are made up on January  first. 
The estimate will go in for the second quarter of 1944 plus four quar
ters, so actually they will need to know roughly all the materials you will 
require for major construction up until Ju ly  1, 1945, by the first of this 
year. You have an opportunity to modify it each quarter but the esti
mates of what you will need for at least the next two years ought to get 
in before the first of the year.

Chairman Lawn: I  think it is very important that you recognize the 
essentiality of getting in your statements. As I  say, I  have a list of 
those places here and it would take almost fifteen minutes to read it. 
I t  is very difficult to keep information up to date on a national basis.

Mr. Nelson: In connection with the question that was raised about 
manpower verses equipment, I thought it might be well to say a bit 
more. The manpower involved in making automatic equipment and the 
demand for that type of equipment for war purposes is so great that it 
is not possible to get it and it is necessary either to secure new or keep 
on operating manually operated equipment rather than automatic equip
ment that would save manpower. You must consider the total amount 
of manpower and the available materials for making the new equipment 
as well as the manpower in use in your plant to operate the equipment 
afterward. Is that clear ?

Mr. J. M. Mercer (Chicago): Here is a routine operating question. 
It comes from our own situation where we applied for and were given 
permission to purchase rather a large quantity of critical m aterial—a 
quantity large enough that it would cause us to exceed the inventory 
quotas established by order P-141. In the application, we asked for 
authority to make the purchase without including that amount in our 
quota for the year. Now the commission to purchase came through all 
right but we did not get the authority to eliminate that item from our 
accounting. I  am wondering whether I  am going to have to go to jail 
if we exceed our limitations.

Chairman Rawn: That purchase is not included in your inventory 
quoto if you got direct authority from the W ar Production Board to 
buy. If you get authority from the W ar Production Board you are 
not using P-141 except in some of the implications. You are not spe
cifically bound by it.

* Consulting Engineer, War Utilities Branch, WPB.
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W A R T IM E  C O N D IT IO N S  *

B y  W . W .  M a t h e w s

Superintendent, Gary Sanitary District, Gary, Indiana

One year ago at the Wartime Conference in Cleveland, this Federa
tion heard Mr. A. M. Rawn in his paper, “ The Influence of This W ar 
Upon Sewerage Problems, ’ ’ forecast the increasing difficulty that would 
occur in. obtaining materials and in maintaining personnel. We have 
seen this occur with scarcities of practically all materials, particularly 
those in the critical list and the depletion of personnel through men en
tering the armed services, or being attracted to other employment on 
account of higher wages. I t might be well at this time to review briefly 
the conditions that obtained at that time on the various war and home 
fronts and compare them with present conditions.

On the war front one year ago the Allies were not in a particularly 
advantageous position. We had won few victories. Behind us was the 
history of Bataan and Corregidor, and General MacArthur was plan
ning a further offensive in the F ar Pacific. W hat might happen on the 
Russian front was still more or less problematical, and in Africa there 
had been numerous advances and retreats with Rommel finally being 
forced back from El Alamein. On the home front, construction was 
being carried on at a feverish pace to get the various war plants into 
production as soon as possible. Production was being stepped up, but 
not at a rate satisfactory to the General Staff. Demands for critical 
materials for plant construction, munitions and civilian needs were mak
ing it necessary to use substitutes for critical materials wherever pos
sible. Training the various branches of the armed services was being 
carried on around the clock and the rate of induction into the services 
was constantly being stepped up.

Today the picture is considerably different. Victory after victory 
has been won on every Allied front. At home construction of war 
plants has been practically completed, although combat experience has 
shown the need for more equipment of certain types not originally an
ticipated. As a result some war plants are being converted to the pro
duction of war machines entirely different than those for which they 
were designed. A change of this kind requires critical materials. Pro
duction has increased, resulting in a greater demand for critical mate
rials for munitions, making it still more necessary to stretch the avail
able supply by making use of those less critical.

The Wartime Conference of the American W ater Works Association 
held in Cleveland in June of this year was advised by the W ar Produc-

* Presented at Federation’s Fourth Annual Meeting and Second Wartime Sanitation Con-



18 SEWAGE WORKS JOURNAL January , 1944

tion Board that the total demands for steel in the third quarter of 1943 
would exceed the supply by one third. Since that time, the W PB has 
announced a cut of fifty per cent in public and industrial construction 
for 1944 and further, that each case be decided on its own merits, the 
general rule of essentiality being,—Is it immediately needed for the 
war effort, or can it wait until peacetime? Even oil company expansion 
projects already under way have been halted. Manpower shortage with 
continuing shortages of lumber and steel are given as reasons for this 
curtailment. The W ar Man Power Commission estimates that several 
hundred thousand men can be shifted from the building and building 
materials trades to war industry if construction is cut approximately 
fifty per cent. Generally speaking, we may say that while at this time 
conditions 011 all war fronts are greatly improved over those of one year 
ago, there is still an emergency as regards critical materials for all war 
production and civilian needs, and that this will probably continue for 
some time. Hence, we should not expect any relaxing in priorities for 
the purchase of critical materials.

W ith the instituting of priorities to conserve critical materials, prob
ably for the first time in their experience, operators found, for a short 
period, that it was difficult and in some instances practically impossible 
to obtain certain replacement materials. Construction materials for 
treatment plants, for army camps and certain war plant areas are not 
included in this classification, since they, of necessity, had to be included 
as part of the war program. Treatment plants confronted almost over
night with overloading by increases in population working in adjacent 
areas, or from industrial wastes, were in an unfortunate situation and 
needed immediate attention. Government aid later took care of many 
of those cases.

Personnel losses were, in general, of two kinds. Where some em
ployees were taken by the armed services, others left to work on con
struction or in war plants. The combination of the two left in some 
plants a much depleted and inexperienced personnel. W ith budgets of 
municipal plants limited, either by finances or by law, it was not possible 
in most cases to train replacements long enough to have an experienced 
operator ready to step into a job when it became vacant. Even a re
placement formula with sufficient funds on hand for its proper adminis
tration is not workable when men are not available for vacancies.

One result of the man power shortage has been the employment of 
men above the age normally employed. In  our case, the average age 
of laborers has changed from the fall of 1940, when the plant went into 
operation, from about thirty years to approximately sixty-five years at 
present. At Gary where four men make up the outside operating 
force, five replacements have been used since the war program started, 
making the turnover 125 per cent. Two graduate chemists constitute 
the laboratory force, and since February, 1942, eight additional chemists 
have been employed, with a turnover of 400 per cent. We were fortu
nate in being able to hire two women chemists about one month ago. 
which we hope has solved the laboratory problem for the duration.
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In addition to the problems of supplies and personnel is the reduc
tion of truck mileage under the Office of Defense Transportation. Most 
sewage treatment plants are located some distance from the eenter of 
the city, and in some instances well beyond the city limits. There may 
be in addition, sewage pumping stations that require limited super
vision. At Gary, one small trickling filter plant about ten miles from 
the main treatment plant, and three small sewage pumping stations in 
the easterly and southerly parts of the city are operated by the Sanitary 
District, making it necessary to do considerable driving to insure con
tinuous service. To keep truck mileage down to a minimum all trips 
are scheduled in advance. I t would appear that just at those times 
when mileage limits are being approached, breakdowns occur, making 
extra trips necessary. The use of bicycles was considered in an attempt 
to reduce truck mileage. Analysis showed that the pickup truck was 
used on inspection and repair work, carrying several one gallon sample 
bottles for sewage and industrial waste, or tools and repair parts if out 
on maintenance. I t  was decided that it was not practicable to use 
bicycles.

One problem that has been minimized by wartime conditions is that 
of sludge disposal. Operators report increased demands for sludge 
from Victory gardeners to such an extent that at some plants the stock
pile has disappeared with a waiting list of orders on file. Where sludge 
has been sold there has been an increase in revenue. At Gary the oppo
site has occurred. In 1942, slightly over 5,000 cubic yards of sludge 
were removed, but total disposed of so far this year would indicate that 
this years removal would not equal that of last. Use of sludge has been 
popular at Gary since May, 1941, when it was first made available, with 
over 7,000 registrations in the sludge book to date. I t  would appear 
that gasoline rationing is responsible for the decrease this year. No 
charge is made for sludge and customers are allowed to remove it from 
the beds.

All operators are familiar with the several changes that have been 
made in priority ratings since they were first established. These 
changes have been made towards a simplification of procedure for ob
taining materials necessary for plant maintenance. You heard this 
morning how the Operations Division, P-141 of the W ar Production 
Board is being administered to care for your needs, so that subject will 
not be taken up in this paper. I t may be of interest, however, to those 
who are faced, or likely to be faced with an emergency requiring the 
purchase of essential equipment, as to how a case at Gary was handled 
by the P-141 Division of the W ar Production Board. A short time 
back, inspection showed that the impellers on the three 20 M.G.D. gas 
engine driven sewage pumps were badly worn from sand. Since these 
are the largest pumps in the plant and which are operated most of the 
time, it is necessary that they be maintained at normal capacity, or 
flooding of numerous basements in the city will occur during storms. 
It was first thought that replacement might wait for the duration, hut 
a later inspection showed the wear increasing rapidly with marked de
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crease in both capacity and efficiency. The Board of Sanitary Com
missioners decided to investigate and see if it were possible to make the 
replacements at once.

The pump manufacturer was first consulted and he advised that it 
would be necessary, on account of the existing conditions, i.e., large 
amount of grit handled, to replace the bronze impellers with cast steel 
construction, reinforced on the edges with stainless steel. Also, that 
in his experience, there were very few cities that had found it necessary 
to adopt that procedure. Since the cost of the new impellers with acces
sories would amount to approximately $4,500.00, it was obvious that our 
quota limit would be exceeded and it would be necessary to obtain the 
authority of the W ar Production Board to make the purchase.

An appointment was made with the regional office of the W ar Pro
duction Board in Chicago and the nature of the emergency explained. 
Our particular problem was handled by Mr. W. K. Evans of the above 
office. In spite of a desk piled high with unanswered correspondence, 
we were given an unhurried and sympathetic hearing. I f  anyone ques
tions that particular type of interview, I  believe that any operator, con
fronted with a breakdown in operation after working long hours to 
maintain service, will agree that it is a pleasure to find sympathy out
side of the dictionary. We were advised to wire Operations Division 
in Washington in detail,—the “ detail”  being emphasized, explaining 
the nature of the emergency and follow up the telegram with a letter. 
Four days after the letter was written, authorization of purchase was 
received. In these times no one could ask for better service than the 
above.

May I suggest that if you are located within convenient travel dis
tance of a regional office, that you take your problem direct to headquar
ters where advice as to procedure may be obtained. I t  is much easier 
and simpler to explain your problem across a desk than by correspond
ence. Literally hundreds of letters are handled each day by the priori
ties section where men are trying to assist you as much as possible, and 
one criticism of the applications has been that many of them do not 
furnish enough detail to permit the request being granted immediately.

A fter authorization for purchase has been received, it will soon be 
learned that the bottleneck in procuring needed replacements is not in 
the Office of the W ar Production Board, but is in obtaining the material 
from the manufacturer. This statement is made without intending in 
any way to criticize the producer. In these times almost every plant is 
engaged in war production work of some kind and is being pressed to 
speed up deliveries. Even if the plant in question has an inventory that 
would permit filling your order with an AA-1 priority  rating, the pro
duction line cannot be interrupted to handle your particular need. I t 
will have to be scheduled and take its turn unless through some happy 
circumstance it can be worked in along with production routine. That 
would be the exception, however, rather than the rule. Probably no one 
would expect to find a spare part in stock with inventories down to the 
vanishing point in most factories and shops.
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In onr own case, it took only four days to get the authorization to 
purchase, but delivery f.o.b. the works was promised in twelve weeks. 
Whether that schedule can be adhered to is yet to be determined, hut it 
is a reasonable production time, particularly under present conditions. 
At this time the writer wishes to express the appreciation of the Board 
of Sanitary Commissioners of the Gary Sanitary District to the W ar 
Production Board, Operations Division, P-141, for the efficient manner 
in which our authorization was processed, and which I  am sure will be 
concurred in by other operators who have had emergencies occur which 
necessitated similar action.

Closely allied to the purchase of critical materials is the question of 
inventory. Where a utility is serving the public collectively, as is the 
case with a sewage treatment plant, the inventory problem is not criti
cal. If the utility is serving the public individually, the case is entirely 
different. With gas, water and electric plants, a considerable inventory 
of various kinds of supplies representing a large investment has to be 
maintained. The sewage treatment plant has no such problem and un
less there is some part of the plant which requires continual mainte
nance, no large stock of spare parts should be required. Where a plant 
is depending upon gas engines as prime movers, all that is required is 
a few extra valves, valve springs, valve inserts, magneto, a spare block 
or two, depending upon the number of engines in service, with the neces
sary packing, gaskets and gasket material to make ordinary repairs. 
That list naturally does not cover all needs of all plants, but with a few 
additions it will in general cover the requirements of most plants. 
Pump replacement ordinarily is required only at long intervals and need 
for this can usually be foreseen. I t will be noted from the above that 
a large investment in inventory is not required for the average sewage 
treatment plant even in these times. Pre-war conditions were such that 
a long distance call or a telegram would bring in replacements almost 
overnight. I t should not be inferred from the parts list given that the 
writer is advocating inadequate inventories, but is rather stressing the 
point that excessive inventories are not justified at a sewage treatment 
plant. Carry enough spare parts that experience has shown are neces
sary for routine replacements. Information furnished.by other oper
ators indicate that inventories are usually meagre.

The W ar Production Board is quite liberal in the wording of the 
priority regulations as regards inventory of spare parts for mainte
nance of service and also to care for imminent breakdowns. Since in
ventories as a rule are low at sewage treatment plants, it does not take 
much of a breakdown to exceed the quota limit and necessitate a request 
for authorization to purchase, when the amount in question may be only 
slightly above the allowable quota. If  this section of the regulations 
could be made a little more elastic, it would benefit both the operator 
and the W ar Production Board. From the operators standpoint, it 
would cut down the time required to obtain the material desired and it 
would also appreciably reduce the correspondence in the office of the 
War Production Board.
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In spite of the difficulties encountered with changing personnel, oper
ators ’ records indicate that efficiency in the treatm ent process is being 
maintained except in special cases of overloading noted heretofore. 
Operating results at Gary for 1942 showed increases in pumpage and 
total pounds of solids received and removed with a decrease in pounds 
of 5-day B.O.D. received and removed. There were 7,929,967 pounds 
of 5-day B.O.D. and 14,011,858 pounds of suspended solids removed with 
annual efficiencies of 94.72 and 97.22 per cent respectively. Operating 
costs were $8.79 per million gallons and $8.39 per 1,000 pounds of B.O.D. 
removed. Gas production averaged 157,790 cubic feet per day, equiva
lent to 1.50 cubic feet per capita per day based on 105,000 connected 
population. Total value of sludge gas used, based on a contract with 
the Northern Indiana Public Service Company was $22,535.80.

Another problem that is apparent to all persons engaged in public 
sanitation, and which has not been particularly emphasized, is that of 
time. The days do not seem to have the number of hours they did in 
pre-war times. Probably every person here is carrying on some war
time activity outside his or her regular vocation, and it is remarkable 
that everyone has been able to take on so much additional work. 
Among the many organizations that have in particular suffered numer
ous losses in personnel and at the same time had to assume extra work 
are the various State Boards of Health throughout the country. I t has 
been the privilege of the writer to be associated with the Indiana State 
Board of Health through work on the State Emergency Committee for 
the Maintenance of W ater and Sewage Treatment Plants in cases of 
bombing, sabotage or serious breakdowns. A recital of the work being 
done by one State Board can well serve as a record of one or all of 
them. W ar plants with their problems of water supply, sewage trea t
ment and stream pollution have added heavy burdens to staffs already 
overworked, making it difficult to maintain the high standards of sanita
tion which have been developed through the past years. But with all 
extra work entailed by this World W ar II, the public may rest assured 
that all persons and organizations engaged in environmental sanitation 
will not relax their efforts to give the utmost in protection for healthful 
living.

D is c u s s io n  

B y  R o y  S. L a n p h e a r

Supervising Chemist, Bureau of Sewers, Department o f Public WorTcs, Worcester, Mass.

Wartime operating problems of sewage treatm ent works or plants 
are generally due to one or more of the following difficulties:

1. Lack of availability of trained personnel.
2. Break-down of mechanical units in a very unusual manner or to 

a serious extent.
3. Change of character of sewage due to the discharge of industrial 

waste liquors in larger quantities or to the discharge of an en
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tirely new waste liquor, either of which places a load upon the 
Works which is difficult to carry.

Sewage treatment and disposal is not interesting to the average 
member of the city government. Successful works operation bears no 
direct gain to the tax-paver and for that reason, would not cause the 
member of the city government to take a special interest in sewage treat
ment. For these reasons, I  believe that at all times, the sewage trea t
ment works operation should be placed upon a financial and man-power 
basis which represent true economy and at the same time, permits ef
ficient operation throughout the entire year. In  this way, the war
time man-power problem becomes serious only where extra labor which 
is used to considerable extent during the summer season becomes un
available. We like to keep our lawns, gardens and buildings in excel
lent condition and appearance, but where removal of large quantities 
of dried sludge from beds are necessary for works operation, the latter 
presents a real man-power problem. The solution of this problem lies 
in providing suitable works equipment, together with sufficient regular 
man-power for its operation. This labor can be effectively used dur
ing the winter months in maintenance work.

You will note that I  have excluded from my consideration, the tech
nically trained employee and the employee who might be considered 
an absolutely essential worker because of the nature of his work and 
the difficulty of training a man to replace him. Deferments and exemp
tions are available to a certain extent in such cases. Training of men 
within our organization as replacements for men whom we expect to 
lose is a duty which must be performed. The logical solution of the 
problem of replacement of laboratory personnel lies in the employment 
of women chemists or women who can be trained to carry on much of 
the work. In this, I  have been very fortunate in my selection of my 
assistants.

Every sewage treatment works should have a protected store-room, 
or rooms, in which reserve tools and spare parts of mechanical equip
ment are kept in orderly manner. In many instances, such as pumping 
equipment, stand-by units and spare motors are provided. Experience 
furnishes a good basis for judgment in providing for usual replace
ments. The unusual and serious break-down is the one which can not 
be foreseen and it is a matter to be promptly considered when war is 
declared. Wars do not occur as frequently as do changes or improve
ment of facilities for handling or treating sewage and sludge. There
fore, all of the factors which enter into such a possibility must be care
fully considered at the earliest possible moment.

I have purposely made the change of character of sewage and a 
possible resultant deterioration of works operation my third and last 
point of discussion. Worcester sewage has been known far and wide 
as one which contains acid iron wastes from the wire industries of the 
city. In previous papers, I  have shown the widely different results of 
trickling filter treatment of Iinhoff tank effluent obtained during normal
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pre-depression years as compared with the depression years of 1931 to 
1937. Emphasis has been placed upon the successful operation of these 
filters when treating Imhoff tank effluent from sewage containing heavy 
doses of acid iron.

War-time industrial conditions in W orcester have now caused the 
sewage to become so acid that filter treatm ent of the settled sewage has 
been greatly affected. The nitrate nitrogen and dissolved oxygen con
tent of the filter effluent have been reduced to fractional parts per mil
lion ; its stability has decreased.

Special investigations have been made throughout the 24 hours on a 
number of occasions with the following results. The extremely acid 
sewage is caused by the spent acid wastes discharged by four industrial 
concerns. The average iron content of the sewage received at the 
works, expressed in parts per million, does not exceed maximum quanti
ties received heretofore. However, it is true that the actual quantity 
of iron received during 1943 is greater than that received during the 
same period of time in 1942. No pooling of the filters has occurred. 
I t  is believed that the present operating difficulty is confined to the 
acidity of the sewage. (5.5 to 6.0—day hours and 5.0 to 5.5, night 
hours). However, the iron content of the sewage is closely checked 
in order that any marked change will be promptly observed.

Conferences have been held with the officials of the four concerns 
and their co-operation sought in neutralizing their waste liquors to a 
pH of 6.6 to 6.8. This matter is still under discussion, but it is hoped 
that successful solution of the problem will be forth-coming. Labora
tory tests are keeping the Superintendent of the Bureau of Sewers 
posted on the existing conditions and preparation of a report by the 
Supervising Chemist covering lime treatment of the sewage is underway.
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B y  J o h n  H .  B r o o k s , J r .

Superintendent, Bureau o f Sewers, Worcester, Mass.

The condition of war has made its impact upon the economic and 
civic life of our entire country. Its effect upon every community, great 
or small, has been in a direct ratio to the activities in the military and 
defense operations.

In the months leading up to the declaration of W ar in December 
1941 many communities had been conscious of wartime conditions. 
Industrial plants were beginning to rapidly expand and their produc
tion operations were being keyed up to an increased tempo. The in
crease in the employed personnel, often resulting in a large influx of 
new inhabitants to a community, brought with it the requirements for 
more housing and the attendant necessity for public services—water, 
electricity, gas, sewerage, etc.

The lure of high wages to satisfy the demand for additional war 
workers early made its inroad on the established personnel of municipal 
employees. With the declaration of war other factors came into the 
picture to further disturb the normal operations in the providing of 
public service of a community. The expansion of the armed forces with 
its drain upon available man power, and the limitations imposed upon 
non defense activities all of these increased the problems which were 
constantly before a public official concerned with the maintenance of 
sewers.

The responsibility for the operation of a public sewer system is a 
“ round the clock” problem. No one can question the necessity for the 
speedy and adequate removal and disposition of the domestic and indus
trial wastes of a community. Any conditions which interfere with it 
soon produces a serious menace to its welfare and public health.

Wartime operation of a public sewer system do not materially alter 
or change from the standard practices in normal times. The day by 
day routine of repair to the existing sewer lines and appurtenances, the 
flushing and cleaning of sewers and catch basins, the operation and up
keep of pumping equipment, the constant attention to the complaints 
of citizens are ever before the maintenance personnel.

The extensive increase in industrial activities with its attendant 
growth in population has quite naturally produced an increase in the 
volume of sewage flow. The character of the sewage has in many in
stances changed because of this increase. The urge for volume in pro
duction, the 24 hour operation of these plants, the lack of adequate atten
tion to the matter of plant waste all tend to materially change the nor
mal characteristic of the sewage.

* Presented at Federation’s Fourth Annual Meeting and Second Wartime Sanitation Con
ference, Chicago, Illinois, October 21-23, 1943.
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In many localities it has been necessary to make extensive additions 
to the sewer system to care for new housing developments, additional 
industrial plants and m ilitary establishments. Undoubtedly many fa
cilities at the Sewage Treatment Works have had to be increased. All 
these additions have produced increased volume of sewage flow. New 
sewers, however, like a new house, do not immediately present extensive 
maintenance problems.

The normal, as well as wartime routine of sewer maintenance in
volve factors quite familiar to all sewer officials. Adequate personnel, 
equipment and material are of prime importance.

Every organization responsible for the upkeep, repair and operation 
of a sewer system should have complete detailed information pertaining 
to it. This data should show the location; sizes and characteristics of 
all the sewer lines—both sanitary and surface, information covering p ri
vate drains and sewers should also be available. The locations of man
holes, pumping stations, force mains, siphons and surface water outlets 
are also important. All such plans and data should be kept up to date. 
Too often new additions and changes are not incorporated in the exist
ing data and all too soon are forgotten. Duplicates of all this essential 
information should be maintained and kept available for the use of those 
concerned with the maintenance problems.

Fortunate indeed is the sewer department which has been able to 
maintain a permanent and adequate force familiar with its sewer system 
and experienced in the handling of the many and diverse emergencies 
which constantly arise. While much of this work involves tasks where 
unskilled labor can be used, a nucleus of key men, skilled and trained in 
maintenance problems is highly important.

Tools, equipment, and accessories are fully as im portant as the hu
man personnel. These should be segregated and available at all times. 
Hand tools, pumps, air compressors and air tools are of prime impor
tance. Constant advances have been made in the development and use 
of equipment peculiar to sewer maintenance. All of which have merit 
and can be advantageously used, in many cases relieving and supple
menting the shortage of man power.

So much for plans and organization which, in my opinion, are quite 
the same in wartime as in normal times. W hat then has war conditions 
imposed upon the sewer practices?

Early in the transposition from peacetime to wartime, civilian de
fense with its many and diverse ramifications had to be considered 
and planned for. A study of available facilities—material, personnel 
and equipment was necessary in order to provide quick and adequate 
services which might be required in case of a major emergency. Defi
nite plans had to be made for utilizing the regular maintenance crews 
supplemented by such auxiliary personnel as could be obtained. Con
sideration had to be given to being prepared for the disruption of the 
sewer system in many places simultaneously rather than scattered as in 
normal times.

The importance of plans and records became decidedly more impor
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tant. I t was considered equally essential to provide for tlieir duplica
tion and safe guarding in separate locations thus preventing complete 
loss in case of the destruction of one set. Consideration was given to 
safeguarding from sabotage the sewer system, particularly the pumping 
stations and sewage treatment works. This required additional per
sonnel and imposed increased expense.

The shortage of man power has been a serious factor to contend with 
in the operations of sewer maintenance and of sewage treatment works. 
In Worcester, because of age limitations relatively few losses in per
sonnel has been experienced. We construct all of our sewers, main
taining a sizable permanent construction force for that purpose. This 
situation thus furnishes an available pool of labor who are quite familiar 
with the sewer layout and naturally are valuable for any necessary 
augmenting of the maintenance crews. Under war conditions such a 
situation is of great value and certainly a comfort to one responsible 
for the handling of any emergency.

Governmental control of equipment and materials has made the 
problem of procuring many items difficult and in many cases impossible. 
The classification of sewerage and its allied operations as an essential 
war activity has, however, provided for most of the normal requirements.

These wartime conditions have retarded the usual normal construc
tion of sewers. In many cases, local health conditions have made neces
sary some additions; but, in the main major construction projects have 
had to be deferred.

Mention has been made of changes in the character of the sewage. 
In any community where industrial operations have been accelerated 
there may have arisen conditions which have had unwholesome effects 
upon the method and results of sewage treatment. This situation has 
developed in Worcester where extensive wire manufacturing activities 
are being carried on. A marked change in the acidity of the raw sewage 
has reduced the quality and stability of the final effluent at the Sewage 
Treatment Plant. The solution and remedy for this situation is being- 
studied. It is definitely a war time problem.

Many other instances of wartime maintenance problems could be 
enumerated. Their origin and solution, however, can be traced prin
cipally to a shortage of man power. I t isn’t felt that public health has 
suffered from any lack of attention on the part of those charged with 
the maintenance and operation of this most vital and valuable public 
service. It is possible that many administrators have had their diffi
culties and worries but measured in degree of sacrifices undergone by 
the boys in the combat areas, these problems can be considered rela
tively simple.



W A R T IM E  O P E R A T IN G  P R O B L E M S —  
B Y  T H E  D O Z E N  *

B y  M orris M. C o h n
Editor, Sewage WorTcs Engineering, Sanitary Engineer, City o f Schenectady, N . Y.

Eighteen months ago, the Japs sneaked in on Pearl Harbor and we 
found ourselves at war, despite the assurances of isolationists that war 
could never touch American soil. Since then, we have uprooted most 
of our peacetime habits and have learned to live a life of scarcities and 
uncertainties. We have many more months of such conditions ahead. 
They will be even more trying of our mettle.

Sewage treatment, being a process directly associated with com
munity life, very quickly reflected the shift of American conditions from 
peace to war. This is not surprising since every change in home habits 
and in industrial and commercial activity reflects itself in the turbid 
depths of the sanitary sewer system. The trivial, as well as the cata
clysmic events of community and country, leave their impress on the art 
of sewage treatment. The presence of the mash of prohibition days in 
sewage was no more obvious than the hulls that come down the sewer 
when Aunt Hetty starts putting up her preserves. F or example, the 
scarcity of sugar has made people stir their coffee more vigorously and 
in the City of New York alone, it is estimated that 2,000,000 lbs. of cup- 
bottom sugar are no longer going down the drain. Most assuredly, we 
are beginning to feel the effect of war, in humorous as well as in serious 
ways.

The modern art of sewage treatm ent in the United States found its 
beginnings since the last war despite the fact that during W orld W ar I 
many sewage treatment plants were in operation here. Certainly, the 
vast majority of operators of treatm ent plants were not following this 
trying profession in 1917, judging from the fact that the Quarter Cen
tury Club of the Federation of Sewage Works Associations contains 
but a handful of men, and an old-timer like your Chairman failed by a 
few years to pass the qualifications for membership. I t  is evident, 
therefore, that most of us are experiencing for the first time the effects 
of war upon sewage treatment. I t  is well, then, that we stage a Bound 
Table such as this for the purpose of analyzing what has happened and 
how we have met these happenings, and to plan for anything which 
might occur in the future.

I  could enumerate every one of the effects which have been visited 
upon sewage treatment plants, because I  have personally had many of 
them, have seen many more and have sufficient imagination to encom
pass the others. This would not be a Round Table if I  were to devote 
the major portion of the morning to such a detailed enumeration of

* Paper presented a t Spring Meeting of New York State Sewage Works Association 
Rochester, N. Y., June 4-5, 1943.
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war conditions and their effect on sewage treatment. It is the purpose 
of this meeting to have you place on record the experiences of operators 
in this State which has done and is doing every phase of war work and 
has felt every one of the effects of war on normal life.

Every one of your problems, no matter how local or how individu
alistic they may be, fit somewhere into the following twelve points of 
wartime operation conditions:

1. Increase or decrease in sewage flow due to shift of population to 
centers of war work and from points of non-production.

2. Increase of sewage flow due to concentration of men-in-training 
tributary to public sewer systems.

3. Change in rate of flow throughout the day or throughout the 
week, due to changed life habits of community dwellers, and the round- 
the-clock operation of industries that formerly made a strong point of 
the 40-hour-week.

4. Change in composition of sewage due to the production of indus
trial wastes, in unusual quantity or quality.

5. Effect of war on the 3 M’s of Operation—Men, Materials and 
Mechanisms—the men to operate the works; the materials and supplies 
with which to perform operations and maintenance; and the machines 
with which or by which to perform our functions.

6. The tradition-blasting employment of women in actual sewage 
works operation tasks, as women on the production line have changed 
manufacturing to ‘ ‘ femufacturing. ”

7. Increased cost of operation due to commodity costs and demands 
of labor for increased wage rates.

8. The effect of restrictive orders and priorities upon plant enlarge
ment, revision, reconstruction or construction.

9. The swing of public opinion and national demands towards the 
utilization of sewage sludge as a fertilizing m aterial; the use of gas for 
power production; the conservation of fish food by pollution prevention.

10. Protection against sabotage and bombing damage by blackout, 
protective lighting and fencing, training, camouflaging, etc.

11. The improvement of supply and manpower relationships be
tween communities situated “ in the same boat” of war emergency 
conditions.

12. The need for “ looking ahead” to the post-war period when 
scarce materials will become abundant, when labor shortages will be
come labor surplus and when the unfinished problems of sewage treat
ment stand a real chance of becoming completed in the first decade after 
Victory.

Somewhere in the “ 12 Points” you will find place for every one of 
the emergency conditions which have in the past eighteen months con
vinced you that “ war is hell.”  By a frank discussion of your prob
lems you can help others to solve the irs ; by a frank admission of your 
need for help, you can get advice from others who may have solved 
similar problems in their own communities.



Sewage R esearch

E F F E C T  O F  A D D IT IO N  O F  N IT R O G E N  O N  
D IG E S T IO N  O F  P A P E R  P U L P *

B y  C o n r a d  P .  S t r a u b

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

Introduction
The results of single tests for ammonia and organic nitrogen made 

on composite samples from the final material drawn from digestion 
tanks fed pure paper pulp (as described in This Journal, September 
1943) indicated that a decrease in the available nitrogen might have an 
effect upon the rate of digestion and the rate of gas production of paper 
pulp solids added to well-seeded, heated, separate sludge digestion 
tanks. In order to determine the extent of this effect, parallel studies 
were carried out using daily paper pulp feeds to which nitrogen was or 
was not added. Varying concentrations of paper pulp (0.5, 1.17, 1.83, 
and 2.5 lb. of total solids per cu. ft. of occupied tank space per month) 
were fed to each of two tanks. Nitrogen was added to one tank of each 
set of two receiving similar concentrations of paper pulp to give a car
bon to nitrogen ratio of 20 approximating that of fresh raw  sewage 
sludge. The results were correlated with data obtained from the opera
tion of two control tanks which were fed fresh raw sewage sludge at the 
rate of 2.5 lb. of total solids per cu. ft. of occupied tank space per 
month.f At the start, ammonium sulfate ((N H 4)2S 0 4) was added but 
since this resulted in the production of odors, its use was abandoned and 
sodium nitrate (N aN 03) was substituted.

Ten experimental digestion units similar to those previously de
scribed (1) were used in this study.

P r o c e d u r e

The tanks were seeded with digested sludge in amounts shown in 
Table I. Fresh raw sewage sludge was first added to the tanks on Oc
tober 14. Additions were continued according to the schedule given in 
Table II. Although no material was added to the tanks after April 27, 
they were operated until May 17. During this interval (April 27 to 
May 17) gas was measured and withdrawn.

Before paper pulp and sewage were added to the tanks, they were 
prepared as previously described (2).

* This is the third and last of a series of papers based on two years’ research at Cornell 
University. The first paper appeared in the July  1943 issue of This Journal, p. 658 and the 
second in the September 1943 issue of This Journal, p. 857.

t  By occupied tank space is meant the average space available in the tank for addition 
solids. It  is the space occupied by the supernatant liquor and the sludge.
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T a b l e  I .—Date and Amount of Seed
D a te  Seeded 

1940T ank

16............................................ Oct.
15............................................ Oct.
14............................................ Oct.
13............................................ Oct.
12............................................ Oct.
11............................................ Oct.
10............................................ Oct.
9 ............................................ Oct. 11
8 ............................................ Oct. 8
7 ...........................................  Oct. 8

A m oun t of D igested  Sludge 
U sed fo r Seed, lbs.

8 .............................................. 238.63
 8.............................................. 244.89
 9.............................................. 234.91
9 .............................................. 239.93
9 .............................................. 242.65
9 .............................................. 245.65
9 .............................................. 238.37

.....................................  240.10

.....................................  243.16

.....................................  242.33

T a b l e  I I .—Daily Feedings to Tanks

T ank Lbs. of F resh  Sludge 
A dded D aily

L bs. of W e t P u lp  
A dded D aily

Jan . 13-F eb . 12 F eb. 13-A pr. 26

(NHD2SO4, grams N aN O î, grams

16* 8.50 — — —

15* 8.50 — — —
14 — 0.22 — —
13 — 0.22 4.53 5.64
12 — 0.51 — —

11 — 0.51 10.57 13.16
10 — 0.81 — —

9 — 0.81 16.61 20.65
8 — 1.10 — —
7 — 1.10 22.65 28.20

* Controls.

Lime was added to all tanks receiving paper pulp with the exception 
of tanks 14 and 13 to maintain optimum pH conditions. The amount 
of lime used is given in Table III.

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

Solids Characteristics.—A summary of the fresh sludge and paper 
pulp characteristics is given in Table IV and indicates considerable 
variation in the per cent total solids (wet basis) and in the per cent 
volatile solids (dry basis) of the fresh raw sludge added to the experi
mental digesters. There was much less variation in the paper pulp 
values. The hydrogen ion content of the fresh raw sludge was fairly 
constant.

The amounts of ammonium sulfate, sodium nitrate, and lime added 
to each tank are shown in Table III.

Table V presents the supernatant liquor characteristics of all the 
tanks receiving sewage sludge and sewage sludge followed by pure 
paper pulp feedings with and without the addition of nitrogen in the 
form of ammonium sulfate or sodium nitrate. In  all tanks the per cent 
total solids (wet basis) removed were lower after the additions of paper 
pulp than the per cent total solids (wet basis) removed from tanks to
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Seed Material- Iba 
Daily Loadings - lbs 
fresh sewage sludge 
Paper pulp 
Chemical

m j zs o4
NaNOj 
Lime 

Withdrawals 
Supernatants 

fresh sludge supernatants 
Composite supernatants * 

Digested sludges
Digested sewage sludge 
Composite sludges *

Emptying Tanks 
Composite sludges *

238 63 
1153.0

565.14 

314.21 

411 15

8593
33.033

0812 

7.894 

8140

244.89
1153.0

551.47

284.80

391.05

1.41 ‘ 
33033

0129

8.720

89!«

234.91
59LO
16905

15890
15943
15947
35.26

425.06

7.484
15.361
5.145

0319
0146
4.009 
1 058

5.022

739.93
597.0
16905

133.39
143,97
18137
33.20

41502

8.254
15 361 
5.138
0.140
0.759

0 334
0.123
4.615
0800

5893

242.65
597.0
39.198

125.11
28887
14083
32.75

49346

9.191
15.191 
11929

1.983

0.436
0291
4.562
1020

8182

245.65
5910
39.198

161.93
42516
13014
30.06

580.20

8.300
15.197
11929
0.327
1.112
0391

0456
0502
3405
0.149

6.356

23837
5970
62231

139.06
32962

16313 
40 57

57407

1.988
15.197
19.093

1983

0.236
0441
4.240
1.394

10973

24010
5970 
62 231

13849
35083
14019
3167

58270

13827
14259
19.095
0 513 
2780 
1983

0430
0531
4.087
1289

14.120

243.16
5970 
84 341

134.29 
47 3 23
14260
3583

65492

8 581
14452
25.802

2980

0.268
0684
4425
1.287

19782

24233
397 0 
84.341

11264
516.33
14202
36.10

64696

9.164
14452
25802
0700
3 800 
1983

0256
1.031
4.469
1378

14602
Unaccounted solids - lbs 24780 24-647 17 376 16.988 21832 23928 24.996 26724 22.389 27.682
Gas produced in cu ft. 383.11 396.40 241.07 243.13 286.32 293.30 339.26 334.39 34356 328.63
Cu.ft.Gas per lb volotde

material unaccounted for 15.46 16.08 13-87 14.35 13.11 12.26 13.57 12.51 15.34 11.87
Lbs of solids added per cu

ft tank space per mo. 2.5 7.5 05 05 1.161 1.167 1833 1833 25 25
Number additions to tants

Sewage sludge 150 150 71 7 71 71 li 1 7 7 iPaper pulp 75 75 75 75 73 15 73 75

01 • Wet weight
(2)-Dry weight.* Sample of Se*«jje Sk 1 & Pap<f Pull

which fresh raw sludge was added. The per cent total solids (wet 
basis) removed from the tanks were higher in all cases in the tanks re
ceiving nitrogen along with the pulp than in the other tanks receiving 
only paper pulp. Tank 7 which received nitrogen with the pulp was an 
exception to this. The per cent volatile solids (dry basis) were higher 
than the control values for tanks receiving no chemical, and lower for 
those tanks receiving chemical (possibly due to the solution of chemical 
giving a higher non-volatile solids content). The p H ’s of the super
natant liquor in the tanks receiving chemical were higher than in those 
receiving paper pulp alone.

Table VI presents the digested sludge characteristics of all digested 
solids withdrawn from the tanks. There was some variation in the 
per cent total solids (wet basis) but this was due prim arily to the man
ner in which the material was withdrawn from the tanks and to the 
amount withdrawn at any one time. Less variation was noted in the 
per cent volatile solids (dry weight) values. The pH values (on the 
basis of the few tests made) seem to be generally higher for the tanks 
whose feeds were supplemented with nitrogen.

Table V II summarizes the characteristics of the final sludge with
drawn from the tanks at the end of the investigation. In  general, there



was an increase in the per cent volatile solids (dry basis) values with 
an increase in paper pulp feeds. However, those tanks receiving chemi
cal had lower volatile solids contents throughout than corresponding 
tanks receiving no chemical. With the exception of tank 13, the pH 
values for those tanks receiving chemical were higher than those receiv
ing pulp alone.

Table V III presents data taken from Table I I I  which permit the 
computation of the reduction in weight of volatile material in each tank. 
The reduction was dependent upon the time allotted for digestion. 
Since the time for digestion after discontinuance of loading was short 
(two weeks), the values obtained were variable and were not in agree
ment with those reported for the first year’s work (2) where the time 
of digestion after cessation of loading was much longer. The values 
reported in Table V III indicate, in general, that greater reductions in 
the weight of volatile material were obtained in those tanks to which 
nitrogen was added. A study of the data presented in Table V II also 
substantiates this.
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T a b l e  IV .—Characteristics of Materials Added to Tanks

Tank M atl. No.
Samp.

T o ta l Solids 
(%  w et basis)

V olatile’ Solids 
(%  d ry  basis)

V olatile Solids 
(%  w et basis) pH

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

16 Raw 150 3.27 8.27 1.09 79.68 94.66 46.79 2.606 7.147 0.803 5.82 6.1 5.2

15 Raw 150 3.27 8.27 1.09 79.68 94.66 46.79 2.606 7.147 0.803 5.82 6.1 5.2

14 Raw 71 3.18 8.27 1.09 80.65 94.66 46.79 2.565 7.147 0.803 5.42 6.1 5.2
14 Pulp 75 30.85 48.43 10.43 99.23 99.89 70.01 30.612 48.275 10.354

13 Raw 71 3.18 8.27 1.09 80.65 94.66 46.79 2.565 7.147 0.803 5.42 6.1 5.2
13* Pulp 75 30.85 48.43 10.43 99.23 99.89 70.01 30.612 48.275 10.354

12 Raw 71 3.16 8.27 1.09 80.79 94.66 46.79 2.553 7.147 0.803 5.42 6.1 5.2
12 Pulp 75 30.85 48.43 10.43 99.23 99.89 70.01 30.612 48.275 10.354

11 Raw 71 3.16 8.27 1.09 80.79 94.66 46.79 2.553 7.147 0.803 5.42 6.1 5.2
11* Pulp 75 30.85 48.43 10.43 99.23 99.89 70.01 30.612 48.275 10.354

10 Raw 71 3.16 8.27 1.09 80.79 94.66 46.79 2.553 7.147 0.803 5.42 6.1 5.2
10 Pulp 75 30.85 48.43 10.43 99.23 99.89 70.01 30.612 48.275 10.354

9 Raw 71 2.99 7.55 0.86 81.17 94.66 46.79 '2.427 7.147 0.682 5.42 6.1 5.2
9* Pulp 75 30.85 48.43 10.43 99.23 99.89 70.01 30.612 48.275 10.354

8 Raw 71 3.01 7.55 0.86 81.20 94.66 46.79 2.444 7.147 0.682 5.42 6.1 5.2
8 Pulp 75 30.85 48.43 10.43 99.23 99.89 70.01 30.612 48.275 10.354

7 Raw 71 3.01 7.55 0.86 81.20 94.66 46.79 2.444 7.147 0.682 5.42 6.1 5.2
7* Pulp 75 30.85 48.43 10.43 99.23 99.89 70.01 30.612 48.275 10.354

* Chemical added to these tanks ((NH4)2SO.i and N aN 03).
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T a b l e  V.—Supernatant Characteristics

January , 1944

T a n k
N o.

Sam p.
T ested

T o ta l Solids 
(%  w et basis)

V olatile  Solids 
(%  d ry  basis)

V olatile  Solids 
(%  w et basis) pH

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

16 17 0.30 1.04 0.17 51.98 70.42 42.00 0.156 0.578 0.080 7.05 7.2 6.91
15 17 0.27 0.47 0.15 48.17 56.10 40.30 0.132 0.250 0.061 7.11 7.3 6.91

14 6 0.42 0.90 0.19 49.52 54.02 41.55 0.216 0.486 0.079 7.05 7.2 6.92
14* 7 0.18 0.24 0.16 52.85 65.16 44.92 0.097 0.132 0.072 6.87 7.1 6.73
13 6 0.43 1.12 0.19 49.77 55.79 43.13 0.223 0.625 0.082 7.08 7.2 6.952
13f 7 0.21 0.25 0.18 40.84 49.86 25.86 0.084 0 .1 1 1 0.059 6.97 7.12 6.83

12 6 0.58 1.97 0.19 54.89 56.67 53.68 0.319 1.083 0.077 7.02 7.10 6.952
12* 10 0.20 0.22 0.14 53.83 61.06 49.69 0.106 0.126 0.085 6.86 7.15 6.704
11 5 0.79 2.89 0.19 45.04 54.16 17.66 0.212 0.510 0.097 7.105 — —

l i t 10 0.29 0.31 0.25 34.96 53.87 7.58 0.102 0.156 0.021 7.14 7.25 6.976

10 6 0.58 2.12 0.20 43.84 53.18 13.11 0.162 0.278 0.088 7.05 7.15 6.952
10* 11 0.23 0.48 0.19 54.57 60.89 45.71 0.128 0.263 0.091 6.91 7.30 6.604
9 6 0.57 2.15 0.19 50.98 55.52 44.60 0.306 1.194 0.085 7.00 7.1 6.92
9t 12 0.33 0.46 0.22 46.88 59.77 29.36 0.148 0.198 0.122 6.97 7.49 6.657

8 6 0.38 0.98 0.19 51.30 52.64 49.34 0.196 0.516 0.094 7.00 7.1 6.92
8* 15 0.24 0.34 0.20 60.00 76.09 53.18 0.147 0.218 0.116 6.72 7.00 6.51
7 6 0.43 1.12 0.21 50.97 54.88 44.99 0.225 0.615 0.095 7.02 7.10 6.952
7t 13 0.43 0.73 0.25 46.52 62.08 28.13 0.198 0.440 0.137 6.93 7.20 6.801

* After addition of paper pulp.
f After addition of paper pulp and chemical (NaNCL and (NH.O2SO4).
1 8 tests for pH. 4 5 tests for pH. 7 6 tests for pH.
2 2 tests for pH. 5 1 test for pH.
3 4 tests for pH. 6 3 tests for pH.

Gas Characteristics.—Figure 1 shows the cumulative gas volumes 
produced during the period of the investigation plotted against time. 
Before plotting, all gas volumes were reduced to standard conditions 
(0° and 760 mm.). The volumes reported were lower than those that 
would normally be obtained in practice because the gas was collected 
over water, and some losses resulted due to the solubility of the gases. 
Gas production was a function of the tank loading.

A comparison of the amount of gas produced per lb. of volatile solids 
unaccounted for or consumed during 1939-40 and 1940-41 in the control 
tanks is given in Table IX.

From the data given in Table I I I  one can see that with the exception 
of tank 13, all tanks receiving nitrogen produced less gas per lb. of pulp 
consumed than did the corresponding tanks in each series which re
ceived no nitrogen. This would indicate that nitrogen in the amounts 
added to the tanks had a detrimental effect on the amount of gas pro
duced per lb. of volatile solids consumed. This is shown graphically in 
Fig. 2.
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T a b l e  V I.—Digested Sludge Characteristics

T ank
No.

Sam p.

T o ta l Solids 
(%  w et basis)

V olatile Solids 
(%  d ry  basis)

V olatile Solids 
(%  w et basis) pH

T ested
Av. M ax. M in. Av. M ax. M in. Av. M ax. M in. Av. M ax. M in.

16 12 4.44 5.98 3.62 55.92 58.68 54.04 2.486 3.369 2.040 6.96 7.17 6.751
15 11 5.42 6.74 3.48 56.91 60.98 54.97 2.930 3.518 1.997 6.91 7.10 6.741

14 5 4.38 5.17 4.16 56.47 57.24 54.79 2.472 2.833 2.381 7.02 — ___

14* 2 5.20 5.23 5.16 57.37 57.92 56.82 2.980 3.029 2.932 6.772 — —

13 5 4.52 6.11 3.88 55.76 57.16 53.62 2.514 3.276 2.218 7.052 —

13f 2 4.28 4.69 3.88 55.20 57.16 53.23 2.357 2.496 2.218 7.022 — -

12 5 5.87 6.15 5.72 54.99 55.33 53.78 3.225 3.307 3.157 7.02 — —

12* 2 5.79 6.03 5.55 55.72 56.66 54.79 3.229 3.417 3.041 7.22 — —

11 5 4.88 5.38 4.73 56.25 57.85 53.10 2.543 2.857 2.405 7.12 — —

l i t 2 4.45 4.84 4.06 57.50 60.42 54.58 2.548 2.642 2.453 6.992 — • —

10 5 4.76 5.99 4.37 56.30 57.69 52.16 2.681 3.369 2.279 6.952 — — -

10* 2 6.21 6.43 5.99 55.00 56.25 53.74 3.412 3.455 3.369 7.622 — -

9 5 5.36 6.23 4.88 55.32 57.16 54.65 2.964 3.458 2.789 6.952 — —
9t 2 7.02 7.81 6.23 54.58 55.51 53.65 3.824 4.190 3.458 8.422 — —

8 5 5.51 5.87 5.34 56.48 57.22 53.62 3.115 3.354 3.040 7.02 — . —

8* 2 6.29 6.71 5.87 56.06 57.14 54.99 3.522 3.690 3.354 7.312 — —
7 5 5.69 5.84 5.65 55.60 56.60 52.46 3.162 3.198 3.064 7.02 — ' —
7t 2 6.44 7.22 5.65 56.14 56.60 55.68 3.609 4.020 3.198 8.162 — —

* After addition of paper pulp.
f After addition of paper pulp and chemical (N aN 03 and (NHO2SO4).
1 4 tests for pH. 2 1 test for pH.

T a b l e  V II.—Characteristics of Material Removed from Tanks at End of Test

Tank
No.

Samp.

Total Solids 
(% wet basis)

Volatile Solids 
(% dry basis)

Volatile Solids 
(% wet basis) pH

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

16 5 3.77 7.32 1.24 52.77 60.14 41.91 2.003 4.402 0.520
15 5 4.03 7.96 0.46 54.46 59.65 45.99 2.238 4.070 0.212

14 5 2.09 5.84 0.21 57.86 67.20 44.70 1.172 3.488 0.141 7.42 7.66 7.221
13* 5 2.73 7.50 0.29 46.65 56.41 33.07 1.423 3.884 0.096 7.24 7.36 7.131

12 6 2.79 6.35 0.31 55.90 60.91 46.84 1.630 3.868 0.183 7.02 7.26 6 .601
11* 7 1.96 6.69 0.35 50.56 62.71 34.03 1.070 3.806 0.119 7.14 7.43 6.582

10 7 3.21 7.57 0.70 59.52 69.97 55.19 1.925 4.357 0.386 6.98 7.86 6 .502
9* 7 3.67 7.95 0.83 58.87 84.69 47.52 2.452 6.733 0.422 7.56 7.92 7.272

8 8 4.40 8.86 1.01 64.79 76.26 54.96 2.956 6.024 0.589 6.98 7.48 6.572
7* 8 3.69 7.84 1.51 60.22 77.89 46.40 2.247 4.327 0.701 7.01 7.65 6.182

* Chemical added to these tanks. 1 4 tests for pH. 2 6 tests for pH.
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T a b l e  V III.—Per Cent Reduction in Weight of Volatile Sludge Solids

37

T ank a — b — c* a — b* a

%  Rec 

°  "  b ~  c x  ion

uction  

°  -  6 “  c ~  100a — b a

16 24.780 32.920 41.626 75.27 59.52 Control
15 24.647 33.563 42.512 73.44 57.98 Control
14 17.376 22.398 27.990 77.58 62.08
13f 16.988 22.881 28.753 74.25 59.08
12 21.832 30.014 36.323 72.74 60.11
I l f 23.928 30.284 35.426 79.01 67.54
10 24.996 35.969 42.280 69.49 59.12
9f 26.724 40.844 47.181 65.43 56.64
8 22.389 42.171 48.835 53.09 45.85
7f 27.682 42.284 49.418 65.47 56.02

f Chemical added to these tanks.
* a = seed +  sewage sludge +  pulp added in lbs. 

b = digested sludge +  supernatant withdrawn in lbs. 
c =  amount withdrawn at end of test in lbs.
All weights are those of volatile dry solids.

Figure 3 is a plot of the total amount of gas produced in cu. ft. versus 
lb. of volatile material present in the tank. For a description of the 
method used in plotting these curves, see the first two papers (1, 2) of 
this series. If  the last plotted point of each curve is connected with the 
origin, the slope of this line is equal to the quantity of gas produced in 
cu. ft. per lb. of solids consumed. These values are tabulated in Table
III.

T a b l e  IX .—Gas Production* in Control Tanks
T an k  1 9 3 9 ^ 0  1940-41

16.............................................. 15.98 15.46
15.............................................  14.63 16.08

Average........................................ 15.30 15.77
Average for 2 yr. period..............  15.54

* Cubic feet of gas produced per pound of volatile solids unaccounted for or consumed.

In Table X are given analyses of gas samples collected at various 
intervals during the investigation. From the data obtained in the 
analyses of the few samples, we can see that there was less methane in 
the gas from those tanks to which paper pulp was added than in the 
controls. Likewise, there was less methane in those tanks receiving 
nitrogen than in the complementary tank of each series. There seems 
to be no such marked difference in the carbon dioxide content of the 
gas. However, there was more nitrogen gas in those tanks receiving 
nitrogen than in the o thers; the amount of nitrogen increasing with an 
increase in nitrogen loading.

Ammonia and Organic Nitrogen.—Table XI presents the results of 
ammonia and organic nitrogen determinations made at various times
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Pounds o f Solids Added p e r Cu. Ft. o f Tank Space p e r Month 

F ig . 2.

T a b l e  X .—Results of Gas Analyses

T a n k N o. S am p. CHi h 2 C 02 0 2 CO n 2

16 10 67.7 1.1 27.4 0.1 0.1 3.6
15 10 66.9 1.7 27.6 0 .2 o i 3.5

14 1 69.1 4.2 26.4 0 0 0.3
14* 3 59.4 0.6 35.2 0.2 0.1 4.5
13 3 68.5 0.8 27.1 0.2 0.1 3.2
13f 3 53.8 2.8 35.3 0.2 0 7.9

12 1 70.3 0 26.2 0.2 0 2.9
12* 7 61.3 0.6 34.2 0.3 0.1 3.5
11 1 70.8 0 26.2 0.3 0 .3 2.4
I l f 6 56.2 1.2 34.8 0.2 0.1 7.4

10 1 67.9 1.6 26.8 0.2 0.1 3.4
10* 3 58.9 1.2 35.5 0.2 0.1 4.3

9 1 68.1 0 27.4 0.2 0.1 4.2
9 t 4 57.2 0.5 36.0 0.3 0.1 6.0

8 1 67.6 0 25.8 0.6 0.1 5.9
8* 4 61.0 3.8 32.6 0.4 0.1 2.1
7 1 68.2 1.3 26.1 0 0 4.4
7 1 7 51.0 1.6 38.8 0.2 tr. 8.4

* After addition of paper pulp. f After addition of paper pulp and chemical.



Yol. 16, No. 1 EFFECT OF NITROGEN ON DIGESTION OF PA PER PU LP

Pou
nds
 
Vol
ati
le 
Ma
ter
ial
 A
dde
d 
Mi
nus
 
Vola
til
e 
Ma
ter
ial
 W

it
hd
ra
wn



40 SEWAGE WORKS JOURNAL 

T a b l e  X I.—Nitrogen Test Results

January , 1944

T a n k Sam ple D a te
A m m onia
N itrogen ,

p .p .m .

O rganic
N itrogen ,

p .p .m .

T o ta l
N itro g en ,

p .p .m .

7 Super.* 3/18/41 1,530 0 1,530
7 Super. 4/15/41 750 600 1,350
7 Dig.f 3/28/41 2,800 20,800 23,600
7 Finalt 5/25/41 400 10,000 10,400

8 Super. 3/18/41 40 0 40
8 Dig. 3/28/41 1,700 0 1,700
8 Super. 4/15/41 100 152 252
8 Final 5/25/41 202 9,200 9,402

9 Super. 3/18/41 900 550 1,450
9 Dig. 3/28/41 5,000 41,600 46,600
9 Super. 4/15/41 1,200 360 1,560
9 Final 5/25/41 304 8,800 9,104
9 Final 5/25/41 1,220 8,000 9,220

10 Super. 3/18/41 240 0 240
10 Dig. 3/28/41 2,760 19,200 21,960
10 Super. 4/15/41 880 0 880
10 Final 5/25/41 200 8,800 9,000
10 Final 5/25/41 50 4,200 4,250
10 Final 5/25/41 640 9,500 10,140

11 Dig. 3/31/41 1,680 10,800 12,480
11 Super. 4/15/41 2,620 0 2,620
11 Final 5/25/41 1,910 6,000 7,910
11 Final 5/25/41 400 6,450 6,850
11 Final 5/25/41 600 4,150 • 4,750

12 Dig. 3/11/41 2,860 13,200 16,060
12 Super. 4/15/41 3,360 300 3,660
12 Final 5/25/41 100
12 Final 5/25/41 200 2,130 2,330

13 Dig. 3/31/41 4,600 13,600 18,200
13 Final 5/25/41 3,000
13 Final 5/25/41 2,400
13 Final 5/25/41 6,150 10,900 17,050

14 Dig. 4/ 1/41 4,200 17,600 21,800
14 Final 5/25/41 2,700 8,350 11,050
14 Final 5/25/41 2,360 10,200 12,560
14 Final 5/25/41 2,330 975 3,305
14 Final 5/25/41 2,310 1,010 3,320

15 Dig. 4/ 1/41 4,040 8,000 12,040
15 Super. 4/15/41 3,360 80 3,440

16 Dig. 4/ 1/41 3,800 13,200 17,000
16 Super 4/15/41 4,200 200 4,400

* Supernatant liquor. t Digested sludge. i Final sludge withdrawn.



throughout the investigation on samples withdrawn from the tanks. 
These limited data indicate that in tanks 7 and 9 of the series 7 and 8 
and the series 9 and 10, the supernatant liquor, digested and final 
sludges had higher total and organic nitrogen contents than did tanks 
8 and 10. The odd numbered tanks received the sodium nitrate. In 
considering tanks 11 and 12 and tanks 13 and 14, the data reveal that 
total nitrogen values were higher for supernatant liquor and digested 
sludge in tanks 11 and 13 and lower for the nitrogen contents for the 
final sludge.

C o n c l u s io n

The following conclusions may be drawn from the data presented:
1. Because hydrogen sulfide was produced when ammonium sulfate 

was added to the tanks, its use was abandoned at the end of one month. 
No conclusions are made on the use of this chemical because of the short 
period of its use.

2. Sodium nitrate, which was added after ammonium nitrate was 
abandoned, reduced the amount of gas produced in cu. ft. per lb. of vola
tile solids consumed.

3. Less methane and more nitrogen gas * were produced in those 
tanks receiving sodium nitrate.

4. In general, a more complete breakdown of volatile solids resulted 
in those tanks receiving sodium nitrate.

5. I t  was necessary to add lime to the tanks to maintain satisfactory 
pH conditions. However, less lime was required in those tanks receiv
ing the sodium nitrate.

In summary, sodium nitrate had a decided effect on the digestion 
of paper pulp in that it reduced the rate of gas production, reduced the 
methane content, increased the nitrogen * content of the gas, and caused, 
in general, a more complete breakdown of the volatile solids.
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* The per cent nitrogen is taken as the difference between the sum of the per cents of 
methane, carbon dioxide, oxygen, hydrogen, and carbon monoxide, and 100 per cent.



LONGITUDINAL MIXING IN AERATION TANKS

B y  H a r o l d  A. T h o m a s , Jr.,* a n d  Ja c k  E. M c K e e  t

Foremost among the desirable characteristics of aeration tanks are 
uniformity and efficiency of mixing. Uniform turbulence is conducive to 
homogeneity of treatm ent; efficient aeration is requisite to economy of 
operation. The introduction of spiral flow has brought about a very 
efficient utilization of the energy of aeration, bu t it is only with careful 
design th a t this energy is distributed uniformly over the entire cross 
section of the tank. While the peripheral velocities áre high and are 
conducive to efficient mixing and aeration, there m ay be only small energy 
dissipation in the central region of the cross section. This central quies
cence is undesirable for two reasons: (1) under unfavorable circumstances, 
it may preclude proper oxidation, and (2) it m ay cause short circuiting.

While the effects of improper oxidation are generally recognized, the 
nature of short circuiting is less perfectly understood. The root of the 
difficulty lies with the use of the term  “ short circuiting” in a hydro- 
dynamic sense. The meaning of the term  is specific. Certain particles 
travel through the tank in a shorter time than others by virtue of greater 
velocities and less circuitous paths. The mechanism by which this move
ment occurs requires elaboration, since, paradoxically, short circuiting is 
favored by both turbulence and quiescence. W ith a high degree of 
peripheral turbulence a rapid longitudinal mixing takes place, so th a t 
some particles travel the length of the tank in a very short time a t the 
expense of other particles th a t m ust take a correspondingly longer time. 
On the other hand the particles in a quiescent core travel w ithout devia
tion along the shortest route to the effluent if no transfer to the turbulent 
periphery takes place. Unless proper precautions are taken, plants em
ploying spiral flow are prone to short circuiting with the concomitant evils 
of undertreatm ent and rapid passage of some of the mixed liquor, possibly 
including pathogenic organisms.

Studies by Hurd (1), Calvert and Bloodgood (2), Freese (3) and others 
have shown th a t short circuiting may be overcome by proper design. Of 
particular importance in the uniform distribution of turbulence are the 
shape of cross section and location of diffusers or paddles. This phase of 
design is sufficiently developed so th a t a reasonable uniform ity of tu rbu
lence over the cross section may be obtained. In  addition, there has been 
a widespread use of transverse baffles which are effective in preventing 
direct short circuiting.

M ost of the investigations of mixing in aeration tanks have been full- 
scale field experiments with particular application to certain plants. 
While there can be no doubt as to the u tility  of these investigations, the 
approach has been essentially empirical. Consequently, it has been diffi
cult to apply the results obtained a t one plant to another operating under

* Faculty Instructor in Sanitary Engineering.
f Formerly teaching Fellow in Sanitary Engineering, H arvard G raduate School of Engineer

ing, Cambridge, Mass.
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differing circumstances. I t  would appear, therefore, tha t a more com
plete control of longitudinal mixing is dependent upon a more fundamental 
understanding of the process. Furthermore, with the continued develop
ment of the activated-sludge process, additional considerations have ap
peared tha t make such understanding increasingly advantageous.

The effects of longitudinal mixing assume added significance when it 
becomes necessary to trea t shock loads or “ slugs” of toxic, or septic 
wastes. In this circumstance a considerable amount of longitudinal mix
ing may be desirable in order to distribute the shock load evenly through
out the tank. Improper distribution of the load may result in depletion 
of the dissolved oxygen in the mixed liquor in the first part of the tank. 
In that event, too many baffles may prove disastrous. The problem of 
the design and arrangement of baffles, however, is far from being an exact 
science. An adequate theory of longitudinal mixing will furnish pertinent 
information as to the number and arrangement of baffles, and the degree 
to which they should constrict the flow.

Tapered aeration, while widely practiced, may not be indicated in 
many tanks subject to excessive longitudinal mixing or to distributed 
loading. The full development of the potentialities of tapered aeration, 
therefore, awaits a more complete generalization of the laws of longitu
dinal mixing. I t  is clearly evident tha t there is no advantage in reducing 
the air supply at the downstream end of an aeration tank if a substantial 
portion of the influent reaches this region a few minutes after entering the 
tank. Yet this short circuiting may readily obtain in a short tank with
out proper baffling.

The high degree turbulence in activated sludge aeration tanks allows 
some particles to travel upstream and downstream within the tank (or 
between baffles) many times before eventually being carried away in the 
effluent. As the mixed liquid passes over the diffuser plates and is caught 
in the upward draft of air, the kinetic energy of the liquid is increased, 
causing it to foam and churn a t the surface while being directed hori
zontally and laterally across the tank. Although the horizontal lateral 
vector of velocity is increased, it is also apparent th a t the vectors causing 
motion upstream or downstream are also accelerated. Because these 
velocities are much greater than the rate of travel longitudinally through 
the tank, it is apparent th a t mixing as a result of agitation a t the periphery 
of the spiral flow can take place readily, even counter-current to the 
principal direction of flow through the tank. At Indianapolis, for ex
ample, Calvert and Bloodgood (2 ) added sludge at any one of a number 
of points in the aeration tank in order to use the first part of the tanks for 
pre-aeration of sewage. They found tha t sludge added a t the half-way 
point, 238 feet from the influent end, worked back in reducing concen
trations to the influent end, counter-current to the flow of sewage through 
the tank.

An interesting and im portant application of the theory of mixing 
appears in the question of survival of pathogenic organisms, such as 
Eberthella typhosa, in aeration tanks. Laboratory studies have shown tha t 
the overwhelming majority of these pathogens die in the initial stages of 
the detention period. Should short circuiting cause some of the mixed
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liquor to pass through the tank rapidly, it is evident th a t bacterial sur
vival would be increased markedly.

An understanding of longitudinal .mixing is im portant in the develop
ment of “ step aera tion” by Gould (4) or “ distributed loading” by McKee 
and Fair (5) in which sewage is added to mixed liquor a t various points 
along the tank. Short circuiting of the last increment of sewage added 
near the effluent end would favor the survival of pathogenic organisms. 
In  th a t event, baffles m ay be used to control longitudinal mixing, bu t too 
many baffles may be undesirable, especially if they are spaced improperly.

The foregoing considerations indicate the im portance of an investiga
tion of the laws of longitudinal mixing in order th a t guiding principles 
m ay be developed relating to the design of aeration tanks.

T h e o r e t i c a l  A n a l y s i s

Mixing Without Baffles.—Before a presentation of the theoretical analy
sis governing longitudinal mixing, attention is invited to a study, presented 
in Fig. 1, to show the manner in which a concentrated salt solution, 
introduced a t the influent end of a laboratory aeration tank  without 
baffles, was found to travel downstream. The concentration is plotted 
on the vertical axis as a quotient, u / u d, equal to the measured concen
tration divided by the concentration th a t would have occurred if the 
initial salt dose had been distributed uniformly throughout the tank. 
The horizontal axis represents distance measured downstream as a frac
tion of the to tal distance or length of tank. Each curve shows the dis
tribution of concentration for a given instant of time expressed as a ratio 
(t/D) where D is the computed theoretical detention period. Together 
these curves depict a tendency to flatten caused by longitudinal mixing 
and also a translation downstream with the flow. At t /D  = 0, the curve 
of distribution would be the vertical axis; a t infinite time, the horizontal 
axis.

Experiments by the authors and other investigators indicate a similar 
process in full-scale tanks. Since substantial experimental difficulties are 
encountered with actual tanks, the precision necessary for a fundam ental 
study can be obtained more readily with models. Fortunately, the laws 
of similitude are definite and model tests can be made to indicate per
formance in large tanks.

Two processes are involved, namely, mixing and translation down
stream. The essence of the problem, therefore, involves an explanation 
of the interaction of these processes on particles entering the tank.

The am ount of salt passing any given transverse section of the tank, 
A,  a t the time, t, is equal to the am ount flowing past by normal displace
ment plus and minus the amounts passing back and forth as the result of 
the mixing. The net transfer downstream due to mixing is proportional 
to the concentration gradient and the area of cross section of the tank. 
The total transfer of salt across the section may be expressed, therefore, as

Qu — b2A  ~  .dx

Here Q is the discharge (vol./unit tim e); u, the concentration (w t./un it
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vol.); b2, a constant depending upon the degree of turbulence, called the 
“ mixing constan t” (length2/u n it time) derived by dimensional analysis; 
A, the area of cross section; and du/dx  the concentration gradient. The 
value of the mixing constant, b2, may be determined experimentally for 
an aeration system as follows: (a) by-pass the flow around the tank;
(b) with the tank full of sewage or water and the aeration proceeding at 
the desired rate, add enough salt (NaCl) a t one end to increase the chloride 
content 100 p.p.m. when finally distributed throughout the entire volume;
(c) at the opposite end, collect samples a t frequent regular intervals and 
determine chloride content; (d) from a graph of concentration vs. time 
ascertain the time required for the concentration a t the opposite end to 
attain 90 per cent of its ultim ate value; (e) the value of b2 (ft.2/hr.) may 
be obtained from the formula

v  =  m i
7T%0 ’

where I is the length of the tank in feet, and ¿90, the time in minutes, as 
obtained in step (d). This formula follows from equation (2) th a t is to 
be derived. If there are baffles in the tank, one or two of them must 
be temporarily extended to isolate a section in which the test may be 
conducted.

Derivation of Equation of Mixing .—Referring to the inserted sketch of 
Fig. 1, the increase in salt contained in an element of tank, dx, during 
the time, dt, equals the salt entering minus tha t leaving. Mathematically, 
this relationship may be stated as follows,

A-dx-dt-— = dt Tqm — b2A  ^  1 dt L dx J

- d t  [ ( “  + ( i + B  * ' ) ]  -
where the first bracket represents the influx of salt to the element and 
the second bracket, the loss. Noting th a t Q = AV ,  where V  is the mean 
(displacement) velocity, and dividing by dx-dt-A,  the differential equa
tion of longitudinal mixing is obtained,

d ^ u _ v du =  du 
dx2 dx dt

Applying the boundary conditions tha t (a) a t x = 0 , the gradient is
proportional to the concentration and (6) a t x = I, the gradient is zero,
which followed from the fact tha t the velocity in influent and effluent pipes 
or weirs is much greater than V, then equation (1) may be integrated to 
give the following relation:

11 00 Cl 1p —kn2t+Bx
— = 2 Z  J  2 " , 9 p- 0»  cos anx +  B  sin a„x), (2)Ud n=i (an2 +  B 2)l +  2B

where u = concentration a t x and t; Ud — a constant = wt. of salt added 
-u vol. of tank; I = length of tank; B = V/2b2', ah a2, a3, • • • , «„ = con
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stants given by the roots of the equation

2 Bcin
tan  a J  = an2 -  B 2 ’ 
kn = b2[an2 +  R2];

e = the base of Napierian logarithms.
Curves calculated from equation (2) are plotted in Fig. 1 along with 

experimental results obtained with a model tank eight feet long through

F ig . 1.—The effect of longitudinal mixing on the distribution of concentration, after various 
increments of time, of a salt solution applied a t the upstream end of an aeration tank.

which a steady flow was maintained. Sodium chloride was added a t the 
inlet and samples for titration were collected a t regular intervals. Agita
tion was provided by an oscillating paddle extending over the length of 
the tank and operated a t a rate such th a t the dimensionless factor Vl/2b2 
was 1.21. Results obtained with mechanical agitation did not differ 
essentially from those in which diffused air created the turbulence. How
ever, in this phase of the research, careful control over the degree of 
agitation (fr2) was necessary, and for this purpose, mechanical agitation 
was found to be superior. W ater rather than a sewage-sludge mixture 
was used after it was found th a t no significant difference existed between 
results with mixed liquor and with water. The profiles of concentration 
are shown in Fig. 1 a t three different periods of time stated in term s of the 
detention period (D = vol. of tank -f- Q). A number of other experi
ments on this tank and another somewhat larger one gave results th a t 
showed equally excellent agreement with the theoretical curves of equa
tion (2), indicating the applicability of the formulation.
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Of particular interest is the influence of longitudinal mixing upon the 
time of passage of the salt through the tank. In Fig. 2 are shown typical 
curves of concentration vs. time a t x = I for various values of VI/2b2. 
Excellent agreement with experiment is noted.

The quantity  Vl/2b2 is significant in th a t it combines in dimensionless 
form all the essential quantities in which aeration tanks without baffles 
can differ insofar as longitudinal mixing is concerned. T hat is, if the 
value of VI/2b2 is known for a tank without baffles, its mixing charac
teristics are completely determined. When the mixing constant, b2, be
comes very large in relation to the displacement velocity, V, the value 
of Vl/2b2 approaches zero. This is the case of "perfect mixing” in which 
equation (2) reduces to the following simple form:

Equation (3) gives the exponential curve shown in Fig. 2 when the ratio,

Vl/2b2 = 0 . Analyses of detention characteristics based upon the as
sumption of perfect mixing have frequently appeared in literature, being 
applied in an investigation reported by Kehr (6) in 1936. While this 
simplified formulation may render a satisfactory account of mixing in 
certain tanks, it has obvious limitations. In activated sludge aeration 
tanks the value of the ratio, VI/2b2, may be as high as or higher than 1.0; 
reference to Fig. 2 indicates clearly the invalidity of the assumption of 
perfect mixing in such instances.

Influence of Baffles.—From the foregoing analysis and experiments one 
striking fact is evident: a large portion of the flow passes through the tank 
in a relatively short time. This short circuiting occurs even with sizeable 
values of the ratio Vl/2b2. A practicable method of reducing the portion 
flowing directly through the tank is the installation of one or more trans
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verse baffles with small openings so as to divide the tank into com part
ments. I t  is evident th a t the action of the baffle depends upon the size 
of the opening, for, if the flow is not restricted sufficiently, the turbulent 
surging back and forth may perm it a considerable degree of mixing of the 
contents of adjacent compartments.

By dimensional analysis, together with other considerations in line with 
the theory underlying equation (2), it may be inferred th a t the action of 
a baffle is completely determined by a param eter including the velocity 
passing the baffle, the mixing constant, and a length characteristic. Such 
a param eter, M,  is defined as follows:

M  =
b2

Vbh ’ (4)

where V b = velocity passing baffle =  Q -5- area of opening a t the baffle 
(ft./h r.); h = a length characteristic related to the dimensions of the 
baffle a t the opening (ft.); b2 = the “ mixing constant,” reflecting the 
degree of turbulence (ft.2/h r.).

In  order to formulate more precisely the influence of baffles upon longi
tudinal mixing, it will suffice to consider two chambers separated by a 
single baffle and to assume for simplicity th a t perfect mixing takes place 
so th a t the concentrations, u and u ' , are functions of time, bu t not of 
position (see sketch in Fig. 3). Then in each chamber, the change in the

F ig . 3.—Theoretical and experimental representation of the effect of one baffle on the effluent 
concentration resulting from an instantaneous concentrated dose of salt a t the influent end. 
Retention characteristics are dependent upon a parameter, M, determined by the size of opening, 
mixing constant, and velocity passing baffle.

amount of salt per unit time equals the quan tity  entering minus the 
quantity  leaving, including the net am ount passing the baffle as a result 
of the turbulent surging. Thus, after an initial concentrated dose is added 
to the upstream  chamber, No. 1, the following relations apply:
For chamber No. 1,

V'™t = - Q u -  QM(u -  u') (5)
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and for Chamber No. 2,

t., du' du ^  ,
v n r = - y  T t - Q u ’ w

where 2 7 ' is the volume of the entire tank. Equations (5) and (6) may 
be integrated to yield the following equation expressing the effluent con
centration, u', as a function of t and the param eter M  (equation 4):

h _i_ m  I
— = 2 y j— ——  e~2a+M)t,D sinh 2 yj.
%l(l 1V1

where D is the detention period for the entire tank = 2V'  ■+■ Q. Equa
tion (7) is plotted in Fig. 3 in which experimental points obtained in a 
model tank using air diffusion are shown for values of M  equal to 3/4 
and 3/16. An increase in the factor M,  which occurs when the area of 
baffle opening or turbulence is increased or the discharge decreased, brings 
about an increase in the degree of short circuiting. The variation takes 
place within the limits defined by the curves in Fig. 3, marked N  = 1 and 
N  = 2 . The first of these, N  = 1, represents the case when there is no 
baffle (equation 3); the second, N  = 2, is approached as a limiting case 
as the opening in the baffle is made very small (iff =  0). For conven
ience, this hypothetical case is called "perfect baffling.”

From Fig. 3 and the underlying theory, certain deductions relative to 
the design of baffles become evident. I t  would appear th a t if iff is less 
than, say 0.15, the mixing between chambers is substantially tha t achieved 
with perfect baffling. W ith values of b2 and h occurring in activated 
sludge aeration tanks, which may be determined from the application of 
equations (2) and (7) to field data, it is possible by means of equation (4) 
to arrive at a value of Vb and therefore the degree of constriction th a t is 
required to obtain essentially perfect baffling. Average values of b2/h  in 
practice range from 1,500 to 5,000 f t . /h r . ; hence, Vb should be 3-10 ft./sec. 
Since design values are often much less than this figure, the baffling action 
produced is not complete. Some mixing may take place across the baffle. 
In many situations, the foregoing analysis would indicate tha t an appre
ciable head loss (0.25 to 1.0 ft.) across the baffle is necessary in order to 
secure nearly perfect baffle action. Since this hydraulic loss is likely to 
be undesirable, it may be advisable to install additional baffles, each with 
only a small loss. Kessener (7) investigated the passage of salt through 
an activated sludge aeration tank to which an initial concentrated dose 
was added to the first of a series of three equal chambers of 48 cubic meters 
each. His data are reproduced in part in Fig. 4, in which the plotted 
points refer to the concentration a t various times a t the baffle separating 
the first and second chambers (Kessener’s curve 3). A theoretical curve 
assuming perfect baffling and Vl/2b2 = 0.1 has been included in Fig. 4. 
Rather than introduce the additional discrepancy between theory and 
experiment entailed in the assumption of perfect mixing, a value of VI/2b2 
was selected so as to make the first part of the theoretical curve approxi
mate the data. This procedure is reasonable in absence of other informa
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tion regarding the turbulence since the first part of the curve is not 
influenced measurably by the characteristics of the baffles. I t  is apparent 
from Fig. 4 th a t the baffling action was far from complete and a consider
able exchange of salt took place back and forth between the chambers.

The conclusion may be drawn th a t analysis of the mixing character
istics, assuming perfect mixing and baffling, may lead to marked error. 
However, for short chambers with much turbulence and separated by 
baffles with small openings, these assumptions yield a theory th a t for many 
purposes gives an adequate representation of mixing characteristics. The

the data.

fundamental equation (2) may be modified as follows to apply to a tank 
with a number of baffles and with perfect mixing and baffle action :

u
ud

N N
(AT -  1) ! (8)

where N  = number of chambers as formed by (N  — 1) baffles; D = de
tention period for entire tank; ud = concentration if initial dose were dis
tributed over the entire tank.

I t  may be noted th a t equation (8) becomes identical with equation (3) 
when N  = 1. Equation (8) is plotted in Fig. 5 for N  = 1, 2 , 5, and 10 
baffles. As the number of baffles is increased, the modal time, which is 
the time of passage of the highest salt concentration, approaches the 
theoretical detention period, D. By differentiation of equation (8 ), the 
modal time (t/D) is found to be equal to (N  — 1 ) /N .

Results of experiments conducted with a small laboratory tank th a t 
approximated the conditions for perfect baffling and mixing are plotted 
in Fig. 5. In these experiments the number of com partments could be 
decreased from ten to one by removing baffles. Compressed air passing 
through a diffuser bulb effected rapid mixing within each chamber. Salt 
concentration was determined conductimetrically by means of an espe-
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cially designed alternating current conductivity cell, based on the findings 
of Jones and Bollinger (8). In Fig. 5, a fair degree of correspondence is 
to be noted between experimental results and the simplified formulation 
of equation (8 ). The chief point of discrepancy appears to relate to 
location on the time axis. However, the results show clearly the marked 
effect of baffles, which is the salient point of the analysis.

Effect of Air Supply .—M ost of the previously described tests were con
ducted with agitation sufficient to keep activated sludge well stirred and 
suspended. I t  was proposed to investigate the effects of greatly increased 
air supply; th a t is, to increase the mixing constant, b2. For a tank of ten

Fig. 5.—For perfect mixing and baffling, the flowing-through characteristics of an aeration 
tank may be represented by an equation. Theoretical curves and experimental results for 
N = 1, 2, 5, and 10 are presented to show th a t dispersion is decreased by the use of more baffles.

chambers, the results shown in Fig. 6 indicate th a t increased agitation 
causes the curve to be shifted so as to lead its normal position on the time 
axis. This effect, in accordance with the theory embodied in equation (2), 
shows that added turbulence favors short circuiting and causes a slower 
rate of die-away.

An investigation was also conducted to determine the effect of tapering 
the agitation. Since no attem pt was made to gauge the air supply pre
cisely, the curve in Fig. 6 does not represent any particular scheme of 
tapered aeration. However, the results do show a relative decrease in the 
short circuiting, probably as a consequence of lessened turbulence in the 
last few compartments which act as a buffer. On the other hand, the die- 
away is less rapid, indicating a greater effective dispersion.

Effect of Distributed Loading.—New activated sludge plants in New 
lo rk  City are designed to permit addition of sewage at several points 
along the aeration tanks. In order to investigate the effect, on the mixing
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characteristics, of this incremental addition of sewage to mixed liquor, the 
flow into the experimental tank  with ten com partments was made to 
simulate distributed loading with Q/ 3 entering the first chamber and Q/ 6 
entering each of the next four compartments, Q being the to ta l flow 
allowing for 20 per cent returned sludge. In to  each of the first five com
partm ents, salt solutions were introduced simultaneously in amounts 
proportional to flow, and the conductivity of the effluent determined. 
Results plotted in Fig. 7 are compared with theoretical curves from equa
tion (8 ) for N  = 5 and N  = 10. The curve for distributed loading re
sembles those with decreased baffling, indicating a greater degree of short 
circuiting. This effect is to be expected since the salt placed in the fifth 
com partm ent had a much shorter path  than the salt in the first com-

of a tank  of ten chambers.

partm ent. I t  may be concluded, therefore, th a t multiple-point dosing 
operates to reduce the effect of baffling. Hence, with distributed loading, 
additional baffling appears to  be necessary, particularly in the last half of 
the tank, to prevent discharge of undertreated sewage.

Passage of Pathogenic Bacteria.—As was mentioned previously, longi
tudinal mixing is an im portant factor in the survival of pathogenic organ
isms in the activated sludge process. The percentage removal of these 
pathogens depends largely on the rate a t which the first portion of the 
sewage passes through the tank, for if this rate is rapid, the effluent may 
contain large numbers of viable organisms. The rate a t which the re
maining sewage passes out of the tank  has little effect upon the overall 
bacterial efficiency, because after a short time, the number of pathogens 
is greatly reduced. Consequently, the mixing characteristics of a tank 
rather than the average detention period determine the survival of patho
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gens. Two tanks of equal detention may have greatly different bacterial 
efficiency as a result of differences in the degree of longitudinal mixing.

If sewage is added to a tank without baffles a t points along the tank 
as in multiple-point dosing, the mixing and hence the bacterial survival 
may be changed considerably. Since this problem has practical signifi
cance, it is of interest to seek quantitative information from the theory 
of mixing.

The velocity of mixing is ordinarily so much larger than the displace
ment velocity th a t insofar as the first portion of the salt is concerned, it is 
possible to assume V  in equation (1) to be zero. Then applying the 
boundary conditions th a t the concentration gradient at the ends be zero,

equations may be developed giving the concentration at the lower end 
when salt is introduced at different points along the tank. Curves of 
these equations are plotted in Fig. 8 for dosing a t the upper end, one- 
quarter, one-half, and three-quarter points. The vertical scale is the 
relative concentration at the lower end; the horizontal scale is the dimen- 
sionless factor,

12 '

For a given tank and given degree of turbulence, this factor is propor
tional to time; hence, the curves indicate the relative rate at which the 
first portion of the salt reaches the lower end. The significant part of 
Fig. 8 , therefore, is tha t portion to the left of say, T = 1.0 .

A remarkable difference is noted in the time of passage depending upon 
the point of addition. For example, the salt introduced at the middle of
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the tank  travels the length in one-fourth the time required by salt tha t 
is introduced a t the upper end. This disproportionality emphasizes again 
the necessity of baffles in tanks with multiple-point dosing.

The curves of Fig. 8 were derived for the condition of no flow and as 
such m ay be applied to aeration tanks in which the flow is interm ittent. 
Since no salt is removed, the ultim ate concentration is Ud, regardless of 
the point of dosage.

Summary .—From this investigation, it is evident th a t the effects of 
the various factors influencing longitudinal mixing may be form ulated in 
a rational manner. The factors studied include the degree of turbulence 
the mean velocity of flow, the length of the tank, the num ber of baffles’ 
and the degree of constriction a t the baffles. A theory of mixing has been 
developed which may be applied toward a better understanding and con
trol of the activated sludge process, particularly in relation to problems 
brought about by toxic wastes, pathogenic bacteria, and bulking of sludge 
The need for baffles is indicated especially in designs employing tapered 
aeration or distributed loading.
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A N A L Y S IS  O F S E W A G E  IN  A R M Y  C A M PS

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

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

The operation of sewage treatm ent p lants by the Corps of Engineers 
a t many posts located in the various states com prising each Service 
Command requires technical advice and supervision on the p a rt of the 
responsible Engineer officer and staff. This supervision can best be ob
tained by recurrent inspection of p lan t operation and through the in ter
preta tion  of chemical, physical and biological analyses of each stage of 
the p lan t processes.

Special problems may arise a t A rm y posts requiring detailed analy
ses of a complex nature. These include difficulties in  biological tre a t
ment plants arising from  industrial w astes in the sewage from  certain 
posts having special missions. Other conditions arising  from  time to 
time may also influence the nature of the sewage to such an extent tha t 
the norm al analyses will not indicate the character of the waste and its 
influence on the biological processes of the sewage treatm ent plant.

Not all of the sewage treatm ent plants in  each Service Command are 
large enough to w arran t the installation of a laboratory  complete with 
necessary equipment for making all of the analyses required fo r control 
of operation. The la rger plants are so equipped and employ a chemist 
or superintendent capable of making the required analyses.

The solution to the problem of sewage analyses a t the sm aller plants 
might possibly be the installation of a central laboratory  to which sam
ples could be shipped. A lthough this is practiced in the case of w ater 
analyses, sewage cannot be transported  readily w ithout changing some 
of its characteristics and therefore the analyses made a t the central 
laboratory would not be representative of the conditions a t the tre a t
ment plant. The other solution would be to establish a portable labora
tory  which could be transported  to each post as desired. This la tte r 
solution has proved to be the most practical.

The portable laboratory  purchased by the A rm y Engineers for use 
in sewage p lant analyses was originally designed fo r w ater analyses by 
a soft-drink bottling firm. The laboratory  was built in a tra ile r 6V2 ft. 
wide by 15 ft. long. Extensive alterations were necessary in order to 
provide for the many types of equipment used in the analysis of sewage. 
A sedan was equipped with special springs and a strengthened clutch, 
as well as brake apparatus for operation of the tra ile r unit. The tra ile r  
and trac to r are illustrated  in Fig. 1.

56
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F ig. 1.—Trailer on location.

By means of the apparatus and equipment in the tra iler laboratory 
it was possible to make the following analyses:

Biochemical Oxygen Demand Ammonia Nitrogen
Oxygen Consumed Organic N itrogen
Relative Stability Total N itrogen
Dissolved Oxygen pH
Suspended Solids Alkalinity
Settleable Solids Acidity
Total Solids Hardness
Volatile M atter Coliform Bacteria
Petroleum E ther Soluble M atter Total Numbers of Bacteria 
N itrites Microscopic Analyses
N itrates Gas Analysis

Experience showed that a t one time or another, all of the above analy
ses had to be made, together with other special tests, in order to solve 
some of the unusual operating problems presented at A rm y camps.

The arrangem ent of the laboratory is illustrated  in the floor plan 
shown in Fig. 2. This floor plan indicates the equipment both above 
and below the laboratory table which adjoins the walls of each side and 
the back inside the trailer. I t  will be noted how compactly all of the 
equipment was arranged in order to accomplish the required analyses 
within the limited space available.

W ater supplies for the tra iler were of several different types. Run
ning water necessary for general laboratory operation was provided by
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means of a hose connection from  a fitting 011 the outside of the tra ile r 
to some convenient point in  the sewage trea tm ent p lan t where the tra ile r 
was stationed. This w ater was piped to the desired points inside the 
trailer. Satisfactory  w ater supplies were always available a t the plants 
visited. Special pui'pose w aters were stored in tanks located under the 
roof of the tra iler. These included distilled w ater produced by the 
laboratory  still and B.O.D. dilution water.

Power for operation of the electrical devices in the laboratory  was 
obtained by connecting to an outlet a t each sewage plant. Vacuum 
pump, compressor, refrige ra to r unit, heaters, hot plates, and other 
equipment required a fa irly  heavy cu rren t which could best be supplied 
in this manner.

T a n k s  ( A b » » «  )

S i n «

C a b i n e t

G o o c h e s

I n c u Batos 
3T”C.

B .O .D . W A T E R  T a n k s  

B u r e t t e s  

C a b i n e t s  ( u ~ d e r)

M u f f l e

St o v E(luider)

N i t r o g e n
A P P A R A T U S

D r y i n g
O v e n

C e n t r i f u g eo G l a s s w a r eR ack s
C a b i n e t s  t D r a w e r s

Ta n k s
R a c k s

D r a w e r s

G r e a s e

A p p a r a t u s

C l o s e t

O e s k

X n s t r u — 
n i e n t  

L o c k  E R

B .O .D .

Bottles

F ig. 2.—Floor plan of laboratory in 6% ft. X 15 ft . trailer.
noted on plan.

Figure numbers of photographs

The conversion of an existing coat closet into a re frig e ra to r and 
20° C. incubator was accomplished as shown in Fig. 3. This closet was 
divided into several com partm ents in  each of which a different tem pera
ture was provided. In  the upper com partm ent was located the refrige
ration machinery. In  the middle com partm ent was located the freezing 
unit as will be noted in Fig. 3. This provided space in which samples 
could be stored as they were being collected and bacteriological media 
could be preserved. The lowest com partm ent was equipped w ith three 
trays each of which held twenty-four B.O.D. bottles. This com part
ment was provided with a refrigera tion  coil and a heater unit so that 
the tem perature could be controlled w ithin accurate lim its by a sensitive 
therm ostat. The separation of the B.O.D. bottles was made possible 
by means of wooden partitions. This perm itted  the tra ile r to be moved 
immediately afte r the last samples had been set up for B.O.D. deter
minations. I t  was found tha t the insulation was adequate so th a t the 
tem perature would not change appreciably during the time of tran s it to 
the next post. Thus, the tra ile r would not have to rem ain a t the p re 
ceding post for five days until the B.O.D. bottles could he incubated and 
the contents analyzed for dissolved oxygen. Successful operation was 
obtained with this arrangem ent.



L ibrary  and desk space was also provided in the trailer. A portion 
of this may he seen a t the left side of Fig. 3. This space proved very 
useful in keeping data and reference m aterial for the chemist.

N itrogen determ inations were made by means of the apparatus 
shown in the upper p a rt of Fig. 4. Digestion was brought about in
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F ig. 3.—Refrigerator and B.O.D. incubator.

flasks heated by means of the electrical unit shown in this photograph. 
Fumes were discharged into the exhaust manifold above the flasks and 
then vented to the atmosphere. D istillation was accomplished in flasks 
heated in a twin-unit electrical heater. W ater supply for the con
densers was furnished by the w ater line supplied from the sewage plant.

At the lower p a rt of Fig. 4 is shown a portion of the drying oven 
used for the drying of samples in the analyses for suspended solids, 
total solids and other tests. A muffle furnace for oxidation of organic
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m aterial in determ ination of volatile m atter is shown in the le ft hand 
side of this photograph.

A utom atic burettes for the various titra tions necessary in sewage 
analyses are shown in Fig. 5. These burettes were originally intended 
for analyses of water. However, the original solutions were replaced 
with the standard  solutions required for alkalinity, acidity, dissolved

F ig. 4—K jeldahl digestion and distillation equipment.

oxygen and other titrations. The compactness of these burettes made 
for excellent portability  w ithout breakage as the tra ile r  moved from 
post to post.

The section adjoining the rea r of the tra ile r is shown in Fig. 6 . This 
was utilized for suspended solids determ inations and bacteriological 
analyses. On the laboratory table behind the sample bottles m ay be 
noted a wooden rack w ith flasks and stoppers to hold Gooch crucibles.
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F i g . 6.—37° C. incubator and Gooch crucible apparatus.
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These flasks served six Gooch crucibles a t one time. Vacuum for the 
flasks was provided by means of an asp ira to r activated by w ater dis
charged through a pipe into the sink set in the table a t the rig h t hand 
portion of Fig. 6 . This w ater supply also came from  the sewage plant 
a t which the tra ile r was stationed. Below the table was located a 37° C. 
incubator for bacteriological analyses. W ooden trays were provided 
to hold the necessary tubes fo r lactose broth or special P e tr i dishes.

The storage of beakers and other essential glassware, particu larly  
during transit, proved to be a problem. This was solved by the insta lla
tion of racks w ith wooden spacers as will be noted in Fig. 7. Not all 
of the glassw are could be transported  in this m anner and the rem aining

F ig. 7.—Glassware racks showing partitions used when travelling.

glass was packed separately, but was not available fo r ready  use. 
These racks proved to be m ost useful.

Grease determ inations are essential in  the operation of many A rm y 
sewage treatm ent plants, particu larly  those involving biological proc
esses. These analyses were made by means of the Bailey-W alker ap
paratus. A long hot plate was installed over which was m ounted a 
battery  of seven flasks in  which Gooch crucibles could be placed. These 
crucibles contained the samples to be analyzed in accordance w ith a 
method developed by the authors. The complete appara tus including; 
condenser, tubes and hot plates was mounted in a hood as shown in 
Fig. 8 . Any fumes from  the operation were discharged into the atm os
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phere outside the trailer. Grease determ inations could be made rapidly 
and easily by means of this apparatus.

Certain items of equipment have not been illustrated in the figures 
noted above. These items include the sensitive balance constructed in 
such a manner tha t it could be taken ap a rt and packed for transit w ith
out in jury  to the vital parts. A microscope was available for micro-

F ig. 8.—Hood and Bailey-Walker grease extraction apparatus.

scopic examinations of all types. A pH  electrometer was provided for 
the determination of pH and for use in electrom etric titrations. Many 
other items of laboratory significance were also included in the trailer.

The operation of this laboratory was conducted by a graduate chem
ist experienced in the field of san itary  chemistry. H elpers were p ro 
vided where necessary for sample collection at the various sewage tre a t
ment plants. Routine analyses were made of the operation of many
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sewage treatm ent plants not equipped w ith laboratories. Special analy
ses were made of certain industrial w astes prevalent a t a num ber of 
the specialized posts, particu larly  those engaged in  the m anufacture 
or development of certain  types of equipment involving the use of li
quids in some of their processes and subsequently discharging liquid 
wastes. The availability of the laboratory  to make these special analy
ses proved to be of g rea t value in a number of instances.

The tra ile r laboratory  has perform ed its functions in  a creditable 
m anner and has been w orth the original investm ent m any times over in 
its applicability to analyses of all types and its portab ility  to bring spe
cialized equipment to any post a t any time.



Sewage W orks Design

HIGH RATE TRICKLING FILTERS—THEIR DESIGN 
AND OPERATION *

B y  S a m u e l  M .  E l l s w o r t h

Consulting Engineer, Boston, Mass.

This introduction to the New England Sewage W orks Association 
symposium on high rate trickling filter includes (a) a brief discussion 
of trickling filters of the early, conventional type, (b) a description of 
the general features of design and operation of high rate filters, (c) an 
account of the design and operation of a high rate trickling filter plant 
for an army cantonment, and (d) a discussion of construction costs and 
the place of high rate  filters in the field of sewage treatm ent.

T r i c k l i n g  F il t e r s  o f  t h e  E a r l y , C o n v e n t io n a l  T y p e

Trickling filters have been employed successfully for sewage trea t
ment for more than 40 years in this country and abroad. The conven
tional trickling filter plant usually includes prelim inary sedimentation 
either with separate collection and digestion of sludge, or combined 
collection and digestion in an Imhoff ta n k ; the trickling filter itself con
sisting of a bed of coarse stone or slag 5 to 10 ft. deep over which settled 
sewage is distributed interm ittently by means of fixed nozzles or move- 
able sprays; and final settling tanks (humus tanks) for the collection of 
settleable solids produced by the trickling filter.

Rates of application of sewage to conventional trickling filters have 
been expressed in various units such as m.g.a.d. (mil. gal. per acre 
daily), gal. per unit volume of filter stone, population per unit volume 
or B.O.D. load per unit volume. Conventional design rates of some of 
the older plants have ranged from 2 to 3 m.g.a.d., 300,000 to 400,000 g.d. 
per acre ft., or 2,000 to 4,000 persons per acre ft.

The old-type, conventional, trickling filter p lan t has given good serv
ice, has little mechanical equipment to maintain, has the ability to w ith
stand the shocks of changing loads such as those imposed by industrial 
wastes, and will operate with a minimum of expert supervision. On 
the other hand the construction cost of such plants is relatively high, 
as is the hydraulic head required for their operation. Moreover, a 
trickling filter will clog when habitually overloaded and filter flies are 
decidedly objectionable in some locations a t certain seasons of the year.

H i g h  R a t e  F il t e r s

The distinguishing feature of a high rate  trickling filter is the return  
and recirculation of filter or final tank effluent to the filter, thereby in-

* Presented at the Boston meeting of the New England Sewage Works Association on 
Sept. 22, 1943.
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creasing the period of contact between the sewage and the filter medium. 
In  general the same treatm ent elements are employed as those of a con
ventional trickling filter plant. W ith recirculation of filter effluent so 
tha t it passes through the filter two or more times, the volume of filter 
medium required for a given degree of treatm ent is much less than tha t 
required fo r the low rate, conventional filter. However, because of the 
higher rates of flow through portions of the trea tm ent plant, the settling 
tank capacity, either prelim inary, final or both, depending upon the flow 
diagram  of the plant, m ust be la rger than w ith the older type of plant. 
Also, substantial low-lift pumping capacity is required for the recircula
tion of the sewage.

Up to the present time two general types of high ra te  filters have 
been used, one usually known as the “ bio-filter”  in itia lly  developed by 
Jenks, and the other, known as the aero-filter, developed by H alverson 
and Smith. Both types are covered by patents.

The so-called bio-filter has been used extensively, particu larly  since 
the war. I t  is characterized by its relatively shallow depth and is em
ployed for both single- and two-stage operation, the second stage being 
in series with the first, which is sometimes referred  to as a roughing 
filter. Several flow diagram s for the recirculation of the sewage are in 
use in both single- and two-stage plants. Bio-filters can handle sewage 
loads per unit volume of filter as high as 5 to more than  10 times the 
corresponding loads placed on a conventional filter. On a population 
basis, the loading varies from  about 15,000 to 40,000 persons per acre ft.-

The aero-filter is not as common as the bio-filter. W ith this type 
of high rate  filter, pumping of re tu rn  sewage is varied  so as to m aintain 
a constant ra te  of flow through the filter. The depth of filter stone is 
generally g reater than with the bio-filter and forced ventilation of the 
filter bed is employed to supplem ent therm al aeration.

A d v a n t a g e s  C l a i m e d  f o r  H i g h  B a t e  F i lters

P erhaps the greatest advantage of the high ra te  filter is its  ability to 
meet a wide range of conditions both as to the composition of the sewage 
to be treated  and the requirem ents of the receiving w aters. I t  appears 
to furn ish  tha t long-sought-for interm ediate step between plain sedi
m entation and so-called complete treatm ent. A lthough first considered 
in this light, plants employing high rate  filters have actually obtained 
results comparable to those given by conventional trickling filters.

W ith the continuous unloading of the filter the consequences of over
loading are not as serious as those experienced w ith conventional filters 
where clogging of the filter and surface “ pooling”  is not uncommon. 
An excessive load on a high rate  filter m ay lower its efficiency, but the 
filter responds quickly to a re tu rn  to norm al loading.

The continuous soaking of the filter stone v irtually  elim inates the 
filter fly which is so common about plants employing conventional filters 
with in term itten t applications of sewage. A lthough flies may be p res
ent, most reports indicate tha t they are too few to be objectionable.
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The construction cost of a high rate plant will generally be less than 
that of a conventional ra te  p lan t giving a comparable degree of tre a t
ment. However, the overall economy under these conditions remains 
to be dem onstrated with actual operating records. I t  is probable that 
the greatest economy will result where the required degree of treatm ent 
is less than tha t given by plants giving “ complete trea tm ent.”

D e s ig n a n d  O p e r a t i o n  o f a  H i g h  R a t e  T r i c k l i n g  F ilter P l a n t

In  1940-41 a p lan t of this type was constructed for an army canton
ment, referred to here as Post 7, which was laid out to accommodate 
about 30,000 troops. The use of high rate  trickling filters was dictated 
mainly by hydraulic and site area limitations. Also, certain main 
sewers and a small sewage treatm ent plant to accommodate National 
Guard troops had already been constructed a t this camp, making it de
sirable that the new works utilize as many of these facilities as possible.

T a b le  1.—Basic Design Data and Comparison With Observed Flows 
Sewage Treatm ent P lant—Post No. 7

Basis of Operating
Design Results

Population to be served................................................................................ 30,000 30,000*
Sewage Flows

Raw sewage flow, average—m.g.d................................................... 3.0 1.5
Raw sewage flow, maximum—m.g.d..............................................  6.0 3.0
Average gross flow including raw and recirculated sewage—•

m.g.d.............................................................................................  7.5 5.5
(Note: Sufficient freeboard has been provided in the units so 

tha t a surge of 12.0 m.g.d. can be handled without over
flowing the units.)

Grease Skimming Flocculation Tank
Length of tank—ft.............................................................................  32.5
Water depth—ft.................................................................................. 10.0
Detention period for gross average flow including return

sewage—min................................................................................  5-5 7.5
Capacity of pressure blower against 5 lb. pressure, cu. ft. of free

air per m inute....................................................................  155
Volume of air per gal. of gross average sewage flow, cu. ft. per

gal..................................................................................................  0-03
Air pressure—lbs.................................................................................  4.5 to 5
Number of 12-in. sq. diffuser plates......................................  96

Imhoff Tanks
Number of tanks................................................................................  2
Length of tanks—ft................................................................... 90
Width of each tank—ft............................................................  50
Depth from flow line to bottom of sludge hoppers—ft.....  34
Capacity for sedimentation—cu. f t ........................................ 74,300
Overflow rate with gross average flow—gals, per sq. ft. per d ay . 960 700
Detention period for gross average flow including return

sewage—hrs.................................................................................  1-8 2.5
Capacity for digestion—cu. ft. per cap .f........................................  4.6 4.6

Sludge Storage Tanks (Converted from original settling tanks)
Number of tanks................................................................................  2
Capacity for sludge storage—cu. ft. per cap................................. 10  1-0

* Converted to a population of 30,000 although population has reached 43,000. 
t Capacity including sludge storage tanks 5.6 cu. ft. per capita.
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T a b le  1— (Continued)
Basis of Operating
Design Results

Trickling Filters
Number of filters.................................................................................  2
Diameter of each—ft........................................................................... 100
D epth of filter stone—f t . .................................................................  3
Total surface area—acres..................................................................  0.36
R ate of application of sewage with gross flow—m.g.a.d......................  20.8 15.3
R ate of application of sewage with net flow—m.g.a.d..........................  8.3 4.2
Raw sewage B.O.D. loading—lbs. per cu. yd. stone..........................  3.4 3.
Raw sewage B.O.D. loading—lbs. per acre f t ...............................  5,550 4,950

Final Settling Tanks
N um ber..................................................................................................  2
Diameter each—ft................................................................................ 74
Side water depth—f t .   .....................................................................  8
W ater depth a t center—ft.................................................................  11
D etention period with gross average flow—hrs............................  1.6 2.2
Overflow rate with gross average flow, gals, per sq. ft. per d a y . . 870 640
Overflow rate—gal. per sq. ft. per d a y ............................................ 700* 530*

Sand Filters
Total area including 4 acres of existing filters—acres.................... 12
Area of each bed—acres............................................................................  0.5
U nderdrains..........................................................................................  none
Application of sewage—manually, by sluice gates
R ate of application with average sewage flow—g.a.d  250,000 125,000

Recirculation Pumps
Recirculation ra tio ..............................................................................  1.5 2 .7+
Gross rate of flow—m.g.d.......................................................................... 7.5 5.5
Number of recirculation pum ps.......................................................  3
Capacities of pumps—g.p.m..............................   1 @ 1,000

1 @ 2,000 
1 @ 3,000

Sludge Drying Beds
Number of beds...................................................................................  22
Total area—sq. f t ................................................................................  92,000

sq. ft. per cap ita ..................................................................  3.0 3.0

* Assuming 1.5 m.g.d. taken from bottom  of final tanks by recirculating pumps.

Briefly, the treatm ent units include a sewage comminutor, a control- 
section meter, a grease-skimming tank with diffused-air aera tors, Im- 
hoff tanks, two high-rate trickling filters w ith ro ta ry  d istribu tors, three 
re tu rn  sewage pumps, two circular final settling tanks w ith sludge col
lectors, 12 acres of in term ittent sand filters and about 2 acres of sludge 
drying beds. In  addition, two existing settling tanks were converted 
into sludge storage tanks. The size of units, the basic design data, and 
a comparison of the la tte r based on actual operating records are shown 
in Table 1, while a diagram m atic profile of the p lant is shown on Fig. 1.

The treatm ent requirem ents a t Post No. 7 are somewhat unusual. 
The purpose of treatm ent is to p repare the sewage for percolation into 
the ground, there being no open w ater course into which sewage can be 
discharged. The outfall sewer to the p lant having been in existence 
when the camp was taken over by the Government, the area  below this 
sewer which could be reached by gravity  for percolation of sewage 
through sand filters was limited to about 12 acres. The allowable hy-
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draulic head for interm ediate trea tm ent units was also limited, and it 
was p artly  fo r this reason tha t shallow, high ra te  biofilters were used, 
this being the first such installation in  this region, and about the only 
such large-scale installation used in conjunction w ith Im hoff tanks.

Time lim itations, both for the planning and construction of the 
works, had a m ajor influence on the final design. The original require
ments of the W ar D epartm ent allowed only three months for the design 
and construction of the works. I t  was chiefly because of this require
ment tha t Imhoff tanks were employed since their construction could be 
carried on to completion w ithout risking delays in obtaining mechanical 
equipment.

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

The treatm ent works were pu t into p a rtia l operation in  January , 
1941 and in complete operation, w ith 6 acres of sand filters in service, 
tow ard the end of February . F rom  the beginning the p lan t has had the 
benefit of laboratory  supervision and, except fo r the first month of 
operation, operating statistics and analytical data  have been generally 
adequate to furnish  a reliable m easure of the efficiency of the p lant over 
a wide range of loadings.

Tables 2 and 3 give a sum m ary of essential operating data based on 
monthly operating reports from  July , 1941 to August, 1943, inclusive.

I t  should be noted tha t the final effluent referred  to in the tables is 
the effluent from  the final settling tanks as discharged onto the sand 
filters. As previously indicated the la tte r filters were provided only 
as a means of disposal of sewage into the ground. They are not under- 
drained and no record of their effect on purification is available or, in 
fact, needed.

The operating results shown by Tables 2 and 3, as well as Table 1, 
dem onstrate among other th in g s :

1. T hat the p lan t has served, to date, a maximum population of
43,000.

2. T hat in the early months of operation sewage flows were in excess 
of 100 g.c.d., but by various w ater conservation m easures and an in
creasing population, the flows have dropped to less than  50 g.c.d.

3. T hat the suspended solids and B.O.D. of the un treated  sewage, 
both measures of the population load, have increased in concentration 
as the per capita flows have decreased.

4. T hat the suspended solids content of raw  sewage has been about
0.125 lb. per cap. per day, which is lower than originally expected.

5. T hat the B.O.D. content of the raw  sewage has been close to 0.175 
lb. per cap. per day, the amount assumed in the original basis of design.

6 . T hat from  a hydraulic and volumetric standpoint the works with 
the most recent per capita flows can handle the sewage from  a popula
tion of about 60,000.

7. T hat from the standpoint of population the works can handle a 
load in excess of the design capacity, the evidence being th a t a popula
tion of over 40,000 persons can be served satisfactorily.
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T a b l e  2 .—Summary of Suspended Solids Loading 
Sewage Treatm ent P lant—Post No. 7

Month Population

Sewage
Flow

Suspended Solids 
Raw Sewage

Suspended Solids 
Final Effluent

Suspended Solids 
Removal

m.g.d. g.c.d. p.p.m. lb./day lb./cap./day p.p.m. lb./day lb./day %

1941
July 25,692 2.371 92.3 138 2,730 0.106 46 910 1,820 66.7
Aug. 15,592 1.881 121. 116 1,820 .117 38 595 1,225 67.3
Sept. 14,190 1.604 114. 108 1,450 .102 37 495 955 65.8
Oct. 4,426 0.563 127. 130 620 .140 29 136 484 78.0
Nov. 4,522 0.361 80.0 152 458 .101 48 145 313 68.3
Dec. 14,700 1.090 74.0 189 1,710 .116 94 856 854 49.9

19Ą2
Jan. 19,970 1.189 59.5 221 2,190 .110 84 831 1,359 62.1
Feb. 18,113 1.109 61.2 234 2,160 .119 97 895 1,265 58.6
Mar. 18,500 1.048 56.7 248 2,170 .117 73 639 1,531 70.6
Apr. 19,100 1.057 55.3 268 2,360 .124 69 606 1,754 74.4
May 17,900 0.893 49.8 306 2,280 .127 65 483 1,797 78.8
June 18,452 0.930 50.3 279 2,160 .117 32 248 1,912 88.5
July 16,625 0.926 55.7 237 1,830 .110 25 193 1,637 89.4
Aug. 27,000 1.053 39.0 254 2,240 .083 31 273 1,967 87.8
Sept. 43,149* 1.192 — 281 2,800 — 50 496 2,304 82.3
Oct. 43,114* 1.220 — 273 2,780 — 63 641 2,139 77.0
Nov. 35,900 1.374 38.3 259 2,970 .083 79 906 2,064 69.5
Dec. 35,429 1.326 37.4 290 3,200 .091 82 905 2,295 71.8

19 Ą3
Jan. 39,787 1.566 39.4 314 4,100 .103 105 1,370 2,730 66.6
Feb. 43,100 1.761 44.0 340 5,000 .116 103 1,514 3,486 69.7
Mar. 40,926 1.646 40.3 312 4,290 .105 101 1,390 2,900 67.6
Apr. 36,653 1.366 37.3 355 4,050 .110 70 798 3,252 80.3
May 38,000 1.232 32.4 400 4,110 .108 74 761 3,349 81.5
June 39,813 1.576 39.6 415 5,460 .137 57 750 4,710 86.3
July 40,000 ± 1.654 — 327 4,510 .113 42 580 3,930 87.1
Aug. 40,000 ± 1.715 — 333 4,770 .119 45 644 4,126 86.5

* Includes divisional troops in tents not connected to sewers.

In considering plant efficiency, various factors must be borne in 
mind. F irst, it is virtually impossible to appraise the efficiencies of 
the individual treatm ent units because of the varying rates of recircula
tion of sewage. Thus, when sewage is being returned to the Imhoff 
tanks it is greatly diluted and unless the rate of flow through the tanks 
is known and can be integrated for a 24-hour day, it is virtually im
possible to compute the removal of suspended solids and B.O.D. in this 
stage of treatment. I t therefore becomes necessary to consider overall 
plant efficiency, based upon the composition of the raw  sewage and the 
final effluent, respectively.

As with any plant employing biological treatm ent, the efficiency gen
erally varies directly with the tem perature, biological action being sub
stantially higher during the summer than during the winter months.
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T a b l e  3.—Summary of B.O.D. Loading 
Sewage Treatm ent P lan t—Post No. 7

Month Population
Sewage Flow Raw Sewage B.O.D. Final Effluent 

B.O.D. Removal B.O.D.

m.g.d. g.c.d. p.p.m. lb./day lb./cap./day p.p.m. lb./day lb./day %

1941
July 25,692 2.371 92.3 249 4,940 0.192 108 2,130 2,810 56.9
Aug. 15,592 1.881 121. 225 3,550 0.228 70 1,100 2,450 69.0
Sept. 14,190 1.604 114. 187 2,500 .176 54 720 1,780 71.2
Oct. 4,426 0.563 127. 218 1,010 .228 31 146 864 85.5
Nov. 4,522 0.361 80.0 256 775 .171 47 141 634 81.9
Dec. 14,700 1.090 74.0 317 2,900 .197 107 970 1,930 66.6

19Ą2
Jan. 19,970 1.189 59.5 400 4,000 .200 118 1,170 2,830 70.8
Feb. 18,113 1.109 61.2 394 3,650 .202 111 1,020 2,630 72.1
Mar. 18,500 1.048 56.7 395 3,460 .187 84 730 2,730 79.0
Apr. 19,100 1.057 55.3 441 3,890 .204 77 680 3,210 82.5
May 17,900 0.893 49.8 445 3,300 .184 45 330 2,970 90.0
June 18,452 0.930 50.3 405 3,150 .171 33 260 2,890 91.8
July 16,625 0.926 55.7 380 2,930 .176 35 270 2,660 90.8
Aug. 27,000 1.053 39.0 402 3,500 .130 49 430 3,070 87.7
Sept. 43,149* 1.192 — 428 4,260 — 56 560 3,700 86.9
Oct. 43,114* 1.220 — 460 4,690 ■— 70 710 3,980 84.9
Nov. 35,900 1.374 38.3 490 5,620 .157 111 1,270 4,350 77.4
Dec. 35,429 1.326 37.4 420 4,650 .131 97 1,070 3,580 77.0

19Ą3
Jan. 39,787 1.566 39.4 556 7,250 .183 138 1,780 5,470 75.4
Feb. 43,100 1.761 44.0 540 7,930 .184 133 1,990 5,940 74.8
Mar. 40,926 1.646 40.2 590 8,100 0.198 108 1,480 6,620 81.7
Apr. 36,653 1.366 37.3 617 7,030 0.192 91 1,040 5,990 85.2
M ay 38,000 1.232 32.4 665 6,840 0.180 58 596 6,244 91.2
June 39,813 1.576 39.6 705 9,270 0.233 69 907 8,363 90.2
July 40,000± 1.654 — 660 9,110 0.228 70 966 8,144 89.4
Aug. 40,000 ± 1.715 — 567 8,110 0.203 66 945 7,165 88.3

* Includes divisional troops in tents not connected to sewers.

Monthly summaries of operating results m ust therefore he considered 
accordingly.

A t Post No. 7 the efficiency of the p lan t lias been affected m aterially 
by the number and experience of the operating personnel. D uring the 
past 2V2 years changes in operating personnel have been frequent and 
there have been many occasions when essential m aintenance work had 
to be postponed because of a shortage of personnel, thereby lowering 
the p lant efficiency.

I t  will be seen from  Tables 2 and 3 tha t in general the rem oval of 
suspended solids has varied from  about 70 per cent to a little over 90 
per cent, based on monthly operating records. On the same basis re 
movals of B.O.D. have ranged from 75 per cent to a little over 90 per



Yol. 16, No. 1 HIGH RATE TRICKLING FILTERS 73

P rio r to April, 1943, except for a few weeks in 1941, clarified sewage 
and settled solids from  the final tanks were returned together to the mix
ing chamber ahead of the grease-skimming tanks, the rate  of return  
being adjusted to m aintain a com paratively uniform flow of sewage 
through the plant. Since A pril, final tank effluent has been returned 
directly to the trickling filters, while the settled solids from the final 
tanks have been pumped back separately and interm ittently for final 
removal in the Imhoff tanks. This method of operation appears to 
give better results than the previous method, although it should be said 
that more efficient operation and maintenance of the plant during the 
past summer has probably contributed to the improvement in operating 
results.

An indication of the overall efficiency in term s of B.O.D. removal 
and B.O.D. load in lb. per day per cu. yd. of filter stone is shown in 
Fig. 2. This figure shows summer and w inter trends based on monthly
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F i g . 2.—B.O.D. removals vs. raw sewage B.O.D. load a t Army Post 7.

summaries of operating results for a period of 25 months beginning 
July, 1941. I t  will be seen that during the past summer the B.O.D. 
load has varied from about 4.2 to 5.3 lb. per day per cu. yd. of stone.

It is seen from Table 1 that a recirculation ratio  of 1.5 was used 
in the basis of design. W ith  the high sewage flow during the first 
months of operation this ratio  was generally maintained. As the per 
capita sewage floivs diminished, following w ater conservation measures, 
the recirculation ratio has increased so that for the past year it has ♦
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generally ranged from  about 3 to 5. The three recirculating pum ps of
1,000, 2,000 and 3,000 g.p.m. capacity, respectively, were designed for 
autom atic operation by means of a float switch actuated by the w ater 
level a t the control-section meter. As sewage flows increased, the rate  
of re tu rn ing  sewage was reduced by shutting off an operating pump 
and sta rting  the next smaller unit. A t present, w ith daily variations 
in sewage flows following a more or less uniform  pattern , the re tu rn  
pumps are m anually controlled, changes from  one pump to another 
being made a t appointed times during the 24 hours of the day.

E n l a r g e m e n t s  t o P l a n t

D uring the past summer in anticipation of a substantial increase in 
the number of troops a t this post the p lan t has been enlarged. A sepa
ra te  sludge digestion tank of 35,000 cu. ft. capacity has been added which 
is intended to be used in conjunction w ith the Imhoff tanks, receiving 
from  them partia lly  digested sludge for completion of digestion. The 
new tank is provided with heating facilities. About 15,000 sq. ft. of new 
sludge drying beds have been provided, as well as an additional 5 acres 
of sand filters. W ith these additions it is expected tha t the p lan t will 
provide for a population of double tha t anticipated in the original 
design.

C o m p a r a t i v e  C osts o f C o n v e n t i o n a l  a n d  H i g h  R a t e  F il ter P l a n t s

Comparisons of construction costs a t the present time m ust be based 
upon w ar conditions and m ay be of doubtful value. So fa r  most of 
the high ra te  plants have been built fo r A rm y or Navy establishments 
where construction has been carried  on under various contract 
procedures.

F o r what they may be w orth the following figures are p resen ted :
Design Per Capita

Camp Population Cost of Plant

Low Rate Trickling Filters
A ...................................... 40,000.......................................  811.00
B ...................................... 35,000.......................................  14.30
C ...................................... 35,000.......................................  12.10
D .....................................  35,000.......................................  10.10

A verage........................................................  11.87

High Rate Trickling Filters
C ...................................... 35,000....................................... $11.80
D .....................................  12,500.......................................  10.60
E ...................................... 35,000.......................................  9.20
F ...................................... 20,000.......................................  10.40

Average........................................................ 10.50

From  this comparison the average conventional type p lan t costs 
about 13 per cent more than the high ra te  plant, but the cost data  are
so limited and conditions of design and construction so unusual tha t
the comparison is of uncertain value.
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T h e  F u t u r e  o f H i g h  R a t e F ilters

Much will be learned about this method of sewage treatm ent from 
the data coming from  the m ilitary establishments in this country. A l
ready there is evidence tha t design factors have been over-conservative. 
As more results of operation become available greater refinements in 
design will follow, with the result that plants can be designed for definite 
loads, using only normal safety factors, with reasonable assurance of 
their ability to handle such loads. U nder such conditions real construc
tion economy should be possible.

Thus fa r flow diagram s and operating procedures are in a state of 
change and development. Eventually the design and operation of such 
plants will take a more conventional form  although the possibilities for 
further development and exploitation still appear to be great.

For industrial wastes and for sewage containing high concentrations 
of such wastes the high ra te  trickling filter appears to have great possi
bilities. The ability to adjust the rate  of recirculation to the raw  sew
age load gives greater flexibility than is possible with a low rate trick
ling filter plant. In  this respect the high rate filter is somewhat like an 
activated sludge plant, although much less sensitive to changing loads.



EXPERIENCE W ITH HIGH RATE TRICKLING FILTERS  
AT ARMY POSTS IN NEW  ENGLAND *

B y  M a j o r  G. E. G r i f f i n, C.E.
Executive Assistant, Eepairs and Utilities Branch, First Service Command

AND

J. R a y m o n d  Snell
Sanitary Engineer, Water and Sewer Section, Eepairs and Utilities Branch,

First Service Command

F o r purposes of distinction, the three sewage trea tm ent plants at 
A rm y Posts in the F irs t Service Command using high ra te  trickling 
filters w ill be designated as Posts V II, A, and B. The filters have been 
in operation 33, 20 and 3 months respectively.

Experience with each of these high ra te  trickling filters has been for 
the most p a rt satisfactory. They appear to be capable of w ithstanding 
considerable rough treatm ent and give high efficiencies even when more 
than 50 per cent overloaded.

The filters a t each post show certain very  in teresting  inform ation 
when their B.O.D. loadings and efficiencies are  plotted against time. 
F igure 1 gives a running picture of the m onthly average pounds of 
B.O.D. in the raw  and the settled sewage per acre foot of filter stone 
for the past 33 months at P ost V II. Below this are  plotted the corre
sponding monthly average efficiencies shown in two w ays: (a) actual 
efficiency expressed as per cent of overall B.O.D. removal and (b ) ex
pected average efficiency, or what might be expected fo r the given load
ing on an average filter.

This expected average efficiency for each m onthly loading is taken 
directly from  a graph  which shows a s tra igh t line ratio  between B.O.D. 
loading and efficiency. This assum ption of a stra igh t line ratio  was 
made from  a study of data taken from  several A rm y camps and appears 
in a paper presented in the November, 1942 S e w a g e  W o r k s  J o u r n a l , by 
Ivessler and N orgaard.

The bottom line of Fig. 1 is merely a replotting of the difference be
tween the expected average efficiency and the actual efficiency. W hen 
the actual efficiency is higher than the expected average, the curve is 
expressed as a positive percentage, while if it is lower, it is expressed as 
a negative percentage.

The following observations are indicated by these cu rv es :

1. The efficiency of the filter increased decidedly over a period of the 
first 3M months, and showed a gradual increase during the first year.

2. A definite relationship exists between B.O.D. load and efficiencv.
3. The efficiency of the filter was higher in summer than in  w inter.
* Presented before New England Sewage Works Association, September 22 1943
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4. I f  a correction factor is applied to offset the effect of the variation 
in tem perature, the relationship between B.O.D. load and efficiency 
might approach a straigh t line relationship.

5. H igh efficiencies were obtained at loadings more than 50 per cent 
greater than those norm ally recommended.

Difficulties a t this plant with sedimentation and sludge removal last 
winter affected the filters and are indicated in the efficiency curve. I t 
can also be seen tha t the difficulties are apparently being overcome.

P ig. 1.—Efficiency of high rate trickling filter at Army Post V II. F ilter placed in operation
July 19, 1941. '

A factor in the increased efficiency of these filters is a change in 
operation during the spring of 1943, whereby the m ajor portion of the 
return overflow from the final tanks was diverted from ahead of the 
primary sedimentation to the filters directly, leaving only a relatively 
small quantity of underflow containing the secondary sludge, returned 
ahead of prim ary sedimentation. Still another factor was improved 
operation of the Imhoff tanks to prevent escape of rising sludge solids.

Post A has two 32-foot diameter, 6.1 ft. deep filters containing 0.224 
acre feet of crushed stone and equipped with two-arm distributors. 
The filters are preceded by Imhoff tanks and followed by manually 
cleaned secondary clarification tanks. Recirculation is to a point ahead 
of the filters with secondary sludge returned periodically to the Imhoff 
tanks. The recirculation ratio  varied from 1.22 to 5.35 and averaged 
2.55. The rate of application of both raw and recirculated sewage 
varied from 17.8 to 9.7 and averaged 13.6 million gallons per acre per 
day.
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The second filter of this p lan t was added in November 1942, along 
with a second Imhoff tank and secondary clarifier.

P ost B has two 100-foot diam eter, 3.0 ft. deep filters containing 1.08 
acre feet of crushed stone. These filters have four-arm  distributors. 
They are preceded by p rim ary  clarifiers and followed by secondary 
clarifiers w ith continuous sludge removal equipment in both.

Recirculation pum ps take a portion of the secondary clarifier effluent 
and pump half ahead of the p rim ary  clarifier and half ju s t ahead of the 
trickling filters. Secondary sludge is re turned  to the p rim ary  clarifiers 
with the recirculated sewage. The recirculation ratio  was stepped up 
from  about 2.0 for the first two months to 3.55 for the last month. This 
increased the ra te  of flow from  about 4.0 million gallons per acre per 
day the first two months to 8.12 the last month.

F igure 2 shows the same relationships for Posts A and B given in 
Fig. 1 for Post V II.

The same general observations can be dem onstrated in this figure. 
However, because the data  for Post A are not taken from  monthly 
averages but from  a few scattered one-day samples, they are less 
reliable.

The overall efficiency of both filters a t P ost A went down consider
ably for a period of 6 months a fte r the No. 2 filter had been pu t in 
operation.

This slump in efficiency may be due in p a rt to the fact th a t the oper
ator attem pted to operate the filters as two-stage, pu tting  all the un
diluted Imhoff tank effluent on one filter and all recirculated final effluent 
on the second filter. This resulted in an extremely heavy grow th on
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the first filter, almost to the point of clogging. A sharp increase in ef
ficiency is noted following a change to the designed single stage method 
of operation.

I t is interesting to note that Post B filters show a progressive in
crease in efficiency during the first three months of operation.

F ilter flies have not been a serious problem at any of these plants. 
While a few reach the flying stage, most of them are washed out in the 
filter effluent and collect on the surface of the final tanks and in the 
sludge. A t one of the plants, dead flies have accounted for practically 
all of the settleable solids in the final effluent.



HIGH RATE BIOLOGICAL SEWAGE TREATM ENT— 
A DISCUSSION *

B y  F r a n k  A .  M a r s t o n
Partner, Metcalf 4" Eddy, Boston, Mass.

Mr. Greeley has presented a comprehensive description and evalua
tion of high ra te  trickling filters and short-period aeration methods of 
sewage treatm ent. He rightly  points out tha t records of operation of 
high rate  biological trea tm ent plants of different kinds are not suf
ficiently comparable to perm it determ ination of very  definite relation
ships. Differences in character and strength  of sewage and in  operat
ing conditions affect the accomplishments. The type of p lant to he 
recommended in each specific case will depend upon the characteristics 
of the sewage, the degree of treatm ent required, and other local factors.

S t a n d a r d  R a t e  T r i c k l i n g  F i l te r a t  F i t c h b u r g , M a s s a c h u s e t t s

One of the early trickling filters in this country was tha t a t F itch
burg, M assachusetts. This p lant includes Imhoff tanks, trickling filter, 
secondary sedim entation tanks, and sludge drying beds. I t  was pu t in 
operation October 14, 1914.

The trickling filter consists of an area  of 2.12 acres of broken stone 
1 to 2 inches in size and 10 ft. deep. The Imhoff tank effluent is sprayed 
upon the filter by alternating dosing tanks and fixed nozzles. The filter 
was designed to trea t the sewage on the basis of 2,000 persons per acre- 
foot or 2 m.g.d. per acre.

The p lant has given a good degree of efficiency. Except during the 
early  years, the filter fly has not been troublesome. Small spiders 
became numerous in the upper p a r t of the filter and an equilibrium 
was apparently  established so th a t neither the spider nor the fly was 
objectionable.

D uring the period from  November 30, 1918 to May 26, 1920, the 
working area of the filter was reduced to 1.24 acres, to correspond with 
a loading of 3,000 persons per acre-foot, equivalent to 2.69 m.g.d. per 
acre. There was no m aterial increase in accumulation of organic 
growths on the surface of the filter or in pooling of the sewage. Al
though the effluent was not of quite so high quality as before the increase 
in loading, the efficiency of the p lant was still high. B.O.D. determ ina
tions were not made a t th a t time, but assum ing the 5-day B.O.D. to be
0.17 lb. per capita per day, the B.O.D. loading am ounted to a little over 
500 lb. per day per acre-foot. The standard  methylene blue relative 
stability test was made on 24-hour daily composite samples, and every 
sample throughout the year 1919 rem ained stable fo r the full te st period 
of 14 days. The effluent contained an average of 7.27 p.p.m. of n itra te

* This paper is a discussion of the article “ High Rate Biological Sewage T reatm ent”  by 
Samuel A. Greeley, published in the November, 1943 issue of This Journal. I t  may also be 
considered a discussion of the article “ High Rate Trickling F ilters—Their Design and Opera
tion, ”  by S. M. Ellswrorth, published in this issue.
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nitrogen. I t  was obvious tha t the filter had not been loaded to its maxi
mum capacity. The foregoing is illustrative of the loading tha t has 
been carried by a standard  rate trickling filter.

R e c ir c u l a t io n  a t  P l a i n f i e l d , N e w  J e r s e y , P l a n t

All of the principal types of high rate trickling filters involve recir
culation of the filter effluent, either before or after sedimentation, either 
to the prim ary sedimentation tank or to the trickling filter. Continuous 
dosing of the trickling filter has resulted in higher permissible rates of 
operation without clogging and has practically eliminated the filter fly 
nuisance experienced at many of the standard trickling filter plants.

John R. Downes, in an unpublished report, states that in 1927, du r
ing experiments at the joint sewage disposal plant of Plainfield, North 
Plainfield, and Dunellen, New Jersey, on recirculation of the trickling 
filter effluent to the influent for control of odors at the nozzles, a reduc
tion in the number of filter flies was noticed, indicating that a continuous 
spray on the filter area might reduce the fly nuisance.

Practical application of this idea was started  in the fall of 1936 with 
favorable results. The maximum capacity of the nozzle field a t mean 
head in the dosing tank is established, and enough trickling filter efflu
ent is pumped back to the dosing tanks to m aintain this flow at all times. 
Butterfly valves on the outlets of the dosing tanks are operated by 14-hp. 
motors on a 35-second cycle from zero to full head, thus constantly 
changing the umbrella-like conformation of the spray from zero head to 
the full spray a t a head of 14 feet, so that every p a rt of the bed area is 
continuously sprayed. Odors have been very m aterially reduced by re
circulation and the fly nuisance has been practically eliminated.

The accomplishment of the plant with recirculation is indicated as 
follows:
Trickling filter, 1.78 acres 6 ft. deep =  10.68 acre-feet o  17,230 cu. yd.
Total flow of sewage treated, 4.14 m.g.d.
Rate of flow to filter with recirculation, maintained a t 7 m.g.d.:

Average B.O.D. in p.p.m. B.O.D. Removal
Raw sewage...............................................  570 By primary settling, 220 p.p.m. = 38.6 per cent
Settled sewage........................................... 350 By trickling filter, 326 p.p.m. =  93.1 per cent
Trickling filter effluent............................ 24 By final settling, 9. p.p.m. = 37.5 per cent
Final settling tank effluent.......................  15 Overall B.O.D. removal, 555 p.p.m. =  97.4

per cent
Average B.O.D. removal per acre-foot per day, 1,050 lb.
Average B.O.D. removal per cu. yd. per day, 0.65 lb.

R e s u l t s  o f  H i g h  R a t e  T r i c k l i n g  F il t e r  T r e a t m e n t  o f  S e w a g e  
a t  L ib e r t y , N e w  Y o r k

This plant, designed by Colonel W. A. H ardenbergh, comprises p r i
mary and secondary sedimentation, two-stage “ biofiltration”  with re
circulation of effluent and final treatm ent through a magnetite filter. 
The sewage in summer is strong and the summer population is more 
than double that in winter. The sewage contains dairy and laundry 
wastes so that the equivalent population in summer is of the order of
17,000.
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C haracteristic results of the treatm ent p lan t operation are indicated 
by the records fo r about two months during the summer of 1941. P r i 
m ary filter effluent was recirculated to the prim ary  sedim entation tank 
a t a rate of 1,400 g.p.m., and effluent from  the secondary settling  tank 
was recirculated to the secondary filter a t the same rate . Thus, the 
average ra te  of dosing each of the filters was 24.4 m.g.d. per acre, based 
on the average flow of raw  sewage. The ratio  of ra te  of recirculation 
of effluent to rate  of flow of incoming sewage was about 2.5 to 1 for each 
of the two recirculation stages. Each of the filters is octagonal in plan, 
80 ft. in diam eter. The depth of crushed stone is 3 feet.

Results of Operation.— (A verages fo r period June  4 to Aug. 1,1941.)

Sewage flow, average ra te   795,000 gal. per 24 hours
Average detention period in prim ary sedimentation tan k  for raw sewage

and recirculated filter effluent.........................................................................  1.2 hours
5-day B.O.D.

Raw sewage  435 p.p.m.
Prim ary sedimentation tank  effluent.............................................  184
Prim ary filter effluent........................................................................  132
Secondary filter effluent....................................................................  57
Secondary settling tank  effluent.....................................................  23
Loading in pounds per day, of applied B.O.D. per acre-foot

of filters......................................................................................... 1,770
Loading in pounds per day of B.O.D. in raw sewage per acre-

foot of filters................................................................................  4,175
Loading in pounds per day of B.O.D. in raw sewage per cubic

yard of crushed stone ................................................................  3.25
Reduction in B.O.D. excluding magnetite filter  94.7 per cent

Local conditions were such as to perm it operation of the plant at 
reduced efficiency during the colder months and accordingly recircula
tion of the effluent was omitted. Therefore, com parable results from 
w inter operation as a high ra te  trickling filter p lan t are not given. 
I t  should be noted tha t the average loading applied to the filters was 
only 1,770 lb. of B.O.D. per acre-foot per day as com pared w ith a rate 
of 3,000 lb. “ often applied to high ra te  filters.”  This may account in 
p a r t for the high removal of B.O.D.

The records show tha t the filters a t L iberty  respond rapidly  in the 
Spring with increased efficiency when recirculation of the effluent is 
s tarted  again afte r having been stopped fo r the w inter. W ith the 
strong sewage trea ted  at this plant the results are favorable to two- 
stage filtration as compared to the unfavorable results obtained a t one 
of the Arm y P ost plants referred  to later.

H i g h  R a t e  T r i c k l i n g  F il t e r s  a t  A r m y  C a m p s

The consulting engineers to the Engineering B ranch of the Construc
tion Division of the W ar D epartm ent, in their repo rt dated December 
1940, recognized tha t although high rate  trickling filters were still in 
the developmental stage, experience had dem onstrated their ability  to 
meet the requirem ents in certain  cases under p roper loadin°-s. Conse
quently they were included in the approved means of sewage trea tm ent 
to be considered for National Defense projects. I  understand  th a t in



most cases where high rate trickling filters for the arm y sewage trea t
ment plants were properly constructed and properly operated under 
designed loads, they have satisfactorily perform ed their functions and 
in many cases have handled considerable overloads without trouble.

At a meeting of the New England Sewage W orks Association in 
Boston on September 22, 1943, a paper entitled “ The Operation and 
Design of High Rate Trickling F ilte rs ”  was presented by Samuel M. 
Ellsworth, discussing one of these high ra te  trickling filter sewage 
treatment plants.
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H i g h R a t e T r i c k l i n g F i l te r P l a n t  a t  P ost No. 7
Mr. Ellsworth discussed the design and operation of a high rate 

trickling filter plant constructed in 1940-41 for an arm y cantonment re
ferred to as Post No. 7, laid out to accommodate about 30,000 troops. 
The use of high rate trickling filters was dictated mainly by hydraulic 
and site area limitations. The function of the high rate  trickling filters 
was to prepare the sewage for percolation into the ground, there being 
no open water course into which the effluent could be discharged.

The treatm ent plant units include a sewage comminutor, a control- 
section meter, a grease-skimming tank with diffused air aerators, Imhoff 
tanks, two high rate trickling filters w ith ro tary  distributors, three 
return sludge pumps, two circular final settling tanks with sludge col
lectors, 12 acres of interm ittent sand filters, and about two acres of 
sludge drying beds. The basic design data and comparative operating 
data are given together with a diagram m atic profile of the plant. This 
plant was put in complete operation towards the end of February, 1941.

The principal operating data of the trickling filters based on the 
population of 30,000 were as follow s:

, Sewage flow
Average m.g.d. (million gallons daily)........................................................... 1.5
Maximum m.g.d.................................................................................................  3.0
Recirculation r a t io .......................................................................................  2 .7+
Average gross flow including recirculated effluent, m.g.d.......................  5.5

Imhoff tanks for preliminary treatment
Detention period for average gross flow, hours......................................  2.5
Overflow rate a t average gross flow, gallons per square foot per d ay . . .  700

it: Trickling filters
Area, acres...................................................................................................... 0.36
Depth of filter stone, f t .....................................................................................  3.0
Volume of filter stone, cu. yd.....................................................................  1,750.0
Rate of application based on sewage only, m.g.d.a. (million gallons

per day per acre)........................................................................................ 4.2
Rate of application a t average gross flow, m.g.d.a................................  15.3
Raw sewage B.O.D. loading

lb. per acre-foot..................................................................................... 4,950.
lb. per cu. ft. of stone...............................................................................  3.*

1,1 Final Settling Tanks
Detention period a t average gross flow, h r...................................................  2.2
Overflow rate a t average gross flow, gal. per sq. ft. per d ay   530. t

* During the past summer the B.O.D. load has varied from about 4.2 to 5.3 lb. per day per 
jt cu. yd. of filter stone.
I t Assuming 1.5 m.g.d., taking from bottom of final settling tanks by recirculating pumps.
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The monthly operating results given for Ju ly , 1941 to A ugus^  
show in general an overall removal of suspended solids by the p an , 
including the sand filters, 65 per cent to 90 per cent, the suspen e 
solids in the effluent ranging from  25 to 105 p.p.m. On the same ^ i s  
the overall removal of B.O.D. ranged from  about 70 per cent o a, x e 
over 90 per cent, the B.O.D. of the effluent ranging from  31 to 138 P-P-™- 
I t  is stated  th a t p rio r to A pril, 1943, except for a few weeks in  1941, 
effluent and settled solids from  the final tanks were re tu rned  together 
to the mixing chamber ahead of the grease-skim ming tanks, the rate of 
re tu rn  being adjusted  to m aintain a com paratively uniform  flow through 
the plant, hut th a t since tha t time, the final tank effluent has been re
turned  directly  to the trickling filters, while the settled solids from the 
final tanks have been pum ped hack separately  and in term ittently  for 
removal in the Imhoff tanks. I t  is stated  th a t this method of operation 
appears to give better results than the previous method.

In  a discussion of this paper M ajor Gf. E . Griffin presented curves 
of B.O.D. loadings and efficiencies plotted against time and expected 
average efficiency, showing th a t a definite relationship exists between 
B.O.D. load and efficiency, but th a t the efficiency is higher in summer 
than in w inter and tha t high efficiencies were obtained a t loadings more 
than  50 p er cent g rea te r than those norm ally recommended.

M ajor Griffin also presented inform ation and data  relating to the 
sewage trea tm ent p lant at, so-called, A rm y P ost A.

H i g h  R a t e  T r i c k l i n g  F i l t e r P l a n t  a t  P o s t A
A t P ost A, there is a high ra te  trickling filter which is not in accord

ance with any of the patented  types of high ra te  trickling filters. This 
p lan t was originally designed fo r 2,500 persons a t 22,500 persons per 
acre-foot which is equivalent to an estim ated 5-day B.O.D. Imhoff tank 
effluent loading of 2,930 lb. per acre-foot of filter. This p lant was put 
in operation in November, 1941. Subsequently, it was doubled in size 
to serve 5,000 persons.

The p lan t includes Imhoff tanks designed fo r a detention period of 
3y3 hours a t average sewage flow; two trickling filters 32 ft. in  diameter 
and 6 ft. deep, containing 0.222 acre-foot of crushed stone, and provided 
with four-arm  ro ta ry  d istribu to rs; and secondary settling  tanks de
signed for a detention period of 1.5 to 2.0 hours a t average sewage flow 
plus recirculated effluent, the sludge to be pum ped periodically to the 
Imhoff tanks.

According to the design, secondary tank effluent is autom atically 
pumped back to a point ahead of the trickling filters a t a ra te  of about 
9.7 m.g.d.a., when the rate of sewage flow falls below 13.5 m.g d a . and 
the recirculation pump cuts out when the sewage flow reaches’ 24 4 
m.g.d.a. The filter operating rates could accordingly vary  from  9 7 to 
about 34 m.g.d.a., all continuous flow.

The sewage flow adopted for the design basis was 100 gal p er canita 
per day, but has actually been only about one-half tha t amount, so th a t
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the rates of flow of sewage and recirculated secondary tank effluent 
have been much less than tha t designed for.

Operation of the enlarged p lant began in November, 1942. The 
efficiency of the plant went down considerably for a period of nearly 6 
months after the second trickling filter had been pu t in operation. This 
reduction in efficiency is believed to have been due to the fact that the 
operator attempted to run the trickling filters on a two-stage basis, pu t
ting all the undiluted Imhoff tank effluent on one filter, and recirculating 
the secondary tank effluent only to the second filter. This resulted in 
an extremely heavy growth on the first filter, almost to the point of 
clogging. A sharp increase in efficiency was noted following a change 
to the designed single-stage filter method of operation.

Through the courtesy of the Director of the Bureau of Sanitary 
Engineering of the local S tate D epartm ent of Health, results were ob
tained for analyses of composite samples of the raw  sewage, Imhoff tank 
effluent, and final effluent made up of individual samples collected at 15- 
min. intervals generally between 8 A.M. and 4 P.M. The results for 
suspended solids and 5-day B.O.D. of three sets of samples collected 
during the summer of 1943 are reproduced in the following tabu lation :

Results of State Department of Health Analyses of Composite Day Samples of Sewage, Imhoff Tank 
Effluent and Final Effluent from Sewage Treatment Plant at Post A, Summer of 19̂ 3

Date of Collection 
of Samples, 

1943
Sample Suspended Solids, p.p.m. B.O.D., p.p.m.

May 26........................ Raw sewage 220.0 260.0
Imhoff tank effluent 76.0 160.0
Per cent reduction 65.0 38.5

Final effluent 17.0 16.0
Overall per cent reduction 92.3 93.8

July 18......................... Raw sewage 220.0 250.0
Imhoff tank effluent 88.0 160.0
Per cent reduction 60.0 36.0

-
Final effluent 23.0 18.0
Overall per cent reduction 89.5 92.8

Aug. 22........................ Raw sewage 170.0 220.0
Imhoff tank effluent 74.0 150.0
Per cent reduction 56.5 31.8

Final effluent 18.0 15.0
Overall per cent reduction 89.4 93.2

Average............. Raw sewage 203.0 243.0
Imhoff tank effluent 79.0 157.0
Per cent reduction 61.1 35.4

Final effluent 19.0 16.0
Overall per cent reduction 90.6 93.4



8 6 SEWAGE WORKS JOURNAL
J a n u a r y ,  1944

The averages of the results for the three sets of samples s o w  an 
overall reduction of 90.6 per cent in the suspended solids and  ̂ • per 
cent in the B.O.D. .

Through the courtesy of the chief of the San itary  E n g i n e e r i n g  Sec
tion, R epairs and U tilities B ranch of the Service Command of the area 
which includes P ost A, there have been obtained operating data in
cluding those for May 26, Ju ly  18 and A ugust 22, 1943, the days for 
which the analyses have been given. The B.O.D. loadings of the trick
ling filters have been computed from  the results of analyses of the Im- 
hof'f tank effluent and the secondary tank effluent recirculated and the 
flows of each. These data  are as follow s:

Operating Data for Days for Which Results of Analyses are Given

May 26, 1943 July 18, 1943 Aug. 22, 1943 Average

Sewage flow, m.g............................................... 0.252 0.326 0.286 0.288
Secondary tank  effluent recirculated, m .g .. . 0.180 0.157 0.165 0.167
Total flow of Imhoff tank  effluent and re

circulated secondary tank  effluent, m.g. 0.432 0.483 0.451 0.455
R ate of application to  trickling filters,

m.g.d.a........................................................ 11.7 13.1 12.2 12.3
5-day B.O.D. loading, lb. per acre-foot per

day Imhoff tank  effluent........................ 1,513 1,957 1,610 1,693
Secondary tank  effluent recirculated........... 108 107 93 103

T o ta l................................................... 1,621 2,064 1,703 1,796

The results fo r these three days cannot be considered applicable to 
the entire summer of 1943. However, they are indicative of the accom
plishm ent. The flow data for these days are not greatly  different from 
the corresponding average m onthly data. The B.O.D. loadings shown 
are considerably lower than the design basis due presum ably to a 
sm aller population served a t this time. These B.O.D. loadings of the 
trickling filters m ust not be confused w ith the raw  sewage B.O.D. load
ing of the p lan t sometimes reported  in term s of pounds per day per 
acre-foot of trickling filters, on which basis the loadings would average 
approxim ately 2,700 lb. per acre-foot per day. F ilte r  flies have not 
been numerous enough to be objectionable.

E f f e c t  o f  T e m p e r a t u r e  o n  R e m o v a l  o f  B.O.D. b y  T r i c k l i n g  F il t e r s

Mr. G reeley’s paper presents curves showing the relationship be
tween removal of B.O.D. by filters and final tanks and the loading on 
the filters. H igh rate  trickling filters, as with all biological activities, 
are influenced in their operation by tem perature. This m ay be illus
tra ted  by operating data  presented by Mr. E llsw orth and bv Major 
Griffin, relating to the operation of the high ra te  trickling filters a t Post 
No. 7, the sewage treatm ent works for which have previously been de
scribed. The operating data  given below do not include the effect of 
the sand filters. The overall removals of B.O.D., grouped according to 
w inter and summer periods, are as follow s;
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Period
Raw Sewage 
Loading, lb. 
per acre-ft. 

per day

Average 
Monthly Mean 

Air Tem
perature, 0 F.

Overall 
Removal of 

B.O.D., 
per cent

Average of 5 winter months, Nov. 1941-Mar. 1942........... 2,735 36.1 74.1
Average of 5 summer months, M ay-Sept., 1942................ 3,174 64.5 89.4
Average of 5 winter months, Nov. 1942-Mar. 1943........... 6,210 33.2 77.3
Average of 4 summer months May-Aug. 1943................. 7,710 52.3 89.8

The removals of B.O.D. during the w arm er periods were substan
tially higher than during the colder periods. The effect of lower tem
peratures in reducing the efficiency of the process may be illustrated 
also by Fig. 1, which shows the relationship between removal of B.O.D.

F i g . 1.— Variations in removals of B.O.D. by months a t certain sewage treatm ent plants.

and the period of the year—or air- tem perature—at Post No. 7, for the 
period from Sept. 1941 to August, 1943, inclusive. While monthly mean 
air temperatures cover a wider range than do the corresponding sewage 
temperatures, they may be used in comparison with the B.O.D. removals 
to emphasize the effect of tem perature on bacterial activity. The data 
for the high rate filter show a marked relation between tem perature (as 
represented by the month) and B.O.D. removal, the change in the la tter 
following closely with change in tem perature. A sim ilar trend has been 
noted in the efficiency of B.O.D. removal as compared with tem perature 
at Post A where single-stage high rate  trickling filters are operated also.

For comparison, data are given for two years of operating results 
from the Worcester, Mass., standard  rate trickling filter plant. The 
Worcester filters have a stone depth of 10 ft. The efficiency of the 
Worcester plant is likely to be reduced at times because of the delete
rious effect of quantities of acid-iron wastes in the sewage. In  spite of 
this abnormality the data plotted indicate tha t changes in  tem perature
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may have had somewhat less effect on B.O.D. removals than W1 .
high ra te  filter. There appears to be a lag in the efficiency 0  ̂
s tandard  ra te  filter as com pared with tha t of the high ra te  fi er. 
sim ilar effect has been noted in the operation of the F itchburg  n ers. 
Possibly this may be due to a so rt of storage effect w ith filters having 
10 ft. depth of stone in contrast to the 3 ft. depth of stone in  the filteis 
at P ost No. 7.

F igure 1 also shows sim ilar data  fo r the N orth  Toronto, Ontario, 
standard  ra te  activated sludge plant. In  this case there appears to be 
no corresponding reduction in the percentage of B.O.D. removal with 
lower a ir tem peratures.

O perating data  from  the standard  ra te  activated sludge plant at 
Leom inster, Mass., indicate a tendency tow ards increased efficiency dur
ing the cold months and a reduction in the summer months, ju st the 
opposite of the trend  of changes in the trickling filter plants. This 
m ight be due to bulking of sludge in the w arm er months, or some other 
effect of bacterial activity  encouraged by heat, tha t tends to reduce 
overall p lant efficiency. Inform ation  is not a t hand to show whether 
or not a sim ilar tendency is indicated in  the operation of high rate  aera
tion plants. Removals of B.O.D. by plain aeration and by activated 
sludge trea tm ent a t Indianapolis for the years 1937 to 1939, inclusive, 
according to data  published in  the annual reports, indicate no trend in 
percentage removals of B.O.D. either up or down w ith changes in 
tem perature.
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P i g . 2.—General effect of tem perature on B.O.D. removals by trickling filter plants.

The effect of tem perature, as exaggerated by com parison w ith that 
of the air, on B.O.D. removals, w ith trickling filters of the two o-eneral 
types herein discussed, may be illustrated fu rth e r by F ig. 2 which indi
cates tha t the high ra te  filter may be more susceptible to chano-es in 
efficiency w ith changes in tem perature than the standard  ra te  filter. In 
plotting this diagram  no allowance was made for differences in filter 
loadings.
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If  it is true, as indicated by the data here discussed, th a t the high 
rate trickling filter is more susceptible to reductions in efficiency as a 
result of low tem peratures than is the case with standard  rate filters or 
with plants using the activated sludge process, this may be a factor 
in selecting the type of process to use in areas having severe w inter 
temperatures.

S h o r t  P e r io d  S e w a g e  A e r a t io n

Pilot plant tests carried out at W ards Island Sewage Treatm ent 
Plant, New York City, and reported by L. R. Setter, S e w a g e  W o r k s  
J o u r n a l , July, 1943, to which Mr. Greeley referred, indicate tha t short- 
period aeration of sewage with some re tu rn  of final settling tank sludge 
may furnish a means of obtaining a particu lar quality of effluent desired 
between that from plain sedimentation and that from activated sludge 
treatment. Such a combination process might be of particu lar advan
tage where the sewage is relatively weak and seasonal requirem ents for 
effluent quality would perm it operating at a lower efficiency during the 
colder months.



PROBLEMS IN TH E DESIGN, CONSTRUCTION AND  
OPERATION OF VERY SMALL SEWAGE  

DISPOSAL PL A N T S*

B y  F r a n k  L. F l o o d

Chief, Sanitary Engineering Section, Eepairs and Utilities Branch, First Service Command

S c o p e

Sewage treatm ent processes and plants considered in this discussion 
include only such as are commonly used for the disposal of small quanti
ties of w astes and sewage. The types considered are those th a t have 
been of particu lar value for country estates, schools, institutions, sum
mer camps, hotels and for general housing ; all in situations where com
mon sewers are not available. They have been used to a large extent 
a t small Arm y posts and outposts. The facilities are fo r the most p a rt 
out of s ig h t; and if properly  designed, constructed and operated, will 
give satisfactory results w ith no objectionable odors, over a long period 
of time and with a minimum of attention.

The smallest unit considered is fo r a single household. The largest 
unit would be suitable for a thousand persons in a situation where care
ful continuous attendance to operation is not reasonably available. F or 
sewage disposal within these lim itations, cesspools, septic tanks, tile 
fields and subsurface filters are commonly used. In term itten t sand fil
ters are occasionally used for the la rger units considered where isola
tion is available and economy of construction is im portant.

I t  is recognized tha t there are situations where the use of Imhoff 
tanks and trickling filters might well be justified fo r p lants within the 
limits under consideration. Reference is made to standard  texts for 
the design and operation of such features.

There is much inform ation and also much m isinform ation with re
spect to the problems under consideration. I t  is the in ten t to review 
the problems and to consider features of design, construction and opera
tion which appear to be of importance. Special emphasis will be placed 
on features of the problems concerning which there appear to be m ate
rial differences of opinion. The problems of the sm aller sewage trea t
ment plants have not in general received the consideration and study 
which has accompanied the development of the various processes in 
common use for the treatm ent of municipal sewage.

D a t a  A v a il a b l e  i n  T e c h n i c a l  L it e r a t u r e

Many of the textbooks and scientific books on sewage disposal supply 
more or less inform ation on this subject. In  addition, some of the State 
H ealth D epartm ents, notably those of New York and Connecticut, sup
ply in pam phlet form general data w ith regard  to small sewage disposal

* Presented before the New England Sewage Works Association, September 22, 1943.
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systems. The M assachusetts D epartm ent of Public Health makes use 
of the Engineering Handbook, Soil Conservation Service, A ugust 1940, 
with some exceptions noted. A report by a committee of the American 
Public H ealth Association in 1920, on R ural Sanitation, presents the 
subject in considerable detail. The most recent noteworthy treatise on 
the subject is contained in a bulletin issued by the United States Public 
Health Service, R eprint 2461, March 12, 1943.

The most common method of disposal of sewage from households and 
small institutions where disposal into a common sewerage system can 
not be effected, is in cesspools. Cesspools are usually in the form of a 
dry-laid masonry well, commonly without any m asonry a t the bottom. 
The sewage flows into it and leaches out into the soil. F loating solids 
collect in the top and settling solids in the bottom of the well. Eventu
ally, the leaching capacity of the well is exhausted as the solids accu
mulate and clog the soil. I t  is possible that the life of the ordinary cess
pool could be prolonged somewhat if accumulations of solids were re
moved from the cesspool periodically, as is or should be common prac
tice in the care of septic tanks.

Frequently, when the first cesspool has become filled, a similar sec
ond basin is constructed to take the overflow from the first. In  such 
cases, it is desirable to operate the first basin as a septic tank to collect 
the settling and floating solids and to provide a trapped outlet on the 
connection leading to the second or subsequent leaching cesspools. 
Septic tanks may advantageously be placed ahead of leaching cesspools 
in larger installations. Some authorities recommend that leaching 
cesspools be placed not closer, than 20 feet apart out to out of walls.

Leaching cesspools are most applicable for locations where the sub
soil is porous to a depth of 8 or 10 feet at least and where the ground
water table is normally below this elevation. W here located in fine 
sand, it has been found advantageous to surround the walls with graded 
gravel, thus in effect increasing the leaching area.

The total number and size of cesspools is dependent upon the quan
tity of sewage requiring disposal and the leaching characteristics of the 
total superficial percolating area above the groundwater table in square 
feet, including bottoms and exterior side walls below the maximum flow 
lines. The allowable rate  of sewage application per sq. ft. per day 
based on the recommended leaching test, as given by the New York 
State Department of Health, is as follow s:

C e s s p o o l s  a n d  L e a c h i n g  C e s s p o o l s

Time for Water 
to Fall 1 Inch 

(Minutes)
Allowable Rate of Sewage Application 

Gallons per Sq. Ft. of Percolating 
Area per Day

2
5

10
30
60

5.3
4.3
3.2
2.3 
1.1 
0.9
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L e a c h i n g  T e s t

The test for leaching should be made by first digging a p it to a depth 
of about one-half the proposed depth of the cesspool, and then digging 
a test hole 1 foot square and 18 inches deep. The hole should be filled 
w ith w ater to a depth of 6 inches and the w ater allowed to drain  off. 
W ater to a depth of 6 inches should again be added and the downward 
rate  of percolation or drop of w ater surface should then be observed by 
taking the time in minutes for the w ater surface to lower 1 inch in the 
hole.

S e p t i c  T a n k s

The prim ary  purpose of the septic tank is the collection of settling 
and floating solids. They are commonly designed to operate for 6 
months to a year w ithout removal of solids, and therefore should be 
designed of sufficient capacity to provide storage space fo r the accumu
lating solids and still leave residual capacity for efficient separation of 
solids from  the sewage. Adequate capacity is the critical criterion of 
design, although a few details of design are of considerable importance.

The following basis of design is suggested as reasonable fo r normal 
conditions:

In  general for sewage flows of less than 1,500 gallons per day, the 
effective septic tank capacity should be equal to a full d a y ’s flow; the 
minimum desirable size being 500 gallons. W ith sewage flow in excess 
of 4,000 gallons per day, the effective capacity should be a t least equal 
to 10 hou rs’ flow plus an allowance of 2.5 cu. ft. per capita of sludge 
capacity. F o r interm ediate flows between 1,500 and 4,000 gallons, the 
capacity should be appropriately  adjusted.

Details of design which are considered of im portance in securing 
efficient operation include the following:

1. I t  is desirable to have a minimum of 3-inch freeboard between 
the w ater level in the tank and the invert of the sewer inlet. This is to 
combat the tendency of scum collections to block the inlet opening.

2. Baffles should be provided a t the inlet to disperse the sewage flow 
in the tank and a t the outlet to reta in  floating solids, which would other
wise discharge with the effluent.

3. Access openings should be provided to the ground surface. When 
access openings are buried, there is a tendency to neglect the periodical 
removal of solids required for efficient operation of the tanks. These 
openings should be of sufficient size to perm it entrance. In  tanks of 
any size it has been found advisable to have openings located over the 
inlet and outlet connections, perm itting  inspection and removal of stop
pages a t these points.

4. Smaller tanks should have a w ater depth of a t least three feet and 
some authorities recommend a minimum of four feet. I t  is believed 
advisable to use rectangular tanks w ith the length from  two to three 
times the width. Small circular units are not recommended and it is not
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believed advisable to provide several small units in place of a single 
tank of equivalent capacity.

5. The m ajority  of septic tanks are constructed with flat horizontal 
bottoms. However, some authorities recommend a sloping bottom to 
facilitate sludge removal.

6. Open vents from the septic tank are unnecessary and undesirable. 
If  installed, they perm it the escape of objectionable odors and provide 
an access for flies and mosquitoes and an excellent breeding place for 
them.

There is no tru th  to statem ents or claims made that septic tanks dis
solve all so lids; that they never need to be cleaned and that the liquid 
leaving them is pure and free from germs. I t  is probable that on the 
average about 50 to 60 per cent of the suspended solids may be retained, 
leaving 40 to 50 per cent to be discharged in the effluent. The liquid 
from them may putrefy  and give off odors if not suitably disposed of 
and is heavily laden with bacteria.

In  general, septic tanks should be followed by leaching cesspools, 
tile fields or subsurface filters.

M aterials removed from septic tanks and from cesspools contain p a r
tially digested sewage solids and should only be disposed of where there 
is no resultant danger to the public health. Disposal through manholes 
in the nearest sewerage system as approved by the local authorities, or 
burial in shallow furrows on farm  land, is to be recommended.

In the interests of economy for projects of a tem porary nature, the 
Army has used wood to a considerable extent in the construction of 
septic tanks. The wood is creosoted by the double dipping process and 
the cover is protected by heavy roofing paper.

S l u d g e  D r y in g  B e d s

In some instances, the provision of sand beds for unwatering the 
sludge and scum removed from septic tanks may be found advisable. 
The septic tanks are designed to operate for 6 to 12 months without re
moval of solids, and when cleaned, it is custom ary to remove all of the 
solid materials. Under such conditions, the sludge beds should have 
an area equivalent to 6 or more sq. ft. per capita.

Sludge beds are commonly constructed of sand, 12 to 18 inches deep. 
In small installations, underdrains are not required. F o r large plants, 
if the underlying soil is relatively impervious, it may be found advan
tageous to provide underdrains discharging to the open ground.

T i l e  F ie l d s

Tile fields consist of lines of vitrified pipe laid in the ground with 
open joints. They may be used for the disposal of settled sewage into 
the ground.

In order to have tile fields function properly, the following factors 
are im portant:
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1. Ground w ater well below the level of the tile field.
2. A soil of satisfactory  leaching characteristics, w ithin a few feet 

of the surface, extending to a depth of several feet below the tile and 
with subsurface drainage away from the field.

3. Adequate area.
4. Absence of any opportunity  to pollute drinking w ater supplies, 

particu larly  from  shallow dug or driven wells in the vicinity.

In  general, the length of tile and details of the filter trench will de
pend upon the character of the soil. Soil leaching tests should be made 
at the site in the same m anner as described fo r leaching cesspools, ex
cept tha t the test hole should only extend to the approxim ate depth at 
which the tile fingers will be laid. F o r extensive tile fields, it is advis
able to make several tests to determine the best location for the field and 
the average conditions in the selected location. W ith  results of the test 
available, the rate  at which the sewage m ay be applied to the total 
superficial bottom area of the trenches in which the tile is to be laid, 
may be taken from the following table :

Time for Water Allowable Rate of Sewage Application
to Fall 1 Inch Gallons per Sq. Ft. per Day, Bottom of

(Minutes) Trench in Tile Field

1 4.0
2 3.2
5 2.4

10 1.7
30 0.8
60 0.6

As a fu rther check 011 the suitability of the soil in which the sub
surface tile system is to be placed, a test may be made to determ ine its 
effective size and uniform ity coefficient. I t  is desirable fo r the effective 
size to be above 0.20 mm. M aterials below this size cannot pass suf
ficient quantities of sewage and tend to clog quickly. I f  the soil is tight, 
consideration should be given to underdrained filter trenches or to sub
surface filters.

D e t a il s  o f  D e s ig n

There lias been some misconception about the necessity of placing 
the tile in the field below the frost line to prevent freezing in the New 
England area during the winter. A large number of such fields, in 
which the tile is placed on the average 18 inches below the ground sur
face, have been operating successfully in New England for many years.

Having in mind the volume of sewage solids discharging in the ef
fluent from  the septic tank, the design and construction should provide 
for the handling and storage of solid m aterial, elim inating insofar as 
practical, opportunity for clogging a t the pipe joints or immediately 
adjacent thereto. W hile four-inch pipe is commonly used, it is sug
gested tha t six-inch pipe is preferable, as it affords much g rea ter stor
age capacity for solids which tend to accumulate in the pipe and a larger 
area of opening a t the joint for solids to escape into the surrounding 
gravel.
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In  order to provide for free discharge of solids from the tile pipe 
line to the filter trench, it is recommended that the pipe be laid with a 
%-inch clear opening between pipes. The use of bell and spigot pipe 
is recommended as helpful in laying the pipe to true line and grade. 
I t is believed good practice to break away two-thirds of the bell at the 
joint and to use a small wooden block spacer. The pipe is commonly 
laid at a slope of about 0.5 per cent when taking the discharge directly 
from the septic tank and at a slope of 0.3 per cent when a dosing tank 
is used ahead of the field.

Some authorities advocate laying the tile directly in porous soil 
without surrounding the pipe with coarse gravel. In  other cases, bank 
run gravel or graded gravel containing a large percentage of fines has 
been called for and used. Again having in mind the quantity of solids 
in the sewage reaching the tile field, it is recommended that the tile be 
laid on a bed of screened coarse gravel 6 inches deep and tha t coarse 
gravel be placed around the pipe and over the pipe to a depth of a t least 
3 inches. Coarse screened stone passing a 21/2-inch mesh and retained 
on a %-inch mesh is recommended for this service. This volume of 
coarse screened gravel affords a relatively large percentage of voids 
into which the solids may pass and collect before the effective leaching 
area becomes seriously clogged.

Provision must be made for preventing the soil with which the trench 
is subsequently filled from  filling the voids in the coarse screened gravel 
around the pipe. Some authorities recommend a layer of hay and oth
ers prefer ta r  or building paper laid over the stone to the full width 
of the trench. The practice of some engineers is to place a three-inch 
layer of medium screened gravel over the coarse stone and 3 inches of 
either fine screened gravel or suitable bank run gravel over the medium 
stone.

The layout of the tile in the field should be carefully designed. I t  
is recommended tha t in general the length of la teral fingers be not 
greater than 75 feet. W hen the tile field is laid in sloping ground, it 
is advisable to distribute the flow in such manner that each finger will 
get a fair portion of the flow and especially to prevent the flow from 
discharging down the slope to the lowest point. Tile fields are com
monly laid out in either a “ herring  bone” pattern  or with the laterals 
at right angles to the main distributor. The laterals should be from 6 
to 10 feet apart on centers. Some authorities recommend the use of 
distribution boxes to which the laterals are connected.

Some authorities recommend an eighteen-inch width of leaching 
trench. I t  is believed more economical to provide a trench 24 inches 
or wider. W here the operation of a trenching machine is practical on a 
large installation, the design should be based on the width of trench exca
vated by the machine.

Once a tile field is constructed, it is advisable to exclude heavy traffic 
from the area, especially in a shallow field. The planting of shrubs or 
trees over the field is not considered good practice.
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A typical section of a tile filter trench is shown in F ig. 1. 
layout of a tile field on sloping ground is shown in F ig. 2.

A  typical

i v ry.

Ea rth  b a c ttfill. '

£ 1 ■ ’ j^ Ta r P a p e r  . •.

6

■'6 " Top so il i f  
s ituation ju s tifie s  
g ra ssed  surface

k  C b

Coarse screened gravej-

3/+  t°  2  4  ! I S ”  i o  3 6 "

6 ’ Tile Pipe- open jo ints  

8 d e a r  space at jo in t

K—This point never 
below  ground wafer
i f  p o ss ib le  

F ig . 1.— T y p ie a l section  o f f ilte r  tren ch .

SEPTIC  TANK

!nv El.95.0

3 -Lines 6 VC.P-Open joints 
S lope .0 0 5 -6 CTlo,

F i g . 2 .— T y p i c a l  l a y o u t  o f  t i l e  f ie ld  o n  s lo p in g  g r o u n d .

T r e a t m e n t  o f K itcecen W a s t e s

Some authorities have advocated the trea tm ent of kitchen wastes by 
only a grease trap  and then discharging the wastes d irectly  to the tile 
field, bypassing the septic tank provided fo r the sewage. Tests have 
dem onstrated tha t a large quantity  of grease and solids passes through 
the grease trap . These solids tend to clog the tile field. They can in  con
siderable measure be retained in a properly  operated septic tank. I t  is 
recommended that kitchen wastes a fte r passing through the grease trap  
be treated  in a septic or other settling tank p rio r to discharge into the 
tile field. The kitchen wastes may be trea ted  in  the same tank as p ro 
vided for other sewage flows. There is no action going on in the septic 
tank which will be deleteriously affected by the introduction of kitchen 
wastes.
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S u b s u r f a c e  F i l t e r s

W here the soil is so dense and impervious as to make the use of a 
subsurface tile trench system impractical, and where an open filter is not 
advisable because of lack of isolation, subsurface filter trenches or beds 
may be required. U nderdrains from subsurface filter trenches or beds 
should discharge freely to the nearest satisfactory point of disposal.

The filter trenches or beds should be designed for a rate of filtration 
not greater than 50,000 gallons per acre per day or 1.15 gallons per sq. 
ft. per day. The filtering m aterial should be clean, coarse sand all pass
ing a 14-mesh screen and having an effective size between 0.25 and 0.5 
mm., and a uniform ity coefficient not greater than 4.0. The depth of fil
tering sand should as a general rule be not less than 30 inches. Coarse

■ Tor paper—̂  ■

2 - 0 “  t o  4 ’-  0 "

~6' Top so il

-M is c  f i l l

 6  B e ll 3  Spigot distributor
p ip e  la id  with open jo ints

-C oorse  screened gravel 
p ass ing  2 Id', re ta in ed  on 
3/^screen

- F i l t e r  sand, e ffec tive  size 
0 .2 5  to O 50  rnax 

Uniform ity coeficient not 
greater than 4.

—  F in e  sc reened  grovet

Tar paper 3 " wide over joints
Graded grovet

6 "B e ll S Sp igo t underdrain 
p ip e , open jo ints,m in slope.003

F ig. 3.-—Typical section of underdrained filter trench.

screened gravel should pass a 214-inch mesh and be retained on a %-inch 
mesh.

A typical section of an underdrained filter trench is shown in Fig. 3. 
Governing conditions for the layout of the field are similar to those for 
the tile fields previously described.

A typical plan and section for a subsurface filter are shown in Fig. 4. 
The slope of the distributors should be about 0.3 per cent when a dosing 
tank is used or 0.5 per cent when no dosing tank is required. Some 
authorities recommend the distribution pipes be laid without slope when 
a dosing tank is provided. F or installations having more than 800 feet 
of distributors, it is desirable to construct the filter in two or more sec
tions with alternating siphons to alternate the flow to the different 
sections.
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I n t e r m i t t e n t  S a n d  F il t e r s

W here there is suitable isolation, an in term itten t sand filter will be 
more economical to construct than a subsurface filter and should have 
a much longer'life in tha t the accumulations of sludge and the top layer
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po int
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3 " B o n k  run  g r o v e l
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T Y P I C A L  S E C T I O N

F ig. 4.— Typical plan and section of subsurface sand filter.

of d irty  sand can be removed periodically, as required to m aintain the 
bed for many years substantially up to its designed capacity.

The design of in term ittent sand filters is well established and fo r de
tailed data  reference is made to the chapter devoted to the subject in 
Metcalf & E d d y ’s “ American Sewerage P rac tice ,”  Volume I I I ,  “ Sew
age D isposal.”  Briefly, for installations of the size considered in this 
paper, the following basic design data are suggested :
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F ilte r loading—75,000 to 100,000 gallons per day
Depth of bed—-3 to 4 feet of sand over the underdrains
Dosing tanks shall be provided designed to cover the bed to a depth 

of 1 to 3 inches at each discharge
Effective size of sand—0.20 to 0.35 mm.
Number of beds—minimum of 2
Spacing of la teral underdrains—10 to 20 feet

The cost of in term ittent filter beds will be greatly reduced if suitable 
sand can be found in place and the topsoil stripped off to form the em
bankments. I t  may be practical and economical to construct the beds of 
materials found in place even though the effective size is as low as .15 
mm. in which case the unit loading should be reduced to 50,000 gallons 
per acre per day. I f  the area is well drained, underdrains may not he 
required.

U s e  o f  D o s in g  T a n k s  i n  C o n j u n c t i o n  w i t h  F il t e r s

Dosing tanks with automatic sewage siphons should be provided for 
tile fields when the length of distribution tile exceeds 300 feet, for a sub
surface or open filter having an area in excess of 1,800 sq. ft. Dosing 
tanks should be designed to discharge a volume equal to 70 to 80 per cent 
of the volumetric capacity of the distribution piping in the tile field or 
filter. The dosing tank can usually be constructed as a p a rt of the 
septic tank. The high w ater level should be not less than 3 inches 
below the level of the sewage in the septic tank.

Reference should be made to the m anufacturers ’ bulletins for stand
ard capacities and details of sewage siphons.

S u m m a r y

Experience has shown that the design and construction of small sew
age disposal facilities have too frequently been accomplished without 
proper regard to the requirements thereof.

There is much misconception concerning the operation of septic tanks 
and much misinformation w ith respect to the design and layout of tile 
fields.

While there may be some differences of opinion as to the best method 
and details for solving the problems of sewage disposal in small installa
tions coming under the scope of this paper, it is believed that the m ate
rial presented affords a reasonable approach to the problems.

D is c u s s io n  

B y  E d w a r d  W r ig h t

Sanitary Engineer, Massachusetts Department of Public Health

A great impetus in the construction of small sewage disposal prob
lems has been occasioned by the war. This is particularly  so in the east-
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era p a r t of the S tate where examinations have been made of somewhat 
over 50 small m ilitary  and naval establishm ents located in com paratively 
isolated areas. In  addition, reference can be made to some 85 Coast 
G uard installations along the coast also located in isolated areas where 
fo r the most p a r t local w ater supplies and local means of sewage disposal 
have been required. The D epartm ent has been much concerned over 
the disposal of sewage a t certain  Federal Housing A dm inistration p ro j
ects and has assisted architects and engineers of tha t organization in 
the p reparation  of plans for sewage disposal systems. A san itary  engi
neer from  the U. S. Public H ealth  Service has recently been assigned to 
each of the Federal Housing D istricts and it is believed tha t im prove
ments in sewage disposal a t these housing developments can now be ex
pected. In  most instances the means of sewage disposal a t these Federal 
installations have consisted of septic tanks w ith subsurface tile fields. 
Porous soil is quite generally found in M assachusetts. In  a few in
stances, however, the sewage from  m ilitary  or naval establishm ents has 
been discharged directly into tidal w aters and it  has been necessary for 
the M assachusetts D epartm ent of Public H ealth  to close two small shell
fish areas in Buzzards Bay, one in Scituate, and two in Falm outh because 
of the direct discharge of sewage to shellfish producing areas. In  addi
tion, the D epartm ent has been much concerned relative to the pollution 
of the valuable oyster areas at Cape Cod where various arm y camps 
have been established, particu larly  in connection w ith am phibian tra in 
ing. Thus far, no serious pollution of the oyster areas from  these camps 
appears to have occurred. On the other hand, there is reason to believe 
tha t the activities in these tidal areas have been such as to in terfere  with 
the norm al feeding habits of oysters.

Good co-operation in the construction of small sewage disposal units 
has been experienced with the arm y officers of the F irs t Service Com
mand and the Corps of Engineers both in the Boston and Providence 
offices and members of the Division of San itary  Engineering have be
come quite well acquainted with some of the engineering personnel of 
the Navy and Coast Guard in the F irs t  N aval D istrict. U nfortunately, 
early in the war, the san itary  engineering advice available to the Navy 
on sewage disposal was not of g reat value. P lum bers were engaged to 
design and construct septic tanks and in some instances septic tanks, 
having flowing-through periods of 24 or more hours, have been estab
lished with flat bottoms and no means w hatsoever fo r cleaning. In  sev
eral instances, it has been necessary to rebuild the tanks, to make provi
sion for sludge removal and to advise as to methods of operation. In  
some instances chlorinators have been provided but no chlorine. In  
one instance, the scale for weighing the chlorine cylinders was moved to 
another p a rt of the camp and no check on the amount of chlorine applied 
was available. In  certain instances, septic tanks have been found to be 
full of sludge with the fresh sewage flowing over the surface. In  some 
cases, barrel chlorinators have not received adequate attention. In  other 
cases, w ater connections have not been provided. In  one or more in
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stances, contracts have been let for septic tank cleaning with arrange
ments to discharge the sludge into municipal sewers but it is the w rite r’s 
feeling tha t the contractors are using the sludge for fertilizer purposes 
or disposing of it on land ra ther than discharging it into sewers. This 
is a sewage disposal problem requiring more and more attention of 
health authorities. V ery few arrangem ents for the discharge of night 
soil into municipal sewers have been provided. One in Lynn which was 
well designed is not now being used. In  one naval establishment, a con
tract had been let for a single cleaning of septic tanks at a cost of $1,500. 
The w riter was recently informed tha t Charles L. Poole, form er Sani
tary Engineer and Chemist, S tate D epartm ent of Health of Rhode 
Island, has recently been appointed as a Navy Officer to set up in the 
Navy what corresponds to the Sanitary  Corps in the Army. Thus, im
proved sewage disposal conditions a t naval installations can be expected.

Mr. A rthur D. W eston, Chief of the Division of Sanitary  Engineering, 
was requested some time ago to p repare basic design data for emergency 
sewage treatm ent works, the request coming from the Navy Departm ent 
in Washington. The design data do not fall within the scope of this 
discussion with the exception of the last paragraph wherein the Division 
has recommended that cesspools, septic tanks and subsurface disposal 
systems are not advisable for populations in excess of 50 to 100 persons.

Generally, the uninform ed public feels tha t a septic tank, sometimes 
in ordinary parlance called a “ skeptic”  tank, should be installed, p re
sumably after having been approached by a commercial m anufacturer 
of septic tanks. The w riter is serious in the use of the term  “ skeptic”  
as no bulletins of design based on research or experimental works have 
appeared until lately. Many m anufacturers and the public seem to 
think that a septic tank is the cure-all for local sewage disposal problems 
but they do not realize that sewage consists of more than 95 per cent 
water and some form of subsurface disposal either by cesspools or finger 
drains is necessary. These are not always mentioned in the advertise
ments. In addition, grease traps other than small sink grease traps are 
rarely installed and grease is generally the cause of much of the diffi
culty in clogging subsurface works. Suitable grease traps should al
ways be installed and should be properly maintained. Up to 1940, the 
Department rather generally referred  individuals to an early F a rm e r’s 
Bulletin issued by the U. S. D epartm ent of Agriculture. An investiga
tion was made by Federal authorities in the late 1930’s with the result 
that the U. S. Departm ent of A griculture, Soil Conservation Service, 
issued a new set of standards in ru ra l sewage disposal in 1940 with nu
merous diagrams. This set of standards has been mimeographed by 
the Department and is available for distribution.

Still feeling that the whole question of small sewage disposal units 
needed more study and in order to co-ordinate the recommendations of 
various Federal and other bureaus having to do with sewage disposal, 
a Joint Committee on R ural Sanitation was formed on June 17,1941, con
sisting of Sanitary Engineers representing the U. S. D epartm ent of
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A griculture, B ureaus of Chem istry and Engineering, Extension Service, 
the F arm  Security A dm inistration, the F o rest Service, R ural E lectrifi
cation and Soil Conservation Service. The Committee included a rep re
sentative of the Conference of S tate S an itary  Engineers together with 
the S an itary  Engineer of the Federal Housing A dm inistration, two engi
neers of the U. S. Public H ealth  Service and the San itary  Engineer of 
the Tennessee Valley A uthority. The results of this study appear in 
R eprin t 2461, M arch 12, 1943, H. S. Public H ealth  Service, which seems 
to be the last word in ru ra l sewage disposal. Some of the data therein 
presented are given in ra th e r a too complicated m anner for ru ra l use.

In  view of the fact tha t subsurface distribution systems in this p a rt 
of the country appear to be the most reasonable means of sewage dis
posal in small units, the tables appearing on page 19 of this pam phlet 
are of considerable importance. One of these tables has been sum
m arized in com paratively simple term s as follow s:

Data for Determining Length of Subsurface Distribution Pi-pes from Percolation Tests (Residences)

Time in Minutes for Water 
to Fall One Inch

Length of Subsurface Distribution 
Pipes in Feet per Person in 
Trenches 24 Inches Wide

2 or less 13
3 15
4 18
5 20

10 26
15 31
30 45
60 60

O ver'60 Special design using 
seepage pits or sand 
filter trenches

Minimum total length per family dwelling unit 75 feet.
Note: Based on 50 gallons per person. Number of persons should be according to  the maxi

mum living capacity of the building.

The w rite r’s objection to this publication is the so-called absorption 
test. To be sure, it is used quite generally in various p a rts  of the coun
try  but a mechanical analysis of the soil is so simple and the absorption 
of clean w ater in dry soils so variable tha t a mechanical analysis would 
appear to be desirable in each instance, so fa r  as practicable, a t least in 
corroboration with the absorption test.

Feeling tha t more should be learned in regard  to small sewage dis
posal installations, the Division of S an itary  Engineering of the D epart
ment, several years ago, constructed four septic tanks a t the Lawrence 
Experim ent Station. These tanks are 2 feet wide and 40 inches deep. 
One has a capacity of 185 gallons and the other three are made up of 
two compartments, each with a capacity of 185 gallons. One tank, No. 
507, is used for the treatm ent of fresh  domestic sewage from  the station 
and the others are used for the regular Lawrence sewage. They are
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provided with baffles extending to w ithin about 8 inches of the bottom. 
The results of these experiments are described in the various annual 
reports of the Departm ent, the latest reference being to the mimeo
graphed copy of the 1941 report, page L-9. The operation of these sep
tic tanks and more recently the subsurface distribution systems are 
under the control of the chemists at the Lawrence Experim ent Station. 
The results of the analytical data are summarized as follows:

Operation of Septic Tanks

T ank  N o.
D ete n tio n

P eriod
(D ays)

P e r C en t R em oval 
D issolved  

B .O .D .

P e r C en t R em oval 
S uspended 

Solids

P e r  C e n t R em oval 
B ac te ria  

4 D ays—20° C.

P er C en t Sludge 
D estroyed  in  

O ne Y ear

691 Vl 31 62 35 74
507 2 44 87 35 64
508 2 48 72 42 38
690 6 63 72 20 38

The effluents still carried total counts of well over a million bacteria per 
cc. and gave off offensive odors.

The septic tanks show a removal of 54 to 83 per cent of fats. Quite 
recently, fu rther experiments have been inaugurated in septic tank and 
subsurface disposal at M assachusetts S tate College, a t Amherst, which 
are being carried out by the college under the general direction of the 
Department. Thus, we are learning something about small sewage dis
posal units.



Industrial W astes

NEUTRALIZATION OF ACID W ASTE WATERS W ITH  
AN U P-FLO W  EX PANDED LIMESTONE BED *

B y H abry W. Gehm

Assoc., Dept. Water and Sewage Desearch

A number of industries discharge relatively dilute acid waste w aters 
into inland waters. Forem ost among these are explosive m anufacturing 
processes, general pharm aceutical productive processes, chemical p ro
duction and steel pickling. W ar requirem ents have increased the need 
for the m aterials productive of these wastes to an enormous degree. In 
many cases such discharge has inhibited severely the self-purification 
capacity of the bodies of w ater into which they are discharged.

Neutralization of these acid wastes as a means of rendering them in
noxious has been resorted to in a number of instances. Simple though 
this procedure may seem, a number of factors enter the picture which 
complicate the problem, and to produce a continuously neu tra l effluent 
free of precipitate, w ithout waste of neutralizing agent requires rather 
elaborate equipment and continuous supervision and control. One such 
device is described by Rudolfs (1).

Considerable attention has been given to the use of lime products as 
neutralizing agents because of their low cost. The greatest shortcoming 
of them has been the fact tha t calcium sulfate precipita ted  when sulfuric 
acid concentrations were relatively high, thus producing a sludge prob
lem. Rudolfs (2) reported on extensive experim ental work in employ
ing lime products for treatm ent of acid wastes and showed definitely tha t 
they could be advantageously employed both alone and in combination 
with soda-ash.

N itbo-Cellulose W aste

The waste produced from  the m anufacture of nitro-cellulose consists 
mainly of a dilute m ixture of n itric  and sulfuric acids with a very small 
quantity of nitro-cellulose fiber in suspension. These factors plus the 
fact tha t it is one of the la rgest offending waste w aters made it an ideal 
acid waste with which to work. Samples of such waste obtained from 
plants producing this product contained around 12,000 p.p.m. of acidity 
as C aC 03, about one-third in the form  of n itric  and tw o-thirds in  the form 
of sulfuric acid.

Previously published results (2) dealing with the trea tm ent of this 
Avaste with lime products dem onstrated tha t pulverized limestone, the 
least expensive neutralizing agent, could be employed for neutralization. 
Two general lim itations existed in its u se ; namely, considerable sludge

* Journal Series Paper of the New Jersey Agricultural Experiment Station, Eutgers U ni
versity, Department of W ater and Sewage Research, New Brunswick, New Jersey.
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is formed on account of the precipitation of calcium sulfate and good con
trol of such treatm ent requires large and extensive equipment and con
siderable personnel.

The use of limestone beds for treatm ent of such waste is attractive 
because they are simple to construct and require little control. How
ever, such beds are generally quickly rendered ineffective by the deposit
ing of calcium sulfate on the stone and m ust be large in area in relation 
to the volume of waste handled to effect complete neutralization of the 
mineral acids.

The purpose of the studies reported here was to apply limestone to 
the neutralization of nitro-cellulose waste in a manner designed to over
come the limitations, so that without extensive equipment or continuous 
attendance, complete and continuous neutralization could be effected 
without waste of neutralizing agent.

P r e l im i n a r y  T e s t s

Experiments were first made involving the application of high cal
cium limestone to a waste containing a m ineral acidity of 12,400 p.p.m. 
CaC03, 4,250 p.p.m. of which was due to nitric and 8,150 p.p.m. due to 
sulfuric acid. L iter portions of the waste were stirred  rapidly for fif
teen minutes afte r addition of varied dosages of pulverized high calcium 
limestone. The pH and mineral acidity of the treated waste were deter
mined and the volumes of the sludge formed after 8 hours settling re
corded. Results of these trials as to neutralization and sludge form a
tion are plotted in Fig. 1 together with corresponding pH  changes.

F i g , I , — N e u t r a l i z a t i o n  o f  n i t r o - c e llu lo s e  w a s t e  w i t h  h ig h  c a l c iu m  l im e s to n e .
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I t  was evident from  these results tha t the m ineral acidity could he 
reduced from  12,400 p.p.m. to 5,250 p.p.m. before any appreciable amount 
of sludge was formed. The fact tha t calcium n itrate , form ed from  the 
reaction of the limestone w ith the n itric  acid, is soluble, accounts for the 
neutralization of 4,250 p.p.m. of the m ineral acidity w ithout sludge fo r
mation. About 2,900 p.p.m. of m ineral acidity neutralized under these 
conditions represents sulfuric acid neutralization w ith the resulting cal
cium sulfate form ed rem aining in solution. This acidity converted to a 
calcium sulfate basis represents 3,944 p.p.m. of C aS 0 4. The solubility 
of calcium sulfate in w ater under these conditions was 1,900 p.p.m. This 
figure is slightly lowered by the presence of calcium n itrate . Thus a 
supersaturation  of calcium sulfate exists probably due to the method of 
form ation. I t  appears th a t neutralization of all the n itric  acid and at 
least a portion of the sulfuric acid acidity, equivalent a t least to the solu
bility of calcium sulfate in w ater (1,400 p.p.m. as C aC 03), under these 
conditions, can he neutralized w ithout sludge form ation. This would 
amount to a total of 5,650 p.p.m. m ineral acidity. A dditional experi
ments showed tha t waste samples neutralized to this degree and even to 
a greater extent were definitely stable in regard  to calcium sulfate p re 
cipitation when subjected to agitation or long standing. As such waste 
can often be discharged into diluting w aters quickly a fte r treatm ent it 
is possible tha t neutralized waste could carry  super-saturations of cal
cium sulfate w ithout its precipitation.

I t  is obvious tha t if crushed dolomite replaced the high calcium lime
stone a greater degree of neutralization w ithout sludge form ation could 
be obtained because practically half the sulfuric acid acidity would be 
spent in the form ation of soluble magnesium sulfate. Numerous tria ls 
using this m aterial showed, however, tha t it reacted too slowly for p rac
tical purposes and hence was not suitable.

Calculations showed tha t if a dilution of the waste were made with 
sufficient w ater from  the receiving stream  to lower the m ineral acidity to 
about 4,000 p.p.m. p rio r to treatm ent, sludge form ation could be p re 
vented. A series of experiments were made in which the same waste 
previously employed was diluted w ith tap  w ater to various degrees and 
then treated  with sufficient calcium carbonate to complete neutralization. 
The procedure for treatm ent and analyses was the same as the one previ
ously followed.

D ata presented in Table I  indicates that, to prevent calcium sulfate 
precipitation, a dilution of 200 per cent was required or two volumes of 
w ater to one volume of waste. The concentration of calcium sulfate re 
maining in solution afte r such dilution and trea tm ent was 3,694 p.p.m., 
which checked results obtained on p a rtia l treatm ent of undiluted waste.

L i m e s t o n e  B e d  T r e a t m e n t

In  neutralizing acid wastes, such as nitro-cellulose waste w ater, in 
limestone beds, the reaction takes place a t the surface of the stone. The 
ra te  of reaction depends upon the surface available which in tu rn  de
pends upon the size of the stone particles. A nother factor which m ust
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T a b l e  I . — Treatment of Diluted Nilro-Cellulose Waste

D ilu tion  
(P er C ent)

M inera l A cid ity  of 
D ilu ted  W aste  (p .p .m .)

Sludge per L iter 
D ilu ted  W aste (ml.)

C aSO i Form ed 
(p.p.m .)

M inera l A cid ity  
R em ain ing  (p.p.m .)

0 12,400 400 11,084 0
25 9,920 200 8,868 0
50 8,264 150 7,342 0
75 7,108 120 6,332 0

100 6,200 100 5,542 0
125 5,512 20 4,928 0
150 4,960 2 4,434 0
200 4,133 0 3,694 0
250 3,542 0 3,166 0
300 3,100 0 2,771 0

be considered is the binding of the surface of the stone with carbon 
dioxide gas liberated by the reaction. P recipitation of some calcium 
sulfate and the residue of im purities left by the dissolved stone also 
affect the reactiveness and perm eability of such a bed.

After numerous and not very promising results with downflow type 
beds it was decided to try  up-flow treatm ent in the hope that neutraliza
tion could be obtained at sufficiently high rates of waste passage and 
without excessive depth of stone to eliminate the several difficulties 
experienced with the down-flow bed.

An up-flow filter was constructed in the manner shown in Fig. 2. 
The tube had a cross sectional area of one square inch and was filled to 
a depth of two feet with high calcium limestone, ten mesh screenings 
caught on 20-mesh screens being used.

Calcite was the first stone employed. The reservoir was filled with 
waste of 12,400 p.p.m. mineral acidity diluted with tap  w ater to give an 
acidity of 5,660 p.p.m. Portions of the waste were then passed through 
the bed at several rates, care being taken to pass sufficient waste through 
for stabilization to take place p rio r to sampling and measuring rate of 
passage. Mineral acidity, pH, rate of passage and expansion of the 
bed were recorded.

It was quickly recognized tha t this type of bed could operate continu
ously and neutralize completely a t rates equivalent and higher than 
those used to back wash the standard  rapid  sand filters employed in 
water works practice. Residues from the dissolved stone and any gases 
liberated were swept from the bed. Carbon dioxide formed by the reac
tion did not accumulate in the stone, but was swept out by the rapickflow. 
Typical results of a run through a bed of 10- to 20-mesli calcite two feet \  
in depth, applying the waste diluted to such an extent that it contained 
5,660 p.p.m. of mineral acidity, are shown in Table II. A bed of this 
depth was capable of neutralizing all the m ineral acidity in the waste 
at an application rate of 56.4 gallons per square foot per minute. Rais
ing the rate to 60 gallons per square foot per minute produced neu
tralization of all but 28 p.p.m. of the mineral acidity present. When 
lower rates than 56.4 gallons per square foot per minute were employed
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bicarbonate alkalinity appeared in the waste and the pH  was raised 
above 4.2. However, substantial reduction in ra te  of flow was neces
sary  before appreciable alkalinity appeared.

In  view of these results the effect of various physical and chemical 
factors in relation to the process were studied. The factors studied 
w ere :

1. Type of stone
2. Bed depth
3. Acidity of waste
4. Size of stone
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T a b l e  I I .—Treatment of Diluted Waste on Calcite Up-Flow Expansion Bed 
Waste—5,660 p.p.m. Mineral Acidity

R ate  of A pplication  
(g. per sq. f t .  m in.)

E ffluen t
pH

E ffluen t M inera l A cidity  
(p .p .m .)

E ffluen t A lkalin ity  
(p .p .m .)

21.6 5.4 0 50
45.6 5.0 0 42
52.8 4.9 0 27
56.4 4.2 0 0
60.0 4.0 28 0

1. Type of Stone

Calcite and an amorphous limestone were compared for tlieir neu
tralizing ability. Columns of 2 to 3 mm. diam eter stones, one foot deep, 
and weighing 250 grams, were compared. W aste diluted to the same 
degree and having a mineral acidity of 2,950 p.p.m. was applied at 
varied rates.

T a b l e  I I I .—Effect of Type of Stone

C alcite  S tone A m orphous S tone

A pplication 
R ate  (g. per 
sq. ft. min.)

pH  E ffluent A lkalin ity
(p.p.m .)

M inera l
A cid ity
(p.p .m .)

A pplication  
R a te  (g. per 
sq. ft. m in.)

p H  E ffluent A lkalin ity
(p.p.m .)

M ineral
A cid ity
(p.p.m .)

16.9 4.7 45 0 15.8 4.8 138 0
19.6 4.5 . 15 0 18.4 4.5 114 0
21.2 4.2 0 0 21.6 4.2 0 0
24.4 3.8 0 40 25.6 3.8 0 22
34.0 2.7 0 100 44.0 2.6 0 41

Mineral Acidity of D iluted Waste =  2,950 p.p.m. 

Note: Stone 2-3 mm. diameter; bed 1 foot deep.

The comparative results are given in Table III . As fa r as pH  is 
concerned, the two types of stone produced practically identical results. 
Judging from the acidity-alkalinity results it appears that the am or
phous stone was somewhat more readily soluble.

2. Effect of Depth of Bed on Rate of Application of Waste

Calcite beds of 0.5, 1 and 2 and 3 feet were prepared with stone 
(passing 10, caught on 20-mesh) of 1.4 mm. average diameter. W aste 
diluted to a mineral acidity of 4,240 p.p.m. was applied to each and the 
rate adjusted until a pH  of 4.2, indicating complete neutralization of 
mineral acidity, was obtained. The rates obtained are shown plotted 
against the bed depths in Fig. 3. I t  is readily observed that the rela
tionship between the two, for bed depths greater than 12 inches, is 
practically linear.
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E i g . 3 .— A f f e c t  o f  b e d  d e p t h  o n  r a t e  o f  a p p l i c a t i o n  o f  n i t r o - e e l lu lo s e  w a s t e  t o  u p - f lo w  b e d .

3. Effect of Acidity of Waste

Several expansion beds containing a depth of one foot of calcite 
stone, having a diam eter varying from  2 to 3 mm. were used. W aste 
diluted to various degrees were passed through these beds and the rate

F i g . 4 .— A f f e c t  o f  w a s t e  a c i d i t y  o n  r a t e  o f  a p p l i c a t i o n  o f  n i t r o - e e l lu lo s e  w a s t e  t o  u p - f lo w  b e d .
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adjusted until an effluent pH  of 4.2 was obtained with each dilution, indi
cating complete neutralization of the mineral acidity present. The 
rates obtained in relation to the mineral acidity of the waste applied is 
plotted in Fig. 4. The results show clearly the linear relationship.

4. Effect of Stone Size
Four beds of calcite one foot in depth were prepared, each with a 

stone of different size. The average diameters employed were 4 mm., 
2.5 mm., 1.4 mm. and 0.63 mm., all of each size being within close limits 
of the average. W aste diluted to a m ineral acidity of 4,250 p.p.m. was 
passed through each bed and the ra te  of application adjusted until the 
pH of the effluent was 4.2, indicating complete neutralization of the 
mineral acidity. The rates recorded are plotted against the stone diam
eter and mesh size range in Fig. 5.

30 20 10 7 5 4
U S. STANDARD SIEVE NUMBER

F i g . 5 .— A f f e c t  o f  s to n e  s iz e  o n  r a t e  o f  a p p l i c a t i o n  o f  n i t r o - c e l lu lo s e  w a s t e  to  u p - f lo w  b e d .

From the shape of this curve it is evident that the rate of application 
allowable to obtain neutralization is dependent upon the surface area of 
the stone. The rates of possible application increase rapidly as the 
stone size decreases. No effort was made to show this relationship
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directly as more im portan t practical factors would determ ine the stone 
size. Stones under 1 mm. in size tend to expand excessively a t the high 
rates of application and, if too small, wash out with the effluent unless 
la rger particles are present in predom inating quantity. Stones greater 
than 2.5 mm. in diam eter allow too low a ra te  of application as compared 
with those obtainable with sm aller stone. F rom  the practical stand
point stone passing ten mesh and caught on tw enty yielded results most 
desirable from  all standpoints. However, a wider range in particle size 
could undoubtedly be employed in p lan t scale operation if the percent
age of large and small particles in relation to the average size were kept 
low. Stone in the range of 7- to 30-mesh should prove satisfactory.

A fter neutralization of the m ineral acidity the pH  is 4.2 as a result 
of dissolved C 0 2 present. Most of the CO, can be removed and a subse
quent higher pH  obtained by a drop off a w ier or by a short period of 
aeration. Samples having an initial pH  of 4.2 afte r trea tm ent by pas
sage through the bed, were poured rapidly  from  one container to an
other three feet below it. The agitation, resulting in loss of C 0 2, raised 
it to pH  6.0.

T a b l e  IV .—Effect of Aeration on pH Values
A era tion  T im e 

(m in.) F in a l pH
A lk a lin ity

(p .p .m .)

0 4.3 5
1 6 .8 -

2 7.2 -

3 7.4 -

5 7.8 -

10 8 .0 7

A eration of an effluent having a pH  of 4.3, with diffused air, resulted 
in the changes in pH , alkalinity and acidity shown in Table IV.

The behavior of a one-foot bed of calcite of 10- to 20-mesh, on con
tinuous ra te  application of a to tal of 8.5 gallons of waste having 4,230 
p.p.m. m ineral acidity, was observed and the pertinent data such as 
effluent pH, alkalinity, m ineral acidity, and the depth of stone remaining 
a t intervals was noted. A sum m ary of the results is shown in Table V. 
Study of this table shows tha t a t a set ra te  of application w ith a constant 
acidity, the bed depth can be adjusted to a depth where it is not a critical 
factor and additions of more stone could be made periodically on the 
basis of effluent pH. Thus operation of this process lends itself to 
ready control with a continuous pH  m eter fo r the regulation of time of 
delivery of new stone to the bed. W ith the rate  of application and bed 
depth fixed to meet the maximum acidity of the waste discharged, this 
device could be developed to autom atically produce an effluent between 
pH  4.2 and 4.5 continuously.

T r e a t m e n t  o f  U n d il t e d  S u l f u r ic  A c id  a n d  
N it r o - C e l l u l o s e  W a s t e s

Because high rates of application were shown to be practical it  was 
believed possible to trea t undiluted waste by this method as the calcium
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T a b l e  V.—Treatment of Nitro-Cellulose Waste on Calcite Expansion Bed

Gallons Treated
Minutes

of
Run

pH Effluent
Remaining 
Bed Depth 

(inches)
Mineral Acidity 

of Effluent 
(p.p.m.)

Alkalinity 
of Effluent 

(p.p.m.)

0.0 0 — 12.0 ___. __
1.4 5 4.7 — 0 31
2.8 10 4.5 — 0 27
4.2 15 4.3 8.5 0 5
5.6 20 4.2 — 0 0
7.0 25 4.0 — 28 0
8.5 30 3.8 4.5 36 0

Acidity of Applied Waste—4,230 p.p.m. Mineral Acidity.
Rate of Application— 10 g. per sq. ft. min.
Bed Depth— 1 foot.
Calcite— 10- to 20-mesh.

sulfate formed would be washed from the bed continuously. In  some 
cases the discharge of large quantities of suspended calcium sulfate in 
the treated waste is not objectionable, and since control of this process 
is simpler than direct addition methods and the bed could be kept free 
of calcium sulfate deposits by high rates of flow, treatm ent of undiluted 
waste might be practical.

To determine the feasability of treating undiluted wastes, an expan
sion bed about two feet deep, containing stones of 2 to 3 mm. in diameter 
was used. W aste containing 8,500 p.p.m. mineral acidity present as 
sulfuric acid was applied a t rates varying from 11.6 to 60 g. per sq. ft. 
per min. and pH, m ineral acidity, and alkalinity determined on the efflu
ents. The results presented in Table V I show that complete neutraliza-

T a b l e  VI.—Effect of Undiluted Waste on Up-Flow Limestone Bed

R ate  of A pplication 
(g. per sq. ft. m in.)

T im e of Flow 
(m in.) pH  of E ffluent A cid ity  of E ffluent 

(p .p .m .)

20.4 5 4.2 0
8.8 10 1.8 650

88.0 10 1.2 8,000
12.8 10 1.2 7,000

After washing with 10 per cent HC1

12.8 10 1.2 7,000

tion could be obtained under these conditions for a short period of time 
at a rate of application of 20.4 g. per sq. ft. per min. During this period 
a heavy residue of calcium sulfate was discharged from the bed and did 
not appear to accumulate. Despite the removal of the precipitate, the 
neutralizing action of the bed fell off suddenly and calcium sulfate 
ceased to form despite a gradual reduction in rate to 8.8 g. per sq. ft. 
per. min. Believing a coating of the stone was occurring despite its
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clean appearance, the ra te  was increased to 88 g. per sq. ft. per niin. to 
see if this high ra te  would wash the stone free of deposited residue. 
The ra te  was dropped to 12.8 g. per sq. ft. per min. and the pH  and 
acidity again m easured. R esults show that the bed failed to return  
to anywhere near its original neutralizing capacity. Even w ashing the 
stone w ith an acid form ing a soluble end product failed to restore or 
even im prove the neutralizing capacity of bed.

V ery sim ilar results were obtained with nitro-cellulose waste having 
a m ineral acidity of 12,400 p.p.m., 8,300 p.p.m. of which was due to sul
furic acid. I t  seems tha t w astes containing sulfuric acid m ust be di
luted to a point where calcium sulfate does not precipita te out. A safe 
lim it for acidity due to sulfuric acid is about 5,000 p.p.m., judging from 
results obtained in these experiments.

O t h e r  A c id  W a s t e s

1. Pickling Liquor
A sample of pickling liquor from  a continuous pickier was diluted

with tap  w ater to a m ineral acidity of 2,400 p.p.m. This waste was ap
plied to a one-foot up-flow bed of 10-20-mesh stone a t varied  rates. Re
sults of this run  are presented in Table V II, in  which neutralization 
obtained a t the various rates is com pared w ith th a t obtained w ith a 
sim ilar apparatus on nitro-cellulose waste. I t  is apparen t from  the 
lower rates a t which neutralization was obtained w ith the pickling 
liquor tha t the iron sulfate present caused a reduction in the ra te  of 
reaction noted for mineral acids alone.

T a b l e  V II.— Comparison of Neutralizing Capacity of Up-Flow Limestone Bed for Pickling Liquor
and Nitro-Cellulose Waste

Pickling  L iquo r D ilu ted  to  2,400 p .p .m . N itro -C e llu lose  W a ste  D ilu ted  to  2,150 p .p .m .
M inera l A cid ity  M inera l A c id ity

R a te  of A pplica
tio n  of W aste  

(g. per sq. f t. m in.)
p H  of E ffluen t

M inera l A cid ity  
of E ffluen t 

(p .p .m .)

R a te  of A pplica
tio n  of W a ste  

(g. p e r sq . f t. m in.)
p H  of E ffluen t

M in era l A cid ity  
of E ffluen t 

(p .p .m .)

14.0 4.1 10 72.0 4.2 0
22.5 3.5 130 88.0 3.1 46
31.2 3.0 200 99.0 2.9 70
37.0 2.5 660 110.0 2.4 145

Bed one-foot deep.
Calcite stone through 10-mesh caught on 20-mesh sieve.

2. Single Mineral Acids

Solutions of the three common m ineral acids, HC1, I I2S 0 4 and H N 0 3 
were made by adding technical acids to tap  w ater to obtain concentra
tions within the range of 1,000 to 5,000 p.p.m. m ineral acidity (as 
C aC 03). Each of these were run  through an up-flow bed of 10- to 20- 
mesh calcite stone 1 foot deep and the ra te  adjusted to the point where 
the effluent was free of m ineral acidity or a pH  of 4.2. R ate of flow was
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recorded for each batch. A tabulation of the rates obtained for each 
concentration of each acid is presented in Table V III. These figures 
show that the neutralizing capacity of the bed was the same for all three 
acids, as the rates observed for each concentration were the same within 
limits of experimental error.

T a b l e  V III.—Neutralizing Capacity of Up-Flow Limestone Bed for Single Dilute Mineral Acids

Mineral Acidity 
(p .p .m .)

HCl IT2S0 , HNO3

Rate of Application (g. per sq. ft. min.)

1,000 60 62 62
2,000 54 56 55
3,000 42 44 42
4,000 33 36 34
5,000 30 28 31

Bed one-foot deep.
Stone size 10- to 20-mesh.

3. Acid Waste from Chemical Manufacture

A waste consisting essentially of sulfuric acid and hydrochloric acids 
contaminated with a number of organic chemicals was diluted to various 
degrees and each dilution treated on a limestone bed one foot deep at 
rates capable of completely neutralizing the m ineral acidity and at rates 
in excess of this. Plotted in Pig. 6 are the results of these runs. E x
amination of the curves reveal that the contaminating chemicals did not 
affect the neutralization appreciably as the rates at which neutralization 
was obtained are substantially the same as those observed in the trea t
ment of mineral acid solutions recorded in Table V III.

D is c u s s io n

Difficulties experienced in neutralizing acid waste w aters 011 lime
stone beds were overcome by an experimental unit employing a bed of 
fine stone in which the waste was applied a t high up-flow rates, similar 
to the backwashing of sand filters. Dilution of wastes containing more 
than 5,000 p.p.m. of m ineral acidity due to sulfuric acid was found neces
sary as concentrations in excess of this led to the precipitation of cal
cium sulfate. W hen this occurred, the neutralizing ability of the stone 
was to a great degree destroyed and even washing with strong mineral 
acids such as hydrochloric failed to restore its activity. The cause of 
this effect was not investigated fu rther but is believed to be due to a 
coating of calcium sulfate on the stone despite the fact that 110 signs 
of it were noticeable and tha t hydrochloric or nitric acid treatm ent 
failed to remove it. F u rther investigation of this interesting phenome
non will be made.

Dilution of such waste p rio r to treatm ent is generally advantageous 
as sludge formation is eliminated entirely. Calcium sulfate formed in
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the reaction between limestone and sulfuric acid appears to form  a re la
tively stable supersatu rated  solution. As fu rther dilution by almost 
immediate addition to a receiving body of w ater occurs in practice, long 
time stability  is not necessary.

Amorphous and crystalline high calcium limestones were found to 
yield practically identical results under sim ilar conditions of stone size 
and weight. I t  appeared th a t the type of stone adaptable for this

P P M . M IN E R A L A C ID IT Y  REMAINING

P ig. 6.—Neutralization of chemical m anufacturing waste on up-flow limestone bed.

purpose is not specific and tha t any high-grade calcium limestone is 
satisfactory.

W astes containing the three most common m ineral acids and com
binations of them react in a very sim ilar m anner in regard  to upflow 
limestone bed requirem ents. Sulfuric acid concentrations, however, 
should not exceed 5,000 p.p.m. as under such conditions the bed becomes 
inactive when precipitation of calcium sulfate takes place in the bed. 
I t  occurs even when rates of application of waste to the bed are fa r  in 
excess of tha t required to wash this residue free of the stone.



Vol. 16, No. 1 NEUTRALIZATION OF ACID WASTE WATERS 117

W astes containing appreciable amounts of suspended solids would 
probably be difficult to trea t by this process as fouling of the distribution 
system and bed might occur. I t  should prove most suitable for acid 
wash w aters in which the acids are m ineral and suspended m atter is 
practically absent.

The size range of the limestone used depends to some degree on the 
rate of application employed. At rates around 100 gal. per sq. ft. per 
min., stone should be greater than 10 mesh as smaller sizes would be 
swept from the bed. F o r rates of 50 gal. per sq. ft. per minute, the 
smallest size allowable appears to be 30 mesh. These values were es
tablished on the basis of a small column and may not hold for a large 
bed. Although the particles are reduced in size due to reaction with 
the waste, loss does not appear to become serious as the depth of the 
bed is also reduced. The larger size stones added with recharges ap
pear to hold the smaller ones in the bed when it is built up to original 
depth after a considerable run. Even small percentages of oversize 
stones must be avoided as they would gradually accumulate and make 
up a rather inefficient bed.

Initial uniform ity within reasonable limits is also desirable from the 
standpoint of reaction, as the smaller the stone the greater the reactive 
area presented and the more efficient the bed. F o r practical operation 
employing average rates of application the limestone sold as “ No. 2 
chick gravel” should prove suitable, as this product runs between 8- 
and 30-mesh in size and is lower in cost than any other neutralizing 
agent with the exception of limestone flour.

The linear relationship which was shown to exist between bed depth, 
rate of application and acidity of wastes together with a knowledge of 
the requirements for successful operation allow ready computation of 
the combination best suited to the application of this process. The re
quirements are as follows:

1. Rates of application above 20 gal. per sq. ft. per minute and not 
in excess of 80 gal. per sq. ft. per minute. These limits are set by the 
necessity of washing gases and im purities of the limestone from the bed 
and holding the velocity below the point where the stone will wash out. 
The stone should be expanded throughout its entire depth.

2. W aste acidity not in excess of 5,000 p.p.m., sulfuric acid acidity.
3. Bed of reasonable depth (i.e. 2 to 4 ft.) so that expansion is not 

excessive, yet of sufficient depth that depletion of six inches or more is 
allowable due to decomposition of stone by the acid.

Thus, if it is required to trea t a waste of about 5,000 p.p.m. at rates 
of application of 50 gal. per sq. ft. per minute, a three-foot bed is indi
cated. Under these conditions neutralization of m ineral acidity will be 
complete until the bed depth loss is 6 inches at which point limestone 
make up would be necessary. A t the start, the pH  of the effluent would 
considerably exceed pH 4.2 and would gradually drop as the limestone 
was decomposed. Thus a simple automatic means of control through 
the use of a continuous pH  indicator or recorder, activated by electrodes
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im mersed in the effluent, is possible. Signals on the instrum ent can he 
arranged  to s ta r t and stop a flow of limestone delivered to the bed at 
any desired pH  value. F o r example, the signals could be set to s ta rt 
the delivery of stone to the bed when a pH  value of 4.2 was approached 
and stop when a pH  value indicating tha t the bed was filled to a desired 
depth was reached.

The high rates of application of waste possible w ith the up-flow bed 
brings the size and hence the cost of the installation down very low ; the 
equipment requirem ents being small. F o r example the treatm ent of
100.000 gal. of nitro-cellulose waste per day having a m ineral acidity of
12.000 p.p.m. would require a bed three feet deep and only three square 
feet in area. A pump sufficient to discharge 160 gallons per minute at 
the required pressure, of waste diluted w ith 1.2 times its volume of 
w ater, will be required. Facilities for storing and feeding 5 tons of 
limestone per day and the necessary control instrum ents include all the 
main requirem ents.

Construction of the bed suggested is sim ilar to that of a rap id  sand 
filter with the exceptions th a t acid-proof m aterials be employed, more 
freeboard be allowed between the surface of the bed and the wash water 
troughs which will carry  off the effluent, and th a t these troughs be of 
adequate capacity to carry  the high flows handled. The la tte r  require
ments depend upon the rates of application to be employed. F rom  ob
servations made on bed expansion and stone carryover, using an initial 
size of 10- to 20-mesh stone, a freeboard of six feet should prove more 
than adequate for a bed three feet deep a t ra tes in the neighborhood of 
50 gal. per sq. ft. per minute.

Cylindrical tanks arranged  for peripheral overflow should prove 
satisfactory for this purpose. Support and d istribution systems of 
porous carborundum  plates would be excellent for cases where sus
pended solids are absent in the waste or where they are very low in 
concentration or where such solids could be readily removed by rapid 
flow wire filters p rio r to application. The advantage gained w ith this 
type is tha t no gravel support is required for the limestone, and the 
overall depth of the device is reduced.

Experim ents dem onstrated th a t waste w aters trea ted  to pH  values 
of 4.2 or higher are readily stripped of the ir C 0 2 content. Short aera
tion periods, riffles, drops from  wiers, or passage through contact aera
tors will rapidly  remove practically all of this gas and raise the pH 
above 7.0.

In  treating  100,000 gallons of the waste referred  to above, over two 
tons of carbon dioxide would be produced per day. I f  a use was a t hand 
for this gas it could be readily collected. Should the process be run  in 
enclosures, means of exhausting the gas to the exterior of the enclosure 
should be provided.

From  the data derived from the trea tm ent of nitro-cellulose waste, 
it was possible to form ulate equations for the calculation of the m axi
mum rate of application possible to complete neutralization of a waste 
in beds of any depth for wastes of known m ineral acidity. F o r stone
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between 2 and 4 mm. in diam eter and averaging 3 mm., the following 
equation applies for wastes having a mineral acidity of over 1,000 and 
not over 5,000 as sulfuric ac id :

R  =  35d [K  (M A-1)]
R  =  R ate of application of waste in gal. per sq. ft. per min. 
d =  Depth of bed in feet 

M A  =  M ineral acidity of waste in thousand p.p.m.
K  =  6, for stone averaging 3 mm. in diam eter

For stone between 1 and 2 mm. in diam eter and averaging 15 mm. 
the following equation applies :

R  =  6Qd [K  (M A-1)]

The value K  with stone of this size is 9.
These are not exact expressions but will serve as a basis for design. 

Constants undoubtedly bear a linear relationship to the total surface 
area of the stones per foot of depth but their calculation on this basis 
is not deemed necessary for the application of this principle to the
neutralization of acid wastes. The formulae presented serve the p u r
pose because size range is limited by operational factors.

No particular success ih treating  wastes containing acid salts, such 
as diluted pickling liquor was obtained by the up-flow limestone bed. 
Rates at which neutralization of the m ineral acidity approached comple
tion were only about 5 per cent of those possible for nitro-cellulose 
waste.

The three most common mineral acids, sulfuric, hydrochloric and 
nitric, when diluted to below 6,000 p.p.m. (C aC 03) acidity, all responded 
alike to up-flow limestone bed treatm ent. A t reduced rates, concen
trations of hydrochloric and nitric acids higher than 6,000 p.p.m. could 

tit probably be treated. However, a concentration would probably be
reached where too great a bed depth would be required to keep the rate
sufficiently high to sweep the bed of gas and im purities and hold the
stone in suspension.

Trials with a chemical waste containing sulfuric and hydrochloric 
acids together with many contam inating chemicals showed tha t such 
waste could be handled by the up-flow bed at rates equivalent to those 

urt obtained for uncontaminated acids.
Attempts to use such a process should be preceded by pilot scale 

tests to determine the effect of contaminants if present. The presence 
of considerable quantities of organic acids, oils, acid salts, and solvents 
might affect the process appreciably.

fflil
suit C o n c l u s io n

1. Acid wastes relatively free of solids can be continuously neutral- 
i'1 ized by up-flow application to beds of limestone gravel.

2. I t  was dem onstrated that neutralization could be obtained a t flow 
rates of from 20 to 100 gal. per sq. ft. per minute with rates of about

[oH
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50 gal. per sq. ft. per minute yielding the most satisfactory  results from 
several standpoints.

3. Both amorphous and crystalline high calcium limestone is suitable.
4. Kelationship between acidity of waste, depth of bed and ra te  of 

application of waste are linear.
5. Equations were w ritten  to aid in determ ining the most suitable 

characteristics for a particu lar condition.
6. The stone size range found in No. 2 limestone chick gravel was 

shown to be most effective and is readily  available.
7. W astes containing sulfuric acid acidities in excess of 5,000 p.p.m. 

(CaCOs) m ust be diluted p rio r to application to an up-flow bed.
8. W astes containing appreciable concentration of acid salts, such as 

copperas, are not neutralized a t the high rates observed for other acid 
wastes.

9. The common mineral acids respond very sim ilarly to up-flow lime
stone bed treatm ent.

10. Experim ents indicated tha t some contam inating chemicals do 
not effect this method of neutralization.

11. The up-flow limestone bed shows promise of providing neutrali
zation w ith little supervision and control at a very low initial equipment 
cost. •
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Stream  Pollution

SEWAGE DISPOSAL PROSPECTS IN 
SOUTH AMERICA*

By E d w a r d  J . C l e a r y

Managing Editor, Engineering News-Record 
New Norte, N. 7.

My great pleasure in being here today can be exceeded only by your 
misfortune in not having an opportunity to hear P rof. Gordon M. F air, 
originally scheduled to appear at this luncheon.

When I  conferred with him a few days ago, shortly afte r I  returned 
to this country, I  asked what he would want me to say to a group of 
this kind. The reply of this eminent H arvard  educator was given with 
an air of complete finality, and it filled me with consternation—‘ ‘ E n te r
tain them ; they will have ju st enjoyed a satisfying lunch and will want 
to relax.”

While I  will not be so presum ptious to believe tha t I  could entertain 
you, I  will endeavor to provide the opportunity for relaxation—soon the 
room will be darkened for the showing of slides.

Before so doing, however, I  deem it an obligation to make a formal 
statement, the substance of which may be startling  to many in this audi
ence. Briefly stated, it is this :

There are 110 sewage disposal problems in South America. And 
furthermore, there never was, and there will not be in the immediate 
postwar period any appreciable m arket for sewage disposal engineering 
service or equipment.

If  you feel properly startled, I ’ll go on to explain. F irs t, I  will 
amplify my statem ent about no sewage disposal problems. Like all 
generalizations, this is only partly  true. Sewage disposal has come up 
for consideration in some places, but so fa r as presenting problems—the 
type of problems that you and I  discuss in meetings of this kind and 
write articles about—they just don’t exist on any scale in Latin  A m er
ica. In over 16,000 miles of travel during which I  talked with scores of 
sanitary engineers, I  d idn ’t hear a single word about high ra te  filters 
versus activated sludge, or, for example, vacuum filtration versus sludge 
drying on sand beds.

I  did hear some discussion on the m erits of the concrete slab and 
riser privy versus the bored hole latrine. And occasionally someone 
would mention sewers. And once I  heard about a septic tank—a Pan 
American Sanitary Bureau engineer told me tha t a tank 10 x 74 x 7 feet 
deep, p retty  small you will admit, would handle all of the flow that ema
nates from the outfall sewers at Lima with a population of 600,000 
people.

* Presented a t the Fourth Annual Meeting, Federation of Sewage Works Associations 
Chicago, Oct. 21, 1943.
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Gentlemen, this may sound as if I  am debunking sewage disposal 
prospects in South America. T h a t’s exactly w hat I  am try ing  to do— 
to break down some widely held misconceptions held by this audience. 
The same misconceptions, if  you please, tha t I  had until a few months 
ago. In  fact I  had so many screwy notions about South America before 
I  got there, tha t I  was a veritable encyclopedia of m isinform ation.

A realistic appraisa l of the situation—one tha t I  have had oppor
tunity  to check with L atin  American engineers in the various countries 
tha t I  visited as well as against the observations of N orth American 
engineers like Gordon F a ir , M ajor H arold  B. Gotaas and others who 
have seen and studied the South A merican sanitation scene—leads me 
to these conclusions.

Basic sanitation needs—such as pure w ater supply facilities and the 
control of diseases like m alaria—lay claim for first attention, and prop
erly so.

You m ust picture South America as a vast continent whose overall 
development has reached the state about where the U nited S tates was 
in 1890. A t tha t time, the records show, this country had very little 
in the way of w ater supplies such as we think of them today, we had a 
vast amount of work to do in the control and prevention of communi
cable diseases, and we w eren’t too much concerned about providing 
secondary treatm ent of sewage for our cities, let alone giving considera
tion to the needs of every town and hamlet. Even today, I  learned 
from a recent survey, there are more than 3,000,000 people in the United 
S tates who lack even such elem entary facilities as a privy, to say noth
ing of more elaborate sanitation facilities.

W ith the exception of a few of the la rger cities in South America, 
there are relatively few installations of sewerage systems—to say noth
ing of trea tm ent plants. In  the small towns and villages, where by fa r 
the greatest aggregate of population now resides, m ajor attention is 
being devoted to teaching the people to build and use p rivy  and bored- 
hole latrines.

Even afte r people have been taugh t the use and advantages of a 
w ater closet—certainly the first step th a t m ust be taken before installa
tion of sewerage systems can be considered—the answ er m ust be found 
to the very practical question as to who is going to supply the water 
closets and the necessary plumbing to connect them w ith the sewer 
system.

Certainly people who earn but 35 to 50 cents a day are incapable of 
making the investm ent required for the purchase of a w ater closet.

The problem is one th a t we here in the S tates will not be entirely 
unfam iliar with. I t  is the problem of ru ra l sanitation, which has occu
pied a big place in the thinking of our state san itary  engineers and the 
U. S. Public H ealth Service.

Therefore, when we think of sewage disposal prospects in  South 
America, we m ust recognize the close kinship between the situation 
south of the border and tha t which exists in our ru ra l areas. I f  you 
develop this viewpoint you can readily appreciate w hat I  mean when I
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say tha t I  cannot share the enthusiasm of one school of thought in the 
United S tates who picture huge demands that will be made upon North 
American engineering service and equipment in the immediate postwar 
picture. Some day there may be a demand for American sewage dis
posal methods and equipment—say, ten or th irty  years hence—but even 
if our stuff is the best, the prices of European equipment will also be a 
determining factor in what we can sell.

As for the prospects of N orth American engineering and consulting 
service being in demand, I  likewise can voice little enthusiasm. In  the 
first place, please be assured that there are a good many qualified and 
well trained sanitary  engineers in L atin  America, many of them na
tionals who have received graduate train ing  either in the States or on 
the continent of Europe. Some of them told me that there is so little 
work, and such little prospect of immediate activity in sanitary  engi
neering that they have found it necessary to occupy themselves in other 
branches of engineering. One case in point is tha t of a highly skilled 
sanitary engineer, a form er student of P rofessor P a ir  at the H arvard  
Graduate Engineering School; he lives in one of the most progressive 
and active states in Brazil, yet he tells me tha t as consulting sanitary 
engineer to this state he can find only enough to keep him busy about two 
days a month. As a result, he has found it necessary to find other em
ployment in addition to his consulting duties, and for that reason was 
serving as the m anager of a chemical industry.

Another reason why I  discredit the opportunities for consulting sani
tary engineering service, so fa r as N orth Americans are concerned, is 
the fact that in most of the L atin  American countries no engineer can 
practice without being licensed and registered. The requirements for 
such registration are quite rigid, including, among other things, the 
possession of a university degree from a university in the country in 
which you wish to practice.

I  think you will find tha t in most cases where N orth American con
sulting firms are engaged in a Latin  American country, they are doing 
so under the auspices of a special federal decree in which it is stipu
lated that they must have on their staffs a large number of nationals.

I  would like to make it very clear at this point that none of my com
ments must be construed or were they intended to reflect on the advance 
of sanitation measures in South America. Great progress is being 
made, but first things must be considered first—and the installation of 
sewage disposal works can be considered only afte r other needs have 
been met. To those who may feel otherwise, it need only be recalled 
that in the United States activity in the field of sewage treatm ent has 
been a relatively recent development.

As I  said earlier in my talk, one of the objectives of my message to 
this group is to break down some misconceptions. Therefore, I  m ust 
reiterate, that with few exceptions, cities in South America are not 
ready for sewage treatm ent works nor will they be for some years to 
come. So much for what I  am presum ptuous enough to consider as the 
“ educational”  p a rt of my talk. Now, I ’ll endeavor to furnish  oppor
tunity for relaxation by showing pictures that I  took on my recent trip .



C O N S E R V A T IO N  A N D  S A N IT A T IO N  *

B y  R o b e r t  F . L e g g e t

Associate Professor of Civil Engineering, University of Toronto

“ Conservation and S an ita tion”  m ay appear to some to be an un
usual title fo r a paper a t this meeting, even an nnusual juxtaposition 
of term s. On the other hand, it has been suggested tha t any speaker 
addressing this gathering on the subject of conservation is merely 
“ preaching to the converted” on the grounds th a t all in terested in  sani
ta tion m ust necessarily be ardent proponents of conservation. Possibly 
somewhere in between these two extremes the tru th  will be found. Con
servation and sanitation, fa r  from  being unrelated, are intim ately asso
ciated and yet there may be some who have not fully realised this vital 
connection. I t  may be profitable, therefore, to review in general terms 
the significant correlations of the two, indicating how vitally  im portant 
a p a rt of general conservancy work sanitation m ust always be and, cor
respondingly, how work in the field of sanitation can be and should be 
assisted by an appreciation of the broader im plications of conservation 
and of its social significance. I t  is not to be expected tha t such a dis
cussion will reveal anything new but if it provides ground for argument, 
a useful purpose will have been served. “ W hen all think alike,”  W al
te r Lippm an has said, “ no one thinks very m uch.”  Surely it m il not 
be said tha t in such a gathering as this, nobody is thinking very m uch!

Conservation is a word tha t is slowly but surely coming into common 
use, as the ideas which it connotes become better appreciated and less 
misunderstood, in the public mind. I t  is a word which, in its common 
use, carries always the im plication of its application to renewable natu
ra l resources. I ts  full meaning comprehends the wise and p roper use 
of these resources coupled w ith their husbanding and protection so that 
they may continue thus to be wisely and properly  used by generations 
yet unborn. The concept is a logical one, the soundness of which can 
not be disputed by any true citizen. And yet on this continent it is a 
relatively new idea, one tha t is still appreciated in full only by the few. 
P resident Theodore Roosevelt was one of the first to stress publicly the 
vital need and im portance of conservation in N orth America. Through 
his efforts the N ational Conservation Commission was set up in the 
United States in 1909, and correspondingly the Canadian Commission 
of Conservation in the same year. Both of these agencies have long 
since disappeared, despite the good work they did, although the ir influ
ence still persists. The Canadian Commission was sacrificed 011 the 
a lta r of politics in 1921; its full story m ust one day be told, a story  tha t 
will shed in teresting light on the changing social p a tte rn  of Canada in 
the early years of this century.

I t  was only in the last century th a t the widescale exploitation of the
* Presented a t the Annual Meeting of the Canadian Institu te  of Sewage and Sanitation 

N iagara Falls, Ont., Oct. 28, 1943.
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virgin p ra iries  and mountains of this continent took place. Forests 
were plundered of their greatest trees; “ the bush” was attacked and 
cleared to give farm ing la n d ; wild-life was massacred on an unprece
dented scale—all a p a rt of what is known as the pioneer life which 
opened up a continent in a lifetime, an achievement never previously 
attempted, an achievement never to be witnessed again. Today, in this 
land that is still called new, the more unfortunate results of this exploi
tation are the problems which now demand the adoption of conserva- 
tional practices. The lessons thus provided have been learned by other 
peoples long since. In  Europe, in normal times, conservation is a p a rt 
of the ordinary way of life and so is not discussed as something new. 
There may be seen forests tha t have been cut, and farm s tha t have been 
cultivated for many hundreds of years and which are today in as good 
condition as ever they were. In  Japan , difficult though it may be for 
some to acknowledge anything in that country as good in these tragic 
days, soil and w ater conservation have been actively practiced for at 
least sixty y e a rs ; only by such means could so small a country support 
so large a population.

In North America, and specifically in Canada, a s ta rt has been made 
at the adoption of conservational practices. I t  is only a start. The in
ertia of public apathy, and the active opposition of some reactionary 
supporters of the concept of free and so uncontrolled enterprise have 
still to be overcome. Forests m ust be controlled so as to provide maxi
mum yield consistent with continuous grow th; farm ing practices must 
be so developed and improved tha t the ravages of soil erosion are im 
peded and rep a ired ; fish and wild life m ust be cultivated and protected 
so as to yield continuously; w ater—of all resources the most im portant, 
and yet the least appreciated—must be recognized as a public trust, to 
be despoiled or dissipated by no man but guarded and preserved as a 
national treasure. And is not sanitation very closely concerned ivith 
such wise control and use of water?

Sanitation is, of course, concerned with fa r more than just this, im
portant though w ater is in all sanitary  work. Fundam entally, it is con
cerned with the safeguarding of public health. Incidental to this monu
mental task is the control and direction of w ater supplies, sewage dis
posal systems, swimming pools and public bathing facilities, the super
vision of supplies of milk, meat and other foods, refuse collection and 
disposal, the control of insect and animal nuisances, and of standards of 
housing and housing equipment.

In its fullest sense, sanitation is concerned with the conservation of 
the greatest of all natural resources—man. Dr. A. E. Berry, in a no
table address delivered before the Toronto Branch of the Engineering 
Institute of Canada, now two years ago, paid eloquent tribute to this 
feature of sanitary work. He showed something of the g reat advances 
made in public health in recent years and of the contributions of the 
sanitary engineer to this achievement. Im portan t though this subject 
is, it must be passed over today in favour of the more restricted connec
tion between sanitation and the conservation of renewable natu ra l re
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sources. W ater is clearly the resource with which the san itary  engi
neer is p rim arily  concerned hut some attention m ust also be given to 
the disposal of solid refuse or garbage if the responsibilities of those in 
san itary  work in conserving natu ra l resources are to be adequately 
discussed.

W hat should be, w hat m ust be the underlying philosophy of all such 
work? In  this g reat country, a population of about eleven million 
people now lives in w hat is not, stric tly  speaking, a na tu ra l manner. 
Congregated very largely in  urban centres of population, some of great 
size, the m ajority  of Canadians are dependent upon public services for 
those features of living which their fellow-Canadians, who are still 
farm-dwellers, do for themselves. All, city and country dwellers alike, 
are dependent ultim ately upon the continued productivity  of the land, 
its forests and its waters. The role of sanitation would therefore ap
pear to be the attainm ent of the highest practicable standard  of public 
health and san itary  services for the maximum possible num ber of people 
while ensuring tha t the works necessary to achieve these results do not 
despoil any feature of the land tha t is Canada. Upon the works of the 
san itary  engineer, this paper can make 110 adequate comment. None is 
needed, for the high standard  of san itary  engineering in Canada is well 
known. B ut do these works never despoil the landscape, nor pollute 
otherwise valuable resources?

Perhaps before attem pting an answer, the oft-quoted saying “ We 
should give the country back to the In d ian s”  m ay be mentioned once 
again, mentioned only tha t it m ay be asked how many who voice this 
plaintive plea on cold w inter days ever stop to think w hat it would be 
tha t could now be given to the Indian. A ssuredly not the country that 
was won from  him by the pioneers. In  some artificial respects im
proved, p e rh a p s ; but in respect to its forests, its wild-life, its  stream s 
and lakes a very different land from  th a t of even one hundred years 
ago. And the san itary  engineer and public official responsible for 
san itary  work m ust adm it to some share of responsibility fo r the 
change, if only because of things left undone which ought to have been 
done.

Consider first, public w ater supply. This topic does not usually 
come within the purview  of this body and so it will be but briefly men
tioned. Many municipalities obtain their supplies from  lakes and 
rivers but others have to rely  on N a tu re ’s underground reservoir which 
they tap  by means of springs or wells. How many give thought to the 
in ter-relation of the w ater they thus use and its dependence upon the 
maintenance of p roper vegetable and forest grow th in  the surrounding 
region. Some do, the rehabilitation of the springs supplying the V il
lage of Beeton providing an outstanding exam ple; but fa r  too many 
do not. How many realise tha t Canada has no organisation, federal 
or provincial, which is concerned w ith the observation or control of the 
ground w ater of the Dominion, without which life would not be possible? 
Few indeed, and yet such v ital work could easily and properly  be done 
by the Geological Survey of Canada if only it were so empowered.
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This Institu te is move immediately concerned with what happens to 
w ater supplied for domestic and industrial use after it has been used. 
In Canada there are today about 1,300 municipalities tha t provide a 
public w ater supply. There are only 500 municipalities that have a 
public sewerage system. And there are only 115 municipalities that 
operate a sewage treatm ent plant of any kind. These figures will be 
fam iliar to you but will you consider anew their significance—for they 
are significant indeed. Compare the first two; they mean that in 800 
municipalities w ater is supplied for public use with no provision for its 
removal through a sewerage system. The results of such private dis
posal of waste w aters can better be imagined than described. I t  needs 
no argument to persuade such a body as this tha t the situation depicted 
by these figures is one tha t must be remedied as quickly as possible if 
only in the interests of public health alone.

I t  is the comparison between the second and th ird  figures, however, 
that is of special im portance in connection with conservation. There 
are, in Canada, 385 municipalities which provide a public supply of 
water, collect the waste w ater afte r use and then discharge it from a 
sewerage system without treatm ent of any kind. And the result? In 
all too many cases the fouling of stream s, of rivers, of lakes, of the 
waters for which Canada is justly  so famous, of w ater that might other
wise be used for a variety  of useful purposes. You will be fam iliar 
with local results—the despoiling of lake and river beaches, the con
taminating of even Lake Ontario w ater in some places so that even 
swimming has to be forbidden to those who badly need the relaxation 
it g ives; the ruining of supplies of good drinking w ater so tha t even in 
“ Old O ntario”  a glass of cold w ater has sometimes to be apologetically 
described as “ a glass of chlorine with a dash of w ater in i t .”

In this thing too, jesting is akin to tragedy. And yet there are those 
who can defend such dumping of untreated sewage into running or lake 
waters on the ground that it is no concern of theirs, that what happens 
to their wastes is something for which they bear no responsibility. 
There may even be some who would defend the discharge of foul wastes 
into the mighty St. Clair E iver, from both sides of the border, be it 
noted, turning parts  of tha t lovely stream  in places into an evil-smelling 
oily open sewer. This is but an example, chosen a t random ; there are, 
unfortunately, many others tha t could sim ilarly be cited.

And of them all it can be asked—Do those responsible really think 
that the water they obtain for use is their private property, to be used 
as they will and then discarded, irrespective of its effect on others? 
There can only be one answer, a resounding—No, not so, the w ater you 
use is yours on trust, a p a rt of one of the nation ’s invaluable resources, 
to be used assuredly, but to be conserved for the use of others and so 
returned to its natura l course in its original condition or as close to 
this as is practicable.

■ I t will be urged that in some cases a t least untreated sewage can be 
safely discharged into water courses if the flow is such that natu ra l aera
tion is sufficient to pu rity  the w ater before the w ater has again to be
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used. I t  is a big “ i f ”  as those resident in the G rand R iver Valley know 
full well. The G rand River, draining one of O ntario ’s m ost fertile  
valleys, was once a full flowing river, flooding in spring adm ittedly but 
so regulated by N ature tha t it flowed steadily throughout summer 
months. So did it flow within living memory but cultivation extended, 
trees were cut down, fields were plowed up and down hill, and as the 
crowning folly of all, the L uther M arsh was drained. N aturally  the 
river dried up in summer, removing the once-natural means of waste 
w ater disposal down the valley. Eventually there was formed, as all 
here will know, the G rand River Conservation Commission, a union of 
the affected m unicipalities which has already spent almost two million 
dollars on the construction of the Shand Dam as a regulating structure. 
U seful as th a t structu re is, it is only a beginning of the necessary re
medial works. Conservation of tha t fine valley will not even be p rop
erly s tarted  until the Commission, or some other body, see tha t farm  
woodlots are replenished and protected, poor farm ing areas are re 
forested, farm ing practices brought up to date with contour plowing 
the universal practice on all sloping ground, and the L u ther M arsh put 
back again into its natu ra l condition. Only by such coordinated con
servation of all resources in the valley the river, the land, the forest—- 
can the G rand River again be made worthy of its name.

The fact th a t such m easures are necessary in a valley th a t was set
tled only a hundred years ago is surely one of the m ost trag ic  commen
taries possible upon the way in which Canada has allowed her resources 
to be abused. Recrim ination at the past will avail but little ; of in
finitely greater im portance is the fact th a t a s ta r t has been made a t the 
necessary conservancy m easures, and made (let it be hoped) before it 
is too late. I t  is understood th a t sim ilar m easures are now being 
planned for the Thames R iver V alley; the same m ay be true of other 
areas since there are all too many rivers calling for sim ilar measures. 
In  all these cases, the prim e object of the conservancy work m ust be to 
provide a certain  minimum flow in summer months, as will be well 
known to this gathering even though it be m isunderstood in the public 
mind. Control of floods is an incidental benefit but the necessary em
phasis upon regulation of flow makes a combination of all the con
servancy measures mentioned absolutely essential.

I t  is, accordingly, singularly unfortunate th a t the name already 
made public fo r the regional board in the Thames R iver Valley is the 
“ Thames Valley Flood Control P ro ject Commission.”  I t  is greatly  
to be hoped tha t this title, as unfortunate as it is dissonant, is but a 
tem porary  label and tha t eventually there may be recognized a Thames 
Valley (or R iver) Conservation Commission. Such R iver B oards are 
already a feature of social organisation in older coun tries; they consti
tute the most logical means of undertaking conservancy work, conform
ing to natu ra l ra th e r than political boundaries. E very  m ajor river 
valley in the developed p a rt of Canada needs a conservation body of 
this type; the lead given by the municipalities of the G rand R iver V al
ley may therefore prove to be one of unusual social significance.
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I f  m easures such as have been described and suggested have to be 
undertaken and a t such cost, for the conservation of water, is not this 
a fu rther reason for insistence upon the proper treatm ent of all waste 
waters (other than those that will be naturally  purified in an adequate 
manner) before their ultim ate discharge? So it would appear, and yet 
it will be urged that sewage treatm ent costs money and taxpayers are 
already too heavily burdened to pay for such “ luxuries.”  Luxuries? 
Is public health a luxury? Is safe drinking w ater a luxury? Can the 
proper treatm ent of a national treasure held on tru st be justly called a 
luxury? Never. I f  citizens w ant a public w ater supply, they must 
recognize—and be helped to recognize—that they must pay for the 
service not only of bringing w ater to them, but of taking the w ater 
away, and returning it fit for use by others. I t  is unfortunate, in this 
respect, that w ater supply and sewage treatm ent have become separated 
in the public m ind ; in some way, they m ust be reunited.

Visions of parsim onious alderm en striving to save a fraction of a 
mil off the tax rate, always with an eye to the future, will probably 
make some smile indulgently a t these naive suggestions of one who is 
spared the complexities of municipal adm inistration. To all such may 
frank admission be made tha t the immediate problems of the municipal 
engineer are appreciated, a t least in part, by the speaker. Many neces
sary sanitary  works can, however, be carried  out at relatively small 
cost, small cost certainly when compared with expenditures upon other 
public facilities, and small cost indeed when considered in relation to 
value obtained. I t  may perhaps be suggested that many such works 
can most efficiently be carried out if based upon regional planning 
rather than unit planning. In  this way costs can often be reduced and 
better service obtained than from small local units. The speaker hesi
tates to be specific on this point but he would urge all interested to 
study the m atter fu rther through the medium of an excellent book, 
“ The Small Community,”  by Dr. A. E. Morgan. Regional planning 
needs cooperation. To achieve any of the results herein suggested 
will therefore call for an awakened social conscience, a better informed 
electorate, and a more tru ly  democratic municipal franchise. The en
gineering profession should be in the lead in thus developing good 
citizenship, and a broad view of the inter-relation of conservation and 
sanitation is essential to the success of all such social pioneering. A d
mittedly the difficulties are g reat but so also is the problem, tha t of pure 
water despoiled and left untreated. A s ta rt must be made and made 
quickly or else in all too many cases old Thomas C arlyle’s words will 
again be true “ Unless something is done soon, something will do itself, 
and not very pleasantly. ’ ’

A few words m ust be added about a detail of sanitation that does 
affect conservation, the conservation of natu ra l beauty, the correction 
of which involves no extra expenditures. Reference is made to garbage 
disposal, adm ittedly an unattractive subject and yet an im portant one, 
very frequently neglected. How often does one see what has once been 
a sylvan glade now converted into a paper-strew n, rat-infested, dis
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graceful looking and noisesome town dump. B eauty unspoiled is im
possible, of course, when garbage has to be disposed of, but by the 
adoption of modern san ita ry  dumping and land-fill practices, always 
working with the minimum length of open face, very g rea t im prove
ments can be effected, and a t no ex tra  cost, possibly a t some increase in 
efficiency. If  all municipal officials, particu larly  the town engineers, 
would regularly  v isit the ir garbage disposal areas there would in
evitably be more converts to the cause of conservation than  this paper 
can ever hope to win!

If  you have agreed w ith the general thesis of this paper, some may 
now be thinking “ Yes, we agree w ith th a t general picture, but what 
can we do?” H ere, in conclusion, are some specific suggestions, their 
brevity  suggesting a dogmatism th a t is not intended save only in so 
fa r  as the need fo r some action is concerned:

(1) Realise th a t C anada’s na tu ra l resources are  not limitless, that 
they have been abused, th a t if Canada is to have the fu tu re  th a t should 
be hers, they must be conserved;

(2) A ppreciate, if necessary a fte r fu rth e r study, tha t all renewable 
n a tu ra l resources are in ter-related ; if one resource—be it  soil, forest, 
wild-life or w ater—be in terfered  with, all the others will be affected:

(3) In  all your thinking about your own special problems, consider 
w ater in its p roper light—as the m ost valuable of all resources, to be 
used and conserved as a priceless national t re a su re ;

(4) Remember tha t the w aters of any one river valley, be it large 
or small, are  the w aters of one of N a tu re ’s own sub-divisions, river 
valleys (or catchment areas) being the only unit areas fo r which w ater 
conservation can properly  be considered;

(5) In  all your thinking and planning fo r your own communities, 
will you rela te your special problems to the general picture of the na
tional na tu ra l resources and keep in mind the fact th a t the w ater you 
use came from  elsewhere and is passed on fo r the eventual use of 
others—as such, it is in your t r u s t ;

(6) In  the p repara tion  of your plans fo r post-w ar works, will you 
do all you can to see tha t necessary san itary  works get the p rio rity  
tha t should be theirs—not alone as useful works, not only fo r the 
im provem ent of public health, but also because they are so v ital a 
component in the conservation of the national resources;

(7) And lastly, as inform ed citizens of Canada, will you see to it 
th a t you never countenance glib ta lk  in your presence about “ C anada’s 
boundless resources”  (as though they were ju st w aiting to be plund
ered still fu rther) but ra th e r will you do all th a t is in your power to 
correct such loose thinking, looking and working tow ards the day when 
Canadians, one and all, are m ilitant advocates of conservation, m ind
ful of the trem endous responsibility tha t possession of those vast re 
sources th a t still are C anada’s necessarily involves.

I t  is hoped tha t good grounds fo r discussion have now been p re 
sented. W ere it not for a desire to keep discussion clear of all i r 
relevant questions, this paper might now stop. One th ing m ore m ust
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be added, however, since it relates to a question probably even now in 
the minds ot some listeners. Much of what has been said has been, 
by implication a t least, critical of Canadian municipal development; 
is it  not somewhat invidious fo r one who is, a t best, only an adopted 
Canadian thus to criticize the country tha t is now his? May some 
words of J . B. P riestley  be used in answer? These words—“ We 
should behave towards our country as women behave tow ard the men 
they love. A loving wife will do everything for her husband except 
stop criticizing him and try ing  to improve him. We should cast the 
same affectionate but sharp  glance a t our country. We should love it 
but also insist upon telling it all its faults. The noisy empty ‘p a trio t,’ 
not the critic, is the dangerous citizen.”  I t is in this spirit, because 
he has been privileged to see so much of Canada and because he ven
tures now to call himself a Canadian tha t the speaker presents the 
thoughts embodied in this paper.

That the present is no bad time for the presentation of such views 
is perhaps indicated by the action of your Executive in asking tha t this 
paper be given. Looking ahead in certain  confidence as to the eventual 
outcome of the war, it appears to be generally recognized as the 
bounden duty of all Canadians here a t home tha t they should think 
about, discuss and prepare to plan the Canada that yet may be in tha t 
happy time now described as “ afte r the w ar.”  As a p a rt of post-war 
reconstruction, conservation of natu ra l resources m ust loom large; as 
a part of post-w ar public works, san itary  engineering undertakings 
must inevitably assume an im portant place. I f  the la tte r  can be 
planned and prosecuted against the background provided by broad 
appreciation of the necessary conservation of natu ra l resources, then 
indeed will progress be made towards a Canada worthy of those who 
have yet to return . W hat should be done is known, although perhaps 
by the few; it m ust come to be known by the many. W hat has yet to 
be unlocked is the will to get things d one:

“ K now ledge  we ask not— knowledge Thou has lent,
B u t,  Lord, the will— there lies our h it te r  need.
Give us to huild above the deep in ten t,

The deed, the d ee d .”



RELATION BETW EEN STREAM FLOW  AND  
QUANTITIES OF NITRATES *

B y  W i l l e m  R u d o l f s  a n d  H .  H e u k e l e k i a n

New Jersey Agricultural Experiment Station, New Brunswick, N. J.

N itra tes are found in clean and polluted stream s. The fact that 
certain  m icro-organisms produce n itra tes  under favorable conditions 
in surface w aters and tha t n itra tes  are found in the effluents produced 
by certain  biological sewage trea tm ent processes has led to attem pts to 
correlate the quantities of n itra tes  found in surface w aters with the 
degree of pollution and the ra te  of recovery of stream s. In  some in
stances it  appeared tha t the amounts of n itra tes  p resen t were related 
to gross pollution or recovery, w hereas in other cases no satisfactory 
relationships were found. I f  the quantities of n itra tes  found in 
stream s were prim arily  the result of biological action on the polluting 
m aterial present, the quantities to be expected should be higher during 
summer than w inter. Sim ilarly, the to tal am ounts of n itra tes  should 
be relatively constant in a stream  receiving a definite quantity  of sew
age pollution and the quantities expected should be m aterially  higher 
in a polluted stream  in the process of recovery than in  a clean stream  
receiving no polluting m atter.

In  the course of studies perta in ing  to the degree of pollution and 
the recovery of several stream s, a mass of analytical data  was col
lected, p a r t of which has been analyzed fo r the evaluation of the vari
ous factors involved. P a rticu la r a tten tion  was paid  to the degree of 
pollution, type of stream , character of w ater, volume of w ater, tem 
pera tu re  of the w ater and the catchment areas. F o r discussion in 
this paper, the results obtained have been lim ited to the R aritan  River 
and its tribu taries.

D r a in a g e  A r e a

The drainage areas of the R aritan  and tribu taries  under considera
tion are as follow s:

South B ranch...................................................................... 277 square miles
N orth B ranch.....................................................................  192 square miles
R aritan .................................................................................  490 square miles
M illstone.............................................................................. 300 square miles

The river flow discharges used in the calculations of the results were 
supplied by 0 . W. H artw ell, D istric t Engineer, U. S. Geological Survey.

S u r v e y s

Pollution surveys were conducted during the years 1927-28, 1937- 
38, 1940-41 and 1942. The degree of pollution in the R aritan  and

* Journal series paper of the New Jersey A gricultural Experiment Station, Rutgers U ni
versity, Departm ent of W ater and Sewage Research.
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tribu taries has varied  through the years. During the first survey prac
tically none of the sewage from over 150,000 people reaching the R ari
tan  was treated , nor were any of the industrial wastes, before dis
charge. In  1937-38 practically all sewage was treated, but very little 
of the estim ated 20 m.g.d. industrial wastes. During 1940-41 all sew
age and the bulk of w astes were trea ted  before discharge. The North 
and South Branch receive very little domestic or industrial pollution, 
while all sewage discharged into the Millstone has been trea ted  to a 
high degree since before the 1937-38 survey. The quantities of trea ted  
sewage discharged into the Millstone is less than 10 per cent of that 
discharged into the R aritan , and the industrial wastes amount to only 
a fraction of one per cent.

R e s u l t s

The average daily flow and n itra tes  present in the R aritan  and its 
tributaries, calculated on the results obtained during sampling days for 
the three surveys are given in Table 1. The yearly averages in flow

T able 1.—Average Daily Flow and Nitrates in Raritan and Millstone Rivers

Flow  (e.f.s.) N itra te s  (lbs.)

S um m er W in ter Y early S um m er W in te r Y early

Raritan
1927-28....................................... 607 797 679 1,907 5,748 3,401
1937-38....................................... 252 560 407 413 2,500 1,456
1940-41....................................... 98 637 401 221 2,607 1,366

Millstone
1927-28........................................ 241 368 291 985 2,132 1,444
1937-38........................................ 282 181 231 384 1,340 862
1940-41........................................ 138 343 236 389 1,305 823

Raritan and Tributaries
1927-28........................................ 848 1,410 1,066 3,527 8,479 5,923
1937-38....................................... 472 763 643 1,043 3,249 2,331
1940-41........................................ 255 1,020 586 607 3,765 2,105

for the different surveys show m aterial variations, but less than the 
variations in the total quantities of n itra tes present. The yearly 
averages in n itra tes appear to have decreased g radually ; however, the 
average flows follow the same trend. The differences in flow as well 
as the total n itra tes in w inter and summer are fa r more significant 
than the yearly differences. I t  is clear tha t the quantities of n itra tes 
present in the stream  during the w inter fa r  exceed the amounts present 
in the stream  during the summer. In  order to obtain a clearer picture 
of the average yearly and summer and w inter quantities of n itra tes  in 
definite units of w ater and to show the differences between the various 
surveys, the results were recalculated in pounds of n itra tes  a day for 
100 c.f.s. of flow (Table 2). The average yearly results over the three
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T a b l e  2 .—Average Pounds of Nitrates Daily per 100 c.f.s.
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Y  early S um m er W in ter

R aritan
1927-28............................................................. 500 312 717
1937-38............................................................. 312 163 446
1940-41............................................................. 340 225 409

Millstone
1927-28............................................................. 489 408 579
1937-38............................................................. 373 136 736
1940-41............................................................. 349 282 380

R aritan  and Tributaries
1927-28............................................................. 596 416 568
1937-38............................................................. 426 221 361
1940-41............................................................. 369 238 354

surveys still seem to show a gradual decrease in the to tal quantities of 
n itra tes, which may be a ttribu ted  to the decrease in gross pollution, but 
the results fo r w inter and summer averages are not constant.

If  the reduction in n itra tes  were caused by less pollution, the yearly 
average quantities of n itra tes  should be reduced in accordance with the 
average reduction of flow. Taking the 1927-1928 flows and amounts 
of n itra tes , as a basis and com paring the percentage reduction in  flow 
and n itra tes  for the different stream s in 1941, we find the following:

F low  P er C e n t N itra te s  P e r  C en t
R ed u c tio n  R educ tion

R aritan ................................................... 41 60
M illstone................................................  19 43
R aritan and T ributaries..................... 45 65

The percentages reduction in flow are not the same as the percentages 
reduction in n it ra te s ; moreover, the percentage reductions are not con
stant. I t  would be ra th e r difficult to deduce from  these figures th a t the 
to tal n itra tes  present might be correlated w ith pollution. The differ
ences between the percentages varying from  10 per cent g rea te r reduc
tion to 7 per cent less are probably the resu lt of experim ental e rro rs; 
especially if it is considered tha t the quantities of n itra tes  found per 
100 c.f.s. during the w inter were in all cases m aterially  g rea te r than 
those recorded fo r the summer periods. If  nitrification of the pollu- 
tional m a tte r entering the stream  was an im portan t facto r the quan
tities of n itra tes  found during the summer would be expected to be 
higher than  during the w inter. This does not mean th a t pollution has 
no effect on the quantities of n itra tes  found, but shows it to be a minor 
factor. In  this respect it may be pointed out th a t the quantities of 
ammonia found in the stream s were about the same as the to ta l amounts 
of n itrates, large enough to allow nitrification, and were not a lim iting 
factor in the nitrification processes.

O ther evidence tha t pollution plays only a m inor role in the presence 
of n itra tes  even in a heavily polluted stream , is shown by a com parison
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of the average n itra tes  found during the summer in the R aritan  (1927- 
28) with the amounts of n itra tes  found during the same period in the 
North and South Branches, which received only a small fraction of the

E ig. 1.—Correlations between flow, amounts of n itrates and temperature,
R aritan River, 1940-41.

pollution of the R aritan . Calculating the pounds of n itra tes  per 
100 c.f.s., we found :

R aritan .......................................................................  312 lbs. per 100 c.f.s.
South Branch............................................................  463 lbs. per 100 c.f.s.
N orth B ranch............................................................ 355 ibs. per 100 c.f.s.
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The weighted averages fo r the 3 surveys made of the R aritan  and 
its tribu taries  may be used to emphasize the difference between flow 
and n itra tes  during summer and w inter (Table 3). The average flows

T a b le  3 .— Weighted Average Daily Flows and Nitrates for 3 Surveys, Raritan and Tributaries

Summer Winter Yearly

Flow (c.f.s.).............................................................. 508 1,175 794
N itrates (lbs. per d a y ) ........................................... 1,789 5,927 3,767
N itrates (lbs. per day per 100 c.f.s.).................. 392 505 474

during the w inter periods were about 230 per cent g rea te r than during 
the summer periods, w hereas the average pounds of n itra tes  a day 
during the w inter periods were about 300 per cent g reater. Clearly, 
w ith increasing flows the n itra tes  in the stream s increased a t an equal 
or g rea ter rate.

C orrelation between the actual flow and the am ounts of n itra tes 
found during 1940-41 in the R aritan  is illustrated  in F ig. 1. Obviously, 
there is no relation between the flow and p.p.m. n itra te s  present, but a 
close relation between flow and actual am ounts of n itra tes . F o r com
parison, the tem perature of the w ater a t the times when samples were 
taken are also plotted. The quantities of n itra tes  were low at the 
higher tem peratures and high during the w inter months.

Since the quantities of n itra tes  vary  w ith the flow in the stream  or 
run  off, an attem pt was made to determ ine how closely the quantities 
of n itra tes  were related  to rainfall. Samples taken before, during and 
a fte r rains in summer time, were analyzed and the results are  shown in 
Table 4 and Fig. 2. R ather w idespread rains causing an appreciable 
increase in stream  flow resulted in  a rap id  rise in the amounts of 
n itra tes  present, but even local rains which caused ra th e r small in
creases in stream  flow resulted in appreciable increases in n itra tes  (see

T a b le  4 .— Relation Between Stream Flow and Nitrates—Samples Taken Before and After Rains
{1942)

D ate Flow  (c.f.s.) N O 3 p er D ay  (lbs.)
NOs p e r D ay  
per 100 c.f.s. 

(lbs.)
R em arks

June 1 1 .................. 133 72 54
1 3 ..................... 284 153 54
1 5 ..................... 392 294 75 R ain June 14, river muddy
1 7 ..................... 174 375 256 R ain 16, 17, river higher
22..................... 174 234 131 River slightly muddy
2 5 ..................... 178 288 161
2 6 ..................... 136 146 107 Local rain
2 7 ..................... 133 86 65 Local rain
3 0 ..................... 122 65 53

July 3 ..................... 392 211 72 Rain Ju ly  2
6..................... 203 185 91

20..................... 214 345 161

Aug. 2 1 ..................... 1,550 4,169 269 Rains Aug. 9 -1 9
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F ig. 2.—Relation between rainfall and nitrates.

June 15-16 and 26-27). W hen the river flow increased about 10 times 
after several days of rain, the quantity  of n itra tes increased 10 times 
or more (Aug. 21).

The question arises whether the relationship between flow of the 
stream and n itra tes  present is constant. F luctuations of such a rela
tionship in a given stream  can be expected from  the results presented. 
Calculations for the R aritan  R iver System have been plotted tentatively 
(Fig. 3). The results, embodying many variables, are of considerable

FLOW IN M.G.D.
F ig. 3. Relation between flow and nitrates for R aritan River system 

obtained during three surveys.
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in terest because of the apparen t close relationship between flow in 
millions of gallons and the to tal pounds of n itra tes  per day found in 
the stream . No doubt, with still more results available fo r averages 
of each 50 m.g.d. increment, the slope of the curve may change some
what, but the definite relation appears to be established.

The relation between stream  flow and quantities of n itra tes  as fa r 
as the ratio  between the two is concerned, is affected by a varie ty  of 
factors. The most im portan t factor appears to be the character of the 
drainage area  (cultivated land, wooded, hilly, geological formation, 
etc.). The im portance of the findings to ag ricu ltu ra l scientists, who 
have been studying loss of fe rtility  in lysim eter experim ents over many 
years is apparent. This question, however, will be discussed sepa
rately  in the near fu ture.

S u m m a r y

Previous attem pts to correlate the quantities of n itra tes  found in 
surface w aters w ith the degree of pollution have failed. The presence 
of n itra tes  in surface w ater is of in terest to those concerned with 
stream  pollution and to those engaged in agricu ltura l science. Re
sults obtained on polluted stream s over a period of years have been 
analyzed, showing tha t the quantities of n itra tes  p resen t are not de
pendent upon the degree of pollution, th a t the tem peratu re of the w ater 
is of minor im portance, th a t the quantities of n itra tes  are  m aterially 
higher in w inter than in summer, and tha t the quantities of n itra tes  can 
be correlated w ith the volume of w ater in the stream . The character 
of the drainage area  affects the am ounts of n itra tes  present.
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OPERATOR’S QUALIFICATIONS

The report of the F ed era tio n ’s Committee on Qualifications of Sew
age Treatm ent P lan t O perators, published in the November issue of 
the Journal, is well worth the most careful scrutiny of every sewage 
works operator. U nder the leadership of Chairman L. W. Van Kleeck 
of the Connecticut S tate D epartm ent of Health, the Committee has 
made a real contribution in the thorough analysis of the aims and basic 
policies concerning certification of operators, the schedule of qualifica
tions for the various grades of operators, the recommendations for 
special train ing  and the suggested details of the adm inistration of 
certification plans, all of which are contained in this comprehensive 
report. The Committee is due a unanimous vote of thanks for its fine 
work.

Realizing the im portance of the report, the B oard of Control has 
provided opportunity  for everyone concerned to express his views on 
the policies and detailed procedures which are recommended. Pub
lication of the report in the last issue of the Journal, with an invitation 
for w ritten comment and criticism, and arrangem ent for oral discus
sion of the m atter during the 1944 Annual Meeting of the Federation, 
were ordered by the Board.

It is the w rite r ’s opinion tha t the report is in good balance between 
the three in terests most vitally concerned, i.e., p lant operation per
sonnel, the municipality and the state agency responsible for stream  
pollution control, including supervision of sewage works operation. 
Nevertheless, some factors may have been overlooked and it is only 
logical that popular approval be sought p rio r to the adoption of a 
principle which will assuredly influence all existing and future opera
to r ’s certification program s.

The Committee desires your assistance. Constructive criticism is 
welcome!

W. H. W.
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REVISED ORDER P-141 

(As Amended January 5, 1944)

P a r t  3287— G o v e r n m e n t  S e r v i c e s  1

[Preference Rating Order P-141, as Amended Jan . 5, 1944]

P U B L IC  SA N ITA R Y  SEW ER A G E E A C IL IT IE S  M A IN T E N A N C E , R E P A IR  A ND O PER A T

IN G  S U P P L IE S

§ 3287.26 1 Preference Rating Order P -1 4 1 — (a) Definitions. For 
the purpose of this order :

(1) “ O pera to r”  means any individual, partnersh ip , association, cor
poration, governm ental corporation or agency, or any organized group 
of persons, whether incorporated or not, located in the United States, its 
te rrito ries, or possessions, engaged in or constructing facilities for the 
purpose of engaging in, the operation of a public san itary  sewerage sys
tem or a public san itary  sewerage system combined w ith a storm  sewer
age system, w hether or not such operator has applied the preference 
ratings herein assigned.

(2) “ Controlled m a te ria l”  means steel—both carbon (including 
w rought iron) and alloy—copper (including copper base alloys) and 
aluminum, in each case only in the forms and shapes indicated in Sched
ule I  of CMP Regulation No. 1.

(3) “ M ateria l”  means any commodity, equipment, accessory, part, 
assembly or product of any kind.

(4) “ M aintenance”  means the minimum upkeep necessary to con
tinue an o p e ra to r’s p roperty  and equipment in sound working condition.

(5) “ R ep a ir”  means the restoration  of an o p e ra to r’s p roperty  and 
equipment to sound working condition afte r w ear and tear, damage, de
struction of p a rts  or the like, have made such p roperty  or equipment un
fit or unsafe for service.

(6) “ O perating supplies”  m eans:

(i) M aterial which is essential to the operation of the system speci
fied in parag raph  (a) (1) and which is generally charged to operating 
expense account.

(ii) M aterial for an addition to or an expansion of sewerage system 
or works, other than buildings, provided tha t such ah addition or ex
pansion shall not include any work order, job, or project, in which the 
cost of m aterial shall exceed $1,500 in the case of underground sewer or 
pipeline addition or extension, and $500 in the case of any other addition 
or expansion and provided tha t no single construction pro ject shall be 
subdivided into p arts  in order to come below these limits.

(7) M aterial for “ m aintenance,”  “ re p a ir”  and “ operating sup
p lies”  includes any m aterial which is essential to minimum service 
standards, and does not include m aterial for the im provem ent of an op-

i Formerly P a rt 3209, 5 3209.1.
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e ra to r’s p roperty  or equipment through the replacement of m aterial 
which is still usable.

(8) “ S upp lier”  means any person with whom a purchase order or 
contract has been placed for delivery of m aterial to an operator, or to 
another supplier.

(9) “ Calendar quarterly  period” means the several three months 
of the year commencing Jan u ary  1, A pril 1, Ju ly  1, and October 1, or 
the opera to r’s custom ary accounting period closest to such period.

(10) “ Inven tory” means all new or salvaged m aterial in the oper
a to r’s possession, unless physically incorporated in plant, without re
gard to its accounting classification, excluding, however, m aterial which 
is segregated for use in additions and expansions specifically authorized 
under paragraph  (g) (2) of this order or by an operative preference 
rating order or certificate issued by the W ar Production Board.

(b) Preference ratings. A preference rating of AA-1 is hereby as- 
signed to orders to be placed by an operator for m aterial to be used for 
maintenance or repair, and for operating supplies.

N ote: Paragraph (2) deleted Jan . 5, 1944.

(c) Controlled materials— (1) Steel and copper. Subject to the 
quantity restrictions contained in paragraph  (f) of this order, any op
erator requiring delivery of any controlled material, except aluminum, 
for maintenance, repair or operating supplies, may obtain the same by 
placing on his delivery order the certification required in paragraph  (e)
(1) (i) hereof. An order bearing such certification shall constitute an 
authorized controlled m aterial order.

(2) Aluminum, (i) Any operator requiring aluminum in any of the 
forms or shapes constituting a controlled material, for essential main
tenance, repair or operating supplies, where the use of other materials 
for the purpose is impracticable, may obtain the same from a controlled 
materials producer or from a d istributor specifically authorized by the 
W ar Production Board to engage in the business of receiving aluminum 
for sale or resale, in an amount not to exceed 100 pounds from all sources 
during any one calendar quarterly  period by placing on his delivery 
order the certification required in paragraph  (e) (1) (i) hereof. An 
order bearing such certification shall constitute an authorized controlled 
m aterial order.

(11) Any operator who requires aluminum in any of the forms or 
shapes constituting a controlled m aterial, in amounts aggregating more 
than 100 pounds from  all sources during any one calendar quarterly  
period for use as essential maintenance, repair or operating supplies 
where the use of other m aterial for such purpose is not practicable, 
may apply for an allotment of the amount thereof in excess of 100 
pounds during any one calendar quarterly  period by letter addressed 
to the Aluminum and Magnesium Division, W ar Production Board, 
W ashington, D. C., B e f : P-141. The letter should contain substantially 
the inform ation called for by paragraphs (d) (1) t o ' (6) of Supple-
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m entary O rder M -l- i, as amended Marcli 10, 1943. It' the application 
is granted, the applicant will receive an allotm ent number or symbol 
and m ay place an authorized controlled m aterial order by endorsing an 
order with such allotm ent number or symbol and the certification p re
scribed in p arag rap h  (e) (1) (i) hereof.

(d) Restrictions on use of symbol and ratings. (1) The allotment 
symbol and preference ratings hereby assigned shall not be used by an 
operator or supplier to obtain deliveries of scarce m aterial, the use of 
which could be eliminated without serious loss of efficiency by substitu
tion of less scarce m aterial or by change of design.

(2) The preference ra tin gs assigned by parag raph  (b) (1) hereof 
for maintenance, repair and operating supplies shall not be used to ob- 
ta in  any item included in L ists A or B of P rio rities Regulation No. 3.

(e) Application and extension of ratings; application of CMP allot
ment symbol— (1) Certification. The AA-1 rating  assigned by p ara
graph (b) of this order and the CMP allotm ent symbol MRO-P-141 
may be applied by an operator to deliveries of m aterial fo r use in 
maintenance, or repair, or as operating supplies only by use of a certi
fication in substantially the following fo rm :

Preference Rating AA-1, CMP Allotment Symbol MRO-P-141. The undersigned pur
chaser certifies, subject to the penalties of Section 35 (A) of the United States Criminal Code, 
to the seller and to the W ar Production Board, th a t to the best of his knowledge and belief the 
undersigned is authorized under applicable W ar Production Board regulations or orders to 
place this delivery order, to receive the item (s) ordered for the purpose for which ordered, 
and to use any preference rating or allotment number or symbol which the undersigned has 
placed on this order.

Name of operator

Signature of designated official

Such certification shall be signed m anually or as provided in P riorities 
Regulation No. 7.

N o te :  Paragraph ( 2 ) ,  formerly ( 3 ) ,  redesignated Jan . 5, 1944.

(2) The ratings assigned by this order may be extended by a sup
plier in the m anner provided in P rio rities Regulation No. 3, and CMP 
Regulation No. 3.

(f) Restrictions on deliveries, inventory and withdrawals— (1) De
liveries and withdrawals. No operator shall, during any calendar quar
te rly  period, accept delivery of any m aterial or w ithdraw  from  inven
tory  any m aterial, to be used for maintenance or repa ir or as operating 
supplies or for any other purpose (except m aterial to be segregated for 
use in extensions specifically authorized under p arag rap h  (g) (2) of this 
order or by an operative preference ra ting  order or certificate issued by 
the W ar Production B oard), the aggregate dollar value of which shall 
exceed the aggregate dollar value of m aterials used for m aintenance or 
repair or as operating supplies, during the corresponding calendar 
quarterly  period of the year 1942, or a t the o p e ra to r’s option, twenty- 
five per cent of the aggregate dollar value of m aterials used fo r said
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purpose during the opera to r’s fiscal year ending closest to December 
31, 1942.

(2) Inventory. No operator shall a t any time, accept delivery of 
any m aterial if the opera to r’s inventory will, by virtue of such accept
ance, be in excess of a practical working minimum.

(3) Exceptions. The provisions of paragraph  (f) (1) of this order 
are subject to the following exceptions.

(i) An operator who, during the calendar year 1942 (or fiscal year 
ending closest to December 31, 1942), used for maintenance, repair, and 
as operating supplies, m aterials of the aggregate value of not exceeding 
$1,000 and whose estim ated requirem ents for m aterials to be used for 
maintenance, repair and as operating supplies during any calendar year 
(or corresponding fiscal year) do not exceed $1,000 may, during such 
year, exceed the quantity restrictions prescribed by parag raph  (f) (1) 
of this order. If  the actual requirem ents of m aterial for maintenance, 
repair and operating supplies for such year should prove to be in excess 
of $1,000, such operator shall not accept any deliveries of m aterial or 
withdraw from inventory any m aterial to be used for maintenance, re
pair or as operating supplies if such deliveries or withdrawals, when 
taken together with other deliveries or w ithdrawals within such year, 
would, in the aggregate, exceed $1,000. In  such case the operator may 
apply for specific authorization to exceed such quantity restrictions p u r
suant to the provisions of parag raph  (f) (4) hereof.

(ii) An operator may, in any calendar quarterly  period, increase 
scheduled deliveries, and withdrawals of m aterial required for m ain
tenance or repair or as operating supplies over the limits prescribed in 
paragraph (f) (1) of this order, in proportion to the increase in the 
load on the system during the preceding calendar quarterly  period of 
the year 1942 corresponding to the calendar quarterly  period in ques
tion, determined by a measurement of the average daily flow for the 
two comparative periods : Provided, That in determining the average 
daily flow of sewage, any flow of surface storm  w ater which enters the 
system shall not be taken into account.

(iii) An operator may, in any calendar quarterly  period, accept de
liveries of m aterial or make withdrawals from inventory of material, 
necessary for the maintenance or repair of the operato r’s property  or 
equipment which is damaged by acts of the public enemy, sabotage, ex
plosion, or fire or by flood, storm  or other similar climatic conditions : 
Provided, That if the restrictions of paragraph  (f) (1) are exceeded 
because of such deliveries or use, a full report thereof shall be made 
within th irty  days after such delivery or withdrawal, to the W ar P ro 
duction Board.

(iv) An operator may, in any calendar quarterly  period, accept de
livery of material, having in the aggregate, a dollar value of not more 
than the dollar value of m aterial of the same class taken from the op
erato r’s inventory for delivery to other persons authorized to accept 
delivery under applicable regulations of the W ar Production Board but
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only if, and to the extent tha t such taking has reduced the operator ’s in 
ventory of m aterial below a practical working minimum.

(v) An operator may, during any calendar year (or his fiscal year), 
w ithdraw  from  inventory, m aterial, having in the aggregate, a dollar 
value of not more than the dollar value of usable m aterial of the same 
class salvaged from  plant during such year.

(vi) The provisions of p arag raph  (f) (1) and (f) (2) shall not ap
ply to fuel or to chemicals fo r sewage treatm ent.

(4) The W ar Production Board, on its own initiative, or on appli- • 
cation of any operator by letter, in triplicate, addressed to the Govern
ment Division, W ar Production Board, W ashington, D. C., B e f : P-141, 
may modify the lim itations on practical working minimum inventory, 
and on scheduling or accepting deliveries, or on use or w ithdraw als, set 
fo rth  in this parag raph  (f).

(g) Restrictions on construction of seiverage facilities. No oper
a to r shall construct any sewerage facilities, including but not limited to 
sewer pipelines, manhole structures, pum ping stations, sewage disposal 
or trea tm ent plants and connections, and no operator shall, in case of 
contract construction, accept deliveries of m aterial for such purposes 
except as follows:

(1) An operator may construct an addition to or an expansion of, 
sewerage system or works, other than buildings: Provided , T hat such 
addition or expansion shall not include any work order, job or project 
in which the cost of m aterial shall exceed $1,500 in the case of under
ground sewer pipeline addition or extension, and $500 in the case of any 
other addition or expansion: A n d  provided, T hat no single construction 
project shall be subdivided into p arts  in order to come below these 
lim its : A nd  further provided, T hat in making house connections or ex
tension of line to serve premises, no iron or steel pipe shall be used ex
cept the minimum quantities required in making necessary connections.

(2) An operator may construct an extension of sewerage facilities, 
other than buildings, to serve prem ises which are being built or re 
modeled under authority  of any Preference B ating order of the P-55 
series, a specific authorization issued pursuan t to Conservation Order 
L-41 or pu rsuan t to any Petroleum  A dm inistrative O rder issued by the 
Petroleum  A dm inistrator for W ar if all of the following conditions are 
satisfied:

(i) The cost of m aterial for such extension does not exceed $5,000 
(but exceeds $1,500 in the case of underground sewer p ipeline extension 
or $500 in the case of any other extension).

(ii) The extension does not duplicate an adequate service already 
installed.

(iii) No other operator can render the same service w ith lesser 
amounts of critical m aterial.

(iv) The extension will not cause an overload on system including
sewage disposal plants.
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(v) The operator has completed Form  W PB-3445 and delivered it
to the builder of the premises to be served for attachm ent to the build- 
e r ’s application for L-41 approval. Preference ratings and allotment 
number to acquire m aterial required for such extensions are assigned 
by paragraph (h) of this o rder.

(3) In addition to the authorization contained in paragraphs (g)
(1) and (g) (2) an operator may construct sewage facilities of any kind 
if such construction is specifically authorized by the W ar Production 
Board. Application should be made on Form  W PB-617 (formerly 
PD-200) or on such other form as may be prescribed. The following 
preference rating orders or certificates include permission for con- 
struction under this order although they do not say so: PD-19-h, 
CMPL-127, CMPL-224. In  all other cases a preference rating is not 
enough unless the instrum ent which assigns the rating also states that 
construction is permitted. However, any operator who prio r to Jan u 
ary 15, 1944, has been specifically authorized in w riting by the W ar 
Production Board to use the lowest rating  assigned to a rated project 
to obtain m aterial to construct sewerage facilities to serve such project 
may use such rating to obtain m aterial required for tha t purpose within 
the limits of said authorization.

(h) Assignment of preference rating and CMP allotment symbol for  
extensions authorized under paragraph (g) (2).  (1) The preference 
rating AA-3 is hereby assigned to orders for m aterial other than con
trolled material, and the abbreviated allotment number P-141-S2 is 
hereby assigned to orders for controlled m aterial to be placed by an 
operator for use in the construction of extensions of facilities author
ized by paragraph  (g) (2) of this order or to replace in inventory ma
terial so used.

(2) The preference ratings and allotment number assigned by para- 
graph (h) (1) may be applied by an operator by using the certification 
provided in CMP Regulation No. 7. An order for controlled m aterial 
bearing such certification and allotment number shall constitute a con
trolled material order.

N ote: Paragraphs (i) , ( j ) ,  (k ), (1), (m ), and (n ), formerly (h), ( i) , ( j ) ,  (k), (1), and 
(m), redesignated Jan. 5, 1944.

(i) Sales of material from  inventory. Any operator may sell to an
other operator, m aterial from seller’s inventory in excess of a practical 
minimum working inventory: Provided, That (1) a preference rating  of 
AA-5 or higher assigned by this order or by any preference rating 
certificate, or (2) a specific direction issued by the W ar Production 
Board, is applied or extended to the operator selling such material.

(j) Audits and reports. (1) Each operator and each supplier who 
applies the preference ratings or allotment symbol hereby assigned, and 
each person who accepts a purchase order or contract for m aterial to
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which a preference rating  or symbol is applied, shall subm it from  time 
to time to an audit and inspection by duly authorized representatives of 
the W ar Production Board.

(2) Each operator and each such supplier shall execute and file with 
the W ar Production Board, such reports and questionnaires as said 
B oard shall from  time to time request, subject to approval by the Bu
reau of the Budget as required  under the Federal R eports Act.

(3) Each operator shall m aintain a continuing record of inventory 
and of segregated m aterial in his possession and all m aterial used by 
him for maintenance, repair or as operating supplies.

(k) Communications to the W ar Production Board. All reports re 
quired to be filed hereunder and all communications concerning this 
order shall, unless otherwise directed by the W ar Production B oard be 
addressed to the W ar Production Board, Government Division, W ash
ington, D. C., Ref : P-141.

(1) Violations. Any person who wilfully violates any provisions of 
this order or who, in connection w ith this order, w ilfully conceals a ma
terial fact or furnishes false inform ation to any departm ent or agency 
of the U nited States, is guilty of a crime and, upon conviction, may be 
punished by fine or im prisonment. In  addition, any such person may 
be prohibited from  making or obtaining fu rth e r deliveries of, or from 
processing or using m aterial under p rio rity  control, and may be de
prived of priorities assistance.

(m) Revocation or amendment. This order m ay be revoked or 
amended a t any time as to any operator or any supplier. In  the event 
or revocation, deliveries already rated  pursuan t to this order shall be 
completed in accordance w ith said rating, unless the ra ting  has been 
specifically revoked w ith respect thereto. No additional applications of 
the ratings to any other deliveries shall the reafter be made by the op
era to r or supplier affected by such revocation.

(n) Applicability of regulations. (1) Preference R ating O rder P -  
141 is issued in lieu of Preference R ating O rder P-46 in so fa r  as it 
affects public san itary  sewerage systems as defined in p arag raph  (a) 
(1) hereof and any reference in any order or regulation of the W ar P ro 
duction B oard to said Preference R ating O rder P-46 shall constitute a 
reference to orders in the P-141 series.

(2) This order and all transactions affected hereby, except as herein 
otherwise provided, are subject to all applicable regulations of the W ar 
Production B oard as amended from  time to time, Provided, T hat none 
of the provisions of CMP Regulations No. 5 or No. 5A shall apply to 
operators as defined in p arag raph  (a) (1) hereof, and no such operator 
shall obtain any m aterial under the provisions of either of said regula
tions.

Issued this 5th day of January , 1944.
W a r  P r o d u c t io n  B o a r d ,

B y  J .  J o s e p h  W h e l a n , 
Recording Secretary.
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OPERATION OF TRICKLING FILTERS *

B y F r a n k  B a c h m a n n

Engineer, The Dorr Company

The trickling filter is the most widely used type of secondary or final 
treatm ent process in this country. The M assachusetts S tate Board of 
Health is given credit for introducing coarse stone filters as a result of 
their work a t the Lawrence Sewage Experim ental S tation, where in 
June 1889, two experim ental rock filters were constructed and dosed 
with sewage. Difficulty was encountered with pooling and septic ac
tion. Corbet of Salford, England, is responsible for fu rther develop
ment of the coarse stone filter by im proving the distribution of the 
sewage onto the filter and the use of false bottoms with underdrain 
system.

I t  was not until 1905 tha t the first trickling filter was constructed at 
Columbus, Ohio. However, Reading, Pennsylvania, put the first plant 
into operation in 1908. F rom  1910 to 1925 all large and practically all 
small sewage treatm ent plants used trickling filters for secondary tre a t
ment. Also, during this same period the activated sludge process was 
being studied experimentally. From  1925 to 1936 the activated sludge 
process became the “ sty le”  fo r secondary treatm ent and hundreds of 
these plants were constructed fo r both large and small communities.

Recently the trickling filter has come into its own again, principally 
due to the development of increased capacity of these filters which re
duced the initial and operating costs, and also eliminated to a large 
extent some of the operating difficulties of the low ra te  filter. Both 
low rate and high rate  trickling filters were constructed in Army, Navy, 
and Defense plants during the past three years. Other types of second
ary treatm ent processes were also installed, but these are by fa r in the 
minority.

The records of operating results of the trickling filter plants in these 
installations have proven the good judgm ent of the designers. This 
process has successfully handled the shock loads in M ilitary installa
tion, which are at least twice those encountered in the average munici
pal sewage treatm ent plant. Also, these trickling filter plants have been 
called upon to handle population loads fa r  in excess for which the 
plants were designed. U nder these conditions they have continued to 
function even though with a decrease in efficiency commensurate to the 
load placed upon them. Other types of biological processes under these 
overloaded conditions give no end of trouble. The trickling filter proc
ess can be abused by an overloaded condition and still “ take i t .”

A trickling filter is a bed of stone from  3 to 10 feet deep, provided 
with proper underdrainage, ventilation, and method of d istributing the 
sewage. The stone size ranges from  % inch to 3 inches, usually 1% to 
3 inch. Larger than 3 inches has been used in some types of high rate 
filter processes. Theoretically, a t least, one would expect greater puri-

* Presented at Georgia W ater and Sewage School, October 8, 1943.
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fication from  the sm aller size stone because of a g rea te r exposed area. 
Stone which is small is ap t to clog more readily than  stone of la rger 
size. Definite specifications have been set covering the characteristics 
of the stone used fo r trickling filters by the American Society of Civil 
Engineers. These specifications are  rig id  and if followed will avoid 
m any of the difficulties in filter operation due to d isin tegration  of the 
stone. The p roper design of the trickling filter is the responsibility of 
the Consulting S an ita ry  E ngineer and it is his function to design for 
ample capacity, underdrains, and ventilation. This discussion will be 
confined to operation and not to design featu res of the trickling filter.

Settled sewage is d istribu ted  onto a filter bed by means of sprays, 
either the old fixed nozzle type or by means of revolving d istribu to rs on 
circular beds. R ectangular beds with d istribu tor mechanism are rare  
in this country. Dosing tanks are usual w ith low ra te  filters, but are 
not required with high ra te  types of filters, because of the continuous 
high volume of flow to the filter.

The trickling filter in the past was called “ perco la ting” and 
“ sprink ling” filter. In  a true  sense, it  is not a filter as the voids be
tween the stone are too large to s tra in  out any of the applied solids. 
The trickling filter functions somewhat sim ilar to the activated sludge 
process. Both processes are  dependent on biochemical and physical 
reactions in the presence of dissolved oxygen. In  the activated sludge 
process, the purify ing media is kept in contact w ith the sewage by 
agitation  and recircu lation ; whereas, in the trickling filter the purifying 
media is sta tionary  and the sewage passes over this media.

Purification in a trickling filter depends upon many form s of p lant 
and anim al life. H oltje, of the New Je rsey  S tate  Dept, of Health, 
states th a t these organism s are  represented  b y :

B acteria—w ith which you are all fam iliar.
Fungi-—moulds and yeast.
Algae—filaments of small p lan t life.
Protozoa—small single cell animals.
Nematoda—very small round th read  or round worms.
R o ta to ria—small animals which pull the m ateria l tow ard them by 

wheel action.
Chaetopoda—small bristle-bearing worms.
Crustacea—snails and h ard  shell animals.
A rachnida—spiders.
Insecta—flies and other insects.

Microscopic exam ination of the film on filters discloses a mass of 
bacteria, the various form s of life mentioned above, and particles of 
solids attached or enmeshed in the film. All of these organism s have 
an im portant roll in purify ing the sewage. Even the objectionable 
Psyehoda fly plays its p a r t in one way or another. F inely  divided 
suspended m atter and colloids are  converted to flocculent m atter. 
Bacterial count and organic content are reduced in passing through the 
filter.
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V ery little purification takes place in a trickling filter during its 
early stages of operation. I t  is only a fte r a gelatinous film surrounds 
the stone tha t purification takes place. E arly  observers were of the 
opinion th a t the sewage did not pass directly through the filter, but 
displaced the w ater contained in the gelatinous film very much like 
pouring w ater on top of a sponge. The soundness of this theory is 
questioned with the flow rates used in high capacity filters. In  any 
event, the contact between the sewage and biological life developed on 
the stone results in purifying the sewage. All of this contact does not 
necessarily take place in the filter as some contact takes place between 
the sewage and solids in the final sedim entation tank.

The action of the mass of biological life on the filter stone in purify 
ing sewage might be compared to feeding hogs garbage. The hogs 
keep on their feet feeding but if the supply of garbage is more than 
necessary, the hog will eat lying down. The biological life on a filter 
should be given sufficient food for their healthy development, but if 
overfed they lie down on the job, and we have w hat is term ed an over
loaded condition. Dissolved oxygen in the sewage is necessary for the 
correct type of growth on the stone. W ith an overloaded condition the 
growth is insufficient to take care of the load and the result is tha t the 
organic m atter becomes septic, thus destroying the biological life 
responsible for the aerobic digestion of the organic m atter. The filter 
is then term ed to be sewage sick. Ponding and odors on the filter 
result from this condition.

On low rate  filters, solids accumulate on the stone, more particularly  
during winter months when biological activity is not great, and these 
solids slough off periodically. This sloughing takes place usually in 
the spring when bacterial and other forms of life become more active 
due to higher tem perature. Sloughing is also common early in the 
autumn, which indicates tha t the filter accumulates solids to an extent 
where certain forms of life s ta r t their work of digesting and loosening 
up the mat of solids giving the sewage a chance to wash them from the 
filter.

At times of heavy accumulation of solids on the stone, observers 
have noticed that fly nuisance is a t its worst. The effluent from the 
filter is also at its worst during the sloughing period, in fact it is some
times higher in B,O.D. than the raw  sewage.

No periodic sloughing on high ra te  filters has been observed, as 
these filters unload continuously because of the flushing action of the 
high flow through the stone.

Flamentous bacterial growths on the stone are usually prolific. 
These growths are usually made up of Beggiatoa, Sphaerotilus and 
Cladothrix. B right or blue green algae are common on the surface of 
a properly operated filter which is exposed to sunlight. These algae 
while abundant do not grow to the extent of clogging the filter as their 
growth is confined to the surface. The other types such as the gray 
colored Beggiatoa, Sphaerotilus and Cladothrix, and the sewage fungus 
Leptomitus will, under certain conditions, re ta rd  percolation. The
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w rite r recalls a m at of these organism  10 to 12 inches thick on the 
surface of an  experim ental filter a t New B ritain , Conn., during the 
early  sp ring  of 1921. Pooling was observed with each dose, but the 
w ater seeped through the m ass before the application of the next dose 
of sewage. Purification was high during this period. L ater, as the 
tem perature of the sewage increased the m at disappeared.

The standards of a good effluent from  sewage treatm ent p lants have 
changed in the last fifteen years. A trickling filter, or an activated 
sludge effluent, was not considered satisfacto ry  unless high n itra tes 
were p resen t in the effluent. Since then p lants have been designed 
with either process to give clarification only and not nitrification. 
This has perm itted  higher B.O.D. loadings with these processes. The 
low ra te  trickling filter, fo r instance, was form erly  designed fo r a 
B.O.D. applied filter loading of 350 pounds per acre foot, but the Army 
uses 600 pounds, or more than a 50 per cent increase. The high rate 
filters use an applied B.O.D. loading of 3,000 pounds per acre foot, 
which is 5 times the loading of low ra te  filters. N itrites and n itra tes  
in the effluent are low w ith both types of plants.

A t a sewage p lan t recently visited using a high ra te  filter and where 
the raw  sewage contained high n itra tes  from  industria l wastes, the final 
effluent showed less n itra tes than was present in the raw  sewage, indicat
ing denitrification to some extent. I t  is not necessary to obtain nitrifica
tion to produce a satisfactory  effluent. The advantages of producing a 
thoroughly nitrified effluent are not commensurate w ith the cost. A 
highly nitrified effluent is apt to encourage prolific growths of green algae 
in the stream  into which it is discharged. This was true at an activated 
sludge p lan t a t Folsom Prison, California, where an effluent high in ni
tra tes  caused m ats of algae to grow in the canal into which the effluent 
was discharged. These algae loosened from  the hanks of the canal and 
clogged the intake screen of a power plant, resulting in a complaint from 
the power company. The difficulty was solved by constructing an out
fall direct to the river.

The treatm ent of trickling filter effluent by sedim entation is essential 
to remove the settleable solids. In  the early days of trickling filters no 
final sedim entation was installed. L ater, short detentions were in
stalled, but today as much attention is given to settling trickling filter 
effluent as is given to the sedim entation of raw  sewage. In  fact the de
tention time is the same for both raw  and filter effluent. Adequate sedi
m entation of the effluent removes approxim ately 50 per cent of the sus
pended solids and B.O.D.

On the average, an adequately designed trickling filter p lan t will re 
move 85 per cent B.O.D. and about 90 per cent of the suspended solids. 
B etter removals will be obtained when the p lan t is overcapacity and 
inferior results when the p lan t is undercapacity. A  single stage Bio
filtration plant, w ith a split recirculation volume totaling 1 .5 :1  of sew
age flow, will give approxim ately the same purification as a low ra te  
trickling filter.
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All sewage plants have their troubles. The main troubles with 
trickling filters a r e : odors, nozzle clogging, pooling and flies.

Odors on the filters may be caused by the stale or septic conditions 
of the sewage as it enters the plant. If  the sewage is septic, the en
trained foul gases are liberated when the sewage is sprayed on the 
filter. These odors may be particularly  offensive during warm humid 
nights. Pre-chlorination of the raw  sewage to point of a few tenths 
residual in the p rim ary  clarifier effluent will usually eliminate odors on 
the low rate  filter. Care should be taken not to add chlorine sufficient 
to destroy the bacterial film on the stone. Recirculation of filter effluent 
to the raw sewage also eliminates odors.

Nozzles should be inspected daily and orifices partly  or completely 
clogged should be cleaned. Inspection of the clogging m aterial will 
often indicate its source and steps should be taken to eliminate this 
m aterial from getting into the nozzles. One source is from  the inef
fective skimming of the prim ary  tanks. This is especially true where 
hand skimming alone or in connection with some types of mechanical 
skimmers is practiced. The operator is usually anxious to get the job 
finished and in doing so pulls the scum to the scum trough too fast, re
sulting in considerable scum passing over with the effluent. This scum 
is often the cause of the nozzle clogging. A number of the older types 
of plants and a few of the newer plants with poor skimming arrange
ments practice screening of the prim ary  effluent to protect the nozzles. 
Screen openings are usually slightly smaller than the openings in the 
sewage distributors.

The dosing tank walls should be kept free of grease and algae accu
mulations because when this m aterial loosens it will clog the distributor 
nozzles.

Fungus and algae growths are beneficial in purifying sewage so 
there is some question as to the advisability of keeping the weir ledges 
and channels free of these growths. They should not be perm itted to 
accumulate to the extent that perm its the loAver layers of these growths 
to become septic.

Distribution piping and underdrains should be flushed periodically 
where this is possible. Pooling is quite common on low rate filters 
which are operating over their design capacities. This is particularly  
true where prechlorination or periodic flooding is not practiced. Pool
ing is caused by overloading, excessive growths of filamentous algae on 
the stone, leaves blown on the filter, and small size stone due to dis
integration or placed in the filter during construction. Pooling can be 
eliminated by applying high dosage of chlorine, raking or forking the 
surface, resting the filter for several days, punching holes through the 
top layer with iron bar, and by flushing' the surface with fire hose. 
Stone that has disintegrated is best removed and replaced by better 
type material.

The Psychoda flies are abundant on all low rate filters unless special 
measures have been taken to 'con tro l them. The eggs of this fly are 
layed on the filter stone by the adult fly. These eggs hatch into larvae
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in about 2 days during warm  w eather and in the next 8 to 15 days de
velop into the adult flies. The average time between broods is about 
2 weeks. The larvae are usually found to a depth of from  3 to 12 inches 
below the surface of the filter stone.

A ttem pts have been made to control flies w ith various chemicals such 
as ammonia, kerosene, kerosene and pyreth rum  flower, kerosene and 
orthodichorobenzene, creosote and chlorine. The cost of chemicals is 
high and the results have not been entirely satisfactory. Chlorine has 
given the best results of any of the chemicals tried, but w ith its use there 
is always the chance of destroying the biological film on the stone. If  
chlorine is used, it should be applied during the low flows a t night to 
reduce the amount required. Chemicals have been applied either to the 
filter influent or sprayed on the surface of the filter.

Dichlorobenzene in an emulsion w ith paraffin oil has been used ef
fectively for spraying the walls to kill adult flies. A flame has also been 
tried  to burn the flies on the walls of the filters. Unless these measures 
are kept up frequently they are a tem porary  relief only.

A fter much experim enting the universal practice is to flood the filters 
every 7 to 10 days, this period being w ithin the life cycle of the pest. 
The filter is usually flooded for a period of 24 to 36 hours. By this 
means the larvae are drowned.

I t  is im portant tha t every inch of the surface of the filter is covered 
by the distribu tor sprays. Any areas which are missed or slightly 
wetted Avill harbor fly larvae. The w riter has seen filters tha t had been 
operating for months which had a 6- to 10-inch space a t the periphery  
of the filter tha t was not touched with the spray. Simple adjustm ent of 
the nozzle corrected this condition. An opening in the end of the arm 
of the d istribu tor to give a sp ray  against the wall will wash any flies 
crawling up the filter walls back down through the filter. F lushing the 
surface of the filter w ith a fire hose has been tried, but w ithout much 
success. R etard ing  the speed of the d istribu to r m anually so as to give 
a high rate  application of sewage has been successful in controlling flies 
but is a tedious procedure.

F ilte r flies are not a serious problem on high ra te  filters. The high 
velocity of the sewage passing through the stone continuously washes 
the larvae out of the filter bed. F lies are present in some types of so- 
called high capacity filters but only where the dosing rate  is insufficient 
to properly  flush the filter continuously.

Many operators wish to eliminate entirely the Psychoda fly larva 
from  the filter. Investigators believe tha t fly larvae should be credited 
with a considerable amount of the digestion of the organic m atter de
posited on the stone and also the wigglers keep the m aterial loosened up.

A general knowledge of the functioning of the dosing siphon and 
revolving d istribu to r is helpful to the operator. I t  is assum ed th a t the 
dosing tank and d istribu tor have been set according to the elevations 
and dimensions shown on the m anufac tu rer’s drawings. A discrepancy 
in elevation may seriously affect the capacity of the d istribu tor a t its 
designed flow.
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The feed piping should be tested for leakage, and the small piping 
attached to the bell of the siphon should be absolutely air tight. The 
high w ater level a t which the siphon starts  operating is set by the length 
of the upstanding nipple of the compression seal. I f  the w ater rises 
too high flowing over into the overflow pipe without blowing the seal, 
this nipple m ust be shortened. Conversely, if dosing s ta rts  too soon 
the nipple will have to be lengthened.

In operation, a t the close of the dosing period, the sewage remains in 
the feed and overflow pipes at the elevation of the bottom of the dis
tributor arms and some liquid also stays in the retu rn  bend inside the 
overflow pipe. A t the same time the level in the tank is slightly below 
the sniff pipe opening all as indicated in Fig. 1. As the level rises in 
the tank, the sniff pipe is sealed, trapping  and compressing a definite 
quantity of air under the bell which forces w ater to be spilled gradually 
out of the re tu rn  bend, or compression seal, into the overflow pipe. 
This condition is indicated in Fig. 2. W hen the predeterm ined high 
water level is reached, as in Fig. 3, the trapped air reaches a pressure 
sufficient to blow the w ater out of the compression seal perm itting the 
siphon to flood and s ta rt flow to the distributor. The restriction cre
ated by the orifices in the arms causes the flow to back up in the overflow 
pipe flooding the compression pipe end and refilling the seal for the 
next dose. (See Fig. 4.) As the flow continues out of the orifices, the 
levels in the overflow pipe and center column drop rapidly correspond
ing to the fall in the dosing tank (Fig. 5). W hen the level drops below 
the opening in the sniff pipe, air is adm itted into the bell breaking the 
siphon and stopping the flow to the distributor. The dosing tank then 
starts refilling and the cycle described above is repeated automatically.

A sewage distributor is a self-propelled rotating device for d istribut
ing sewage over a circular bed of filter stone. The rotation is obtained 
by the reaction of the water flowing out of a series of orifices spaced 
along the arms.

The distributor mechanism consists of a central ball bearing tu rn 
table to which are attached rad ia l arm s usually supported by guy rods 
from the top of a tubular center column. The base casting is securely 
bolted on a hollow concrete pier into which the feed pipe terminates. 
The turntable top is essentially a hollow well arranged to distribute the 
flow properly to the arms. The turntable contains a special seal to p re
vent entrance of sewage into the bearing under all normal operating 
conditions. The ends of distributing arms are equipped with lever 
operated quick opening gates or covers to perm it flushing while the ma
chine is operating.

Should the sewage spray out of the orifice without ro tating the 
mechanism, either the turntable is not working freely, or else there is in
sufficient head to operate the unit. The elevations of the arms and 
high water in the dosing tank should be checked with the drawings. If 
the elevations are correct then the trouble may be in the turntable as
sembly. The bearing balls and race should be flushed out with light oil
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SNIFF PIPE OPEN

COMPRESSION SEAL 
FILLED CENTER COLUMN 

r ORIFICE

DISTRIBUTOR ARM

FILTER BED 

FEED PIPE

991- X o"133,15
TANK EMPTY AFTER DOSE

TANK FILLING

TANK FULL. JUST BEFORE DISCHARGING
FIG. 3.

F i g s . 1 - 3 . —Illustration of trickling filter syphon operation. 
(Courtesy The Dorr Company, Inc.)
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DISCHARGE OF SYPHON BEGINNING

SYPHON DISCHARGING

F i g s . 4-5.—Illustration of trickling filter syphon operation. 
(Courtesy The Dorr Company, Inc.)

or kerosene and if this does not correct the condition, the center mecha
nism should he jacked up for a thorough cleaning and inspection of 
the balls.

The hardened steel inserts on which the balls ride are renewable and 
plugged holes have been provided in the castings through which one end 
of each strip  can be forced out of its recess. Originally these inserts 
are smooth, but during the first few weeks of operation, the balls roll 
small grooves in them until p roper contact area is obtained. This slight 
grooving is a normal condition and does not signify excessive wear p ro
vided the surface is smooth. Usually these grooves will vary  from 
Vs inch to % inch depending on the size of mechanism and load on the 
bearing. In  cases of excessive wear or p itting of the races it is practical 
to reverse the inserts to provide a new working surface.

At least once in six months the m ercury should be drained completely 
and the seal flushed out by hosing through the hand hole in the opening 
in the turntable top casting. On some machines with cone shaped cen
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te r columns, a partition  plate a t the base of the column prevents access 
to the seal w ell; in  such cases flushing may he accomplished through the 
m ercury fill pipe. In  any case, the mechanism should be revolved so 
tha t the point of flushing is diam etrically opposite the d ra in  and a recep
tacle kept under the d ra in  to catch any m ercury tha t may be forced out. 
Thoroughly wash the collected m ercury by adding w ater, shaking vigor
ously and decanting, repeating until clean. The m ercury m ay be cleaned 
of g rit and w ater by placing on a dampened chamois sk in ; the w ater will 
pass through the chamois and the m ercury be poured off leaving grit 
particles adhering to the chamois. I t  may be necessary to repeat this 
process to effect a thorough cleaning.

In  case the m ercury has become badly sludged the turntable mecha
nism may have to be raised to salvage all of it out of the seal well and 
a more drastic  cleaning procedure followed. In  order to dissolve the 
grease a m ineral solvent such as naphtha should be used first. This is 
followed by trea ting  the m ercury with a 50 per cent concentrated solu
tion of n itric  acid afte r which it is given a bath of sodium bicarbonate 
to neutralize the acid. Then afte r two or three washings in w ater the 
m ercury will be ready for use.

Carefully weigh the m ercury before replacing it in the machine by 
adding w hatever amount is necessary to equal the quantity  originally 
furnished. This is im portant as an inadequate m ercury seal will result 
not only in unsatisfactory  operation of the machine, but very  probably 
in fu rther loss of m ercury and damage to the turn table bearing through 
contamination of the oil with sewage, m ay rapidly  corrode the balls and 
raceways.

I t  is advisable to d ra in  the oil out and flush the bearing balls and 
raceway afte r the first week of operation and thereafte r once every 
month. A low viscosity oil (about SA E 10) with ru st inhibitive p roper
ties is recommended. I t  is also recommended th a t once per week the 
oil d rain  be opened to allow elimination of w ater th a t has accumulated 
due to condensation or other cause. On such occasions, check the oil 
level by inspection of the gauge and add oil if  necessary. I f  the p res
ence of any steel particles or other foreign m atter is noted, all the oil 
should be drained immediately, the turntable flushed and fresh  oil added. 
This draining and flushing should then be repeated a t least once per 
week until the lack of foreign m atter is evident.

Both fixed nozzles and revolving d istributors are exposed to mois
ture, sewage gases and oxygen from  the air. This condition is ideal for 
corrosion. Nozzles should be replaced when worn and m etal p a rts  sub
ject to corrosion kept well painted. A stock of spare p a rts  should be 
kept on hand.

The proper operation of the final clarifier is im portan t to obtain the 
best results from  trickling filters. A sludge pump is installed to convey 
the sludge from  this unit back to the raw  sewage. This pum p is usually 
operated just long enough to remove the solids. Experience has indi
cated tha t the pump should be operated continuously on a short stroke
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to eliminate the human element from the pump schedule. This proce
dure will remove the solids from the final clarifier continuously and p re 
vent accumulation of septic sludge in this unit.

I t  is good practice to by-pass the final clarifier for the first week or 
two during initial operation. This will eliminate fine stone and dust 
washed from  the filter from  depositing in the sludge lines and in the 
digesters. Very little purification takes place in the filter during this 
period, consequently, the effluent is not im paired by this procedure.

MLRGURV FILL

DOUBlt BALL

F ig. 6.—Lubrication arrangement at doube ball turntable (Dorr).

The trickling filter has been w ith us for fo rty  years and will continue 
to be with us for many more years. The development of this filter with 
high capacities is one of the simplest means of reducing the initial and 
operating costs of this much abused method of sewage treatm ent. Sev
eral plants with low capacity filter have increased their capacity by 
recirculation of filter or final effluent to the raw  sewage or ahead of the 
filter, thus converting these filters to high ra te  units.
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OUR MISTAKE—TWICE!
Chemist R obert S. Ingols, form erly associated with Superintendent 

A. F . Lehm ann a t Hackensack, New Jersey , calls our a tten tion  to an 
e rro r made in reporting  the experience a t th a t p lan t as p a r t  of the 
article “ Experience in Diffused A ir A ctivated Sludge P lan t O pera
tio n ,”  published in the September, 1943 issue of This Journal. In  the 
first pa rag rap h  on page 925, it is erroneously s tated  th a t “ a drop in 
pH  occurs during norm al operation and th a t bulking occurs o ther
w ise.”  In  correction, the statem ent made by Mr. Lehm ann regarding 
pH  is quoted herew ith :

F ig. 1.—Arrangement for Flushing diffuser tubes with water a t Rockville Centre, N. Y.

“ The degree of oxidation of the sludge is determ ined by taking the 
pH  of the aerators. As the purification proceeds, the pH  in the ae ra 
to rs drops. Too low a pH  indicates tha t the sludge will rise in clum ps; 
while a failure to have a low pH  means th a t there is insufficient oxida
tion and bulking will follow.”

U nintentional injustice was also done Superin tendent C. George 
Andersen of Rockville Centre, New York, in our im plication on page 
934 of the same issue th a t a w ater supply cross-connection was probably 
involved in his arrangem ent fo r flushing diffuser tubes w ith w ater
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under pressure. Mr. Andersen assures us tha t the procedure has the 
sanction of the New York S tate D epartm ent of Health and provides us 
with a detailed description of his practice in flushing the tubes.

F igure 1 illustrates the arrangem ent. A plugged tee in the in
dividual a ir pipe to each tube unit is opened afte r the a ir is shut off, 
a nipple is screwed into the tee and a snap w ater hose connection is 
hooked up. W ater is then applied through the hose for two minutes 
after which the w ater hose is disconnected, the tee plugged and the air 
flow restored. Each diffuser tube unit is flushed weekly in such fash
ion. I t  will be noted tha t the city w ater connection is m aintained only 
while the flushing operation is being perform ed under stric t super
vision.

Our sincere apologies to Messrs. Lehmann and Andersen.

KINDS OF LIME SUITABLE FOR USE IN 
SLUDGE DIGESTION TANKS*

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

Sanitary Engineer, Greenwich, Conn., Public Works Department

In giving consideration to the suitability of various kinds of lime for 
use in sludge digestion tanks, I  am merely going to give a brief sum
mary of our experience a t the Greenwich disposal plants and not 
present a scientific treatise  on the subject.

Our experience includes the use of three kinds of lime, unslaked, 
partially slaked and completely slaked or hydrated. A t the present 
time we are using the hydrated lime as we find this the most easily 
obtainable lime suitable for our own particu lar conditions.

Lime packed in 50-lb. bags is most convenient for our own use. Some 
limes used in p lastering contain considerable magnesium. Theoreti
cally, the hydrated magnesium should be ju s t as effective in neutraliz
ing acidity as the hydrated  calcium. The hydrated calcium, however, is 
more soluble than the magnesium and less ap t to precipitate into the 
sludge, hence we p refer the lime to have a low magnesium content. In 
this connection I  have some analyses of several commercial brands of 
lime. A brand of granular (unslaked) lime shows approxim ately 95 
per cent calcium oxide and 1 per cent magnesium oxide. A brand of 
fully hydrated lime shows approxim ately 73 per cent calcium oxide and 
1 per cent magnesium oxide. This is the lime we are now using. A n
other brand of hydrated lime used fo r special p lastering purposes 
shows approximately 50 per cent calcium oxide and 33 per cent mag
nesium oxide.

From the standpoint of current prices, the hydrated  lime costs 
about a cent a pound and the g ranu lar about 20 per cent more. Tak
ing the lime analysis into consideration, the g ranu lar lime provides

* Presented at Boston meeting of New England Sewage Works Association, Sept. 22,
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about 10 per cent more calcium for the same cost than  the hydrated  we 
are  now using.

This slight cost advantage, however, is more than counterbalanced 
by ease of application and saving in operating time with use of the 
hydrated  lime. In  applying the hydrated  lime, we m erely shovel it 
into a manhole or sampling sink, mix and ag itate  w ith w ater and pump 
directly into separate  d igesters w ith either the sludge or recirculating 
pumps. A t two of our plants we apply the lime directly to digesting 
m aterial in old septic tank units used only fo r digestion. In  this case 
we add the lime during recirculation, using the recirculated liquid for 
mixing and agitation. These procedures are very  simple and rapid.

W ith the use of the unslaked lime, however, we would have to p ro 
vide facilities for slaking and allow sufficient time fo r the slaking reac
tion to become complete. This is a ra th e r messy and time-consuming 
procedure, and fo r our small plants is probably less economical in the 
long run than the use of hydrated  lime. W here lime is used in  ton lots 
ra th e r than bag lots and p roper facilities fo r slaking and mixing are 
provided, the use of a good grade of unslaked lime would probably be 
less costly than the use of hydrated  lime.

W e have also had experience w ith a p artly  slaked lime which was 
called “ ag ricu ltu ra l”  lime. This required the same procedure for 
slaking and mixing as the unslaked lime but did not require as much 
time fo r slaking. This was used a t a p lan t where we had  a IV2 inch 
centrifugal pump for recirculating and pump cloggages often occurred 
when pum ping the lime into the digester.

Our present procedure w ith the hydrated  lime is regarded  as very 
satisfactory  and we get good mixing and dispersion of the lime through
out the digesting m aterial. Three or four times, however, during the 
past two years, the lime has apparently  precip ita ted  as the pH  in the 
sludge rose to about 8.3 while the supernatan t was about 6.9. This 
condition was easily remedied, however, by recirculating the bottom 
m aterial back through the upper portions of the tank.

In  ad justing  our pH  we find th a t good digestion takes place with a 
pH  of 6.8 or 6.9. W hen the pH  drops to 6.6, more lime is added.

The above rem arks perta in  to our own four plants which range in 
norm al flow capacity from  0.25 million gallons to 2.5 million gallons per 
day. L arger plants and varying conditions would probably yield 
different experiences.

T H E  D A IL Y  LOG

September 3— It would seem that women are determined to have equal rights 
w ith  men! W ith  manpower inadequate there appears to be a concerted move 
toward a womanpower problem as w e ll— at least it appears that w ay to us as 
we seek a replacement for our efficent office secretary. This is the fourth 
time in two years that Cupid has interfered w ith  our office sta ff!

* From the 1942 daily records of the Urbana-Champaign (Illinois) Sanitary D istrict.
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Yet, as we pause to think a bit, hasn’t womanpower always been a 
problem?

September 7— Labor Day, and rightly so named. Spent most of it in confer
ence w ith  a W P B  representative, developing a questionnaire for use in deter
mining estimates of critical materials required by the sewage works field. 
Eventually proved to be time well spent!

September 12— Have been needing some 6-inch I-beams which are scarce as 
platinum these days. Located some today which had originally been floor 
stringers in a small highway bridge which was wrecked by the tornado last 
year.

Patience was a good substitute for priorities in this case!

September 15— The Commissioner of Public W orks  of one of the cities in the 
District informed us today that a 10-inch abandoned sewer connection had 
been discovered and broken, at which point water from a creek had been flo w 
ing into the city sewers for years. W e  had been trying earnestly to impress 
upon him that the city  sanitary sewer system obviously had many surface 
water sources but this one incident accomplished more in convincing him 
than all our past pleas lumped together.

Perhaps we shall get somewhere now!

September 20— Our operator-foreman, who had been critically injured by a 
fall into the empty final sedimentation tank last August 10, was able to leave 
the hospital and return to his home today. U ltim ate recovery w ill be several 
months away but we are mighty grateful that he is on the way.

September 21— The long-expected has happened. For some time it has been 
apparent that the anchor plate welds holding the traction rail of the final

Fai/ Or/ej

F a s te n e d  u  g a 9 e

Anchor P/a/e 
a n d  3o/t>■

. li -■ A

• y . '

F i g . 1 .— Im p r o v is e d  m e th o d  o f  f a s t e n in g  e la r i f i e r  t r a c t i o n  r a i l  t o  a l lo w  f o r  
e x p a n s io n  a n d  c o n t r a c t io n .
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sedimentation tank clarifier were going to fail. Today that took place— w ith  
a vengeance! The rail came com pletely loose and skewed around the top of 
the square tank in such fashion that the clarifier wedged against the wall, the 
overload cut-out preventing any serious damage. The original welds were 
destined to failure from the beginning since they did not allow  for tempera
ture expansion and contraction in the rail.

A ttem pts to devise a clamp arrangement to hold the rail were unfruitful 
but an extremely simple solution, particularly advantageous because it could 
be accomplished w ith  little  critical material and performed by our regular 
personnel, was forthcoming (see Fig. ! ) .  A  hole Vs inch in diameter was 
drilled into the base of the rail at each anchor plate and the anchor plates 
drilled and threaded to receive Vi-inch cap screws, w h ich were not pulled 
up tightly. The % - in ch  movement allowed the rail has proven adequate to 
perm it normal temperature action.

September 23— To Chicago to give two lectures at the A rm y Sewage W orks  
Operators Short Course given at the Illinois Institute of Technology. Enjoyed 
it immensely!

September 30— Patching the weathered edges of the concrete roof of the 
trickling filter pipe gallery, using the Truscon-Ferritex and Iso-Vol procedure 
described in a previous “ Log.”  Have had very good luck w ith  the method.

October 1— Several days ago, w e promised a local farmer that w e would let 
him have for the hauling, all of the sludge removed when the drying beds were 
next cleaned. Today, another farmer asked to be allowed to take the next 
cleaning after that. Looks like the stock pile is in for a rest.

Stand in line, friends, there’s plenty to go around!

October 8— Despite the dearth of extra labor, w e had to let a good man go 
because of his excessively free imbibing of the juice of the grape and grain. 
He practically splashed to work this morning!

Compensation, though, in the offer of one of the regular men to work a 
double shift until w e could find a replacement.

October 20— Celebrated birthday by travelling to Cleveland for the Federa
tion’s First W a rtim e  Sanitation Conference. Plenty of work but a good 
meeting and a good tim e!

November 2— Engaged in levelling and clearing the sludge stock pile so that 
the supply w ill be conveniently accessible to users. Seems to be an unusually 
heavy demand this fall and w e are glad to facilitate  removal of the sludge 
from the property.

November 5— Another safety inspector— this time from our compensation 
insurance company. Had only two recommendations, i.e., application of a 
non-skid paint to the step and floor at the doorway to the filte r pipe gallery 
and provision of a constant ground from the electric motor mounted on the 
portable M arlowe pump. Both readily accomplished.
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November 10— Took down the screenings grinder (hammer-mill) for inspec
tion, repair and adjustment, an annual routine. Considering the work re
quired of it, this equipment is most sturdy and serviceable. Replaced the 
hammers for the first time, the originals having given good service for six 
years.

November 16— The day the tax-payers of the community have been looking 
forward to for the past twenty years! Sent in a check in the amount of 
$51,125 to retire the last bonds and pay the final interest on the bond issue 
by which the intercepting sewers and sewage treatment works of this District 
were originally financed.

Our Board of Trustees is rightfu lly proud of the D istrict’s financial posi
tion. W ith  no outstanding indebtedness and about $40,000 available in the 
construction account, it w ill be possible to proceed w ith  the postwar construc
tion badly needed extensions w ithout resorting to another bond issue.

November 28— Professor Babbitt and his entire class of three (count ’em) 
sanitary engineers out for the annual inspection trip. A t  least, our profes
sion is an exclusive one!

December 2— Zero this a.m. Troubled w ith  ice formation on traction rail 
of final tank clarifier.

December 4— A  foot of snowfall overnight, a heavy one for this region. 
Broke out the snow plow to clear roads and drives.

December 6— Completed replacement of the control piping at the twin, alter
nating siphons of the trickling filters. The old piping, in service for seven 
years, was in good condition below the water line where a protective grease 
coating had accumulated. Above the water line, nearly all of the joints were 
badly corroded and several were completely perforated, due to exposure to the 
dampness and corrosive gases at this location. W here  the galvanizing was 
intact, the pipe was not seriously affected, the failures occurring where 
threads were exposed at the joints.

Installation of the necessary new piping was readily effected, w ith  all 
above-water joints being given a coat of rust-inhibiting primer and two coats 
of asphaltic paint. Another improvement was made in the replacement of 
certain elbows w ith  plugged crosses so that all lines can be conveniently and 
effectively flushed as part of the maintenance routine.

December 9— The continued cold weather has now resulted in almost solid 
freezing of the gas vents of the Im hoff tanks, causing ebullition of gas and 
belching of solids through the slot and into the settling channels. Nothing 
to be done about it but to keep the channels skimmed.

December 19— Temperature above freezing for several hours yesterday, per
mitting the gas vent water sprays to be used to submerge and reduce the 
frozen scum. This morning, gas ebullition was again taking place at the gas 
vents and the belching at the slots had entirely abated.

December 30— Inspector for the State Factory Inspection Division here to in
spect the overhead cable safety belt suspension installed at the Im hoff tanks
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at the order of that agency (described on page 738 of the Ju ly, 1943 issue of 
This Jou rna l). The arrangement provided met w ith  the approval of the in
spector. Too bad the operator, who must use the device when skimming 
the tanks, is not so well pleased w ith  it!

December 31— Scoured the property for scrape metal to be sold in accordance 
w ith  instructions of the Salvage Division of the W a r  Production Board. W ith  
w hich wartim e note w e leave 1942 and prepare, w ith  mingled misgivings and 
hope, to greet 1943.

A W A ST E  GAS L IN E  W IN T E R  H E A T E R

B y  E. A. T s c h id a

Superintendent, Dickinson, N orth  Dakota, Sewage Disposal P lan t

Gas production began in December 1939 a t the Dickinson Sewage 
P lant. W hen zero w eather came we found tha t due to the m oisture in 
our sludge gas, the line to the waste burner would freeze up. We also 
discovered tha t the freezing point was a t the ground line. D uring the 
first w inter the line had to be dug up and thawed out so as to continue 
operations.. This went on for two years when the idea came to us to 
build an oven or heater, as shown in the sketch below, which has worked 
out very successfully. The waste burner is shown to be inclosed for 
about three quarters  of the way up, which gives ample heat and protec
tion to keep the line from  freezing. The first year, the tem perature 
dropped to 42° below zero, giving our idea the acid test. This heater 
is ideal fo r any of the northern  plants where subzero tem peratures are 
common.

E ig. 1.—W inter heater for waste gas line and burner. Designed by ,E. A. Tschida 
Superintendent, Dickinson, N orth Dakota.



Vol. 16, No. 1 W IRE FOR VACUUM FILTERS 165

W IR E  FOR VACUUM  FILTER S *

B y  J o h n  R . S z y m a n s k i

Supt., New B ritain , Conn., Sewage Treatm ent P lant

Generally speaking, a topic fo r discussion a t an opera to rs’ sym
posium usually deals with subject m atter common to all. W hen I was 
asked to open this discussion, little did I  realize tha t it was so limited 
a subject, especially in the New England states.

However, for the benefit of those who are actually exposed to main
tenance problems of vacuum filters, and fo r those who may he indi
rectly interested, the following inform ation is presented.

In order to have a true picture of this m atter, a questionnaire was 
sent to various sewage treatm ent plants throughout the country so that 
a national cross section could be presented. The response to this ques
tionnaire was very gratifying, and before expressing my own views on 
the subject, I  would like to present the inform ation gathered from these 
various sources. Taking Connecticut first, in the Middletown, Con
necticut, sewage plant where an Oliver filter is in operation, Mr. H enry 
Bauer writes tha t he has used %o copper wire since the installation in 
this plant, with very good results. In  using the copper wire it was 
found that the cloth did not deteriorate as rapidly from the wire bind
ings. He fu rther w rites tha t a t one time a roll of %2 steel wire was 
tried out, but while in operation and during shut down periods, the 
wire rusted so badly tha t filter cloths spoiled before the normal period 
of time had elapsed.

The H artford  Sewage Treatm ent P lan t was contacted, and Mr. 
Locke wrote that a 12-gauge stainless steel wire was being used on their 
vacuum' filters, with very good results. An average of 2,000 hours, or 
three windings was obtained. The reason for discontinuing the use of 
the stainless steel wire is tha t a fte r three windings it gets too short 
for another winding, and it would necessitate the welding of pieces in 
order to make it longer, and this was found not to be very practical.

At Dearborn, Michigan, Mr. Coburn w rites tha t a 12-gauge steel 
wire is being used. He w rites fu rth er tha t up until two months ago a 
14-gauge steel wire was used, with satisfactory results, but due to the 
scarcity of essential m aterials a changeover to 12-gauge took place, 
with hopes that the 12-gauge would result in longer life. F inal results 
on this are not available.

Mr. Baxter of Anderson, Indiana, w rites tha t the Anderson vacuum 
filters used a 14-gauge steel wire with satisfactory resu lts; however, 
due to the fact that they had changed over from mechanical filtration 
to liquid sludge disposal, no definite operating data are available.

* Presented at the Boston meeting on Sept.. 22, 1943, of the New England Sewage Works 
Association.
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Mr. F errebee of the Milwaukee, W isconsin, disposal p lan t w rites 
th a t they are using a 14-gauge hot galvanized soft tem per steel wire, 
containing a small am ount of copper. This w ire has replaced a 12- 
gauge hard  draw n copper wire. He states th a t the service of copper 
wire was considerably longer, but th a t the w ire usually outlasts the 
filter cloth, hence resulting  in a waste of wire. In  o rder to offset this 
waste the changeover to 14 gauge steel w ire took place.

Mr. Schroepher of the M inneapolis-Saint Pau l S an itary  D istrict 
w rites th a t they used a 14-gauge standard  black iron wire fo r winding 
filters. The wire lasts as long as the cloth, and the average cloth life 
in the year 1942 was about 495 hours. Satisfactory  results have been 
obtained in using this type of wire ; consequently no plans fo r a change
over were in order.

Mr. Film s of the city of Cleveland w rites tha t a 14-gauge galvanized 
iron wire is being used a t the Cleveland plant. Originally, the Oliver 
filters were fastened with copper wire, but copper was found to be too 
soft, resulting in breaking and short life span. The galvanized iron 
wire has perform ed satisfactorily, and they intend to continue the use 
of the same.

Last, but not least, in our sum m ary of vacuum filter w ire we must 
consider the New B rita in  trea tm ent plant. The New B rita in  plant 
uses a 12-gauge hard  draw n copper bronze wire. On the original in
stallation of the Conkey filters a t the plant, a 14-gauge steel wire was 
used, however, a fte r two w eeks’ of operation and upon standing idle 
for one day, the w ire left ru st lines on the cloth, which eventually re
sulted in deterioration. The copper bronze w ire has perform ed very 
satisfactorily , and even though there is a shortage of this critical m a
terial, it is believed no changeover will be made.

The wire a t the New B rita in  p lan t lasts fo r approxim ately three 
windings, or 1,500 hours. I t  is then discarded, not because of faulty  
m aterial, but because of the fact tha t a fte r  each winding the ends are 
cut shorter, making it im practical fo r use a fourth  time. However, 
since the w ire is still useable, it is put aside and shipped to the Enfield 
Sewage P lan t, where a sm aller filter is wound w ith it  twice.

Looking over the inform ation on hand one finds tha t the m ajority  
favor some type of steel wire. However a definite rule cannot be set 
on this m atter since each p lan t is confronted by a set of different con
ditions, and each operator is faced with the task of determ ining what 
type of w ire will produce the best results a t a minimum of cost.

F u rth er, more time and study should be made by filter m anufac
tu rers  to determ ine w hether something can be done to im prove the 
present methods employed in keeping filter cloths in place, in  o rder to 
save labor and m aterials.
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IN T E R E ST IN G  EX TRACTS FROM  
O PER A TIO N  REPO RTS

M E T R O PO L IT A N  D IST R IC T , H A R T F O R D , CONN. (1941 A N D  1942)

B y  G e o r g e  H .  C r a e m e r

Engineer-in-Charge

E ditor’s N ote: A t the Fall M eeting of the New England Sewage Works Association held 
at Boston on Septem ber 22, 1943, this report brought Mr. Craemer F irst prize in the annual 
operation report award competition. I t  is regretted  that space lim itations prevent publication  
of this excellent sta tistica l summary in its  entirety.

G e n e r a l

The treatm ent works serve the municipalities of H artford , W est 
H artford  and all or portions of W ethersfield, Bloomfield, W indsor and 
Newington. The plant is designed for 300,000 persons, contributing an 
average, dry w eather flow of 39 m.g.d. and a maximum flow of 80 m.g.d. 
The following treatm ent units are included:

4 coarse racks, mechanically cleaned.
1 shredder, for reduction of screenings.
4 grit chambers, 60 feet long, mechanically cleaned.
1 Venturi meter, 100 m.g.d. capacity
8 sedimentation tanks, 68 feet by 100 feet by 9 feet deep, affording 

2.2 hours detention a t the average, design flow, equipped with 
mechanical sludge and scum collectors.
Aeration in influent channels.

12 sludge and scum pumps.
4 sludge digestion tanks, 50 feet in diam eter by 30 feet deep, fixed 

covers, gas utilized for heating buildings and digesters.
2 mixing and settling units, for elutriation of digested sludge.
2 sludge conditioning tanks.
2 vacuum filters, 350 sq. ft. each.

A plan and flow diagram  of the plant is shown in Fig. 1.

S l u d g e  E l u t r ia t io n

Genter’s “ counter-current”  elutriation process is employed. Two 
mixing tanks and two sedim entation tanks are used. Digested sludge 
is mixed in the first mixing tank with w ater from the top of the second 
sedimentation tank. The m ixture then passes into the first sedim enta
tion tank from the top w ater overflows, re turn ing  through the entire 
plant. The solid m atter settling in the first sedim entation tank is 
transferred to the second mixing tank and there mixed with three
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times its volume of clean w ater pumped from  a group of well points 
driven into coarse sand underlying the plant. The m ixture is settled 
in the second sedim entation tank and the top w ater overflows to the 
first mixing tank, as s ta ted  above. The solid m a tter passes to the 
conditioning troughs and thence to the vacuum filters.

The mixing tanks are 8 feet square by 10 feet deep and contain a 
vertical paddle ag ita to r, driven by a 1.5 H .P. variable speed motor. 
The settling tanks are 85 feet long, 24 feet wide and 10 feet deep with 
two scraper-collector units per tank. These units are sim ilar in prin
ciple to those used on p rim ary  sedim entation tanks. No cross collec
to rs are used, however, there being three hoppers a t the end of the tank. 
A w ithdraw al pipe leads to each hopper. Scraper collectors with 0.5
H.P. motors run  about 6 hours per day, 5 days per week. The deten
tion period in the tanks is about 6 hours.

A summary of operation data  perta in ing  to the elu triation  process
follows :

1941 1942

Total m.g. sludge to elu tria tion ........................................... 4.489 2.378
Total m.g. elutriating w ater.................................................  34.6 31.0

To washing sludge..........................................................  17.5 13.0
To rewashing, recirculating, etc................................... 17.1 18.0

Total m.g. elutriated sludge .'.................................... 4.396 2.142
Per cent moisture-elutriated sludge.................................... 93.2 91.4
Per cent volatile-elutriated sludge......................................  39.8 38.6

S l u d g e  C a k e  A n a l y s is

The various constituents of the dew atered sludge cake, expressed as 
percentages of the dry  solids, were as follow s:

R ange in  P er C en t

Nitrogen (to ta l).........................................................................  1.7 -  2.0
Phosphoric ac id .......................................................................... 1.2 -  2.4
Po tash   0.2 -  0.5
Volatile (hum us)........................................................................ 30.0 -40.0
Chlorides...................................................................................... 0.04- 0.12
Chloroform soluble grease  5.7 -  6.3
Acid soluble iron ........................................................................ 0.4

F il t e r  C l o t h  L i f e

The wool filter cloths have given approxim ately 800 actual working 
hours each. W hen removed the cloths had not deterio rated  excessively 
and were still serviceable except tha t (even w ith thorough and regular 
washing with a dilute solution of m uriatic acid or trisodium  phosphate) 
the ferric  chloride use had increased beyond the economic limit. We 
are inclined to believe tha t 800 hours is ju s t about the economic life of 
the cloth under our conditions.



Vol. 16, No. 1 EXTRACTS FROM OPERATION REPORTS 1 69

T a b l e  1 .— Summary of Operation Data (Hartford, Conn.)— 194-1 and 1942

1941 1942
Item A verage A verage

Plant operated 1 days....................................................................... 314 258.5
Per cent of tim e........................................................................ 86.0 70.8

Estimated tributary population.................................................... . . . .  210,000 240,000
Sewage flow—m.g.d.......................................................................... 17.8 16.6
Screenings removal—c.f. per m.g.................................................. 2.5 2.8
Grit removal—c.f. per m.g.............................................................. 2.8 2.3
Primary sedimentation period—hrs.............................................. 5.2 5.8

Sludge removal—gal. per m.g. sewage................................. . . . .  2,530 2,790
Per cent m oisture............................................................. 93.9 92.9
Per cent volatile............................................................... 66.3 64.8
Lbs. D.S. per cap ita ........................................................ 0.12 0.20
Lbs. D.S. per m.g. sewage............................................. 1,167 1,230

Grease content of scum—p.p.m ............................................ 25.5 22.5
5-Day B.O.D., influent—p.p.m............................................. 199 137

Effluent—p.p.m ................................................................ 138 119
Per cent rem oval.............................................................. 29.6 36.8

Suspended solids, influent—p.p.m........................................ ........  137 117
Effluent—p.p.m................................................................ 30 25
Per cent rem oval.............................................................. 76.6 75.1

Sludge digestion temperature—deg. F ....................................... ........  97.3 95.3
Digested sludge—gal. per m.g. sewage............................... ........  776 569

Per cent m oisture............................................................ 92.2 90.8
Per cent volatile.......................................................................  40.4 36.0
Lbs. D.S. per m.g. sewage............................................. ........  541.1 466.6
Grease content—p.p.m ................................................... ........  8.7 11.8

Gas production— c.f. per capita daily 2 .......................................  0.91 0.90
Net B.T.U. value.....................................................................  576 576

Sludge élutriation— washwater ra tio .......................................... ........  4:1 6:1
Elutriated sludge— per cent m oisture................................ ........  93.2 91.4

Per cent volatile ................................................................................... ........  39.8 38.6
Sludge dewatering— days vacuum filters operated................. ........  156 104

Ferric chloride dosage— per cen t........................................ ........  2.40 2.41
Filter rate— lbs. per sq. ft. per h r....................................... ........  7.45 5.61
Sludge cake—lbs. D.S. per m.g. sewage........................... ........  526 369

Per cent moisture.......................................................... 64.1 59.8
Filtrate p H .............................................................................. 6.1 6.1

Operation costs—per m.g. trea ted .............................................. ........  $10.56 $14.90
Per capita for year (adjusted)............................................. ........  $ 0.37 $ 0.42

1 Operation suspended for hydraulic reasons when Connecticut River stage exceeds 8 feet. 
Discharge at this stage approximately 20,000 c.f.s.

2 Per day plant operated.

R O C K V ILLE C EN TRE, N. Y. (1942)

B y  C. G e o r g e  A n d e r s e n

Superintendent

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

Tlie sewerage system and treatm ent works were built in 1929 
designed for a population of 20,000 and a capacity of 2.0 m.g.d. The 
treatment plant consists of the activated sludge process, separate 
sludge digestion, gas collection and utilization, and glass-covered
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sludge drying beds. The gas is used fo r beating the digestion tanks. 
G as-heated hot w ater boilers and gas-operated auxiliary  engines are 
the equipm ent fo r u tilization of the m ethane gas produced from  the 
decomposition of the organic solids in the digestion tanks.

The activated sludge process was a problem a t Rockville Centre, 
because of “ bulking.”  The p lan t discharge flowed to n a tu ra l sand 
beds and because of the bulking, the sand became clogged creating quite 
a problem in disposing of the sewage, also nuisance factors developed 
to such a degree in and around the p lan t th a t it became necessary to 
design and construct additional equipment to cope w ith the problem. 
The only outlet or stream  to which the p lan t effluent could discharge 
was on private  property . The problem then, was to provide equipment 
th a t would keep the bulking solids out of the stream . In  1933, me
chanical vacuum filters were designed, constructed and adopted as an 
adjunct to the trea tm en t plant.

Three string  type vacuum filters were installed using paper pulp 
as the filter medium. Two of the filters were high submergence for 
removal of suspended solids in  the activated sludge effluent and one 
low submergence fo r dew atering the waste pulp, th a t filter is also used 
fo r dew atering raw  sludge, using as its  filter medium the w aste pulp 
instead of chemicals.

G ood  O p e r a t i o n  O v e r c o m e s  B u l k i n g

Sim ultaneously w ith engineering studies as to the type of equip
ment necessary to cope w ith the bulking problem, considerable study 
was being made by the w riter to find a m ethod of preventing bulking. 
Fortunately , a fte r  three years of patience and perservance, methods 
were found to harness or tame the m onster. I t  is not one factor, but 
many mechanical procedures along w ith an understanding  of the unit 
of life, be it aerobic anerobic. I t  was fo rtunate  th a t the bulking was 
controlled, because the filter medium could not take the deluge of 
solids and the filtrate took on the quality and appearance of raw  sew
age. F ir s t  thought would lead one to think th a t the vacuum filter in
stallation was a failure, but such was not the case. The p lan t effluent 
discharged into private  stream s and ponds and an unusual excellence 
was demanded of the type of trea tm ent—the sewage flow was twice 
tha t in  the stream .

Approxim ately two years ago the p lan t discharge was diverted to a 
town road drainage sewer passing by the plant. This d ra in  discharges 
into a creek two miles below the plant. The w ater is subjected to the 
tides, but the changes are lim ited because of the distance from  the 
active tidal area. The w aters are  under the jurisdiction of the N assau 
County and New York S ta te  H ealth  D epartm ents and the In te rs ta te  
Sanitation Commission. These au thorities have set up lim itations and 
requirem ents as to suspended solids, dissolved oxygen and B. Coli 
organism s to be found in  sewage discharged into stream s, rivers and 
bays. The reason and necessity fo r this is the protection of public 
health.
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In  the early p a rt of 1942, reports on eight years of plant operation, 
observations and reports on the physical conditions and tests on the 
water in the creek were brought to the attention of the authorities 
mentioned, with a request, tha t on the record and plant operation now 
maintained, the activated sludge effluent be allowed to by-pass the 
mechanical vacuum filter fo r a period of time. Should the time come 
when the lim itations and requirem ents of the named authorities be ex
ceeded, the vacuum filter will again be placed in operation or treatm ent 
facilities will have to be installed to meet the requirements.

Upon checking reports and their findings and appreciating the dis
continuance of bulking the Nassau County and New York State Health 
Department and In te rs ta te  Sanitation Commission have allowed the 
trial which went into effect June 1, 1942. I  am most happy to report 
that while suspended solids are slightly higher than in the filtered 
effluent there is a comfortable m argin as to requirements.

Considerable savings have been effected by the control of the ac
tivated sludge, especially in stoppage of the filtration. In  one month 
there is a saving of 41,000 k.w., 6.0 million gallons of water, that is 
reflected in the plant, because all or most of the w ater used in the filtra
tion plant was returned  and treated, reducing the flow by about 200,000 
gallons da ily ; 10 tons of paper or cardboard less is now required, and 
supplies and parts required will be reduced. The filters will be kept 
in good running order, however, two operators have been released and 
will now take p a rt in sewer and plant maintenance for which work 
extra labor was employed, effecting a saving in labor costs.

A S u c c e s s f u l  S e w e r  M a i n t e n a n c e  P r o g r a m

Maintenance of sewers has to our satisfaction become a routine 
matter. In 1938 .we in itia ted  a regular maintenance program  in the 
cleaning, flushing and making of repairs to our sewers and manholes. 
The program calls for the augeing and flushing of 26 miles of sewer 
each year thus making a complete tour of the whole system in three 
years.

The cleaning season s ta rts  about March 15, and continues, eight 
hours daily, five days weekly until June 30. A t tha t time we suspend 
operations until September 15, when operations s ta r t again and con
tinue until November 30. O perating in tha t way allows manpower for 
vacations and makes for better efficiency and working conditions, by 
not laboring under the handicap of extreme high and low tem peratures. 
The labor used for this type of work has been partly  extra, and the 
regularly employed are a p a rt of the plant personnel as stated, taking- 
over vacation relief and making repairs and general maintenance in 
the winter months.

A fter the third year of this type of maintenance the results were 
very gratifying. In 1942 the complaints on sewer stoppages fell off 75 
per cent and of the few complaints received only three were in the public 
sewer the remainder were in the house laterals. We have found in 
starting the second cycle of sewer cleaning tha t stoppages are light and
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easily cut out. A full size tool is run  through each and every sewer 
when the inspection is made.

B e a u t i f i c a t io n  o f  G r o u n d s

A great amount of time and study has been given to the beautifica
tion of the grounds around the tanks, buildings and roads of the tre a t
ment p lan t and pump stations. The ideal situation in a sewage trea t
ment p lan t is where no nuisance factors exist and a pleasing picture of 
beauty in the form  of green, fresh-looking foliage, trees, shrubs, ever
greens with a rio t of color obtained by perennial and annual flowers. 
That, briefly, is the goal for which we are striving.

H ave we been successful1? To a large degree, we have, because 
many of our residents do not know of our existence and many others 
who know the location think of it as a public park, ra th e r than as a sew
age trea tm ent plant. Looking back approxim ately fifteen years to the 
barren  area  stripped of trees, and nothing but back-fill, stone, and clay 
on the surface of the ground a t the p lan t site, one can m arvel a t the 
change when viewing pictures of today and yesterday. In  the last five 
years the p lant has had a beautiful background in Allen Field. The 
activities taking place right 011 the p lant grounds are a tribu te  to the 
personnel operating the sewage treatm ent works.

C i v i l i a n  D e f e n s e  F u n c t i o n s

A t the outset of the year, g reat was the concern of all of us on the 
A tlantic Seaboard as to how the w ar would effect Long Island and espe
cially our area. Faced with realities such as possible bombings, sabo
tage, shell fire from submarines, and with the heavy a ir traffic of planes, 
the possibility of accidents, serious consideration had to be given to the 
problem.

Our departm ent was made a p a r t of the local civilian defense forces 
and was assigned to the U tility  Division. A group of twenty-five labor
ers, who could be called mechanics because of their experience in trench 
and excavation work, are enlisted to assist in  event of an emergency.

Before the equipment field was tied up by the w ar agencies, we had 
secured a 500 gallon per minute portable pump. The pump is to be 
used for fire fighting purposes, using sewage should w ater service fail. 
The personnel has been drilled in the setting up of the pum p at the p ri
m ary tanks using the sewage for w ater supply. Also they have a t
tended lectures as to w hat to do and not to do in emergencies, blackouts, 
and in the maintenance of their own departm ent, M ost essential is con
tact with the organization a t all times and notification 011 leaving town. 
Each man has a station to which he reports a t the plant. F rom  there 
the report is forw arded to the nerve center of Civilian Defense th a t all 
stations are manned.

We have not become too concerned about guarding our p lan t and 
stations. However, gates have been installed and are closed a t night. 
Should there be an outbreak of sabotage, it will, we believe, be directed
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T a b l e  2 .—Summary of Operation Data (Rockville Centre, New York)
I te m  1942 A verage

Estimated tributary population..........................................................................  17,500
Sewage flow—average daily .................................................................................  1.99 m.g.d.

Per capita d a i ly      114 gal.
Screenings removal per m.g. sewage..................................................................  1.2 c.f.
Analytical data:

5-Day B.O.D.—raw sewage  288 p.p.m.
Primary effluent  160 p.p.m.

R em oval..........................................................................................  43.5 per cent
Final effluent  41 p.p.m.

Removal..........................................................................................  85.8 per cent
Suspended solids—raw sewage  284 p.p.m.

Primary effluent  146 p.p.m.
Removal..........................................................................................  48.6 per cent

Final effluent  25 p.p.m.
Rem oval..........................................................................................  91.3 percen t

Primary sedimentation period  54 min.
Skimmings removal—per m.g. sewage......................................................  1.0 c.f.
Settleable solids rem oval  76 percen t

Activated sludge data:
Aeration period..............................................................................................  5.03 hrs.
Applied air per gal. sewage.......................................................................... 2.0 c.f.
Aeration power per m.g. sewage  424 kw. hrs.
Mixed liquor solids  740 p.p.m.

Sludge index (M ohlman)...................................................................... 38
Return sludge ra te ......................................................................................... 3.5 percen t

Return sludge solids  27,013 p.p.m.
Final sedimentation period..................................................................................  2.08 hrs.
Sludge data:

Primary sludge quan tity   1,320 gal. per m.g.
Solids content......................................................................................... 3.8 per cent
Volatile con ten t  81 percen t

Waste act. sludge quan tity   1,350 gal. per m.g.
Solids content......................................................................................... 3.3 per cent
Volatile conten t  88 per cent

Primary sludge to vac. filters  590 gal. per m.g.
Solids content......................................................................................... 2.6 per cent
Volatile content  74 percen t
Filtered sludge solids content.............................................................  25.0 percen t
Filter yield—per sq. ft. per h r............................................................  0.8 lbs.

Combined sludge to digestion  1,885 gal. per m.g.
Solids content.........................................................................................  4.2 per cent
Volatile content  80 per cent
Digested sludge to drying beds  520 gal. per m.g.

Solids content................................................................................. 5.0 percen t
Volatile content  55 percen t

Digestion tem perature  85 deg. F.
Digester gas production—per cap ita ................................................. 1-0 c-f-

Air dried sludge—solids content  35 per cent
Volatile content  54 percen t

Chlorination data:
Pre-chlorination dosage  95 lbs. per m.g
Post-chlorination dosage  37 lbs. per m.g.
Total chlorine applied  132 lbs. per m.g

Operation costs:
Per m.g. treated .............................................................................................  $59.68
Per capita per year...................................................................................  8 2.47



174 SEWAGE WORKS JOURNAL January , 1944

a t power and communication centers and a t th a t time our units will have 
to be protected.

In  event of bombing in the highways our men will be on hand to 
assist in the disposal of flood w aters from  rup tu red  w ater mains and the 
repairing  of damage to our sewers a t which time plans already prepared  
11411 be carried  out. A co-operative organization has also been set up 
on a county wide basis.

T IP S A N D  Q U IPS
The opening day shortage of hotel rooms notw ithstanding, the 

F ou rth  Annual Meeting and Second W artim e Conference of the F edera
tion in Chicago proved to he everything advertised—and then som e! A 
record-breaking reg istra tion  of 612 profited by the finest technical pro
gram  as yet arranged and enjoyed the unusual entertainm ent features 
which rounded out an eventful week.

F rom  M ayor K elly’s presentation of the keys to Chicago, during 
which rem arks he also keynoted the convention, to the final discussion 
in the O pera to r’s Forum , it was a meeting crammed brim ful w ith in for
m ation and edification. No doubt it, the 1943 W artim e Conference 
established several m arks which will be difficult to surpass in the fu tu re !

iji

“ Do you have a room as y e t? ”  This phrase m ight well have been 
the password to the Conference hut it always seemed to be accompanied 
by a smile. The good sportsm anship dem onstrated in the face of the 
unfortunate situation which developed because of an extension of the 
convention which preceded tha t of the Federation, reflected g reat credit 
upon our members. The inconvenient but often am using incidents ex
perienced will not be soon forgotten.

Our own contribution to the humorous anecdotes involves a m oder
ately satu rated  individual who, at 1 :30 a.m., unlocked our door and en
tered the room after we had retired. W e unhesitatingly agreed with his 
observation ‘ ‘ tha t this is a strange situation ’ ’ and were not particu larly  
interested to learn tha t he was “ Jenkins from  C alifo rn ia”  as we rapidly 
herded him into the hall. I t  seems tha t Mr. Jenkins had actually been 
using the rooms during the preceding convention but had been moved 
out, w ithout his knowledge, upon our arrival.

I f  you think your plight was sad, think of poor Je n k in s !
SjC

The Q uarter Century O pera to r’s Club gained two new recru its in 
Chicago, bringing its to tal enrollment to 12. Keuben A. A nderson of 
Muskegon Heights, Michigan and S. L. Tolman, now of the Jeffrey  
M anufacturing Company were the 1943 neophytes, both having been en
gaged in sewage treatm ent works operation in 1917. W ith the excep
tion of a year in the Army, Mr. A nderson has been in p lan t operation 
work continuously since 1917. He now holds the position of super
intendent of the Muskegon H eights plant. Mr. Tolman was in itia ted  
into the operation field a t Mason City, Iowa, in November, 1917.
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The Q uarter Century Club lost one of its most esteemed members 
during the year, a t the death of Paul Molitor, Sr., of Chatham, New 
Jersey.

»J* H*

The address of welcome by Mayor Edw ard J . Kelly of Chicago was 
more than an offering of the c ity ’s hospitality—it was a well-expressed 
and fitting introduction to the technical program . W hen Mr. Kelly de
plored the inadequacy of the present 5000 c.f.s. diversion of dilution 
water from Lake Michigan as “ only enough to make the sewage less 
thick,”  he spoke with authority, for he was at one time Chief Engineer 
of the Sanitary D istrict of Chicago!

^  ^

We leave the Fourth  Annual Meeting of the Federation with a sin
cere acknowledgment of the efforts of the Management Committee per
sonnel, every one of whom worked diligently and painstakingly to make 
the conference such an outstanding success.

The Federation is also indebted to W aterw orks and Sewerage and 
its “ Doc” Symons for an excellent job on The Federation Daily, d is
tributed during the Convention. Symons put in many wee small hours 
in its preparation.

*  *  *

From the September, 1943, issue of N orth D akota’s Official Bulletin:
“ Conference members will recall tha t a couple of years ago some 

slickers were travelling through the State try ing to sell a product called 
‘Hypofermento’ guaranteed to be a ‘pure sewage culture’ tha t would 
positively eliminate all future necessity of removing sludge from  septic 
tanks, Imhoff tanks, and the like. F o r the average small town, about 
$40.00 to $50.00 worth was all that was necessary to put the tank in tip 
top shape permanently.

“ Conference members regularly attending conventions knew imme
diately upon being approached that such a product was a fake. The 
information divulged at the schools a t the conventions enable one to 
determine fraudulent practices from honest practices.

“ Now we hear of another racket sim ilar in nature, but not quite 
so far-fetched. A concern has been travelling through the State a t
tempting to contract for the removal of sludge from Imhoff tanks on a 
per ton basis. The normal unit price is $5.00 per ton. If  this were on 
a dry solids basis, it might not be such a bad deal, but we strongly sus
pect that anyone operating under a contract of this nature would charge 
for all of the water removed and would probably remove as much water 
as possible. I t  is entirely conceivable that the average Imhoff tank 
would run into the neighborhood .of $1,000.00 for sludge removal on 
this basis. Nice racket, eh?”

*  *  *

Pointing out that only the armed services and war plants with top 
priority ratings are now eligible to purchase new fire extinguishers, the 
Safety Research Institu te urges tha t ex traord inary  care be given such
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equipment 011 hand. The following maintenance and rep a ir instruc
tions are offered:

1. Recharge extinguishers im mediately afte r use and afte r the in ter
val of time recommended by the m anufacturer.

2. Use only recharging supplies and replacem ent p a rts  obtained 
from  the m anufacturer.

3. Follow the instructions on the units closely when recharging all 
types of extinguishers.

4. Inspect extinguishers a t least once a month to make certain  they 
are filled, operative, and have not been tam pered with.

5. I f  an extinguisher is dam aged by a blow or fall so tha t there is a 
possibility tha t the shell or seam has been damaged, have the extin
guisher tested by the m anufacturer or his agent.

6. Do not attem pt repairs of dam aged extinguishers. R etu rn  them 
to the m anufacturer for the skilled work such service demands.

7. Have men on the premises who are fam iliar w ith the inspection 
and recharging of extinguishers, and who understand  the correct meth
ods for keeping the equipment ready for instant, efficient use.

*  *  ❖

The Galesburg S an itary  D istrict, located in the h eart of agricultural 
Illinois, does not hesitate to apply farm ing methods in  the operation 
of its sewage treatm ent plant. Superintendent L. W. H unt has found 
light surface scarifying to be beneficial to the trickling filters, a t which 
a surplus of fine filter media has brought about chronic ponding. Use 
of a horse-drawn harrow  for the purpose is shown in F ig. 1.

F i g . 1 .— Cultivating a “ crop”  of filter efficiency a t the Galesburg (Illinois) Sanitary D istrict.

*  *  *

O perators who may have encountered difficulty in m aintenance of 
bearings in revolving distributors a t trickling filters will be in terested 
in the conclusions * of John  W. Jacobs, Kokomo, Ind iana :

* Reported by Sewage Gas, September, 1943, published by Indiana State Board of H ealth.
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“ A fter seven years of continuous operation, the ro tary  d istributors 
are now beginning to cause trouble. One reached the point where it 
would not ro tate  properly. On dism antling it was found tha t the roller 
bearings were chipped and the bearing plates were worn and damaged 
to the extent that it was necessary to replace them with new parts.

“ The damage and excessive w ear on the roller bearings and plates 
was found on dism antling to be caused prim arily  by im proper lubrica
tion. The grease in the top bearings was so dry tha t it was necessary 
to use knives and chisels to remove it. I t  is believed tha t the ro tary  
distributors would have given many more useful years of service be
fore it was necessary to replace the bearings had a good grade of oil 
and grease, one tha t would function properly during hot and cold 
weather, been used. I t  is also necessary to keep the center column 
plumb and the arm s adjusted so tha t the load is carried  evenly all the 
way around on the bearings.”

*  *  *

To bad tha t the questionnaire on activated sludge plant operation 
at Gary, Indiana, was received too late from Superintendent W. W. 
Mathews to be incorporated in the summary of experience on this topic 
carried in the September, 1943 issue of the Journal.

The Gary plant is among those troubled by iron oxide deposits on 
the diffuser tubes due to large quantities of ferrous sulfate wastes in 
the sewage. The tubes have gone as long as 13 months without clog
ging but, again, have clogged in 30 days. Servicing procedure in
cludes: washing with w ater and scrub brushes, soaking for 15 to 30 
minutes in 40 per cent sulfuric acid, thorough rinse, soaking in Stanisol 
(a solvent) to remove grease and, finally, painting of the exterior sur
face with petrolatum.

Superintendent Mathews offers to buy us any hat we select if we 
can tell him “ how to keep iron oxide from  depositing on the outside 
of the diffuser tubes.”  Our suggestion which was to put the mixed 
liquor inside of the tubes and apply the a ir from the outside, seems to 
be a bit too “ sim ple”  to be of real help but out to entitle us to a snood, 
at least!

Anybody need a new Stetson?
❖ *  *

Would you like to have your plant on display in the F edera tion ’s 
new central office? Our idea of the most appropriate wall decoration 
is to use especially attractive view of sewage works, enlarged from 
photographs and framed. A t the moment, however, all we have is the 
idea and we make this as a plea for clear, sharp, glossy p rin ts (8 by 10 
inches in size) to have enlarged. Aeroplane views, panoram as and in 
teriors will be most welcome,

We can use a t least a dozen pictures. T hanks!
'»*



Editorial

JO U R N A L E D IT O R IA L  PO LICY
To dispel any questions or doubts in the minds of the readers and 

users of This Journal, your new E d ito r hastens to point out tha t Dr. 
Mohlman will continue to guide and supervise all editorial functions 
from  his new position as A dvisory E dito r. H is p resen t title  is not 
ju st an honorary one—it means th a t he will be consulted regarding 
the make-up of every issue and th a t his advice and recommendations 
will be given param ount consideration. The p ast ed itorial policies of 
the Journal speak fo r themselves. W ith full realization th a t the real 
foundation of the Federation  lies in the excellence of its official pub
lication, the B oard of Control has specifically d irected th a t these 
policies be continued indefinitely.

In  his past three years of close contact w ith Dr. Mohlman in con
nection with the production of the Journal, the w rite r lias had an 
unusual opportunity  to observe the painstaking care th a t has gone 
into its preparation . He has also been in a position to observe the 
infinite detail tha t has been Dr. M ohlm an’s responsib ility—the volume 
of correspondence and the drab chore of proof-reading. Relief of Dr. 
Mohlman of the onerous detail of his editorial duties was a p rim ary  
reason fo r the recent reorganization, although there are  several other 
advantages in having advertising and other functions combined into a 
central editorial office.

Your new E d ito r approaches his responsibilities w ith p roper hu
m ility as well as a p roper regard  fo r the guidance he will require from 
the experienced hand of the A dvisory E dito r. I t  is deemed a rare  
privilege to have the advantage of such guidance and  our readers may 
rest assured th a t it will be utilized to the fullest.

Your new E d ito r fu rth er realizes th a t his vocabulary is inadequate 
to pay suitable tribute to Dr. M ohlm an’s p ast service. Only those who 
have used and prized the Journal fo r the last fifteen years can appreci
ate the richness of his contribution to the sewage works field.

W. H. W.

A T Y O U R  SER V IC E
I t  is full time th a t the F ederation  be generally recognized fo r what 

it is today—a service organization representing a highly specialized, 
technical field. U ntil a few years ago, the identity  of the F ederation  
as an organization was almost completely buried, w ith m ost of us 
thinking of it  (if we thought of it a t all) only as a “ Journal.”

A t present, the F ederation  offers its members and supporters the 
same Journal; a fine annual m eeting; the fru its  in technical progress 
and professional w elfare of the efforts of many active com m ittees; an
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organized representation  in m atters affecting the entire field, such as 
in connection with priorities and manpower problem s; and finally but 
not least, a central headquarters for individualized service to its mem
bers. In  short, “ something new has been added” !

During the past three years, your Secretary has found keen g ra ti
fication in extending assistance in response to inquiries by individual 
members. We are quite proud of our “ Service” file which now re
ceives more than a hundred inquiries annually and which stands ready 
to welcome many more. Technical problems are most common but it 
has also been possible to render assistance by furnishing statistical 
data, in personnel placement, in the form of advisory service to in
dividuals desiring to improve their train ing  and education and in 
several other ways. N aturally, we have not been able to furnish on 
demand the complete answ er to every question, but it has been possible 
to suggest other sources of inform ation or to refer the problem to some 
other informed person or agency when our own resources prove in
adequate.

This is a plea fo r you to utilize the new facilities of the Federation 
to their capacity. You may be assured th a t every inquiry pertinent to 
the objectives of the Federation will be welcomed and will bring a 
courteous response with the very best assistance we can provide.

Your Federation is a t your serv ice!
W. H. W.



Proceedings of M em ber A ssociations

C A N A D IA N  IN S T IT U T E  ON SEW A G E  
A N D  SA N IT A T IO N

T en th  A nnual Convention 

N iagara Falls, O nt., O ctober 28-29, 1943

Tlie tenth  annual convention of the C anadian In stitu te  on Sewage 
and Sanitation, held a t N iagara Falls, O ntario, on October 28 and  29, 
1943, surpassed by all previous meetings. The attendance of 202 con
siderably exceeded previous reg istra tions, and it was unanimously 
agreed tha t this was the best meeting yet held. In te re s t in the papers 
and discussions was keen, and the social functions enabled all delegates 
to mingle freely and discuss the ir m utual problems.

The program  was divided between w ritten  papers and guided dis
cussions. P rofessor R. F . Legget of the U niversity  of Toronto gave a 
paper on “ Conservation and S an ita tion .”  This was a thouglit-pro- 
voking survey of the need fo r conservation of n a tu ra l resources, with 
particu lar reference to san itation  and stream  control.

Two papers were given on “ Sewage T reatm ent P rac tice” ; the first 
on “ S tandards fo r M unicipal Sewage T reatm ent P la n ts ”  was de
livered by A. S. Bedell, Chief of the B ureau of Sewage and W aste Dis
posal, S tate  D epartm ent of H ealth  a t Albany, N. Y. In  this, the pro
cedure followed in the S tate  of New York was discussed. The second 
paper on this subject was given by Dr. A. E. B erry  of the Provincial 
Dept, of H ealth of O ntario, on “ Sewage T reatm ent fo r Homes and 
In stitu tions .”

Two papers of considerable in terest dealt w ith the “ Design of 
Storm  Sew ers.”  The first outlined “ U nited S tates P rac tice ,”  w ith the 
author being Dr. W. L. Malcolm, P ro fesso r of Civil E ngineering at 
Cornell U niversity. “ Canadian P rac tice”  was discussed by David 
Jack, City E ngineer of K ingston, Ont. Both papers contained much 
inform ation on the practices in use a t different centres.

The final paper was given by AY. L. Collins of H am ilton, Ont., on 
“ Refuse Collection and D isposal”  in th a t city.

An enthusiastic discussion was held on the subject of “ Financing- 
Municipal W orks”  a t which present day practices and post w ar plans 
were reviewed.

The new executive of the In stitu te  includes the fo llow ing: P resident, 
R. H. Parsons, City E ngineer of Peterborough; V ice-President, R. J . 
Desm arais, City E ngineer of W in d so r; T rustees, R. W. G arre tt, City 
Engineer of London, and H. S. Nicklin, City E ngineer of Guelph. 
P as t P resident, on the executive, is B. F . Lamson, City E ngineer of 
St. Catharines. A. E. B erry  is S ecretary-T reasurer.

180
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An inspection trip  was made to the sewage screening p lant of 
N iagara Falls, N. Y., as guests of tha t city.

Social functions included a dinner and a luncheon. P ast P resident 
A. S. Bedell of the Federation  of Sewage W orks Associations repre
sented th a t organization and brought an in teresting account of ac
tivities.

Dean C. R. Young of the Faculty  of Applied Science, U niversity of 
Toronto, spoke a t the luncheon on “ The Place of the Engineer in the 
Post-W ar W orld ,”  in which a most in teresting survey of this field was 
portrayed to the delegates.

The newly organized “ Canadian Sanitation Equipm ent Associa
tion” representing m anufacturers and distributors contributed much 
to the success of the meeting by sponsoring a splendid floor show and 
a “ club room ” in which the delegates were refreshed and entertained.

FED ER A L ASSOCIATIO N RECORDS LOSS 
OF TW O M EMBERS

The loss by death in the past year of Robert W. K ehr and H arry  R. 
Crohurst, respected members of the Federal Sewage Research Associa
tion, has been form ally noted by tha t organization in the adoption of 
the following resolutions :

R O B E R T  W E B S T E R  K E H R

I t is with deep sorrow and a feeling of irreparable loss that the 
Federal Sewage Research Association records the death on December 
20, 1942, of Robert W. K ehr, P as t A ssistan t Sanitary  Engineer of the 
U. S. Public H ealth Service. While assigned to the Alaska highway 
project, Mr. K ehr lost his life in an airplane crash returning from 
Whitehorse, Yukon T errito ry , to his home. He was an active member 
of the Association, having served as its Secretary in 1938 and as its 
President in 1942. His work was prim arily  in the field of w ater pollu
tion research and the practical application of inform ation obtained. 
His reports, particularly  the study of the Scioto River and the observa
tions on the relation between coliforms and enteric pathogens, indicate 
a deep grasp of the problems of his chosen field.

We shall miss his wisdom, tact, and especially his quiet kindliness 
and the comfort which his friendly counsel gave us. Therefore, be it 
R eso l v e d , that the F ederal Sewage Research Association express its 

deep regard and appreciation of Mr. K ehr, and be it fu rther 
R e so l v e d , that the Association extend its deepest sympathy to his 

widow and family, and tha t the Secretary be instructed to send a 
copy of this resolution to Mrs. K ehr.

H A R R Y  R O U N S E V IL L E  C RO H U R ST

With deep sorrow the F ederal Sewage Research Association records 
the death within the past twelve months of H arry  R. Crohurst, Sanitary
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Engineer D irector, of the U. S. Public H ealth  Service. Mr. C rohurst 
was one of the original members of the F edera l Sewage Research A s
sociation, and in 1934 was its P resident. He was connected with 
stream  pollution research and its practical application fo r a generation 
and conducted pollution surveys of many of the most im portan t w ater
courses of the country. Not the least of these was the recently com
pleted survey and report on the Ohio R iver and its tribu taries. Re
ports p repared  under his direction form  a p a tte rn  of thoroughness and 
sound engineering judgm ent which has been an insp ira tion  to his as
sociates and the san ita ry  engineering profession. We will miss his 
wisdom, his tact, his kindliness, the quiet hum or characteristic  of him, 
and the friendly  counsel which so helped in the solution of our prob
lems. Therefore be it
R e s o l v e d , that the Federal Sewage Research Association expresses its 

profound adm iration, regard  and appreciation fo r Mr. Crohurst, 
and be it fu rth er

R e s o l v e d , tha t the S ecretary -T reasurer be instructed  to send a copy of 
this resolution to Mrs. Crohurst.

N E W  YORK ST A T E  SEW A G E W O RK S A SSO C IA TIO N
R em arks on the occasion of the presentation  of the A nnual R ating  A w ard to  E dw ard J.

Sm ith, Superintendent of the N iagara Falls Sewage T rea tm en t P lan t *

By A. W. E u s t a n c e

Chairman, B ating Committee

This year of 1943 m arks the eighth year in which our association 
has conducted the Annual R ating Contest. D uring these eight years, 
a to tal of 98 reports on the operation of sewage trea tm en t p lants has 
been subm itted by operator members of our association. These re
ports have all been carefully p repared  in accordance w ith the adopted 
schedule; and they represent, on the p a rt of the operators subm itting 
these reports, an immense am ount of work over and above th a t actually 
required fo r the operation of their plants. Because of this additional 
work entailed in the p reparation  of these reports, which includes re
viewing of past work, methods and results, compiling of da ta  on tests 
and operation methods, and making of perhaps more labora to ry  tests 
than would ordinarily  be done, all operators who have partic ipa ted  in 
the R ating P rogram  by subm itting such reports have become better 
operators by reason of their participation.

I t  is regretted  th a t only one m aterial aw ard can be made each year, 
tha t aw ard being given to the operator whose report, in the judgm ent 
of the R ating  Committee, is the best fo r th a t year. However, honor 
and recognition are none the less due to all those other operators who 
have subm itted re p o r ts ; and particu larly  to those who continue to sub-

* Presented a t Spring Meeting of New York State Sewage Works Association, Rochester 
N. Y., June 4-5, 1943.
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mit reports each year, irrespective of whether or not they succeed in 
winning the award. To all of those, we extend our thanks and best 
wishes fo r the future.

This year, I  reg ret to say tha t the number of reports submitted has 
fallen off considerably, even below the number submitted last year. 
This decrease in the number of reports is, undoubtedly, only tem porary 
and can probably be blamed on the w ar which has given the operators 
additional burdens due to shortage of personnel and additional ac
tivities due to participation in the w ar effort.

The rating  plan conducted by our association is undertaken solely 
for the purpose of benefiting the operators, and it does contribute much 
in this respect in gaining for them well deserved recognition. More 
effort is needed on the p a r t of our association to continue and supple
ment this good work, and we individually should do all in our power to 
promote this work.

In addition to the operator I  shall presently name as the recipient 
of this y e a r’s award. R eports were submitted by the following:

C. George Anderson, Rockville Centre 
Uhl T. Mann, Cortland 
William Edw ards, Gowanda S tate H ospital 
H arry  M. Monsell, G reenport
Charles G. H art, Ley Creek Sewage Treatm ent W orks

To each of you, may I  extend my thanks and the thanks of our associa
tion? In  each instance, the R ating Committee will w rite to the official 
boards of the municipalities or institutions represented by these opera
tors, commending these operators for their reports and otherwise 
thanking them for their cooperation.

I t  now becomes my duty, and a very pleasant one, to present the 
1943 Annual Rating Award to the operator judged by the Rating Com
mittee to be the winner fo r this year. The competition was exceed
ingly close; but a fte r a careful study and review of each report, the 
vote of the committee was unanimous in granting  the aw ard to the 
operator of the N iagara Falls sewage treatm ent plant.

The operator of this plant, as you all know, is Edw ard J . Smith, the 
President of our association, and it is to be noted tha t this is the first 
occasion where a president during his term  of office has won this award.

Mr. Smith, in behalf of the association, this aw ard is made to you 
in recognition of the excellence of your report on the operation of the 
Niagara Falls sewage treatm ent plant.

MEMBER ASSO CIATIO N M EETINGS
Association 

New England Springfield, Massachusetts 
(Hotel Kimball) 
Trenton, N. J. 

(Stacy-Trent Hotel)

P lace
May 17, 1944

D ate

New Jersey March 23-24, 1944



Federation Affairs

FEDERATION OF SEWAGE WORKS ASSOCIATIONS

M I N U T E S  O F  M E E T I N G  O F  1943 B O A R D  O F  C O N T R O L  

H o te l S h e rm a n , C h icago , Il l in o is ,  O c to b e r  20, 1943

T he A nnual M eeting of the 1943 Board of Control of the  F ederation  of Sewage 
W orks Associations was called to  order by P resident George J . Schroepfer, in the 
Grey Room of the  H otel Sherm an, Chicago a t 6:35 p.m ., O ctober 20, 1943.

Roll call indicated the  following representation:

P r e s e n t  i n  P e r s o n  

Affiliate or Office Represented
President 
P ast P resident 
Treasurer
California Sewage W orks Ass’n 
C entral S tates Sewage W orks Ass’n 
Georgia W ater and Sewage Ass’n 
M issouri W ater and Sewerage Conf.
New England Sewage W orks Ass’n
Ohio Sewage W orks Ass’n
C anadian In s titu te  on Sewage and S anitation
D irector-at-Large
W ater and Sewage W orks M anufacturers Ass’n 
W ater and Sewage W orks M anufacturers Ass’n 
Publications Com m ittee 
Sewage W orks Practice Com m ittee

Represented B y  
G. J. Schroepfer 
A. S. Bedell 
W. W. D eB erard 
W. A. Allen 
M ajor B. A. Poole 
Van P. Enloe 
W. Q. K ehr 
J . H . Brooks, Jr.
C. D. M cGuire 
Dr. A. E . Berry 
W. J. O rchard
D. S. McAfee 
W. B. M arshall 
F . W. Gilcreas 
M orris M. Cohn

P r e s e n t  i n  P e r s o n , A c t i n g  b y  P r o x y

Affiliate or Office Represented 
A rgentine Soc. Engrs., S an itary  Engr. Div. 
Arizona W ater and Sewage W orks Ass’n 
D ako ta W ater and Sewage W orks Conf. 
Federal Sewage Research Ass’n 
M ichigan Sewage W orks Ass’n 
New Jersey Sewage W orks Ass’n 
New Y ork S ta te  Sewage W orks Ass’n 
Pennsylvania Sewage W orks Ass’n 
W ater and Sewage W orks M anufacturers Ass’n

Represented B y
F. W. M ohlm an (For E. B. Besslievre) 
W. H. Wisely (For P. J. M artin)
K. C. L auster (For W. W. Towne)
C. C. R uchhoft (For J. K. Hoskins)
C. P. W itcher (For N. G. Damoose) 
W. H. Wisely (For E. P. M olitor)
L. H. Enslow (For C. G. Andersen)
C. A. Em erson (For F. S. Friel)
W. B. M arshall (For K . M . M ann)

President Schroepfer declared a quorum  to be present.

By consent, reading of the  m inutes of the  meetings of the  Board of C ontrol held 
a t Cleveland on October 24, 1942 was dispensed with, these m inutes as published in 
the January , 1943 issue of S e w a g e  W o r k s  J o u r n a l  being ordered approved.

President Schroepfer presented th e  following report:

“ W ithout detracting in any way from the  reports of the  Secretary  and T reas
urer which will follow, it  is a pleasure to report to  the  Board th a t  during th e  past 
year the membership of the  Federation and its financial condition have im proved
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m aterially w ith an increase in membership to a to ta l of more than  2,600, and with 
an increase in the assets of the Federation to more than  $20,000. Your President 
takes no credit, b u t rather wishes to pass this on to the other officers of the Fed
eration, and particularly  to  the Executive Secretary, who in a large measure is re
sponsible for the  growth and success of the Federation during the past year.

“ Y our P resident also wishes to  record with appreciation the co-operation and 
sincere in terest in  the  welfare of the  Federation on the p a rt of the Executive 
Com m ittee and the Chairm an and members of the m any other committees of the 
Federation. He particularly  wishes to  express his appreciation to the past presi
dents, Messrs. Emerson and Bedell, who throughout the year have worked un
tiringly to  prom ote the  welfare of the Federation. W ith such a fine spirit of 
co-operation, and if the recom m endations for expansion of the Secretary’s office, 
made by a special com mittee, and concurred in by your Executive Committee, 
are approved, your President is certain th a t the Federation will advance to a 
much more enviable position from the financial and membership standpoint, bu t 
particularly from the viewpoint of service it  will render to  its membership.

“ I t  was a real honor and a pleasure for your President to have been placed 
in position to  be of service during the past year.”

Secretary Wisely com mented briefly on his prepared report for the year ended 
September 30, 1943, copies having been distributed to all members of the Board prior 
to the meeting. By motion, regularly seconded and carried, the report was accepted 
with commendation to the  Secretary.

Treasurer DeB erard read his report for the year ended September 30, 1943, which 
report stated th a t the unencumbered balances in the depositories of the Federation on 
September 30, 1943 totalled $16,110.64, of which $7,751.64 is on deposit in the Conti- 
nental-Illinois N ational Bank and T rust Com pany of Chicago and $8,359.00 is in 
Busey’s S tate Bank of U rbana. The report pointed out th a t these balances substantiate 
the financial statem ents contained in the Secretary’s report. He reported further th a t 
$7,000 of Federation funds had been invested, during 1943, in Series G, U. S. Savings 
Bonds bearing 2 |  per cent interest. I t  was regularly moved, seconded and carried 
tha t the Treasurer’s report be accepted subject to the annual audit and th a t the Execu
tive Secretary be instructed to arrange for such audit to be performed as in the past.

Editor M ohlman presented a statistical sum m ary of the editorial content of the 
J o u r n a l  for the past year, with a comparison showing trends in recent years. Com
menting thereon, Dr. M ohlm an urged th a t continuing emphasis be accorded funda
mental research articles and th a t every effort be made to increase the space devoted to 
industrial waste problems and to  the medical aspects of sewage disposal, since such 
material constitutes the strongest value of the J o u r n a l  as a reference. In  recom
mending expansion of the scientific functions of the Federation, Dr. M ohlm an suggested 
tha t such service notices as those relating to  priorities, personnel problems, etc. be 
disseminated by separate mailing ra ther than  by publication in the J o u r n a l . I t  was 
the sense of the meeting th a t D r. M ohlm an’s proven editorial policies should be con
tinued in the future. In  appreciation of his 15 years of unselfish and devoted service 
as Editor of the J o u r n a l , Dr. M ohlm an was accorded a rising vote of thanks.

The report of the Executive Com m ittee was presented by President Schroepfer 
and action was taken on the following recommendations:

1. T hat the report of the M eeting Place Com mittee, presented herewith, be 
adopted:

“ Following consideration of several invitations, the M eeting Place Com mittee 
recommends th a t the 1944 A nnual M eeting of the Federation be held a t P itts
burgh, Pennsylvania, subject to  the completion of satisfactory hotel arrangem ents. 
The Committee expresses due appreciation for the cordial invitations received from 
Toronto and St. Paul.”

I t  was regularly moved, seconded and carried th a t adoption of the above item  be 
recommended to the 1944 Board of Control w ith final hotel arrangem ents to be sub
mitted to the Executive Com mittee for approval.
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2. T h a t the  recom m endations of the Special Com m ittee on Expansion of the 
Secretarial office (listed herewith) be adopted:

“ (1) The procurem ent and equipm ent of a suitable office in the  U rbana- 
Cham paign area.

“ (2) The appoin tm ent of W. H. Wisely as full-tim e Secretary, E d ito r and 
Advertising M anager a t a salary of $6,500 per year.

“ (3) The reten tion  of Dr. F . W. M ohlm an as Advisory E d ito r for general 
supervision of editorial m atte r in S e w a g e  W o r k s  J o u r n a l  and as 
E ditoria l Advisor to  the  Publications and the  Sewage W orks Practice 
Com m ittees, w ithout salary, as requested by him.

“ (4) Increase of the  office staff by no t more th an  two additional employees.”

By m otion, regularly  seconded and carried, the  above recom m endation of the 
E xecutive C om m ittee was approved.

I t  was fu rther moved, seconded and  carried th a t  D r. M ohlm an be reim bursed for 
any out-of-pocket expense incurred in his duties as Advisory E ditor.

3. T h a t the  1944 budget be prepared by the  F inancial A dvisory Com m ittee 
(presented herewith) be approved:

Receipts
Dues (all classes)...................................................................  $ 9,000.00
N on-m em ber S ubscrip tions................................................ 1,500.00
A dvertising (N e t) ..................................................................  12,000.00
Sale of Publications (N e t) .................................................. 300.00
M anufacturers A ssociation ................................................. 5,000.00
M iscellaneous..........................................................................  250.00

T otal R ece ip ts ...............................................................  $28,050.00

Expenses
J o u r n a l  P rin ting  and M ailin g ......................................... $12,000.00
Editorial E xpense..................................................................  1,000.00
Executive Secretary— S ala ry .............................................  6,500.00

Office S alaries................................................................. 4,500.00
Office R e n t ......................................................................  900.00
Office E xpense ................................................................ 900.00
Travel E xpense.............................................................. 700.00

Officers’ T ravel E xpense.....................................................  400.00
Com m ittee E xpense.............................................................. 400.00
Convention E xpense............................................................. 300.00
C ontingencies..........................................................................  450.00

T otal E xpenses.............................................................. $28,050.00

A m otion was made, seconded and carried th a t adoption of th e  above budget for 
the year 1944 be recom m ended to  the  1944 Board of Control.

4. T hat, conforming to past precedent, the F inancial Advisory Com m ittee, 
consisting of the President, P ast P resident and W. J. O rchard as Chairm an, 
be continued.

C ontinuation  of the F inancial Advisory Com m ittee, constitu ted  as sta ted , was 
recommended to  the 1944 Board of Control by m otion, regularly seconded and carried.

5. T h a t a M em bership Com m ittee be included in the  list of F ederation  com m ittees, 
and th a t the  P resident be authorized to  appoint such a com m ittee.

Following discussion of th is recom m endation, a m otion was m ade th a t  a M em ber
ship Com m ittee be created, such C om m ittee to  consist of the  Executive S ecretary  of 
the  Federation  as Chairm an and a representative to be appointed  by  every M em ber 
Association affiliated with the Federation. The m otion was duly seconded and carried.
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A t this point, President Schroepfer announced th a t, due to the interest of an 
anonym ous donor, two $100 denom ination, Series E, U. S. W ar Bonds were being made 
available as membership prizes for a contest to  be conducted from October 1, 1943 
to Septem ber 30, 1944. The prizes are to  be awarded to (1) the individual designated 
by the M em ber Association enrolling the greatest num ber of new members during the 
year as having been m ost responsible for such enrollment and (2) the individual desig
nated by the M ember Association showing the greatest percentage increase in member
ship for the period of the contest as having contributed most to  such growth. I t  was 
the sense of the meeting th a t these membership prizes be given publicity as soon as 
possible.

A m otion was made, seconded and carried th a t this Board recommend to the 1944 
Board of Control th a t  all past presidents of the Federation be designated as advisory 
members of the Executive Com mittee.

The report of the General Policy Com m ittee was presented by Chairm an Bedell. 
The first recom m endation of the Com m ittee was as follows:

“ Limitation of Member Association Territory. This is Item  5 in last year’s 
report and was discussed a t considerable length a t th a t tim e. Your Com mittee 
feels th a t the problem has two phases: namely, policy and practical application. 
The function of this Com m ittee is largely to consider and recommend policies, 
leaving to existing or new com mittees the details of the practical application.

“ In  the present problem, your Com m ittee is strongly of the opinion th a t it 
is a proper function of the Federation to  lim it the territo ry  of M ember Associations. 
The method of securing such lim itations should not be arb itra ry  or dictatorial, 
since the chief aims of such lim itation are (1) to secure natural divisions of territory  
looking toward future developments as well as meeting present needs and (2) to 
foster the developm ent of strong, healthy local associations, which will become 
dynamic forces in the Federation.

“ A review of the list of M ember Associations (see page 149, S e w a g e  W o r k s  
J o u r n a l , January , 1943) shows clearly m any groups are too small to function 
properly. Under proper and diplom atic guidance, these smaller groups might well 
become nuclei of larger groups in contiguous territories.

“ Your Com mittee, therefore, recommends th a t the policy of ‘Lim itation of 
Member Association T erritory  by the Federation ’ be adopted and th a t the problem 
be referred to the Organization Com m ittee for study and report.”

I t  was moved, seconded and carried th a t this sta tem ent of policy be accepted and 
referred to the Organization Com m ittee for report a t the next Annual M eeting to the 
1944 Board of Control.

The second recom m endation of the General Policy Com mittee follows:

“ (A) Individuals residing in a locality included in the territo ry  embraced by an 
existing M ember Association shall become members of th a t Association. 
If the residence and the  place of business of a prospective member are 
located in the territories of different M ember Associations, he may become 
a member of either Association, and like situated  present members may 
continue membership in either of such Associations.

“ (B) Individuals residing in a locality which is not included in the territory  
embraced by an existing M ember Association m ay become members of an 
accessible M ember Association.
“ Whenever a new M ember Association is formed or the te rrito ry  of an 
existing Member Association is extended so as to  include in its te rritory  the 
locality in which such member resides or has his place of business, he shall 
transfer his membership to  th a t M ember Association a t the expiration of 
the period for which his dues are paid.

“ (C) There shall be no restriction on the num ber of M ember Associations which 
an individual m ay join provided he adheres to the principles set forth in 
(A) and (B) and provided he pays w hatever dues his several memberships 
entail. (A number of associations provide for a reduction in dues for dual 
members since they receive the J o u r n a l  through their basic membership.) ”
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I t  was moved, seconded and carried th a t th is policy be approved as a recom m endation 
to  all M em ber Associations excepting the  Federal Sewage Research Association to 
am end their By-Laws to  conform to  the  above principles.

The th ird  recom m endation of the  General Policy Com m ittee pertained to  the 
functioning of th is Com m ittee w ith o ther F ederation  constitu tional and special com
m ittees. I t  was moved, seconded and carried th a t  the  Executive Secretary be made 
an  ex-officio m em ber of th e  General Policy Com m ittee and  th a t  all o ther sections of 
th is recom m endation be laid on the  table.

The report of the  Publications Com m ittee was presented by  title , since copies 
had been furnished all members of the  Board prior to the  meeting. The report described 
the  activities of the Com m ittee in regard to  arrangem ent of the  program  for the 1943 
W artim e Conference and the  negotiations carried on w ith the A .P .H .A . and A.W .W .A. 
in connection w ith publication of the  N in th  E dition  of “ S tandard  M ethods for the 
Exam ination of W ater and Sewage.” There were no recom m endations. The report 
was accepted by  m otion, regularly seconded and carried.

The report of the Organization Com m ittee was presented by  title , copies having 
been furnished each member of the  Board prior to  the  meeting. Progress by the 
Com m ittee in reviewing the constitutions and by-laws of M em ber Associations was 
reported. The report was accepted by m otion, regularly seconded and carried.

The report of the  Sewage W orks Practice Com m ittee, copies of which had previously 
been furnished each m ember of the  Board was presented by title . Progress made in 
developing M anuals of P ractice on (1) The Use of Sewage Sludge for Fertilizing P ur
poses, (2) Air Diffusion, (3) Occupational H ealth  H azards in O peration of Sewerage 
Systems, and (4) M aintenance of Sewers and Sewer A ppurtenances was reported  and 
outlines of the proposed m anuals were presented. The report was accepted with 
com m endation to  the  Com m ittee, by  motion, seconded and carried.

Copies having been d istribu ted  to  members of th e  Board prior to  th e  meeting, 
the report of the Research Com m ittee was presented by title . The work of the  Com
m ittee in preparing its annual review of the  litera tu re  and in  th e  new venture of con
ducting a survey of research projects currently  being studied as well as those problems 
in need of s tudy  was described. The report was accepted w ith thanks and com menda
tion  to  C hairm an Rudolfs and the Com m ittee for the  splendid service rendered.

The report of the  Com m ittee on S tandard  M ethods of Sewage Analysis was pre
sented by title, copies having been d istributed prior to the meeting. The report stated 
th a t  the  Com m ittee had compiled copy for the sewage analysis portion of the  N inth 
Edition  of “ S tandard  M ethods” and th a t  said copy had been subm itted  to  th e  Join t 
Editorial Board. A recom m endation was made th a t  th is C om m ittee be made a 
perm anent one w ith constitu tional au thority  in order th a t  new developm ents in ana
lytical m ethods m ay be constantly  studied. I t  was further recom m ended th a t  the 
present Com m ittee be discharged with thanks. By m otion, regularly seconded and 
carried, the  recom m endations of the  S tandard  M ethods C om m ittee were laid on the 
table for action by  the  1944 Board of Control.

There was no new report by the O peration R eports Com m ittee, its 1943 report 
having been referred to  the Sewage W orks Practice Com m ittee for review and recom
m endation. C hairm an Cohn reported  on the review of the  1943 O peration Reports 
Com m ittee report as follows:

1. The Sewage W orks Practice Com m ittee reached no unanim ous opinion on the 
report as subm itted  to  the Com m ittee, a tie  vote having been recorded.

2. I t  is recommended th a t  operation report aw ards be deferred for th e  duration.
3. T h a t appreciation and thanks be extended the  1943 O peration R eports Com

m ittee for the  splendid work done.

Following lenghty discussion, i t  was moved, seconded and carried th a t  th e  original 
report of the  O peration R eports Com m ittee be referred back to  th a t  C om m ittee w ith 
instructions to  continue its  studies.

There being no report from the Publicity  and Public Relations Com m ittee, M r. 
Em erson suggested th a t  the  need for th is Com m ittee m ight be obviated by  th e  proposed 
new duties of the  Executive Secretary. I t  was moved, seconded and carried th a t  the 
m atte r be referred to  the  1944 Board of Control.
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T he report of th e  O perators Qualifications Com mittee, copies of which had been 
distributed  prior to the meeting, was presented by title. I t  was moved, seconded and 
carried th a t the report be referred to  the General Policy Com m ittee to review and 
report back to  the  1944 Board in its meeting of October 23, 1943.

The report of the Com m ittee on H onorary M embership was presented by Com
m ittee C hairm an C. A. Emerson. The Com m ittee unanim ously recommended election 
to the grade of H onorary M ember, Charles Gilman Hyde of the California Sewage 
Works Association and Howard Eugene Moses of the Pennsylvania Sewage Works 
Association, both of whom had been properly nom inated by the executive bodies of 
their respective M em ber Associations. Messrs. Hyde and Moses were elected to the 
grade of H onorary M ember by motion, regularly seconded and carried.

M r. Brooks reported further th a t the plans of the New England Sewage Works 
Association to nom inate the late R obert Spurr W eston for H onorary M embership had 
been suspended by his untim ely death. I t  was the sense of the meeting th a t, in tribu te 
to M r. W eston, the in ten t of the New England Sewage W orks Association to accord 
him this honor be recorded in these m inutes.

The report of the Awards Com m ittee was read by the  Secretary. The report 
outlined the mechanics of the procedures for assigning the various awards and recom
mended th a t the 1943 awards be approved as follows:

Award Recipient
Harrison P rescott E ddy  (Research) H arry  W illard Gehm
Charles Alvin Em erson (Federation Service) Floyd William M ohlman 
George Bradley Gascoigne (Operation) Kerwin L. Mick
K enneth Allen (C entral S tates) William Homer Wisely
K enneth Allen (Iowa) Alfred H enry W ieters
K enneth Allen (M ichigan) Edw ard F. Eldridge
K enneth Allen (N orth  Carolina) R obert S. Phillips

The Committee pointed out further th a t four M ember Associations eligible to nom inate 
for the K enneth Allen Award this year had not been able to make a nom ination in the 
short time available and recommended th a t 1943 awards be granted the nominees 
from these Associations upon submission of the names to the  Executive Secretary. 
By motion, seconded and unanim ously carried, the Board approved the awards as 
listed above with instructions to the Executive Secretary to prepare and present 1943 
Kenneth Allen Awards to the individuals nom inated by the Sewage Section, Texas 
Division, S.W.W.A., New Jersey Sewage W orks Association, Pacific N orthw est Sewage 
Works Association and In stitu te  of Sewage Purification (England).

I t  was moved, seconded and carried th a t the 1943 Awards Com m ittee be discharged 
with thanks, with a recom m endation to the 1944 Board th a t it be reappointed in token 
of the outstanding service rendered.

The Secretary presented the applications of the following companies for Associate 
Membership:

Graver T ank  and M anufacturing Com pany 
A utom atic Control Com pany 
Clay Products Association 
Iowa Valve Com pany
W. S. Dickey Clay M anufacturing Com pany

It was moved, seconded and carried th a t  the  above applications be approved.
For the benefit of the record, the Secretary reported the results of the le tter ballot 

closed M ay 1, 1943, by which the Associate M em ber applications of the following 
companies were approved by a vote of 29 ayes of a to ta l of 29 ballots returned:

Omega M achine Com pany
Green Bay Foundry and M achine Com pany
Everson M anufacturing Com pany
Eimco Corporation
Gale Oil Separator Com pany
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T he Secretary presented a com m unication received from Secretary H. E. Jordan  
of the  W ater and Sewage W orks D evelopm ent Com m ittee, of which the  F ederation  is 
a jo in t sponsor, which com m unication advised th a t  the F edera tion ’s share of budgeted 
expenses of the  Com m ittee was $1,180. I t  was moved, seconded and carried th a t  the 
sum of $1,180 be appropriated  from surplus as a non-recurring expense item , for 
paym ent tow ard the  expenses of the  W ater and Sewage W orks D evelopm ent Com m ittee 
as requested.

To expedite the handling of business by the Board of Control a t  the  next Annual 
M eeting, it was moved, seconded and carried th a t  the  A nnual M eeting of the  1944 
Board of Control in October, 1944 be held as a luncheon a t 12:30 p.m. on the day 
preceding the  opening of th e  1944 C onvention of the  Federation, and kep t in session 
un til all business is concluded.

P resident Schroepfer issued a call for a m eeting of the  D irectors representing all 
M em ber Associations to  sit as the  E lection C om m ittee in a session im m ediately following 
ad journm ent of th is meeting.

The m eeting adjourned sine die a t 10:10 p.m

A pproved:
G . J. S c h r o e p f e r , President W . H. W i s e l y , Secretary

M I N U T E S  O F  M E E T I N G  O F  1943 E L E C T I O N  C O M M I T T E E  

H o te l  S h e rm a n , C h icag o , Il l in o is ,  O c to b e r  10, 1943

The called m eeting of the  1943 Election C om m ittee of the  F ederation  of Sewage 
W orks Associations was called to order a t 10:12 p.m., October 20, 1943, in the  Grey 
Room of the  H otel Sherm an, Chicago, Illinois. P resident George J. Schroepfer pre
siding.

Roll call of D irectors follows:

P r e s e n t  i n  P e r s o n

Member Association Re-presented 
California Sewage W orks Ass’n 
M issouri W ater and Sewerage Conf.
New England Sewage W orks Ass’n 
Ohio Sewage W orks Conf.
Canadian In s titu te  on Sewage and S anitation

Director 
W. A. Allen 
W. Q. K ehr 
J. H . Brooks, Jr. 
C. D. M cGuire 
Dr. A. E. Berry

P r e s e n t  i n  P e r s o n , A c t i n g  b y  P r o x y

Member Association Represented 
Arizona Sewage and W ater W orks Ass’n 
Central S tates Sewage W orks Ass’n 
D ako ta W ater and Sewerage W orks Conf. 
Federal Sewage Research Ass’n 
M ichigan Sewage W orks Ass’n 
New Jersey Sewage W orks Ass’n 
New Y ork S tate  Sewage W orks Ass’n 
Pennsylvania Sewage W orks Ass’n 
Sanitary. Engr. Div. A rgentina Soc. Engrs.

Director
D. S. McAfee (For P. J. M artin)
W. J. O rchard (For B. A. Poole)
K. C. L auster (For W. W. Towne)
C , C. R uchhoft (For J. K . Hoskins)
C. P. W itcher (For N. G. Damoose)
M. M. Cohn (For E. P. M olitor)
L. H. Enslow (For C. G. Andersen)
C. A. Em erson (For F . S. Friel)
W. B. M arshall (For E. B. Besselievre)

The above representation constitu ted  a quorum.
Upon call for nom inations for the office of President, A. M . R aw n (California) 

was nom inated and a m otion to  close the nom inations was duly seconded and carried. 
By viva voce vote, the  election of M r. Rawn to the  office of P resident was confirmed 
and so declared.

Dr. A. E . Berry (C anadian In stitu te ) was nom inated to  the  office of V ice-President 
in response to  a call for nom inations to  th a t  office. There being no fu rther nom inations,
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a m otion was made, seconded and carried th a t the nom inations be closed. The election 
of D r. B erry as Vice-President was confirmed by viva voce vote and so declared.

In  response to  a call for nom inations to  the  office of Treasurer, the nam e of W. W. 
D eB erard (C entral S tates) was offered and the nom inations closed by passage of a 
regularly seconded motion. By viva voce vote, the election of Mr. DeBerard to the 
office of T reasurer was confirmed and so declared.

Upon call for nom inations to the office of D irector-at-Large, w ith term  expiring 
in October, 1946, M r. C. A. Emerson (Honorary, Pennsylvania) was nom inated, after 
which the nom inations were closed by m otion regularly seconded and carried. His 
election to the office of D irector-at-Large was confirmed by viva voce vote and so declared.

Upon m otion duly made, seconded and carried, the meeting adjourned sine die a t 
10:26 p.m.

Approved:
G. J. S c h r o e p f e r , President W .  H. W i s e l y , Secretary

M I N U T E S  O F  M E E T I N G  O F  1944 B O A R D  O F  C O N T R O L

H o te l S h e rm a n , Ch icago, Il l in o is , O c to b e r 23, 1943

The first meeting of the 1944 Board of Control of the Federation of Sewage Works 
Associations was called to  order a t  1:25 p.m., October 23, 1943 in the Grey Room of 
the Hotel Sherman, Chicago, Illinois. The meeting was called to order by President 
George J. Schroepfer.

Roll call indicated the following representation:

P r e s e n t  i n  P e r s o n  

Office or Affiliate Represented
President
President-elect
Vice-President
Treasurer
California Sewage Works Ass’n 
Central S tates Sewage W orks Ass’n 
D akota W ater and Sewage W orks Conf. 
Georgia W ater and Sewage Ass’n 
Missouri W ater and Sewerage Conf.
New England Sewage Works Ass’n 
New York S tate Sewage W orks Ass’n 
Ohio Sewage W orks Conf.
D irector-at-Large
Director-at-Large
Director-at-Large
W ater and Sewage W orks M anufacturers Ass’n 
W ater and Sewage Works M anufacturers Ass’n 
Organization Com mittee 
Publications Com mittee 
Sewage Works Practice Com mittee

Represented By 
G. J. Schroepfer 
A. M. Rawn 
D r. A. E. Berry 
W. W. DeBerard 
W. A. Allen 
M ajor B. A. Poole 
K. C. Lauster 
V. P. Enloe 
W. Q. Kehr 
J. H. Brooks, Jr. 
C. G. Andersen 
C. D. McGuire 
C. A. Emerson 
A. H. Niles 
W. J. Orchard 
L. H. Enslow 
K arl M. M ann 
E arnest Boyce 
F. W. Gilcreas 
M. M. Cohn

P r e s e n t  i n  P e r s o n , 

Office of Affiliate Represented 
Arizona Sewage and W aterworks Ass’n 
Florida Sewage Works Ass’n 
Federal Sewage Research Ass’n 
New Jersey Sewage Works Ass’n 
Pacific Northwest Sewage Works Ass’n 
Pennsylvania Sewage Works Ass’n

A c t i n g  b y  P r o x y

Represented By
F. W. M ohlm an (For P. J. M artin)
J. B. Miller (For Joe Williamson, Jr.)
C. C. R uchhoft (For J. K. Hoskins) 
H. Van DerVliet (For E. P. M olitor)
B. M orrow (For C. D. Forsbeck)
H. E. Moses (For F. S. Friel)
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Rocky M ountain  Sewage W orks Ass’n D. E. K epner (For L. 0 .  W illiams)
S anitary  Engr. D iv., A rgentina Soc. Engrs. A. S. Bedell (For E. B. Besselievre) 
W ater and Sewage W orks M anufacturers Ass’n R. J. S teindorf (For W. B. M arshall)

The above representation constitu ted  a quorum . Secretary W. H. Wisely was 
also present.

The Secretary presented the report of the E lection Com m ittee, which report 
sta ted  the following officers to  have been elected for the  term s indicated: A. M. Rawn, 
President; D r. A. E. Berry, V ice-President; W. W. D eB erard, T reasurer (all to serve 
until October, 1944); C. A. Em erson, D irector-at-L arge (to serve un til October, 1946).

M r. Schroepfer relinquished the  chair to  President-elect A. M. Raw n, who presided 
over the  rem ainder of the  meeting.

President Raw n com m ented on the  good work of his predecessors and pointed out 
th a t the  Federation  is now in an enviable position to  afford service to  the  field. He 
requested the full co-operation of the  officers and Board of Control in approaching the 
new and expanded responsibilities of the organization.

A m otion was made, seconded and carried to adopt the  recom m endation of the 
1943 Board of Control th a t the executive offices of the F ederation  be expanded in the 
U rbana-Cham paign, Illinois area and th a t W. H. Wisely be appointed  for a two-year 
term  as Executive Secretary, E d ito r and A dvertising M anager. I t  was recognized 
th a t the conflict in term s of office of the  Secretary and E ditor, as set forth  in the By- 
Laws, would no t be significant under the above arrangem ent.

The action of the 1943 Board of Control in appointing Dr. F . W. M ohlm an as 
Advisory E ditor of S e w a g e  W o r k s  J o u r n a l , w ithout com pensation except for reim
bursem ent of out-of-pocket expenses, was approved by m otion, regularly seconded and 
carried.

The Secretary presented, in behalf of the  Convention M anagem ent Com mittee, 
a prelim inary report on registration and finances of the  F o u rth  A nnual Convention. 
Total registration was 612, comprising 549 men and 63 ladies. R eceipts from registra
tion and sale of tickets totalled about 13,800 w ith expenses to talling  approxim ately 
$3,350, leaving an apparen t surplus of about $450. I t  was moved, seconded and 
carried th a t  the  report be received and th a t the  C hairm an of the  Local Finance Com
m ittee be instructed  to  file his final report w ith the C hairm an of the  F inancial Advisory 
Com m ittee of the Federation.

A m otion was made, seconded and carried th a t  the 1944 budget, as recommended 
by  the 1943 Board of Control, be adopted.

M r. Cohn requested th a t the record show th a t  the various actions by the 1943 
Board on m atte rs ordinarily given a tten tion  by the incoming Board of Control were 
actuated  only by a desire to  give an  official s ta tu s to  these m atte rs and enable them  to 
be announced to  the  m em bership-at-large during th e  course of the  Convention.

The report of the W ar Services Com m ittee, received by the Secretary too late 
for presentation to the 1943 Board, was read. The report reviewed the  ac tiv ity  of the 
Com m ittee in co-operating with the Office of Civilian Defense and described the  directive 
being d istribu ted  to local Citizens Defense Corps un its to  govern post-disaster recon
struction  of public service facilities, including sewage works. Reference was also made 
to the progress made in priorities adm inistration  for sewage works, for which the 
services of P resident Rawn were commended highly, and to  the  clarification of the 
manpower situation  during the past year. The report contained no recom m endations 
and was accepted as a s ta tem en t of progress, by m otion, seconded and carried.

C hairm an Bedell of the  General Policy Com m ittee was called upon to  report on 
th e  O perators Qualifications Com m ittee report which had been referred to  th e  General 
Policy Com m ittee by the  1943 Board. His sta tem en t follows:

“ In  accordance w ith the action taken  a t the  m eeting of the  Board of Control 
on October 20, 1943, the  General Policy C om m ittee has considered th e  above 
report and presents the following report on its deliberations T hursday  evening, 
October 21.

“ Three members of the General Policy Com m ittee, M essrs. Moses, Enloe 
and Bedell, conferred join tly  with M orris Cohn, C hairm an of the Sewage W orks
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Practice Com m ittee, A. E. Berry, member of the Executive Com mittee, W. A. 
Allen, D irector from California, Messrs. P ia tt and R. S. Phillips from N orth 
Carolina, F . W. Gilcreas, Chairm an of the Publications Com m ittee and L. W. 
Van Kleeck, Chairm an of the Com m ittee on Qualifications of Sewage T reatm ent 
P lan t Operators.

“ The entire report was reviewed, the existing situation in N orth  Carolina, 
California, Connecticut and New York was discussed and certain revisions, mostly 
of a minor nature, were recommended to Mr. Van Kleeck. The la tte r concurred 
heartily  in all the suggested revisions stating he felt his Com mittee would also 
concur.

“ M r. Van Kleeck requested, therefore, th a t the report as revised be subm itted 
to the  Board of Control for final consideration.*

“ The General Policy Com m ittee as represented and augm ented by those 
present a t  th is meeting states th a t in its opinion the aforesaid report as revised is 
sound in principle and th a t the Com m ittee standards and the various item s recom
mended in the report are desirable and in the in terest of the advancem ent of 
sewage trea tm en t. Your Com m ittee recommends, therefore, th a t the Board of 
Control give favorable consideration to  the adoption of this report.

“ Your particu lar a tten tion  is called to  Item  7, Section I and to Section X. 
“ The proposed revisions as accepted by the Com m ittee on Qualifications of 

Sewage T reatm en t P lan t Operators are as follows:” *

I t  was moved, seconded and carried th a t the report of the 1943 Operators Qualifi
cations Com mittee, as am ended in the General Policy Com mittee, be accepted with a 
recommendation to the Program  Com m ittee th a t arrangem ent be made for an open 
forum discussion on the report a t the next Annual M eeting and th a t the report be 
published i n  an early issue of the J o u r n a l  under a sta tem ent th a t opportunity  for 
discussion will be afforded in said forum.

Past President Schroepfer presented a ten ta tive  schedule of constitutional and 
special committees which had been prepared for assistance and guidance to the new 
officers and Board. His motion to  approve the following appointm ents to the 1944 
Executive Com mittee was seconded and carried:

1944 E xecutive C om m ittee  
A. M. R aw n,t C hairm an  (California)
W. B. M arshall (M anufacturers)
J. K. Hoskins (Federal)
A. H. W ieters f (Iowa)
V. P. Enlow f (Georgia)

I t  was moved, seconded and carried th a t the recommendation of the 1943 Board th a t 
Past Presidents Schroepfer, Bedell and Emerson serve as advisory, non-voting members 
of the Executive Committee, be approved.

Following discussion and minor am endm ent of the ten ta tive  schedule of 1944 
constitutional committee appointm ents, these were approved as follows, by motion, 
regularly seconded and carried:

General Policy Committee (Latest living P ast President as Chairman, three Directors, 
three members-at-large, three of to ta l to be operators— 3-year terms)

G. J. Schroepfer,f Chairman
R. E. Fuhrm an (Federal, Opr.), M em ber-at-Large 
S. C. Probasco (New Jersey, Opr.), M em ber-at-Large 
A. S. Bedell f (New York), M em ber-at-Large
E. P. Molitor |  (New Jersey, Opr.), D irector 
J. H. Brooks f (New England, Opr.), D irector 
J. Williamson, J r .f  (Florida), D irector

* Report as amended in the General Policy Committee is published in full in the November, 
1943 issue of the Journal.

t  New member of committee.
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Publication Committee (Editor and a t least 4 M em bers-at-Large)
F . W. Gilcreas, Chairman (New England)
F . W. M ohlm an, Advisory Editor (C entral S tates)
W. H. Wisely,* Editor (C entral S tates)
Rolf Eliassen (New York)
R. S. Phillips (No. Carolina)
E. W. Steel (Texas)
Carl Green (Pacific N orthw est)
F . M . V eatch, Jr. (Kansas)
F. S. Friel (Pennsylvania)
C. C. Larson (C entral S tates)

Organization Committee (A t least 3 M em bers-at-Large)
E arnest Boyce, Chairman (Kansas)
C. R. Com pton * (California)
R. H. S uttie (New England)

Sewage Works Practice Committee (E ditor and a t least 4 M em bers-at-Large)
M orris M. Cohn, Chairman (New York)
F. W. M ohlm an, Advisory Editor (C entral S tates)
W. H. Wisely,* Editor (C entral States)
C. E . Keefer (M aryland-D elaw are)
John Brooks (New England)
G. P. Edw ards (New York)
H arold F . G ray (California)
J. J . W irts (Ohio)
John  R. Downes (New Jersey)
A. H. Niles (Ohio)
L. W. Van Kleeck * (New England)

Research Committee (A t least 4 M em bers-at-Large appointed by Chairm an, President 
concurring)

W. Rudolfs, Chairman (New Jersey)

I t  was moved, seconded and carried th a t  the  following special com m ittee appoint
m ents be received from the President:

Nomenclature Committee (3 members serving w ith sim ilar com m ittees of the  A.S.C.E. 
and A .P .H.A.)

C. J. Velz, Chairman (New York)
F. W. Jones (Ohio)
C. E. Keefer (M aryland-D elaw are)

Standard Methods for the Exam ination of Sewage Committee 
W. D. Hatfield, Chairman (C entral States)
George Symons (New York)
S. E. Coburn (New England)
A. J. Fischer (Newr York)
G. P. Edw ards (New York)
E. W. M oore (New England)
D. E. Bloodgood (C entral S tates)
F. W. Gilcreas (New England)
E. F. H urw itz (C entral S tates)
Keeno F raschina * (California)
W. S. M ahlie (Texas)
M. S tarr Nichols (C entral States)
R ichard Pom eroy (California)
C. C. R uchhoft (Federal)
Willem Rudolfs (New Jersey)
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Awards Committee
C. G. Hyde, Chairman (California)
E . S. Chase (New England)
G. P. Edw ards (New York)
C. C. Larson (C entral S tates)
L. F. W arrick * (Central S tates)

Operating Report Committee
H. E. B abb itt, Chairman (C entral States)
W. A. Allen (California)
W. F . Shephard * (Michigan)

Publicity and Public Relations Committee
N. S. Nussbaum er, Chairman (New York)
D. E. Bloodgood (C entral States)
H. R. Hall (M aryland-D elaw are)
W . L. M cFaul (Canada)
Prof. E. L. W aterm an (Iowa)
Prof. E. G. T yler (Pacific N orthwest)

Operators’ Qualifications Committee
L. W. Van Kleeck, Chairman (New England)
P. J. Kleiser (C entral S tates)
M. W. Tatlock (Ohio)
B. V. Howe (Rocky M ountain)

War Service Committee
R. E. Fuhrm an, Chairman (Federal)
R. F. G oudy (California)
D ana K epner (Rocky M ountain)
L. S. K raus (Central States)
W. B. Redfern (Canada)
W. F. Welsch (New York)
T. T. Quigley (New York)

Finance Advisory Committee 
W. J. Orchard, Chairman
G. J. Schroepfer, Past President
A. M. Rawn, President

The recommendation of the 1943 S tandard  M ethods for the Exam ination of 
Sewage Committee, referred to this Board for action, th a t this Com mittee be made a 
permanent, constitutional Com mittee, was declared open for discussion. Consensus of 
opinion was th a t year-to-year continuity  of the Com m ittee was desirable b u t th a t 
amendment of the By-laws to  include it among the constitutional committees was not 
necessary. I t  was moved, seconded and carried th a t this Board recommend to future 
Boards of Control th a t the S tandard  M ethods Com m ittee be continued from year to 
year as a non-constitutional, special committee.

Mr. Schroepfer introduced and Dr. M ohlm an supported a recommendation th a t a 
new Industrial Wastes Com m ittee be included among the list of special Federation 
committees. The need for expanded functions in this im portan t field was stressed. 
Creation of a special Com mittee on Industrial W astes was approved by motion, regularly 
seconded and carried and President Rawn sta ted  th a t he would confer the chairmanship 
in the near future.

The Secretary suggested consideration of the continuation of the H onorary Mem
bership Committee, such as functioned in 1942-43. I t  was moved, seconded and carried 
that all Past Presidents serve under the chairm anship of the President as the H onorary 
Membership Committee.

Mr. H. E. Moses (Pennsylvania) bespoke his gratification a t having been elected 
to the grade of Honorary Member by the 1943 Board of Control and sta ted  th a t he
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would cherish the  honor. He expressed his sincere thanks to  the  B oard of Control 
and to  the  Pennsylvania Sewage W orks Association.

A m otion was made, seconded and carried th a t the  existing fidelity bonds in the 
am ount of $5,000 each in coverage of the  offices of T reasurer and Secretary be continued. 
T he Secretary was instructed  to file the  bonds with the  papers of the  F ederation  in a 
safety deposit box to  be held in the  nam e of the  Federation.

The following banks were approved as depositories for F ederation  funds, upon 
recom m endation of the  Secretary, by motion, regularly seconded and carried:

C ontinental Illinois N ational Bank & T ru s t C om pany of Chicago.
Busey’s S ta te  B ank of U rbana, Illinois.
F irs t N ational B ank of Cham paign, Illinois.

I t  was directed th a t the Series G, U. S. G overnm ent Bonds held by the  Federation in 
the am ount of $7,000 be placed in the  F ederation’s safety deposit box.

The recom m endation of the  1943 Board of Control th a t  the 1944 Convention of 
the  Federation  be held a t P ittsburgh , Pennsylvania, subject to  the arrangem ent of 
satisfactory hotel accom modations, was approved by m otion, seconded and carried. 
I t  was further moved, seconded and carried th a t, in the  event th a t  satisfactory hotel 
arrangem ents cannot be arranged a t P ittsburgh , the question of 1944 m eeting place 
selection shall be referred back to  the Executive Com m ittee.

The Secretary was instructed  to  direct le tters of appreciation, in behalf of the 
Board, to  all members of the Local A rrangem ents Com m ittee which functioned in 
connection w ith th e  1943 A nnual M eeting.

I t  was the sense of the m eeting th a t the  H otel A rrangem ents C om m ittee and the 
Convention M anagem ent Com m ittee to  function in 1944 be comprised insofar as 
possible of members of th is Board. I t  was recom m ended th a t  the H otel Arrangem ents 
Com m ittee consist of one representative of the  M anufacturers Association and two 
Federation representatives to  be appointed by the President, and th a t the  Convention 
M anagem ent Com m ittee comprise two representatives of the  M anufacturers Association 
and th ree F ederation representatives to  be appointed by the  President. President 
Raw n acknowledged the recom m endations and s ta ted  th a t  they  would receive his 
consideration.

M r. Em erson, C hairm an of the  1943 C om m ittee on H onorary M em bers presented 
the rules governing the procedure of th a t Com m ittee, as approved by the  Executive 
Com m ittee in 1943, for confirm ation by th is Board as a directive to  fu ture committees. 
T he procedure em ployed in the  past year follows herew ith:

1. “ N om inations to  H onorary M em bership m ust reach the  Com m ittee on Honor
ary  M em bers no t less th a n  60 days prior to the  annual m eeting of the Board 
of Control. E lection of H onorary M em bers shall be by  ballo t a t  a regular 
m eeting of the Board preceding the  annual m eeting or by le tte r ballot canvass 
no t less th an  30 days prior to  the annual m eeting of th e  Board. Ballots 
shall be secret.

2. “ The Com m ittee on H onorary M em bers shall advise the  Board w ith respect to
candidates for H onorary M em bership.

3. “ N ot more th an  two H onorary M em bers shall be elected in any  one year.
4. “ Announcem ent of election to  H onorary M em bership shall be m ade a t the

annual m eeting of the F ederation .”

B y m otion, seconded and carried, the  above procedure for the  H onorary  M em bership 
Com m ittee was approved. Discussion on th is m otion brought ou t considerable senti
m ent in favor of election of H onorary M em bers in advance of the  annual m eeting of 
the  Board in order th a t recipients of th is recognition m ight arrange to  be present a t 
th e  Convention session during which awards and honors are presented.

I t  was the  sense of the  m eeting th a t  arrangem ents be m ade during th e  1944 Con
vention for formal in troduction of the  President-elect and presentation  of the  various 
awards.

M r. Schroepfer offered the  recom m endation th a t  an effort be m ade to arrange for 
reprinting of selected abstracts as d istribu ted  by  th e  U .S .P .H .S. in  Public Health
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Engineering Abstracts, in S e w a g e  W o r k s  J o u r n a l . The Board left this m atte r to be 
disposed of a t  the discretion of the Editor and Advisory Editor.

C hairm an Cohn of the Sewage W orks Practice Com m ittee requested guidance 
from the Board in regard to the procedure to be followed in the publication and distri
bution of the  M anuals of Sewage W orks Practice, the first of which is expected to be 
ready for publication in about 60 days. I t  was moved, seconded and carried th a t the 
President direct the General Policy Com m ittee to study and outline procedures for 
distributing all publications of the Federation other than  the J o u r n a l , and to report 
to the Executive Com m ittee.

I t  was further moved, seconded and carried th a t as the M anuals of Sewage Works 
Practice are released by the Sewage W orks Practice Committee, they be subm itted 
to the Publications Com m ittee and thence to  the Executive Com mittee with power to 
act in accordance with the d istribution procedure to be outlined by the General Policy 
Committee.

By motion, seconded and carried, the Board approved the recommendation of the 
1943 Board th a t the next annual meeting of the Board of Control shall be held as a 
luncheon meeting on the day preceding the  next Annual Convention of the Federation, 
and retained in session until all business is concluded.

A djournm ent to the next annual meeting or upon call of the President was moved, 
seconded and carried a t 3:55 p.m.
Approved:

A. M. R a w n , President W . H. W i s e l y , Secretary

R E P O R T  O F  S E C R E T A R Y  

F o r  P e r io d  of 

O C T O B E R  1, 1942 T O  S E P T E M B E R  30, 1943

Increased services to members, active representation of the field in m atters of 
national significance, gains in membership and financial position, all m ark the past 
year as probably the most productive in the history of the Federation. The broadened 
realm of activ ity  held forth as one of the aims of the 1941 reorganization is now being 
realized, yet present accomplishments are bu t a good beginning and offer only a prophecy 
of future contributions. Amid the difficulties of the times, the dem and for the types 
of service made possible by the Federation is greater than  ever before and existing 
limited facilities have been extended to the utm ost.

A c t i v i t i e s  o f  S e c r e t a r y ’s  O f f i c e

The Secretary has continued to serve on the part-tim e arrangem ent originated in 
January, 1941, with only one full-time assistant, in the rent-free office accommodations 
offered by the U rbana-Cham paign Sanitary D istrict. W ith the exception of the 
editorial functions performed by D r. M ohlm an and mechanical production of J o u r n a l  
advertising, afforded under agreem ent with Chemical Foundation of New York City, 
all details of business m anagem ent and operation have been carried out from the 
Urbana office. These duties include the routine services of maintenance of membership 
records and mailing lists, sale of publications, collection of all revenue (including 
advertising) and keeping of financial accounts, as well as the additional functions 
described herewith.

Sewage Works Journal.— Every effort has been made to assist Editor M ohlman 
in securing material presented a t M ember Association meetings for publication in the 
J o u r n a l . The Secretary has also been responsible for production o f  the p lant operation 
section designated as “ The O perator’s C orner” and provided a to ta l of 255 pages of 
this text to the past six issues of the J o u r n a l .

Considerable effort was devoted to the sale of advertising space by correspondence 
and by personal contact. Prom otional literature was prepared and distributed. This 
co-operation with the Advertising M anager has resulted in production o f  almost 200 
pages of paid advertising i n  the past year—the highest in the h i s t o r y  o f  the J o u r n a l .
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From  the  standpo in t of the F ederation’s contribution to  the  war effort, it m ay be 
of in terest th a t non-m em ber subscriptions to the J o u r n a l  have been ordered by 
abou t 150 m ilitary  posts. Paid circulation of the J o u r n a l  as of Septem ber 30 was 
3,080, including 2,609 members and 471 non-mem bers.

P roduction of the  J o u r n a l  has become com plicated by the  shortage o f  paper 
and of m anpower in the publisher’s organization. I t  has been impossible to adhere 
com pletely to  the  publication schedule.

Co-operation with Member Associations.— U nder the  circum stances of his dual 
em ploym ent, it has been exceedingly difficult for the  Secretary to  advance the  interests 
of the  Federation  by  a ttendance a t M em ber Association meetings. In  consequence, 
only three such meetings were attended  by the Secretary th is year; the New York 
S ta te  Association a t New York C ity  in January , the M aryland-D elaw are Association 
a t  Baltim ore in M ay and the  Ohio Conference a t Mansfield in June. T he Federation 
was represented, however, a t three meetings (N orth  D akota, South D ako ta and Pacific 
N orthw est) by President Schroepfer; a t two meetings (C anadian In s titu te  and Pennsyl
vania) by P ast P resident Bedell and a t the New England Association meeting in M ay 
by  P ast P resident Emerson.

To assist in the developm ent of M em ber Association m em bership, th e  Secretary 
prepared and had prin ted  a prom otional pam phlet se tting  forth  the  advantages of 
membership. Supplies of the  pam phlet were d istribu ted  to  all M em ber Association 
headquarters for use a t local meetings and in m em bership campaigns. A bout fifty 
mem bership inquiries were referred to  M em ber Association secretaries during the year.

Co-operation with W ar Agencies.— The Secretary’s office was privileged to  render 
assistance to  the  W ar M anpower Commission, W ar P roduction Board and Office of 
Civilian Defense during the year. In  Septem ber, a m utual service to  W PB and 
Federation  membership was rendered in the  d istribution of new, au tho rita tive  priorities 
litera tu re  to  the  domestic and C anadian mailing lists.

Recognition of the  Federation  by the above agencies as the  organized representative 
of the sewage works field has been gratifying and has been particu larly  justified by the 
services of V ice-President Raw n w ith W PB and W ar Services C om m ittee Chairm an 
F uhrm an  in his contact w ith OCD.

The year also brought abou t organization of the  Com m ittee on W ater and Sewage 
W orks D evelopm ent of which the  Federation  is a co-sponsor w ith the  W ater and 
Sewage W orks M anufacturers Association, A.W .W .A. and the  N .E .W .W .A . This 
Com m ittee has arranged a com prehensive and practical postw ar planning program 
designed to  fulfill the construction needs of the  field a t the  term ination  of the  war.

Arrangements for Fourth A nnual Meeting.— The Secretary, in ex-officio capacity as 
a m ember of the Convention M anagem ent Com m ittee, collaborated to  the fullest 
ex ten t in the preparations for the  Second W artim e Conference in Chicago. Included 
in these duties were: reproduction and d istribution  of publicity ; supervision of printing 
and distribution of the official notice, badges and program ; reproduction and distribution 
of com m ittee reports to  Board of Control m em bers; and preparation  of business re
quiring consideration by the Board of Control.

M e m b e r s h i p

The New Jersey Sewerage Conference, now represented in the F ederation by the 
New Jersey Sewage W orks Association, w ithdrew  voluntarily  as a M em ber Association 
as of January  1, 1942. The Federation  now comprises 26 M em ber Associations.

The to ta l Federation membership in these sectional groups is 2,544 as of Septem ber 
30, a gain of 153 or 6.4 per cent over the mem bership of 2,391 reported  on Septem ber 
30, 1942. The detailed tabu lation  of individual memberships, a ttached  herewith, re
veals th a t 19 of the  26 M ember Associations equalled or exceeded 1942 m em bership levels.

Another gratifying gain occurred in the  Associate M em ber class, in which an 
increase of 7 to a to ta l of 65 was recorded for the year.

F in a n c ia l

In  accordance w ith Section 5, Article IV  of the By-Laws, each D irector on the 
Board of Control was furnished with summ aries of receipts and disbursem ents dated
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December 31, 1942, M arch 31, 1943 and June 30, 1943. Copies of the aud ito r’s balance 
sheet dated  December 31, 1942 were also furnished each D irector. Similar reports 
were provided to  members of the Financial Advisory Com mittee.

F inancial progress of the  Federation in recent years is shown by the following 
comparison of net w orth values:

Date
Septem ber 30, 1941 
Septem ber 30, 1942 
Septem ber 30, 1943

A c k n o w l e d g m e n t s

The co-operation and assistance accorded the Secretary by Officers, Directors, 
Committees, M em ber Association Officials and m any individuals during the year, is 
gratefully acknowledged.

Respectfully subm itted
W . H . W i s e l y , Secretary

N e t'W o rth

$10,530.21
16,034.52
23,076.26

FED ERA TIO N  OF SEWAGE WORKS ASSOCIATIONS 
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 ia t io n s  * 

S e p t e m b e r  30, 1943

M em ber Association.

M em bersh ip— S eptem ber 30, 1943

T o ta l 
M em bers 
Sept. 30, 

1942

N e t
IncreaseA ctive

C orp.
T o ta l 

S ept. 30, 
1943R egular A lte rn a te

Arizona................................................ 15 ____ ____ 15 20 - 5
California............................................ 251 20 — 271 243 28
Central S tates.................................... 449 — 11 460 411 49
Dakota—N orth ................................. 11 — — 11 11

South.................................. 21 — — 21 18 3
Federal................................................ 85 — — 85 48 37
Florida................................................. 48 — — 48 36 12
Georgia................................................ 24 — — 24 28 - 4
Iowa..................................................... 43 — — 43 45 - 2
Kansas................................................. 19 — — . 19 18 1
Maryland-Delaware.......................... 22 — — 22 22
Michigan............................................. 99 12 — 111 112 - 1
Missouri.............................................. 13 — — 13 9 4
New England..................................... 149 2 — 151 158 - 7
New Jersey......................................... 66 — — 66 60 6
New York........................................... 469 4 — 473 512 - 3 9
North Carolina.................................. 55 — — 55 38 17
Ohio.............................. 90 — — 90 108 - 1 8
Oklahoma..................................... 7 — — 7 5 2
Pacific N orthw est.......................... 84 — . — 84 77 7
Pennsylvania........................... 170 — 1 171 163 8
Rocky M ountain............................. 33 — — 33 28 5
Texas.............................. 36 — — .36 20 16
Argentina Soc. Engrs.................... — — — — —

Canadian Inst................ 117 — •— 117 88 29
I.S.E. (England)......................... 33 — — 33 31 2
I.S.P. (England)............... 85 — — 85 82 3

Totals............... 2,494 38 12 2,544 2,391 153

* Does not include dual members.
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TWO NEW HONORARY MEMBERS

A t the October m eeting of the Board of Control in Chicago, Charles G ilm an H yde 
and Howard Eugene Moses were elected to  H onorary M em bership in the  Federation. 
The list of H onorary M em bers now to ta ls six.

The following is ex tracted  from the le tter of nom ination of Prof. H yde as subm itted 
by  th e  California Sewage W orks Association:

“ Charles G ilm an H yde was born in Norwich, Connecticut, M ay 7, 1874. 
He was graduated  as a san ita ry  engineer from th e  M assachusetts In s titu te  of 
Technology in 1896. He was a studen t under th e  great W illiam T. Sedgwick, 
and he brought in to  the  teaching of san itary  engineering on the  Pacific Coast 
Sedgwick’s biological viewpoint on, and approach to, the  problem s of sanitation. 
This teaching he has impressed strongly upon the  m any students he has had a t 
the  U niversity of California since 1905, and his students are his g reatest adm irers 
and devoted friends. D uring W orld W ar I he was a M ajor in the  S anitary  Corps, 
M edical D epartm ent, U nited S tates Army, perform ing valuable service with 
distinction.

“ He has been consulting engineer on m any problem s of water supply and 
san ita tion  of considerable m agnitude, of which only a few in the  field of sanitation 
m ay be listed here. He was consulting engineer to  the S ta te  of N evada on pollution 
of the Truckee River (1918-1929); he has been consulting engineer to the San 
Francisco H ealth  D epartm ent from 1932 to  date ; he was a m ember of the  Board 
of Consulting Engineers on disposal of sewage for San Francisco, 1934-1939; 
he has been consulting engineer on sewage disposal for the C ity of Sacram ento 
from 1938 to date; he was a m ember of the Board of Consulting Engineers on the 
disposal of sewage for Los Angeles in 1939; he was C hairm an of the Board of 
Consulting Engineers on the disposal of sewage for seven E ast B ay cities in Alameda 
and C ontra Costa Counties in 1940-41.

“ He is a Life M em ber of the American Society of Civil Engineers, was Chair
m an of the  S anitary  Engineering Division in 1934-1935, and a D irector during 
1940-1943. He is a Life and H onorary M em ber of the  American W ater Works 
Association.

“ He was a C harter M em ber of the California Sewage W orks Association, 
which he has served well on m any com mittees. By his wise counsel he did much 
to  m ake this Association a success. He was a member of the Board of Control of 
the Federation  of Sewage W orks Associations during 1931-1941, and had done 
valuable service on m any com m ittees of the  Federation.

“ Charles Gilman H yde is a great engineer, a great teacher, and a m ost ad
mirable person. His untiring efforts in the  field of san ita tion  and his professional 
accom plishm ents m ark him as one m ost w orthy of H onorary M em bership in the 
Federation .”

M r. Moses was nom inated by the Executive Com m ittee of the  Pennsylvania 
Sewage W orks Association, which resolution is presented herewith:

“ W h e r e a s , Howard Eugene Moses, Chief Engineer of the  Pennsylvania 
D epartm en t of H ealth , has served this great public health  agency for over th irty - 
five years, and has risen through all the  grades in its B ureau of Engineering to 
become Chief by v irtue of his ability  and his devotion to  d u ty  and

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

“ W h e r e a s , he was one of the founders o f  the Pennsylvania Sewage W orks 
Association in 1926; served as the  original first V ice-President upon adoption of 
its C onstitu tion  in 1927; as P resident in 1928; as M em ber of th e  P rogram  Com
m ittee for fifteen A nnual Conferences; as M aster of Ceremonies a t  every annual 
banquet; and as R epresentative of the  Pennsylvania Sewage W orks Association
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on the  Board of Control of the  Federation of Sewage W orks Associations since the 
Federation  was organized and as a D irector of the Federation from October, 1940 
to June 30, 1943.

“ W h e r e a s , he rendered continuously m ost faithful and meritorious service 
as the Secretary of the Federation of Sewage W orks Associations from its inception 
in 1928 until the  establishm ent of the Central Executive Office in 1941; and,

“ W h e r e a s , with other officers, he labored diligently to perfect the successful 
reorganization of the Federation in to  its present form and has served on two of 
its im portan t constitutional com mittees; and,

“ W h e r e a s , his term  as D irector representing the Pennsylvania Sewage 
W orks Association term inated  June 30, 1943, and he has been elected an Honorary 
M em ber of the Pennsylvania Association; now7

“ T h e r e f o r e  B e  I t  R e s o l v e d , T h at the Executive Com mittee of the Penn
sylvania Sewage W orks Association hereby nom inates Howard Eugene Moses for 
H onorary M em bership in the  Federation of Sewage W orks Associations and hereby 
presents this nom ination for consideration by the Board of Direction of the Federa
tion a t its scheduled A nnual M eeting in October, 1943.”

FIRST FEDERATION AWARDS PRESENTED

Inception of another new activ ity  of the Federation, th a t of recognizing outstanding 
service by the presentation of awards, wTas an im portant feature of the F ourth  Annual 
Meeting in Chicago. Recipients of the various awards were as follows:

H arrison  Prescott E d d y  A w a rd  (For Research) to H arry  Willard Gehm for his 
paper “ The Separation of Grease from Sewage by M echanical and Chemical M ethods,” 
published in T his J o u rn a l, XIV, 4, 799-810, July, 1942.

George B radley  Gascoigne A w a rd  (For Operation) to Kenvin L. Mick for his paper 
“ Applications of L aboratory D ata  in P lan t Control a t the Minneapolis-St. Paul Sewage 
Treatm ent W orks,” published in T h is Jou rn a l, XIV, 5, 937-952, September, 1942.

Charles A lv in  E m erson  A w a rd  (For Service to the Federation) to Floyd William 
Mohlman in tribu te  to  his fifteen years of service as Editor of the J o u r n a l .

K enneth A llen  A w a rd s  (For Service to  M ember Associations) to John K urtz 
Hoskins of the Federal Sewage Research Association, Alfred H enry W ieters of the 
Iowa W aste Disposal Association, Edward F. Eldridge of the Michigan Sewage Works 
Association, Robert S. Phillips of the N orth Carolina Sewage Works Association and 
William H. Wisely of the Central S tates Sewrage Works Association. Additional tim e 
to nominate 1943 recipients of this award has been granted by the Board of Control 
to the New Jersey Sewage W orks Association, Pacific N orthwest Sewage Works Asso
ciation, Texas W ater and Sewage Conference and the Institu te  of Sewage Purification 
(England).
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SOME COMM ENTS ON SEW AGE W ORKS RECORDS

B y  D . H .  A . P r ic e  

The Surveyor, 102, 423-428 (Oct. 15, 1943)

The purpose of operating records is

(a )  to give proper unit control fo r the maintenance and improvement of efficiencies,
(b ) to give warning of impending trouble,
(c) to provide evidence of needed maintenance or extension,
(d ) to assist in determining fu ture requirements and,
(e ) to furnish legal evidence.

The author stresses the vital importance of correct sampling procedures. The plant 
structural layout and design should provide suitable points fo r the collection of repre
sentative samples.

Two examples are cited in the paper to indicate discrepancies in results between 
samples of two sewages composited from equal amounts of sample collected every 24 
hours and samples collected in proportion to hourly sewage flows. Variations range 
from  2% to 14% per cent in the analytical results of the two sets of samples.

W here personnel and laboratory facilities are limited, intensive short period studies 
furnish a good picture to be used with occasional checks to determine what is going on 
and will likely happen. A few thorough analyses of sludge gas a t long intervals with 
relatively frequent checks of carbon dioxide content will furnish sufficient data on the 
nature of the gas.

Dry-weather flow is an abnormal condition at many plants although it is the quantity 
to which the basis of design is related. A t Roch Mills the dry-weather flow is 3,200,000 
gallons; average daily flows during eight years averaged 136 per cent of this amount.

Caution is given regarding the spurious impression to be given by the use of too 
many significant figures in reporting results. Percentage purification should be expressed 
in stages rather than overall. I t  is easier to reduce a crude sewage from  an oxygen ab
sorption of 10 to 9.5 than an effluent from  1.0 to 0.5.

The use of “moving averages” in plotting curves of flows and strengths instead of 
plotting flows and strengths against time affords a good means of bringing out abnor
malities. Averages over successive periods are taken, fo r example; January , 1941, to De
cember, 1941, inclusive; February, 1941, to January , 1942; March, 1941, to February, 
1942, and so on. One month is added to the total, one month is subtracted and the new 
total divided by 12. The curve of the resultant figures has had eliminated the normal 
seasonal variations, is much flatter and shows more clearly upward and downward 
tendencies. An example is cited of the use of this method of plotting to detect a bad 
leak from an underground sludge gas line. . Daily plottings of gas production did not 
indicate the condition. A plotting of moving annual monthly averages indicated the ab
normality and when the leak first occurred.

A plea is made for the use of more statistical methods in keeping and analyzing 
sewage records.

K. V. H i l l

202
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HIGH DAILY RATE TRICKLING FILTER PERFORM ANCE

B y  G . W a l t o n ,  L. F .  W a r r i c k ,  a n d  J .  W i l s o n  

136 pp. 1943

This report was prepared under the direction of the Board of State Health Commis
sioners of the U pper Mississippi River Basin Sanitation Agreement. I t  covers an in 
vestigation of nine different plants in Iowa, Illinois, Minnesota, and Wisconsin receiving 
domestic sewage from populations ranging from 1,000 to 20,000. Careful records are 
presented. The data were collected over 12 months, comprising fifty-seven 24-hour runs, 
with certain simultaneous 4-hour tests and several special investigations. The primary 
factors affecting 5-day B.O.D. reduction of sewage and clarifier are: degree of primary 
treatment, biological condition of filter, filter loading, and recirculation. Within reason
able limits variables such as temperature, dosing rate and forced or natural ventilation 
do not, under normal circumstances, appear to have much effect. F ilter loading is ex
pressed in terms of pounds of B.O.D. per square foot of filter surface per day. The re
lation between filter loading and B.O.D. reduction by filter and clarifier is established. 
Within the limits of test data (recirculation ratios not exceeding 3) inclusion of re
circulation with filter influent does not appreciably affect such relationship.

Single-stage plants may reduce the B.O.D. between 75 and 85 per cent. Recircu
lation increases the degree of treatment, principally as a multiple-stage filtration. The 
average for plants tested was slightly under 80 per cent.

Two-stage plants may reduce the B.O.D. between 84 to 95 per cent. The average 
for plants tested was 90.2 per cent. However, the B.O.D. of the final effluents from high- 
rate filter plants is rarely below 25 or 30 p.p.m.

Settled effluents contain little, if  any, nitrite and nitrate nitrogen. I f  a well nitrified 
effluent is required, the settled filter effluent may be given additional treatment by sand 
filtration.

The effectiveness of the high-rate filter is due both to oxidation and biological floc
culation. I t  is logical to consider the filter and clarifier as a single combined unit.

The factors of primary importance for their effect on the B.O.D. reduction of sew
age by the high-rate filter and clarifier are:

(1) Preliminary treatm ent of sewage;
(2) Biological condition of filter;
(3) F ilter loading expressed in pounds of B.O.D. per unit of filter surface per day;
(4) Recirculation.

Other variables, such as temperature of filter influent, forced or natural d raft circu
lation of air, and dosing rate are relatively unimportant within the ranges encountered 
during the tests.

For normal sewage the degree of B.O.D. removed by filter and clarifier varies ap 
proximately inversely with that resulting from preliminary treatment.

The biological condition depends on the type, population density and activity of 
bacteria and other life dominant on the filter media. The conditions affecting environ
ment for 2 to 4 weeks prior to the tests are important. Large fluctuations in daily load
ing are detrimental.

Filters should be designed on the basis of actual load applied. When recirculation 
is employed the total flow and its strength should be used for computation. W ith 5-day
B.O.D. loadings from 0.2 to 1.0 lb. per sq. ft. of filter surface per day, approximately 63 
per cent reduction can be obtained by filtration and clarification with filters 6 to 8 ft. 
deep. A maximum removal of 0.7 lb. per sq. ft. per day is indicated for all loading in 
excess of 1.2 lb. per sq. ft. per day.

Recircualtion is essentially multi-stage filtration. However, the total applied B.O.D. 
load is increased thereby. Recirculation is effective in increasing B.O.D. reduction by 
filter and clarifier as long as the filter loading does not exceed 1.2 lb. per sq. ft. per, day.

The reduction of suspended solids is about the same as for B.O.D.; 80 per cent for 
single-stage and 90 per cent for two-stage filtration.
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High-rate filtration results in reduction of organic nitrogen compounds but in little 
oxidation of the ammonia.

There is no reason to believe that lack of available phosphorus lim ited B.O.D. re
duction during the tests.

Uniform instantaneous dosage is desirable. However, no correlation was found be
tween distribution of sewage over the filter surface and efficiency of treatm ent.

The use of sodium nitrate on high-rate filters may be helpful fo r pH  control, sup
plying oxygen and as a source of nitrogen fo r biological growth.

Although quite variable, examination of the B.O.D. determinations on filtered efflu
ent and settled filter effluent indicates tha t approxim ately 70 per cent of the effectiveness 
of high-rate filtration is normally due to oxidation within the filter and the remaining 30 
per cent to biological flocculation and sedimentation.

The report covers various topics, v iz .:

History of High Daily Rate F ilters (3 pp.)
Theory of Trickling F ilters (5 pp.)
Extent of Tests (8 pp.)
Test Procedure (5 pp.)
Analytical Determinations (5 pp.)
P lant Efficiency in B.O.D. Reduction (12 pp.)
P lan t Efficiency in Total Suspended Solids Reduction (5 pp.)
Nitrification (6 pp.)
U tilization of Sodium N itrate  (1 pp.)
Soluble Phosphates (4 pp.)
Reduction in B.O.D. through F ilter and Clarifier (15 pp.)
Variability in Strength of Sewage and its Effect on Treatment and Test P lants (15 pp.)
Distribution of Flow on F ilters (9 pp.)
Factors Affecting Treatment Process (4 pp.)
Sand F ilters for F inal Treatment (1 pp.)
Computations for Design (7 pp.)
Summary and Conclusions (2 pp.)
Bibliography (1 pp.)
Biological Investigations (22 pp.)

L a n g d o n  P e a r s e

N o t e : This report is excellently presented and well worth reading, even though the data 
analyzed are largely from 24-hour runs. The volume of the work required doubtless precluded 
obtaining composite samples over longer continuous periods such as one or two weeks.

O PERATION OF T H E  W ARD S ISLA N D  SEW AGE  
T R EATM ENT PL A N T

By G. P . E d w a r d s  

J. Boston Society Civil Engineers, 29, 229-239 (1942)

The W ards Island activated sludge p lant (New York City) went into operation in 
October, 1937. The p lant is designed for a sewage flow of 180 m.g.d., serving 1,300,000 
living on about 10,600 acres. Two g rit chambers are located on the mainland. The 
sewage is pumped into eight cross-flow prim ary settling tanks, each 100 ft. square with 
an effective depth of 15 ft. (providing about 1 hr. detention at 180 m.g.d.). Sixteen 
aeration tanks are arranged in four batteries of four tanks. Each tank has four passes, 
each about 345 ft. long, 22 ft. wide and 15 ft. deep. A ir is added through two rows of 
diffuser plates placed a t one side of each pass. A t 180 m.g.d., with 25 per cent return 
sludge, the detention period is 5.25 hours.

The mixed liquor flows to 32 rectangular, straight line type, final settling tanks, 12 ft. 
deep with an area of 7,500 sq. ft. The detention period is about 3 hours. The sewage 
enters at the center and flows to weirs about 10 ft. from the end wall. F our of the final 
settling tanks (one in each battery) are used for concentrating excess activated sludge. 
These tanks have a detention period of about 9 hours. The effluent passes to the East 
River.
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Storage tanks feed the excess sludge to sludge vessels (Diesel driven; capacity each 
55,000 cu. f t.) , which transport the sludge to a dumping ground about 34 miles distant. 
Two vessels each make three trips a day. A third ship is out of service for repairs.

In  1940, the annual averages w ere:

Suspended Matter in Parts per Million

A verage M axim um M inim um

Raw Sewage............................................... 220 260 175
Primary E ffluent........................................... 161 239 116
Final Effluent.............................................. 16 24 11

5-Day B.O.D. in Parts per Million

A verage M axim um M inim um

Raw Sewage.............................................................................. 207 251 160
Primary Effluent...................................................................... 168 194 139
Final Effluent........................................................................... 14 23 9

Practically all the sewage received both preliminary and activated sludge treatment. 
The per cent of return sludge averaged 44 per cent, varying from 38 to 50 per cent on 
monthly averages. The air used averaged 0.65 cu. ft. per gal., varying from 0.58 to 0.77 
cu. ft. per gal. on monthly averages. To remove one pound of B.O.D. required 511 cu. ft. 
of air.

The solids in the aeration tanks averaged 1,990 p.p.m., varying from 1,525 to 2,525 
p.p.m. The aeration period averaged 4.6 hours, varying from 4.1 to 5.3 hours. The 
sludge index (Donaldson) averaged 0.78, varying from 0.55 to 1.13. The final tanks op
erated at an average rate of 803 gal. per sq. ft. per day, varying from 710 to 899 gal. 
per sq. ft. per day.

An average of 4.1 p.p.m. of dissolved oxygen was maintained in the effluent of the 
aeration tanks; 3.5 p.p.m. in the effluent of the final tanks, and 6.5 p.p.m. in the dis
charge to the river. The pH  of the raw sewage averages between 6.8 and 7.2, varying 
from 4.8 to 8.5 on occasion.

Some diffuser plate clogging occurred in the first 4.25 years. Plates in 8 tanks were 
cleaned in 1939, in 14 in 1940 and in all 16 in 1941. A solution of 25 per cent caustic 
is used. The tanks are drained, the plates are flushed with a hose, scrubbed with deck 
brushes, and dried. Caustic solution is applied and allowed to stand for 24 hours. The 
first pass receives two applications of caustic. W ith clean plates the air pressure is 
about 7 lb. 6 oz. per sq. inch. This builds up to 8 lb. 9 oz.

Chlorine was added to the return sludge periodically. Care is taken to avoid odors. 
Air drawn from the sludge storage building passes through canisters of activated carbon 
and is then ozonized. The odors arising during loading of the sludge vessels are simi
larly treated.

The effect of the plant on the Harlem River is pronounced.
The cost of maintenance and operation has trended downward:

Y ear
C o s t p e r M illion G allons 

*T o ta l T re a tm e n t Sludge D isposal

1938.................. ....................... $11.86 $2.14
1939.................. ....................... 11.34 2.07
1940.................. ....................... 11.29 1.88

* Including sludge disposal.
L a n g d o n  P e a r s e
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M INIM UM  V ELO CITIES FOR SEW ERS  

Final Report of Committee, Boston Society of Civil Engineers

J . Boston Society Civil Engineers, 29, 286—363 (1942)

This is the final report of a Committee to Study Limiting Velocities in Sewers. I t  
is mostly confined to limiting minimum velocities of flow in separate sewers providing for 
the discharge of normal sewage. The report discusses the regulation of S tate Health 
Departments, the basis of design used by engineers and the experience with flat sewer 
grades and theoretical considerations. The appendices and references occupy 64 pages. 
As a rule state health departments require a minimum velocity of 2 f t. per sec. with the 
sewer flowing full or half full. In  the K utte r formula n =  0.013 is commonly used, with 
a slope in the sewer to provide a minimum full velocity of 2 ft. per see. This basis of 
design gives the following minimum slopes :

Size of Pipe, inches..................................... 6 8 10 12 15 18 21 24

Slope, ft. per 1,000 f t.................................. 6.3 4 2.9 2.2 1.55 1.2 0.95 0.8

F or adequate cleansing, sewers should be designed with slope adequate to deveolp a 
cleansing velocity a t the minimum 24-hour average flow. In  general the minimum 
cleansing velocity (flowing p a rt fu ll) is set a t 1.28 f.p.s.

L angdon P eabse

T H E  CYC LO -N ITR IFY IN G  FIL TE R

By J . H. E d m o n d s o n  a n d  S. R. G o o d r ic h

Institu te of Sewage Purification, Annual General Meeting a t Leeds, November, 1943

The Coisley H ill works of the Sheffield Sewage Disposal Departm ent was designed for 
a population of 25,000 in 1938 and in 1940 the population had increased to 27,000. The 
experimental work was initiated to find a tem porary solution to the difficulties of opera
tion arising from this fac t.’ The p lant consists of g rit chambers, screens, prim ary sedi
mentation followed by bio-aeration (Sheffield system). The sewage is entirely domestic 
with a dry-weather flow of 13 gallons per capita and an average influent suspended solids 
of 547 p.p.m.

The activated sludge bulked very badly and none of the available remedies such as 
weighting with soil, etc. proved effective. The addition of iron in  the form  of copperas 
(50 p.p.m.) and lime (15 p.p.m.) to the prim ary sedimentation tank  effluent or to re
turn  sludge was tried after washing completely the bulking sludge. This procedure 
proved effective during the winter and spring months but during the summer dry weather 
flow condition, the sludge began to bulk again. Increasing the dosage of chemicals 
checked the bulking but had an adverse effect on the quality of the effluent. The chemical 
treatm ent of the sewage prior to sedimentation with the purpose of reducing the strength 
of sewage entering the bio-aeration unit proved to be costly.

In  order to increase the oxygen supply, well-nitrified effluent from  a high-rate filter 
was added to the sewage entering the bio-aeration unit. The effluent from the bio-filtration 
unit was applied to a high-rate nitrifying filter and the effluent returned to the bio
aeration unit.
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A laboratory filter of 3-in. diameter filled with V^-in. medium was used initially and 
dosed with final effluent. Application rates were increased from 200 to 800 gal. per cu. 
yd. per day. Twenty to thirty  p.p.m. of nitrate nitrogen was found with 600-700 gal. 
application per cubic yard. A concrete tube filter of 3-ft. diameter, 7 ft. deep was put 
in operation. The medium was slag and clinker varying from 2-3 in. in the bottom to 

in. at the top of the filters. At a 1,000-gal. cu. yd. rate 21.3 p.p.m. of total 
oxidized nitrogen was produced and at 1,400-gal. rate 16 p.p.m. was produced but the 
quantity of oxidized nitrogen produced per cu. yd. was irrespective of the quantity and 
quality of the feed applied to the filter and averaged .24 lb. per cu. yd. per day with an 
oxygen equivalent of .65 lb. per cu. yd. per day. No clogging of the filters occurred 
when the feed to the filter contained small quantities of sludge-forming material derived 
from the effluent of the bio-aeration system.

Various mixtures of sedimentation-tank effluent and nitrified-filter effluent were 
aerated in the laboratory by surface aeration on a fill-and-draw basis with a 7-hr. aeration 
period each cycle. The B.O.D. of the mixture after treatment made with 1 to l 1/^ vol
ume of nitrified effluent to 1 volume of tank effluent was 18 p.p.m. as compared with 57 
p.p.m. of the tank effluent treated by aeration only.

Next a filter was placed in the circuit with one of the bio-aeration units. The filter 
was 30 ft. in diameter and 71/2 ft. deep filled with graded and honey-combed clinker 
varying 3-6 in. at the bottom to %  to %  in. at the top. Effluent from the filter flows by 
gravity to the aeration tank while the final effluent is pumped to the filter. I t  is provided 
with a revolving distributor with film jets. The sludge returned to each bio-aeration 
unit was a mixture discharged from both units. When dosed at the rate of 900 gal. per 
cu. yd., the filter produces 180,000 gal. of nitrified effluent which is equivalent to the dry- 
weather flow treated by each bio-aeration unit. The production of nitrates from the 
plant scale filter at the rate of 500 gal. per cu. yd. was only 11.6 p.p.m. as compared with 
the performance of the small-scale experimental unit which produced 24.3 p.p.m. when 
dosed at the rate of 1,000 gal. per cu. yd. This was attributed to the distribution which 
was not as uniform as that in the small-scale experiment. The distributor was then re
modeled and fitted with spray jets to give a rainlike distribution. The rate of nitrate 
production was doubled to 20 p.p.m., which, when returned in the volumetric ratio of 
1: 1, contributes 70 p.p.m. of oxygen, both in the combined and free forms. The filter 
was clean and did not clog. There is some suspended matter discharged from the filter. 
Resting periods and low temperatures adversely affect the efficiency of the filter.

When the filter was matured chemical precipitation and addition of chemicals to 
correct bulking was stopped. The effluent from the control bio-aeration unit had a
B.O.D. of 44.3 p.p.m. while the bio-aeration unit receiving nitrified filter effluent had a
B.O.D. of 24.1 p.p.m., a reduction of 45.6 per cent. In  a large-scale experiment lasting 
over a year there has not been any indication of bulking in either unit in spite of the 
fact that one of the units was oiterated as straight aeration plant and the sludges from 
both units were mixed.

The effect of recirculating nitrified filter effluent to trickling filter was also studied. 
Primary settled effluent was mixed with the nitrifying filter effluent and passed through 
the trickling filter. The trickling filter was 3 ft. in diameter and 7 ft. 9 in. in depth 
filled with honey-combed clinker varying from 3^1 in. in the bottom to 1-2 in. at the top. 
The total rate of application on the trickling filter varied from 1,000-1,500 gal. per c-u. 
yd. per day. The ratio of sedimentation tank effluent to nitrified effluent varied from 
1: 3 to 1: 1. The filter has been operated for a period of 2% months and except for an 
initial period of ponding it has worked satisfactorily. The B.O.D. of the effluent from 
the filter through which nitrified effluent was circulated varied from 11 to 19 p.p.m. The 
rate of application of the settling tank effluent was 275-500 gal. per cu. yd. per day and 
considering both filters the effluent from the settling tank was applied from 177 to 333 
gal. per cu. yd. per day. Previous experience had indicated that sewage from this source 
could be applied on normal trickling filters without recirculation of nitrified effluent at 
the rate of 50-70 gal. per cu. yd. per day.
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In  introducing the paper the author remarked that when equal volumes of settling 
tank effluent and nitrified effluent were applied to the trickling filter a gray film built up 
on the surface of the filter which was allowed to develop and clog the filter. When 
nitrified effluent alone was applied to this filter in two days the filtering material was per
fectly clean. I t  has fu rthe r been found tha t when n itrate has been completely reduced 
a t 2% -ft. level, due to application of a relatively greater volume of settled effluent to 
nitrified effluent, the filter begins to show signs of distress and tha t a reserve of nitrate 
throughout the filter is essential. The effluent from the bottom of the filter level)
showed little if any improvement over the 4% -ft. level, indicating that the depth of the 
filter could be reduced without im pairing the quality of the effluent.

H .  H e u k e l e k i a n
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For M o r e  E f f ic ie n t  P r e - A e r a t i o n  

of Sewage a n d  G r e a s e  Removal

ING

Equipment- normally used for the aeration and flocculation 
of sewage prior to preliminary sedimentation requires sep
arate structures, connecting conduits and in many cases 
cumbersome installations.
A fte r operating tests which showed an average reduction 
of 7 5 .5 %  in suspended solids, 7 3 .9 %  in volatile matter, 
6 0 .9 %  in B.O.D. and 30.1 %  in grease, we recommend the 
P.F.T . Atom izing Type Aerator for maximum aeration, 
grease removal and B.O.D. reduction. This unit is de
signed to operate in a small section of the primary clarifier, 
as shown above, where it can be used w ithout disturbing 
the contents of the tank. In fact, it aids the distribution 
of incoming sewage.
In contrast to the normal practice of aerating by introduc
ing and circulating bubbles of air under pressure in the 
sewage, the P.F.T. Atom izing Aerator circulates and in ti
mately mixes atomized liquid and solids w ith a large vo l
ume of free air. By the atomizing principle, a greater vol
ume of the liquid and solid particles is exposed to the air, 
resulting in the reduction percentages given above. Aerat
ing and holding time is also reduced. Savings are effected 
not only in construction costs, but also in operation, which 
is very simple due to complete accessibility of all parts. 
The unit and all moving parts are located above the liquid.
For full information, write for our new Bulletin No. 140, 
containing installation drawings and operating test data.

-P.F.T ' 4 2 41  R A V E N S W O O D  A V E N U E ,  
' new YORK CHARLOTTE. N. C___

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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For Delivery Noir
S ta c k e d  o n  t h e  s t o r 

a g e  y a rd s  o f  o u r  severa l 

p la n t s  a re  a m p le  s to c k s  

o f  c a s t  ir o n  p ip e  in  s iz e s  

m o s t  c o m m o n ly  u s e d ,  

r e a d y  f o r  i m m e d i a t e  

d e liv e r y . S ta n d a r d  f i t 

t in g s  a re  a ls o  q u ic k ly  

a v a i l a b l e .  W h e r e  r e 

q u ir e m e n t s  c a n n o t  b e  

s u p p lie d  fr o m  s to c k  o n  

h a n d , w e are in  p o s i

t io n  to  p r o d u c e  th e m  

p r o m p t ly .  In  c o n n e c 

t io n  w it h  p o s t -w a r  p la n s  

y o u  c a n  re ly  o n  s e c u r in g  

S u p e r -d e  L a v a u d  or U . S . 

p it - c a s t  p ip e  w h e n  y o u  

n e e d  i t ,  a s o u r  f a c i l i t ie s  

for  p ip e  p r o d u c t io n  h a v e  

n o t  b e e n  r e d u c e d  in  s p it e  

o f  o u r  p a s t  a n d  p r e s e n t  

c o n t r ib u t io n  to  t h e  w ar  

effo rt.

P i p e  s to r a g e  a n d  s h i p p in g  y a r d  a t  o n e  o f  o u r  p l a n t s ,  d r a w n  b y  H u g h  F e r r is .

U n i t e »  S t a t e s  P i p e  &  F o u n d r y  C o .
General Offices: B urlington, New Jersey. P lan ts and  Sales Offices th ro u g h o u t th e  U.S.A.
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A eration is the heart of activated  sludge sewage plants, and 
more N orton Porous M ediums are used in th is operation th an  
any other make. Over 54 years’ experience in ceram ic product 
developm ent and the  longest experience in the m anufacture of 
fused alum ina products stand  behind N orton Porous P lates and 
Tubes. For efficiency in diffuser operation dem and N orton 
Porous M ediums for uniform air distribution, great strength, 
regulated w et pressure loss and long service.

N O R T O N  C O M P A N Y  - W o r c e s t e r  6 , M ass .

NORTON POROUS PLATES «»/TUBES
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Th  e

The new "VAREC” approved 
PRESSURE RELIEF 6* FLAME TRAP 

ASSEMBLY Fig. 440

•  T h is  U n it  consis ts  o f  a  d ia p h ra g m -o p e ra te d  
R e g u la to r , F lam e  T ra p , a n d  a  T h e rm a l S h u t-  
off V alve . I t  m a in ta in s  a  p re d e te rm in e d  
b ac k  p re ssu re , p ass in g  su rp lu s  gas to  th e  
w as te  gas b u rn e r . I t  s to p s  F lam e P ro p a g a 
tio n . P a te n te d  ex ten s ib le  F lam e  T r a p  e le 
m e n t s im plifies  in sp ec tio n  a n d  m a in te n a n c e . 
I t  is no n co rro siv e . Sizes 2 "  to  6 ".

W h e r e v e r  th e re  a re  to x ic  a n d  c o m 
b u s t ib le  gases, s p e c ify  “ V A R E C ”  fo r 
gas c o n t ro l  w i t h  s a fe t y ,  e c o n o m y , a n d  
p e r fo rm a n c e . T h e  v a s t  re s e a rc h  a n d  
e n g in e e r in g  r e s o u r c e s  o f  th e  V a p o r  
R e c o v e r y  S y s te m s  C o . a re  a lw a y s  a v a i l 
a b le  to  c o n s u lt in g  e n g in e e rs  a n d  m u n i 
c ip a l  o ffic ia ls  d e s ig n in g , c o n s t ru c t in g ,  
a n d  o p e r a t i n g  S e w a g e  T r e a t m e n t  
P la n t s .

T h e r e  is a w e a lt h  o f  in fo rm a t io n ,  
i l lu s t r a t io n s ,  f lo w  d ia g ra m s , c h a r t s ,  a n d  
d a ta  in  th e  n e w  “ V A R E C ”  S e w a g e  
G a s  C o n t r o l  a n d  H a n d b o o k  S-3. I t  is 
y o u r s  fo r  th e  a s k in g .

T H E  V A P O R  R E C O V E R Y  S Y S T E M S  C O .

Compton, California 
Branch Offices a nd  Stock Carried a t 

N ew  Y ork  C ity  - N ew  O rlean s , La. - H o u sto n , Texas 
T u lsa , O k la .

A gencies E v e ry w h e re
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For Our Fighting Men
A m e r ic a ’s m il ita ry  e s ta b lish m e n ts  of to d a y— w ith  th e ir  m o d ern  sew age d isposal 
p lan ts— are  fa r  ahead  of those  of 1918 in  san ita tio n  an d  in  g en e ra l ap p e a rance ; 
a facto r w h ich  is  tod ay  recogn ized  as  an  im p o rtan t m o ra le  b u ild e r. A t  m a n y  
cam ps, good stands of g ra ss  an d  sh ru b s h a v e  b een  p ro v id ed  b y  co n ve rtin g  the  
sew age sludge in to  fe rt i liz e r  b y  m e an s  of R o y e r  S lu d g e  D is in te g ra to rs .

A b ove  is  show n a  R o y e r  a t w o rk  a t a cam p of the  U . S . A rm y  S ig n a l Corps. A s  
a t m an y  posts, it  w a s  a  re a l p ro b lem  h e re  to keep  g rass g row ing  u n d e r  th o u san ds 
of m arch in g  fee t. G ra s s  w a s  d es irab le , no t o n ly  fro m  the s tandpo in t of appear
ance, b u t a lso  to keep  the m e n  fro m  tram p in g  m u d  an d  d ir t  in to  the b a rracks . 
T h e  so il, w h ich  h ad  b een  u sed  fo r fa rm  lan d , w as  not cond ucive  to g row ing  grass. 
So m eth ing  had  to be added . T h e  n ee d e d  fe rt iliz e r  w a s  p resen t in  the  sew age 
sludge a t the  d isposal p lan t, b u t p roper p rep ara tion  of the s ludge cake  w as  n eces 
sary . T h is  w a s  accom p lish ed  w ith  the  R o y e r , an d  sa tis fa c to ry  g rass was g row n .

A  la rge  n u m b er of m u n ic ip a l sew age  d isposal p lan ts  a re  p ro fitab ly  con ve rtin g  
th e ir  sludge in to  m a rk e ta b le  fe r t i liz e r  w ith  a R o y e r , w h ich  re d u ces  the  s ludge 
cake to pea size, ae ra tes  and  fu r th e r  d r ie s  it, a t  the  sam e tim e e lim in a tin g  trash . 
Royer-p rep ared  fe rt iliz e r  h as  b een  a  m ost h e lp fu l fa c to r in  th is  y e a r ’s good crops 
and  V ic to ry  gardens. T h is  rugged , eas ily-opera ted  m ach in e  soon p ays  fo r its e lf  
in  fe rt iliz e r sa les, and  a lso  p ro v id es  fe rt iliz e r  fo r c ity  p a rks .

R o y e r  S lu d g e  D is in te g ra to rs  a re  m ad e  in  tw e lv e  po rtab le  
and  s ta tio n a ry  m od e ls , in  sizes fo r e v e ry  p lan t; e lec tr ic  
m otor, g aso line  eng ine o r be lt- to-tractor d r iven .

W r i t e  fo r S e w a g e  S lu d g e  U tiliz a tio n  “ D a ta lo g ”  and  b e  p re 
pared  to p ro fitab ly  a id  A m e r ic a ’s food p roduction  in  1944.

ROYER F O U N D R Y  &  M ACHINE CO.
176 PRINGLE ST., KINGSTON, PA.

R r o f t
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Save Time, Install a 
FLEXIBLE "E Z Y ” ROD REEL 
Permanently on Your Truck.

Here's another FLEXIBLE time- 
saver. Install an EZY Rod Reel 
p e r m a n e n t ly  on  e a c h  of y o u r  
e m e r g e n c y  and sew er cleaning  
trucks. Easily m o u n te d  on the 
side, end, top or floor of truck or 
trailer. W hen you com e to the 
manhole, p lace the truck in the 
proper position and feed  the rod 
from the tr u c k  into the s e w e r .

FLEXIBLE SEW ER-ROD EQUIPM ENT CO.
9 0 5 9  V E N I C E  B O U L E V A R D  L O S  A N G E L E S .  C A L I F O R N I A
4 01  B R O A D W A Y ,  N E W  Y O R K ,  N. Y.  •  P I C K W I C K  B L D G . ,  K A N S A S  C I T Y ,  MO.

INCINERATION ENGINEERS

n i i H O i s  e r g h i e e r m g  & 
R E S E A R C H  C O R P O R R T I O R
6 0  W A LL  T O W ER  N E W  Y O R K , N . Y.

Consultants • Designers • Constructors

F O R  S A T I S F A C T O R Y  S A L E S  R E S U L T S !
A D V E R T I S E  I N

SEWAGE W O R K S  J O U R N A L
FOR RATE CARD A N D  OT H E R  RELEVANT DATA WRITE TO!

W. H. WISELY, E ditor, 325-26 Illinois B uilding, C ham paign, III.



SEWAGE WORKS JOURNAL 25

-------- -

A s  o u r  a rm e d  fo rce s  a d v a n c e  is la n d  a f te r  is la n d  in  th e  
S o u th  P a c if ic ,  o n  e a ch  o f  th e se  s te p p in g  s tones  to  T o k io  th e y  e n c o u n te r  a n  e n e m y  
m o re  d a n g e ro u s  th a n  th e  t re a c h e ro u s  Ja p s .

I t  is  w a te r- b o rn e  d isease . I n  p a s t  w a rs  th is  k i l le r  h as  cau se d  m o re  c a s u a lt ie s  th a n  
th e  m o s t d e a d ly  w e a p o n s  d e v is e d  b y  m a n !

T o d a y ,  c h lo r in e  a n d  i t s  c o m p o u n d s  h e lp  to  p ro te c t  o u r  f ig h t in g  m e n  a g a in s t  m a n y  
fo rm s o f  th is  m e n a ce . A n d  fo r  th is  im p o r ta n t  p u rp o s e , a n d  o th e r  v i t a l  uses, P e n n  
S a l t  su p p lie s  th e  a r m y  a n d  n a v y  w i th  th is  im p o r ta n t  c h e m ica l.

I n  cam p s , d u r in g  t ro o p  t r a n s p o r ta t io n ,  a n d  in  th e  f ie ld , c h lo r in e  sa n it iz e s  w a te r  
fo r d r in k in g  a n d  b a th in g . I t s  c o m p o u n d s  se rv e  b a c te r ic id a l  uses in  f ie ld  a n d  base  
h o s p ita ls — in  la u n d r ie s , fo r  b le a c h in g  a n d  s a n it iz in g  p u rp o s e s — in  fo o tb a th s  as a 
sa feg u a rd  a g a in s t  co m m o n  fu n g u s  in fe c t io n s .

T h e s e  needs t a k e  a  g re a t  d e a l o f  th e  P e n n  S a l t  o u tp u t  o f  c h lo r in e  a n d  c h lo r in e  
com p ou n d s. H o w e v e r ,  o u r  c o n c e n tr a t io n  on 
th is  u rg e n t  w a r t im e  s e rv ic e  h a s  p ro v id e d  us 
w ith  a fu n d  o f  ex p erience  a n d  in c re a s e d  f a c i l i 
tie s  w h ic h  w i l l  b e  tu rn e d  to  s e rv in g  o u r 
p ea ce tim e  cu s to m e rs  e v e n  m o re  s a t is fa c to r i ly  
w h en  th e  w a r  is  w o n .

P E N N S Y L V A N I A  S A L T
M A N  u / f  A//C T U R I N G  C o/?N \ P A N Y

1 0 0 0  W I D E N E R  B U I L D I N G ,  P H I L A D E L P H I A  7 ,  P A .

NEW YORK .  CHICAGO .  ST. LOUIS .  PITTSBURGH 
MINNEAPOLIS .  WYANDOTTE • TACOMA

{ P e n n  S a l t  m a n u f a c t u r e s

Liquid Chlorine
f o r  w a t e r  s a n i t a t i o n  a n d  

s e w a g e  t r e a t m e n t

A lso
Perch/oron* • Anhydrous Ammonia 

Filter Alum • Ferric Chloride 
Sodium Aluminóte • Chloride o f Lime 

Caustic Soda and other products
*Trade-mark Reg. U. S. Pat. Off.
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: : D IR E C T O R Y  O F  E N G IN E E R S  : :

A L B R IG H T  &  FRIEL, IN C .
Consulting Engineers

W ater, Sewerage, Industrial W aste, 
G arbage, Power P lan t and 

V aluation Problems
1520 L O C U S T  S T . 

P H IL A D E L P H IA , P E N N A .

C h a r l e s  B . B u r d ic k  L o u is  R . H o w s o n  
D o n a ld  H . M a x w e ll

ALVORD, BURDICK &  HOWSON
E ngineers

W a te r  W o r k s ,  W a te r  P u r i f i c a t i o n ,  
F lo o d  R e l ie f , S e w e ra g e ,  S e w a g e  
D is p o s a l ,  D r a in a g e ,  A p p r a i s a l s ,  

P o w e r  G e n e r a t io n  
C iv ic  O p e r a  B u i l d in g  C h ic a g o

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 r o a d w a y ,  K a n s a s  C ity ,  M o.
S e w e ra g e , S e w a g e  D is p o s a l,  W a te r  S u p p ly ,  W a te r  P u r i f ic a t i o n ,  E l e c t r i c  fighting, 
P o w e r  P l a n t s ,  V a lu a t io n s ,  S p e c ia l  I n v e s t i g a t io n s ,  R e p o r t s  a n d  L a b o r a to r y  S e rv ic e  
E . B . 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 . F .  L u t z  

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

B U C K , S E IF E R T  A N D  J O S T
C onsu lting  Engineers 

(FORMERLY NICHOLAS S. HILL ASSOCIATES)
Specializing in  Sew erage and  Sew age D isposal, 

W a te r S upp ly  and  W a ter P urification , 
V aluations an d  R epo rts  

C hem ical and  Biological L aborato ries 

112 E a s t  1 9 th  S t r e e t  N ew  Y o rk , N . Y .

burns & McDonnell engineering co.
M cD oNNELU-SmITH-BaLDWIN-TiMANUS-McD oNNELL

Consulting Engineers since 1897
Waterworks, Light and Power, 
Sewerage, R eports , Designs, 
Appraisals, Rate Investigations.

Kansas City 2, Mo. 107 West Linwood Blvd.

THE CHESTER ENGINEERS
Campbell, Davis &  Banksoti

Water Supply and Purification, Sewerage 
and Sewage Treatment, Power Develop
ment and Applications, Valuations and 
Rate Investigations.

210  E . P A R K  W A Y  A T  S A N D U S K Y  S T . 
P IT T S B U R G H , P A .

SA N IT A R Y  E N G IN E E R S
Only a small expenditure is neces

sary to have your professional card 
brought to the attention of our 3,000 
or more readers in this space.

S E W A G E  W O R K S  J O U R N A L  
40 W a l l  S t r e e t  
N e w  Y o r k  C ity

CONSOER, TOW NSEND &  ASSOCIATES
W ater Supply— Sewerage— Flood Con
trol &  Drainage— Bridges— Ornamen
tal S tree t L ighting— Paving—L ight 
and Power Plants. Appraisals.

C h ic a g o  T im e a  B ld g .,  211 W . W a c k c r  D riv e

F A Y , SPO FFO R D  &  TH O R N D IK E
E N G IN E E R S  B O S T O N , M A S S .
F r e d e r i c  H .  F a y  C h a r l e s  M .  S p o f f o r d  
J o h n  A y e r  B io n  A . B o w m a n  
C a r r o l l  A . F a r w e l l  R a l p h  W . H o r n e  

W a te r  S u p p ly  a n d  D is tr ib u t io n  
S ew erage an d  S ew age T re a tm e n t  D ra in ag e

In v e s tig a tio n s  a n d  R e p o r ts  
D ec isio n s  V a lu a tio n s  

S u p erv is io n  o f  C o n s tru c tio n

F R A S E R -B R A C E  E N G IN E E R IN G  C O ., IN C . 
D e s ig n , c o n s t r u c t io n  a n d  i n s t a l l a 
t i o n  o f  c o m p le te  p l a n t s  a n d  p r o je c t s

M echanical, H eavy Industries, Shipbuilding, 
H ydro-Electric D evelopments, Power P lants, 
Chemical and Refining P lants, Process Indus
tries, M etallurgical D evelopments and Processes, 
Explosives, Plastics, W ater Supply and T rea t
ment, Sewage and Industrial W astes T reatm ent. 

REPO R TS —  A PPRA ISALS —  CO NSU LTIN G  
10 E a s t  4 0 th  S t r e e t ,  N e w  Y o r k  16, N . Y .

G R E E L E Y  &  H A N S E N
E n gin eers  

S a m u e l  A .  G r e e l e y  P a u l  H a n s e n  

P a u l  E .  L a n 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 r k e

W a te r  S u p p ly , W a te r  P u r i f ic a t i o n ,  
S e w e ra g e , S e w a g e  T r e a tm e n t ,  F lo o d  
C o n tr o l ,  D r a in a g e ,  R e fu s e  D is p o s a l  

6 N . M ic h ig a n  A ve ., C h ic a g o
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: :  D I R E C T O R Y  O F  E N G I N E E R S  : :

G ANNETT, E A S T M A N  & FLEMING, INC.
HARRISBURG, PENNA.

: :  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

W I L L I A M  A .  G O F F
C onsu lting  Engineer

■ P r i v a t e  a n d  M u n ic ip a l  E n g i n e e r in g  
S e w e ra g e ,  S e w a g e  D is p o s a l  

W a te r  S u p p ly  a n d  T r e a tm e n t  
G a r b a g e ,  R e fu s e ,  I n d u s t r i a l  W a s te s  

D e s ig n , S u p e r v is io n ,  V a lu a t io n s ,  R e p o r t s

B r o a d  S t. S ta t io n  B id s . ,  P h i l a d e lp h i a

H A V E N S  A N D  E M E R S O N
( f o r m e r ly  G a s c o ig n e  & A s s o c ia te s )

W . L . H a v e n s  C. A. E m e r s o n  
A. A . B u r g e r  F . C. T o l ie s  F . W . J o n e s

W a te r ,  S e w a g e , G a rb a g e ,  I n d u s t r i a l  
W a s te s ,  V a lu a t io n s .— L a b o r a to r i e s  

L e a d e r  B ld g .  W o o lw o r th  B ld g .  
C le v e la n d  N ew  Y o rk

MORRIS KNOWLES, Inc. 
E ngineers

W a te r  S u p p ly  a n d  P u r i f i c a t i o n ,  S e w e r 
a g e  a n d  S e w a g e  D is p o s a l ,  V a lu a t io n s ,  

L a b o r a to r y ,  C ity  P la n n i n g .

METCALF & EDDY
Engineers

W a te r ,  S e w a g e , D r a in a g e ,  R e fu s e  a n d  
I n d u s t r i a l  W a s t e s  P r o b le m s  

L a b o r a to r y  V a lu a t io n s  
A ir f ie ld s

1312 P a r k  B ld g . P i t t s b u r g h ,  P a . S t a t l e r  B u i ld in g  
B o s to n

Reeves N ew som  E . H . A ldrich

N E W S O M  & A L D R I C H
E n gin eer-C on su ltan ts

S e w e ra g e  a n d  S e w a g e  D is p o s a l  
W a te r  S u p p ly ,  P u r i f i c a t i o n  

a n d  D i s t r i b u t io n  
V a lu a t io n s  a n d  R e p o r t s  

500 F i f t h  A ve. H a r r i s b u r g ,  P a .  
N ew  Y o rk  W i l l i a m s b u r g ,  V a.

H Y D R A U L IC  E N G IN E E R S
Only a small expenditure is neces

sary to have your professional card 
brought to the attention of our 3,000 
or more readers in this space.

S E W A G E  W O R K S  J O U R N A L  
40 W a l l  S t r e e t  
N e w  Y o rk  C ity

ROBERT T. REGESTER
C onsulting Engineer

S e w e ra g e — S e w a g e  T r e a tm e n t  
W a te r  W o r k s — I n d u s t r i a l  W a s te s  

F lo o d  C o n tro l— F i r e  P r o te c t io n

A d v is o ry  S e rv ic e , R e p o r t s  a n d  D e s ig n s

B a l t im o r e  L ife  B u i ld in g  
B a l t im o r e ,  M d.

R U S S E L L  a n d  A X O N
C onsulting Engineers 

G eo. S. R u s s e l l  J o h n  C. P r i t c h a r d  
J o e  W i l l i a m s o n , J r .  F .  E . W e n g e r
S e w e ra g e , S e w a g e  D is p o s a l ,  W a te r  S u p 
p ly ,  W a te r  P u r i f i c a t i o n ,  P o w e r  P l a n t s ,  
A p p r a i s a l s ,  R a t e  I n v e s t i g a t i o n s ,  R e p o r t s ,  
P la n s ,  S p e c i f ic a t io n s .
4903 D e lm a r  B lv d . S t.  L o u ts

S TAN LEY EN G IN EER IN G  C OM PANY
S e w e ra g e  —  W a te r w o r k s  

D r a in a g e  — F lo o d  C o n tro l  
E l e c t r i c  P o w e r

W HITM AN, REQUARDT AND SMITH
E n g in e e r s

Ezra B. W hitm an Norman D . Kenney 
Gustav J . Requardt A. Russell Vollmer 
Benjamin L. Sm ith Theodore W. Hacker

C e n t r a l  S ta t e  B a n k  B u i ld in g  
M u s c a tin e , l a .

WATER WORKS— SEWERAGE— UTILITIES
B a l t im o r e ,  M d. A lb a n y , N . Y.
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A  S U P E R I N T E N D E N T  o f  a  l a r g e  s e w a g e  

d i s p o s a l  p l a n t  w r i t e s ,  " O n e  p a r t  o f  

t h e  u n d e r - w a t e r  m e c h a n i s m  o f  o n e  o f  t h e  

t r a c t i o n  c l a r i f i e r s  w a s  c o a t e d  w i t h  B i t u -  

m a s t i c  N o .  5 0  a n d  t h e  o t h e r  p a r t  w a s  

p a i n t e d  w i t h  a n o t h e r  p r o d u c t .  A f t e r  t h r e e  

y e a r s  o f  e x p o s u r e ,  u n d e r  r e g u l a r  o p e r 

a t i n g  c o n d i t i o n s ,  t h e  B i t u m a s t i c  N o .  5 0  

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

p r o d u c t  w a s  . . .  w o r t h l e s s  a s  a  p r o t e c 

t i v e  c o a t i n g . "

B i t u m a s t i c  N o .  5 0  i s  u s e d  b y  m a n y  

l a r g e  s e w a g e  p l a n t s  t o  p r o t e c t  i n t e r i o r s  

o f  t a n k s ,  g r i t  a n d  s c r e e n  c h a m b e r s ,  p i p 

i n g  a n d  m a n y  o t h e r  s u r f a c e s  e x p o s e d  t o  

s e w a g e  o r  f u m e s .  O n e  o f  i t s  u n i q u e  p r o p 

e r t i e s  i s  t h a t  i t  m a y  b e  a p p l i e d  c o l d ,  i n

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

S E N D  F O R  f o l d e r  No. 342. which lists 
principal sewage plant s t r u c t u r e s  a n d  

equipment and the Bitumastic Coatings 
to protect them.

No. 50
WAILES DOVE-HERMISTON CORP.

WESTFIELD, N. J .

N e w  Y o r k  •  P h i l a d e l p h i a  •  C l e v e l a n d  •  C h i c a g o  

H ou sto n  » T u l s a  •  M i a m i  •  S a n  F ra n c is c o  •  Los A n g e l e s

Pre ve n t W ear and C u ttin g  o f  R o d s , 
Plungers, S h a fts  and Valve Stem s

by using

MABBS RAW HIDE PACKING
T r a d e  M a r k

R e d . U . S . P at. Off.

In Your Water Works and S i w a g e  Plants
It lasts longer, is antifrictional, saves 
power, labor and repairs. Will prove the 
most economical packing that can be 
bought. These are the reasons why the 
United States Government has been 
using Mabbs Rawhide Packing on their 
hydraulic dredges for more than 35  years.

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

Mabbs Hydraulic Packing Co.
Inc. 1893

431 S . Dearborn S t. Chicago, III.

“Our Fifty Eighth Year” 
Servin g A m erica
D oing T he T hings W e K now  Best

Builders of 
GARBAGE 
DISPOSAL 

SHREDDERS 
for Battleships,
Merchant 

Marine 
and 

Municipal 
Plants

SANITARY ENGINEERS
Send fo r Facte on  Latest

G r u e n d l e r  S e w a g e  S h r e d d e r s
fo r M unicipal Sewage P lan ts

F o r d is in teg ra tio n  o f R ag  S tock , G arbage, 
F loatab le s, an d  F ib rous  M a te r ia ls  w ith  o u t 
C h o k e  D o w n  so as to  p a s s  S c r e e n  B a r —  

S elect a  G R U E N D L E R  S H R E D D E R .

G R U E N D L E R
C R U S H E R  & P U L V E R IZ E R  CO. 
2929 N . Market St. St. Louis, Mo.
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S P E C I A L I S T
IN SEWAGE A N D  WATER  
TREATMENT PR O C E SSES

Jeffrey equipped m eans efficient perform ance— low 
operating  and m ain tenance expense. Im proved 
un its which have proved their m erit in m any  of 
the largest p lan ts th roughout the country . A 
recent Jeffrey-equipped p lan t is shown above.

Bar Screens (mechanically 
cleaned)

Chemical Feeders (gravi
metric weigh feeding)

Grit Collectors

Dried Sludge Grinders
Floctrols (controlled floccu

lation)
Sludge Collectors
Sludge Elevators

Grit Washers (all patented) Screenings Grinders 
And equipment for Biofiltration plants

SANITARY ENGINEERING DIVISION

THE JEFFR EY  M ANUFACTURING CO M PANY
{E sta b lish ed  in 1877)

9 0 2 -9 9  North Fourth Street, C olum bus 16, O hio
B A L T IM O R E
B IR M IN G H A M
B O S T O N
B U F F A L O
C H IC A G O

C IN C IN N A T I
C L E V E L A N D
D E N V E R
D E T R O IT
H A R L A N

H O U S T O N  
H U N T IN G T O N  
M IL W A U K E E  
N E W  Y O R K  
P H IL A D E L P H IA

P IT T S B U R G H  
S T . L O U IS  
S A L T  L A K E  C IT Y  
S C R A N T O N
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W O R T H I N G T O N
EQUIPmEnT for SEWAGE PIHIITS

CENTRIFUGAL PUMPS
FO R  R A W  S E W A G E , S E W A G E  SLU D G E  A N D  G E N E R A L  S E R V IC E S

SEWAGE GAS ENGINES DIESEL ENGINES 
CONVERTIBLE GAS-DIESEL ENGINES

STEAM A N D  P O W E R  P U M P S  

T U R B IN E  WELL, S U M P  A N D  D R A I N A G E  P U M P S  

STEAM C O N D E N S E R S  A N D  AUXILIARIES 

FEEDWATER HEATERS 

VACUUM  P U M P S  STEAM J E T  E J E C T O R S

STEAM T U R B IN E S  

R E D U C IN G  A N D  I N C R E A S I N G  G E A R S  

ST ATIO NARY AIR  C O M P R E S S O R S  

PORTABLE A IR  C O M P R E S S O R S

FO R  C O N S T R U C T IO N  A N D  M A IN T E N A N C E

R O C K  DRILLS AND C O N S T R U C T I O N  AIR T O O L S  

MULTI-V-BELT DRIVES LIQUID  METERS

W O R T H IN G T O N  P U M P  A N D  M A C H IN E R Y  C O R P O R A T IO N
G e n e ra l  O f f i c e s :  H A R R I S O N ,  N E W  J ERSEY
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M o d e r n  S e w a g e  D i s p o s a l  
I n  a D e s e r t  M e t r o p o l i s

In  th e  m odern  sewage disposal p la n t of w h'ch the citizens of Phoenix. 

A rizona, are so ju s tly  proud, will be found only equip m en t of th e  h ighest 

q u ality . H ere too good m an ag em en t a tta c h e s  g re a t im p o rtan ce to  positive 

control and  accu ra te  know ledge concerning th e  tre a tm e n t processes involved. 

U nder these conditions we are gratified  th a t  m eters an d  valves of o r  m anu  

factu re  were selected for m a n y  of th e  services involved.

N O R D STR O M  LU B R IC A TED  VALVES
T h e b a s c  su p erio rity  of N ord stro m  V alves over 

conventional ty p es l es in th e 'r  in h eren t resistance 
to  leakage and th e  fac t th a t  th ey  can alw ays be 
opened or closed eas ly. In  ad d  tion  th e  design 
is such th a t  th e  presence of ab rasiv e  g rit or solid 
m a tte r  can n o t affect th e  seating  surfaces of th e  
valve and corrosion an d  erosion com m on to  m ost 
sewage p la n t services are g rea tly  nullified w ith 
th e  result th a t  N ordstrom  V alves w 11 outlive th e  
average valve several tim es over.

PITTSBURGH-NATIONAL WATER METERS
W ater m eter bu y ers for sewage d sposal p lan ts  

can select from  th e  com plete P ittsb u rg h -N atio n al 
line, th e  ty p e  an d  size m eter b est su ted  to  the 
service involved. B o th  h o t an d  cold w ater types 
are available.

E M C O  Sewage G as M eters are w idely used to 
m easure th e  gas flow from  digest'on  tan k s, ac 
co u n t for th e  sewage gas w asted an d  to  record 
th e  gas utilized or purchased  from  an o u ts de 
source. T hey  are m ade in a  com plete range of 
sizes for every  m easurem ent req u .rem en t.

E M C O  S E W A G E  G A S  M E T E R S

P I T T S B U R G H  E Q U I T A B L E  M E T E R  C O M P A N Y  
Atlanta M ERCO NORD STRO M  VALVE CO . Pittsburgh 
Boston Chicago M a i n  O f f i c e s ,  Kansas City San Francisco
Brooklyn Columbia P i t t s b u r g h ,  P a .  L os Angeles Seattle
Buffalo Houston New York Tulsa

N A T I O N A L  M E T E R  D I V I S I O N .  B R O O K L Y N .  N .  Y .
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POSITIVE SCUM REMOVAL
That's right! The new Infilco Hy
draulic Skimmer removes scum  
as positively and efficiently as 
a clarifier withdraws sludge.

Infilco has turned tables on the 
forces that have made difficult 
the mechanical removal of scum 
and has put them to work hy- 
draulically, to skim surface ma

terial by means of a plate suction device (patent pending).
And you don't have to have an Infilco Clarifier to use the new Skimmer. 

It can be fitted to equipment of almost any type.
You get smoother operation and better sedimentation with the Infilco 

Hydraulic Skimmer. Send today for information.

D Cv] F  û E  E  0  I N T E R N A T I O N A L  F I L T E R  CO.
I N C O R P O R A T E D  325 W.  2 5 T H  P L A C E ,  C H I C A G O ,  I L L .

E l e c t r o m e t r i c  T i t r a t i o n
Sim plifies L abora tory Procedure  

Insures G rea ter Accuracy'
W ith  th e  L eitz  E lec tro -T itra to r, th e  end  po in t of reac tion  is d e 
te rm in e d  from  a  la rg e , e a sily  read  lin ea r sca le  m e te r. T itra tion  
is re n d e re d  in d e p en d en t of ind ica to rs  w ith  a  m in im um  of va
riance  be tw een  observers .
T h e  Leitz E lec tro -T itra to r is  inva luab le  fo r d e te rm in a tio n s  m ade 
on tu rb id  so lu tio n s; th e  ti tra tio n  of w eak  ac ids an d  b a se s  tha t 
do n o t give defin ite  color changes  a t  th e  d e s ire d  end  po in t, and  
in  m any  precip ita tion  reac tio n s  o rd inarily  ca rried  o u t by  gravi
m e tric  ana ly sis . I t  a lso  perm its  d e te rm in a tio n s  in  m any  n eu 
tra liza tio n  titra tio n s  of ac ids or b ase s  in  non -aqueous so lven ts.
T h e  Leitz E lec tro -T itra to r is  com pact, inco rpo ra ting  a  stab le , 
h ighly sensitive  v acu u m -tu b e  vo ltm ete r, a  conven ien t titra ting  
s tan d , con tro lled  sp eed  s tirr in g  m o to r, b e a k e r  ho ld e r, ad ap te rs  
for e lec tro d es, b u re tte s  and  a ll n ec essa ry  accesso ries . P ow er 
is supp lied  by se lf-co n ta in ed  b a t te r ie s  free in g  th e  in s tru m en t 
from  erro rs  and  fluc tuations  d ue  to  vo ltage  an d  frequency 
changes in  pow er lines. Life of b a t te r ie s  . . . approx im ately  one 
y ea r of no rm a l u se . A utom atic  com pensation  in  elec tron ic  am 
plifier c ircu it provides un ifo rm  o pera tion  over en tire  u se fu l life 
of ba tte ries.
T h e  Leitz? E lec tro -T itra to r is  an  exce llen t re se a rc h  tool. C on
tin u o u s read ings  a re  ob ta in ed  th ro u g h o u t a  reac tio n  ind icating  
th e  approach  of th e  end  poin t. A nd it is  a lso  inva luab le  fo r the  
contro l of p ro cesses  by p roduction  personnel.

J E. L eitz, Inc .
|  7 3 0  F if th  A v e n u e ,  N e w  Y o r k  1 9 ,  N . Y .— D e p t .  S W J  3

g Please send me C ata log  on th e  L eitz  E le c tro -T itra to r

|  N am e .................................................................................................

S A d d re ss ................................ ; .........................................................

 ̂ C ity ....................   Sta le .................
I M y  Dealer's N am e I s  .........................................................
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ANOTHER STAR TO BUILDERS!

a
3u have set an inspiring example for 
sllow Americans on the production 
^This . .  . second White Star to your 
Army-Navy Production Award flag stands 
as a symbol of your great and continuing 

contribution to the cause of freedom.”
V, Robert P. Patterson,
Vi Under Secretary of W ar

BUILDERS^ IR O N  FO U N D RY
(BU II D ER S- PR O V ID EN C E,  INC.)

9  C O D D IN G  STREET \ v  P R O V ID E N C E , R. I.
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LaM O T T E  P O M E R O Y  S U L F I D E  T E S T I N G  SET
T h is  o u tfit w as d e v elo p ed  fo r th e  a cc u rate  d e te r
m in a tio n  o f  T o ta l  S u lfid es, D is s o lv e d  S u lfid es, 
a n d  F re e  H y d r o g e n  S u lf id e  in  A ir  a n d  G ases. 
T h e  m e th o d s  o f  te s tin g  e m p lo y ed  a re  th o se  o f  
D r. R ic h a rd  P o m ero y , w ith  w h o se  c o o p e ra tio n  
th e  a p p a ra tu s  has b een  d e v elo p ed . O u tfit com es 
c o m p le te  w ith  necessary  re ag e n ts , p ip e tte s , g lass
w are  a n d  full in s tru c tio n s .

fV rite fo r  fu r th er  in fo  m otion

L a M OTTE CHEM ICAL PRODUCTS CO.
Dept. SW Towson-4,  Baltimore,  Md.

MEMBERS OF LOCAL ASSOCIATIONS
Have you pa id  your DUES to your 

local association?

If not, do so NOW  in order th a t  you will receive 

S e w a g e  W o r k s  J o u r n a l  w ithout in terruption.

~SAFE!"
Sewage

Treatment

The highest quality of engineering 
design and of workmanship 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 tools, gages, jigs and 
measuring devices, followed by 
limit-gage inspection of finished sur
faces and by thorough testing of 
completed units.

D E L A V A L
S T E A M  T U R B I N E  C O M P A N Y

TRENTON 2, NEW JERSEY E V E R S O N  M F G .  C O
^  2 0 7  W. Huron S tre e t Chicago 10, Illinois. U. S. A.

iPOUTht: ' h

• O p e ra te s  u n d e r  a  
v a c u u m .  Acci
d e n ta l g a s  l i n e  
b r e a k  o r  w a te r 
fa ilu re  d raw s a ir 
in, a c tu a te s  au to 
m atic  shut-off.

• O ne valve contro l 
. . . easy  to  oper
ate!

• T re m en d o u s  ca 
pacity  ran g e  . . . 
b u y  fo r p re sen t 
n ee d s  w ith  p len ty  
of re se rv e  fo r fu 
tu re  r e q u i r e 
m e n t s .

• Visible ind ica ting  
m e te r  . . . m e as
u re s  gas flow ac
cu ra te ly  to p lus or 
m inus £% !

Write fo r  bulletin
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plant will necessarily be nxea, sucn as tne capacities 01 tne 
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 W&T Representative, or write to our Engineer
ing Department. No obligation is involved.

"The Only Sale Sewage is a Sterilized Sewage"
««v. g mtxsmmmm«,

WALLACE & TIERNAN CO., Inc
fa. f

MANUfACTtlRSftS O F  C B IO K N E  AND AM M O N IA  CONTROL APPARATUS ' 
NEWARK 1, NEW JERSEY ♦ REPRESENTED IN PRINCIPAL CITIES


