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A N N O U N C I N G  . . . 
T he  T hird Annual  Convention

of the FEDERATION OF SEWAGE WORKS ASSOCIATIONS will 
be held THIS YEAR in Cleveland, Ohio, on Oct. 15th, l6th and 17th . . .

To Our Members and Friends
Arrange a Fall vacation  in 

Cleveland, Ohio, during the week 
of October 17th, 1942, and attend 
the Convention.

Come on along, come on along 
and bring the wife and family . . . 
. . . and have a grand time.

Let’s all plan NOW to meet 
qt the Convention.

To the Exhibitors—  

Old and New
We extend a hearty welcome 

back to the many Exhibitors at 
last year’s Convention ; and, an in
vitation to the many other pro
gressive companies who desire to 
exhibit this year. Your wishes 
will be given our prompt atten
tion.

May we suggest that you make 
your space reservations early.

To Our Many Advertisers
A Special issue of Sew'AGE 

Works Journal will be published 
in place of the regular September 
issue, in commemoration of the 
Third Annual Convention.

W ILL YOUR CO M PA NY  
REQUIRE ADDITIONAL AD
VERTISING SPACE TH ERE
IN? Please advise our advertis
ing manager of your wishes.

To the New Advertisers
Plan NOW to advertise in the 

CONVENTION NUM BER of 
Sewage Works Journal, an out
standing issue which will contain, 
among other features, special 
articles on plant operation; full 
data on the Convention, its meet
ings, exhibits, entertainment, etc .; 
Convention editorials; and, data 
on many new developments in 
sewage equipment.

ADVERTISE IN THE CONVENTION NUMBER 
OF SEWAGE WORKS JOURNAL 

EXHIBIT AT THE CONVENTION

For advertising rates and other relevant data, write to 

ARTHUR A. CLAY, Advertising Manager
FEDERATION OF SEWAGE WORKS ASSOCIATIONS 

4 0  Wall Street, New York, N. Y.
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Pumping,— Seuiage T r e a tm e n t , -  
Water P u rif icat ion  E q u ip m e n t
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SOMF BIOFILTRATION FACTS
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TWO STAGE A

TWO STAGE B
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Flow— Percent Oeiign 
Overflow Rate» — G ols/Sq. ft./D o y  

Primary C larifier 
Secondary C larifier 

Recirculations
Primary Rotio 
Secondary Ratio 

Suspended Solids 
Raw-P.P M.
F inal— P.P.M.
Removal — Percent 

B O  0  s
R a w -P  P.M.
Final — P.P M 
Removal — Percent 

Duration Tests

Single Stage Two Stage — A Two Stoge —  B62 100 64

90.5 
! ‘ i  weeks

B I OFI L TRA TI ON- W H A T  IT IS A N D  DOES

The B io f i l t r a t io n  System  c o m p rises  on e  o r  

m o re  c o m b in a t io n s  o f  C la r if ie rs  a n d  F ilte rs  

w h e re in  th e  u n th ic k e n e d  f i l te r  d is c h a rg e  is 

re c y c le d  b a c k  to  th e  C la r if ie rs .  S in g le  o r  

tw o  s ta g e  system s m a y  b e  e m p lo y e d  to  g iv e  

re s u lts  c o m p a ra b le  w ith  ( I )  S ta n d a rd  T r ic k 

l in g  F ilte rs  (2) C h e m ic a l P re c ip ita t io n  o r  (3)

A c t iv a te d  S lu d g e . T he B io f i l t r a t io n

System  (a) g iv e s  a  u n ifo rm  e f f lu e n t  w ith  

f lu c tu a t in g  fe e d s « (b )  p e rm its  f i l te r  lo a d in g s  

u p  to  10 tim e s  n o rm a l, w ith  3 fo o t  m e d ia  

d e p th s  a n d  (c) costs 2 5 -5 0  p e rc e n t less to  

o p e ra te  th a n  S ta n d a rd  T r ic k lin g  F ilte rs  o r  

th e  A c t iv a te d  S lu d g e  P rocess.

First, the Defense, now  the 

W a r Effort have b ro u g h t broad  

recognition  to the B io filtra tion  

System, an im proved  m ethod 

o f trick ling  filte r trea tm ent an 

nounced la te  in 1939.

M ore than 100 units are in use 

o r under construction in 33 o f 

th e  48  sta tes . M o s t o f these 

are on the W ar Front, a t a rm y 

camps, nava l bases, a irfie lds  

and  ordnance plants. Design 

popula tions range from  200 

to 65,000.

The three flowsheets on this 

page have emerged as the best 

from  am ong the dozen or more 

investiga ted  or tested. A lm ost 

h a lf the ins ta lla tions to date 

are o f these three types.

•  W rite  fo r a copy o f our b u l

le tin  on "The B io filtra tion  Sys- 

te m " -2 4  page illustra ted  book

le t conta in ing  photos, layouts, 

cost and opera ting  da ta  and 

p ractica l design in fo rm ation .

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

ATLANTA • TORONTO • CH ICA G O  • DENVER • LOS ANGELES
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C O N F E R E N C E  on
W artim e \Water W o rks Problems

June 21-25—Chicago
A CONFERENCE—that is the nature of the 62nd Annual Meeting of 

the A. W. W. A. And here are the highlights of the program:
Executives of large water plants will discuss 
wartime administrative problems and tell how 
they are meeting them. Reeves Newsom will 
tell how the war may be expected to affect 
water works income and rates. Five papers 
will be presented, dealing with Chicago’s water 
works control. Guarding water works prop
erty will be described by engineers and execu
tives who are face to face with the problem. 
Walter D. Binger, an American engineer sent 
abroad by the War Department, will tell ex
actly what an air attack can do to u tility  
structures and services.

The Mutual Aid system is wartime’s gift to 
water works. I t  is worthwhile any time. Let 
the nation’s key men tell you how i t  works. 
How to organize and equip emergency repair 
crews will be described by the always compe
tent Victor Weir. How to dig up the streets 
and get along with the public!— told by D. D. 
Gross of Denver. Six national leaders headed 
by Dr. Meinzer of the U. S. Geological Survey 
will tell how ground water supplies must be 
conserved. You have heard of the Public 
Works Reserve, the plan for post-war construc
tion activity,— the National Administrator will 
describe the plan.

How to keep the water works going when every
thing is hard to get— a group of executives will 
start the discussion. When will i t  end?

Specifications for a water works superintendent. 
No, you cannot order one as you would order 
a pump, but Dale M affitt of Des Moines w ill 
show that there are some measurable qualifica
tions that a good superintendent needs.
A chlorine residual clear to the ends of the 
system— why? How much? How? Purifica
tion experts will answer. Byrne of Omaha and 
Rebsamen of Jonesboro, Arkansas, will read the 
records of two financially successful water de
partments. LaDue of Akron will report, the 
progress of the Association’s study on Man
agement.
Water bills— prepayment, penalties, deposits 
and discounts— the practices in the cities of 
100,000-200,000 population will be recorded by 
Hughes of Denver. When and where is an 
unpaid water bill a lien against the property? 
Meites of Chicago will answer. . . . This is not 
all. Other papers and discussions are being 
arranged by the Association’s three divisions—  
Plant Management, Water Purification, and 
Finance and Accounting. The complete and 
detailed Conference program will be mailed on 
request.

Flash! A Priorities Clinic!— In the exhibit 
hall during the Conference, a special booth will 
be set up as a place for consultation on priorities 
matters. I t  will be staffed by representatives 
from the water works manufacturing field. 
Bring your questions with you and obtain the 
best counsel that can be had.

Headquarters, where all meetings and exhibits will be held, is

THE STEVENS HOTEL, CHICAGO
Rates are $3.00 to $4.50 per day for single accommodations 
and $4.50 to $9.00 for double. Write the Stevens Hotel 
direct for reservations or write the A. W W. A. for de
tailed schedule of rates and any other required information.

THE AMERICAN WATER WORKS ASSOCIATION
22 East 40th Street New York, N. Y.
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FOR POSITIVE RESULTS -
■ LOW COST OPERATION

*  î / â e . . .  D n v Q à t î a a t e  *

UNK-BFLT
E Q U I P M E N T

S t r a ig h t l in e  

COLLECTORS
ST R A IG H T L IN E  S lu d g e  C o llectors for th e  
em oval o f slu dge from rectangular settling  
an ks have proved their high efficiency, dura- 
)ility and econom y through years of service, 
look  N o. 1742.

3 IO -F I LTRATION
System For 

Treating Sewage
d u ch  of the effectiven ess of 
his system  dep en ds on the  
e a c t io n  b e tw e e n  th e  filter  
ffiuent and the raw or partly 
r e a t e d  s e w a g e  i n  t h e  s e t t l i n g  t a n k .  
>TRAIGHTLINE C ollectors have proved ideal 
or th is process w herever u sed . Folder No. 
881.

IN D U S TR IA L 
WASTE SCREENS
. in k -B e lt  V ib ra tin g  S cre en s  
re d a ily  proving th e ir  effi- 
iency  and econom y in  the re- 
noval of objectionable su s
pended so lids from  industrial 
raste before the w ater is  d ischarged into 
ew ers or stream s. B esid es reducing stream  
pollution, the so lids recovered  frequently are 
nade into valuable by-product in som e plants, 
«'older N o. 1877.

C l R C U  LI  N E

COLLECTORS
C IRCULINE C ollectors provide round tanks 
with the sam e im portant fea tu res w hich have  
m ad e th e S T R A IG H T L IN E  C ollector  th e  
acknow ledged  standard for rectangular tanks. 
Book N o. 1642.

BAR and TRITOR 
SCREENS

T h e  S T R A I G H T L I N E  M e
chanically-C leaned  Bar Screen  
is  the m odern m ethod of re
m oving large su spend ed  solids  
and debris from  incom ing sew 
age. Equally effective is  the  

TRITOR Screen  w hich is a com bination of 
screen  and grit cham ber for m edium  and sm all 
size  plants. Book N o. 1587.

UMKêrtr
$trr wufCTOR mwAsm®

S t r a ig h t l in e

GRIT COLLECTORS 
and WASHERS

effectively  collect, w ash  and  
rem ove settled  grit and sepa
rate it from  putrescib le organic 

m atter. C onsists of a scraper type collector  
which turns the m aterial over and over and  
discharges it into a w ashing and dew atering  
screw  which carries it up an incline to point of 
discharge. Folder N o. 1942.

L I N K - B E L T  W A T E R  a n d  S E W A G E  T R E A T M E N T  P L A N T  E Q U I P M E N T  I N C L U D E S :  
S T R A IG H T L IN E  M ixers for F loccu lation  Tanks; S T R A IG H T L IN E  Scum  Breakers for D igestion  T anks; 
E levated  D iffusers; T raveling W ater-Intake Screens; R oto-L ouvre D ryers for sludge and other w et m aterials; 
P .I .V . Gear V ariable Speed D rive  for Pum ps; Coal and Ashes H andling M achinery; Car Spotters and H aulage  
S ystem s; Shovels-C ranes-D raglines— Crawler and Truck M ounted; and a com plete line o f elevating , conveying  
and power tran sm ittin g  equipm ent. C atalogs sen t on request.

L I N K - B E L T  C O M P A N Y
LOS A N G E L E S  

361 S. Anderson St.

Specialists in the Manufacture of Equipment for Water and Sewage Treatment Plants
P H IL A D E L P H IA  C H IC A G O  C L E V E L A N D

2045 W . H u n tin g Park A ve. 300 W . Pershing Road 548 R ockefeller B ldg.
A tlan ta . B a ltim ore. .B o sto n . . B u ffa lo . . D a lla s . .D en v er . D etro it. .Grand R apids. H ou ston . H u n tin gton , W. V a .. Indianapolis  
K ansas C ity , M o .. .L ou isv ille . .N ew  O rleans. .N ew  Y ork . Oakland, C alif.. .P ittsb u rgh . .Portland, Ore. Salt Lake C ity . .S eattle

St. L ou is. St. Paul W ilkes-Barre
T-   s -  T T : A  'r ~-onto  P lant; M ontreal; Vancouver; Sw astika

-B elt Speeder Corp., C hicago and Cedar Rapid» 8796-B
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HERE'S THE PROVED ANSWER \ 
TO THAT SCREENINGS 
DISPOSAL PROBLEM!"

®  “ IT’S THE REX TRITURATOR — the screen
ings shredder whose success is based up
on its clean-cut shearing action and the 
thorough disintegration o f rags, papers, 
and other forms o f organic solids, perm it
ting their direct return to the sewage flow 
for subsequent settling and digestion.”

© “ INSTALLED WITH EITHER NEW or exist
ing bar racks (hand or mechanically 
cleaned) the REX T ritura tor does its work 
w ith very low  water and electric current 
consumption. Triturated screenings are 
uniform ly minute— no stringy or large 
pieces o f material are allowed to go thru.”

®  “ CATALOG NO. 289 gives you all the speci
fications and other details-tells o f the T r it
urator’s sturdy construction, its accurate 
balance w ith  corresponding minimum v i
bration, its minimum power requirements 
against maximum screening capacity.”

© “ From coast to coast, under all con
ditions, the T ritura tor has proved itself 
thru its lower installation cost, its lower 
operating cost, low  cost fo r flushing 
water. I f  you want to save money— and 
do a good job— i t ’s the righ t answer!”

Bulletin No. 289 and  other catalogs on any or a ll o f  the R E X  Sanitation equipment, including bar 
screens, sludge collectors, Aero-filters, Slo mixers, are available a t your request.

1606 IV. Bruce Street, Milwaukee, IVisconsin.

T R I T U R A T O R S
C H A I N  B E L T  C O M P A N Y  O F  M I L W A U K E E
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NINE VOLUMES 
OF 

IMAGINEERING

THESE NINE BOOKS are designed to help all men, every
where, do the Imagineering that improves methods of 
production and speeds delivery to our fighting men of 
all war materiel made of aluminum.

HERE AT ALCOA, Imagineering has enabled us to double 
production and to be well on the way to tripling it, in 
an amazingly short time. And still the expansion goes 
on. Swinging immense new plants into top volume at 
top speed; building again, and manning that new

SO MUCH 
SO SOOH

capacity efficiently . . . This is Imagineering at work 
for the war.

WE’RE BREAKING RECORDS by sheer determination backed 
by know-how.

YOU ’RE DOING THE SAME. Perhaps your men, many of 
them new to the ways of working with aluminum, can 
help you get even more speed through the know-how 
these books contain.

IN THE DAYS when we made only a driblet of Alcoa 
Aluminum Alloys, compared to the great flood we are 
now pouring into the war effort, our engineers could 
counsel with you personally on fabricating procedures. 
Today many of these men have been brought back to 
our plants to join the drive for production. From these 
books you can get much of the know-how our men used 
to bring you personally.

OUT OF THESE PAGES, too, will come the exciting Imagi
neering of the future. Many of the products you will 
create to meet the new competition, as well as millions 
of jobs for our boys as they come home, will stem from 
that Imagineering.

Aluminum Company of America, 2111 Gulf Building, 
Pittsburgh, Pennsylvania.

A L C O A  A L U M I N U M
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FOR EMERGENCY CONTROL

MANUAL STOP 
CONE VALVES
For stop-valve use where unobstructed, full-pipe flow is the normal require
ment with positive, quick closing when called upon, the Chapman Cone 
Valve has exceptional qualifications.

One— It  is a plug type valve with a 
continuous pipe-line waterway.

T w o -T h e  plug is fully seated in 
open or closed position, with all seats 
fully protected from the flow.

Three— The self-cleaning action 
when operating tends to eliminate 
all possibility of fouling.

Four— The unique operating mech
anism automatically unwedges, ro
tates and rewedges the plug, and as
sures easy action, quick closing with
out surge and freedom from exces
sive wear on seats.

Five— Equally dependable for fre
quent operation or infrequent emer
gency use.

We know of no other valve so well adapted for sewage applications. The 
wide use and fine performance of Chapman Cone Valves in the sewage 
and waterworks fields arc good evidence of their reliability and efficiency.

48" M anually Operated 
Chapm an Cone V alre

M a n u f a c t u r i n g  C o
MASSACHUSETTS
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GENERAL CHEMICAL ‘ALUM’
^  M  ^ / / /  r

FOR COAGULATION OF WATER AND
^✓ S EW AG E

General Chemical Company 
Aluminum Sulfate is a first line 
defense against taste and odor 
troubles, supplementing other 
methods of control. Prominent 
water works authorities state that 
25% to 50% of taste and odor may be re
moved in the settling basins by adequate 
coagulation. Such coagulation also carries 
down in the settling basins the filter clog
ging organisms which shorten filter runs.

Clarity and purity of sewage effluent are 
easily obtainable with General Chemical 
Aluminum Sulfate. When you use General 
Chemical 'Alum; you get these advantages :
•  It is simple to apply, clean, easy to handle.
•  Requires only simple, low cost equip
ment for application.

•  It  is a year around coagulant.
•  Does not necessarily require 
other chemicals to complete the

reaction . ..  and there is no com
plicated proportioning of two or 

more chemicals.
•  Can produce clear, near zero turbidity 
effluent.
•  Precipitated sludge dries quickly and 
without odor.
•  It  is preferred and specified by the ma
jority of important American municipalities.

General Chemical Company is pleased to 
extend the cooperation of its experts in 
sewage and water purification problems. 
Inquiries for further information are cordi
ally invited. W rite today.

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 .

■ Baltimore • Boston .  B ridgeport (Conn.) . Buffalo 
Charlotte (N. C.) . Chicago . Cleveland . Denver . D etro it . Houston . K ansas City 
Milwaukee • M inneapolis • New York • P h iladelph ia  . P ittsb u rg h  . Providence (R I  ) 

St. Louis . U tica (N. Y .)
Pacific Coast Sales O ffices: San Francisco « Los Angeles 

Pacific Northwest Sales Offices: W enatchee (W ash.) . Yakim a (W ash.)
In  Canada: Tile Nichols Chemical Company. L im ited  • M ontreal . Toronto • Vancouver

General Chemical ALUMINUM SULFATE
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A 5-POINT SAVING 
IN SEWER-LINE

PIPE

TRANSITE'S LONG LENGTHS fa c i lita te  la y in g  p ip e  to  
a c c u r a te  grad es, sp eed  u p  in s ta lla t io n  a n d  red u ce  th e

SHALLOW ER
TRENCHES

COSTS

SMALLER

FEWER
JO IN T S

INFILTRATION

LOWER
M AINTENANCE COSTS

LOOKING fo r la s tin g  se w e r-lin e  sav - 
j  in g s ?  C h e c k  th e  a d v a n ta g e s  o f  

J - M  T r a n s i t e — th e  a s b e s to s - c e m e n t  
sew er p ip e . Y o u ’ll see h ow  th is  m o d e rn  
m a te r ia l  p ro v id e s  im p o r ta n t  sa v in g s  
o n  all th e  a b o v e  p o in ts .

In  m u n ic ip a l sew er sy s te m s , T r a n s 
i t e d  h ig h  flow  coeffic ien t, t ig h t  jo in ts ,  
c o r r o s i o n  r e s i s t a n c e  a n d  u n i f o r m  
s t r e n g th  a re  e s ta b lish in g  a  n ew  s t a n d 
a rd  fo r e ffic ien t, e co n o m ica l se rv ice .

T h e  fa c ts  a b o u t  J - M  T ra n s i te  P ip e  
a re  in te re s t in g  a n d  c o n v in c in g . Y ou  
sh o u ld  h a v e  fu ll d e ta i ls  b e fo re  p la n 

n in g  n ew  sew er lin es o r m o d e rn iz in g  
o ld  o n es. W ri te  fo r th e  T r a n s i te  S ew er 
P ip e  B r o c h u r e ,  T R - 2 1 A , t o  J o h n s -  
M a n v ille , 22 E .  4 0 th  S t., N .Y . ,  N .Y .

WRITE FOR 
Y O UR  FREE 

CO PY OF 
THIS N EW  
BROCHURE

11 Johns-Manville TRANSITE PIPE
THE M O D E R N  MATERIAL F O R  S E W E R  A N D  W A T E R  LINES



EM CO  Special SEWAGE GAS METERS
F O R

EFF ICIENT  G A S  U T I L I Z A T I O N

O S S IN IN G . N . Y.

O N O N D A G A  C O U N T Y , N . Y .

Efficient gas utilization in sewage 
plants requires the accurate measurement 
of all gas generated. Present practice calls 
for the use of sewage meters at the follow
ing points in treatment plants:

1. To measure the entire gas flow 
from each digestion tank.

2. To measure the gas used by 
burners or gas engines.

3. To measure the gas wasted or 
exhausted to atmosphere.

EMCO Sewage Gas Meters are 
especially constructed from carefully se
lected materials to stand up under the 
corrosive and erosive effects of this gas. 
Positive and accurate measurement is 
provided by the diaphragm bellows dis
placement principle. Accuracy, reduction 
in servicing costs, ease of service and a 
minimum of interference with the con
tinuous operation of the meter are out
standing characteristics of EMCO Meters. 
There's a type and size for every measure
ment requirement.

Ask for bulletins 1031 and 1042.

P I T T S B U R G H  H O T  OR 

C O L D  W A T E R  M E T E R

N O R D S T R O M  L U B R I C A T E D  
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E M C O  L A R GE  CAP«  

I RON S E WA G E  GAS

P IT T S B U R G H  EQ U ITA B LE  M ETER CO M PA N Y
iummo MERCO NORDSTROM VALVE COMPANY
mi« tom run* Main Ofticri. Pittsburgh. Pa. DK, „ę,n11 moustom
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W hether you are planning  
new sew age construction, replacement or repair w ork, 
Dressers offer you a fast, sim ple, econom ical method o f  
jo in ing steel, cast-iron or concrete pipe. Investigate Dresser 
Couplings for any o f these 10 applications:

1. OUTFALL SEWERS
2 . INTERCEPTING

SEWERS
3. PRESSURE SEWERS
4. SEWER MAINS
5. SEWER CROSSINGS

6. INVERTED SIPHONS
7. DRAINAGE LINES
8. SLUDGE LINES
9. SEWAGE PLANT

PIPING
10. AIR LINES

Write for Catalog 402B.

D R ESSER M ANUFACTURING COM PANY •  BRA DFO R D, PA.



14 SEW AGE W ORKS JO U R N A L

A MI LE OF CAST I RON PIPE

SALVAGED and SOLD
FOR APPROXIMATELY ITS ORIGINAL COST

E A R L Y  forty  years ago , a t  S o u th  
F ork , P a ., a b o u t a m ile  o f  

8 -in c h  p ipe w as in sta lle d  to  su p 
ply w ater to a coa l m in e . L ast 
year th e  lin e  w as ab an d on ed  b u t  
n o t  t h e  p ip e .  T h is  w as c a s t  iron  
pipe w h ich  can  be salvaged  or re
u sed . It  w as d u g  up and  sa l

P ip e  b e a r i n g  tb i§  m a r k  is  c a s t  i r o n  p ip e .

vaged for cash  a t a p rice  a p p rox i
m a te ly  eq u al to  it s  o r ig in a l co st  
— after  n early  fo r ty  years o f  serv
ice . We h ave o n  file m a n y  rec 
ords o f  old  c a st  iron  m a in s  w h ic h  
have been  ta k en  u p  an d  r e -u se d ,  
or sold  to  o th e r  c it ie s  for r e -u se ,  

or sold  as scrap .

A v a i l a b le  in  d i a m e t e r s  f r o m  1 1 ^  to  8 4  in c h e s .

TRADE MARK REG.

CAST IRON PIPE RESEARCH A SSOCIATIO N.  TH OMAS F. W OLFE. R ESEARCH E N G IN E E R .  

1 0 1 5  PEOPLES GAS B U IL D IN G .  CH ICAG O .  I L L I N O I S

CAST IRON PIPE
PUBLIC TAX SAVER NO. 1



Sewage W orks Journal
Published by

Federation of Sewage W orks Associations
Lancaster, Pa.

C opyright, 1942, b y  Federation  of  
Sew age W orks A ssociations

Vol. X IV  M ay, 1942 N o. 3

Plant Operation:
Sewage Treatment Works Operation Records. B y R oy S. L anphear ............. 589
Record Forms for a Large Sewage Treatment Works. B y G eorge E. Sy m o n s and

G eorge F. F y n n  ...................................................  593
Cross Connections Between Portable Water Supply Systems and Sewerage Systems.

B y J. R. H offert ..................................................  604
Cross Connections in Sewage Plants. B y G. E. A r n o l d .......................  608
Plant Design for Dissolved Oxygen. B y M. W. Tatlock......................  614
Experience With Sludge Elutriation at the Metropolitan District Sewage Treatment

Plant, Hartford, Conn. B y G eorge H. Craemer ......................... 621
Separate Sludge Digestion Problems. By W alter K u n s c h ...................  629

Sewage Research:
Studies of Sewage Purification. XVI. Determination of Dissolved Oxygen in Acti

vated Sludge-Sewage Mixtures. By C. C. R uchhoft and O. R. P lacak . .  ...  638
The Determination of Iron in Sewage. B y R ichard P omeroy ................  651

Industrial Wastes:
Industrial Wastes, the Law and Pollution Control Programs. B y M ilton P. A d a m s .

Discussjon by C. R. H oover ..........................................  653
First Year’s Operation of the Waste Treatment Plant of the Calco Chemical Division, 

American Cyanamid Company, Bound Brook, N. J. B y V. L. K ing, C. H. B ean
and R. E. L e s t e r...................................................  666

Chemical Precipitation of Kier Liquor Waste on a Pilot Plant Scale and Studies on 
the Use of Return Sludge. B y R alph P orges, R obert K. H orton and H arold 
B. G otaas .........................................................  685

The Operator’s Corner:
Waste Nothing! Plan Requirement! Banish Hoarding! ......................  696
California Operators’ Symposium .........................................  697
The Gadget Department:

Holder for Standard Rain Gage. B y W alter A. Sp e r r y ....................713
Screenings Incinerator. By Thos. J. Gwin ............................  715

Sanitary and Dripless Wash Bottle. B y Charles B au g h .................  716
Decrease of Gas Production with Cessation of Feed to Digester. B y F red H.

B urley ........................................................ 717
Bark from the Daily L o g ................................................. 718

Interesting Extracts from Operation Reports. B y D avid B a c k m e y e r ............ 722
Massillon, Ohio (1940). B y R. F. Sn y d e r ...................................  726
Tips and Quips .............................      728

587



588 SEW AGE W ORKS JO U R N A L May, 1942

Editorial:
no 1

A Census of Sewerage Systems and Sewage Treatment P lan ts ........................................

Proceedings of Local Associations:
733Canadian Institute on Sewage and Sanitation ................................................................

Kansas Water and Sewage Works Association ................................................................  1

Reviews and Abstracts:

The Disposal of Waste Acids. By W. W. H odge ...........................................................
Nomograph for the Solubility of Chlorine in Water. B y D. S. Davis...........................  737
New Sanitary Sewage Facilities for San Diego. By B. D. Phelps and R. C. Stock

man ..............................................................  737
Sewer Design by Approximate Flood Routing as Applied to an Army Cantonment.

By R. L. Fraser ..........................................................................................................  73®
Buffalo Sewage Works has Modern Laboratory. By G. E. Symons .......................  73&
The Grease Problem in Sewage Treatment. By A. L. Fales and S. A. Greeley .... 739
Discussion of the Grease Problem in Sewage Treatment. By A. D. West o n ... 740
Sludge Boat “ Navy”  Defies Submarine Menace ...........................................................  741
Interstate Sanitation Commission 1941 Annual R eport............................................  741
The Construction and Operation of a. Single-Stage Digestion Tank. B y W. F. Snook. 744
Todmorden Sewage Disposal Works. By T. S. W a l l .....................  744
Sewage Sludge as a M anure .......................................   745
Post War Laboratory Planning and Equipment for Sewage Purification Works. By

Reginald W. Covill .................................................  745
High Rate Dosing of Gravel Beds. By John T. Thompson................. 746
Has the Use of the Activated Sludge System Been Justified? By A. E. Berry .... 747
The Oxidized Sludge and Regenerative Digestion Treatment Plant at Zeeland, Michi

gan. By E. F. Eldridge  748
Book Review ......................................................................................................  753

Local Association Meetings in 1942 ..................................................................«................... 754



Plant Operation

SEWAGE TREATM ENT WORKS 
OPERATION RECORDS *

B y R oy S. L a n p h e a e

Supervising Chemist, Bureau of Sewers, Department of Public Worlcs, Worcester, Mass.

A l l  e n g i n e e r s  a n d  p l a n t  o p e r a t o r s  r e c o g n i z e  t h e  v a l u e  o f  o p e r a t i n g  
a n d  l a b o r a t o r y  r e c o r d s  o f  s e w a g e  t r e a t m e n t  p l a n t s ,  i n  c o n n e c t i o n  w i t h  
p l a n t  o p e r a t i o n  a n d  t h e  p l a n n i n g  o f  f u t u r e  i m p r o v e m e n t s  o r  a d d i t i o n s  
t o  t h e  p l a n t .  U n f o r t u n a t e l y ,  a l l  o p e r a t o r s  a r e  n o t  i n  a  p o s i t i o n  t o  d e 
v e l o p  l a b o r a t o r y  w o r k  t o  t h e  s a m e  p o i n t  a s  d o  m a n y  o f  t h e  l a r g e r  p l a n t s .  
H o w e v e r ,  t h e r e  i s  n o  r e a s o n  w h y  t h e  o p e r a t o r ,  p o s s i b l y  w i t h  t h e  a s 
s i s t a n c e  o f  t h e  e n g i n e e r  o f  t h e  S t a t e  D e p a r t m e n t  o f  H e a l t h ,  c a n n o t  d e 
v e l o p  a n  o p e r a t i o n  r e c o r d  w h i c h  w i l l  b e  q u i t e  c o m p l e t e .

O t h e r  t h a n  t h o s e  a b o v e  m e n t i o n e d ,  t h e r e  a r e  a  n u m b e r  o f  r e a s o n s  
w h y  o p e r a t i o n  a n d  l a b o r a t o r y  r e c o r d s  s h o u l d  b e  m a d e  a s  c o m p l e t e  a s  
p o s s i b l e .  T h e y  a r e :

1 . A n  e x c e l l e n t  d e f e n s e  a g a i n s t  a b u s i v e  c r i t i c i s m  i n  c a s e  o f  a  s i n g l e  
m i s h a p  i n  p l a n t  o p e r a t i o n .  A  g o o d  e x a m p l e  i s  t h e  c o n t r o l  o f  t h e  
t r i c k l i n g  f i l t e r  f ly ,  w h i c h  m a y  f a i l  p o s s i b l y  o n c e  i n  a  s i n g l e  s e a s o n .

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

3. G o o d  e f f e c t  u p o n  t h e  o p e r a t i n g  p e r s o n n e l .  T h e  f a c t  t h a t  r e c o r d s  
a r e  m a d e  a n d  t h e  o p e r a t o r ’s  s i g n a t u r e  i s  r e q u i r e d  i m p r e s s e s  u p o n  
h i m  t h a t  h i s  w o r k  i s  a n  e s s e n t i a l  p a r t  o f  t h e  e f f i c i e n t  o p e r a t i o n  o f  
t h e  p l a n t .

4. A v a i l a b i l i t y  f o r  f a v o r a b l e  c o o p e r a t i o n  w i t h  t h e  s a n i t a r y  e n g i n e e r 
i n g  d i v i s i o n  o f  t h e  S t a t e  D e p a r t m e n t  o f  H e a l t h .  T h e  f a c t  t h a t  w e  
h a v e  t h i s  F e d e r a t i o n  o f  S e w a g e  W o r k s  A s s o c i a t i o n  i s  a n  i n d i c a t i o n  
t h a t  t h e  d a y  o f  t h e  p o l i c e m a n  i n  t h e  o p e r a t i o n  o f  s e w a g e  t r e a t m e n t  
p l a n t s  i s  g o n e  f o r e v e r .  W h e r e  p l a n t s  l a c k  s u f f i c i e n t  l a b o r a t o r y  
f a c i l i t i e s ,  i t  i s  n e c e s s a r y  t h a t  c e r t a i n  s a m p l e s  b e  c o l l e c t e d  f r o m  
t i m e  t o  t i m e .  A s s i s t a n t  s a n i t a r y  e n g i n e e r s  o f  t h e  S t a t e  D e p a r t 
m e n t  o f  H e a l t h  s h o u l d  m a k e  p e r i o d i c  p l a n t  i n s p e c t i o n s .  R e p o r t s  
o f  t h e s e  a n a l y s i s  a n d  i n s p e c t i o n  s h o u l d  b e  m a d e  a  p a r t  o f  t h e  
p l a n t  r e c o r d s  f o r  t w o  r e a s o n s :  f i r s t ,  e n c o u r a g e m e n t  o f  t h e  s m a l l  
p l a n t  o p e r a t o r  t o  c o n t i n u e  g o o d  w o r k ;  a n d  s e c o n d ,  t o  f u r n i s h  t h e  
b a s i s  o f  d i s c u s s i o n  b e t w e e n  t h e  o p e r a t o r  a n d  t h e  e n g i n e e r  a s  t o  
h o w  b e s t  t o  i m p r o v e  t h e  r e s u l t s  o f  p l a n t  o p e r a t i o n .

* Presented at the Second Annual Convention of the Federation of Sewage Works Associa
tions, New York City, Oct. 10, 1941.
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111 s o m e  s t a t e s ,  t h e  p l a n t  o p e r a t o r  i s  r e q u i r e d  to  fill o u t  c e r t a i n  f o r m s  
o f  d a i l y  r e c o r d s  e a c h  m o n t h  a n d  s u b m i t  t h e m  t o  t h e  S t a t e  D e p a r t m e n t  
o f  H e a l t h .  I f  t h e  D e p a r t m e n t  A s s i s t a n t  E n g i n e e r  m a k e s  h i s  i n s p e c t i o n  
a  v i s i t  w o r t h  w h i l e ,  t h e  o p e r a t i o n  r e c o r d  a s  m a d e  b y  t h e  p l a n t  o p e i a t o i  
c a n  b e  r e v i e w e d  b y  t h e  t w o  m e n  t o g e t h e r  w i t h  m u c h  b e n e f i t  t o  t h e  o p e i a -  

t o r  a n d  t h e  d e v e l o p m e n t  o f  a  s p i r i t  o f  c o o p e r a t i o n .
T h e  p e r m a n e n t  a s s e m b l e d  r e c o r d s  o f  p l a n t  a n d  l a b o r a t o r y  o p e r a t i o n  

a t  W o r c e s t e r  a r e  k e p t  i n  f o u r  c l o t h - a n d - l e a t h e r - b o u n d  r u l e d  b o o k s .  I t  
i s  t h e  i n t e n t i o n  t o  r e d u c e  t h e  p u r c h a s e  e x p e n s e  a n d  t h e  h a n d l i n g  o f  t h e s e  
b o o k s  b y  u s i n g  s h e e t s  o f  u n i f o r m  s i z e ,  a p p r o p r i a t e l y  r u l e d ,  c o n t a i n e d  i n  
a  s u i t a b l e  t e m p o r a r y  c o v e r .  T h e n  a t  t h e  e n d  o f  e a c h  y e a r ,  t h e s e  r e c 

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

s h e e t s ,  o n e  o f  w h i c h  i s  p r i n t e d  a n d  t h e  o t h e r  t h r e e  m i m e o g r a p h e d .

1. D a i l y  O p e r a t i o n  R e c o r d .
2. D a i l y  S a m p l e  R e c o r d .
3. D a i l y  S l u d g e  P u m p  O p e r a t i o n .
4. R e m o v a l  o f  D r i e d  S l u d g e  f r o m  D r y i n g  B e d s .

T h e  D a i l y  O p e r a t i o n  R e c o r d  i s  p r i n t e d  a n d  i s  u s e d  b y  t h e  F o r e m a n ;  
i t  i s  c o n t a i n e d  i n  a n  i n e x p e n s i v e  l o o s e - l e a f  c o v e r  a n d  i s  g i v e n  t o  t h e  
S u p e r v i s i n g  C h e m i s t  e a c h  m o r n i n g  w h e n  w o r k s  o p e r a t i o n  i s  d i s c u s s e d .  
T h i s  r e c o r d  g i v e s  t h e  t i m e  s h e e t ,  s e w a g e  f lo w ,  d o s i n g  t a n k s  c o u n t e r  
r e a d i n g s ,  u s e  o f  b y - p a s s e s ,  s c r e e n i n g s ,  g r i t  c h a m b e r  c l e a n i n g ,  t a n k  a n d  
f i l t e r  o p e r a t i o n ,  s l u d g e  d r a w i n g  a n d  a l l  r o u t i n e  o p e r a t i o n s .  T h e s e  r e c 
o r d s  a r e  f i l e d  i n  a  s i m i l a r  l o o s e - l e a f  c o v e r  i n  t h e  s p e a k e r ’s  d e s k  u n t i l  
f o u r  m o n t h s ’ r e c o r d s  a r e  b o u n d  i n  r e d  p r e s s b o a r d  c o v e r s  t o  s e r v e  a s  
o r i g i n a l  r e c o r d s .

T h e  s e c o n d  r e c o r d  s h e e t  s h o w s  a l o n g s i d e  a n  e m p l o y e e ’s  s i g n a t u r e  
t h e  t i m e  o f  c o l l e c t i o n  o f  e v e r y  s a m p l e  f o r  w h i c h  h e  w a s  r e s p o n s i b l e .

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

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

T h e  f o u r t h  r e c o r d ,  r e m o v a l  o f  d r i e d  s l u d g e ,  i s  a  s e a s o n a l  r e c o r d  a n d  
i s  u s e d  t o  f a c i l i t a t e  c o m p u t a t i o n  o f  c o s t  r e c o r d s  a n d  t o  c h e c k  p a y m e n t  
f o r  h i r e d  t r u c k s .  T h e  b e s t  i l l u s t r a t i o n  o f  t h e  u s e  o f  t h i s  r e c o r d  i s  t h e  
d a t a  p r e s e n t e d  i n  R e v i e w s  a n d  A b s t r a c t s ,  S e c t i o n  6 , T h is  Jo u rn a l  f o r  
M a r c h ,  1 9 4 1 ,  w h e r e i n  c o s t  f i g u r e s  a r e  p r e s e n t e d  f o r  r e m o v a l  o f  d r i e d  
s l u d g e  u s i n g  w e l f a r e  a n d  t e m p o r a r y  l a b o r .

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

T o  f a c i l i t a t e  t h e  u s e  o f  m o n t h l y  a v e r a g e  d a t a ,  4  b y  6 i n .  c a r d s  a r e  
r u l e d  a n d  f i l e d  a c c o r d i n g  t o  d a t a  c o n t a i n e d  i n  t h e  A n n u a l  R e p o r t  o f  t h e  
S u p e r i n t e n d e n t  o f  t h e  B u r e a u  o f  S e w e r s .  I t  i s  p o s s i b l e  t o  l a y  a  c a r d  o n  
t h e  d e s k  f o r  e a c h  o f  t h e  s i x t e e n  y e a r s  o f  w o r k s  o p e r a t i o n ,  c o n t a i n i n g  
s i m i l a r  d a t a  a n d  a f f o r d i n g  r e a d y  c o m p a r i s o n .  E a c h  c a r d  a l s o  c o n t a i n s  
t h e  y e a r l y  a v e r a g e  o r  t o t a l .  S i m i l a r  c a r d s  c o n t a i n  a  s u m m a r y  o f  t h e  
y e a r l y  f i g u r e s .  P r o v i d e d  e n t r i e s  a r e  m a d e  e a c h  m o n t h ,  t h e  w o r k  i n 
v o l v e d  i s  l e s s  t h a n  t h i s  d e s c r i p t i o n  m i g h t  i n d i c a t e .  T h e  v a l u e  o f  t h i s  
r e c o r d  i s  a p p r e c i a t e d  w h e n  d i s c u s s i n g  w o r k s  o p e r a t i o n  w i t h  t h e  B u r e a u  
S u p e r i n t e n d e n t ,  e n g i n e e r i n g  v i s i t o r s ,  t e a c h i n g  c l a s s e s  o f  e n g i n e e r i n g  
s t u d e n t s ,  a n d  w r i t i n g  a n n u a l  r e p o r t s .

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

D i s c u s s i o n

Dr. M o h l m a n  : I t  i s  i m p o r t a n t  t o  k e e p  r e c o r d s .  R e c o r d  k e e p i n g  i s  
c h a r a c t e r i s t i c  o f  t h e  U n i t e d  S t a t e s ,  f o r  i n  E n g l a n d  a n d  G e r m a n y  p r a c t i 
c a l l y  n o  d a i l y  r o u t i n e  a n a l y s e s  a r e  m a d e .  D r .  I m h o f f  f e l t  t h a t  d a i l y  
a n a l y s e s  w e r e  n o t  s o  e s s e n t i a l  a s  a  r e c o r d  o f  s l u d g e  h a n d l i n g  a n d  d i s 
p o s a l .  A l t h o u g h  A m e r i c a n  o p e r a t o r s  m a k e  m o s t  c o m p l e t e  a n a l y s e s  a n d  
k e e p  e x c e l l e n t  r e c o r d s ,  i t  i s  r a t h e r  h a z a r d o u s  f o r  a n  o p e r a t o r  t o  p o i n t  
w i t h  p r i d e  t o  o n e  y e a r ’s  i m p r o v e m e n t  o v e r  t h e  p r e v i o u s  y e a r ,  b e c a u s e  
t h e  n e x t  y e a r  m a y  s h o w  l e s s  f a v o r a b l e  r e s u l t s .  T h e r e f o r e ,  r e c o r d s  a r e  
n o t  o f  v a l u e  t o  p r o v e  b e t t e r  o r  w o r s e  r e s u l t s  f r o m  y e a r  t o  y e a r ,  b u t  
r a t h e r  t o  s h o w  a  l o n g - t e r m  a v e r a g e  o f  t h e  r e s u l t s  o f  p l a n t  o p e r a t i o n .

Mr. B l o o d g o o d  : W e  k e e p  a  l o t  o f  r e c o r d s  b u t  e v e n  t h e n  w e  o f t e n  f i n d  
t h a t  c e r t a i n  d a t a  w e  h a v e  n o t  r e c o r d e d  w e  r e a l l y  d o  n e e d .  I  t h i n k  t h e r e  
o u g h t  t o  b e  a  c o m m i t t e e  f o r m e d  t o  s t a n d a r d i z e  r e c o r d  f o r m s  a n d  t h e  
n e c e s s a r y  d a t a  t h a t  s h o u l d  b e  k e p t .

Mr. S c h r o e p f e r  : I n  1 9 3 2  t h e r e  w a s  a n  a r t i c l e  p u b l i s h e d  o n  s t a n d a r d 
i z a t i o n  o f  r e c o r d s .  ( S e e  T h is Journal, 4 :  3 - 2 7 ,  1 9 3 2 . )

Mr. D o n a l d s o n :  T h e r e  w a s  s u c h  a  r e p o r t  m a d e  b y  t h e  N e w  Y o r k  
S t a t e  S e w a g e  W o r k s  A s s o c i a t i o n .

Mr. L a n p h e a r  : M a n y  o f  t h e  r e c o r d s  w e  k e e p  a r e  e n t i r e l y  f o r  o u r  o w n  
b e n e f i t .  T h e  e f f e c t  o f  i r o n  i n  o u r  s e w a g e  o n  d i g e s t i o n — t h e  c o n t r o l  o f  
t h e  f i l t e r  f ly  b y  f l o o d i n g ,  e tc .

Mr. F r a z i e r  (O shkosh) : O f  w h a t  u s e  a r e  r e c o r d s ?  T h e  B o a r d  o f  
T r u s t e e s  u s u a l l y  i s  n o t  i n t e r e s t e d  i n  t h e  d a t a .  T h e y  a r e  n e c e s s a r y  f o r  
f u t u r e  e x p a n s i o n ,  c o s t s ,  v a l u e  o f  e q u i p m e n t ,  e t c .
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M r .  M o l i t o r  : I t  i s  v e r y  n e c e s s a r y  t o  k e e p  c o m p l e t e  r e c o r d s .  M e  
h a v e  2 8  y e a r s  o f  t h e m  a n d  t h e y  a r e  v a l u a b l e  t o  s h o w s  t h e  t r u s t e e s .

M r . L a r s o n  : R e p o r t s  a r e  n o  g o o d  u n l e s s  t h e y  a r e  r e a d  a n d  t h e y  a r e  
a l s o  o f  n o  u s e  u n l e s s  r e a d i l y  a v a i l a b l e .

M r .  M e r r i l l  (M ass . ) : N o  r e c o r d s  w e r e  k e p t  a t  o n e  p l a n t  e v e n  o f  t h e  
f lo w  a n d  w h e n  a n  i n d u s t r y  s t a r t e d  t o  d i s c h a r g e  w a s t e s  t o  t h e  p l a n t  i t  w a s  
f o u n d ,  m u c h  t o  t h e  e m b a r r a s s m e n t  o f  t h e  S t a t e ,  t h a t  t h e  i n d u s t r y  s  f lo w  
w a s  f iv e  t o  e i g h t  t i m e s  t h a t  o f  t h e  s e w a g e  p l a n t .
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B y  G e o rg e  E .  S y m o n s  a n d  G e o rg e  F .  F y n n
is
... C h ie f C hem ist and  S ta tis tic ia n , B u ffa lo  S ew er A u th o r ity ,  B u ffa lo , N . Y .

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

F r e q u e n t l y ,  a s  i n  N e w  Y o r k  S t a t e ,  s t a n d a r d i z e d  f o r m s  f r o m  t h e  D e 
p a r t m e n t  o f  H e a l t h  f o r  r e p o r t s  f r o m  t r e a t m e n t  w o r k s  m a y  b e  a v a i l a b l e ,  
b u t  w h e r e a s  t h e y  m a y  su f f ice  f o r  s m a l l e r  p l a n t s ,  t h e y  a r e  l i k e l y  t o  b e  i n 
a d e q u a t e  f o r  l a r g e r  w o r k s .  T h e s e  s t a n d a r d  f o r m s ,  h o w e v e r ,  d o  s h o w  
t h e  i n f o r m a t i o n  d e s i r e d  b y  t h e  H e a l t h  D e p a r t m e n t ,  a n d  t h e r e f o r e  i n 
d i c a t e  c e r t a i n  i t e m s  t h a t  m u s t  b e  i n c l u d e d  i f  t h e  d i s p o s a l  p l a n t  d e v e l o p s  
i t s  o w n  f o r m s .  B a s i c  c o n s i d e r a t i o n s  o f  r e c o r d  f o r m s  m u s t  b e  c o n 
c e r n e d ,  n o t  o n l y  w i t h  p l a n t  o p e r a t i o n s ,  b u t  a l s o  w i t h  a n a l y t i c a l  d a t a  
t h a t  m a y  b e  t r a n s l a t e d  i n t o  p r o d u c t i o n  q u a n t i t i e s .  I t  i s  e s s e n t i a l ,  t h e r e 
f o r e ,  t h a t  s a m p l e s  b e  c o l l e c t e d  a t  s u c h  p o i n t s  a s  w i l l  p r o d u c e  i n f o r m a t i o n  
r e l a t i v e  t o  t h e  a c t u a l  o p e r a t i o n  o f  t h e  t r e a t m e n t  p l a n t ,  a n d  t h a t  l a b 
o r a t o r y  f o r m s  b e  p r o v i d e d  f o r  r e c o r d i n g  t h e  r e s u l t s  o f  a n a l y s e s  o f  t h e s e  
s a m p l e s .

P r e l i m i n a r y  f o r m s  f o r  t h e  B u f f a l o  t r e a t m e n t  w o r k s  w e r e  p r e p a r e d  
o n  a  D i t t o  m a c h i n e ,  o r  a s  b l a c k  l i n e  p r i n t s  o f  p e n c i l  t r a c i n g s ,  b u t  t h e  
n e e d  f o r  s t a n d a r i z e d  a n d  p e r m a n e n t  r e c o r d  f o r m s  s o o n  b e c a m e  a p 
p a r e n t .

T h e  f i n a l  l a y o u t  a n d  n u m b e r  o f  f o r m s  e v o l v e d  f r o m  s e v e n  m a j o r  
p r e m i s e s .

1. A l l  f o r m s  s h o u l d  b e  o f  t h e  s a m e  s i z e  o n  s t a n d a r d  8 V2 i n .  b y  11  in .  
p a p e r  w i t h  p u n c h i n g s ,  t o  a l l o w  f o r  f i l i n g  i n  a  t h r e e - r i n g  n o t e  b o o k ;  
m o n t h l y  r e c o r d s  t h u s ,  o f  n e c e s s i t y ,  b e c o m e  a  m u l t i p l e  l e a f  r e p o r t .

2 . F o r m s  s h o u l d  b e  s o  l a i d  o u t  t h a t  a  s t a n d a r d  h e a d i n g  c o u l d  b e  u s e d  
011 a l l  s h e e t s .

3. F o r m s  w e r e  t o  b e  p r i n t e d  b y  m i m e o g r a p h .  N o t  o n l y  i s  m i m e o 
g r a p h i n g  l e s s  e x p e n s i v e  t h a n  p r i n t i n g ,  b u t  i t  e l i m i n a t e s  t h e  n e c e s s i t y  
f o r  s t o r i n g  l a r g e  q u a n t i t i e s  o f  p r i n t e d  f o r m s ,  a n d  m a k e s  i t  p o s s i b l e  t o  
c h a n g e  a  f o r m  q u i c k l y  a n d  a t  l o w  c o s t ,  i f  e x p e r i e n c e  i n d i c a t e s  n e e d  f o r  
r e v i s i o n .

* Presented at the 102nd Meeting of the American Chemical Society, Atlantic City, Sept. 
9, 1941. Released by courtesy of the A. C. S.

593



594 SEW AGE W ORKS JO U R N A L May, 1942

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

u n d e r  t h e  h e a d i n g  c o n c e r n e d .
5 . I n  a d d i t i o n  t o  t h e  d a i l y  e n t r i e s ,  t h e  m o n t h l y  s u m m a r y  s l i e e  s  

s h o u l d  c o n t a i n  t h e  t o t a l s ,  m a x i m u m ,  m i n i m u m  a n d  d a i l y  a v e r a g e  p  u s  
t h e  d a i l y  a v e r a g e  f o r  t h e  p r e v i o u s  m o n t h ,  a n d  t h e  n o r m a l  d a i l . \  a \  e i a g e  

f o r  t h e  s a m e  m o n t h  o f  a l l  p r e v i o u s  y e a r s .  . ,
6 . A v e r a g e  d a t a  d e t e r m i n e d  o n  c o n c e n t r a t i o n s  a n d  a n a l y s e s  s h o u  c 

b e  c a l c u l a t e d  o n  a  w e i g h t e d  b a s i s  f r o m  q u a n t i t a t i v e  d a t a ,  w h i c h  h a v e  
b e e n  c o m p u t e d  f r o m  f lo w s  a n d  a n a l y s e s .  T h i s  c o n d i t i o n  d i c t a t e d  t  le  
n e c e s s i t y  f o r  a  w h o l e  s e r i e s  o f  c o m p u t e d  d a t a  s u m m a r i e s  i n  t h e  l a b o r a 
t o r y  f o r m s .

7. T h e  f o r m s  f a l l  i n t o  f o u r  c a t e g o r i e s  :

a. D a i l y  L o g s — F o r  p l a n t  e q u i p m e n t  a n d  u n i t  o p e r a t i o n s .
b. L a b o r a t o r y  D a t a ,  R e c o r d  a n d  R e p o r t  S h e e t s .
c. P l a n t  R e p o r t s — D a i l y ,  M o n t h l y ,  Y e a r l y .
d. M i s c e l l a n e o u s .

D a il y  L ogs

T h e  p l a n t  d a i l y  l o g s  c o n s i s t  o f  t e n  f o r m s  f o r  t h e  f o l l o w i n g  l o c a t i o n s  
o r  p r o c e s s e s ,  ( 1 )  p u m p i n g  s t a t i o n ,  ( 2 )  s c r e e n  r o o m ,  ( 3 )  g r i t  r o o m ,  ( 4 )  
m a i n  b u i l d i n g  ( c h l o r i n a t i o n ,  s e w a g e  f l o w m e t e r s ) ,  ( 5 )  r a w  s l u d g e  p u m p 
i n g  s t a t i o n  ( s e t t l i n g  t a n k s ) ,  ( 6 ) s l u d g e  c o n t r o l  b u i l d i n g  ( s l u d g e  d i g e s 
t i o n  t a n k  o p e r a t i o n ) ,  ( 7 )  s l u d g e  c o n d i t i o n i n g  a n d  f i l t r a t i o n ,  ( 8 ) s l u d g e  
i n c i n e r a t i o n ,  ( 9 )  b o i l e r  r o o m  o p e r a t i o n ,  a n d  ( 1 0 ) a  d a i l y  s u m m a r y .

T h e s e  d a i l y  l o g s ,  a n  e x a m p l e  o f  w h i c h  i s  s h o w n  i n  F i g .  1, c o n t a i n  
e n t r y  s p a c e s  f o r  m a c h i n e  u n i t  o p e r a t i o n  r e c o r d s ,  m e t e r  i n t e g r a t o r  r e a d 
i n g s  b y  s h i f t s ,  a n d  m e a s u r e d  q u a n t i t i e s  o r  h o u r l y  r e a d i n g s  f r o m  i n d i 
c a t o r s  o r  m e t e r s .  A l s o  p r o v i d e d  o n  e a c h  l o g  i s  a  p l a c e  f o r  r e m a r k s  o n  
w h i c h  o p e r a t o r s  c a n  e n t e r  u n u s u a l  o p e r a t i n g  c o n d i t i o n s .  D a i l y  l o g s  
k e e p  t h e  o p e r a t o r  i n f o r m e d  a s  t o  w h a t  i s  h a p p e n i n g  o r  h a s  h a p p e n e d  a t  
h i s  p o s t ,  a s  w e l l  a s  s e r v e  a s  a  r e c o r d  o f  o p e r a t i o n .  D a i l y  l o g s  a n d  m e t e r  
r e c o r d e r  c h a r t s  a r e  d e l i v e r e d  to  t h e  s t a t i s t i c i a n  e a c h  m o r n i n g .  F r o m  
t h e s e  t h e  s u m m a r y  d a i l y  l o g  i s  p r e p a r e d  s h o w i n g  t h e  h o u r s  o f  o p e r a t i o n  
o f  p u m p  a n d  o t h e r  e q u i p m e n t ,  m e t e r e d  q u a n t i t i e s  a n d  o t h e r  p e r t i n e n t  
d a t a .

L a b o r a t o r y  F o r m s

T h e  l a b o r a t o r y  f o r m s  a r e  d i v i d e d  i n t o  f o u r  c l a s s e s :  ( 1 )  “ S t a t i s t i c a l  
R e c o r d s , ’ ’ w h i c h  c o m p r i s e  t h e  r e c o r d  o f  l a b o r a t o r y  o p e r a t i o n s ,  s a m p l e s  
c o l l e c t e d ,  a n a l y s e s  a n d  t e s t s  p e r f o r m e d ;  ( 2 )  “ B e n c h  S h e e t s , ”  u p o n  
w h i c h  o r i g i n a l  e n t r i e s  o f  a n a l y t i c a l  b a s e  d a t a  a r e  e n t e r e d  a s  t h e  a n a l y s i s  
i s  p e r f o r m e d ;  ( 3 )  “ R e p o r t  S h e e t s , ”  u p o n  w h i c h  b o t h  o r i g i n a l  a n a 
l y t i c a l  d a t a  a n d  c o m p u t e d  q u a n t i t i e s  m a y  b e  e n t e r e d  a s  m o n t h l y  s u m 
m a r i e s ;  t h i s  g r o u p ,  l i k e w i s e ,  i n c l u d e s  f o r m s  u s e d  t o  r e p o r t  i n d i v i d u a l  
a n a l y s e s  p a r t i c u l a r l y  t h o s e  o f  l i m e ,  f e r r i c  c h l o r i d e  a n d  f u e l  o i l ;  ( 4 ) 
m i s c e l l a n e o u s  f o r m s  t o  r e p o r t  m i s c e l l a n e o u s  a n a l y s e s  a n d  t h o s e  t h a t  
s e r v e  a s  w o r k  s h e e t s  f o r  d a t a  t a b u l a t i o n .
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F ig. 1.— Example of a daily log sheet.

I n  t h e  s t a t i s t i c a l  r e c o r d  g r o u p  t h e r e  a r e  t w o  f o r m s ,  t h e  f i r s t  o f  w h i c h  
i s  t h e  S a m p l e - A n a l y s i s  L o g .  E a c h  s a m p l e  c o l l e c t e d  i s  a s s i g n e d  a  l a b 
o r a t o r y  n u m b e r  a n d  t h e  d a t e  a n d  s o u r c e  o f  t h e  s a m p l e  a r e  e n t e r e d  w i t h  
t h i s  n u m b e r .  I n  a d d i t i o n ,  t h e  t y p e  o f  a n a l y s i s  ( s a n i t a r y - c h e m i c a l ,  b a c 
t e r i o l o g i c a l ,  e t c . )  a n d  t h e  n u m b e r  o f  a n a l y t i c a l  t e s t s  m a d e  o n  e a c h  
s a m p l e  a r e  r e c o r d e d .  T h e s e  d a t a  a r e  n e c e s s a r y  f o r  t h e  m o n t h l y  r e p o r t  
m a d e  t o  t h e  S t a t e  D e p a r t m e n t  o f  H e a l t h  a s  a  l a b o r a t o r y  a p p r o v e d  b y  
t h a t  D e p a r t m e n t .



596 SEW AGE W ORKS JO U R N A L May, 1942

T h e  s e c o n d  f o r m  i n  t h e  f i r s t  c l a s s  i s  t h e  M o n t h l y  L a b o r a t o r y  R ®0®1 J  
w h i c h  s u m m a r i z e s  t h e  d a t a  f r o m  t h e  S a m p l e - A n a l y s i s  L o g  b j  l i s  m »  
t h e  n u m b e r  o f  s a m p l e s  f r o m  e a c h  s o u r c e ,  t h e  n u m b e r  o f  e a c h  t j  p e  0 
a n a l y s i s ,  a n d  t h e  d i s t r i b u t i o n  o f  t h e  a n a l y t i c a l  t e s t s  a s  t o  t y p e .  ^

I n  t h e  s e c o n d  c l a s s  ( B e n c h  S h e e t s ) ,  t h e r e  a r e  t e n  f o r m s .  A  
s h e e t  f o r m s  h a v e  s p a c e  f o r  t h e  l a b o r a t o r y  n u m b e r  a n d  t h e  d a  e  i n  e 
u p p e r  r i g h t  h a n d  c o r n e r ,  w h i c h  m a k e s  f o r  r e a d y  r e f e r e n c e  a n  m 0 . 
A l l  b e n c h  s h e e t s  h a v e  a  p l a c e  f o r  d a t e  o f  c o m p l e t i o n  o f  a n a  } s i s  a n c  

s i g n a t u r e  o f  t h e  a n a l y s t .  . .
T h e  f i r s t  o f  t h e s e  i s  f o r  S a n i t a r y  C h e m i c a l  A n a l y s i s ;  t h e  s e c o n d  i s  

f o r  B a c t e r i a l  E x a m i n a t i o n s .  B o t h  t h e  c h e m i c a l  a n d  b a c t e r i a l  b e n c h  
s h e e t s  a r e  s o  d e s i g n e d  t h a t  e i t h e r  s h e e t  m a y  b e  a p p l i e d  t o  s e w a g e  01 
w a t e r  a n a l y s i s ,  w h e t h e r  t h e  s o u r c e  b e  s e w e r s ,  i n d u s t r y ,  t r e a t m e n t  p l a n t  
o r  r i v e r  s a m p l e s .  E s s e n t i a l  s p a c e  i s  p r o v i d e d  f o r  n o t a t i o n s  r e q u i r e d  o n  
s a m p l e s  t h a t  a r e  t a k e n  f r o m  s o u r c e s  o t h e r  t h a n  a t  t h e  t r e a t m e n t  p l a n t .

T h e  t h i r d  i m p o r t a n t  f o r m  i n  t h i s  c l a s s  i s  t h e  b e n c h  s h e e t  f o r  t h e  C h l o 
r i n e  D e m a n d  D e t e r m i n a t i o n .  T h i s  s h e e t  m a y  b e  u s e d  f o r  a n y  s o u r c e  o r  
a n y  s i z e  o f  s a m p l e  u s e d .  O n  i t  m a y  b e  r e c o r d e d  t h e  f l o w ,  t e m p e r a t u r e  
a n d  t h e  c h l o r i n e  d e m a n d  a s  d e t e r m i n e d  a c c o r d i n g  t o  t h e  m e t h o d  o f  t h e  
t e s t ,  a t  a n y  a n d  a l l  h o u r s  o f  t h e  d a y .  T h i s  f o r m  a l s o  p r o v i d e s  s p a c e  f o r  
s t a n d a r d i z a t i o n  o f  t h e  c h l o r i n e  w a t e r  r e a g e n t  a n d  a  p l a c e  f o r  t h e  s h i f t  
s a m p l e r  t o  s i g n ,  t h u s  g i v i n g  a  r e c o r d  o f  t h e  a t t e n d a n t s  f o r  t h e  2 4  h o u r s .

O t h e r  b e n c h  s h e e t s  i n c l u d e :  G a s  A n a l y s i s — a  f o r m  w i t h  a p p r o p r i a t e  
s p a c e  f o r  r e c o r d i n g  e n t r i e s  011 C 0 2, 0 2, I l l u m i n a n t s ,  H 2, C h L ,  N , ,  a n d  
B . t . u .  B . t . u .  A n a l y s i s — a  f o r m  f o r  t h e  d e t e r m i n a t i o n  o f  t h e  h e a t  v a l u e  
o f  e i t h e r  l i q u i d  ( o i l )  o r  s o l i d  ( s l u d g e )  f u e l s  b y  o x y g e n  b o m b  c a l o r i m 
e t r y  w i t h  s t a n d a r d  e n t r i e s  b e i n g  m a d e .  L i m e  A n a l y s i s — a  f o r m  s p e 
c i f i c a l l y  f o r  u s e  i n  d e t e r m i n i n g  ( d u p l i c a t e  a n a l y s i s )  t h e  a v a i l a b l e  C a O  
( b y  t h e  A .  S .  T .  M .  m o d i f i e d  S c a i f e  M e t h o d ) ,  i n  l i m e  p u r c h a s e d  u n d e r  
c o n t r a c t  s p e c i f i c a t i o n s .  F e r r i c  C h l o r i d e  A n a l y s i s — a  f o r m  s p e c i f i c a l l y  
f o r  u s e  i n  d e t e r m i n i n g  ( d u p l i c a t e  a n a l y s i s )  t h e  a n h y d r o u s  f e r r i c  c h l o 
r i d e  i n  s o l u t i o n  p u r c h a s e d  u n d e r  c o n t r a c t  s p e c i f i c a t i o n s .  O i l  A n a l y s i s  
— a  f o r m  u s e d  i n  t h e  a n a l y s i s  o f  a  m o n t h l y  c o m p o s i t e  s a m p l e  o f  o i l  d e 
l i v e r i e s ,  i n c l u d i n g  w e i g h t s ,  B .  t .  u .  a n d  d e n s i t y .  G a u g e  T e s t s — a  f o r m  
o n  w h i c h  i s  r e c o r d e d  t h e  d e a d  w e i g h t  a n d  t h e  g a u g e  r e a d i n g  b e f o r e  a n d  
a f t e r  a d j u s t m e n t .

A s ’ i n  a n y  l a b o r a t o r y ,  t h e r e  m u s t ,  o f  c o u r s e ,  b e  s o m e  m i s c e l l a n e o u s  
a n a l y s e s  w h i c h  c a n n o t  b e  c l a s s i f i e d  u n d e r  t h e  r e g u l a r  r o u t i n e  c a t e g o r i e s .  
F o r  t h a t  r e a s o n  a  m i s c e l l a n e o u s  c h e m i c a l  a n a l y s i s  b e n c h  s h e e t  h a s  b e e n  
p r e p a r e d ,  w h i c h ,  e x c e p t  f o r  t h e  s o u r c e  o f  s a m p l e ,  i s  b l a n k  a n d  t h u s  p e r 
m i t s  d a t a  e n t r i e s  011 a n y  k i n d  o f  a n a l y s i s  t h a t  i s  m a d e .  T h i s  s h e e t  i s  
u s e d  i n  c o n n e c t i o n  w i t h  t h e  d e t e r m i n a t i o n  o f  s i e v e  t e s t s  o f  l i m e  o r  g r i t ,  
t h e  d e t e r m i n a t i o n  o f  a l k a l i n i t y  o f  m i l k  o f  l i m e  s o l u t i o n ,  a n d  o t h e r  m i s c e l 
l a n e o u s  s a m p l e s ,  s u c h  a s  s o i l ,  s l u d g e  f e r t i l i z e r ,  a n d  a s h  a n a l y s i s .

T h e  t h i r d  c l a s s  o f  l a b o r a t o r y  f o r m s ,  v i z . ,  R e p o r t s ,  m a y  b e  d i v i d e d  
i n t o  t h r e e  g r o u p s ;  f i r s t ,  r e p o r t s  o f  d a i l y  o r  i n d i v i d u a l  t e s t s ;  s e c o n d  
m o n t h l y  r e p o r t s  o r  r e c o r d s ; t h i r d ,  m i s c e l l a n e o u s  r e p o r t s .  T h e  f i r s t  o f  
t h e s e  d i v i s i o n s  i n c l u d e s  t h e  daily analysis sum m ary  a n d  t h e  r e p o r t s  o f
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t h e  a n a l y s i s  o f  l i m e ,  f e r r i c  c h l o r i d e ,  m o n t h l y  o i l  c o m p o s i t e  a n d  g a u g e  
t e s t i n g .  T h e  f o r m e r  c o n t a i n s  t h e  m o s t  p e r t i n e n t  a n a l y t i c a l  a n d  q u a n 
t i t a t i v e  d a t a ,  a n d  t h e  l a t t e r  r e p o r t s  c o n t a i n ,  i n  a d d i t i o n  t o  t h e  l a b o r a t o r y  
n u m b e r  a n d  t h e  d a t e ,  t h e  s o u r c e ,  d e l i v e r y  n u m b e r ,  w e i g h t s ,  m e t h o d  o f  
a n a l y s i s ,  a n a l y t i c a l  d a t a ,  e t c . ,  w h e r e  a p p l i c a b l e .

T h e  s e c o n d  g r o u p  o f  r e p o r t  s h e e t s  a r e  t h e  l a b o r a t o r y  m o n t h l y  d a t a  
s u m m a r y  f o r m s  a n d  r e c o r d s .  T h e s e  f o r m s  w e r e  d e s i g n e d  i n  a c c o r d 
a n c e  w i t h  t h e  m a j o r  p r e m i s e s  w i t h  t h e s e  t w o  a d d i t i o n a l  c o n s i d e r a t i o n s :

1 . T h e  b a s e  d a t a  {i.e., o r i g i n a l  d a t a  c o l l e c t e d  e i t h e r  b y  d i r e c t  r e a d 
i n g  o f  m e a s u r i n g  d e v i c e s ,  o r  b y  d i r e c t  a n a l y s i s )  s h o u l d  b e  t a b u l a t e d  i n  
o n e  s e r i e s  o f  s h e e t s ,  a n d  c o m p u t e d  d a t a  {i.e., t h o s e  d a t a  w h i c h  u t i l i z e  t h e  
c a l c u l a t i o n  i n v o l v i n g  b o t h  t h e  v o l u m e  a n d  a n a l y s i s  o f  t h e  p a r t i c u l a r  
s a m p l e )  s h o u l d  b e  t a b u l a t e d  i n  a n o t h e r  s e r i e s .

2. T h e  m o n t h l y  r e p o r t  s h e e t s  f o r  b a s e  d a t a  s h o u l d  b e  a p p l i c a b l e  t o  
a s  m a n y  d i f f e r e n t  s a m p l e s  a s  p o s s i b l e .

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

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

I n  t h e  k e e p i n g  o f  t h e s e  l a b o r a t o r y  d a t a ,  f o r m s  a r e  s e t  u p  i n  t h e  f o l 
l o w i n g  s e q u e n c e :  F i r s t ,  b a s e  d a t a  s h e e t s ;  s e c o n d l y ,  t h e  c o m p u t e d  d a t a  
s h e e t s .

B a s e  d a t a  s h e e t s  i n c l u d e  t h e  f o l l o w i n g  f o r m s :

W eather and Flow.— M a x i m u m ,  m i n i m u m  a n d  a v e r a g e  s e w a g e  t e m 
p e r a t u r e s  a r e  t a k e n  f r o m  t h e  h o u r l y  d e t e r m i n a t i o n s  m a d e  b y  t h e  s a m 
p l e r s .  W e a t h e r  d a t a  i s  a  c o m b i n a t i o n  o f  t h e  d a t a  c o l l e c t e d  a t  t h e  
T r e a t m e n t  P l a n t  a n d  t h a t  c o l l e c t e d  b y  t h e  U .  S .  W e a t h e r  B u r e a u .  T h e  
f lo w  i s  a n  i n t e g r a t e d  v a l u e  f r o m  t h e  v e n t u r i  m e t e r s .

P a rts  P er M illion .— T h i s  f o r m  w h i c h  c o n t a i n s  s p a c e  f o r  e n t e r i n g  t h e  
s o u r c e  o f  t h e  s a m p l e  m a y  b e  u s e d  f o r  t h e  a n a l y s i s  o f  a n y  o f  t h e  v a r i o u s  
s e w a g e  s a m p l e s  i n c l u d i n g  t h e  r a w ,  g r i t  f r e e ,  i n f l u e n t  a n d  e f f l u e n t  
s a m p l e s .  I t  m a y  a l s o  b e  u s e d  f o r  r a w  s l u d g e ,  s u p e r n a t a n t  l i q u o r ,  d i 
g e s t e d  s l u d g e  a n d  f i l t r a t e  l i q u o r .  N o t  a l l  o f  t h e  d e t e r m i n a t i o n s  l i s t e d  
a r e  m a d e  o n  e v e r y  s a m p l e ,  b u t  c o l u m n a r  s p a c e  i s  a v a i l a b l e  f o r  s e v e r a l  
d e t e r m i n a t i o n s  s o  t h a t  i f  m a d e  o n  a  s a m p l e ,  t h e y  m a y  b e  e n t e r e d  o n  t h i s  
s h e e t .  I n  a d d i t i o n  t o  t h e  c o l u m n s  f o r  r e c o r d i n g  t h e  r e g u l a r  a n a l y s i s ,  
b l a n k  c o l u m n s  a r e  a v a i l a b l e  f o r  t h e  e n t e r i n g  o f  a d d i t i o n a l  d e t e r m i n a 
t i o n s  n o t  l i s t e d .

Bacterial R es id ts .— T h i s  i s  a l s o  a  u t i l i t a r i a n  s h e e t  w h i c h  m a y  b e  a p 
p l i e d  t o  s e v e r a l  s a m p l e s .  I n  p a r t i c u l a r ,  t h e r e  i s  a  c o l u m n a r  s p a c e  f o r  
s e v e n  d i f f e r e n t  h o u r l y  a n a l y s e s  f o r  c o l i f o r m  b a c t e r i a .  T h e r e  i s  s p a c e  
a l s o  l e f t  f o r  t h e  e n t e r i n g  o f  t o t a l  c o u n t s  o r  f o r  e n t e r i n g  d a t a  o n  s a m p l e s  
c o l l e c t e d  f r o m  t h e  N i a g a r a  R i v e r .
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1 IG . 2. Examples of laboratory base data and computed data monthly summary sheets.

Sludge D igestion .— T h i s  f o r m  c o n t a i n s  110 a n a l y t i c a l  d a t a ,  b u t  r e 
c o r d s  o n l y  t h a t  c o l l e c t e d  f r o m  p l a n t  r e a d i n g s .

Sludge D ew atering .— T h i s  f o r m  c o n t a i n s  d a t a  o n  c h e m i c a l s  u s e d  i n  
s l u d g e  c o n d i t i o n i n g  a n d  t h e  a n a l y s i s  o f  t h e  s l u d g e  f i l t e r  c a k e .

G rit, A sk  and Gas A n a ly s is .— A  s u m m a r y  s h e e t  c o n t a i n i n g  t h e  d a t a  
011 m e a s u r e d  q u a n t i t i e s  a n d  a n a l y s i s  o f  g r i t ,  a s h ,  a n d  g a s .
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I n  o r d e r  t o  e v a l u a t e  t h e  o p e r a t i o n  o f  t h e  t r e a t m e n t  w o r k s ,  a n d  t o  
w e i g h t  a l l  a n a l y t i c a l  v a l u e s  i n  a c c o r d a n c e  w i t h  o n e  o f  t h e  m a j o r  p r e m i s e s  
m e n t i o n e d  a b o v e ,  a l l  a n a l y s e s  a r e  c a l c u l a t e d  t o  q u a n t i t a t i v e  r e s u l t s .  I n  
t h e  c a s e  o f  s o l i d s ,  B . O . D . ,  a n d  c h l o r i n e  d e m a n d ,  t h e  u n i t  i s  1 0 0 0  p o u n d s  
p e r  d a y ;  b a c t e r i a l  r e s u l t s  a r e  r e p o r t e d  i n  q u a n t i t y  u n i t s ,  a n d  a l l  s u c h  
d a t a  a r e  r e c o r d e d  o n  c o m p u t e d  d a t a  s u m m a r y  s h e e t s .

N o t  o n l y  d o  t h e  c o m p u t e d  d a t a  s h e e t s  g i v e  q u a n t i t a t i v e  r e s u l t s ,  b u t ,  
a s  d e s i r e d ,  i t  b e c o m e s  p o s s i b l e  t o  e v a l u a t e  t h e  a v e r a g e s  b a c k  t o  w eighted  
v a l u e s  f o r  a v e r a g e  p . p . m .  o r  p e r c e n t a g e s .  T h i s  m e t h o d  o f  t r e a t i n g  t h e  
d a t a  o v e r c o m e s  t h e  o b j e c t i o n  t h a t  a r i t h m e t i c a l  a v e r a g e s  o f  a n a l y t i c a l  
d a t a  a r e  i n c o r r e c t .  I t  h a s  b e e n  s u g g e s t e d  ( 1 )  t h a t  t h e  m e d i a n  v a l u e  i n  
a  s e r i e s  (i.e., m o n t h l y  d a t a )  o f  a n a l y t i c a l  d a t a  i s  m o r e  n e a r l y  c o r r e c t  
t h a n  t h e  a r i t h m e t i c a l  a v e r a g e .  B u t  t h e  m e t h o d  u s e d  h e r e  i s  t h e  o n l y  
m e t h o d  t h a t  w i l l  g i v e  a  t r u e  w e i g h t e d  a v e r a g e  a n a l y s i s  w h e r e  t h a t  
a n a l y s i s  d e p e n d s  o n  t w o  v a r i a b l e s  (i.e., f l o w  a n d  c o n c e n t r a t i o n ) .  T h e  
d e t e r m i n a t i o n  o f  p . p . m . ,  p e r  c e n t  o f  s o l i d s ,  c h l o r i n e  d e m a n d  a n d  c o l i f o r m  
b a c t e r i a  p e r  m l .  a r e  a l l  w e i g h t e d  a v e r a g e s .  L e s s  i m p o r t a n t  d a t a ,  s u c h  
a s  p e r  c e n t  v o l a t i l e  m a t t e r  i n  s o m e  s a m p l e s ,  a r e  n o t  w e i g h t e d  b e c a u s e  o f  
t h e  a d d i t i o n a l  w o r k  o f  c a l c u l a t i o n  i n v o l v e d  i n  t h i s  m e t h o d  o f  c o m p u t i n g  
a v e r a g e s .  A l l  r e m o v a l s  a n d  r e d u c t i o n s  a r e  c a l c u l a t e d  o n  t h e  b a s i s  o f  
q u a n t i t a t i v e  r e s u l t s .

T h e  C o m p u t e d  D a t a  g r o u p  f o l l o w s  t h e  s a m e  g e n e r a l  f o r m  a s  t h e  
B a s e  D a t a  m o n t h l y  s u m m a r i e s  a n d  i n c l u d e s  t h e  f o l l o w i n g :

Thousand Pounds o f Solids.— T h i s  f o r m  i s  s o  d e s i g n e d  a s  t o  r e c o r d  
t h o u s a n d  p o u n d s  o f  s o l i d s  i n  t h e  r a w ,  g r i t  f r e e ,  i n f l u e n t  a n d  e f f lu e n t  
s a m p l e s ,  d i f f e r e n c e  i n  r e m o v a l s  a n d  t h e  p e r c e n t a g e  r e m o v a l s .  T h i s  
s h e e t  c a n  b e  a p p l i e d  t o  a n y  m e t h o d  o f  d e t e r m i n i n g  s o l i d s ,  w h e t h e r  
G o o c h ,  a l u m i n u m  d i s h ,  n o n - s e t t l i n g ,  s e t t l e a b l e  o r  t o t a l  s o l i d s .  T h e  f lo w  
i s  a l s o  r e c o r d e d .

B.O.D. and Chlorine D em and.— O n  t h i s  s h e e t  B . O . D .  o f  t h e  r a w  s e w 
a g e ,  g r i t - f r e e  s e w a g e ,  s e t t l i n g  t a n k  i n f l u e n t ,  a n d  e f f l u e n t  m a y  b e  e n t e r e d  
i n  t h o u s a n d  p o u n d s .  B . O . D .  r e m o v e d  ( 1 0 0 0  lb . )  p e r  d a y  a n d  t h e  p e r  
c e n t  r e m o v a l  a r e  a l s o  e n t e r e d .  C h l o r i n e  D e m a n d  o f  r a w  s e w a g e  a n d  
s u p e r n a t a n t  l i q u o r ,  t o t a l  c h l o r i n e  d e m a n d  a n d  t h e  d o s a g e  a r e  a l l  g i v e n  
i n  t h o u s a n d  p o u n d s  p e r  2 4  h o u r s .  T h e  p e r  c e n t  s a t i s f a c t i o n  i s  d e t e r 
m i n e d  a c c o r d i n g  t o  t h e  d e f i n i t i o n  o f  C h l o r i n e  D e m a n d  ( 2 ).

Bacterial R esid ts.— T h i s  f o r m  m a y  b e  u s e d  f o r  t h e  v a r i o u s  h o u r s  a t  
w h i c h  b a c t e r i a l  a n a l y s e s  a r e  m a d e .  A t  t h e  p r e s e n t  t i m e ,  s i x  d i f f e r e n t  
s a m p l e s  d a i l y  a r e  b e i n g  a n a l y z e d  a n d  t h u s  t h e r e  a r e  s i x  o f  t h e s e  c o m 
p u t e d  s h e e t s  i n  t h e  m o n t h l y  s u m m a r y .  T h e r e  i s  a l s o  a n  a d d i t i o n a l  s h e e t  
p r e p a r e d  f o r  t h e  a v e r a g e  o f  t h e  s i x  a n a l y s e s .

T h i s  f o r m  c o n t a i n s  ( 1 )  t h e  d a t a  o n  t h e  c o l i f o r m  b a c t e r i a  i n  t h e  r a w  
s e w a g e  a n d  t h e  p l a n t  e f f lu e n t  a t  t h e  r e s p e c t i v e  h o u r s  o f  d e t e n t i o n  p e r i o d ; 
( 2 )  t h e  r e m o v a l  a n d  t h e  p e r  c e n t  r e m o v a l  o f  q u a n t i t y  u n i t s ;  ( 3 )  t h e  
c h l o r i n e  d e m a n d  a n d  d o s a g e  a t  t h a t  h o u r ,  ( 4 )  t h e  p e r  c e n t  s a t i s f a c t i o n  
a t  t h a t  h o u r ,  a n d  ( 5 )  c o r r e s p o n d i n g  h o u r l y  r a t e  o f  f low .  T h e  d a t a  o n
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t h e s e  f o r m s  m a k e  i t  p o s s i b l e  t o  s u m m a r i z e  i n f o r m a t i o n  011 t h e  e f f e c t s  o f  
c h l o r i n a t i o n  o n  b a c t e r i a l  k i l l  i n  s e w a g e  a n d  t o  c o m p a r e  t h e  r e d u c t i o n  o 
c o l i f o r m  b a c t e r i a  t o  t h e  p e r  c e n t  s a t i s f a c t i o n ,  c o n t a c t  t i m e  a n d  th e  i c  
l a t i o n  b e t w e e n  t h e  d e m a n d  a n d  d o s a g e .  I n  t h i s  m a n n e r ,  r o u t i n e  t a  a  
a r e  a p p l i e d  t o  r e s e a r c h  p u r p o s e s .  T h e  b i n d i n g  o f  t h e s e  c o m p u t e d  d a  a  
s h e e t s  i n t o  a  m o n t h l y  s u m m a r y  f o l d e r  k e e p s  t h e  f o r m s  i n  t h e  g e n e i a  
s e q u e n c e  o f  p l a n t  o p e r a t i o n s ; d i g e s t e r  o p e r a t i o n  f o l l o w s  s e d i m e n t a t i o n  

a n d  d i s i n f e c t i o n .
D igester O peration .— T h i s  f o r m  p r o v i d e s  c o l u m n a r  s p a c e  f o i  d a t a  

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

Solids D isposal.— A  s u m m a r y  s h e e t  f o r  r e c o r d i n g  q u a n t i t a t i v e  d a t a  
011 s l u d g e  f i l t e r  c a k e ,  g r i t  r e m o v e d  a n d  b u r n e d ,  t o t a l  s o l i d s  i n c i n e r a t e d  
a n d  a s h  p r o d u c e d .

T h e  m i s c e l l a n e o u s  c l a s s  o f  l a b o r a t o r y  f o r m s  i n c l u d e s  a  g r a p h i c  r e 
p o r t  f o r  r e c o r d i n g  t h e  c o n c e n t r a t i o n  o f  s l u d g e  s o l i d s  i n  t h e  s l u d g e  d i 
g e s t i o n  t a n k s  a s  i n d i c a t e d  b y  t h e  m o n t h l y  s l u d g e  t a n k  i n v e n t o r y ; a l s o ,  a  
m o n t h l y  r e p o r t  o n  t h e  q u a n t i t i e s  o f  s o l i d s  b y  l a y e r s  i n  e a c h  o f  t h e  f o u r  
s l u d g e  t a n k s  a s  d e t e r m i n e d  f r o m  t h e  i n v e n t o r y .  O t h e r  m i s c e l l a n e o u s  
f o r m s  i n c l u d e  a  b l a n k  c o l u m n a r  f o r m  f o r  t a b u l a t i o n  o f  a n y  s p e c i a l  d a t a ,  
m i s c e l l a n e o u s  a n a l y s e s ,  b l a n k  f o r m s  a n d  o t h e r  s h e e t s  u s e d  i n  t h e  c a l c u 
l a t i o n  o f  d a t a .

P l a n t  E e p o r t s

I n  t h e  c a t e g o r y  o f  p l a n t  r e p o r t s ,  t h e  D a i l y  R e p o r t  c o n s i s t s  o f  a  s i n g l e  
s h e e t  o n  w h i c h  a r e  e n t e r e d  t h e  m o s t  p e r t i n e n t  i t e m s  o f  e a c h  d a y ’s  o p e r a 
t i o n ,  p a r t i c u l a r l y  t h e  s e w a g e  f lo w ,  p u m p  o p e r a t i o n ,  s o l i d s  r e m o v e d ,  
c h l o r i n e  u s e d ,  g a s  p r o d u c e d  a n d  b u r n e d ,  a n d  s l u d g e  i n c i n e r a t e d .  I n  
s h o r t ,  t h i s  s h e e t  i s  a  s u m m a r y  o f  t h e  d a i l y  p r o d u c t i o n  a n d  s e r v e s  t o  a c 
q u a i n t  t h e  m a n a g e m e n t  w i t h  d a i l y  p l a n t  o p e r a t i o n .  T h e  d a t a  e n t e r e d  
o n  t h i s  r e p o r t  a r e  o b t a i n e d  b y  a b s t r a c t i n g  t h e  d e s i r e d  i t e m s  f r o m  t w o  
s o u r c e s ,  t h e  P l a n t  D a i l y  L o g  S u m m a r y ,  a s  p r e p a r e d  b y  t h e  s t a t i s t i c i a n ,  
a n d  t h e  L a b o r a t o r y  D a i l y  A n a l y s i s  S u m m a r y ,  w h i c h  c o n t a i n s  t h e  p r o 
d u c t i o n  q u a n t i t i e s  c a l c u l a t e d  f r o m  t h e  v o l u m e s  a n d  t h e  a n a l y s e s .

T h e  M o n t h l y  R e p o r t  f o r m s  c o n s i s t  o f  t e n  p a g e s  ( m u l t i p l e  s h e e t  r e 
p o r t )  c o n t a i n i n g  c o l u m n a r  h e a d i n g s  f o r  a l l  i t e m s  011 w h i c h  m o n t h l y  r e 
p o r t s  a r e  m a d e .  T h e  f i r s t  s h e e t  o f  t h i s  r e p o r t  c o n t a i n s  t h e  d a i l y  d a t a  
( o f  t h e  p a r t i c u l a r  m o n t h )  f o r  a l l  i t e m s  o n  f lo w ,  s e d i m e n t a t i o n ,  c h l o r i n a 
t i o n  a n d  d i s i n f e c t i o n  ( b a c t e r i a l  k i l l ) ,  w h i c h  a r e  d e s i r e d  b y  t h e  N e w  
\ o i k  S t a t e  D e p a r t m e n t  o f  H e a l t h .  T h e  r e m a i n i n g  s h e e t s ,  e x a m p l e s  o f  
w h i c h  a r e  s h o w n  i n  F i g .  3, r e c o r d  d a t a  o n  W e a t h e r ,  F l o w ,  a n d  P o w e r ; 
P r i m a r y  T r e a t m e n t ;  B . O . D .  a n d  D i s i n f e c t i o n ;  G r i t  a n d  R a w  S l u d g e ;  
D i g e s t e r  O p e r a t i o n  ( t w o ) ; I n c i n e r a t i o n  ( t w o ) ; a n d  M i s c e l l a n e o u s  D a t a .  
T h e s e  m o n t h l y  r e p o r t  s h e e t s  u t i l i z e  a  u n i q u e  i d e a  s u g g e s t e d  b y  M r .  
H a r o l d  E p s t e i n ,  G e n e r a l  M a n a g e r  o f  t h e  B u f f a l o  S e w e r  A u t h o r i t y ,
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BUFFALO SEWER AUTHORITY
SHTAGE TREATMENT WORKS Month o f  ______

M onthly R ep o rt S h ee t 3 o f  10

PRIMARY TREATMENT 
(D a lly  A v erag es)

Month

Suspended S o lid s  - 3oooh Removal o f  
Raw Susp. 

S o lid s

S e t t l e a b l e
S o lid s

pH
Raw
Sew
age

Raw
G r it  
F ree  
p .p .m .

In f  1 • 
p .p»m .

E f f l .  
p .p .m .

I n f  1 . 
p .p .m .

*
C la r .
E f f i -

c ien o y
p .p .m .

Lbs •
Per
Cap.

%
O v e ra ll

%
By
C la r .

1941
Ju ly
: 1

June

i 1 1 1

T h is  Mo:
Max,
M in.

l tb

T h is Ye
Max.
M in.

ir

P rev io u
Max.
M in.
Avg.

Year

Bormal
Average

Remarks i

A d d itio n a l Example o f H eading S pacing  and E n t r i e s .

BUFFALO SEWER AUTHORITY
SEWAGE TREATMENT WORKS Month o f -------------

M onthly R ep o rt S h ee t ^ ^0

INCINERATION 
(C a len d ar Day A verages)

Sludge Cake G r it ASH

Month
Tons
Wet

Per
C ent
Dry
S olids

1000 
Lbs • 
Dry 
S o lid s

Per
Cent
V ol.
M at.

1000
L bs.
V o l.
M at.

B . t . u .
P er
Lb.
D .S .

P er
Cent
CaO

Per
Cent
FeC l3

1000
L bs.
B urn .

1000 
Lbs • 
Dry

%
V ol.
Mat,.

1 • f , i 1 1

F ig. 3.— Examples of sheets from the multiple leaf plant monthly report.

n a m e l y ,  t h a t  t h e  m o n t h l y  r e p o r t  c o n s i s t  o f  a  r u n n i n g  r e c o r d  o f  t h e  d a i l y  
a v e r a g e s  f o r  t h e  m o u t h s  o f  t h e  y e a r  a s  t h e y  a r e  c o m p l e t e d .  T h u s ,  i n  
a d d i t i o n  t o  t h e  d a i l y  a v e r a g e  f o r  a l l  i t e m s  f o r  t h e  p a r t i c u l a r  m o n t h  r e 
p o r t e d ,  t h e  a v e r a g e  d a t a  f o r  e a c h  p r e c e d i n g  m o n t h  o f  t h e  y e a r  i s  a l s o  
s h o w n .  T h e r e  a r e  a l s o  i n c l u d e d  t h e  m a x i m u m  a n d  m i n i m u m  d a t a  f o r  
t h e  m o n t h  a n d  t h e  y e a r ; t h e  d a i l y  a v e r a g e  f o r  t h e  p r e v i o u s  y e a r ,  t o g e t h e r  
w i t h  m a x i m u m  a n d  m i n i m u m  v a l u e s ,  a n d  t h e  d a i l y  a v e r a g e  f o r  t h e  s a m e
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m o n t h  i n  t h e  p r e v i o u s  y e a r .  F r o m  e a c h  r e p o r t  a  c o m p r e h e n s i v e  i d e a  0 
t h e  n o r m a l i t y  o f  o p e r a t i o n s  f o r  e a c h  m o n t h  m a y  b e  o b t a i n e d ,  a s  i t  i s  i e  
l a t e d  t o  t h e  c u r r e n t  a n d  t h e  p a s t  y e a r .  M i m e o g r a p h  s t e n c i l s  o f  d a t a  a i e  
c u t  e a c h  m o n t h  a n d  a r e  t h e n  r u n  o n t o  t h e  p r e v i o u s l y  p r e p a r e d  b  a n  
f o r m s .  A  r u n n i n g  a n a l y s i s  s h e e t  i s  k e p t  b y  t h e  s t a t i s t i c i a n  f o r  t o t a i s  
n e c e s s a r y  t o  o b t a i n  t h e  d a i l y  a v e r a g e  f o r  t h e  y e a r ,  a n d  w h e n  t h e  t v  e  i 
m o n t h ’s  d a t a  h a v e  b e e n  e n t e r e d  o n  t h e  m o n t h l y  r e p o r t ,  t h e  a n n u a l  i e -  
p o r t  i s  p r a c t i c a l l y  c o m p l e t e ,  r e q u i r i n g  b u t  a  f e w  a r i t h m e t i c a l  p r o c e d u i e s .

W r i t t e n  c o m m e n t s  011 t h e  d a t a  o f  e a c h  m o n t h  a r e  p r e p a r e d  b y  t h e  
C h i e f  C h e m i s t  f o r  t h e  W o r k s  S u p e r i n t e n d e n t ,  w h o  i n  t u r n  w r i t e s  a  s h o r t  
c o m m e n t a r y  011 t h e  p l a n t  o p e r a t i o n  f o r  t h a t  p a r t i c u l a r  m o n t h .  T h i s ,  
w i t h  t h e  d a t a  s h e e t s ,  c o m p r i s e s  t h e  M o n t h l y  R e p o r t  o t  t h e  T r e a t m e n t  
W o r k s .  T h e  a n n u a l  r e p o r t  o f  t h e  T r e a t m e n t  P l a n t  i s  p r e p a r e d  i n  s i m i 
l a r  m a n n e r .

M is c e l l a n e o u s  F o r m s

A m o n g  t h e  m i s c e l l a n e o u s  r e c o r d  f o r m s  u s e d  i n  t h e  B u f f a l o  S e w a g e  
T r e a t m e n t  W o r k s  a r e ;  ( 1 )  a  d a i l y  r e c o r d  o f  e q u i p m e n t  c o n d i t i o n  i n  t h e  
s l u d g e  d i s p o s a l  b u i l d i n g  ( s l u d g e  c o n d i t i o n i n g ,  f i l t r a t i o n ,  a n d  i n c i n e r 
a t i o n )  f o r  t h e  u s e  o f  t h e  m e c h a n i c s  a n d  m a i n t e n a n c e  d e p a r t m e n t ;  ( 2 )  
a  m o n t h l y  l o g  o f  m e t e r  r e a d i n g s  a n d  p u m p  o p e r a t i o n  a t  t h e  t w o  o u t l y i n g  
p u m p i n g  s t a t i o n s ;  ( 3 )  s c a l e  r e c o r d s  ( r e c o r d i n g  w e i g h t  t i c k e t s )  o f  a l l  
c h e m i c a l s  p u r c h a s e d ,  a l l  g r i t  r e m o v e d  a n d  b u r n e d ,  a n d  a s h  h a u l e d  a w a y  
f o r  fi ll .  I n  a d d i t i o n ,  t h e r e  i s  a  l o o s e - l e a f  l e d g e r  f o r  p o s t i n g  s t o r e r o o m  
s t o c k  r e c e i p t s  a n d  d i s b u r s e m e n t s ,  a n d  v a r i o u s  f o r m s  a n d  r e c o r d s  h a v e  
b e e n  s e t  u p  f o r  u s e  i n  c o n n e c t i o n  w i t h  w o r k  o r d e r s  a n d  t h e  o p e r a t i o n  o f  
t h e  m a i n t e n a n c e  d e p a r t m e n t .  T h e s e ,  t o g e t h e r  w i t h  a  n u m b e r  o f  m i s c e l 
l a n e o u s  f o r m s ,  c o n c e r n e d  w i t h  p l a n t  a d m i n i s t r a t i o n  a n d  p e r s o n n e l ,  w e r e  
d e s i g n e d  b y  M r .  Y e l z v ,  W o r k s  S u p e r i n t e n d e n t .  C o s t  r e c o r d s  a r e  n o t  
k e p t  a t  t h e  t r e a t m e n t  w o r k s  a s  t h e  a u d i t i n g  d e p a r t m e n t  i s  a  p a r t  o f  t h e  
g e n e r a l  a d m i n i s t r a t i v e  off ices .

A t  f i r s t  c o n s i d e r a t i o n  o f  t h e  f o r e g o i n g  a c c o u n t ,  o n e  m i g h t  b e l i e v e  
t h a t  t h e  n u m b e r  o f  f o r m s  i s  u n u s u a l l y  l a r g e  a n d  t h a t  t h e  a m o u n t  o f  
s t a t i s t i c a l  w o r k  i s  o v e r b u r d e n i n g .  N e i t h e r  o f  t h e s e  b e l i e f s  i s  c o r r e c t .  
E x c e p t  f o r  t h e  b a c t e r i o l o g i c a l  e x a m i n a t i o n s  a n d  a n a l y s e s  o f  l i m e ,  f e r r i c  
c h l o r i d e ,  a n d  o i l ,  t h e  s e w a g e  t e s t i n g  i s  n o  m o r e  e x t e n s i v e  t h a n  i n  m a n y  
s e w a g e  p l a n t s .  E v e n  w h e r e  a  n u m b e r  o f  d a i l y  e n t r i e s  o f  i t e m s  a r e  
m a d e ,  a l t h o u g h  n o t  u s e d  i n  t h e  m o n t h l y  o r  y e a r l y  r e c o r d s ,  i t  r e q u i r e s  
b u t  l i t t l e  t i m e  t o  r e c o r d  s u c h  i t e m s  a g a i n s t  t h e  d a y  w h e n  a  n e e d  a r i s e s  
t o  s u m m a r i z e  t h e s e  d a t a  t o  o b t a i n  t h e  a n s w e r  t o  s o m e  p r e v i o u s l y  u n 
e x p e c t e d  q u e s t i o n .

L i k e w i s e ,  i t  m u s t  b e  r e m e m b e r e d  t h a t  t h e  m u l t i p l e  s h e e t  r e p o r t  c o n 
t a i n s  n o  g r e a t e r  n u m b e r  o f  i t e m s  t h a n  w o u l d  a  l o n g ,  w i d e  a n d  u n w i e l d y  
r e p o r t  o f  a  s i n g l e  s h e e t .  F u r t h e r m o r e ,  m a n y  o f  t h e  l a b o r a t o r y  s h e e t s  
m a y  b e  u s e d  f o r  s e v e r a l  d i f f e r e n t  s a m p l e s ,  a n d  c o n t a i n  b l a n k  s p a c e  f o r  
e n t e r i n g  d a t a  t h a t  m a y  f o r  s o m e  r e a s o n  b e  o f  s p e c i a l  n a t u r e .  T h u s  t h e  
a b o v e  d e l i n e a t e d  f o r m s  s e r v e  t o  k e e p  a  c o m p l e t e  r e c o r d  o f  t h e  o p e r a t i o n
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o f  t h e  l a b o r a t o r y  a n d  t r e a t m e n t  p l a n t  o f  t h e  B u f f a l o  S e w e r  A u t h o r i t y ,  
t o  m a i n t a i n  p e r t i n e n t  d a t a  a v a i l a b l e  a t  a l l  t i m e s ,  a n d  t o  f u r n i s h  i n t e 
g r a t e d  s u m m a r i e s  o f  o p e r a t i n g  r e s u l t s .

T h e  a u t h o r s  a r e  i n d e b t e d  t o  M r .  C h a r l e s  R .  V e l z y ,  W o r k s  S u p e r i n 
t e n d e n t ,  M r .  J o h n  W .  J o h n s o n ,  A s s i s t a n t  W o r k s  S u p e r i n t e n d e n t ,  a n d  
t h e  m e m b e r s  o f  t h e  B i r d  I s l a n d  L a b o r a t o r y  s t a f f  f o r  t h e i r  m a n y  h e l p f u l  
s u g g e s t i o n s  d u r i n g  t h e  d e v e l o p m e n t  o f  t h e s e  r e c o r d  f o r m s .
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CROSS CONNECTIONS BETW EEN POTABLE W ATER  
SUPPLY SYSTEMS AND SEWERAGE SYSTEMS *

B y  J .  R . H o f f e r t

C ivil E n g in eer, P en n sy lva n ia  D ep a r tm en t o f  H ealth , H arrisb u rg , P a.

W h e n ,  s o m e  y e a r s  a g o ,  o n e  o f  t h e  m e n  i n  a  s e w a g e  t r e a t m e n t  w o r k s  
l a b o r a t o r y  o p e n e d  a  w a t e r  f a u c e t  a n d  w a s  a m a z e d  t o  s e e  s e w a g e  s l u d g e  
i s s u e  t h e r e f r o m ,  n o t  o n l y  w a s  h i s  a s t o n i s h m e n t  s h a r e d  b y  a l l  w h o  l i e a i d  
o f  i t  b u t  i t  a g a i n  s e r v e d  n o t i c e  u p o n  o p e r a t o r s  a n d  e n g i n e e r s  a l i k e  t h a t ,  
regardless o f probabilities, where a possib ility  exists there is altvays the 
chance that the possib ility  w ill become a reality. I f  d a n g e r  c a n  r e s u l t  
f r o m  i t ,  t h e n  t h e  p o s s i b i l i t y  s h o u l d  n o t  b e  p e r m i t t e d  t o  e x i s t ,  e v e n  t h o u g h  
t h e  d a n g e r  b e  a n  i m p r o b a b i l i t y .

I n  p u b l i c  w a t e r w o r k s  p r a c t i c e  t h e r e  w a s  a  t i m e  w h e n  a  c r o s s  c o n 
n e c t i o n  b e t w e e n  t h e  r e g u l a r  p o t a b l e  w a t e r  s u p p l y  a n d  a n  e m e r g e n c y  
f i r e  f i g h t i n g  w a t e r  s u p p l y — w h i c h  o f t e n  w a s  a  p o l l u t e d  s t r e a m — w a s  n o t  
o n l y  f a i r l y  c o m m o n ,  b u t  i n  t h e  m i n d s  o f  m a n y  f a c t o r y  m a n a g e r s  w a s  
o n l y  a  p r o p e r  a n d  n e c e s s a r y  p r e c a u t i o n — a g a i n s t  f i r e ,  n o t  p u b l i c  h e a l t h .  
W a s n ’t  t h e r e  a  v a l v e  b e t w e e n  t h e  t w o  s u p p l i e s  a n d  w a s n ’t  i t  a l w a y s  
c l o s e d  e x c e p t  a t  t i m e s  o f  f i r e ?  W e l l ,  u n f o r t u n a t e l y  i t  w a s n ’t  a l w a y s  
s o  c l o s e d  a s  e x p e r i e n c e  d e m o n s t r a t e d .  F u r t h e r m o r e ,  v a l v e s  e v e n  t h o u g h  
a p p a r e n t l y  w e l l  m a i n t a i n e d  w e r e  s h o w n  u p o n  o c c a s i o n  t o  h a v e  l e a k e d  
w i t h  f a t e f u l  a n d  f a t a l  c o n s e q u e n c e s .

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

T h e r e f o r e ,  t h e  l a t e s t  p u b l i c  h e a l t h  p o l i c y  i s  t h a t  t h e r e  s h a l l  b e  no 
direct cross connection b e t w e e n  a  p o t a b l e  p u b l i c  w a t e r  s u p p l y  a n d  a n  
i n f e r i o r  s u p p l y  r e g a r d l e s s  o f  h o w  s a f e  s u c h  a  c o n n e c t i o n  m a v  s e e m  t o  
b e .

A  f e w  y e a r s  a g o  m o s t  p e o p l e  e v e n  a m o n g  t h e  e n g i n e e r s ,  w o u l d  h a v e  
f e l t  t h a t  t h e r e  w a s  l i t t l e  r e a l  d a n g e r  i n  t h e  u s u a l  f l u s h o m e t e r  c o n n e c t i o n  
w i t h  a  w a t e r c l o s e t  o r  i n  m a n y  o t h e r  a c c e p t e d  a n d  w i d e l y  u s e d  p l u m b i n g  
c o n n e c t i o n s .  B u t  a  f e w  a c t u a l  e x p e r i e n c e s  i n  w h i c h  t h e  u t t e r l y  i m p r o b 
a b l e  h a p p e n e d ,  h a v e  c h a n g e d  t h a t  c o m p l a c e n c y .  N o w  w e  k n o w  t h a t  i f  
a  t h i n g  i s  p o s s i b l e ,  i t  m a y  h a p p e n — w h i c h  a f t e r  a l l  i s  j u s t  i n  a c c o r d a n c e  
w i t h  d e f i n i t i o n .  N o w  w e  p r o v i d e  a  v e n t u r i  v e n t  o r  s o m e  o t h e r  s a f e 
g u a r d  a g a i n s t  b a e k - s i p h o n a g e  f r o m  w a t e r c l o s e t s  a n d  w h a t e v e r  p r e c a u 
t i o n s  m a y  b e  n e c e s s a r y  i n  t h e  c a s e  o f  o t h e r  f i x t u r e s  s o  t h a t  c o n t a m i 
n a t i o n  o f  a  s a f e  w a t e r  s u p p l y  c a n n o t  p o s s i b l y  o c c u r .

* Presented at the Fourteenth Annual Conference of the Pennsylvania Sewage Works As 
sociation, State College, June 27, 1940.
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W e l l ,  i f  a c t u a l  a n d  s o m e t i m e s  p a i n f u l l y  s a d  e x p e r i e n c e  l i a s  s h o w n  
t h a t  t h e r e  s h o u l d  b e  no p h y s i c a l  c o n n e c t i o n  b e t w e e n  a  s a f e  w a t e r  s u p p l y  
a n d  a  c o n t a m i n a t e d  w a t e r  s u p p l y  w h e r e b y  u n d e r  a n y  p o s s i b l e  c i r c u m 
s t a n c e  t h e  s a f e  s u p p l y  m a y  t h e r e b y  b e c o m e  c o n t a m i n a t e d ,  h o w  m u c h  
m o r e  i m p o r t a n t  i s  i t  t h a t  s u c h  a  p o l i c y  b e  s t r i c t l y  e n f o r c e d  w h e n  d e a l i n g  
w i t h  s e w a g e  w h i c h  i s  n o t  o n l y  a  c o n t a m i n a t e d  w a t e r  b u t  b y  i t s  v e r y  n a 
t u r e  a  grossly  contam inated  w a t e r .

N o  d e s i g n i n g  e n g i n e e r  c o n s c i o u s l y  a r r a n g e s  f o r  a n y  c o n n e c t i o n s  
w h e r e b y  h e  f e e l s  t h e r e  i s  a n y  p r o b a b i l i t y  o f  c o n t a m i n a t i n g  a  s a f e  w a t e r .  
N e i t h e r  d o e s  a n y  s e w a g e  w o r k s  o p e r a t o r  i n t e n t i o n a l l y ,  l a t e r  o n ,  m a k e  
a n y  c o n n e c t i o n  o f  h i s  o w n  o r  f o l l o w  a n y  o p e r a t i n g  p r o c e d u r e  w h i c h  h e  
f e e l s  w o u l d  e n d a n g e r  h e a l t h .  B u t  g o o d  i n t e n t i o n s  a r e  n o t  e n o u g h .  I t  
i s  i m p e r a t i v e  t h a t  e a c h  p e r s o n  c o n c e r n e d  w i t h  t h e  d e s i g n  a n d  o p e r a t i o n  
o f  s e w e r s  a n d  s e w a g e  t r e a t m e n t  w o r k s  e x a m i n e  e v e r y  c o n n e c t i o n  w i t h  a  
s a f e  w a t e r  s u p p l y ,  t o  s e e  w h e t h e r  u n d e r  a n y  c i r c u m s t a n c e ,  h o w e v e r  i m 
p r o b a b l e ,  s e w a g e  o r  s l u d g e  could  h e  e i t h e r  f o r c e d  o r  s u c k e d  i n t o  t h e  s a f e  
w a t e r  s u p p l y .  I f  i t  c a n  b e ,  t h e n  t h a t  c o n n e c t i o n  s h o u l d  b e  b r o k e n  a n d  
r e p l a c e d  w i t h  o n e  w h i c h  w i l l  p r e v e n t  s u c h  a n  a c c i d e n t .  C a r e f u l  e x a m i 
n a t i o n  o f  m a n y  s e w a g e  t r e a t m e n t  w o r k s  w i l l  s h o w  c r o s s - c o n n e c t i o n s  
w h i c h  a r e  p o t e n t i a l  s o u r c e s  o f  d a n g e r  a n d  o t h e r s  w h i c h  a r e  e v e n  p r o b 
a b l e  a v e n u e s  o f  c o n t a m i n a t i o n .  S o m e  o f  t h e s e  h a v e  a r i s e n  f r o m  t h e  
d e s i g n  a n d  c o n s t r u c t i o n  o f  t h e  p l a n t ;  s o m e  f r o m  c h a n g e s  t o  t h e  o r i g i n a l  
p l a n t  d e s i g n  m a d e  b y  t h e  o p e r a t o r ; a n d  s o m e  f r o m  o p e r a t i n g  p r o c e d u r e .

T o  d e f i n e  t h e  o b v i o u s ,  l e t  u s  s a y  t h a t  a  c r o s s  c o n n e c t i o n  i s  a n y  p h y s 
i c a l  c o n n e c t i o n  w h e r e b y  t h e r e  m a y  b e  a n  i n t e r c h a n g e  b e t w e e n  t w o  s y s 
t e m s — f o r  p u r p o s e s  o f  p r e s e n t  d i s c u s s i o n ,  a  b a c k - f l o w  o f  s e w a g e  o r  s e w 
a g e  s o l i d s  i n t o  a  s a f e  w a t e r  s u p p l y .  L e t  u s  r e p e a t ,  c r o s s  c o n n e c t i o n s  
a r i s e ,  i n  g e n e r a l ,  f r o m  p r o v i s i o n s  m a d e  i n  t h e  d e s i g n  o f  t h e  p l a n t  a n d  
i n s t a l l e d  a t  t h e  t i m e  o f  i t s  c o n s t r u c t i o n ; f r o m  c h a n g e s  m a d e  t o  t h e  p l a n t  
f o r  o p e r a t i n g  c o n v e n i e n c e ;  o r  f r o m  c e r t a i n  o p e r a t i n g  p r o c e d u r e  w h i c h  
r e s u l t s  i n  a n  a c t u a l  c r o s s  c o n n e c t i o n  w h i c h  m i g h t  n o t  e v e n  b e  r e c o g n i z e d  
a s  s u c h .

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

T h e r e  a r e  a l s o  u n r e c o g n i z e d  o p e r a t i n g  c r o s s  c o n n e c t i o n s .  H a v e  y o u  
e v e r  s e e n  a  h o s e  a t t a c h e d  t o  a  h y d r a n t  o r  p a v e  w a s h ,  a f t e r  h a v i n g  b e e n  
u s e d  t o  w a s h  d o w n  a  s e t t l i n g  t a n k  o r  t o  b e a t  d o w n  t h e  s c u m  i n  a  g a s  
v e n t ,  b e  d r o p p e d  o n t o  t h e  g r o u n d  w i t h  i t s  f r e e  e n d  b e l o w  t h e  s u r f a c e  o f  
t h e  l i q u i d  i n  t h e  t a n k  a n d  w i t h  t h e  w a t e r  s t i l l  r u n n i n g  t h r o u g h  t h e  h o s e ?  
M o s t  l i k e l y ,  t h i s  o n l y  r e s u l t s  i n  f o u l i n g  t h e  e n d  o f  t h e  h o s e ,  h u t  s u p p o s e  
a  v a c u u m  s h o u l d  o c c u r  u p o n  t h a t  w a t e r  l i n e ! N o t  a  c r o s s  c o n n e c t i o n  i n  
t h e  u s u a l  s e n s e  b u t  a  d a n g e r o u s  o p e r a t i n g  c r o s s  c o n n e c t i o n  n e v e r t h e l e s s !

C r o s s  c o n n e c t i o n s  m a y  b e  m a d e  f o r  a  v a r i e t y  o f  p u r p o s e s  b u t  t h e  
m o s t  f r e q u e n t  r e a s o n s  a r e  t o  p r o v i d e  a  m e a n s  f o r  f l u s h i n g  o u t  s e w a g e  
s o l i d s ,  t o  p r o v i d e  a  w a t e r  s e a l ,  o r  t o  p r i m e  s o m e  p i e c e  o f  e q u i p m e n t .
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L e t ’s  c o n s i d e r  a  f e w  t y p i c a l  e x a m p l e s  a n d  t h e n ,  s i n c e  i t  i s  o u r  i n t e n  o  
a r o u s e  t h o u g h t  r a t h e r  t h a n  t o  g o  i n t o  d e t a i l s ,  l e a v e  t h e  r e a d e r  t o  t ‘l i n  
o v e r  p o s s i b l e  c r o s s  c o n n e c t i o n s  w h i c h  m a y  e x i s t  a t  h i s  o w n  p l a n t  a n  
w h i c h  s h o u l d  b e  c o r r e c t e d .

A s  a n  e x a m p l e  o f  a  c r o s s  c o n n e c t i o n  f o r  f l u s h i n g  p u r p o s e s ,  c o n s i d e r  
t h e  o l d - t i m e  a n d  s t i l l  e x i s t i n g  r i n g  o f  p e r f o r a t e d  w a t e r  p i p e  s o  f r e 
q u e n t l y  p l a c e d  a r o u n d  t h e  t o p  o f  t h e  s l u d g e  h o p p e r s  i n  I m h o f f  t a n k s .  
F r e q u e n t l y ,  t h e s e  l i n e s  a r e  g i v e n  b u t  s c a n t  m a i n t e n a n c e .  S u c h  a  c o n 
n e c t i o n  i s  a l l  t h e  m o r e  d a n g e r o u s  i n  t h e  c a s e  o f  t a n k s  b u i l t  c o n s i d e r a b l y  
a b o v e  t h e  n a t u r a l  g r a d e  a n d  w h e r e  t h e  w a t e r  l i n e  c o m e s  u p  t o  t h e  t o p  o f  
t h e  t a n k  f r o m  t h e  l o w e r  l e v e l  t h r o u g h  t h e  s i d e  f i ll  b a n k e d  a r o u n d  t h e  
t a n k .

I t  i s  q u i t e  c o m m o n  p r a c t i c e  t o  a t t e m p t  t o  k e e p  m e t e r s ,  f l o a t  w e l l s  a n d  
f l o a t  t u b e s  a n d  m a n o m e t e r  c o n n e c t i n g  p i p i n g  f r e e  o f  s e w a g e  s o l i d s  b y  
p e r m i t t i n g  c l e a n  w a t e r  t o  f lo w  o r  d r i p  t h r o u g h  t h e m .  E x a m p l e s  o f  t h i s  
p r a c t i c e  a r e  t h e  f l u s h i n g  r i n g s  a n d  m a n o m e t e r  c o n n e c t i o n s  t o  V e n t u r i  
m e t e r s ,  c o n n e c t i o n s  t o  P a r s h a l l  f l u m e s ,  t h e  f l o a t  c h a m b e r s  o f  f l o a t  o p e r 
a t e d  m e t e r s ,  e t c .  W h e n  t h e  w a t e r  s i m p l y  d r i p s  o r  f l o w s  t h r o u g h  a n  a i r  
g a p  i n t o  t h e  d e v i c e  f r o m  a b o v e ,  t h e r e  n e e d  b e  n o  d a n g e r ; w h e r e  t h e  c o n 
n e c t i o n  i s  a  p r e s s u r e  c o n n e c t i o n  o r  l i e s  b e l o w  t h e  s u r f a c e  o f  t h e  l i q u i d ,  
t h e r e  m a y  b e  d a n g e r .

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

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

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

C e n t r i f u g a l  p u m p s  l o c a t e d  a b o v e  t h e  l e v e l  o f  t h e  s e w a g e  i n  t h e i r  
s u c t i o n  c o n n e c t i o n ,  m u s t  b e  p r i m e d  b e f o r e  t h e y  c a n  d i s c h a r g e .  I t  i s  
c o m m o n  p r a c t i c e  t o  p r o v i d e  a  p r i m i n g  c o n n e c t i o n  t o  t h e  h i g h  p o i n t  o f  
t h e  p u m p  c a s i n g  o r  t o  p r i m e  f r o m  b e l o w  t h i s  p o i n t  a n d  v e n t  t h e  a i r  
f r o m  t h e  h i g h  p o i n t .  F r e q u e n t l y  t h e  p r i m i n g  w a t e r  i s  t a k e n  d i r e c t l y  
f r o m  t h e  p o t a b l e  s u p p l y ,  t h e r e b y  m a k i n g  a  d a n g e r o u s  c r o s s  c o n n e c t i o n .

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

I n  s o m e  p l a n t s  t h e  p l a n t  e f f l u e n t  i s  u s e d  f o r  f l u s h i n g ,  l a w n  s p r i n k l i n g  
a n d  s i m i l a r  i n f e r i o r  u s a g e ,  u s i n g  a  p u m p  a n d  p r e s s u r e  s y s t e m  f o r
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purpose. A cross connection may be provided between such a system 
and the potable supply but such a connection would be especially dan
gerous, particularly if made on the pressure side of the inferior supply.

With the marked mechanizing of modern sewage treatment works 
and the multiplicity of piping between the various plant units, condi
tioning tanks, chemical feeders, and feed tanks, pumps, filters, gas 
engines, and control apparatus and operating “ gadgets,” the present 
day plant offers so many possibilities of cross connections that it be
hooves all connected with the design and operation of sewage treatment 
works to be on their guard. True, in many cases the probabilities are 
that no real harm would result from the cross connection. But very 
serious harm might some day come suddenly and from the seemingly 
improbable and the waterworks industry spends too much money and 
the energy of too many faithful workers and is too responsible for the 
public health to have its efforts nullified even once because a cross con
nection with a sewage contaminated water permitted the possible but 
seemingly improbable to happen.

We have pointed out the dangers of cross connections and have re
ferred to various examples, but—what are the remedies? Well, they 
are rather obvious and fairly simple. The difficulty is to have people 
sufficiently realize the dangers to put them into effect and continue them 
in effect.

First of all, let there be no direct connection between a potable sup
ply and sewage or sewage solids. This is most completely effected by 
having the water obtained from the potable supply discharge by gravity 
over the top into a tank provided with an overflow and whose water 
level is controlled by a float valve operating upon the potable water 
supply line. Thé pump which delivers this water to the connections 
with the sewage treatment works piping should take its suction from 
this tank and no possible vacuum on the potable supply can contaminate 
it with any sewage. Individual connections with the potable supply 
when not required to be under pressure can be made over the top of the 
receiving connection with an air gap between the two. When the pota
ble supply must be used under pressure, a temporary hose or pipe con
nection can be used, so designed that the connection will be maintained 
only so long as the connecter is held in place by the operator’s hands. 
Such a connecter should be so designed' that it cannot be secured in 
place; otherwise the temptation to fix it in position and so save the op
erator trouble, is too great and it is apt to be wired or otherwise perma
nently fixed in place, thus defeating its very purpose.

Of course, no cross connection of any kind should be permitted be
tween a potable supply and one utilizing the plant effluent.

Everyone seems to be becoming increasingly color conscious. The 
various piping systems around a sewage treatment works can be color- 
coded to great advantage. Care should be taken to paint all lines carry
ing inferior water or plant effluent, with a distinctive and warning color 
and to paint all water lines with a similarly distinctive color.

But in the matter of cross connections as in all public health work, 
eternal vigilance is the price of safety.



CROSS CONNECTIONS IN SEWAGE PL A N T S*

By G. E. A r n o l d

Chief Water Purification Engineer, San Francisco Water Department

The subject of cross connections has been of particular inteiest to 
sanitary engineers for a number of years. In 1930, the Surgeon Gen
eral of the U. S. Public Health Service issued instructions to all state 
sanitary engineers to refuse certification to water supplies where cross 
connections existed within the water system. A cross connection is de
fined as a physical pipe connection between a potable water supply and 
any other source of water supply or fluid material which may permit the 
flow of a potentially dangerous material into a potable supply.

From the waterworks standpoint, the first attention in this line was 
given to wells, salt water, polluted rivers and other secondary sources 
of water supply. In 1933, an outbreak of amebic dysentery in two 
Chicago hotels focused attention on the danger of cross connections 
within building piping. Numerous articles have appeared in the tech
nical journals pointing out the danger of such cross connections. It 
should be of interest to sewage works engineers and operators to ex
amine their systems and plants for cross connections which may en
danger the health of the operators or residents of their communities. 
The purpose of this paper will be to outline the location of such cross 
connections as may exist and to suggest remedies for their protection or 
elimination.

Water works engineers have devoted much time and attention to the 
protection of their supplies. The source of the water is constantly 
surveyed for evidence of pollution, the water is carefully treated, con
stantly tested, and, in most cases, delivered to the consumers in first- 
class condition. All of this care and expense can be offset by danger
ous connections within consumers’ premises or by careless handling of 
the sewage disposal works of a community. A search of the literature 
will reveal many cases of water supply pollution with attendant out
breaks of disease caused by improper piping or careless handling of 
equipment.

In September, 1940, the following resolution was adopted by the 
'California Sewage Works Association:

Whereas : Cross connections between water supplies and sewage lines are known to 
exist at most sewage treatment plants and pumping plants, and 
Whereas: Such cross connections are a menace to the safety o f the water supply, 
through possible back-flow and back-syphonage, and
Whereas : There is need fo r  the operators to discover and correct all possible cross 
connections, including cooling lines to compressors and gas engines, pump prim ing 
and water seal lines, submerged inlets, including hoses, water-operated skimming 
nozzles, ehlorinator water feed lines, lines to venturi cleanouts and float wells and 
back wash lines to sludge and sand filters : now therefore

11 Presented at the Spring Conference of the California Sewage Works Assn Snnto n 
April 22, 1941. ’ o jnta Cruz,
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Be it resolved: By the California Sewage Works Association in convention assembled 
at San Diego, California, September 17, 1940, that operators o f sewage plants, pump
ing stations, and sim ilar structures be urged to study the problem o f cross connec
tions existing in such works, and take such steps as are necessary to protect the water 
supplies by a break in connection, vacuum breakers, and/or valves designed to pre
vent back-flow and baek-syphonage.
The foregoing resolution was prepared by the Board o f Directors persuant to unani
mous authorization o f the membership of the Association in convention assembled at 
the Hotel U. S. Grant, San Diego, California, on the seventeenth day o f September, 
1940.

This resolution mentions various places where cross connections 
may exist in sewage plants. The writer has visited a number of sewage 
plants recently with the particular purpose in mind of looking for such 
connections. Their prevalence is indicated by conditions found. In 
one plant, it was observed that water and sewage connections existed 
throughout the plant, performing a total of thirty-eight different func
tions within this one plant. In some cases, one operation or function oc
curred as many as ten or twelve times within the plant. The total num
ber of dangerous connections would, therefore, total a hundred or more. 
Following is a brief outline of such connections found in this and several 
other plants visited.

Water is used to some extent in the collecting and transmission 
works of a sewerage system. Collecting sewers are frequently flushed 
with a water hose connected to a fire hydrant. These flushing oper
ations are usually not of long duration and are always done in the pres
ence of an operator or other employee, but should a partial vacuum 
occur in the water system during such flushing operations, sewage 
might readily be drawn into the water system. In many buildings, 
water connections are made to sewer lines for the purpose of flushing 
them should a stoppage occur. This is a particularly dangerous prac
tice as sewers are likely to be flushed at any time without supervision 
or by persons unfamiliar with the dangers attendant. Storm sewers are 
frequently cleared of accumulated sediment by flushing with fire hoses 
from fire hydrants. Catch basins are sometimes cleared with water or 
water ejectors and agitators are used to dislodge deposited material. 
Water-sewage connections in buildings are too numerous to elaborate 
and are beyond the jurisdiction of the sewerage engineers but should 
be exposed and broken by plumbing inspectors.

Automatic flush tanks are frequently installed in main sewer lines to 
flush out deposits of sediment which tend to clog sewers. Most tanks 
are placed in the sewer or a manhole where they may become submerged 
at times of high flow or stoppage of the sewer. The water connection 
is open all the time and should any partial vacuum occur during submer
gence, sewage would be drawn into the water system.

As sewage enters the plant, the first operation performed is usually 
that of screening. Bar racks and screens are usually mechanically 
cleaned. In some instances, water is used to aid this cleaning oper
ation, either in the form of sprays or wash lines. Spray nozzles are 
sometimes located in such a position that they may become submerged
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at periods of high sewage flow. Hoses are sometimes used to was 
down racks and are occasionally allowed to drop into the sewage.

Shredders and grinders are also used in connection with screening 
operations, this equipment usually being washed by sprays, flush nozzles 
or hoses. In some cases, the ground or shredded material is carried 
back to the incoming sewage with water.

Meters are used in many places throughout sewage plants. They 
measure the incoming sewage, sometimes from several sources. The 
water used around the plant is also metered. Meters are installed at 
different points about the plant to measure the amount of material being 
handled, such as sludge, return or recirculated sludge, influent and efflu
ent from digesters, water and sewage in élutriation process, plant efflu
ent, and for other uses. In most cases, mechanical metering is employed 
and there is no water connection to the meter. In some cases, however, 
venturi meters are used and water is employed in the connections to re
corders and indicators. In a few cases, flushing water is connected to 
the meter to clear moving parts of obstructions. These meters are es
sential and in some cases water connections to meters are essential but 
in all cases the water should be protected against pollution by sewage.

Water is used for operation of chlorinating equipment, connections 
being made to injectors, for tray supply and for other uses. Under cer
tain operating conditions, it may be possible to contaminate the water 
supply with sewage.

Pumps are probably more numerous than any other pieces of equip
ment in a sewage works. Sewage is pumped from one point to another 
in the collecting system, is frequently pumped into or out of the treat
ment plant. Pumps are used on the influent lines ; to remove sand and 
grit from receiving tanks or sedimentation basins; to remove grease, 
scum, and other material; are used on raw and digested sludge lines; 
for pumping sludge to digesters ; to pump effluent around the plant and 
away from the plant ; and to pump filtrate from mechanical filters. 
In many cases pumps are equipped with priming lines and water seals. 
Vertical impeller pumps frequently require priming and in many cases 
a water line is connected to the pump to fill the case, thus priming the 
pump before it is started. Water lines are frequently connected to bear
ings and glands in sewage pumps to prevent cutting and wearing of the 
bearings by gritty sewage. The danger is always present that sewage 
may be pumped back into the water lines or may be sucked in by a par
tial vacuum in the water system.

Clearing sludge lines is a frequent activity in most sewage plants. 
Sludge deposits build up in pipes and impede or prevent the flow of 
sludge. In many cases, water connections are made to sludge lines to 
flush them, removing obstructions and deposits. Sludge lines are found 
on sedimentation tanks, sand traps, flocculating basins, raw and digested 
sludge lines and in mixing tanks. A stoppage of sludge lines may result 
in building up fairly high pressures which could force sewage into the 
water lines.

Sprays are used quite generally in sewage plants to remove scum 
grease, and other floating material. Sprays are found on clarifiers*



sedimentation basins, gTease removal tanks, flow chambers, elutriation 
tanks and in other places throughout sewage plants. Spray nozzles 
are customarily installed a few inches above the surface of the liquid in 
the tank or basin. They may, however, become submerged by stoppage 
of the drainage or overflow works or may be dropped into the tanks by 
failure of supporting devices.

Hose connections for washing and flushing are common throughout 
sewage plants. Hose bibbs are installed in many places and hoses con
nected to them for general use. Floors and working platforms are 
washed, basins and tanks are hosed down for cleaning, sludge lines and 
other pipes are equipped with hose connections for washing or flushing. 
In many instances hoses are connected to water faucets and left in place 
for use whenever needed. It is common practice to allow the open end 
of the hose to drop into a tank or basin and to be left there. The writer 
observed many such instances in plants recently visited. Sometimes, 
hoses are used to aid sprays running continuously or intermittently as 
needed. Hoses are also used for filling equipment and starting opera
tions after a plant has been shut down or drained.

Vacuum ejectors are frequently used around sewage plants for re
moving water from sumps and drainage basins. Pumps and other 
equipment are frequently located in pits and when this equipment is 
drained for maintenance or repair some material drains onto the floor 
of the pit where it is collected into a sump and a vacuum ejector used to 
empty the sump. These vacuum ejectors are invariably operated by 
water pressure. In a few cases air and water is used in combination to 
prevent the packing of sand or grit in sedimentation basins. These air

mail water ejectors are operated with high-pressure water.
Water is used in many other ways around sewage plants. Follow

ing are but a few of the uses: boiler makeup, digester heating coils 
itii makeup, digester seals, hydraulic valve cylinders, irrigation of grounds,
it in the laboratory, in toilets and showers.
sal It therefore appears that the use of water around sewage plants is
® quite essential and that in many instances water and sewage connections
I*! are made in such a manner as to be dangerous to the safety of the water
Id supply. The fact that this danger exists, and is apparent to the opera

tors was noted, in that bottled drinking water is supplied in many plants 
!fflf for the use of the operators and visitors. Under normal operating con-
,j ditions, the danger of back-siphonage or back flow from the connections

enumerated above is slight. Water pressures are in general much 
jjjt higher than sewage pressures. The sewage plant is invariably located

at the lowest elevation in the sewerage system where water pressures 
[fii are apt to be highest. However, normal operations in water systems
'ol|( frequently require shut-downs for maintenance or repairs, sometimes
,sti breaks occur which reduce the pressure in the water system and occa-
,sll’ sionally fires result in low pressure or even a partial vacuum in the
[I water piping. Sewage is probably the most dangerous material handled

in connection with water from a disease standpoint and extreme precau- 
Jfl) tion should be taken to assure continued safety of the water supply. In
,s some cases, it is permissible to install double check valves in a water line
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where a cross connection exists with another source of supply 01 
some potential hazard. In the writer’s opinion, however, double c ec 
valves are not sufficient protection in sewage plants because of t io na
ture of the material handled. In some cases, double check va ves are 
installed at each of the cross connections with sewage. For examp e, a 
small water line connected to the bearings on a sewage pump may e 
equipped with double check valves just ahead of the connection to the 
pump or a water line connected to several sludge lines for flushing may 
be thus equipped. This probably affords partial protection but should 
not be considered entirely satisfactory. In one case, blank flanges were 
installed in the water piping and a hose connection made around the 
blank flange to be used only when flushing operations were actually 
being made. It has been noted, however, that hoses are usually con
nected up and left in place between operations thus nullifying the effect 
of the blank flange. The common practice of allowing hoses to drop 
into tanks and basins containing sewage and leaving them there may be 
noted at almost any plant. The ideal situation for any sewage plant is 
to receive water from the domestic system by free-fall into an open tank 
and then to repump the water to obtain the desired pressure for water 
around the plant. This free-fall into an open tank should be through a 
pipe which is terminated above the overflow level of the tank.

Many sewage plants contain such a maze of piping that anyone not 
familiar with the design and construction of the plant may find it diffi
cult to determine which are water lines, which are sewage lines and 
which are chemical lines. Painting these pipes that carry different ma
terials a suitable color is a decided aid in tracing out the piping in the 
plant. In one plant recently visited, a suitable combination was noted. 
Here, all sewage lines were painted black; sludge lines were brown; 
water lines were blue; air lines were white; chemical lines were yellow. 
In another plant, the entire piping was not painted a distinctive color 
but a stripe of color was painted around each joint of pipe or fitting. 
With a system of this kind, it is easy to trace out the piping layout of a 
plant and to determine just what material is carried by each pipe in
spected.

There are on the market some valves mechanically designed to pre
vent back flow in a safe manner. One such valve is made by a West 
Coast manufacturer and is equipped with diaphragms and discharge 
outlets so operated that should a pressure in the discharge side or a 
partial vacuum on the inlet side occur, the valve would open with a free- 
fall to the drain. These valves can be set to operate at any desired 
differential in pressure and will function should these differential limits 
be exceeded. Such a valve installed in the main water line to a sewage 
plant would afford adequate protection and could be used in lieu of an 
open tank and repumping the water. These valves are, however, some
what expensive.

At one pumping station visited, the water used for seals in pumps 
and meters was discharged into an open tank from the public water sys
tem and was re-pumped for use in the plant thus affording a complete 
separation between sewage and water. In the same plant, there were



Vol. 14 , No. 3 CROSS C O N N EC TIO N S IN  SEW AGE PL A N T S 613

some connections for flushing sewage lines and removing deposited sedi
ment. These flushing connections were for hoses and the hoses were 
provided to connect the water piping to the sewage lines. A sign was 
conspicuously posted in this station which read, “ Hoses To Be Con
nected For Flushing Only When Essential And Are To Be Disconnected 
Immediately After Use. To Be Used Only Under Operator’s Super
vision. Safety Comes F irst.”

Every possible precaution should be taken to protect the safety of 
the operators in the plant and the public on a domestic water supply 
system from such potentially dangerous sources of pollution.

In passing, it is desired to bring to the attention of the Sewage 
Works Association the matter of hotel sanitation. The American 
Water Works Association for a number of years has insisted on certain 
sanitary precautions in any hotel used for a convention of the Associa
tion. Several other organizations adopted the same provisions. It is 
suggested that the Sewage Works Association give some thought to this 
matter as concerted action on the part of numerous organizations will 
be effective in rectifying serious health hazards which now exist in many 
hotels.

In making the examination of the hotels, a standard form was used 
to facilitate the work and assure complete inspection. This form listed 
the various pieces of equipment and piping layouts to be examined. Ap
pended to this paper is a proposed form to be used in examining sewage 
plants for cross connections. This form, while not complete or detailed, 
may be of some assistance to operators in following the suggestions out
lined in this paper.

C e o s s  C o n n e c t i o n s  i n  S e w a g e  P l a n t s

Type of Treatment....................... ............... ..
Population Served................................ ........... .
Date of Survey.................................................

Water Connections
Incoming Sewage
Meters................................................Bar Racks.  .........   Screens......... ...........................
Mechanical Cleaners  ............. ..Sprays..................................... ..Hose.......... ..............................
Grinders _........................................Shredders.................................Flushing _  ........................
Pumps............................................... .Sand RemovaL........................ Flush Tanks ...................
Sedimentation
Clarifiers ............  Sprays....................Skimmers...... .................Grease Pumps-------------------
Sedimentation Tanks...................... Coagulation Tanks. ......  Mixing Tanks  .............
Chemical Feeders.— .............. Sludge Lines.................. Sludge Pumps............... ..Hoses.... ................
Digestion
Digestor Water SeaL................... ..Heating Coil Makeup .............Sludge Pump.......................
Sludge Lines................................ .Seeding Pump..............................  Hoses..................................
Miscellaneous
Air Compressors..............................Laboratory ..Wash Rooms.......................... .....
Showers..  ............Toilets..........  ..Drinking Fountains...........  Filters............... .....
Pumps (all types)..........................Chlorinators..........................Wash-down Hoses................ ..........

Summary of Connections Found:
Work Done:

Inspector.................................................... ......................

Location of Plant............
Capacity. ______ ,.
Sources of Water Supply.



PLANT DESIGN FOR DISSOLVED OXYGEN *

B y  M. W. T a t l o c k

Superintendent, Sewage Treatment, Dayton, Ohio

Plans for the first sewage treatment plant for Dayton provided only 
primary treatment and indicated that secondary treatment would be 
necessary by 1935. When these plans were approved by the State De
partment of Health (June 27, 1927) one of the conditions attached to 
the approval read as follows: “ The date set forth as the time for con
sideration of additional treatment of sewage, namely 1935, is not ac
cepted by the Director of Health, but rather that this shall be made the 
subject of study by observation of actual conditions after the plant has 
been constructed and operation commenced; and, therefore, that when 
deemed necessary by the Director of Health, additional devices for the 
treatment of sewage shall be provided.” In compliance with this con
dition, preliminary studies on secondary treatment were begun by the 
writer about September 1, 1934.

S t r e a m  F l o w  a n d  D is s o l v e d  O x y g e n

An examination of all available records on stream flows, or thirty- 
five years data beginning in 1893, showed that there had been but one 
month when the average flow in the Miami River was less than 350 
cu. ft. per second. This fact caused the engineers to adopt 350 c.f.s. as 
the minimum flow which might be expected in their calculations of oxy
gen available to meet the demands of the treated sewage. On the basis 
of this fact and the analysis of numerous samples of the Miami River 
water the engineers reported: ‘ ‘ The average discharge of the river at 
Dayton, in September, 1923, has been estimated by the Engineers of the 
Miami Conservancy District as 558 c.f.s. I t is probable that with lower 
flows, such as the 350 c.f.s. estimated as the reasonable minimum to be 
expected in a ten-year period, a lower dissolved oxygen content of the 
river waters above Dayton would occur. It is impossible to predict 
with exactitude the minimum dissolved oxygen content which would oc
cur at times of minimum flow, but it seems reasonable to expect that the 
dissolved oxygen content would not drop below 7.0 p.p.m., which is 0.66 
p.p.m. less than the average found in our investigations.” These in
vestigations also indicated that the one-day oxygen demand of the 
stream would be 1 p.p.m. and the engineers assumed that 1.5 p.p.m. 
should be taken as the minimum to which the dissolved oxygen content 
of the river could be reduced, and still remain inoffensive and provide 
enough oxygen to support fish life. These facts and assumptions indi
cated that there would be 4.5 p.p.m. dissolved oxygen available for the

Presented at tlie Fourteenth Annual Convention of the Central States Sewage Works As 
sociation, Fort Wayne, Ind., Oct. 6, 1942.
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satisfaction of the one-day oxygen demand of Dayton sewage at times 
of extreme low flow (7.0 — 1.0 — 1.5 equals 4.5).

Data obtained after the plant went into operation indicated the fal
lacy of assuming that any stream will never be lower than past records 
indicate. Although thirty-five years flow records were available, and 
the average flow of the Miami River had never been below 350 c.f.s., the 
actual flow was lower than the estimated average for one month of 1930, 
three periods of 1932, and for six periods of 1934. Table I  shows the 
stream flows for the years 1930 to 1934.

T a b l e  I .—Stream Flows—Average Monthly C.F.S.

Period * 1930 1931 1932 1933 1934

1 13,792 435 7,520 5,410 935
2 5,876 550 3,240 1,850 369
3 3,077 890 1,952 5,650 1.321
4 1,619 2,155 1,780 6,320 1,935
5 804 1,105 785 10,230 460
6 693 427 455 2,070 352
7 492 514 1,627 880 407
8 313 921 334 613L 217
9 453 714 165 595 343

10 426 520 265 1,480 341
11 400 480 443 542 288
12 423 806 1,695 543 264
13 4,090 2,820 1,078 294

* Beginning 1931, all plant records are based on-a thirteen period calendar, instead of the 
regular twelve months calendar.

The italicized average figures indicate the flows which are equal to or less than the estimated 
monthly minimum average flow.

The effect of these reduced stream flows on the dissolved oxygen and 
five-day B.O.D. for the aggravated period of 1934 is shown in Table II. 
These data indicate that for six of the last eight periods of the year the 
dissolved oxygen in the stream above the plant was below the allowable 
average of 4.5 p.p.m., and that it was above the average only during 
November and December, after cooler weather prevailed. The effect of 
the addition of Dayton sewage is indicated by the reduced dissolved 
oxygen content, particularly at Stations “ C,” “ D” and “ E ,” located 
2M> miles, 4 miles and 5% miles below the plant outfall. Station “ A ” 
is V2 mile above the plant and Station “ B ” is within V2 mile of the plant 
outfall, and just below a riffle which gives adequate mixing of sewage 
with the water. Station “ F ” is 7 miles below the plant outfall, and 
just above a dam which forms a pool extending upstream to the riffle 
just below the plant. The stream had all the visible appearance of a 
grossly polluted stream during the latter portion of the year.

The observed stream conditions, and the conditions of approval of 
the State Department of Health, indicated the necessity of immediate 
action to relieve the conditions before legal action was instituted by 
offended neighbors below the plant. On January 19, 1935, a report was
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T a b l e  I I . — Dissolved Oxygen—Low Water Stages 1934

Period Flow, C.F.S.
Sampling Stations

A B c D E F

6 352 4.2 3.6 0.8 0.8 1.3 3.2
7 407 3.4 3.5 1.5 2.1 1.4 2.1
8 217 2.3 3.2 0.0 0.9 0.7 1.9
9 343 3.3 3.7 1.9 1.2 1.4 2.5

10 341 4.0 1.3 1.6
11 288 4.2 3.7 0.6 0.6 0.6 1.0
12 264 8.5 4.3 2.4
13 294 5.8 5.1 4.5

Average 313 4.5 3.5 1.0 2.0 1.1 2.4

T a b l e  I I I . — 5-Day B.O.D.—Low Water Stages 1934

Period Flow, C.F.S.

Sam pling Stations

A B c D E F

6 352 5.6 18.7 10.1 10.8 7.8 8.4
7 407 2.8 19.0 4.8 5.4 6.2 7.1
8 217 12.7 17.2 8.0 18.0 ' 1.6 15.0
9 343 20.8 27.2 2.4 5.6 4.8 10.0

10 341 2.0 10.0 7.3
11 288 1.8 24.0 6.7 10.6 5.0 4.7
12 264 3.8 15.5 6.6
13 294 2.6 13.5 7.3

Average 313 5.3 18.8 7.2 11.1 5.1

oq00

filed by the writer with the Director of the Department of Water of the 
City of Dayton, which recommended the employment of the necessary 
help to prepare detailed plans for a trickling filter plant, since this type 
of secondary treatment had been proven to provide constant perform
ance under many varying conditions, and 90 to 95 per cent reduction 
in five-day B.O.D. might be expected. This action was advisedly taken, 
for on February 15, 1935, the following communication was received by 
the City Manager from the State Board of Health: “ You will reeail 
that assistant engineers of this Department have from time to time 
visited the Dayton plant, checked its operation and observed the stream 
conditions. During the past year these stream conditions point de
cidedly to the necessity for further treatment of the Dayton sewage 
before disposal of the effluent into the Miami River, if proper cleanli
ness is to be obtained in this stream and a nuisance, as a result of Day
ton sewage, prevented. It is the judgment of this Department that 
these additional devices should now be constructed as promptly as pos
sible. ’ ’ Final plans were submitted to the State Department of Health
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on June 29, 1935. Approval was given and construction was begun on 
January 28, 1936, under the Federal Works Program known as the 
W.P.A.

The design of the hydraulic features of the secondary units was 
much easier because the original plant plan had been laid out with the 
idea that the added secondary treatment would likely be trickling filters, 
and the Imhoff tanks had been built at a high enough elevation to permit 
gravity flow to the filter dosing tanks, to provide sufficient operating 
head for reaction-type rotary distributors, to allow ft. for filter 
depth, and still keep the overflow weirs of the final settling tanks above 
maximum high water in the Miami River. This established weir eleva
tion was 18 ft. above the minimum low water stage.

The polluted conditions of the river indicated that the most improve
ment might be expected if the plant effluent carried a low five-day 
B.O.D. and a high dissolved oxygen content. The 18 ft. difference in 
elevation between the effluent weirs and the low water stage offered an 
opportunity for design features to utilize possible natural aeration 
processes. The total distance from the final tanks to the river was 
1450 feet. An effort was made in the final design to utilize the 18 ft. 
fall in every possible manner along the entire 1450 ft. from the final 
tanks to the river.

The use of V-notch weirs, with the weir tops 4% in. above the con
crete, allowed full exposure of the sewage to the air from the under
neath side from each sewage stream, as well as the top surface. Each 
individual stream dropped onto the concrete ledge and over a 45 deg. 
slope into the collecting troughs, providing as complete exposure as 
possible to surface aeration. The effluent, after leaving the settling 
tank collecting troughs, flows through 50 ft. of open channel with three 
5-in. drops, all of which cause great turbulence and considerable oxygen 
absorption, then through 250 ft. of closed conduit, from which it drops 
over a 3 ft. 8 in. fall into a large storm sewer, 6 ft. square in cross sec
tion. Four hundred and ten feet from this point this sewer opens into 
an open paved ditch, the bottom of which is a segment of a circle with 
a 6 ft. chord and 6 in. depth. The slope of this ditch (0.4 per cent) is 
sufficient to produce a ripply surface over the full width of the stream, 
and to provide excellent surface aeration. This section of the ditch is 
440 ft. long. The last section of this ditch, 300 ft. long, has a grade of 
1.38 per cent and large granite boulders were embedded in the concrete 
bottom for 100 feet, providing great turbulence and exposure to the air. 
The outfall end of this channel was set 2 ft. above low water stage so 
that there would be this added fall for oxygen absorption when the 
river stages were lowest and the best effluent was required.

The following data tables are given to show what these design fea
tures are accomplishing toward producing an effluent which provides 
protection to the receiving stream. The samples were taken on dif
ferent days, at different times of the day, and at the indicated stations 
along the entire effluent channel, or conduit.



T a b l e s  IV, V, VI, VII, VIII a n d  IX

Station “ A ” —Behind effluent weirs in the tank.
Station ‘‘B ’’—Entrance covered conduit, 50 ft. from tank. 
Station “ C”—End of storm sewer, 710 ft. from tank.
Station “ D ”—End of 440 ft. open ditch, 1150 ft. from tank. 
Station “ E ”—End of 300 ft. open ditch, 1450 ft. from tank.
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D is s o lv e d  O x y g e n  T es ts  o n  S e w a g e  P l a n t  E f f l u e n t , D a y t o n , O h io  

T a b l e  IV  T a b l e  V

D ate Tim e

Station

A D E

6/5/41 9:00 A.M. 4.2 6.6 7.1
10:00 A.M. 5.0 6.7 7.3
11:00 A.M. 5.1 7.4 7.5
12:00 Noon 5.1 7.2 7.6
1:00 P.M. 5.2 6.9 7.4
2:00 P.M. 4.8 7.0 7.5
3:00 P.M. 4.9 6.7 7.1
4:00 P.M. 5.0 6.5 7.2

Average. . . . 4.9 6.9 7.3
Maximum 5.2 7.4 7.6
Minimum 4.2 6.5 7.1

D ate Tim e

Station

A D E

6/6/41 9:00 A.M. 3.0 5.5 6.4
10:00 A.M. 3.4 5.8 6.5
11:00 A.M. 4.2 5.7 6.5
12:00 Noon 4.4 5.9 6.9
1:00 P.M. 4.6 6.9 7.5
2:00 P.M. 5.0 6.3 7.3
3:00 P.M. 4.6 6.5 7.2
4:00 P.M. 4.5 6.1 7.0

Average.. . . 4.2 6.1 6.9
Maxim um .. 5.0 6.9 7.5
Minimum 3.0 5.5 6.4

D is s o lv e d  O x y g e n  T ests  o n  S e w a g e  P l a n t  E f f l u e n t , D a y t o n , O h io

T a b l e  V I T a b l e  V II

D ate Time

Station

A D E

6/7/41 9:00 A.M. 3.2 5.8 6.6
10:00 A.M. 3.9 6.2 6.9
11:00 A.M. 4.5 6.4 6.7

' 124)0 Noon 4.8 6.4 7.0
1:00 P.M. 4.7 6.7 7.4
2:00 P.M. 5.0 6.5 7.2
3:00 P.M. 5.3 6.5 7.1
4:00 P.M. 4.7 6.3 6.7

Average.. . . 4.5 6.3 6.9
Maximum . 5.3 6.7 7 4
Minimum 3.2 5.8 6.6

Station
D ate Tim e

A B C D E

6/13/41 9:30 A.M. 3.6 4.1 5.9 6.0 6.2
10:45 A.M. 4.3 4.5 5.9 6.1 6.6
1:00 P.M. 4.5 4.7 6.2 6.6 7.1
2:00 P.M. 3.8 4.4 6.0 6.1 6.6
3:45 P.M. 3.9 4.3 5.7 5.7 6.2

Average. . . . 4.0
4.5
3.6

4.4
4.7
4.1

5.9
6.2
5.7

6.1
6.6
5.7

6.5
7.1
6.2

Maximum..
M inim um. .
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T ab le  V I I I  T able IX
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Date Time
Station

A B C D E

6/14/41 8:45 A.M. 4.3 4.9 6.2 6.3 6.8
10:00 A.M. 5.0 5.1 6.2 6.4 6.5
11:15 A.M. 5.3 5.4 6.4 6.6 7.0
12:30 P.M. 5.0 5.5 6.4 6.5 6.6
2:30 P.M. 4.8 5.3 6.4 6.6 6.7
3:30 P.M. 4.6 4.9 6.3 6.3 6.5

Average. . . . 4.8 5.2 6.3 6.4 6.7
Maximum. . 5 3 5 5 6 4 6 6 70
Minimum 4.3 4.9 6.2 6.3 6.5

D ate Tim e

Station

A B c D E

9/9/41 1:30 P.M. 4.7 4.7 5.8 5.9 6.9
9/11/41 3:00 P.M. 4.6 4.9 5.9 6.1 6.5
9/12/41 4:00 P.M. 4.7 5.1 6.2 6.3 7.1

The graph shows the profile of the effluent channel and the increased 
dissolved oxygen at the sampling stations indicated. The average D.O. 
content on the test days was used in plotting these graphs.

An examination of these data indicates that each portion of these 
channels is serving well in supplying dissolved oxygen to the effluent, 
and that the sewage delivered to the river, carrying an average of 6.9 
p.p.m. and a minimum of 6.2 p.p.m. dissolved oxygen on the test days 
is well above the minimum required to avoid indications of pollution.
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Proof of the high degree of treatment and prevention of stream po u- 
tion given by the trickling filters and final settling tanks is shown m 
the following Table X, which shows the condition of the Miami River 
during the 1941 dry season:

T a b l e  X .—Stream Survey—Miami River, Summer 1941

D ate

Station  A Station B Station  C Station  D Station  E Station  F

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

June 25 8 .2 8.3 7.5 11.5 6.7 9.3 5.8 7.5 6.7 7.5 6.7 8.0
July 2 7.3 5.5 6.9 8.5 6.4 4.3 4.8 5.5 6.4 6.3 6.9 4.0
July 9 6.6 6.3 6.9 4.7 6.6 6.0 6.5 6.3 6.5 6.6 6.0 6.3
July 17 6.6 2 .8 7.2 1 1 .8 6.7 5.8 5.3 7.5 6.4 6.0 6.1 5.5
July 23 6.7 5.5 7.7 10.3 6.0 4.5 6.7 3.8 6.4 3.5 8.2 2.5
July 30 6.1 6.8 6.2 14.0 4.8 7.8 4.6 8.8 4.7 5.0 7.3 5.3
Aug. 6 6.2 7.3 5.6 4.5 3.5 5.5 3.4 4.0 3.7 2.0 6.0 3.8
Aug. 13 6.3 8.8 5.6 6.0 3.5 7.3 3.1 5.3 1.7* 5.3 2.1 6.5
Aug. 20 6.5 3.5 6.4 Lost 5.5 Lost 5.7 Lost 4.6 Lost 5.0 Lost
Aug. 27 7.0 8.3 6.6 6.5 4.7 5.8 3.8 7.3 3.6 4.3 6.6 6.5
Sept. 4 5.1 6.5 4.8 3.5 2.7 3.8 2.3 3.3 2.6 3.5 2.7 2.0
Sept. 11 5.7 3.5 5.7 12.8 2.9 4.0 2.8 2.0 3.1 2.5 3.5 6.3
Sept. 17 5.1 3.5 4.9 13.3 3.0 3.3 3.0 5.0 3.3 1.3 3.3 1.8
Sept. 24 
Oct. 1

5.1
5.6

6.3 6.1
6.0

15.2 2.5
3.6

7.1 2.9
4.2

5.6 3.6
4.2

4.1 4.3
4.1

5.0

* Result of flash run-off (1.8 ft.) on August 11, and moving downstream.

The average one-day B.O.D. at Station “ A ,” above the treatment 
plant, for the period covered in Table X is 1.73 p.p.m. which is above 
that used in the original Engineers’ report, and the minimum D.O. (1.7 
p.p.m. on August 13) is still above the minimum estimated by them to 
be necessary to maintain the river in an inoffensive condition and to 
provide enough oxygen to support fish life. The river condition, shown 
by the table, is more remarkable when the present low water stage is 
considered. The river has never been lower than at the present time.

T a b l e  X I .—River Flow C.F.S.

D ate
D aily  Flow

M aximum M inimum A verage

August, 1941...................................... 690 130 240
First half of September, 1941........... 560 90 191
Last half of September, 1941........... 238 90 132

In spite of stream flows well below any ever contemplated, either at 
the time of construction of the primary treatment plant or at the time 
of design of the secondary treatment units, the Miami River below the 
Dayton Sewage Plant shows no evidence of pollution. Not many op
erators have an opportunity to design, to supervise the construction of, 
and to operate their own plant, and the biggest thrill of my life is to 
be able to say “ I t  W o r k s ! ”



EXPERIENCE W ITH SLUDGE ELUTRIATION AT THE  
METROPOLITAN DISTRICT SEWAGE TREAT

MENT PLANT, HARTFORD, CONN.*

B y  G eorge H .  C r a e m e r

Engineer-in-Charge, Metropolitan District Sewage Treatment Plant, Hartford, Conn.

With the formation in 1928 of a “ Commission for the Study of Sew
age Disposal and Stream Purification” in relation to the City of H art
ford and the adjoining Connecticut River, one of the first duties of 
the Commission was the retaining of Metcalf and Eddy of Boston, Mass. 
as consultants. Late in 1929 they submitted a comprehensive report, 
including extensive studies based on data assembled by the consultants 
with the assistance of the Department of Engineering of the City of 
Hartford. Recommendations of the consultants for the construction of 
a sewage plant and intercepting sewers were embodied in a Report 
which in 1930 was turned over to the newly organized Metropolitan Dis
trict. Problems of water supply and collection and disposal of wastes 
were recognized as intertown functions and the primary reason behind 
the formation of the District was the facilitation of administration of 
such functions.

Inasmuch as the City Engineer of Hartford became ex-officio Man
ager of the Bureau of Public Works, the Department of Engineering of 
the City of Hartford undertook the design of the treatment plant for the 
Bureau of Public Works of the Metropolitan District. The firm of 
Metcalf and Eddy was again retained, this time as consultants on basic 
design and for review of plans and specifications prepared in the City 
Engineer’s office.

The plant at present treats all the sewage, with small amounts of 
industrial wastes, of the City of Hartford and Town of West Hartford 
and, in addition, now serves the Blue Hills District of Bloomfield and 
the north central (Folly Brook Valley) portion of Wethersfield. The 
present population served by the plant is approximately 200,000. This 
produces a flow of approximately 25 m.g.d. with variations in night and 
day rates from a minimum of 15 m.g.d. to a maximum of about 30 m.g.d.

The plant is designed for a population increase of 50 per cent, which 
may be expected to occur within the next 20 years, resulting in a total 
population tributary to the plant of 300,000 and an ultimate flow of 
about 40 m.g.d.

Hydraulics of the plant will permit the passage of a total flow of 85 
m.g.d. or approximately twice the normal rate. This permits storm 
water to flow to the plant from combined sewers in Hartford up to an 
amount approximately equal to the sewage. The excess is by-passed at 
a series of overflow structures beginning about two miles upstream of 
the plant.

* Presented at the Twelfth Annual Meeting of the New England Sewage Works Assn., 
Providence, E. I., Sept. 19, 1941.
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The various stages of treatment are shown in the diagram. Plain 
sedimentation, digestion, elutriation and vacuum filtration compose the 
main stages. The units themselves are as follows:

4 Coarse Racks, mechanically cleaned.
1 Shredder, for reduction of screenings.
4 Grit Chambers, 60 ft. long, 1 ft. per sec. velocity, with mechanical 

collectors.
1 Venturi Meter, 100 m.g.d. capacity.
8 Sedimentation Tanks, each 68 ft. wide by 100 ft. long and 9 ft. deep,

2 to 3 hour detention period. Mechanical sludge collection and
skimming. Aeration in influent channels.

8 Sludge Pumps, and 4 Scum Pumps.
4 Digesters, 50 ft. dia., 30 ft. deep, heated, with provisions for gas col

lection and utilization.
2 Mixing and 2 Settling Tanks, for elutriation of digested sludge.
2 Conditioning Tanks, for addition of ferric chloride, etc.
2 Vacuum Filters (350 sq. ft. each), for sludge.

At the time studies were being made as to the type and method of 
treatment of the sewage from the Metropolitan District, emphasis was 
placed on the yearly cost of operation of.the plant. When the method 
of dewatering the digested sludge, namely by vacuum filtration, was 
being studied, the cost of the chemicals necessary to accomplish this 
purpose was estimated inasmuch as this cost is a considerable part of 
total expenditures. With this thought in mind, Mr. W. A. D. Wurts, 
at present Assistant City Engineer of Hartford, and at that time(1934) 
in charge of all design work in preparing plans for the sewage treat
ment plant, made a very thorough and comprehensive study of the var
ious experiments, tests and trial runs which Mr. A. L. Genter, of Balti
more, had made some two years previously. Mr. Genter had conducted 
a series of laboratory tests to determine whether or not the amount of 
ferric chloride necessary for sludge filtration could be reduced. His 
experiments led him to believe that a material saving could be effected 
by the adoption of a process worked out as a result of these experiments, 
which process has been called ‘ ‘ elutriation of sludge. ’ ’

The Baltimore authorities conducted an extensive group of field ex
periments on elutriation which began in August, 1933, and were con
tinued in May, 1934. These tests were on a commercial scale and were 
conducted at the Baltimore sewage plant by Mr. C. E. Keefer, Principal 
Assistant Engineer, and Herman Kratz, Junior Chemist, both of the 
Bureau of Sewers of the City of Baltimore. These experiments indi
cated that elutriation reduced by more than 50 per cent the amount of 
ferric chloride necessary to coagulate digested sludge prior to filtra
tion. This process, after having been in use during the past three years 
at the Hartford plant, has substantiated the results of these exper
iments.
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E l u t r ia t io n

Digested sludge when withdrawn from the digestors is still m a 
semi-liquid state. It cannot be disposed of on a dump or sold or given 
away to gardeners until it is dried. At the Hartford plant, as at many 
of the modern plants throughout the country, the rotating drum type of 
vacuum filter is used for the drying operation in lieu of the tremendous 
acreage of open or glass greenhouse covered sand beds. Prior to filtra
tion Genter’s ‘ ‘ counter-current ’ ’ elutriation process is employed. Two 
mixing tanks and two sedimentation tanks (see flow diagram) are used. 
Digested sludge is mixed in the first mixing tank with water from the 
top of the second sedimentation tank. The mixture then passes into the 
first sedimentation tank, from which the supernatant water overflows, 
returning through the entire plant. The solid matter settling in the 
first sedimentation tank is transferred to the second mixing tank and 
there mixed with approximately three times its volume of clean water 
pumped from a group of 36 well points driven into the coarse sand 
underlying the plant. This mixture is settled in the second sedimenta
tion tank and the supernatant water overflows to the first mixing tank 
as stated above. The sludge passes to the conditioning troughs and 
then to the filters.

The mixing tanks at the Hartford plant are about 8 ft. square, 10 ft. 
deep and contain a vertical paddle agitator driven by a variable speed 
motor. The settling tanks are 85 ft, long, 24 ft. wide and 10 ft. deep 
with two scraper collector units per tank. These units are similar in 
principle to those used in the primary sedimentation tanks. No cross 
collectors are used, however, there being three hoppers at the ends of 
the tank. A withdrawal pipe leads to each hopper.

R e s u l t s  of E l u t r ia t io n

The results of two years of operation with elutriation have shown 
the following advantages:

(1) Lower consumption of ferric chloride showing decided savings 
per year in plant operation.

Ave. rate FeCl3, dry solids basis.................... 2.51 per cent
Per cent moisture in filter cake...................... 61.9
Yield = lb./sq.ft./hr. from filters...................  6.13

In arriving at a figure showing the savings per year by this process, 
it is interesting to note the results of the Baltimore experiments in de
termining the probable saving in chemical costs. Voluminous tabula
tions and graphs of the results of these tests appear in This Journal for 
September, 1934. These results show that at any rate of filtration 
the coagulant necessary for elutriated sludge is approximately four- 
tenths of that necessary for unelutriated sludge.
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Using this figure for comparison it is safe to assume that 5.6 lb. of 
FeCLj would be used for 100 lb. of solid matter for unelutriated, against 
2.5 lb. of FeCls for elutriated sludge, at the same filter rate.

C o m p a r is o n  of C osts

In the following parallel tables the cost of filtration of elutriated 
sludge has been compared with the cost of filtering unelutriated sludge.

Flow through plant 23 m.g.d.
1 filter in operation—4 days per week—6 hr. per day.

Filtration of Filtration of
Elutriated Unelutriated

First C ost Sludge Sludge

Filtering apparatus and accessories. . .   135,000 $35,000
Coagulant feeding apparatus, etc............................  5,000 6,000
Piping and valves..................................................... 4,500 2,400
Sludge pump, etc...................................................... 5,500 3,200
Elutriation tank and machinery.............................  35,000 0
Royalties................................................................... 6,000 0

Total first cost $91,000 $46,600
Add. Cost (Chargeable to Elutriation $44,400)

Yearly— Operation Costs

Interest (at bond issue rate, 3 per cent)  2,730 1,398
Depreciation 5 per cent........................................... 4,550 2,970
Power........................................................................ 3,500 2,330
Attendance...............................................................  4,300 4,300
Lime (Ferric chloride).............................................  2,760 7,900

$17,840 $18,898
Saved at present $1,048 per year.

However, it is estimated that when the time arrives at which the 
normal designed flow of 40 m.g.d. is reached, necessitating the longer 
operation of the vacuum filters, an investment of approximately $44,000 
will result in an annual saving of approximately $2,800.

(2) Another interesting feature in connection with elutriation is the 
fact that the period of digestion can be shortened. Results at the H art
ford plant have shown that 15-day digested sludge can readily be fil
tered, although the consumption of ferric chloride is greater and rates 
as high as 3.5 per cent FeCl3 (dry solids basis) have been reached. 
However, the sludge (elutriated) is readily filtered, output is good but, 
as stated above, more FeCl3 is necessary. This fact results in material 
saving in digestion space and capital investment. In Hartford the 
original plans called for digestion tanks approximately 70 ft. in diam
eter, to provide 60-clay digestion, as compared with those of 50 ft. in use 
today at 30-day digestion. This reduction resulted in a saving in origi
nal cost of approximately $59,800 and if this figure be used to offset the 
cost of the elutriation tanks, machinery, etc., as stated heretofore the
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resulting saving in original cost including royalty charged would be as 
follows:

Saving in construction due to smaller digestion tanks 
Cost of elutriation tanks and equipment.....................

$59,800
56,000

Saved by using elutriation $ 3,800

S l u d g e  O dors E l im in a t e d

Filter cake from the sludge has little or no odor, with no noticeable 
odor around elutriation tanks. Filter cake taken to borrow pit and de
posited therein produces no odor. I t is unnecessary to cover the ma
terial when dumped.

Since lime is not needed for coagulation, there is no expense for 
handling and storing lime, dry feeders, and a separate room to prevent 
lime dust from spreading through the building.

Filter cloths used at the plant are of wool with a nap. They have 
given approximately 800 actual working hours apiece and even at the 
end of this time, when replaced, showed no signs of deterioration. How
ever, the nap itself was worn and clogging of the pores had caused an 
increase in FeCL consumption to approximately 3 per cent. Although 
washing the cloths with a dilute solution of muriatic acid had helped to 
relieve the clogging, it was not a permanent solution. This clogging of 
the cloth seemed to a certain extent to he due to the use of chemicals 
other than FeCl3 in conducting experiments with coagulation of the 
elutriated sludge. When cloths have been removed from filter drums 
there has never been any evidence of the blinding of wire mesh in the 
filter itself.

The results obtained from the utilization of the elutriation process 
at Hartford have been most gratifying. Ferric chloride rates as low as 
1.2 per cent have been reached with yields of 9 to 10 lb. per sq. ft. per hr. 
and moisture content of sludge cake at 60 per cent. However, during 
operation for the past two years certain changes have occurred which 
have resulted in higher ferric chloride consumption. After approxi
mately a year of operation there was a noticeable lack of ground water 
available for the washing of the digested sludge. This water is derived 
from a series of well points (36 in number) set at the plant and driven 
down into what was presumably coarse sand. Various means of blow
ing these points were tried, but no increased output was obtained. Bor
ings were then taken at the site and evidence showed that the points 
themselves were inadequate in length. The points were pulled, the 
proper length added, and they were redriven. At the present time suffi
cient water is available to obtain washing in the ratio of 7 to 1 if need be, 
although the ratio used at present is approximately 5 to 1. It may he of 
interest to compare the results of filtration with inadequate water with 
those when this deficiency was corrected.

L o n g  L if e  of F il t e r  C l o t h s
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Taken from monthly summary of daily records :

Per Cent of Volatile, D ig. Sludge W ater R atio

June, 1939................................................ 40.1 3 to 1
April, 1941................................................ 43.0 1.9 to 1
May, 1941................................................ 38.6 5 to 1

F eC h  A ve. Rate, Cake, Filter Rate,
Per Cent D ry Solids Per C ent M oist. Lb./Sq. Ft./H r.

June, 1939................................................ 2.09 60.9 7.86
April, 1941............................................... 3.07 68.2 6.49
May, 1941................................................ 1.51 61.4 9.04

Accurate measurement of the sludge withdrawn from the digestion 
tanks is necessary when the elutriation process is used in order that the 
sludge may be washed with a proportionate amount of water. At the 
Hartford plant, digested sludge withdrawn, sludge pumped from eleva
tion Tank 1 to Tank 2, and water used in washing and recirculation are 
measured by Venturi meters and passed through what are called rate 
controllers. These are motor-operated valves, adjustable for any de
sired quantity.

The valves measuring water have given no trouble, but those meas
uring sludge have a tendency to stick and register inaccurate readings. 
This is due to the gas in sludge and also to a certain amount of grit con
tained therein. The remedy for this, however, is a periodic checkup, 
flushing, etc.

M ix in g  T a n k s

The only trouble encountered and now corrected was the lack of 
lubrication to the lower bearing of the shaft holding the paddles of 
agitators. Grit is deposited on the floor of the mixing tanks and must 
be removed at least once each year. This grit had a tendency to get 
into lower bearing, causing it to freeze. As this bearing was sub
merged it was necessary to pipe grease down to it from above. This 
was done and grease is now fed to the hearing at sufficient intervals to 
prevent this condition from recurring.

S e d im e n t a t io n  T a n k s

  s
The design of tanks is such that no cross-collecters are employed. 

There are three hoppers at the influent ends. This has led to quite a 
variation in the density of the elutriated sludge. Naturally, when 
sludge is withdrawn the heavier is at the bottom of the hopper and the 
lighter at the top. As this variation in sludge density occurs every time 
the operator makes a change in withdrawal from one hopper to another, 
it is necessary to change the rate of feed at the FeCl3 feeders. This re
quires the operator to change the FeCk feeder at various times during
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a day’s run. However, if a cross collecter were utilized this variance in 
density would not be so great nor so frequent.

Arching of the sludge in the hoppers requires that the operator 
paddle the sides of the hopper, which would probably be unnecessary 
with a cross collecter and one main hopper instead of three hoppers as 
at present.

Another difficulty experienced has been in winter operation of the 
élutriation tanks. During severe low temperatures there has been a 
tendency for ice to form on the tops of the tanks, during the interval of 
shutdown over night. This has necessitated the use of labor and time 
lost in breaking up and removing the ice to prevent any damage to the 
wooden flights. Covering or enclosing the tanks would help solve this 
problem.

In conclusion let me make the following comments in regard to élu
triation as experienced at the Hartford plant :

(1) Sufficient water for washing the sludge is necessary.
(2) Elutriated sludge with a uniform density of approximately 92 

to 94 per cent moisture leads to excellent filter results.
(3) Time of digestion affects filter output even with good élutri

ation. However, sludge of only 15 days digestion may be filtered with 
slight increase of FeCl3 consumption.

(4) Best results in output of filter at Hartford plant are obtained 
by keeping pH of filtrate between 6.0 and 6.3.

(5) The yearly cost of operation has justified the initial sum in
vested in the equipment, etc. necessary for élutriation.

(6) Hartford plant operators are certain that élutriation is a satis
factory link in the chain of operations leading to successful sewage 
treatment.

I wish to acknowledge the privilege of using certain material pre
sented by Mr. W. A. D. Wurts, Asst. City Engineer, Hartford, before 
the 54th Annual Meeting of the Conn. Society of Civil Engineers at 
Hartford, March 16, 1938.



SEPARATE SLUDGE DIGESTION PROBLEMS*

B y  W a l t e r  K u n s c h

Supt., Danbury, Conn. Sewage Treatment Plant

Separate sludge digestion in Danbury is in its tenth year. During 
this time it has had many ups and downs, in fact there were few ex
tended periods of normal operation. Lack of tank capacity has not 
been the reason for this. Rather, the reason has been the lack of equip
ment for process control.

This paper is concerned strictly with our local problems. In fact, 
it is an epic of problems and their solution, or perhaps dissolution, 
which I hope you will find interesting and amusing.

G e n e r a l  I n f o r m a t io n

The Danbury plant receives the domestic wastes of 22,000 people 
and the industrial waste of several hat and fur factories. The latter 
waste contains considerable hat fur, which has given the plant operator 
much grief throughout the years. From 1897 to 1931 raw sewage was 
dosed directly on sand filters without preliminary treatment. In an 
attempt to eliminate the rapid clogging of filters the city built the first 
units for the removal of solids in 1930-31. These units consisted of 
hand-cleaned bar screens, grit chambers, two square settling tanks with 
Dorr mechanism, whose capacity is 3% m.g.d. at two hours’ detention, 
also a cylindrical digester with Dorr mechanism, % acre of sludge beds, 
a sludge pump, and other appurtenances. The plant capacity was in
creased between 1934 and 1936 to 6 m.g.d. Additions consisted of a 
mechanically cleaned bar screen and detritor, two Riensch-Wurl fine 
screens with % 2 in. slot openings, for the removal of hat fur, two rec
tangular settling tanks and a rectangular digester, all with Link-Belt 
mechanism, four round trickling filters with American Well Works 
motor-driven rotary distributors, chlorination equipment for odor and 
fungus control, and final settling tanks. These latter secondary treat
ment units replaced the sand filters for all normal flows although the 
remaining sand filters provide treatment for short storm flows up to 
14 m.g.d.

D orr D ig e s t e r  C o n s t r u c t io n  a n d  P r o b l e m s

The Dorr digester is 55 ft. in diameter and 20 ft. deep, having a ca
pacity of 47,000 cu. ft. or 2.25 cu. ft. per capita. I t is of the fixed-cover 
type with the familiar roof truss which carries the weight of the mech
anism. The center shaft is driven by a worm and gear from a 3 lip. 
motor and carries sludge stirrers at the bottom and scum breaker arms 
at the top. The overflow level is 5 ft. above the settling tanks, 20 to 30

* Presented at the Twelfth Annual Meeting of the New England Sewage Works Assn., 
Providence, R. I., Sept. 19, 1941.
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ft. above the sludge beds, and 16 ft. above the pumps. Originally there 
were three coils of 2-in. heating pipe rising from 2 to 8 ft. ahove the 
tank floor and placed so that they hung 8 in. from the sidewalls. A 
fourth coil was added in 1938. There are four manholes on the tank 
periphery, three containing pipes for the removal of scum to the sludge

F ig. 1.— General view of plant. Foreground, le ft to right: Dorr settling tanks, Link-Belt 
settling tanks and digester, Dorr digester mound. Background: Trickling filters.

F ig. 2.— Foreground: Sludge drying beds. Background, le ft to righ t: Dorr digester mound, 
sludge control buildings, fine screen building.

beds, the fourth being the overflow manhole, with a pipe carrying super
natant liquor to the Link-Belt settling tanks. Only one outlet, 2 ft. 
below the roof, is provided for supernatant liquor.

Baw sludge was first pumped to this digester in March, 1932. The 
meager records of those days do not indicate the exact manner in which 
the tank was started. It is known that an average of 100 lb. of lime per 
day was added for four months until the pH outfit, which had not been 
acquired till near the end of this period, recorded 7.6 + . Gas in suffi
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cient quantities for measurement was obtained two months after oper
ations started.

It was not long before the presence of hat fur in the digester made 
itself known. Little or none of this waste could be removed on bar 
screens and in consequence the greater percentage of it was pumped to 
the digester with the raw sludge. Here it began to pile up as scum, in 
ever-increasing depth and solidity. It blocked the gas dome and caused 
the gas to escape from the four manholes. Gas production dropped 
from 18,000 to 6,000 cu. ft. per day and tank temperatures dropped with 
it for lack of heat.

One day in January, 1933, ten months after the start of operation, it 
was noticed that the scum breaker arms were not working. The Dorr 
Company was called in and their advice to empty the tank was followed. 
All available sludge beds were filled, and seed sludge saved for re-start
ing put one settling tank out of service. With no room for raw sludge 
to be taken care of, raw sewage had to be sent to already overloaded 
sand filters, or to the brook.

After two months the broken spider, supporting the scum breaker 
arms, had been replaced and the digester was again ready for action.

This digester has had to be emptied twice more to date, once in 1934 
for the removal of a dropped tool which had caused the overload alarm 
to operate, and once in 1938 when sludge cake was removed from the 
heating coils, an additional coil added, and the mechanism painted.

With the installation of fine screens in September, 1935, the scum 
problem was considerably alleviated. However, some fur still passed 
through the fine screens and gave a thick scum, though in much smaller 
quantity. One problem remains unsolved. If the mechanism is not 
run continuously the gas will not reach the dome through the scum, but 
forms in pockets, the pressure in these pockets forcing out supernatant 
liquor, eventually dropping the tank level to the point where all gas 
comes out the overflow. This condition is prevalent in both digesters. 
In the Dorr tank the stoppage of the scrapers for more than 2 or 3 hours 
causes another condition far more serious than the loss of gas.

A series of unusual incidents in 1939 gives an example of this. In 
July a grease line leading to the thrust bearing on the countershaft be
came plugged. Grease still went through, but not to the proper place, 
and there was no noticeable indication of the plugging until a noise 
started. The countershaft, thrust bearing, and a bronze bushing had to 
be replaced, and the mechanism was off for two months until the parts 
came and repairs were made. In that time little gas could be collected ; 
the tank got cold; the scum got thick. In starting the tank the level was 
dropped sufficiently to relieve the scum breaker pressure. The scum 
could not be removed as there was no way of reaching it, and it had to 
be broken up with hose pressure. When the level was brought up, only 
scum came out the overflow, no supernatant liquor. An attempt was 
made to decrease the depth of scum by running it to the sludge beds, but 
not enough beds were available. The supernatant scum caused very
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poor conditions in the settling tanks and finally, to decrease the volume 
of supernatant, the final settling tanks were bypassed, thus eliminating 
humus sludge.

With the application of heat, conditions gradually improved until 
March, 1940. Then the severe ice storm on the 4th of that month cut 
off power for 60 hours. When current again came on we could not start 
the digester motor because the building was cold, the oil was cold, the 
grease was cold, and the scum was heavy. The oil had to be thinned, 
and the building warmed before operation could again proceed. Soon 
after, all sewage flow to the plant was cut off for 24 days while a new 
trunk sewer, being constructed at the time, was cut into the old line. In 
the interval there was no gas generated, the digester contents became 
cold, and digestion poor. It was midsummer before conditions again 
were normal.

N e w  D ig e s t e r  C o n s t r u c t io n  a n d  P r o b l e m s

The newer digester with Link-Belt mechanism is 16 by 86 ft. in plan, 
has an average depth of 15 ft., and a capacity of 21,000 cu. ft., or almost 
1 cu. ft. per capita. It has four heating coils of 1% in. pipe, with the top 
coil at one-third depth. The mechanism is similar to that in rectangular 
settling tanks. A shaft driven by a 1 hp. motor drives two endless 
chains to which are attached scrapers. These act both as sludge 
stirrers and scum breakers. Unlike settling tank scrapers, these do not 
ride on a rail imbedded in the concrete floor but their weight is carried 
on rails at the side of the tank—one on each side, top and bottom. The 
bearing surface between the scraper and rail is a thick, flat, detachable 
manganese steel plate, called a wearing shoe. The single supernatant 
outlet is 2 ft. below the cover, and like that of the Dorr digester leads to 
the two rectangular settling tanks. No workable means are provided 
for operating the two digesters in series and to date both are used as 
single-stage digesters. Hard scum is no problem in the Link-Belt tank 
since it can be removed by forking, but occasionally scum becomes too 
thin for removal and if its depth is over 2 ft., it comes out as supernatant 
scum and disrupts settling tank operation.

As in the original digester, it is necessary to run the scrapers con
tinuously. If this is not done the loss of gas is very rapid. This con
tinuous operation creates another problem, namely that of rapid wear 
of the steel shoes bearing on the rails. The results of this wear were 
presented to us forcefully in July, 1938, when, upon investigating the 
reason for a broken shear pin at the motor, we found four shoes com
pletely worn through and the scrapers hanging from one side of the rail, 
one being wedged against the drive shaft. This meant an unplanned 
draining of the digester and a long wait for the arrival of parts. We 
proceeded by drawing to an empty settling tank enough seed sludge for 
later refilling, then dosing all available sludge beds and lastly draining 
the remaining contents to the effluent brook, which fortunately was 
swollen by heavy rains so that no nuisance was created. With the
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draining of the liquid, the heavy scum sank to the bottom and had to 
be broken up inch by inch with hose pressure. With all eleven man
holes and the four gas domes open it was safe for a man to enter the 
tank and do this work. When the tank was empty we investigated all 
parts of the mechanism for wear and found that the water-lubricated 
peak cap bearings were beginning to score the shafts. These were re- 
babbitted and then grease lines were installed to the bearings. All heat
ing pipes were scraped, all metal parts painted, and after seven weeks 
the tank was filled again.

The wearing shoes had an original thickness of % in. and were of 
manganese steel. The first set lasted two years and eight months. The 
second set lasted only two years and six months, but when this set wore 
through last February we expected it and our work was planned and 
materials were on hand. Emptying, reshoeing, and painting required 
only 3V2 weeks. This time we installed shoes of just twice the thickness 
of the original shoes, or IV2 inches. From these we expect to get at 
least four years of service.

The central point for control of primary treatment, other than 
screening, is called the pumphouse, a building 16 by 21 ft. in plan, with 
one floor and basement. There the raw and digested sludge pipes, hot 
water pipes and controls, gas pipes and controls, hot water pumps, 
sludge pumps, primary unit switchboard, gas fired boiler, office and 
records, are concentrated, seemingly to the point where one or the other 
of these most necessary appurtenances goes into a tantrum and protests 
against its cramped quarters. Raw sludge may be pumped with a 
Barnes plunger pump or a Chicago screwfeed centrifugal. It may be 
pumped direct from the settling tanks to either digester or may be run 
by gravity to a 10,000 gallon wood stave tank in an adjacent building, 
this tank having been recently equipped for preheating of sludge. 
Humus sludge is pumped from the final settling tanks, 800 ft. away, to 
the digesters, by a Carter simplex plunger pump against a 48 ft. static 
head and a friction head which has at times almost equalled the static 
head. Only by using a very short stroke can we pump humus sludge 
without trouble.

Our laboratory equipment and space is very meager and permits 
only the testing for pH, total alkalinity, settleable solids, chlorine re
sidual, and relative stability. For this reason we have 110 definite data 
011 the total or volatile solids of sludge. But from the few tests which 
have been made by the State Bureau of Sanitary Engineering, combined 
with our quantity measurements, we derive the following pertinent aver
ages for the year ending June 30, 1941:

P u m p h o u s e  L a y o u t

Sewage Flow 
Raw Sludge.

4.01 m.g.d.
8,200 gal. per day

Total Volatile Solids 
Gas Collected.........

Humus Sludge 2,100 gal. per day 
2,700 lb. per day 

17,100 cu. ft. per day
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From these figures we can determine that the digesters, whose com
bined capacity is 68,000 cu. ft., have received a loading of 0.04 lb. vola
tile solids per day per cu. ft., which is rather low.

S l u d g e  B ed  L a y o u t  C h a n g e s

Three pairs of open beds were originally built for sludge drying, 
these having irregular dimensions which averaged 50 by 120 ft., the total 
area being slightly over 36,000 sq. ft. Between each pair of beds there 
was installed a sludge inlet pipe. The beds were properly underdrained 
hut for some undetermined reason the walls and drying media were in
stalled with a slope of 1 in. in 10 ft. on both the long and short sides of 
the bed. The plant operator soon found that with this arrangement 
only one-fourth of each large bed could be used effectively for drying 
since all the sludge found its way to the low end of the bed. This con
dition was corrected to some extent by the erection of earthen banks so 
as to form smaller beds 30 by 50 ft. and by the construction of addi
tional sludge inlets necessary to feed each bed. The situation was later 
further improved by replacing the earth banks with concrete walls and 
by regrading the sand to a level surface. We are still unable to draw 
over 6 in. of sludge in many of the beds because of the slope of the out
side walls to a low point. In the last three years we have altered two of 
the original slow sand filters so that they could be used for sludge dry
ing and have thus added an additional 30,000 sq. ft. of area. The origi
nal beds are so laid out that it is almost impossible to use any equip
ment other than a wheelbarrow for dried sludge removal. Labor costs 
for maintenance have therefore been high, running to almost $2.00 per 
cu. yd. removed. This figure includes the cost of hauling fresh sand 
and grading the beds. All sand comes from nearby city banks.

Digested sludge comes from the tanks with a moisture content of 
about 90 per cent and a volatile solids content of about 50 per cent. It 
dries well considering the fact that the sand is very fine and the beds 
are open. Average drying time has ranged from 30 to 50 days, which 
includes winter drying.

Because of the frequent, almost to say yearly, necessity of emptying 
one or the other digester, with the accompanying upset conditions, an 
average figure for removal of digested sludge from the tanks, and dried 
sludge from the beds means little. However, these figures have defi
nitely shown a large increase since 1935, especially since the collection 
of humus sludge began. Digested sludge drawn increased from 12,000 
cu. ft. in that year to 78,000 cu. ft. in 1940. Dried sludge removed in
creased from 8,000 to 28,000 cu. ft. in the same period. Many of the 
volatile solids are removed from the top of the tanks as scum, the quan
tity running to roughly 10,000 cu. ft. per year.

G as C o n t r o l  a n d  P ip in g  S y s t e m

Apparently at the time of gas system installation in 1931, well de
signed safety equipment was not available and not much was known
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about operating requirements or gas action. Gas was led from the col
lecting dome through a 2 in. pipe to the pumphouse basement, then in a 
V/2 in- pipe through a sediment trap, and a tin-case gas meter, beyond 
which the line branched, one side leading to the gas boiler, the other to 
the waste burner. Flame traps on these lines were nothing more than 
water strainers set in the line. For pressure relief to the waste burner 
a gate valve was set in the line and was manually operated. From the 
pumphouse the gas line pitched to the waste burner on a very flat grade. 
At least once a year this pipe had to be dug out and cleaned free of 
scale. Often it froze in winter and gas above the capacity of the boiler 
had to be bled out at the gas dome. Extensive changes were made three 
years ago when a new 3 in. c.i. bitumastic lined pipe was installed from 
the Dorr dome to the pumphouse, and a Sprague ironcase meter, Yarec 
flame traps and pressure relief valve replaced the old equipment. Also, 
the location of the waste gas burner was changed so that condensate in 
this line would drain back to the pumphouse for disposal. Other bene
ficial changes were the installation of unions to facilitate pipe cleaning 
at the gas domes on both the Dorr and Link-Belt digesters where none 
were originally installed. Exposed piping at the domes was insulated 
against freezing and gas dome seals were filled with fuel oil instead of 
water. This latter safeguard against freezing has however been found 
far from perfect.

Excepting when grossly upset conditions prevailed, we have always 
had sufficient gas generated to heat all units connected to the heating 
system. However, it has been the exception rather than the rule to have 
perfectly normal conditions prevailing for a period as long as a year. 
Therefore the average daily gas collection has varied from a low of 
6,500 cu. ft. in 1935 to a high of 17,100 cu. ft. in 1940. Through one six- 
montli period of the latter year collection averaged 22,000 cu. ft., or 1 
cu. ft. per capita per day. Unfortunately we have but one gas meter 
and therefore have 110 record of the gas used for heating or the amount 
wasted.

H e a t in g  S y s t e m  L a y o u t  a n d  P r o b l e m s

Our original Ideal gas boiler of six sections provided sufficient heat
ing capacity for the 600 ft. of 2 in. coil in the Dorr digester and for 
pumphouse requirements. However, when in 1935 the additional load 
of the Link-Belt digester coils, and radiators in the adjacent sludge con
trol building were added we could not get enough heat at all points. As 
the result of damage to this boiler through failure of the gas shut-off 
valve to operate when the water circulating pump was. stopped by a 
momentary current failure, a larger 10-section boiler was obtained by 
the city and installed. This boiler was a used one and did not have 
adequate safety equipment until 1939. Also until that year no water 
tempering valve was available and the boiler had to be operated at 130 
degrees F. so as to prevent caking of sludge around the coils in the di
gester. The formation of scale and gummy deposit between the boiler
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sections has always created a problem, and even operation at 160 de
grees has not lessened the trouble. Probably the installation of scrub
bers to purify the gas would be the only solution.

The impossibility of steadily maintaining near optimum tempera
tures in our digesters has caused many ups and downs in operation. 
Two conditions are mainly responsible for this. The location of the 
boiler in the same room as the pumps and office makes its summer oper
ation intolerable since it raises the temperature to 100 degrees and over 
in the room. The boiler is therefore shut down during the hottest 
months and digester temperatures drop to that of the entering sludge, 
or 68 to 72 degrees. About September 1 boiler operation is resumed 
and temperatures are soon brought to 85 degrees. In winter there is 
such a variation of temperatures between bottom sludge and top liquor, 
especially in the Dorr digester, that operation is upset and the clear top 
liquor zone disappears. The resultant high solids content of super
natant liquor also upsets settling tank operation. Through the years 
the temperature variation in the Dorr digester has ranged from 17 de
grees up, the maximum occuring last December when the top was at 67 
and the bottom at 102 degrees. This did not cause a serious situation 
until the winter of 1937-38 when digester loadings were considerably in
creased by humus sludge from final settling tanks.

With little laboratory equipment to aid us we have for the past year 
tried to keep a check on changing conditions by taking settleable sobds 
tests of supernatant liquor each day in 100 ml. cylinders. Conditions 
other than temperature being substantially the same, our observations 
showed readings of 6 to 10 per cent when temperatures were even 
throughout the tank and near optimum, and readings as high as 48 per 
cent when temperature variation was at its maximum. The change in 
readings took place with increasing rapidity from the end of October 
to the end of December, when the maximum reading was obtained at the 
time when maximum temperature variation prevailed.

During the past winter the necessary equipment was installed to 
begin the preheating of sludge. Unfortunately the emptying and re- 
shoeing of the Link-Belt digester in February presented obstacles which 
prevented us from preheating our sludge consistently. We did how
ever obtain these facts: that at the start of preheating, Dorr bottom 
temperature was 89 degrees and the top 66; that at that time settleable 
solids in supernatant were 33 per cent; that five weeks later at the end 
of March, with temperature variation only 7 degrees, settleable solids 
had dropped to 20 per cent; that one month later with temperature 
variation of 2 degrees, settleable solids were down to 12 per cent; and 
that at the end of June with temperatures at optimum, and equal 
throughout the tank, settleable solids stood at 8 per cent.

The results obtained in this, our first trial, have led us to believe 
that we have here the solution of our supernatant liquor problem. It is 
quite likely that it will give us a more constant gas production. It does 
not solve the question of digester heat losses but as long as sufficient gas
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and boiler capacity is available this can be overcome. Undoubtedly the 
same results would have been obtained by extending our heating coils in 
the digester near to the roof but this would have necessitated emptying 
the tank, and much greater expense for coil extension.

C o n c l u s io n

This paper, other than presenting a local story, probably has dealt 
with situations which have many parallels in other plants. Our dearth 
of controls and laboratory equipment eliminates the possibility of draw
ing new conclusions or substantiating any theories. The paper points 
to the fact that if all appurtenances necessary to efficient and economical 
operation are not installed at the time of plant construction, it is ex
tremely difficult to obtain the items at a later date especially in the 
smaller plants. It should emphasize the fact that engineers must be 
cognizant of the operator’s problems and must install, if possible, equip
ment to cope with these problems.
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The importance of dissolved oxygen in activated sludge aeration 
liquors to the successful operation of the process is well known. Only 
within the past ten years, however, have attempts "been made to use dis
solved oxygen data as criteria of plant operation. The desire for in
formation concerning the dissolved oxygen content of activated sludge 
mixed liquors was expressed by Theriault and McNamee (1) in study
ing bulking problems in 1934. Since then Klassen (2), Anderson (3), 
Heukelekian (4) and Poindexter (5) have all pointed out the importance 
of this determinatioh for purposes of activated sludge plant control. 
While the use of the dissolved oxygen determination on mixed aeration 
liquors is becoming widespread in activated sludge plant operation, no 
entirely satisfactory method for its determination has been proposed or 
developed.

Three primary characteristics of activated sludge make it difficult to 
determine dissolved oxygen in aeration mixtures. The first and most 
important is the presence of the zoogleal sludge floe with its adsorbed 
organic matter. This floe regardless of its condition contains 60 to 90 
per cent of organic matter and interferes with the ordinary Winkler or 
any other similar chemical determination of dissolved oxygen. The 
second characteristic is the biochemical oxidizing capacity and oxygen 
demand of the sludge floe, which may use 100 or more mg. of 0 2 per 
liter per hour. The third characteristic which introduces difficulty is 
the very frequent presence of nitrites in the mixed liquor, which inter
feres with the ordinary Winkler determination. The ideal method for 
the determination of dissolved oxygen in sludge liquors, therefore, is 
one which removes the sludge floe, stops biochemical and chemical oxida
tion or interference, destroys nitrites and is simple and easy to use. 
Kuchler (6) designed an apparatus for separating the sludge and super
natant which overcame only the first difficulty, but bulking sludge could 
hardly be separated quickly enough in the apparatus. However, Kuch
ler did recommend the use of the azide procedure of Alsterberg to de
stroy nitrites.

Konstantinowa (7) proposed the use of mercuric chloride to stop 
biochemical oxidation. After the sludge settled the supernatant was
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siphoned off and its dissolved oxygen content was determined, using the 
Rideal Stewart modification to oxidize nitrites and prevent their in
terference. Theoretically this procedure should be satisfactory, but 
practical difficulties were observed by Goldthorpe (8) who found that 
mercuric chloride did not completely arrest absorption of oxygen and 
tended to disperse the sludge floe and prevent settlement. Watson (9) 
also used mercuric chloride to stop oxidation and followed this by pre
cipitation of the mercury salt and coagulation of the floe with sodium 
hydroxide. In view of the increase in rate of chemical oxidation at high 
pH this practice seems undesirable. The use of mercuric chloride seems 
unsatisfactory and leads to other difficulties as found by both investiga
tors and consequently will not be further reviewed here.

Theriault and McNamee (1) overcame all difficulties in determining 
dissolved oxygen in sludge mixtures by developing an apparatus with 
which the gases in solution were extracted from a sludge sample. The 
oxygen in the extracted gas was then determined by the Winkler method 
in a special apparatus. While this procedure is satisfactory for re
search, it requires special apparatus, decidedly limits the number of 
samples that can be examined, and has not been adopted in practice.

In their early paper on oxygen demands of activated sludge, Kessler 
and Nichols (10) used copper sulfate for the prevention of biochemical 
oxidation. They ascribe the first use of the reagent for this purpose to 
Palmer and Beck (11). Kessler and Nichols used the short Winkler 
procedure suggested by Theriault (12) to shorten the period of alkalin- 
ization of the supernatant, in the absence of iron and nitrites. How
ever, the effectiveness of copper sulfate in preventing biochemical oxida
tion has apparently not been thoroughly studied. Goldthorpe, who also 
adopted copper sulfate as a more satisfactory respiratory inhibitor than 
mercuric chloride for use with activated sludge, notes that this salt in 
the concentrations used did not completely arrest oxygen absorption.

Recently it was shown (13) that the sulfuric acid-sodium azide treat
ment of river and sewage plant effluent samples stopped biochemical 
oxidation and enabled a delayed dissolved oxygen determination. The 
use of sodium azide to destroy nitrites previous to and in the Winkler 
determination has also been carefully studied (13) (14) (15) and found 
satisfactory for general biochemical oxygen demand work, where fer
rous iron is not present. It has also been found (16) that sulfamic acid 
is effective in destroying nitrites previous to the dissolved oxygen de
termination in stream pollution and sewage treatment studies. In con
sideration of these developments a re-investigation of procedures for 
determining dissolved oxygen in activated sludge mixtures has been 
made.

E x p e r im e n t a l

In the first series of experiments, four duplicate samples were col
lected in liter bottles from our experimental sludge plant aeration cham
ber. The first sample was untreated and was immediately centrifuged 
in special ground-glass stoppered bottles, the dissolved oxygen in the
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supernatant being determined by the azide modification. The other 
three samples were collected in bottles to which had been added sulfuric 
acid, a mixture of sulfuric acid and sodium azide, and copper sulfate 
solutions respectively. The dissolved oxygen in the supernatant from 
each sample was determined by the azide modification. The results ob
tained with three bulking sludges using the above procedure are com
pared in Table I. These data show that whereas a mean dissolved

T a b l e  I.— Comparison of Dissolved Oxygen Found by Various Procedures in 
Activated Sludge Mixed Liquors

(All D. O. values are the mean of two determinations)

Sludge Temp. 
° C.

NOs
P.p.m.

Sus
pended
Solids

Sludge
Index

Tim e in M inutes after Collection and Treatm ent

Initial 30 60

A B C D A B C D A B C D

1 13 2.0 2528 370 5.40 6.20 6.20 7.36 .08 5.48 5.73 5.42 .09 4.74 5.32 4.22
2 8 2.0 2092 468 8.18 8.15 8.15 9.30 1.57* 7.72 7.80 8.38 .00 7.29 7.52 7.66
3 23 — 1222 704 4.23 4.78 4.78 5.96 .00* 4.41 4.69 4.50 .00 4.25 4.63 4.23

Mean 5.94 6.38 6.38 7.55 .55 5.87 6.07 6.10 .03 5.42 5.82 5.37

* Twenty minutes after collection.
(A) Untreated sample— D. O. by the azide modification
(B) Collection bottle dosed with H 2S04, D. O. by azide modification.
(C) Collection bottle dosed with H 2S04 and NaN3, D. O. by azide modification.
(D) Collection bottle dosed with CuS04, D. O. by Rideal Stewart modification.

oxygen of 5.94 p.p.m. was found in the untreated sample, this rapidly 
disappeared. The sulfuric acid and sulfuric acid-azide treated samples 
showed a mean initial dissolved oxygen of 6.38 p.p.m. and this value was 
slowly reduced in the sulfuric acid treated sample and even more slowly 
reduced in the'sulfuric acid-azide treated sample. The copper sulfate 
treated sample had a mean initial dissolved oxygen of 7.55 p.p.m. or over 
1 p.p.m. higher than the other treated samples. The dissolved oxygen 
was apparently lost more rapidly than in the sulfuric acid or sulfuric 
acid-azide treated samples. These experiments indicate that the copper 
sulfate treatment of sludge is inferior in arresting oxygen absorption 
but gives higher immediate values.*

In the second series of experiments, eight different treatments were 
compared to the copper sulfate treatment for determining the dissolved 
oxygen content immediately after collection. In these experiments 12 
gallons of activated sludge mixture were aerated in a conical bottomed 
aeration vessel in the laboratory. Two parallel siphons were arranged 
in this vessel so that sludge samples could be siphoned into two bottles 
simultaneously to ensure duplicate samples. The reagent or reagents 
to be studied were put into one 1200 ml. glass stoppered bottle and 10 ml.

* I t  may be supposed that the higher dissolved oxygen values obtained with copper sulfate 
treatment are due to the reduction of the copper by the potassium iodide in acid solution In 
vestigation showed that the concentration of potassium iodide used in the dissolved oxygen de
termination was not sufficient to induce this reaction. I f  three or four times the usual amount 
of potassium iodide is used during the dissolved oxygen determination, appreciable amounts of 
iodine (equivalent to 0.1-0.2 p.p.m. of oxygen) w ill be released from the iodide by the copper
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of a 10 per cent copper sulfate solution into a similar bottle. The sludge 
samples were then siphoned into both bottles simultaneously until the 
bottles were completely filled. The stoppers were inserted, the contents 
mixed for 5 to 10 seconds, and after settling for 5 to 10 minutes the 
supernatant was siphoned into 300 ml. dissolved oxygen bottles. The 
dissolved oxygen in all samples was then determined by the short 
Winkler technique with sodium azide in the alkaline iodide (12) (13) 
solution.

The following reagents were employed for Hoc coagulation and ar
resting biochemical oxidation in the various tests :
(1) Ten per cent solution of copper sulfate,
(2) Concentrated sulfuric acid,
(3) Two per cent sodium azide solution,
(4) Standard Methods manganous sulfate solution containing 4 per

cent sulfamic acid,
(5) Glacial acetic acid,
(6) Dilute acetic acid (1 to 4 dilution of glacial acid),
(7) Two per cent solution of sulfamic acid.

T able I I .—Comparison of Treatment Procedures for Coagulation and Prevention of Oxygen 
Absorption of Activated Sludge in the Determination of Dissolved Oxygen

T reatm ent Used to Compare with CuSO<
pH R esulting 
from Sludge 
Treatment

D issolved Oxygen

Exp.
No.

R eagents Added to 1200 ml. B ottle

Treat
ment CuSCh

only

Found in 
Sample 
P.p.m.

D eviations

D e
scribed 
a t left

Treat
ment
D e

scribed

C u S 0 4
only P.p.m. Per

Cent

1 10 ml. CuS04 solution +  2.8 ml. eonc. H 2S04 1 .6 4.8 6.28 6.29 -.01 0.15
2 2.8 ml. conc. H 2S04 +  5 ml. NaN3 solution 1.6 4.7 5.62 6.32 -.7 0 11.07
3 10 ml. MnS04— sulfamic acid +  5 ml. NaN3 sol. 2.9 4.6 6.80 7.00 -.2 0 2.85
4 3 ml. glacial acetic +  5 ml. NaN3 solution 3.4 4.4 7.26 7.34 -.0 8 1.09
5 2 ml. glacial acetic +  5 ml. NaN3 solution 3.5 4.4 7.16 7.11 +  .04 .53
6 4 ml. sulfamic acid sol. +  5 ml. NaN3 solution 4.8 4.8 2.95 2.99 -.04 1.34
7 8 ml. sulfamic acid sol. +  5 ml. NaN3 solution 4.4 4.8 4.92 5.00 -.0 8 1.60
8 1 ml. dilute acetic +  5 ml. NaN3 solution 4.4 4.6 5.25 5.27 -.0 2 .37

These reagents were used in the amounts and combinations shown in 
Table II, and each combination was used in one bottle of a pair, in which 
the other bottle contained only 10 ml. of copper sulfate. The pair of 
bottles in each experiment was filled with sludge sample simultaneously 
as described. The results obtained are shown in Table II.

These data show that the copper sulfate treatment of these sludges 
reduced the pH to within the range of 4.4 to 4.8 in all experiments. 
Using other reagents the sludge pH was adjusted to values between 1.6 
and 4.8 in the different experiments. Experiment 2 (Table II) which



642 SEW AGE W ORKS JO U R N A L M ay, 1942

was repeated several times, indicated that when the sludge is treated 
with sulfuric acid and azide so as to lower its pH to about 1.6, a lower 
percentage recovery of the dissolved oxygen results than with copper 
sulfate treatment. However, when the pH is lowered to 1.6 with sul
furic acid in the presence of the copper salt as in Experiment 1, no detri
mental effect upon the dissolved oxygen recovery was observed. In 
Experiment 3 the pH was lowered to 2.9 with a solution of manganous 
sulfate containing 4 per cent sulfamic acid. In this case the deviation 
from the dissolved oxygen result obtained with copper sulfate alone was 
only 2.85 per cent. In the remaining experiments the pH was adjusted 
between 3.4 and 4.8 with various treatments and the oxygen recovery 
deviation was always less than 2 per cent. This series of experiments 
indicated that it was possible to treat and coagulate activated sludge 
with a number of reagents and obtain dissolved oxygen results prac
tically identical with those obtained with copper sulfate treatment. If 
the treatment is such that the pH is reduced below about 3.0, oxygen is 
apt to be lost; while if the pH is 4.8 or above with these reagents, the 
coagulation is poor so that the time required for settling may be pro
longed, especially with a bulking sludge.

The effectiveness of various preliminary treatments in stopping bio
chemical oxidation was next studied in a series of experiments. The 
activated sludge was aerated in the conical bottomed vessel and sludge 
samples were withdrawn over a 4-hour period to study five treatment 
methods. On the succeeding day the aeration vessel was refilled and 
samples were withdrawn to complete the experiment with six addi
tional treatment methods. All these experiments were, therefore, con
ducted using two batches of sludge. While there was no doubt some 
difference in the oxygen demand of the sludge mixture during the course 
of these experiments, the range of this variation is not considered suffi
cient to impair the results obtained.

Each sludge treatment using one or a combination of reagents was 
studied as follows: The dose of reagents to be studied was introduced 
into each of 8-500 ml. glass stoppered bottles. These bottles were then 
filled as rapidly as possible, filling two at a time with the twin siphons. 
After mixing the contents of all bottles the first and last bottle filled 
were taken for the initial D.O. determination. As in the previous 
series the sludge was allowed to settle for five minutes, after which the 
supernatant was siphoned into dissolved oxygen bottles. The short 
Winkler technique employing the alkaline iodide reagent containing 
sodium azide was used on all dissolved oxygen determinations. After 
final acidification, however, each dissolved oxygen sample was allowed 
to stand two minutes before titration. The other six bottles of the 
treated sludge were shaken at two-minute intervals to keep the sludge in 
contact with the supernatant until the time when the dissolved oxygen 
in them was to be determined. The dissolved oxygen was determined 
on two of these after 30 minutes, on another pair after 90 minutes and 
on the final pair after 180 minutes of this treatment. After the anal
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ysis for dissolved oxygen in the 30-minute samples with one treatment 
combination had been completed, another set of eight bottles was pre
pared with another combination of reagents and the sludge mixture 
added in the manner described, followed by identical analytical treat
ment. This process was repeated until all of the desired reagents or 
combinations of reagents had been studied. The mean results from the 
duplicate bottles in each experiment are shown in Table III. The re-

T a b l e  I I I . — Comparison of Treatment Procedures for the Prevention of Oxygen 
Adsorption in Activated Sludge

Series
3-Experi

ment
No.

T reatm ent Used to Stop Biochem ical 
Oxidation 

(Reagents added to a 500 ml. bottle)

pH
Result

ing
from

Treat
m ent

D issolved Oxygen Present 
after Indicated Tim e in 

M inutes— P.p.m.

Per Cent of D.O. 
Recovered after the 
Indicated Time in 

M inutes

0 15 30 90 180 15 30 90 180

1 5 ml. copper sulfate solution 4.6 7.16 5.58 4.10 2.59 77.9 57.3 36.2
2 5 ml. copper nitrate solution (10%) 4.5 7.68 6.55 5.13 3.47 85.3 66.8 45.2
3 1.4 ml. conc. H 2SO 4 +  2.5 ml. sodium

azide sol. < 1 .6 6.88 6.23 6.17 5.77 90.6 89.7 S3.9
4 5 ml. M nSOi and sulfamic acid +  2.5 sod.

azide 3.1 7.28 6.66 6.35 6.05 91.5 87.2 83.1
5 4 ml. sulfamic acid +  2.5 sodium azide 4.4 7.30* 6.81 6.11 5.35 93.3 83.7 73.3
6 0.5 ml. dilute acetic +  2.5 sodium azide 4.5 7.41 6.72 6.16 4.93 90.7 83.1 66.5
7 2.5 ml. copper sulfate +  0.5 ml. dil.

acetic +  4 ml. sulfamic 3.4 7.57 6.81 6.12 5.64 90.0 80.8 74.5
8 0.5 ml. dil. acetic +  4 ml. sulfamic 4.0 6.26 5.23 3.59* 2.11* 83.0 57.3 33.7
9 0.5 ml. dilute acetic +  4 ml. sulfamic

- f  2.5 ml. sodium azide 4.1 6.67* 6.10 5.43 4.72 91.5 81.4 70.8
10 2.5 ml. sodium azide 6.8 5.45* 0.71 0.00 0.00 13.0 0.00
11 10 ml. sodium azide 6.8 4.99* 4.00 2.64* 0.31t 80.2 52.9 6.2f

Control For numbers 1 to 5 untreated 6.8 7.30 2.59 35.5
For numbers 6 to  11 untreated 6.8 7.41 2.92 39.4

* Determinations in which the duplicates varied more than 0.3 p.p.m. 
f  Sixty (60) minute observation.
(6) Sludge settled poorly. (8) Excellent settling. (9) Good settling.

suits indicated with an asterisk are those in which the duplicates 
did not check within 0.3 p.p.m. The control experiments in this table 
indicated that the untreated sludge absorbed oxygen rapidly, for only 
35 to 40 per cent of the initial quantity present remained after 15 min
utes. Experiments 10 and 11 showed that sodium azide alone was not 
effective in stopping biochemical oxidation. In Experiment 11 about 
ten times the concentration of this reagent ordinarily used to destroy 
nitrite in the dissolved oxygen determination decreased the oxygen 
absorption so that 52.9 per cent of the original was recovered after 30 
minutes.

The copper salts used were not as effective in stopping oxidation as 
the combinations of reagents used in later experiments. Copper ace
tate was also tried and, whereas it gave a good settling sludge, its effec
tiveness in arresting respiration was of the same order as the sulfate 
and nitrate. The concentration of copper used in these experiments is 
undesirable because it prevents the complete destruction of nitrites by 
the azide treatment. I t also prevents one from obtaining an easily rec
ognized sharp end point in the titration using starch as an indicator. 
As the copper salts are not as effective in stopping oxidation as other 
reagents, cause poor end points in titrations, and do not permit the effec
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tive use of azide for nitrite destruction, their use for preliminary treat
ment seems undesirable.

The results of Experiment 3 in Table I II  show again that sulfuric 
acid and azide treatment, which lowers the sludge pH to 1.6, is very 
effective in stopping oxygen utilization by the sludge. The initial dis
solved oxygen data in this series of experiments are not entirely com
parable, because the experiments were performed on two days and there

T able IV .— Comparison of Oxygen Depletion after SO Minutes in Activated Sludge Mixtures 
Treated by Promising Methods to Reduce Biochemical Oxidation

(Temp, of sludge in these tests 25° to 28° C.)

T reatm ent Used to Stop Biochem ical Oxidation  
(R eagents added to a 500 ml. bottle)

pH
Results

D issolved  Oxygen  
-—P  p.m. Deple

tion

Sam ple ing
from

Treat
m ent Initial

After
30

M in.

30 
Minutes 
— P.p.m.

4 ml. sulfamic +  0.5 ml. dil. acetic +  2.5 ml. sodium
azide 1 4.2 6.11 5.34 0.77

2 4.1 2.35 1.87 0.48
(This treatment No. 9 from Table I I I  was used as a 3 4.4 5.10 4.39 0.71

standard of comparison 4
Mean

4.2 5.81 5.25 0.56
0.63

5 ml. of 5 per cent Cu(C2H 302)2 +  8 ml. sulfamic
+  0.5 ml. dilute acetic 1* 2.9 6.42 5.58 0.84

2 4.2 2.51 2.11 0.40
(This treatment was similar to No. 7 of Table I I I  ex 2-a 4.2 2.59 2.08 0.51

cept that 10 per cent copper acetate solution was 3 4.3 5.89 5.18 0.71
substituted for copper sulfate) 3-a

Mean
4.4 5.55 5.03 0.52

0.59

8 ml. sulfamic +  0.5 ml. dil. acetic 1 3.0 6.12 5.11 1.01
8 ml. sulfamic +  0.5 ml. dil. acetic 1-a 3.0 6.21 5.24 .97
8 ml. sulfamic +  0.5 ml. dil. acetic 2 2.7 2.40 1.74 .66
8 ml. sulfamic +  0.5 ml. dil. acetic 3 2.6 5.34 4.47 .87
4 ml. sulfamic +  1.0 ml. dil. acetic 4 3.5 5.85 5.20 .65
8 ml. sulfamic +  0.5 ml. dil. acetic 4-a 2.8 5.87 5.21 .66
8 ml. sulfamic +  1.0 ml. dil. acetic 

(Treatment No. 8 of Table I I I )
4-b

Mean
2.8 5.81 5.15 .66

.78

* In  this sample CuS04 was used as in No. 9 of Table I I I .

was a variation in aeration rate especially in Experiments 6 to 11. 
However, the results of Experiments 3 indicate again that treatment 
with sulfuric acid and azide to lower the pH to 1.6 results in a lower 
initial dissolved oxygen, as it would be expected that the initial dis
solved oxygen found here would be between the values found in Experi
ments 2 and 4.

The most effective combinations in stopping biochemical oxidation 
in addition to those shown for Experiment 3 were found in Experiments 
4, 5, 6 and 9. It will be noticed that in all of these sodium azide was 
used and the pH of the sludge resulting from the treatment was between
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3.1 and 4.5 However, it was found that the introduction of sodium 
azide in any of these combinations resulted in the generation of some 
gaseous hydrogen azide, HN:i. The release of this poisonous gas into 
the atmosphere while the bottles were being filled was sufficient to pro
duce immediate severe headaches in all persons who participated in the 
experiments.

Although the azide treatment in any of these combinations was very 
desirable in preventing oxygen absorption, it was considered too haz
ardous for practical use.

T a b l e  V.— Comparison of Supernatant D. 0. Results in Sludge Treated with Respiratory 
Inhibitors after 5 and 30 Minutes of Settling

(Temperature of sludge in these tests 24° to 25° C.)

Treatment Used to Stop Biochem ical Oxidation Sample
No.

pH
Resulting

from
Treatment

D issolved Oxygen in 
Supernatant— P.p.m .

Depletion  
of Super

natant 
in 30 

M inutes 
P.p.m.Initially After 30 

M inutes

Modification of No. 7 of Table I I I ,  acetic and
sulfamic as in No. 7

A. +  2.5 ml. CuS04 1 2.9 6.84 6.78 .06
2 3.4 2.64 2.54 .10

B. +  2.5 ml. C u(N 03)2 1 3.0 6.82 6.80 .02
2 3.2 2.66 2.49 .17

C. +  5 ml. 5 per cent Cu(C2H 30 2)2 1 4.2 6.80 6.69 .11
2 3.4 2.68 2.65 .03

No. 8 of Table I I I
8 ml. Sulfamic, 0.5 ml. dilute acetic 1 3.0 6.60 6.51 .09

2 4.4 2.47 2.13 .34
3 — 6.14 6.14 .00

The result of Experiment 7 showed that a reduction in the amount 
of copper sulfate to one-half of that used in Experiment 1 with the ad
dition of acetic acid and sulfamic acid was also very effective in reducing 
oxygen absorption. Upon the basis of dissolved oxygen depletion in 30 
minutes this treatment was almost twice as effective as copper sulfate 
alone. Experiment 8 indicates the possibility of using acetic acid and 
sulfamic acid together for decreasing oxygen absorption.

A number of experiments were, therefore, carried out using a 30- 
minute time for reaction with slight variations of the sludge treatment 
given in Experiments 7 and 8. The dissolved oxygen initially and after 
30 minutes was also determined upon similar sludge samples by the 
method used in Experiment 9 (Table III), employing acetic and sul
famic acids and azide as a standard. The mean results obtained, em
ploying the technique already described on duplicate portions in every 
case are shown in Table IV. These data indicate that procedures 7 
and 9 shown in Table III  are about equally effective in preventing bio
chemical oxidation for a 30-minute period. Treatment with sulfamic 
acid and acetic acid was not quite as effective as the other two combina-
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tions. However, even this treatment is more effective in stopping oxi
dation than the original copper sulfate treatment. In addition, it de
stroys any nitrite present in the sludge which copper sulfate, of course, 
does not do.

In actual practice in determining dissolved oxygen in sludge liquors, 
the sludge is not kept in contact with the supernatant, as was done in the 
previous experiments, but is allowed to settle immediately after it is col
lected and mixed with the respiratory inhibitor. Consequently, a few 
additional experiments were carried out in this manner, the dissolved

T a b l e  V I .—Nitrite Destruction in Activated Sludge Liquors by Respiration Inhibiting Reagents

T reatm ent Used on A ctivated  Sludge Sample 
(R eagents added to a 500 ml. bottle)

Initial NO* 
Added to 
A ctivated  

Sludge 
P.p.m . N

N O 2 R ecovered after Indicated  
Tim e in M inutes— P.p.m . N

15 30

0.5 ml. dilute acetic +  2.5 ml. sodium azide
solution 12 9.0 5.0

24 22.0 18.0
36 28.0 28.0

4 ml. sulfamic +  0.5 ml. dilute acetic +  2.5 ml.
sodium azide solution 12 4.0 2.0

24 9.0 5.2
36 12.0 6.0

8 ml. sulfamic +  0.5 ml. dilute acetic 12 0.2 None
24 0.8 None
36 1.2 0.1

2.5 ml. CuS04 sol. +  8 ml. sulfamic +  0.5 ml.
dilute acetic 12 None None

24 0.3 None
36 1.0 .06

5 ml. CuS04 solution 12 12.0 12.0
24 24.0 24.0
36 28.0 28.0

oxygen being determined on the supernatant after 5 minutes of settling 
and again after a 30-minute period. The data shown in Table V indi
cate that it is immaterial which copper salt is used with sulfamic and 
acetic acid. In the six tests made the dissolved oxygen depletion in 30 
minutes varied from .02 to .17 p.p.m. With sulfamic and acetic acid 
together, but no copper salt, a depletion of 0.34 p.p.m. of oxygen was 
obtained in 30 minutes on one of these samples.

On the basis of the foregoing experiments, it is concluded that a com
bination of copper sulfate, sulfamic acid and acetic acid is most effec
tive and desirable for arresting respiration in activated sludge when 
all factors are considered. It is realized that many other combinations 
of reagents may be used satisfactorily for this purpose, if care is taken
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to remove and analyze the supernatant as soon as possible after collec
tion and contact with the inhibitors. Any one of the reagents in this 
combination could even he used alone but this combination of the three 
is superior to any of the individual reagents or to any pair of reagents 
for treating activated sludge in determining dissolved oxygen. It has 
been demonstrated that, when a sludge is collected in contact with those 
reagents, mixed and allowed to settle for 30 minutes, a higher dissolved 
oxygen will be obtained than from the same sludge sample from which 
the solids are removed mechanically as rapidly as possible by centri
fuging. This demonstrates that it is extremely important to arrest the 
respiration instantly with the collection of the sludge sample.

One series of experiments was carried out to determine the effec
tiveness of the respiration-inhibiting reagents in eliminating nitrites 
during the sludge treatment. To follow this reaction satisfactorily 
quantities of nitrite were added to the sludge, after which the sludge 
was siphoned, in the same manner used previously, into 500 ml. bottles 
containing the reagents. After mixing the bottles were allowed to 
stand, the nitrites being determined in the supernatant after 15 and 30 
minutes. The results obtained, shown in Table VI, indicate that the 
acetic acid sodium azide treatment was not very effective in eliminating 
nitrites in sludge liquors. This confirms the work of Brandt (17). 
When sulfamic acid was added to the above two reagents, the nitrite 
destruction reaction rate was increased. Treatment with sulfamic acid 
and acetic acid, and this combination with copper sulfate, Avas most effec
tive in destroying nitrites in activated sludge liquors.

P r o p e r t ie s  of S u l f a m ic  A c id

As sulfamic acid (NH2S020H) has not been used in sewage anal
ysis heretofore, its properties will be briefly reviewed from Audrieth, 
et al (18). It is a crystalline, non-hvgroscopic solid, melting with de
composition at 205° C. Its solubility in 100 grams of water varies from 
14.69 at 0° C. to 47.08 at 80° C., and is decreased by the presence of 
sulfuric acid. Sulfamic acid is highly ionized in aqueous solution and 
is of relatively the same strength as hydrochloric, nitric and sulfuric 
acids. This acid has been recommended as a primary standard in aci- 
dimetry and can be titrated using indicators Avliose transition points 
lie A\rithin the pH range of 4.5 to 9.0.

Solutions of sulfamic acid are rapidly decomposed by the addition 
of n itrite:

H+
NH2S 020H  +  NaNCk -> NaHSCk +  N2 +  H20

This reaction takes place quantitatively and may, therefore, be used 
for qualitative or quantitative determination of either sulfamic acid or 
nitrite. In the reagent suggested for inhibiting respiration in sludge, 
the sulfamic acid reacts with any nitrite present in accordance with the 
above reaction with the liberation of nitrogen gas. Neither the sul-
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famie acid nor the products formed by it interfere in any way with the 
subsequent determination of dissolved oxygen. Sulfamic acid, however, 
does react with oxides, hydroxides and carbonates to form sulfamates. 
As most sulfamates are soluble in water, the formation of copper, man
ganese or sodium sulfamates in the process of sludge treatment or dis
solved oxygen determination does not introduce any difficulty.

The sulfamic acid can, however, be oxidized or hydrolysed and this 
would make the inhibiting reagent worthless as far as nitrite destruc
tion is concerned. In the cold, chlorine, bromine and chlorates oxidize 
sulfamic acid to sulfuric acid, but potassium permanganate, chromic 
acid and ferric chloride exert no oxidizing action. Under the same con
ditions as those existing during the dissolved oxygen determination, 
iodine exerts no apparent oxidizing action 011 sulfamic acid.

Hydrolysis of sulfamic acid (that is conversion from an ammono- 
sulfuric acid into an aquosulfuric acid) takes place in accordance with 
the following reaction:

NH2S 020H  +  HOH H2S04 +  NH„ (or NH.HSCh)
This reaction takes place very slowly at ordinary temperatures for ac
cording to Audrieth, et al (18), 110 appreciable concentration of sulfate 
ion could be detected until after several weeks. At higher temperatures 
the hydrolysis becomes quite rapid, 40 percent of a 10 per cent solution 
being hydrolyzed in 6 hours at 80° C. according to Cupery (19). In 
view of this rapid hydrolysis caution in heating to obtain solution of 
sulfamic acid and copper snlfate in the preparation of the inhibiting 
reagent is advised. To what extent hydrolysis of the sulfamic acid 
takes place in this reagent at ordinary temperatures is unknown at 
present. It has been found that the reagent has maintained its effec
tiveness in the destruction of nitrites for 45 days after preparation. 
The mixed reagent’s efficiency as a respiratory inhibitor in activated 
sludge would be but slightly affected, if at all, by hydrolysis of the sul
famic acid due to the continued activity of its other constituents.

P r e p a r a t io n  op t h e  I n h ib it o r y  R e a g e n t

The inhibitory reagent is prepared in the following manner: Fifty 
grams of copper sulfate are dissolved in 500 ml. of distilled water. 
Thirty-two grams of sulfamic acid are then dissolved in 475 ml. of 
water and the two solutions together with 25 ml. of glacial acetic acid 
are mixed. Solution of the sulfamic acid may be slow, but can be ac
complished by stirring. Heat should not be used to facilitate solution 
nor should the mixture be exposed to heat at any subsequent time as 
this hastens the hydrolysis of sulfamic acid. The technical grade sul
famic acid may give a slight turbidity. This turbidity may be disre
garded as it does not affect the efficiency of the reagent, or it may be re
moved by filtration. Five ml. of this reagent correspond to the 2.5 ml. 
of 10 per cent copper sulfate, 0.5 ml. of 1: 4 acetic acid and 8 ml. of 2 per 
cent sulfamic acid as used in 500 ml. bottles in the experimental work.
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In general, one ml. of the inhibitory reagent is used for each 100 ml. por
tion of sample.

R e c o m m e n d e d  P r o c e d u r e  fo r  D e t e r m in in g  D is s o lv e d  O x y g e n

In practice, 10 ml. of the inhibitory reagent are added to a one-liter 
bottle. The sample of mixed liquor is siphoned or allowed to flow into 
the bottle to overflowing, with reasonable caution to avoid aeration, the 
stopper inserted and the bottle inverted several times to mix the con
tents. The sludge is allowed to settle for five or ten minutes, or until 
the sludge has settled sufficiently to permit siphoning the supernatant 
into a 300 ml. bottle without obtaining sludge solids. If the sludge is 
bulking badly a period of 30 to 40 minutes may be allowed for the sludge 
to settle. There will be no appreciable loss of oxygen within this time 
provided continuous agitation is avoided. The agitation incidental to 
transportation of the mixed liquor sample containing the inhibiting re
agent from a collection point to a laboratory within easy walking dis
tance should not be detrimental. The dissolved oxygen is determined 
on the supernatant in the 300 ml. bottle by the short Winkler technique. 
Two ml. of the standard manganous sulfate and 3 ml. of alkaline iodide 
containing sodium azide * are added and the sample is shaken for thirty 
seconds. Two ml. of concentrated sulfuric acid are added and the 
sample is shaken. If it is desired to titrate 200 ml. of the original 
sample 203.4 ml. are measured out and titrated with standard N/40 thio- 
sulphate solution.

S u m m a r y

An inhibiting reagent composed of sulfamic acid, acetic acid and 
copper sulfate is proposed. This reagent is about twice as effective as 
copper sulfate used alone, though it contains only one-half the original 
concentration of this salt and consequently does not interfere with the 
end point in the iodine titration. When activated sludge is brought into 
contact with this reagent, oxygen absorption is stopped, nitrites are de
stroyed and the sludge is coagulated. The dissolved oxygen may then 
be determined upon the separated supernatant by the application of the 
short Winkler procedure employing sodium azide in the alkaline iodide 
solution. The determination of dissolved oxygen in activated sludge 
mixtures by this procedure is simple and dependable and has been found 
especially valuable in actual operating practice.
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THE DETERMINATION OF IRON IN SEWAGE

B y  R ic h a r d  P o m e r o y

Of Montgomery and Pomeroy, 117 East Colorado St., Pasadena, California

The use of iron salts in sewage treatment often makes it desirable 
to ascertain the iron content of sewage samples. For such determin
ations use may well be made of the method of Winsor (1). This is a 
modification of the well-known tliiocyanate method, in which the test is 
made in a medium consisting mostly of methoxy-ethanol (methyl cello- 
solve of the Carbide and Carbon Chemicals Corporation). The ad
vantages of the modification are greater color intensity and greater 
color stability.

In applying the method to sewage, it is generally desirable to deter
mine only the iron which dissolves easily in acid, ignoring the iron 
which may be present in the rock minerals of sand and silt. Hence it 
is better merely to make the sewage sample strongly acid, rather than 
to evaporate to dryness and apply extreme measures to bring the last 
traces of iron into solution.

The following directions indicate the suitable application of the 
method to sewage.

A. S o l u t io n

1. Test Reagent.—Distill commercial methoxy-ethanol (methyl cel- 
losolve) in an all-glass distilling apparatus. Dissolve 40 grams of c.p. 
ammonium tliiocyanate in enough of the solvent to make one liter of solu
tion. A faint pink color, due to traces of iron, may be present in the 
solution. If this is sufficient to interfere with the determination of 
small amounts of iron, it may be eliminated by storing for a day or more. 
The reagent should be protected from light; under these conditions it is 
practically permanent.

2. Dilute Hydrochloric Acid.—To 200 ml. of conc. c.p. HC1 add 
enough water to make one liter.

3. Standard Iron Solution.—Dissolve 0.112 grams of Fe(NH4)2- 
(S04)2-7H20  in 800 ml. of water and make up to one liter with conc. c.p. 
HC1. This solution should contain 16 mg. of Fe per liter. For maxi
mum accuracy, standardize the solution gravimetrically and adjust to 
exactly 16 mg. per liter.

4. Potassium Permanganate Solution.—Dissolve 3 grams of KMn04 
in a liter of water.

B. P r e p a r a t io n  o f  S a m p le

To 80 ml. of the sewage sample, which must be representative in re
spect to suspended solids content, add 20 ml. of conc. c.p. HC1. Clarify 
by filtering or by allowing to stand for two or three days.

651
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C. P ro c e d u r e

1. Pipette 10 ml. of the clarified sample into a 50-ml. Nessler tube. 
Add potassium permanganate solution dropwise until a pink color per
sists for a minute. Allow the mixture to stand until this color disap
pears, then make up to the mark with the test reagent. Mix thoroughly 
by inverting several times.

2. Prepare standards by pipetting varying amounts of the standard 
iron solution, not exceeding 10 ml., into Nessler tubes, together with 
enough of the dilute hydrochloric acid to make a total of 10 ml. Each 
milliliter of the standard iron solution used corresponds to 2 p.p.m. of 
iron in the unknown. Add potassium permanganate solution and test 
reagent as in the treatment of the unknown.

3. The unknown may he compared with the standards at once, as the 
color develops promptly. The colors fade upon standing, more slowly 
than when methoxy-ethanol is not used, but fast enough so that there 
should not be a time difference of more than 15 minutes in preparation 
of unknown and standards. The fading is largely photochemical; hence 
the tubes should not be exposed unnecessarily to strong illumination.*

If the unknown contains more than 20 p.p.m. of iron, use a smaller 
amount than 10 ml., making up to 10 ml. with the dilute hydrochloric 
acid, and multiplying the final reading by the appropriate factor.

The author made several hundred iron determinations in sewage 
when he served as Research Chemist for the Los Angeles County Sani
tation Districts, and found the foregoing procedure much more satis
factory than the simple thiocyanate method which was used formerly.

S u m m a r y

The Winsor method for determining iron, which is a methoxy-eth
anol modification of the thiocyanate method, is more satisfactory than 
the simple thiocyanate method for sewage analyses. A detailed pro
cedure is given.
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* The recommendation of Peters, McMasters and French (2) as to the use of hydrogen 
peroxide for oxidizing the iron, as a means to forestall fading, has not been investigated by the 
author, but the use of methoxy-ethanol provides sufficient protection against fading, and it 
would seem that the variable amount of organic matter present in sewage would be oxidized 
with more certainty with permanganate than with peroxide, without the use of an undue excess 
of oxidant.



Industrial Wastes

INDUSTRIAL WASTES, THE LAW AND POLLUTION  
CONTROL PROGRAMS *

B y  M il t o n  P. A d a m s

Executive Secretary-Engineer, Stream Control Commission, Lansing, Michigan

The present era of accelerating national defense production brings 
to a close a period of unprecedented building in our field. Tremendous 
advances have been made in providing facilities for the control of sew
age pollution during the past seven years. Judging from our Michigan 
experience, however, it will still take time to develop complete and de
pendable, day in and day out pollution control with the facilities hereto
fore provided.

The problems of many industries and commercial establishments are 
also being solved. This is particularly true where their wastes through 
direct connection or after pre-treatment are susceptible of connection to 
the municipal system.

For the most part, much less has been accomplished in that field fre
quently mentioned as the “ wet” industries. These are dependent for 
their existence upon relatively large quantities of process water. Most 
of this used water supply becomes, in turn, a source of industrial waste. 
The daily operation of these industries creates the largest and most diffi
cult group of problems that remains to be solved. The pollution created 
is generally responsible for the depletion of normal oxygen in the re
ceiving waters. Adverse effects on private and public rights, on fish 
and aquatic life and on wild life are one result. This waste occasionally 
fills in ship channels as well, or taints public water supplies or imparts to 
them chemical constituents, difficult if not impossible to remove by 
known and practical methods of water treatment. In any chain of in
dustries along a particular watercourse, the complaint of a downstream 
operator is frequently lodged against upstream users.

In Michigan, and I believe the same condition exists in other states, 
some outstanding industrial accomplishments can be mentioned. Others 
await the completion of experimental and research work now in progress 
and the passing of the current national defense emergency. But the 
total problem confronting us is tremendous and goes far beyond the date 
of anticipated internal industrial plant changes or new waste disposal 
installations.

A greatly enlarged and continued supervisory and administrative 
function is introduced if real pollution control is to result in either the 
municipal or industrial field.

* Presented before the Second Annual Convention, Federation of Sewage Works Associa
tion, New York City, October 10, 1941.
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I  doubt whether any state represented here is today adequately 
supervising the results of its greatly increased number of operating 
sewage and waste disposal plants. Nor have we gone sled-length as yet 
toward getting all the sewage or other wastes to these established plants. 
And it doesn’t take very much marginal pollution to offset the public 
health value of an operating sewage plant.

It has been our experience that major industrial problems diminish 
or disappear in proportion to the supervisory staff effort that we can 
devote to the task. This starts with informal contacts or a Commission 
notice of failure to control pollution, followed by general plant surveys. 
Their purpose is to locate, analyze and determine the character and 
amounts of waste produced. Generally the staff opinion as to waste 
waters requiring treatment and those which may be separated for di
rect discharge is accepted by the management and our Commission. If 
research or experimental pilot plant operation is required at this point, 
an increasing number of agencies or engineers is available for this pur
pose. The Engineering Experiment Station of Michigan State College 
at East Lansing has been called upon most frequently for assistance in 
the industrial waste field in our state.

The most difficult stage is now reached—how to finance the necessary 
changes'? While this is not the responsibility of the state, a knot can 
easily be tied by overlooking this factor that may take years to undo. 
“ Piecemeal approach” to the completed solution is frequently neces
sary, with generally satisfactory although delayed results. Action of 
our Commission is employed to officially establish pollution restrictions, 
where necessary, set time limits or officially adjust other matters of dif
ference that may arise. At both official and informal hearings before 
our Commission, it sits in judgment on our findings and recommenda
tions, as well as the position taken by the polluting agency. Its order 
or other determinations are then made.

Members of the Commission have been willing as a rule to “ take a 
stand” against pollution when convincing proof of injury has been 
established. The making of summary orders and their attempted en
forcement, however, where ways and means of correction are unknown 
or currently unattainable, is not sound public policy. Neither is such 
action likely to be sustained in the courts. Michigan’s legislative com
mittees in recent years have viewed more restrictive statutes against 
pollution with the greatest skepticism. They say we already have 
enough power. With a few exceptions, I presume state legislative ex
perience with new pollution laws is similar to our own.

Couple this state experience with that of the last six years at Wash
ington in attempting the enactment of federal pollution legislation and 
I am convinced that more restrictive state or federal statutes are un
likely within the coming decade. Should we not ask ourselves in any 
event—Are we making the best use of the law which we already possess ? 
Does new legislation necessarily insure accelerated progress down the 
road of improved pollution control1? Is the answer to be found in state-
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instituted litigation to awaken the laggard polluter where he is found? 
Should such action be coupled with more of the qualified type of tech
nical personnel for contact and field supervisory purposes? Is more 
research information needed? Are more funds (industrial or federal 
or both) necessary to accomplish and maintain the changes in waste dis
posal practice? In the correct answers to these questions lies the solu
tion of our problems.

Currently we appear to have the prospect of operating under one or 
the other of two federal laws, depending upon which type of bill is en
acted. These are TI. R. 1110 by Mr. Spence and H. R. 3778 by Mr. 
Mundt. Both are lodged in the Committee on Rivers and Harbors of 
the 77th Congress. Neither bill seems likely of consideration at the 
present time, due to the exigencies of national defense. Yet because 
these bills represent two divergent conceptions of pollution control ad
ministration that have been prevalent for the past several years, they 
are important.

Unless more progress is made by the states in solving their unyield
ing industrial problems, we must be prepared to accept federal adminis
tration of pollution control in some form. Maybe we will have it any
way.

There is unquestioned need for improvement in statutory law cover
ing procedure and financing and as an aid to the solution of certain 
state and interstate problems. But these various federal bill drafters 
hope to make uniform the pollution statutes of all the states, following 
some national pattern. Have they overlooked the uniformity and pro
tection against pollution and other water abuses, already available? 
This is inherent in the so-called common or court-made law of the 
United States and of the several states.

We must take at the outset a broad perspective of the entire matter 
of water use and controls. Pollution abatement is only one part of a 
larger problem. The National Resources Planning Board and its 
predecessor agencies have been attempting to foster this concept for 
several years past.

Detrimental water pollution to me, is evidence of the abuse of an 
otherwise perfectly legal use of a state resource. I use the term “ state 
resource ’ ’ advisedly, since with the exception of navigation and certain 
power installations, our natural waters and their problem are pri
marily a function of state rather than federal interest and control. Of 
the fresh water streams and lakes of the United States, only a portion 
are apparently navigable by either state or federal definition. In ad
dition to the now existing legal and illegal use of public waters for waste 
disposal purposes, surface waters must provide the means of naviga
tion, power development, public, private and industrial water supplies 
and irrigation, as well as the medium in which fish and aquatic life live 
and upon which wildlife depends. Correlated problems created by pre
cipitation and the resultant flow of water are found in flood and soil 
erosion control.
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If we are to make the most of our water resources for the good of 
unborn generations as well as ourselves, artificial and natural abuses 
must be checked and corrected. Only in this way can the beneficial uses 
of this resource be fully developed and utilized. Wise use without 
abuse is one of the accepted definitions of good conservation. It is also 
a fair statement of principle to be drawn from the common or court- 
made law itself. No one use of a water resource can be permitted to 
prevail at the expense of others without causing trouble and conflict.

If we would but familiarize ourselves with and utilize this declared 
policy of the so-called common law of waters, we will find sound ad
ministrative guides to practically every situation that can conceivably 
arise. On the other hand, statutes defining rights and establishing 
limitation on use are strictly construed. Their enactment always trails 
the problem created. They are frequently inadequate to meet new 
needs as they arise. They depend upon a sufficiently crystallized ma
jority of legislative opinion for their enactment.

Yet here lies, little used and apparently less appreciated, this po
tentially valuable implement to our work:—the common law of waters of 
all the states. It presents through its so-called “ reasonable use doc
trine” uniformity of policy for all users of our water resources to 
follow.

What then is this common law as it relates to waters ? It is an ever 
increasing compendium of the decisions of the state and federal ap
pellate courts, classified to bear upon definite subjects with related facts. 
Its original foundation was the English common law. This was ac
cepted conditionally or in its entirety by the states of the Union as they 
were organized. It also serves as the foundation of jurisprudence of 
the United States courts. Only to the extent that subsequent statutory 
enactments have come and gone, and court decisions modified it, has the 
common law been changed. Hence for any present lack of statutory en
actments, the aggrieved party is rarely without a remedy.

To make a geological comparison—it is the sedimentary rock bed 
ever increasing in thickness and strength as more deposits in the way of 
current court decisions are laid down. The upper layers of this deposit 
consisting of the more recent decisions would be given the most judicial 
consideration presumably, when questions arise for determination. If 
the facts of a given case are found to fit and the litigation is otherwise 
properly instituted and free of fatal technicalities or prejudice, the an
swer will be satisfactory.

Ever changing and generally inadequate statutory lav/, on the other 
hand, may be compared to the earth, trees or vegetation which may be 
found overlaying this rock bed of the common law. It may be brushed 
off, or completely changed, as time goes on, whereas the rate of change 
in common law doctrine is exceedingly gradual. I t  comes about as the 
result of changing judicial opinion and its weighing of the facts and 
equities involved. It is this integration of separate but related cases 
into a stable policy of the law which appeals to me as the only sure
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foundation upon which pollution control of the future should be based. 
This is especially the case where existing rights to the use of water are 
to be curbed. Substantial sums of money must be expended to com
pensate for the curtailed use of that resource for future waste disposal 
purposes.

How do we invoke the common law? In Michigan, generally by til
ing a bill to enjoin detrimental pollution. What we seek is restriction 
to a “ reasonable use” by the polluter obtained through the court’s de
cision. It is heard in a court of equity or chancery as distinguished 
from a court of law. Equity jurisprudence, so-called, is always open to 
the Complainant, where relief through the law courts is neither adequate 
nor available.

Relief may be sought by the injured individual as well as by the 
downstream municipality, if a riparian, or by the state, acting under its 
police power. The same,process by which the pollution offender is com
pelled to observe the law of the land may be employed by him to obtain 
his rights to the legal use of the water to which lie is entitled. Only 
the court can define and delineate the limit of reasonable use, beyond 
which pollution or other abuses are unlawful. But a category of court 
recognized pollution injuries already exists. They have been hereto
fore declared as evidences of unreasonable use and such practices en
joined. The engineer or pollution control administrator has a good cue, 
therefore, to the limit to which he may safely go in approving or enforc
ing pollution control facilities. Those of you in charge of municipal 
plant operation, and designing engineers as well, will derive much bene
fit from your attorney’s explanation of the relation of the doctrine of 
the common law to your respective pursuits.

We have tried to follow the declared policy of “ reasonable use” in 
our contacts with industry and municipalities in Michigan. We believe 
the policy has not only yielded results but has generally meant more 
effective cooperation toward control in a spirit of good will. The im
portance of this factor to successful pollution control cannot be overesti
mated. No state or the federal government can ever employ enough 
pollution policemen to know about or guard against every occurrence, 
municipal or industrial, which will cause pollution. Most managements, 
if convinced that you are fair and reasonable, will respond in like man
ner. It is obvious one is going to get farther to acknowledge at the out
set that the polluter is entitled to a reasonable use of the stream or water 
for disposal purposes, than to damn him as an outlaw and issue an order 
for a complete clean-up of all pollution from and after a certain day. 
Moreover, it is my opinion that irrespective of the statutory authority 
under which one is entitled to proceed, whether state or federal, present 
or future, “ the law” will support you if a reasonable use is conceded, 
while it may defeat you if it is shown that your requirements are un
reasonable or arbitrary or not susceptible of accomplishment.

Through your attorney’s counsel is the only way to ascertain the 
value of seeking a common law solution of your stubborn and resistant
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pollution problems. Prepare your facts, interpret the test results, 
list the nature of injuries created and place them in his hands for advice. 
Armed with his opinion you should be able to prevail upon tlie head of 
your department or pollution control board to institute the appropriate 
litigation.

With your permission, I shall read a few excerpts from paragraphs 
on the so-called Law of Waters. They are taken from Vol. 67, Corpus 
Juris, omitting references to the citations to supporting cases. Other 
authorities, such as “ Cyc” (Cyclopedia of Law and Procedure), L. E. 
A. (Law Eeports Annotated) and E. C. L. (Ruling Case Law), are 
equally available and of interest.

On the subject of the Rights of Riparian Owners to Use of Water 
(page 690), the following statement of the law is found:

Subject to  any param ount rig h t to the use o f the w ater existing  under the general 
law in some o ther person, a r ip a ria n  ow ner has the rig h t to  make any  use o f the water, 
beneficial to him self, on the r ip a ria n  land, which his situation  m akes possible, so long as 
he does no t inflict any substan tia l o r m ateria l in ju ry  on those below him, and he may 
fac ilita te  his use o f it by any  ap p ro p ria te  m eans; b u t all the r ip a r ia n  p ro p rie to rs  have an 
equal or common rig h t to use the w ater, and each m ust exercise his r igh ts  in  a reasonable 
m anner and to a reasonable extent, so as not to in te rfe re  unnecessarily  w ith the corre
sponding righ ts of others, . . .

On the subject of Reasonableness of Use, commencing on page 694:
A  rip a ria n  ow ner’s righ ts are  not m easured by the necessities of his own business, but 

by the ru le th a t his use o f the w ater m ust be reasonable when considered w ith reference to 
the needs or righ ts of o ther r ip a ria n  p ro p rie to rs  on the stream , and  any  malicious or 
w anton use o r abuse o f his w ater privileges by a r ip a ria n  ow ner is unreasonable and ac
tionable. There is no fixed ru le of law fo r  determ ining w hat w ill constitu te  a  reasonable 
use, bu t each case depends on its own p a rticu la r facts, and the reasonableness of a p a r
ticu la r use is generally  a  question of fac t fo r the ju ry , although the use of the w ater may 
be so p lain ly  excessive as to be unreasonable as a  m a tte r o f law. In  determ ining the rea
sonableness o f a p a rticu la r use it is p ro p er to consider the character and size o f the stream, 
its  location, the na tu re  and condition of the im provem ents thereon, the  uses to  which it is 
subservient, the sta te  o f civilization, clim atic conditions, the custom and  usage of the 
people in the vicinity  and elsewhere in  regard  to the m anagem ent o f business, the hours of 
labor, and the use of the w ater of such stream s, the n a tu re  o f the banks, the volume of 
w ater, its fa ll and velocity, the subject m atte r of the use, its object and extent, the neces
sity  fo r it, and the previous usage.

On the subject of Pollution with Respect to the Right to Pure Water, 
commencing on page 767:

I t  is the righ t o f every rip a ria n  owner to have the stream  continue to flow through  or 
by his prem ises in its  n a tu ra l condition o f p u rity , and free from  any  contam ination or 
pollution, such as would render it  unfit fo r domestic purposes, o r fo r m anufactu ring  p u r
poses, o r fo r  agricu ltu ra l purposes, such as irriga tion  o r the w atering  o f stock, o r for 
swimming and bath ing  purposes, o r which would be destructive to  the fish therein, or 
cause it to  give off noxious and unhealth fu l odors. Thus an  u p p e r  r ip a ria n  p roprie to r 
ord inarily  has no rig h t to pollu te a  stream . I f  he does so i t  is w rongful, unless he has 
some p rio r or special rig h t to some exclusive or p a rticu la r en joym ent which perm its such 
pollution. A sta tu te  p roh ib iting  the pollu tion  of w atercourses occasioned by  the inflow of 
sa lt w ater, of oil, and o f other substances is a p ro p er exercise o f legislative pow er. . . .
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Relative to the Nature of the Right to Pure Water, we find the fol
lowing :

The r ig h t of a r ip a ria n  owner to have the w ater flow pure  and undefiled is w hat is 
term ed a n a tu ra l easem ent; it is annexed to the soil and is parcel of the land itself, and 
inheres in the estate entitled ex ju re  na tu rae  independent of g ran t or p rescrip tion . Such 
righ t is not conditioned upon the beneficial user of it, nor can its owner be deprived o f it 
by legislation. An in ju ry  to the p u rity  o r quality  of the w ater, to the detrim ent of other 
r iparian  owners, constitutes, in legal effect, a w rong and an invasion o f p rivate right.

Under Principles Governing Subjection of the Right to Pure Water 
to the Right of Reasonable U se:

The rig h t to p u rity  of w ater is subject to  the rig h t of each rip a ria n  p ro p rie to r to use 
the stream  to a reasonable extent, and w hether o r not a pollution of the w aters of a stream  
is an actionable in ju ry  to a lower r ip a ria n  p rop rie to r depends upon whether it  is the re 
sult o f such a reasonable use o f the stream  as the u p p e r owner is entitled to make or of an 
unreasonable use in excess of his rights. The rig h t to p u rity  of w ater is not one of abso
lute im m unity from  all pollution. The u p p e r ow ner is entitled to use the stream  in such 
a m anner as to make it useful to him self even if  it somewhat im pairs the quality  of the 
w ater; and so if  his use of the stream  is a reasonable use, the fac t th a t it incidentally 
im pairs the p u rity  o f the w ater gives no cause of action to a lower r ip a ria n  owner. H ow 
ever, a r ip a ria n  owner m ust not use the w ater of the stream  so th a t the w ater is so cor
rup ted  and polluted as p ractically  to destroy o r g reatly  im pair its value to the lower 
rip a rian  owners. W hat is a reasonable use is p rim arily  a question of fact, but whether 
the undisputed  facts, and the necessary inferences therefrom , establish an unreasonable 
use is a question o f law. I t  is to be determ ined in view of all the facts and circumstances 
of the pa rticu la r case. E very  use of a  stream  which decreases the p u rity  of its w aters is 
not unreasonable. There m ust be a fa ir  partic ipa tion  in the use o f the w ater between 
the u p p e r and the lower r ip a ria n  owners. The reasonableness of the use depends upon 
the extent of detrim ent to the r ip a ria n  p roprie to rs below. I f  it  essentially im pairs the 
use below then it is unreasonable and unlaw ful unless it  is a th ing  altogether indispensable 
to any beneficial use a t every po in t of the stream . In  some jurisd ictions the ru le is 
stric ter where the use is fo r m anufacturing  or industria l purposes than  where it is fo r 
ordinary  fa rm  or domestic purposes, it being held th a t the use of the w ater of a stream  
fo r ordinary  fa rm  and domestic purposes does not render an u p p er rip a rian  owner liable 
to a lower owner even though such use renders the w ater m aterially  less pure to the lower 
owner’s substantial dam age; but the use of the w ater of a stream  fo r industrial or m anu
facturing  purposes by which it  is polluted is quite another m atter, and the riparian  
owner’s righ t is lim ited to the extent th a t such use m ust not m aterially  pollute the w ater 
to the substantial damage of the lower r ip a ria n  owner, and such use and pollution of the 
w ater renders the user liable to a lower r ip a ria n  owner whenever the damage is of a sub
stantia l nature.

On the subject of Pollution from Other Sources :
O rdinarily  it is no justification o r excuse fo r one who pollutes a watercourse th a t the 

stream  is already contam inated or th a t various other persons are contributing  to its pol
lution, o r th a t an ex trao rd inary  flood was a contributing  cause. The fac t th a t the dam 
age would have been less had the stream  been pure when it reached defendant does not re 
duce his liab ility  fo r all damages occasioned by his pollution of the stream , nor does the 
fac t th a t the stream  is a lready p a rtia lly  polluted from  other sources perm it a r iparian  
owner to increase the pollution thereof to the damage of a lower rip a ria n  owner.

Relative to the Necessity to Mitigate or Prevent Injury, the fol
lowing :
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In  some jurisdictions i f  the lower riparian owner by the exercise o f ordinary care and 
at reasonable cost, can minimize the damages i t  is his duty to do so. In  other jurisd ic
tions he is under no duty to mitigate his damages, fo r  although he is bound to exercise 
reasonable care to protect himself from  any damage that he has cause to anticipate, he is 
not bound to expect that an upper riparian owner w ill in flic t w rongful in juries upon him 
in the use o f the stream, and it  is not his duty to take steps to protect himself from  un
expected unlawful acts. Thus he is under no duty to protect himself from  in ju ry  through 
pollution at his own cost, even though he could protect himself at less expense than would 
have to be incurred by the wrongdoer causing the pollution fo r the prevention thereof.

With respect to Refuse from Mills and Factories, commencing on 
page 774:

A  riparian owner has a righ t to make a reasonable use of the stream fo r the opera
tion o f a m ill or factory, and may even cast waste material therein i f  he does not thereby 
cause material in ju ry  to public or private rights. However, he has no right, by unrea
sonable use, seriously to im pair the rights o f a lower riparian owner, . . .  I t  is no excuse 
or justification fo r  such pollution that the use o f the water in the m ill or factory is a law
fu l riparian use; that the business of the m ill or factory is conducted sk illfu lly  and ac
cording to the best modern methods and w ithout malice or negligence . . .  or that com
plainant knew defendant was building large and expensive works and made no objection 
thereto; or that an act o f God in the form  of a drought caused the stream to fa il to carry 
off the refuse as i t  did in normal times. There is no public policy in  favor o f industrial 
development which w ill ju s tify  fo r  the sake o f a factory or m ill the destruction of the 
rights of other riparian owners by the pollution of the stream. No supposed rule of ne
cessity in order to carry on a business, or on account o f its usefulness or necessity, or on 
account of the amount involved, w ill authorize the pollution o f the waters o f a stream. A 
manufacturer who uses the water from  a stream in his plant and returns it  into the stream 
in a condition no more polluted than when he took i t  out of the stream is not liable fo r the 
pollution o f the stream.

Under the Effect of Custom, the following:
A  long-continued uniform  custom of m ill owners and manufacturers along a particu

la r stream may make i t  a reasonable use fo r them to discharge their waste and refuse into 
the stream.

Under the subject Occasional Pollution of Stream :
I f  the riparian owner has employed every means known to the business to prevent a 

discharge o f noxious matters into the stream he is not chargeable w ith negligence fo r an 
occasional unavoidable discharge of such matters w ith  a consequent temporary pollution 
of the waters o f the stream.

Under the subject of Acquisition of the Right to Pollute, as obtained 
by prescription, we find on page 776:

Although in some jurisdictions the righ t to pollute a fresh water stream cannot be ac
quired by prescription or any lapse o f time, as a general rule, i f  the pollution o f a water
course does not constitute a public nuisance, the righ t to use the water o f a stream in such 
manner as to pollute it  to the prejudice o f lower riparian  proprietors may be acquired by 
prescription. Such a righ t cannot arise, however, where i t  would be in jurious to public 
health, or constitute a public nuisance, or be in opposition to intermediate legislative en
actments against it. To acquire a prescriptive righ t to pollute a stream a riparian pro
prie to r’s use o f the waters thereof must be in jurious to lower riparian  proprietors, un
interrupted, adverse, under claim of right, and w ith the knowledge of the lower riparian 
proprietors, or w ith  such acts that knowledge w ill be presumed, and must have continued 
fo r the fu ll prescriptive period. Such a prescriptive righ t can be exercised only in the 
manner and to the extent to which the pollution was begun and continued in order to 
acquire the right, but cannot warrant any fu rthe r or greater pollution.
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Relative to Persons Entitled to Relief, the following:
Since he has a. righ t to have the stream flow by or through his place in a pure and 

undefiled condition, a riparian owner has a cause of action fo r the pollution o f the stream, 
and a person in possession of reality is, fo r  this purpose, classified as an owner. This 
right, except where the pollution constitutes a public nuisance or injures the water fo r a 
purpose under the regulatory power of the state, is ordinarily confined to the riparian 
owners below the point on the stream where the pollution takes place; and a nonriparian 
owner, uidess he can show that the pollution of the stream creates a condition which 
constitutes a nuisance, in jurious to him other than the condition of the water itself, has 
no cause of action therefor. . . .

Other pertinent sections of the law such as that relating to Trial 
and Relief in Equity, commence on page 789:

In junction is a proper remedy to prevent a threatened pollution o f a watercourse, or 
to stop the fu rther continuance of a nuisance consisting in such pollution, and this remedy 
is available, although redress might be had by abatement o f the nuisance or an indictment, 
or by action at law. The granting or refusing of an injunction rests in each case on the 
sound discretion o f the court, exercised according to the recognized principles o f equity, 
and p la in tiff must not only show the pollution of the stream, but he must fu rther establish 
facts entitling him to such relief under the equitable principles generally applicable to 
injunctions. As a general rule, the use o f a stream in such a manner as materially to 
foul and adulterate its water w ill be enjoined, provided the in ju ry  is a recurring and con
tinuing one, and the stopping of the acts complained of w ill restore or tend to restore 
p la in tiff to the enjoyment o f his rights, and particularly where defendant, before building 
his plant, gave explicit assurance to p la in tiff that he would avoid polluting the stream, or, 
in the case o f pollution by mine water diverted from  its natural outlet and by artificial 
means discharged into a stream which does not form  the natural drainage of the mine, 
where it  does not clearly appear that the natural conditions make it  impracticable to dis
charge the water in any other way, or that the expense of doing so would be so great as 
substantially to deprive the mine owner of the use of his property. Isolated acts o f pol
lution do not constitute a ground fo r injunction, nor do past acts or resulting injuries un
less it  appears that the acts or injuries shown w ill probably continue or recur. Thus an 
injunction w ill be denied where, at the time of the suit, defendant has taken steps whereby 
the pollution is prevented. I f  a riparian owner’s use of the stream is reasonable and does 
not pollute it  to such a degree as to render it  unfit fo r manufacturing, mechanical, or 
domestic purposes, he w ill not be enjoined. The court w ill not, at the instance of the at
torney-general, restrain a m ill or factory from  a use which pollutes a stream somewhat 
where the lower riparian owners do not complain o f such use and most of them are de
pendent on the operation o f the m ill or factory fo r their support.

On the subject of Relative Injury, note the following:
In  some jurisdictions the court, in deciding whether to grant or refuse an injunction, 

cannot consider the balance of convenience, or of advantage or disadvantage, to p la in tiff 
and defendant and the public at large of defendant’s use of the stream. In  others, in 
considering whether to enjoin a business enterprise from  polluting a stream the courts 
recognize the importance of business enterprises. They w ill not overlook the needs o f im
portant manufacturing interests nor hamper them fo r tr iflin g  causes. Thus, where such 
enterprises are established at the only place where it  is practicable to operate them, and 
they are conducted in the only practical manner, their righ t to operate w ill not be de
stroyed fo r tr iv ia l causes or fo r slight damage resulting to others, and i f  the damage 
which w ill result to defendant from  an injunction is much greater than any in ju ry  to 
p la in tiff from  the pollution such state of facts w ill warrant a refusal o f the application 
fo r injunction. However, substantial in ju ry  to lower riparian property w ill not be per
mitted fo r the purpose o f enabling a new and great industiy to flourish. Oil fields w ill 
not be abolished and annihilated by an injunction against the pollution o f streams by oil 
wells, i t  being impossible to abate the pollution and at the same time operate the oil wells.
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The subject of Defenses to Action of Abatement is of interest (page 
792):

I t  is no defense to a suit to enjoin the pollution of a stream that the business en
gaged in by defendant is a law fu l and useful one which is being conducted in a proper 
and customary manner, or that p la in tiff bought the property w ith knowledge o f the exist
ing conditions as to the pollution of the stream. . . . Also, p la in tiff’s rig h t to an injunc
tion is not affected by the difficulties o f complying w ith  i t  on the part o f defendants, pro
vided i t  is w ith in  the lim its o f physical possib ility ; nor, i t  has been held, does the fact that 
to enjoin the continued discharge of sewage into a stream w ill cause hardship on the 
persons enjoined and menace their health and that o f others, operate to prevent the issu
ance o f the injunction, but in this connection the righ t which the courts ord inarily  have 
to refuse an in junction because of the disproportionate in ju ry  which would result to the 
parties must be considered.

You have just heard quoted statements of portions of the court- 
made law on waters. If unfamiliar with it, are you not impressed by 
its complete applicability to our work? In all probability you can bring 
this to bear upon the solution of your delinquent problems. If so, what 
further need have we for more restrictive statutes against pollution?

It will be noted that the common law of waters is built primarily on 
riparian owner relationship. State or federal agencies for the control 
of pollution must therefore establish their eligibility to complain. 
Where acting in behalf of public health protection, the state’s inherent 
police power would presumably establish this eligibility. Some legis
latures have broadened, beyond the limits of public health, the authority 
of the state to combat pollution. Our attorney general and I presume 
most state’s attorneys, have powder to abate public nuisances, however 
caused.

The purpose of the controversial Section 10 of the Mundt Bill is an 
attempt to establish the eligibility of complaints by the federal govern
ment against pollution. Where the pollution is of a local nature, even 
though found in navigable waters, it remains to be demonstrated 
whether or not this bill in Congress, should it become law, will .place an
other unit of government still farther removed than the state in a posi
tion to control local pollution. The question is particularly pertinent 
if, in doing so, state jurisdiction is automatically ousted, as many be
lieve will be the case.

In conclusion then, it would seem entirely unnecessary that any of 
us in the state pollution control field should be awaiting the enactment 
of any federal law with the idea that this is necessary to establish uni
form national policy. The doctrine and principles of the common law 
already provide this uniformity. The only safe criterion of water 
quality in the crossfire of interests in which we find ourselves is that of 
“ reasonable use,” interpreted in the light of each differing set of facts 
and circumstances. Moreover, “ reasonable use” will be the criterion 
where pollution abatement is sought by injunctive process in either state 
or federal courts. The tests of injury, however, may be expected to be 
more strict and difficult to prove in federal than in state courts, accord
ing to my understanding. All of us cannot wear the same size hat or
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shoes neither can all pollution problems be equitably solved with the 
same remedies nor the same degree of treatment.

For those sewage or waste disposal problems that impede or prevent 
the realization of sound pollution control programs under cooperative 
compliance policies, we should be getting our facts together, enlisting 
rather than discouraging the interest and aid of the injured riparian 
proprietor and giving our own state’s attorney the opportunity to help 
us. By proper steps, the uniformity and fairness of the common law 
can be brought to bear, with beneficial results.

If such steps are supplemented by inviting Waltonians and other 
critics of our past methods to give heed to our obstacles as well as the 
examples of failure of pollution control we will not be constantly “ in 
the middle.” We should presently have not only the facilities and plant 
changes to permit compliance but the staff assistance necessary to the 
maintenance of satisfactory pollution control for future years.
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D is c u s s io n  

By C. B. H oover

Consultant to the State Water Commission of Connecticut, Member of the Connecticut 
Flood Control and Water Policy Commission, Wesleyan University,

Middletown, Connecticut

Mr. Adams has given us an invigorating, practical and legal justi- 
cation for the extension and improvement of the control of industrial 
waste pollution. I agree that further Federal restrictive legislation 
does not appear likely under present conditions of the National Defense 
effort, hut I am not too confident of continued restraint. Some feel that 
social and economic changes, not necessary in the present emergency, 
may be extended as a matter of consistent general policy. I agree that 
the control of water resources is primarily a State function but unless 
individual states or groups of states are active in preventing inequal
ities and injustices across state lines, local as well as Federal pressure 
for broader control is likely to develop. There has been too much 
smoke of rumor regarding factory migrations to avoid waste treatment 
expense to make us confident that there is not some accompanying fire. 
The military strategy, dictating the wide distribution of defense plants, 
cannot but locate new sources of pollution in some states which have not 
been seriously faced with industrial waste problems in the past. These 
plants become potential competitors of factories required to treat their 
wastes.

It Avould appear that if Federal authorities are interested in requir
ing wide-spread pollution control that they should make provision for
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industrial waste treatment in plants financed by the National treasury. 
Moreover, a manufacturer should not be asked to expand his production 
capacity or sell his product to the Federal Government at a price that 
will not permit of meeting the cost of waste treatment.

From the stand-point of the manufacturer there are reasons why • 
pre-treatment and waste elimination should be considered at the present 
time. Full time operation indicates the possibilities of reasonable 
profits before tax deductions. Sterner competition is certain to be ex
pected in the post-war period. Now is the time to prepare to avoid 
future expense.

Mr. Adams is undoubtedly correct in his statement that we cannot 
now expect a continuation of the past extensive public works program, 
but we can hold our gains. In this connection I feel that one of the 
basic requirements of the Connecticut State Law, which established the 
Connecticut State Water Commission, is a good guide at this and all 
times. This basic requirement is in substance that no objectionable pol
lution of State waters, by a new industrial source, shall be permitted 
provided a reasonably feasible and economic method of preventing or 
eliminating the pollution is known. This law and its justifiable inter
pretation, would appear to accord with the requirements of the basic 
common law and the reasonable control policy of Michigan as explained 
by Mr. Adams.

Technically trained State officials can now, as always, do much to 
educate and assist industries in understanding their pollution problems. 
Industrial chemists and engineers need to have more appreciation of 
sanitary engineering, and the effect of small amounts of toxic sub
stances on biological processes. As one manufacturer once said to me 
“ You want us to reduce our impurities in our waste water to 100 
p.p.m.; that is, ten times as pure as the purest product we sell and we 
think we are doing pretty well to get our impurities down to one-tenth 
of a per cent or a thousand parts per million. ’ ’

This is a time when cooperative engineering surveys of industries 
can be carried out by State and Municipal authorities. Segregation of 
objectionable wastes and equalization and effective dilution can be en
couraged. Economies can be pointed out and recoveries, especially 
those of strategic materials, emphasized. For example, additional 
standing rinse tanks in plating rooms, recovery of cutting oils, making 
cattle feed and fertilizer from food factory wastes, save-alls and closed 
white water circulation in paper plants. The giving of sound engi
neering advice, recommendation of well trained outside consultants 
and the warning to avoid the pitfalls of makeshift treatment expedients 
are especially needed in these times of peak production.

I would like to emphasize one of the points Mr. Adams mentioned 
briefly. This is an appropriate time to investigate the full utilization 
of the large number of new municipal treatment wrnrks in connection 
with industrial wastes that can be admitted to sewerage systems. 
Proper regulation of the discharge of industrial wastes to sewers,
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closer pH control, addition of small amounts of regulating chemicals, 
and many other expedients which modify, but do not seriously alter the 
operation of a sewage plant, are in order. We have been especially in
terested in eliminating the effect of copper in separate sludge digestion 
and hope to report some simple measures to be used in sewages receiv
ing metallurgical wastes. A number of factors affect the amount of 
copper that can be accepted in a sewage, but owing to the large segrega
tion of copper compounds in settled sludge, we are inclined to agree 
with Mohlman’s original estimate at New Haven that 1 p.p.m. may have 
retarding effects on sludge digestion. In this connection we are much 
interested and we feel that all those connected with sludge digestion and 
all biological processes should also be interested in the proposals being 
considered by the group of experts preparing to revise the Federal 
standards for drinking water. Dr. J. K. Hoskins, of the United States 
Public Health Service, told the American Chemical Society at Atlantic 
City, on September 8, that the standards being considered involved rais
ing the maximum allowable copper content from .2 p.p.m. to 2. p.p.m. 
and invited comments from those interested. We find that many so- 
called potable waters contain more than .2 p.p.m. but we have yet to find 
one which contains as much as 1. p.p.m.. I am not an authority on the 
physiological effects of small amounts of copper on humans, but I think 
I can claim that 2. p.p.m. will be detrimental to other important forms 
of life of interest to the sanitary engineer.

This situation may be clarified by later proposals but it may serve 
to indicate my closing point. Cooperation is needed in solving tech
nical problems. Cooperation of Governmental authorities, public health 
officials, sewage workers, water resource conservators, industrialists, 
and their varied technical staffs is indicated if the complex problems 
of water supply and liquid waste disposal are to be solved. By such 
cooperation we can benefit not only the health of the public but the 
health of industry as well.



FIRST YEAR’S OPERATION OF TH E E FFL U EN T  
TREATM ENT PLANT OF TH E CALCO 

CHEMICAL DIVISION, AMERI
CAN CYANAMID COMPANY,

BOUND BROOK, N. J.

By V. L. K in g , C . H. B e a n , a n d  R. E. L e s t e r

A preliminary report on operation of the Calco Effluent Treatment 
Plant is presented at this time because of the many inquiries that we 
have received for information. The treatment process is undergoing- 
continuous development 011 the large scale as we acquire experience 
with it; as the conditions change in the Raritan River into which the 
treated effluent is discharged; and as the character of our individual 
effluents changes by constant addition of new products of manufacture 
in our plant. Although we speak of having started the treatment plant 
in November, 1940, attention should be called to the fact that this is only 
partly correct as there are still several “ treatments at the source” to 
be put into effect and a number of others had been installed prior to 
that date. For a description of plant and equipment and of the steps 
leading up to the development of the process, reference is here made 
to two descriptive articles that appeared in Chemical Industries and 
also in Chemical and Metallurgical Engineering, both in March, 1941. 
This present article gives the first report of operation.

An unprecedented drought occurred in the summer of 1941, with 
resultant very low fiows in the river. Our calculations of minimum 
river discharge were upset, and we had to improvise means for com
pensating for this lack of dilution. The need for certain additional 
treatments at the source was emphasized. Our existing treatments at 
the source were controlled more strictly, and, in all, the effluent treat
ment plant gave a creditable account of itself under trying conditions.

The process itself consists of the following general steps:
1. Treatments at the source.
2. Collecting.
3. Compositing.
4. Neutralizing acidity.
5. Settling and clarifying.
6. Aeration.
7. Diffusion and dilution in the river.

The map of the plant and effluent treatment plant layout (Fig. 1) 
shows the collecting basin at (1). Treatments at the source have been 
made in various places prior to the delivery of the effluents to this basin. 
Compositing is effected at (2), neutralization between (2) and (3), 
clarifying at (3), aeration in the long canal leading to the river and at 
the diffusion dam.

666
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T r e a t m e n t  a t  t h e  S o u r c e

Various individual effluents are given specific treatment before they 
are allowed to flow into the treatment plant proper. These treatments 
are intended to put them in such condition that the treatment plant may 
handle them without disturbance.

Earlier methods of clarification by means of settling basins were 
continued and extended. Thus, iron sludges from aniline manufacture, 
chrome sludges, and the like, are settled in a series of basins near their 
sources so that only their clear and nearly colorless supernatant liquors 
are run to the treatment plant. The overflow from a thickener, con
taining small percentages but large quantities of sulfites, is included in 
this class of pretreatment.

Oil traps are being installed at various sources: These are skimming 
devices for removing surface oils, and settling basins or tanks for re
moving oils or oil-like materials, both heavier and lighter than water.

Sulfide and sulfhydrate brines are aerated to fix these oxygen-con
suming materials as thiosulfates. Sulfur is precipitated, which may be 
recovered and used. The resulting liquors, containing sulfites and thio
sulfates, are treated with waste sulfuric acids and heat to drive off 
recoverable SO, and to precipitate more sulfur which may be reused. 
The sulfur color brines, when treated in this manner, are almost com
pletely decolorized and their oxygen-consuming power is reduced 98 per 
cent or more.

The most important reduction in oxygen-consuming power of indi
vidual effluents is accomplished at the source by destroying the sulfite 
brines from the overflow of a Dorr thickener. These liquors are 
pumped to the tower exits of the contact acid plant where they are 
further enriched by allowing them to absorb the unconverted SO, from 
the contact sulfuric acid process. The resulting strong bisulfite liquors 
are then pumped to an S02 recovery plant where they are treated with 
weak waste sulfuric acids to produce crude SO, gas and sodium sulfate, 
the latter being removed in the effluent. This process reduces the 
oxygen-consuming power of our total effluent by the impressive figure 
of 120 p.p.m.

The manufacture of fluorescein, eosine, and bromo acids produces 
waste liquors containing a green fluorescent material which becomes 
even more fluorescent upon dilution. These waste liquors may be col
lected and their pH ’s adjusted to 6.5-7.2. Chlorine gas or sodium 
hypochlorite, added in sufficient quantity to give a positive starch iodide 
test and maintained until decolorization is complete, completely de
colorizes these liquors in a short time and the color does not reappear 
on being mixed with other effluents.

Oil emulsions, which are foam-producers, may be broken in some 
cases by precipitating calcium and magnesium salts in them at pH 
5.0-6.0. Such oil adsorbed and entangled in the floe can be settled 
out thereby.
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N e u t r a l i z a t i o n  t o  p H  4 .0 ,  a t  w h i c h  p o i n t  t h e  f r e e  m i n e r a l  a c i d i t y  i s  
d e s t r o y e d ,  p r o d u c e s  o n l y  a  l i t t l e  Hoc.

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

T h e s e  m e a n s  a l l  s e r v e  t o  r e d u c e  t h e  e f f e c t  u p o n  t h e  r i v e r  o f  t h e  
f i n a l  t r e a t e d  e f f lu e n t  b y  p r e t r e a t i n g  m a n y  o f  t h e  i n d i v i d u a l  e f f l u e n t s  a t  
t h e i r  s o u r c e s .  T h e  l i q u o r s  f r o m  t h o s e  t r e a t m e n t s  a r e  r u n  t o  t h e  t i l e  
s e w e r s  a l o n g  w i t h  c o o l i n g  w a t e r s ,  w a s h  w a t e r s ,  m a n u f a c t u r i n g  o r  o t h e r  
p r o c e s s  l i q u o r s  a n d  w a s t e s ,  a n d  t h e  s a n i t a r y  s e w a g e  o f  a b o u t  4 ,5 0 0  e m 
p l o y e e s .

C o l l e c t i o n

A l l  e f f l u e n t s ,  i n c l u d i n g  t h o s e  t r e a t e d  a t  t h e  s o u r c e ,  a r e  c o l l e c t e d  i n  
a  p u m p i n g  s t a t i o n  s u m p  o f  3 5 0 ,0 0 0  g a l l o n s  c a p a c i t y  f r o m  w h i c h  t h e y  
a r e  p u m p e d  c o n t i n u o u s l y  t o  t h e  c o m p o s i t i n g  b a s i n .  I t  w a s  p l a n n e d  t o  
c o l l e c t  e v e r y t h i n g ,  i n c l u d i n g  c l e a n  w a t e r  f r o m  c o o l i n g  o p e r a t i o n s ,  a s  
w e l l  a s  t h e  s a n i t a r y  s e w a g e ,  a s  t h e  p i l o t  p l a n t  w o r k  i n d i c a t e d  t h a t  t h e  
r e s u l t i n g  c o m p o s i t e  w o u l d  n o t  o n l y  n e u t r a l i z e  t h e  c o l o r  b u t  a l s o  b e  s u f 
f i c i e n t ly  a c i d  t o  d e s t r o y  t h e  s e w a g e .  W o r k  b y  t h e  S t a t e  D e p a r t m e n t  
o f  H e a l t h  o n  t h e  r i v e r  w h i l e  t h e  p l a n t  w a s  b e i n g  b u i l t  s h o w e d  t h a t  o u r  
e f f lu en t ,  o n  a c c o u n t  o f  i t s  a c i d  n a t u r e ,  w a s  n o t  o n l y  f r e e  f r o m  bacterium  
coli i t s e l f ,  b u t  w h e n  m i x e d  w i t h  t h e  r i v e r ,  r e d u c e d  t h e  bad. coli c o n t e n t  
o f  t h e  r i v e r  w a t e r  t o  z e r o  a s  w e l l .

T h e  N e w  J e r s e y  S t a t e  D e p a r t m e n t  o f  H e a l t h ,  u n d e r  t h e  l e a d e r s h i p  
o f  t h e  D i r e c t o r ,  a n d  a i d e d  b y  i t s  e n g i n e e r i n g  r e p r e s e n t a t i v e s ,  h a v e  b e e n  
m o s t  h e l p f u l  t h r o u g h o u t  t h i s  e n t i r e  e n d e a v o r .  T h e y  h a v e  b e e n  w i t h  u s  
t h r o u g h  a l l  o f  o u r  w o r k  a n d  h a v e  h e l p e d  i n  t h e  s o l u t i o n  o f  m a n y  o f  o u r  
p r o b l e m s .  I t  h a s  b e e n  a  p l e a s u r e  t o  w o r k  w i t h  t h e m  a n d  t h e  s t a n d a r d  
o f  c o o p e r a t i o n  b e t w e e n  S t a t e  a n d  i n d u s t r y  t h a t  h a s  h e r e  b e e n  e s t a b 
l i s h e d  i f  f o l l o w e d  e l s e w h e r e  c a n n o t  f a i l  t o  g r e a t l y  e x p e d i t e  t h e  c l e a n i n g  
u p  o f  r i v e r s  e v e r y w h e r e .

A l t h o u g h  t h e  i n d i v i d u a l  e f f lu e n t s  a r e  r u n  t o  t h e  c o l l e c t i n g  b a s i n  b y  
g r a v i t y ,  t h e y  m u s t  b e  p u m p e d  t o  t h e  c o m p o s i t i n g  b a s i n  t h r o u g h  a  
w o o d e n  p i p e  l i n e  3 ,0 0 0  f t .  l o n g .  T h i s  p u m p i n g  e q u i p m e n t  i s  m a d e  o f  
a  s p e c i a l  a c i d  b r o n z e  w h i c h  h a s  s t o o d  t h e  s e r v i c e  w i t h  n o  v i s i b l e  d e t e r i 
o r a t i o n .  T h i s  b r o n z e  c o n t a i n s  9 1 .3  p e r  c e n t  c o p p e r ,  8 .2  p e r  c e n t  t i n ,  
a n d  0 .5  p e r  c e n t  p h o s p h o r u s .  A  f e w  c a s t - i r o n  v a l v e s ,  w h i c h  w e r e  i n 
s t a l l e d  b e c a u s e  b r o n z e  o n e s  w e r e  n o t  a v a i l a b l e  a t  t h e  t i m e ,  f a i l e d  a f t e r  
l e s s  t h a n  a  y e a r  o f  s e r v i c e ,  a n d  w e r e  r e p l a c e d  b y  b r o n z e  o f  t h e  s a m e  
c o m p o s i t i o n .

C o m p o s i t i n g

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

T h i s  m a y  b e  d e m o n s t r a t e d  b y  m i x i n g  i n d i v i d u a l  d y e  e f f l u e n t s  w i t h  
t h e  r i v e r  w a t e r  a n d  c o m p a r i n g  t h e  r e s u l t  w i t h  t h a t  o b t a i n e d  b y  m i x i n g  
t h e  s a m e  e f f l u e n t s ,  a f t e r  c o m p o s i t i n g  w i t h  m a n y  o t h e r s ,  w i t h  t h e  r i v e r  
w a t e r  i n  t h e  s a m e  d i l u t i o n .  A t  t h e  d i l u t i o n s  u s u a l l y  o b t a i n e d  i n  t h e  
r i v e r ,  t h e  f i r s t  m i x t u r e  w i l l  c o l o r  t h e  r i v e r  w a t e r  d e c i d e d l y  w h i l e  t h e  
s e c o n d  w i l l  n o t  c o l o r  i t  a t  a l l .  T h i s  s a m e  r e s u l t  h a s  b e e n  o b t a i n e d  in  
t h e  r i v e r  s i n c e  N o v e m b e r ,  1 9 4 0 .  I t  i s  p o s s i b l e ,  h o w e v e r ,  t o  d i s t u r b  t h i s  
p r o c e s s  i n  t h e  c o m p o s i t i n g  b a s i n  b y  a  s u d d e n  d i s c h a r g e  i n t o  i t  o f  a n  u n 
u s u a l l y  l a r g e  a m o u n t  o f  s o m e  h i g h l y  t i n c t o r i a l  w a s t e ,  s u c h  a s  m a l a c h i t e  
g r e e n  o r  c r y s t a l  v i o l e t .  S u c h  w a s t e s  s h o u l d  b e  f e d  i n  o v e r  l o n g e r  
p e r i o d s  o f  t i m e  t o  g i v e  t h e  c o m p o s i t i n g  a  c h a n c e  t o  w o r k ,

T h e  c o m p o s i t i n g  b a s i n  h a d  a  c a p a c i t y  o f  1 0  m i l l i o n  g a l l o n s ,  b u t  t h e  
g r o w t h  o f  t h e  p l a n t  t h i s  y e a r  m a d e  i t  n e c e s s a r y  t o  i n c r e a s e  t h i s  c a p a c i t y  
b y  i n c r e a s i n g  t h e  d e p t h  1 7  i n c h e s  t o  m o r e  t h a n  1 2  m i l l i o n  g a l l o n s ,  in  
o r d e r  t o  e l i m i n a t e  s h o r t - c i r c u i t i n g  a n d  i m p r o v e  t h e  c o m p o s i t i n g .  H e r e  
a  w h o l e  m u l t i t u d e  o f  c h e m i c a l  r e a c t i o n  t a k e s  p l a c e .  A c i d s  m e e t  a l k a l i e s ,  
r e d u c e r s  r e a c t  w i t h  o x i d i z e r s ,  s t a b l e  a n d  c o m p l e x  s a l t s  a r e  f o r m e d ,  
c o l o r s  a r e  e q u a l i z e d ,  p r e c i p i t a t e s  a r e  s e t t l e d ,  bad . coli i s  d e s t r o y e d  a n d  
t h e  f i n a l  c o m p o s i t e d  p H  r e d u c e d  t o  b e t w e e n  2 .2  a n d  2 .5 .

I n  a  y e a r ’s  t i m e ,  w e  h a v e  a c c u m u l a t e d  a  h a l f - m i l l i o n  c u b i c  f e e t  o f  
o i l y  s l u d g e  i n  t h i s  b a s i n ,  t h a t  o t h e r w i s e  w o u l d  h a v e  f l o w e d  t o  t h e  r i v e r  
t o  f o r m  s l u d g e  b a n k s  o f  u n p l e a s a n t  a p p e a r a n c e .  T h i s  s l u d g e  w i l l  b e  
p u m p e d  o u t  t o  a n o t h e r  b a s i n  w h e r e  i t  w i l l  d r y  a n d  m a k e  fi ll  f o r  l o w  s e c 
t i o n s  o f  t h e  p r o p e r t y .

N e u t r a l i z a t i o n  o f  A c i d i t y

T h e  c o m p o s i t e d  e f f lu e n t  f l o w s  t h r o u g h  t h e  n e u t r a l i z e r  w h e r e  i t s  p H  
i s  a d j u s t e d  t o  t h e  e n d  p o i n t  o f  t h e  e r y t h r o s i n e  i n d i c a t o r ,  p H  4 .0 .  T h i s  
i s  a c c o m p l i s h e d  b y  t h e  u s e  o f  a  w a s t e  c a r b o n a t e  o f  l i m e  s l u r r y  o b t a i n e d  
f r o m  t h e  J o h n s - M a n v i l l e  p l a n t  n e a r b y .

O u r  n e i g h b o r s ,  t h e  J o h n s - M a n v i l l e  C o m p a n y ,  w e r e  e x t r e m e l y  h e l p 
f u l  t o  u s  i n  p r o m p t l y  g i v i n g  u s  t h e i r  e n t i r e  o u t p u t  o f  w a s t e  c a l c i u m  c a r 
b o n a t e  f r o m  t h e i r  l a r g e  m a g n e s i a  m a n u f a c t u r i n g  o p e r a t i o n s .  W h i l e  i t  
i s  t r u e  t h a t  o u r  u s e  o f  i t  a l s o  d i s p o s e s  o f  a  w a s t e  f o r  t h e m ,  n e v e r t h e l e s s ,  
t h e i r  a c t i o n  i s  a n  o u t s t a n d i n g  e x a m p l e  o f  w h a t  c o o p e r a t i o n  b e t w e e n  
c o m p a n i e s  w i t h  f a r s i g h t e d  m a n a g e m e n t  c a n  d o .  T h e i r  r e a d i n e s s  to  
m a k e  t h i s  v a l u a b l e  a n d  m u t u a l l y  h e l p f u l  a r r a n g e m e n t  s o  q u i c k l y  w i t h  
u s  h a s  e n a b l e d  u s  t o  h e l p  t h e  S t a t e  D e p a r t m e n t  o f  H e a l t h  a c c o m p l i s h  a  
d e c i d e d  a d v a n c e  i n  t h e  i m p r o v e m e n t  o f  t h e  r i v e r .  J o h n s - M a n v i l l e  p e r 
m i t t e d  u s  t o  i n s t a l l  p u m p i n g  e q u i p m e n t  o n  t h e i r  p r e m i s e s  a n d  t o  p u m p  
a l l  o f  t h e i r  w a s t e  d i r e c t l y  t o  o u r  p l a n t .  T h i s  c o o p e r a t i o n  r e s u l t e d  a l s o
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i n  a  b e t t e r  j o b  o f  r e c o v e r y  f r o m  t h e  w a s t e ,  a n d  r e d u c e d  p l u g g i n g  o f  
v a l v e s  a n d  l i n e s  i n  o u r  o w n  e q u i p m e n t  a n d  e v e n  r e m o v e d  s o  m u c h  o f  t h e  
g r i t  t h a t  t h e r e  r e m a i n e d  l i t t l e  f o r  u s  t o  r e m o v e  i n  o u r  c l a s s i f i c a t i o n  o f  
t h e  s l u r r y .

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

Ca/c/um  C arbo n ate  C h a r t  No.I

tto^uired to N eutralize , to Various fi H s .

f o r  u s e  w h e n e v e r  t h e r e  a r e  i n t e r r u p t i o n s  t o  d e l i v e r i e s .  T h i s  i n s u r e s  a n  
a m p l e  s u p p l y  a t  a l l  t i m e s  s o  t h a t  t h e r e  w i l l  b e  n o  i n t e r r u p t i o n  i n  n e u t r a l 
i z a t i o n  o f  t h e  e f f lu e n t .  T h e  s l u r r y  i s  d e - g r i t t e d  b y  a  c l a s s i f i e r ,  t h i c k e n e d  
to  a  c o n v e n i e n t  c o n s i s t e n c y ,  a b o u t  20 p e r  c e n t  c a l c i u m  c a r b o n a t e ,  a n d  
s e n t  t o  t h e  n e u t r a l i z e r  w h e r e  t h e  q u a n t i t y  a p p l i e d  i s  c o n t r o l l e d  a u t o 
m a t i c a l l y  b y  a  p n e u m a t i c a l l y  o p e r a t e d  v a l v e  a c t u a t e d  b y  a  g l a s s - c a l o m e l  
e l e c t r o d e  p H  c o n t r o l  m a c h i n e .  T h e  c o n t r o l  v a l v e  c o n s i s t s  o f  a  l a r g e  
g u m - r u b b e r  t u b e  s l i p p e d  t h r o u g h  t h e  g a t e  o f  a  d i a p h r a g m  v a l v e .  T h e  
g a t e ,  i n  o p e n i n g  a n d  c l o s i n g ,  o p e n s  o r  p i n c h e s  t h e  t u b e  t o  p r o d u c e  t h e  
d e s i r e d  f lo w ,  t h e  e x c e s s  b e i n g  b y p a s s e d  b a c k  t o  t h e  t h i c k e n e r .  T h e  g u m -
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r u b b e r  t u b e ,  b e i n g  s m o o t h ,  d o e s  n o t  a l l o w  p a r t i c l e s  o f  s l u r r y  t o  b u i l d  u p  
a n d  c l o s e  t h e  o p e n i n g  e v e n t u a l l y ,  a s  w a s  t h e  c a s e  w h e n  a  g a t e  w a s  u s e d  
a l o n e .  A  v e r y  s l i g h t  p r e c i p i t a t i o n  o c c u r s  d u r i n g  t h i s  n e u t r a l i z a t i o n  t o  
p H  4 .0  +  w h i c h  d e s t r o y s  t h e  m i n e r a l  a c i d i t y .  S o m e  2 0  t o n s  o f  c a l c i u m

INCREUSE IN HARDNESS. VOLUME OF RIVER ROW
AND DILUTION RATIO CHART NO S

c a r b o n a t e ,  o n  a  d r y  b a s i s ,  a r e  u s e d  e a c h  d a y  t o  n e u t r a l i z e  a b o u t  20 m i l 
l i o n  g a l l o n s  o f  e f f lu e n t .  I n  s p i t e  o f  t h i s  q u a n t i t y ,  t h e  h a r d n e s s  o f  t h e  
r i v e r  w a t e r  i s  r a i s e d  o n l y  a  f e w  t e n t h s  o f  a  g r a i n  p e r  g a l l o n .  C h a r t  I  
s h o w s  t h e  q u a n t i t i e s  o f  c a l c i u m  c a r b o n a t e  r e q u i r e d  t o  n e u t r a l i z e  t o  v a r i 
o u s  p H  v a l u e s .  C h a r t  I I  s h o w s  t h e  i n c r e a s e  i n  h a r d n e s s ,  a s  w e l l  a s  t h e  
r i v e r  f l o w s  f o r  t h e  y e a r .
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F r o m  t h e  n e u t r a l i z e ! ' ,  t h e  e f f l u e n t  n o w  r u n s  t h r o u g h  a  f l u m e  1 ,0 0 0  f t .  
l o n g  w i t h  n i n e  g a t e s  e m p t y i n g  a t  e q u a l  i n t e r v a l s  a c r o s s  t h e  s o u t h  s i d e  o f  
t h e  s e t t l i n g  l a g o o n .

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

T h i s  l a g o o n  h o l d s  6 0  m i l l i o n  g a l l o n s  a n d  h a s  a n  a r e a  o f  2 3  a c r e s .  
A n y  i n e q u a l i t i e s  i n  c o m p o s i t i n g  a r e  s m o o t h e d  o u t  h e r e ,  a n d  t h e  e f f lu e n t  
b e c o m e s  a  h o m o g e n e o u s  l i q u i d  o f  u n i f o r m ,  t e a  c o l o r ,  t h o r o u g h l y  c l a r i f i e d  
b y  t h e  t i m e  i t  e m p t i e s  t h r o u g h  f o u r  g a t e s  i n t o  a n o t h e r  f l u m e  1,000  f t .  
a l o n g  t h e  n o r t h  s i d e ; w h e n c e  i t  g o e s  t h r o u g h  a  m i l e  l o n g  c a n a l  w i t h  s e v 
e r a l  h y d r a u l i c  s t a i r s  t o  t h e  d i f f u s i o n  d a m  i n  t h e  r i v e r .

B e c a u s e  o f  i t s  l a r g e  s u r f a c e ,  c o n s i d e r a b l e  a e r a t i o n  t a k e s  p l a c e  i n  t h e  
l a g o o n ,  e s p e c i a l l y  i n  w i n d y  w e a t h e r .  S o m e  b l e a c h i n g  t a k e s  p l a c e  b e 
c a u s e  o f  p r o l o n g e d  e x p o s u r e  t o  t h e  s u n .  T h e  d i s s o l v e d  o x y g e n  c o n t e n t  
u s u a l l y  r i s e s  f r o m  a b o u t  z e r o  t o  3 p . p . m .  i n  t h e  s u m m e r  a n d  7 p . p . m .  i n  
t h e  w i n t e r  t i m e .

A e r a t i o n

A e r a t i o n  i s  e f f e c t e d  b y  m e a n s  o f  t h e  h y d r a u l i c  s t a i r s  a n d  t h e  t u r b u 
le n c e  o f  t h e  e f f lu e n t  i n  t h e  c a n a l  l e a d i n g  t o  t h e  r i v e r .  D u e  t o  t h e  i n e r t 
n e s s  o f  m u c h  o f  t h e  o x y g e n - c o n s u m i n g  p o w e r  o f  t h e  f i n a l  t r e a t e d  e f f lu e n t ,  
t h e  e f f lu e n t  a l w a y s  c o n t a i n s  a  f a i r  p e r c e n t a g e  o f  d i s s o l v e d  o x y g e n  w h e n  
t h e  t e m p e r a t u r e  i s  7 5 °  F .  o r  l o w e r .  T h i s  p e r c e n t a g e  o f  s a t u r a t i o n  e n 
a b l e s  u s ,  m o s t  o f  t h e  t i m e ,  t o  d i s c h a r g e  t h e  e f f l u e n t  i n t o  t h e  r i v e r  w i t h 
o u t  a p p r e c i a b l y  l o w e r i n g  t h e  d i s s o l v e d  o x y g e n  c o n t e n t  o f  t h e  l a t t e r .

D i f f u s i o n  i n t o  t h e  R i v e r

T h e  d i f f u s i o n  d a m  c o n s i s t s  o f  a  3 6  i n c h  t i l e  s e w e r  e n c a s e d  i n  a  c o n 
c r e t e  d a m .  A  c e n t e r  p o r t i o n ,  1 2 3  f t .  l o n g ,  h a s  s u b m e r g e d  p o r t s  w h i c h  
d i s c h a r g e  t h e  t r e a t e d  e f f l u e n t  i n t o  t h e  r i v e r  d o w n s t r e a m  i n  s u c h  a  m a n 
n e r  a s  t o  c a u s e  r a p i d  d i f f u s i o n  w i t h  t h e  r i v e r  w a t e r ,  a n d  c o n s i d e r a b l e  
a e r a t i o n .  T h e  l o w e r  t h e  f lo w  i n  t h e  r i v e r ,  t h e  g r e a t e r  t h e  a e r a t i o n .  
T h i s  a e r a t i o n  h e l p s  t o  i n c r e a s e  t h e  d i s s o l v e d  o x y g e n  c o n t e n t  o f  t h e  r i v e r .

O x y g e n  C o n s u m e r s

T h e  o x y g e n - c o n s u m i n g  p o w e r  o f  a n  e f f lu e n t  o f  a  c h e m i c a l  t y p e  s u c h  
a s  o u r s  d i f f e r s  f r o m  t h e  o x y g e n  d e m a n d  o f  s a n i t a r y  s e w a g e  i n  t h a t  o u r  
e f f lu e n t  i s  s t e r i l e  a n d  o n l y  s l o w l y  r e a c t i v e  t o  d i s s o l v e d  o x y g e n ,  w h e r e a s  
t h e  o x y g e n  c o n s u m p t i o n  o f  s a n i t a r y  s e w a g e  i s  a c c o m p l i s h e d  b y  b a c t e r i a  
a n d  i s  r e l a t i v e l y  m u c h  m o r e  r a p i d .  A l t h o u g h  o u r  f i n a l  t r e a t e d  e f f lu e n t  
m a y  s h o w  w h a t  s e e m s  t o  b e  a  h i g h  o x y g e n - c o n s u m i n g  p o w e r  a s  m e a s 
u r e d  b y  a  h o t ,  s t r o n g  p e r m a n g a n a t e  t e s t ,  i t s  a c t i v i t y  i s  v e r y  s l u g g i s h  
w h e n  b l e n d e d  w i t h  r i v e r  w a t e r .  O n  t h e  o t h e r  h a n d ,  a  s a n i t a r y  s e w a g e  
h a v i n g  a n  o x y g e n  d e m a n d  a s  m e a s u r e d  b y  t h e  s a m e  t e s t  w o u l d  b e  s o  
a v i d  f o r  o x y g e n ,  t h a t  i t  w o u l d  s e r i o u s l y  d e p l e t e  t h e  d i s s o l v e d  o x y g e n  o f  
t h e  r i v e r .  T h i s  i n e r t n e s s  o f  o u r  e f f lu e n t  i s  r e f l e c t e d  b y  t h e  f a c t  t h a t  a
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5 - d a y  B . O . D .  t e s t  w i l l  s h o w  o n l y  a b o u t  6 2  p e r  c e n t  o f  t h e  v a l u e  o f  t h e  
o x y g e n - c o n s u m i n g  p o w e r  t e s t .

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

P r i m a r y  e f f lu e n t s ,  w h i c h  a r e  t r e a t e d  a t  t h e  s o u r c e ,  a r e  a l s o  s o  t r e a t e d  
b e c a u s e  o f  g r e a t  c o l o r i n g  p o w e r ,  h i g h  o x y g e n - c o n s u m i n g  p o w e r ,  o r  f o a m -  
p r o d u c i n g  p r o p e r t i e s .  A  s e p a r a t e  c h a p t e r  h a s  b e e n  w r i t t e n  o n  t h e  
s u b j e c t  o f  f o a m s .

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

1. T h e  c o m p o s i t e d  b r i n e s ,  c o l l e c t e d  f o r  t h e  p u r p o s e ,  a r e  a e r a t e d  f o r  
s e v e r a l  h o u r s  u n t i l ,  b y  t e s t ,  a l l  H 2S  o r  s u l f i d e s  h a v e  b e e n  o x i d i z e d  to  
t h i o s u l f a t e s .  T h e s e  b r i n e s  a r e  a p p r o x i m a t e l y  n e u t r a l .  S u l f u r  i s  p r e 
c i p i t a t e d .

2. W a s t e  s u l f u r i c  a c i d  ( a b o u t  1 6  p e r  c e n t  H 2S 0 4) i s  a d d e d  t o  l o w e r  
t h e  p H  t o  a b o u t  2 .0 ,  a n d  h e a t  i n  t h e  f o r m  o f  l o w  p r e s s u r e  s t e a m  i s  i n 
j e c t e d  t o  b r i n g  t h e  t e m p e r a t u r e  t o  9 7 °  C .  T h e  s u l f u r i c  a c i d  r e p l a c e s  
S 0 2 w h i c h  i s  d r i v e n  o f f  a n d  a b s o r b e d .  A  c o n s i d e r a b l e  a m o u n t  o f  s u l f u r  
i s  p r e c i p i t a t e d  a n d  r e c o v e r e d ,  a n d  t h e  b r i n e s  a r e  a l m o s t  c o m p l e t e l y  d e 
c o l o r i z e d .  T h e  r e d u c t i o n  i n  o x y g e n - c o n s u m i n g  p o w e r ,  a c c o r d i n g  to  
p e r m a n g a n a t e  t e s t ,  i s  a s  f o l l o w s :

B e f o r e  a e r a t i o n — 1 2 6 ,8 0 0  p . p . m .
A f t e r  a e r a t i o n — 1 0 1 ,2 0 0  p . p . m .
A f t e r  a c i d i f i c a t i o n  

a n d  b o i l i n g  —  2 ,2 4 0  p . p . m .

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

T h e r e  a r e  o t h e r  m e t h o d s  f o r  d e s t r o y i n g  t h e  o x y g e n - c o n s u m i n g  
p o w e r s  o f  o t h e r  b r i n e s .  T h o s e  c o n t a i n i n g  o x a l i c  a c i d  m a y  b e  n e u t r a l 
i z e d  a n d  d e c o l o r e d  w i t h  t h e  s a m e  c a l c i u m  c a r b o n a t e  s l u r r y  u s e d  f o r  
n e u t r a l i z i n g  a t  t h e  e f f l u e n t  t r e a t m e n t  p l a n t .  T h e  s c h e m e  f o r  s u l f i t e  r e 
m o v a l  h a s  b e e n  s k e t c h e d  b r i e f l y .  M a n y  o t h e r  m e a n s  f o r  d e s t r o y i n g  u n 
d e s i r a b l e  m a t e r i a l s  a r e  u n d e r  i n v e s t i g a t i o n  a n d  w e  h o p e  f o r  c o n t i n u a l  
i m p r o v e m e n t .

E f f e c t  o f  E f f l u e n t  o n  t h e  R i v e r

O n e  o f  t h e  r e q u i r e m e n t s  s e t  u p  b y  t h e  S t a t e  D e p a r t m e n t  o f  H e a l t h  
w a s  t h a t  w e  s h o u l d  n o t  l o w e r  t h e  d i s s o l v e d  o x y g e n  o f  t h e  r i v e r  b e l o w  
5 0  p e r  c e n t  o f  s a t u r a t i o n  a t  a  p o i n t  1 ,0 0 0  f t .  b e l o w  t h e  p o i n t  o f  d i s 
c h a r g e .  I t  w i l l  b e  n o t e d  f r o m  T a b l e  I  a n d  C h a r t  I I I  t h a t  d u r i n g  n o r 
m a l  f l o w  o f  t h e  r i v e r  w e  l o w e r e d  t h e  D . O .  o f  t h e  r i v e r  b u t  s l i g h t l y  
t h r o u g h  t h e  i n t r o d u c t i o n  o f  o u r  e f f lu e n t .  A t  t i m e s  t h e r e  w a s  n o  r e -



T a b l e  I.—Dissolved Oxygen Content of River Water (Monthly Averages— Per Cent Saturation)
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M o n t h s N o v .
’4 0

D e c .
’4 0

J a n .
’41

F e b .
’41

M a r c h
'4 1

A p r i l
’41

M a y
’41

J u n e
’41

J u l y
’41

A u g .
’41

S e p t .
’41

O c t .
’41

N o v .
’41

D e c .
’41

River above 
d a m ............... 93 93 90 92 94 96 74 69 69 69 57 75 76 8 6

River 1,000 ft. 
below dam .. . 82 93 89 8 8 92 94 6 6 61 67 65 50 6 8 72 84

GCZ

d u c t i o n  a n d  o n c e  i n  a  w h i l e  w e  a c t u a l l y  a d d e d  f o r  s h o r t  p e r i o d s  t o  t h e
D .O .  b y  a e r a t i o n  o v e r  a n d  t h r o u g h  o u r  d i f f u s i o n  d a m .  H o w e v e r ,  d u r 
in g - t h e  a l m o s t  u n p r e c e d e n t e d  d r o u g h t  o f  l a s t  s u m m e r  a n d  f a l l ,  t h e  r i v e r
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c a m e  t o  u s  w i t h  a  v e r y  p o o r  p e r c e n t a g e  o f  o x y g e n  s a t u r a t i o n ,  p o s s i b l y  
d u e  t o  t h e  e x p o s u r e  o f  o l d  s a n i t a r y  s e w a g e  s l u d g e  b e d s  a b o v e  u s ,  a n d  
w e  h a d  l i t t l e  t o  w o r k  o n .  A t  t h a t ,  w e  a v e r a g e d  a  b a r e  5 0  p e r  c e n t  o t  
s a t u r a t i o n  i n  S e p t e m b e r ,  o u r  w o r s t  m o n t h ,  w h i l e  t h e  r i v e r  a b o v e  u s  
a v e r a g e d  o n l y  5 7  p e r  c e n t .

Ef f l u e n t  mo R iver  Flows 

M i l l i o n  G a l l o n s  PER D a y  CHART NO I

3  900
—J«Cy>
Z  BOO 

§

Nov D e c  Tan  Fe b M a r .
19*0 1941

E f f lu e n t  To R ive r  R r t io  1 to -
A v e r a g e 92 I0Ô  50 100 99
M aximum 5 0 2 3 9 8  199 8 6 8 2 6 8
M in im um 2 6 41 33 21 19

Sept

T h e  r i v e r  f l o w  h a s  v a r i e d  e n o r m o u s l y .  I n s p e c t i o n  o f  C h a r t  V  r e 
v e a l s  t h a t  d u r i n g  S e p t e m b e r  a n d  O c t o b e r  1 9 4 1 ,  t h e r e  w a s  a t  t i m e s  l e s s  
w a t e r  i n  t h e  r i v e r  t h a n  o u r  v o l u m e  o f  e f f l u e n t ,  a f t e r  w e  h a d  t a k e n  t h e  
w a t e r  n e c e s s a r y  f o r  m a n u f a c t u r i n g  f r o m  t h e  r i v e r ,  a n d  b e f o r e  w e  h a d
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d i s c h a r g e d  o u r  e f f lu e n t  i n t o  i t .  T h u s  t h e  m i n i m u m  f i g u r e s  s h o w n  o n  
t h e  c h a r t  r e p r e s e n t  t h e  a m o u n t  o f  r i v e r  w a t e r  a v a i l a b l e  f o r  d i l u t i o n .  
C o m p a r e  t h i s  w i t h  t h e  p e a k  o f  o v e r  n i n e  b i l l i o n  g a l l o n s  p e r  d a y  i n  F e b 
r u a r y ,  1 9 4 0 .

S o  a l s o ,  h a s  v a r i e d  t h e  p o u n d s  o f  d i s s o l v e d  o x y g e n  i n  t h e  r i v e r  ( s e e  
C h a r t  V I ) .  I t  w i l l  b e  o b s e r v e d  t h a t  t h i s  g r a p h  f o l l o w s  t h e  g e n e r a l

Dec r ea se  in P ounds Dissolved Oxygen in R iver 
B elow  Dam

CHART No. SI

MO

8 0

CD 
> - 7 0

6 0

co  5 0

g

zo

Nov. Dec J an . Fe b . M ar . A p r . Mar Jun.
1040 1941

A ug . Sep. Oc t . Nov. Dec.

i  IO-4i 6 C Z

r i v e r  f l o w  a v e r a g e .  T h e  l o s s  i n  p o u n d s  o f  d i s s o l v e d  o x y g e n  b e l o w  t h e  
d a m  a s  c o m p a r e d  w i t h  t h a t  a b o v e  t h e  d a m  d e c r e a s e s  p a r t l y  a s  t h e  r i v e r  
f low  d e c r e a s e s  b u t  i s  t e m p e r e d  f a v o r a b l y  b y  t h e  i n c r e a s e d  a e r a t i o n  effi
c i e n c y  o f  t h e  d i f f u s i o n  d a m  a s  t h e  r i v e r  l e v e l  i s  l o w e r e d .  W e r e  i t  n o t  
f o r  t h e  l a t t e r ,  t h e  l o s s  o f  d i s s o l v e d  o x y g e n  w o u l d  h a v e  b e e n  a p p r e c i a b l y  
g r e a t e r ,  a n d  w e  w o u l d  h a v e  b e e n  u n a b l e  t o  m e e t ,  a s  w e  d i d ,  t h e  S t a t e  
D e p a r t m e n t  o f  H e a l t h ’s  m i n i m u m  r e q u i r e m e n t  f o r  d i s s o l v e d  o x y g e n
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b e l o w  t h e  d a m  d u r i n g  t h e  m o n t h  o f  S e p t e m b e r ,  1 9 4 1 ,  w h e n  t h e  r i v e r  
f l o w  w a s  a t  i t s  e b b .  T h i s  c h a r t  i s  m a d e  u p  o f  t h e  r i v e r  f l o w  a b o v e  t h e  
d a m  b e f o r e  w e  w i t h d r e w  o u r  m a n u f a c t u r i n g  w a t e r  a n d  b e l o w  t h e  d a m  
a f t e r  t h e  d i s c h a r g e  o f  t h e  e f f lu e n t .  T h e  v o l u m e s  a b o v e  a n d  b e l o w  t h e  
d a m  a r e ,  t h e r e f o r e ,  e q u a l ,  a n d  t h e  c o m p a r i s o n  i s  a b s o l u t e .

C o n t r o l  o f  p H  i n  E f f l u e n t

B e f o r e  c o m p o s i t i n g ,  t h e  e f f l u e n t s  v a r y  i n  p H  f r o m  1 .0  t o  8 .0 .  T h e  
c o m p o s i t e d  w a s t e  i s  n o r m a l l y  a c i d ,  v a r y i n g  f r o m  p H  2 .1  t o  2 .5 .  T h i s  
i s  n e u t r a l i z e d  to  t h e  e n d  p o i n t  o f  t h e  e r y t h r o s i n e  i n d i c a t o r ,  o r  p H  4 .0  - f ,  
a t  w h i c h  p o i n t  t h e  m i n e r a l  a c i d i t y  i s  d e s t r o y e d .  T a b l e  I I  s h o w s  h o w  
t h i s  i s  c o n t r o l l e d .

Table II

M o n t h s
N o v .

’4 0
D e c .

’4 0
J a n .
’4 1

F e b .
’41

M a r c h
’41

A p r i l
’41

M a y
’41

J u n e
'4 1

J u l y
'4 1

A u g .
’41

S e p t .
’4 1

O c t .
’41

N o v .
'4 1

D e c .
’41

Composited. . . 2.4 2.3 2.1 2.2 2.2 2.3 2.35 2.5 2.5 2.45 2.5 2.5 2.3 2.3
N eutralized .. . 4.0 4.2 4.0 4.05 4.2 4.25 4.15 4.6 4.5 5.5 5.2 5.8 5.4 4.5
Final effluent . 4.0 4.25 4.0 4.0 4.1 4.3 4.1 4.6 4.5 6.0 5.9 6.1 5.5 4.2

D u r i n g  t h e  s u m m e r  a n d  f a l l  o f  1 9 4 1 ,  w h e n  t h e  w a t e r  i n  t h e  r i v e r  
w a s  s o  l o w  t h a t  t h e r e  w a s  f a r  f r o m  s u f f i c i e n t  d i l u t i o n  o f  t h e  e f f lu e n t ,  
f o a m s  w e r e  p r o d u c e d  o n  t h e  r i v e r  a t  t i m e s .  O n e  o f  t h e  m e a n s  e m p l o y e d  
to  p r e v e n t  f o r m a t i o n  o f  t h e s e  f o a m s  w a s  r a i s i n g  t h e  p H  o f  n e u t r a l i z a 
t i o n  t o  6 .0 .  T h i s  a c c o u n t s  f o r  t h e  h i g h  a v e r a g e s  s h o w n  i n  t h e  t a b l e  f o r  
t h e  m o n t h s  A u g u s t  t o  N o v e m b e r ,  i n c l u s i v e .

p H  o f  R i v e r  W a t e r

T h e  p H  o f  t h e  r i v e r  w a t e r  i s  a f f e c t e d  m o r e  o r  l e s s  a c c o r d i n g  t o  t h e  
d i l u t i o n  o f  e f f lu e n t  i n  i t ,  D u r i n g  t h e  p e r i o d  o f  t h i s  s t u d y ,  t h e  v o l u m e  
o f  e f f lu e n t  h a s  r i s e n  f r o m  1 0  m i l l i o n  t o  2 0  m i l l i o n  g a l l o n s  p e r  d a y .  T h e  
r i v e r  h a s  v a r i e d  f r o m  e x t r e m e s  o f  f l o o d  t o  l o w  w a t e r ,  b u t  a t  n o  t i m e  h a s  
i t s  p H  d r o p p e d  t o  a n  u n r e a s o n a b l y  l o w  f i g u r e ,  a s  e v i d e n c e d  b v  T a b l e  
I I I .

Table I I I.— pH of River Water (Monthly Averages in P.P.M.)

M o n t h s
N o v .

’4 0
D e c .
’4 0

J a n .
’41

F e b .
’4 1

M a r c h
’4 1

A p r i l
’4 1

M a y
’4 1

J u n e
'4 1

J u l y
’41

A u g .
’4 1

S e p t .
’41

O c t .
’41

N o v .
’41

D e c .
'41

River above 
d a m ............... 7.3 7.2 7.3 7.2 7.2 7.5 7.5 7.2 7.5 7.4 8.0 7.5 7.8 8.2

River 1,000 ft. 
below d am .. . 7.0 7.0 7.0 7.0 7.0 6.9 6.7 6.7 7.2 7.1 6.9 7.1 6.8 7.8

D i s s o l v e d  O x y g e n  C o n t e n t

T e m p e r a t u r e  h a s  a n  i m p o r t a n t  e f f e c t  u p o n  t h e  d i s s o l v e d  o x y g e n  
c o n t e n t  o f  t h e  t r e a t e d  e f f lu e n t  a s  w e l l  a s  i n  t h e  r i v e r .  A t  l o w  t e m p e r a 
t u r e s ,  a  f a i r  a m o u n t  o f  o x y g e n  i s  a b s o r b e d ,  a l t h o u g h  t h e  r a w  e f f lu e n t
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s h o w s  o n l y  a  t r a c e .  A s  t h e  t e m p e r a t u r e  o f  t h e  e f f lu e n t  a p p r o a c h e s  
9 0 °  F .  a s  i t  h a s  t h i s  s u m m e r ,  t h e  o x y g e n - c o n s u m i n g  p o w e r  b e c o m e s  
a c t i v e  e n o u g h  t o  c o n s u m e  o x y g e n  a t  a b o u t  t h e  r a t e  o x y g e n  i s  a b s o r b e d .  
H o w e v e r ,  u p o n  c o o l i n g  i n  t h e  r i v e r  w a t e r ,  t h i s  a c t i v i t y  i s  d e c r e a s e d  s o  
t h a t  t h e  r i v e r  i s  n o t  a f f e c t e d  a d v e r s e l y .  T a b l e  I V  g i v e s  t h e  a v e r a g e s .

T a b l e  IV.— Dissolved Oxygen in Treated Effluent (Monthly Averages)

M o n t h s N o v .
’4 0

D e c .
’4 0

J a n .
’41

F e b .
’41

M a r c h
’4 1

A p r i l
'4 1

M a y
’41

J u n e
’41

J u l y
’41

A u g .
’41

S e p t .
'4 1

O c t .
’41

N o v .
'4 1

D e c .
’41

P.p.m.................
Per cent of

4.2 5.2 7.9 7.4 6.4 4.5 3.5 3.2 3.0 1.7 1.9 4.0 3.6 4.5

saturation . . . 37 40 54 50 50 43 36 37 37 22 23 40 32 38

Table V.— Dissolved Oxygen Content of Dilutions—P.P.M.

No. 1—1 Effluent in 5 River Water 
Blank = 8.05
Saturation = 9.35 @  66° F.

C o n t a c t  w i t h  A i r  S e a l e d  f r o m  A ir

15 m inutes............................................... 5.75 5.4
1 h o u r..................................................... 5.2 4.7
3 hours...................................................  6.73 4.5
5Yi d ays ................................................  8.05 0

No. 2— 1 Effluent in 10 River Water 
Blank = 8.4
Saturation = 9.4 @  65° F.

C o n t a c t  w i t h  A i r  S e a l e d  f r o m  A ir

15 m inutes............................................... 8.15 —
6 hours...................................................  7.9 7.6
5 d ays ..................................................... 8.7 2.0
8 d ays ..................................................... 8.8 0.7

No. 3—1 Effluent in 20 River Water 
Blank = 7.5
Saturation =  9.4 @ 65° F.

C o n t a c t  w i t h  A i r  S e a l e d  f r o m  A ir

15 m inutes............................................... 6.6 6.6
2 hours...................................................  7.0 6.9
4 hours...................................................  7.15 6.7
1 d a y ......................................................  8.2 6.1
3 d ays..................................................... 8.0 3.4

A  d i l u t i o n  o f  1 : 5 ,  e f f lu e n t  t o  r i v e r  w a t e r ,  w a s  f i r s t  e s t a b l i s h e d  f o r  
s u c h  c o m p a r i s o n s  o f  d i s s o l v e d  o x y g e n ,  o x y g e n - c o n s u m i n g  p o w e r ,  a n d  
e s p e c i a l l y  c o l o r ,  s i n c e  1 : 5  w a s  t h e  a n t i c i p a t e d  l o w e s t  d i l u t i o n  e x p e c t e d  
i n  t h e  r i v e r .  A c t u a l l y ,  t h e  d i l u t i o n  h a s  g o n e  c o n s i d e r a b l y  l o w e r  d u r i n g  
t h e  e x t r e m e l y  d r y  s u m m e r  a n d  f a l l .  A t  1 : 5 ,  t h e  e f f lu e n t  m a y  s o m e t i m e s  
i m p a r t  a  f a i n t  a m b e r  t i n g e  to  t h e  r i v e r  w a t e r ,  b u t  a t  1 : 1 0  o r  1 : 2 0  a l l  
s u g g e s t i o n  o f  c o l o r  i s  l o s t .

I n  t h e  p r o c e s s  o f  c o m p o s i t i n g  i n  t h e  c o m p o s i t i n g  b a s i n  a n d  s e t t l i n g  
i n  t h e  s e t t l i n g  l a g o o n ,  t h e  e f f l u e n t  i s  e x p o s e d  to  l i g h t  a n d  a i r ,  b o t h  o f  
w h i c h  p l a y  a  p a r t  i n  b l e a c h i n g  i t  t o  t h e  u n i f o r m  t e a  c o l o r .  S o m e  r e 
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d u c t i o n  i n  o x y g e n - c o n s u m i n g  p o w e r  a l s o  t a k e s  p l a c e  a s  s h o w n  in  
T a b l e  V I .

T a b l e  VI.— Theoretical Chemical Oxygen-Consuming Power of Effluent
(.Monthly Averages in P.P.M.)

M o n t h s N o v .
’4 0

D e c .
’4 0

J a n .
'4 1

F e b .
'4 1

M a r c h
’41

A p r i l
’41

M a y
’41

J u n e
’41

J u l y
’41

A u g .
’41

S e p t .
’41

O c t .
’4 1

N o v .
’41

D e c .
’41

Composited. . . . 414 401 433 378 284 263 293 306 272 259 285 339 344 392
N eu tra lized .. . . 410 401 421 376 279 259 288 300 266 256 278 325 336 380
Final effluent .. 391 399 401 371 267 249 270 294 253 245 268 283 325 367

T h e  o x y g e n - c o n s u m i n g  p o w e r  o f  t h e  t r e a t e d  e f f l u e n t  i s  i n f l u e n c e d  n o t  
a t  a l l  b y  a r t i f i c i a l  a e r a t i o n .  B l o w i n g  i t  f o r  p e r i o d s  o f  a s  l o n g  a s  a  
w e e k  d o e s  n o t  m a k e  a n y  r e d u c t i o n  i n  o x y g e n - c o n s u m i n g  p o w e r .  T h e  
e f f e c t s  o f  t h e  e f f l u e n t  o n  t h e  r i v e r  a r e  i l l u s t r a t e d  i n  T a b l e  V I I ,  w h i c h  
c o v e r s  p e r i o d s  o f  h i g h e s t  a n d  l o w e s t  d i l u t i o n s .

T a b l e  V II.— Oxygen-Consuming Power of River Water (Monthly Averages in P.P.M.)

M o n t h s N o v .
’4 0

D e c .
’4 0

J a n .
’41

F e b .
’4 1

M a r c h
’4 1

A p r i l
’41

M a y
’4 1

J u n e
’4 1

J u l y
’4 1

A u g .
’4 1

S e p t .
’4 1

O c t .
’4 1

N o v .
’41

D e c .
’41

River above 
d a m ............. 4.3 4.0 4.5 4.7 9.4 7.8 7.6 6.7 6.5 7.1 6.9 4.6 7.3 5.6

River 1,000 ft. 
below dam . 10.3 11.1 10.6 10.8 10.5 10.2 23.1 20.7 14.2 30.9 49.3 23.2 33.9 36.1

S e v e r a l  t e n - d a y  s e r i e s  o f  t r e a t e d  e f f l u e n t  s a m p l e s  h a v e  b e e n  r u n  b y  
t h e  D e p a r t m e n t  o f  H e a l t h  f o r  p H ,  c h e m i c a l  o x y g e n - c o n s u m i n g  p o w e r  
a n d  b i o c h e m i c a l  o x y g e n  d e m a n d .  T h e  d a t a  i n  T a b l e  V I I I  a r e  t y p i c a l ,  
a l t h o u g h  d u r i n g  t h i s  p e r i o d  t h e  o x y g e n - c o n s n m i n g  p o w e r  w a s  l o w e r  
t h a n  t h e  a v e r a g e .

H e r e ,  a g a i n ,  t h e  r e l a t i v e  i n e r t n e s s  o f  t h e  o x y g e n - c o n s u m i n g  m a t e 
r i a l s  i n  t h e  t r e a t e d  e f f l u e n t  i s  s h o w n .  T h e  5 - d a y  B . O . D .  l a g s  b e h i n d  th e

T a b l e  V III.— 5-Day B.O.D. vs. Theoretical Chemical Oxygen-Consuming Power 
of Treated Effluent (in P.P.M.)

No. p H B .O .D . O x y g e n - C o n s u m i n g
P o w e r

R a t i o  B .O .D .  to O x . 
C o n s .  P o w e r ,  P e r  C e n t

1 4.38 149 208 72
2 4.37 147 210 70
3 4.28 136 202 67
4 4.32 141 200 71
5 4.32 114 200 57
6 4.30 125 204 61
7 4.42 95 198 48
8 4.35 105 198 53
9 4.30 127 197 64

10 4.35 124 199 62
Avg. 4.34 125 201 62
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o x y g e n - c o n s u m i n g  p o w e r  i n  t h e  p r o p o r t i o n  o f  a b o u t  6 2  p e r  c e n t .  T h i s  
r a t i o  h o l d s  t r u e  i n  o t h e r  s e r i e s  o f  s a m p l e s .

O u r  e x p e c t a t i o n s  t h a t  t h e r e  w o u l d  b e  n o  bad . coli i n  t h e  t r e a t e d  e ff lu 
e n t  w h e n  n e u t r a l i z e d  t o  4 .0  p H  h a v e  b e e n  r e a l i z e d .  T h e  bad . coli a n d  
t h e  o t h e r  m e m b e r s  o f  i t s  g r o u p ,  i n c l u d i n g  t y p h o i d ,  a r e  c o m p l e t e l y  d e 
s t r o y e d  b y  t h e  a c i d  l i q u o r s  i n  t h e  c o m p o s i t i n g  b a s i n ,  b e f o r e  r e a c h i n g  
t h e  n e u t r a l i z i n g  a r e a ,  a n d  a n y  t h a t  m i g h t  e s c a p e  i n t o  t h e  s e t t l i n g  l a 
g o o n ,  d i e  t h e r e  i n  t h e  l i q u o r  n e u t r a l i z e d  t o  p H  4.0 .

H a r d n e s s  o f  R i v e r  W a t e r

I n  n e u t r a l i z i n g  t h e  e f f lu e n t  w i t h  c a l c i u m  c a r b o n a t e ,  c a l c i u m  s u l f a t e  
i s  f o r m e d ,  b e c a u s e  t h e  p r i n c i p a l  a c i d i t y  o f  t h e  u n t r e a t e d  e f f lu e n t  i s  
c a u s e d  b y  s u l f u r i c  a c i d .  S i n c e  c a l c i u m  s u l f a t e  h a s  a n  a p p r e c i a b l e  s o l u 
b i l i t y  i t  i s  n o t  p r e c i p i t a t e d ,  b u t  g o e s  t o  t h e  r i v e r  d i s s o l v e d  i n  t h e  t r e a t e d  
e ff lu en t .  T h i s  h a s  t h e  e f f e c t  o f  i n c r e a s i n g  t h e  h a r d n e s s  o f  t h e  r i v e r  
w a t e r ,  b u t  o n l y  s l i g h t l y  s o ,  a s  w i l l  b e  s e e n  f r o m  C h a r t  I I .  H a r d n e s s  i s  
r e l a t i v e l y  u n i m p o r t a n t ,  b e c a u s e  t h e  R a r i t a n  R i v e r  i s  n o t  u s e d  f o r  p o 
t a b l e  o r  d o m e s t i c  w a t e r  a t  o r  b e l o w  t h e  p o i n t  w h e r e  o u r  e f f lu e n t  i s  d i s 
c h a r g e d  i n t o  t h e  r i v e r .  T h e  r i v e r  w a t e r  v a r i e s  i n  h a r d n e s s  b e t w e e n  3 .0  
a n d  6 .0  g r a i n s  p e r  g a l l o n  a c c o r d i n g  t o  t h e  s e a s o n ,  r a i n f a l l ,  e t c .  U p  t o  
a  f e w  y e a r s  a g o ,  i t  r a n  5 .0  t o  9 .0  g . p . g .  b e c a u s e  o f  t h e  d i s c h a r g e  o f  c a l 
c i u m  c a r b o n a t e  w a s t e s  i n t o  i t  a b o v e  o u r  p l a n t .  S h o u l d  t h e  r i v e r  w a t e r  
b e l o w  o u r  p o i n t  o f  e f f l u e n t  d i s c h a r g e  b e  u s e d  f o r  m a n u f a c t u r i n g ,  i t s  
q u a l i t y  w o u l d  n o t  b e  i m p a i r e d  b y  t h e  v e r y  s l i g h t  r i s e  i n  h a r d n e s s .  T h e  
h a r d n e s s  o f  t h e  r i v e r  a t  i t s  l o w  o f  3 .0  g . p . g .  i s  i n c r e a s e d  o n l y  f r a c t i o n 
a l l y  b y  t h e  C a S 0 4 i n  t h e  e f f lu e n t ,  s i n c e  a t  s e a s o n s  w h e n  t h e  h a r d n e s s  i s  
so  l o w  t h e r e  i s  a  r e l a t i v e l y  l a r g e  v o l u m e  o f  r i v e r  w a t e r  f o r  d i l u t i o n .  A s  
t h e  r i v e r  w a t e r  a p p r o a c h e s  6.0  g . p . g .  h a r d n e s s ,  i t s  u s u a l  m a x i m u m ,  t h e  
f low  i s  l o w  a n d  t h e  i n c r e a s e  i n  h a r d n e s s  m a y  r u n  t o  2.0  g . p . g . ,  o r  s l i g h t l y  
m o r e .  T h e r e f o r e ,  e v e n  u n d e r  t h e  l a t t e r  c o n d i t i o n ,  t h e  r i v e r  w a t e r  c o n 
t a i n i n g  e f f lu e n t  m a y  b e  u s e d  j u s t  a s  s a f e l y  f o r  b o i l e r  f e e d  w a t e r ,  c o o l i n g  
w a t e r ,  a n d  c e r t a i n  m a n u f a c t u r i n g  p r o c e s s e s ,  a s  i t  w o u l d  b e  w i t h o u t  t h e  
a d d i t i o n  o f  o u r  e f f lu e n t .  C h a r t  I I  s h o w s  t h e  r e l a t i o n s h i p  b e t w e e n  t h e  
r a t i o  o f  d i l u t i o n  o f  e f f l u e n t  w i t h  r i v e r  a n d  t h e  i n c r e a s e  i n  h a r d n e s s .  
T h e  d e g r e e  o f  i n c r e a s e  i s  c o i n c i d e n t  w i t h  s h o r t a g e  o f  w a t e r  i n  t h e  r i v e r .

F o a m s

A l t h o u g h  i t  h a s  b e e n  o u r  a i m  t o  k e e p  t h e  r i v e r ’s  s u r f a c e  a s  c l e a r  a s  
p o s s i b l e ,  e a r l y  t h i s  s u m m e r ,  w h e n  t h e  e f f l u e n t  d i l u t i o n  i n  t h e  r i v e r  b e 
c a m e  u n u s u a l l y  a n d  u n e x p e c t e d l y  l o w ,  s o m e  f o a m  b e g a n  t o  a p p e a r  a t  
t h e  d i f f u s i o n  d a m  a n d  s o m e t i m e s  i t  t r a v e l e d  d o w n  t h e  r i v e r  f o r  q u i t e  
a  d i s t a n c e  b e f o r e  d i s i n t e g r a t i n g .  T h e  w i n d  w o u l d  p i c k  i t  u p  a n d  c o n 
c e n t r a t e  i t  o n  a  l e e  s h o r e  a n d  m a g n i f y  i t s  u n s a t i s f a c t o r y  a p p e a r a n c e .  
T h e  o r i g i n  o f  t h e  f o a m s  w a s  t r a c e d  i n  p a r t  t o  s m a l l  q u a n t i t i e s  o f  e m u l s i 
f ied  o i l s  w h i c h  h a d  e s c a p e d  t r e a t m e n t .

R a i s i n g  t h e  p H  o f  n e u t r a l i z a t i o n  t o  5 ,  o r  e v e n  5 .5  t o  6 .0 ,  h a s  b e e n  
t r i e d  o v e r  v a r i o u s  l e n g t h s  o f  t i m e  f r o m  o n e  d a y  t o  o n e  w e e k ,  w i t h  t h e
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r e s u l t  t h a t  t h i s  h i g h e r  p H  s e e m s  t o  b e  q u i t e  e f f e c t i v e  i n  p r e v e n t i n g  t h e  
f o r m a t i o n  o f  a n y  f o a m  a t  t h e  d i f f u s i o n  d a m  o u t l e t s  a n d ,  c o n s e q u e n t l y ,  
o n  t h e  r i v e r .  T h e  v i o l e n t  a g i t a t i o n  a t  t h e  d a m  a n d  a l s o  a t  t h e  v a r i o u s  
h y d r a u l i c  s t e p s  i n  t h e  c a n a l  b e t w e e n  t h e  o u t l e t  o f  t h e  s e t t l i n g  l a g o o n  
a n d  t h e  i n t a k e  t o  t h e  d a m  w a s  d e s i g n e d  t o  p r o v i d e  a s  m u c h  a e r a t i o n  a s  
p o s s i b l e ,  i n  t h e  h o p e  o f  h a v i n g  a s  m u c h  d i s s o l v e d  o x y g e n  i n  t h e  t r e a t e d  
e f f lu e n t  a s  p o s s i b l e ,  b e f o r e  i t  e n t e r e d  t h e  r i v e r .  T h i s  a g i t a t i o n  s e e m s  
t o  b e  p r o d u c t i v e  o f  f o a m  a t  c e r t a i n  t i m e s .  I n  t h e  c a n a l ,  t h i s  f o a m  i s  
s k i m m e d  o f f ,  b u t  a t  t h e  d a m  i n  t h e  r i v e r  t h i s  i s  n o t  f e a s i b l e .  F o r  t h i s  
r e a s o n ,  t h e  h i g h e r  n e u t r a l i z a t i o n  w a s  t r i e d  a n d  h a s  b e e n  f o u n d  v e r y  
e f f e c t i v e  w h e n e v e r  d i l u t i o n  b y  th e .  r i v e r  r u n s  l o w .  W h i l e  i t  h a s  n o t  y e t  
b e e n  d e f i n i t e l y  e s t a b l i s h e d ,  w e  t h i n k  t h a t  w h e n  t h e  r i v e r  i s  s o  l o w  t h a t  
t h e  d i l u t i o n  r a t i o  f a l l s  b e l o w  1 t o  1 0 ,  t h e  p H  s h o u l d  b e  r a i s e d  t o  a b o u t
5 .0  t o  6 .0 .  T h i s  h i g h e r  n e u t r a l i z a t i o n ,  h o w e v e r ,  w h i l e  v e r y  e f f e c t i v e  in  
p r e v e n t i n g  t h e  f o r m a t i o n  o f  f o a m ,  h a s  c e r t a i n  d i s a d v a n t a g e s .  T h e  
c l a r i t y  o f  t h e  s e t t l e d  e f f l u e n t  i s  i m p a i r e d  a n d  t h e  6 0  m i l l i o n  g a l l o n  s e t 
t l i n g  l a g o o n  n o  l o n g e r  i s  a b l e  t o  d e l i v e r  a  b r i g h t  e f f l u e n t  a n d  i t  e n t e r s  
t h e  r i v e r  w i t h  a  s l i g h t  t u r b i d i t y ,  w h i c h  i s  u n d e s i r a b l e .  A l s o ,  w e  h a v e  
f o u n d  a t  t i m e s ,  o n  s a m p l e s  e x a m i n e d  a t  t h e  S t a t e  D e p a r t m e n t  o f  H e a l t h  
i n  T r e n t o n ,  a  f e w  b ad . coli w h i c h  h a d  e s c a p e d  t h e  d e s t r u c t i v e  a c t i o n  o f  
t h e  a c i d  i n  t h e  c o m p o s i t i n g  b a s i n  s u r v i v e d  t h e  s e t t l i n g  l a g o o n  w h e n  t h e  
l i q u o r  w a s  n e u t r a l i z e d  a b o v e  p H  4 .0 .  F o r  t h e s e  r e a s o n s ,  i t  a p p e a r s  
t h a t  t h e  l o n g e r  t i m e  u n d e r  p H  4 .0  i n  t h e  s e t t l i n g  l a g o o n  i s  n e c e s s a r y  to  
c o m p l e t e  t h e  d e s t r u c t i o n  o f  t h e  bad . coli. I t  i s  o u r  i n t e n t i o n  t o  r a i s e  
t h e  p H  a b o v e  4 .0  o n l y  d u r i n g  s u c h  l o w  w a t e r  c o n d i t i o n s  i n  t h e  r i v e r  t h a t  
t h e r e  i s  d a n g e r  o f  f o a m  p r o d u c t i o n .  A l s o ,  i t  i s  t h e  w i s h  o f  t h e  D e p a r t 
m e n t  o f  H e a l t h  t h a t  w e  d e s t r o y  t h e  bad . coli i n  p r e f e r e n c e  t o  e l i m i n a t 
i n g  f o a m  f r o m  t h e  r i v e r .

P l a n s  w e r e  l a i d  a t  o n c e  t o  b r e a k  t h e s e  e m u l s i o n s  a t  t h e i r  s o u r c e s .  
I n  t h e  m e a n w h i l e ,  i t  w a s  f o u n d  t h a t  f o a m - b r e a k e r s ,  s u c h  a s  T u r k e y  R e d  
O i l ,  w e r e  s o m e w h a t  e f f e c t i v e  a t  t i m e s  i n  e l i m i n a t i n g  t h e  f o a m  w h e n  u s e d  
i n  d i l u t i o n s  o f  1 :  6 0 ,0 0 0  o f  e f f lu e n t .  A t  1 : 1 0  e f f l u e n t  t o  r i v e r  d i l u t i o n ,  
t h i s  m e a n t  1 : 6 0 0 , 0 0 0  i n  t h e  r i v e r ,  a n  a m o u n t  s o  s m a l l  t h a t  i t  d i d  n o t  a f 
f e c t  t h e  B . O . D .  o f  t h e  r i v e r  w a t e r  a p p r e c i a b l y .

I d e n t i f i c a t i o n  o f  D y e s t u f f s  i n  F o a m s

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

B y  m e a n s  o f  c h r o m a t o g r a p h i c  s e p a r a t i o n s ,  m a n y  o f  t h e  d y e s t u f f s  
w e r e  o b t a i n e d  i n  a  f a i r l y  p u r e  s t a t e  i n  a l c o h o l  s o l u t i o n .  T h e  i d e n t i f i c a 
t i o n s  w e r e  m a d e  w i t h  t h e  v i s u a l  s p e c t r o p h o t o m e t e r .  I t  w a s  n o t  p o s s i b l e  
t o  i d e n t i f y  a l l  o f  t h e  d y e s t u f f s  f o u n d ,  o r  e v e n  a  f a i r  p e r c e n t a g e  o f  t h e m ,  
p o s s i b l y  b e c a u s e  m a n y  o f  t h e  c o l o r s  w e r e  a l t e r a t i o n s  o f  t h e  o r i g i n a l  d y e -
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s t u f f s ,  o r  e v e n  n e w  o n e s  p r o d u c e d  t h r o u g h  t h e  i n t r i c a t e  r e a c t i o n s  w h i c h  
o c c u r  d u r i n g  c o m p o s i t i n g .  T h e  i d e n t i f i c a t i o n  o f  m e t h y l  v i o l e t ,  a  d y e -  
s t u f f  o f  i n t e n s e  c o l o r ,  i s  i l l u s t r a t e d  i n  C h a r t  I V .

CA. NO. 13
CHROMATOCRAPHIC adsorption 

Ti t l e  Dried E f f l ue n t  and River  Foams __
  C h a r t  no . W
S. i .  Report  No. 4878-4879 

Sample: Dried E f f l u en t  Foam

Pre pa ra t i on  o f  Sample: 15 mg d i s so lved  in 10 ml chloroform a t  bo i l  heat
and then f i l t e r e d .

Adsorbent :  E. 4c A. Ta lo . Grams per  om: 2.5

Developer:  Aloohol

Remarks: Very sharp,  v iv id ,  narrow bands from ohloroform but  developed
very wel l  wi th a loohol .

- I n d i s t i n c t  green t i n t

-  pa l e  purpl e 

(Methyl V io l e t )

-  gray

I pa le  redd i sh  purpl e 

P v i o l e t  t i n t

-  pa le  gray

-  d i r t y  yel low t i n t

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

T h e  v a r i - c o l o r e d  f r a c t i o n s  i n  e a c h  c h r o m a t o g r a p h  w e r e  s e p a r a t e d  
m e c h a n i c a l l y  a n d  e a c h  f r a c t i o n  e x t r a c t e d  w i t h  a  s u i t a b l e  s o l v e n t .  N o t  
a l l  o f  t h e  c o l o r e d  t a l c  f r a c t i o n s  l e n t  t h e m s e l v e s  t o  e a s y  e x t r a c t i o n ,  s o  i t
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w a s  n o t  p o s s i b l e  t o  a n a l y z e  t h e m  a l l .  E n o u g h  w a s  l e a r n e d  f r o m  t h i s  
w o r k ,  h o w e v e r ,  t o  c o n f i r m  t h e  r e s u l t s  o f  o b s e r v a t i o n  a n d  o t h e r  m e a n s  o f  
i d e n t i f i c a t i o n .

E x c e s s e s  o f  s o m e  o t h e r  d y e s t u f f s  m a y  b e  i d e n t i f i e d  v i s u a l l y  b y  s i m p l y  
m a k i n g  a n  e x t r a c t i o n  b y  s h a k i n g  s o m e  o f  t h e  e f f l u e n t  i n  a  b o t t l e  w i t h  a  
s o l v e n t  s u c h  a s  c h l o r o f o r m .  M a l a c h i t e  g r e e n  i s  i d e n t i f i e d  e a s i l y  i n  t h i s  
m a n n e r  b e c a u s e  t h e  e x t r a c t  s h o w s  g r e e n  b y  r e f l e c t e d  l i g h t  a n d  i t s  c o m 
p l e m e n t ,  r e d ,  b y  t r a n s m i t t e d  l i g h t .  A n o t h e r  d y e s t u f f  w i l l  s h o w ,  u p o n  
e v a p o r a t i o n  o f  t h e  e x t r a c t ,  a  m a s s  c o l o r  h a v i n g  t h e  c o l o r  c o m p l e m e n t  o f  
t h e  d y e s t u f f ’s  u n d e r t o n e .

C o n c l u s i o n

T h e  f o r e g o i n g  t e l l s  b r i e f l y  o f  o u r  e x p e r i e n c e s  w i t h  t h i s  n e w  p l a n t .  
W e  h a d  l i t t l e  p r e c e d e n t  o f  a n y  k i n d  t o  g u i d e  u s .  N o w  t h a t  w e  h a v e  t h e  
w a s t e s  f r o m  7 2 5  d i f f e r e n t  p r o d u c t s ,  w e  a r e  a b l e  t o  c o m p o s i t e  t h e m  w i t h  
f a r  b e t t e r  r e s u l t s  t h a n  m i g h t  h a v e  b e e n  p o s s i b l e  f i v e  o r  t e n  y e a r s  a g o  
w h e n  o u r  p r o d u c t s  w e r e  n o t  s o  n u m e r o u s .  W h i l e  o u r  e f f l u e n t  t r e a t m e n t  
i s  s o m e w h a t  u n i q u e ,  a n d  t h e  m e t h o d s  u s e d  m a y  a p p l y  o n l y  t o  o u r  o w n  
d i v e r s i f i e d  m a n u f a c t u r e ,  i t  i s  o u r  h o p e  t h a t  w h a t  w e  h a v e  l e a r n e d  w i l l  
b e  o f  s o m e  h e l p  t o  o t h e r s .



C H E M I C A L  P R E C I P I T A T I O N  O F  K I E R  L I Q U O R  

W A S T E  O N  A  P I L O T  P L A N T  S C A L E  

A N D  S T U D I E S  O N  T H E  U S E  

O F  R E T U R N  S L U D G E  *

B y  R a l p h  P o r g e s ,  R o b e r t  K .  H o r t o n ,  a n d  H a r o l d  B .  G o t a a s

Specia l and  A ss is ta n t In v e s tig a to r s  fo r  T he T e x tile  F o u n d a tio n , W a sh in g to n , T). C .; and  
P ro fesso r  o f  S a n ita ry  E n g in e erin g , School o f  P u b lic  H ea lth ,

U n ivers ity  o f  N o r th  Carolina

L a r g e r  q u a n t i t i e s  o f  k i e r  l i q u o r  t h a n  a n y  o t h e r  s i n g l e  w a s t e  a r e  d i s 
c h a r g e d  f r o m  c o t t o n  m i l l s  ( 1 ) .  I n  s p i t e  o f  t h e  m a n y  m e t h o d s  s u g g e s t e d  
f o r  i t s  d i s p o s a l ,  k i e r  l i q u o r  r e m a i n s  o n e  o f  t h e  m o s t  d i f f i c u l t  w a s t e s  t o  
t r e a t  ( 2 ,  3 ) .  I t  m a y  b e  t r e a t e d  s u c c e s s f u l l y  i n  c o m b i n a t i o n  w i t h  d o 
m e s t i c  s e w a g e  u n d e r  c e r t a i n  c o n d i t i o n s .  T h e s e  c o n d i t i o n s  r e q u i r e  t h a t  
t h e  v o l u m e  b e  s m a l l ,  t h a t  s o m e  t y p e  o f  e q u a l i z a t i o n  b e  p r o v i d e d  t o  d i s 
t r i b u t e  t h e  k i e r  l i q u o r  i n  p r o p o r t i o n  t o  t h e  f lo w  o f  s e w a g e  a n d ,  i n  s o m e  
c a s e s ,  t h a t  n e u t r a l i z a t i o n  o f  t h e  k i e r  l i q u o r  b e  e m p l o y e d .  W h e n e v e r  t h e  
v o l u m e  o f  k i e r  w a s t e  i s  l a r g e  i n  p r o p o r t i o n  t o  t h e  v o l u m e  o f  t h e  s e w a g e ,  
s e p a r a t e  p r e l i m i n a r y  t r e a t m e n t  o r  d i s p o s a l  i s  n e c e s s a r y .  A  l a b o r a t o r y  
s t u d y  ( 4 )  w a s  u n d e r t a k e n  p r e v i o u s l y  t o  d e t e r m i n e  t h e  b e s t  m e t h o d s  f o r  
t h e  c h e m i c a l  p r e c i p i t a t i o n  o f  t h i s  w a s t e .  T h e  p r a c t i c a b i l i t y  o f  a n y  
t r e a t m e n t  m e t h o d  d e p e n d s  u p o n  t h e  s u c c e s s f u l  a p p l i c a t i o n  o f  r e s u l t s  
o b t a i n e d  b y  l a b o r a t o r y  e x p e r i m e n t a t i o n .  C o n s e q u e n t l y ,  t h i s  s t u d y  o n  
a  p i l o t  p l a n t  s c a l e  w a s  u n d e r t a k e n  a s  a  m e a n s  o f  c o r r e l a t i n g  l a b o r a t o r y  
d a t a  t o  p l a n t  o p e r a t i o n .  I n  t h i s  s t u d y  b o t h  t h e  c o n t i n u o u s  a n d  b a t c h  
m e t h o d s  o f  o p e r a t i o n  h a v e  b e e n  i n v e s t i g a t e d .  A l s o ,  i n  c o n n e c t i o n  w i t h  
t h e  b a t c h  m e t h o d  o f  o p e r a t i o n ,  a  s t u d y  h a s  b e e n  m a d e  o n  t h e  u s e  o f  r e 
t u r n  s l u d g e  a s  a n  a i d  t o  c h e m i c a l  t r e a t m e n t  o f  k i e r  w a s t e .  A  p r e v i o u s  
a r t i c l e  ( 5 )  i s  c i t e d  w h i c h  d e a l s  w i t h  a  s i m i l a r  p r o b l e m  o f  c h e m i c a l  p r e 
c i p i t a t i o n  o f  c o n c e n t r a t e d  s u l f u r  d y e  w a s t e s  o n  a  p i l o t  p l a n t  s c a l e .

S o u r c e  o f  K i e r  W a s t e

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

T h e  w a s t e  u s e d  i n  t h i s  s t u d y  w a s  o b t a i n e d  f r o m  b o i l - o u t  v a t s ,  i n  
w h i c h  t h e  c l o t h  i s  t r e a t e d  w i t h o u t  p r e s s u r e ,  a n d  w h i c h  r e q u i r e  a  s t r o n g e r

* This research project was carried out under joint sponsorship of the University of North 
Carolina and The Textile Foundation.
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b a t h  p e r  p o u n d  o f  g o o d s  t h a n  t h a t  u s e d  i n  t h e  p r e s s u r e  k i e r s .  I n  o r d e r  
t o  o b t a i n  a  w a s t e  c o m p a r a b l e  t o  t h e  k i e r  l i q u o r  p r e v i o u s l y  u s e d  f o r  t h e  
l a b o r a t o r y  e x p e r i m e n t s ,  t h e  l i q u o r  a s  d i s c h a r g e d  f r o m  t h e  b o i l - o u t  v a t s  
w a s  d i l u t e d  b y  t h e  i n c l u s i o n  o f  s o m e  w a s h  w a t e r .  D u r i n g  t h e  p e r i o d  
o f  s t u d y ,  t h e  a n a l y s i s  o f  t h e  w a s t e  i n c l u d i n g  t h e  w a t e r  a v e r a g e d  a p 
p r o x i m a t e l y  a s  f o l l o w s :

C o l o r :  D a r k  b r o w n ,  2 7 5 0  w i t h  p l a t i n u m - c o b a l t  s t a n d a r d s  
T o t a l  A l k a l i n i t y : 1 4 ,0 0 0  p . p . m .  a s  C a C 0 3 
P h e n .  A l k a l i n i t y :  11,0 0 0  p . p . m .  a s  C a C 0 3
B . O . D . : 2 ,7 0 0  p . p . m .  ( 5 - d a y ,  2 0 °  C . )

F ig. 1.— P ilo t  p lant used for  chem ical precip itation  o f tex tile  w astes on a continuous basis.

A p p a r a t u s

A  d e t a i l e d  d e s c r i p t i o n  o f  t h e  p i l o t  p l a n t  u s e d  f o r  p r e c i p i t a t i o n  o n  a  
c o n t i n u o u s  b a s i s  h a s  a l r e a d y  b e e n  g i v e n  i n  a  p r e v i o u s  a r t i c l e  ( 5 ) .  A  
p i c t u r e  o f  t h e  p l a n t  i s  s h o w n  i n  P i g .  1. T h e  p l a n t  c o n s i s t e d  e s s e n t i a l l y  
o f  t h e  f o l l o w i n g  a p p a r a t u s  :



A  4 , 0 0 0 - g a l .  h o l d i n g  t a n k  u s e d  t o  c o l l e c t  a n d  c o m p o s i t e  t h e  w a s t e .
A  c o n s t a n t - h e a d  s i p h o n  t o  p e r m i t  a  r e g u l a t e d  d i s c h a r g e  o f  w a s t e .
A  f l o a t i n g  s i p h o n  d i s c h a r g i n g  d e v i c e  t o  a l l o w  r e g u l a t e d  c h e m i c a l  d o s 

a g e s .
A  m i x i n g  c h a m b e r  c o n t a i n i n g  a  m e c h a n i c a l  s t i r r e r ,  w i t h  a i r  a g i t a t i o n  

a l s o  a v a i l a b l e .
A  1 2 - g a l .  f l o c c u l a t o r  w i t h  a  s p i r o - v o r t e x  m i x e r .
A  s e t t l i n g  t a n k  h a v i n g  a  t h e o r e t i c a l  c a p a c i t y  o f  7 8  g a l s ,  p l u s  17  g a l .

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

S t u d i e s  m a d e  o n  a  b a t c h  b a s i s  w e r e  c a r r i e d  o u t  i n  o r d i n a r y  e l e v e n -  
g a l l o n  m e t a l  t a n k s .  M i x i n g  w a s  a c c o m p l i s h e d  b y  a i r  a g i t a t i o n .

P r o c e d u r e

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

Continuous Operation .— T h e  w a s t e  w a s  p u m p e d  f r o m  t h e  h o l d i n g  
t a n k  t o  t h e  c o n s t a n t  h e a d  s i p h o n  b o x ,  f r o m  w h i c h  i t  w a s  d i s c h a r g e d  a t  a  
f i x e d  r a t e  i n t o  t h e  m i x i n g  c h a m b e r .  C o a g u l a n t s  i n  c o n v e n i e n t  c o n c e n 
t r a t i o n s  w e r e  d o s e d  i n t o  t h e  m i x i n g  c h a m b e r  a t  r a t e s  d e t e r m i n e d  b y  
m e a n s  o f  j a r  t e s t s  011 a  s a m p l e  o f  t h e  w a s t e .  T h e  m i x t u r e  o f  w a s t e  a n d  
c o a g u l a n t  w a s  t h e n  f l o c c u l a t e d .  I n  s o m e  i n s t a n c e s  t h e  c o a g u l a n t  d o s 
a g e  w a s  f u r t h e r  a d j u s t e d  a c c o r d i n g  t o  p H  d e t e r m i n a t i o n s  m a d e  o n  
s a m p l e s  c a l l e c t e d  a t  i n t e r v a l s  f r o m  t h e  m i x i n g  t a n k  a n d  f l o c c u l a t o r .  
F o l l o w i n g  f l o c c u l a t i o n ,  t h e  m i x t u r e  w a s  s e t t l e d ,  t h e  e f f lu e n t  f r o m  t h e  
s e t t l i n g  t a n k  b e i n g  d i s c h a r g e d  a n d  t h e  s l u d g e  d e w a t e r e d  o n  t h e  s a n d  
d r y i n g  b e d s .

Batch Operation .-—L a b o r a t o r y  j a r  t e s t s  w e r e  m a d e  o n  s m a l l  s a m p l e s  
to  d e t e r m i n e  t h e  r e q u i r e d  c h e m i c a l  d o s a g e .  A  1 0 - g a l .  v o l u m e  o f  t h e  
w a s t e  w a s  t h e n  t r e a t e d  w i t h  t h e  p r o p e r  a m o u n t  o f  c o a g u l a n t  a n d  t h o r 
o u g h l y  m i x e d  f o r  s e v e r a l  m i n u t e s  b y  a i r  a g i t a t i o n .  T h e  p H  o f  t h e  m i x 
t u r e  w a s  d e t e r m i n e d ,  a n d ,  i f  n e c e s s a r y ,  a d j u s t e d  t o  t h e  o p t i m u m  r a n g e  
(4 )  b y  t h e  a d d i t i o n  o f  m o r e  c o a g u l a n t  o r  a d j u s t i n g  r e a g e n t .  T h e  m i x 
t u r e  w a s  t h e n  a l l o w e d  t o  s e t t l e  o v e r n i g h t : — a  s e t t l i n g  p e r i o d  o f  16  t o  20 
h o u r s .  A t  t h i s  t i m e ,  t h e  a m o u n t  o f  s l u d g e  p r o d u c e d  w a s  r e c o r d e d ,  a n d  
t h e  s u p e r n a t a n t  l i q u o r  w a s  d e c a n t e d  a n d  r e p l a c e d  w i t h  f r e s h  k i e r  l i q u o r .  
T h e  s l u d g e  a n d  f r e s h  k i e r  l i q u o r  w a s  t h o r o u g h l y  m i x e d  b y  a i r .  I n  c e r 
t a i n  c a s e s ,  t h e  p H  o f  t h e  s l u d g e - k i e r  m i x t u r e  w a s  a d j u s t e d  w i t h  c o n c e n 
t r a t e d  s u l f u r i c  a c i d  t o  t h e  o p t i m u m  p H  r a n g e  o f  t h e  c o a g u l a n t .  I n  n o  
c a s e  w a s  m o r e  c o a g u l a n t  a d d e d .  A g a i n  t h e  b a t c h  w a s  a l l o w e d  t o  s e t t l e  
o v e r n i g h t .

T es ts .— T h e  f o l l o w i n g  t e s t s  w e r e  m a d e  o n  t h e  m a t e r i a l s  i n d i c a t e d :

K i e r  l i q u o r  : p H ,  a l k a l i n i t y ,  B . O . D . ,  c o l o r .
F l o c c u l a t o r  e f f l u e n t : p H .
S l u d g e  : p H ,  s u s p e n d e d  s o l i d s ,  t o t a l  s o l i d s ,  d e w a t e r i n g  t i m e .  
E f f l u e n t :  p H ,  c o l o r ,  B . O . D .
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A l l  a n a l y s e s  w e r e  p e r f o r m e d  a c c o r d i n g  t o  S tandard  M ethods of 
W a ter  and Sewage Analysis .  D e t e r m i n a t i o n s  o f  p H  w e r e  m a d e  w i t h  a  
C o l e m a n  g l a s s  e l e c t r o d e  e l e c t r o m e t e r .  S l u d g e  d e w a t e r i n g  w a s  d e t e r 
m i n e d  o n  1 0 0  m l .  s a m p l e s  b y  m e a n s  o f  a n  11  c m .  B u e c h n e r  f u n n e l ,  u s i n g  
N o .  2 0 2  R e e v e - A n g e l  r a p i d  f i l t e r i n g  p a p e r ,  a n d  m a i n t a i n e d  u n d e r  a  s u c 
t i o n  o f  22  i n c h e s  o f  m e r c u r y .

R e s u l t s

Continuous Operation .— P r e v i o u s  l a b o r a t o r y  r e s u l t s  ( 4 )  h a v e  i n d i 
c a t e d  t h a t  a l u m  a n d  c o p p e r a s  a r e  t h e  m o s t  e c o n o m i c a l  c o a g u l a n t s  f o r  
c l a r i f i c a t i o n  o f  w a s t e  k i e r  l i q u o r .  T h e y  h a v e  a l s o  s h o w n  t h a t  b e t t e r  r e 
s u l t s  a r e  u s u a l l y  o b t a i n e d  b y  u s i n g  t h e  c o a g u l a n t s  i n  c o n j u n c t i o n  w i t h  
l i m e .  L i m e  f u r n i s h e s  a d d i t i o n a l  a l k a l i n i t y ,  s o  t h a t  m o r e  f lo e  c a n  b e  
f o r m e d  a t  t h e  p r o p e r  p H  z o n e ,  a n d  c o n s e q u e n t l y  g r e a t e r  c l a r i f i c a t i o n  
c a n  b e  o b t a i n e d .

T a b l e  I .— Chemical Treatment of K ier  Liquor Waste on a Continuous Basis

C o a g u l a n t R a w  W a s te C o a g u l a t e d  W a s t e

N a m e A m o u n t ,* B .O .D . C o lo r
R a t e  o f  
F lo w ,  

G . P . M .

D e t e n t i o n  T i m e  ( M in . )

p HF . P . M .
F lo c c u l a t o r S e t t l i n g

FeS04.711,0..................... 50,000 2,700 2,750 0.585 20.5 133 8.2

FeH()4 711,0.....................
and

44,600
2,700 2,750 0.594 20.1 131 9.1

Ca(O H)2............................ 1,000

A12(S04)3.9H 20 ............... 29,500 2,700 2,750 0.621 19.3 126 5.6

C o a g u l a n t

E f f lu e n t S lu d g e

p H

C o lo r B .O .D .

p H

S u s p e n d e d  S o lid s
D e w a t e r i n g  T im e  

f o r  1 0 0  m l .  
( B u e .  F u n n e l )

R e s i d u a l P e r  C e n t  
R e m o v a l R e s i d u a l P e r  C e n t  

R e m o v a l P . P . M . P e r  C e n t  
V o la t i l e

F eS 04 .7H 20 . . .. 5.6 2,500 9.1

F eS 04.7H 20  and
C a(O H ),.......... 8.7 400 85.5 400 85.2 9.1 — — 60 sec.

A12(S04)3.9H 20 5.6 400 85.5 400 85.2 5.4 15,700 36.3 65 sec.

* Sp. gr. of waste assumed as 1.

I n  t h i s  s t u d y ,  r u n s  w e r e  m a d e  o n  a  c o n t i n u o u s  b a s i s  u s i n g  c o p p e r a s ,  
c o p p e r a s  i n  c o n j u n c t i o n  w i t h  l i m e ,  a n d  f i l t e r  a l u m  a s  t h e  c o a g u l a n t s .  
T h e  r e s u l t s  o b t a i n e d  a r e  p r e s e n t e d  i n  T a b l e  I .  A s  t h e  i n i t i a l  r u n  i n  t h e  
t a b l e  s h o w s ,  c o p p e r a s  a l o n e  u s e d  a s  t h e  c o a g u l a n t  p r o d u c e d  a n  e f f lu e n t  
h a v i n g  a  p H  o f  5 .6  a n d  a  c o l o r  o f  2 5 0 0 .  S i n c e  i r o n  i s  q u i t e  s o l u b l e  a t  a  
p H  o f  5 .6 ,  i t  a p p e a r e d  t h a t  t h e  h i g h  c o l o r  o f  t h e  e f f l u e n t  w a s  d u e  i n  m o s t  
p a r t  t o  s o l u b l e  i r o n .  T h a t  s u c h  w a s  t h e  c a s e  w a s  c o n f i r m e d  b y  t r e a t i n g



a  s a m p l e  o f  t h e  e f f lu e n t  w i t h  l i m e  a n d  t h u s  r a i s i n g  i t s  p H .  U p o n  t h e  a d 
d i t i o n  o f  l i m e ,  a n  i r o n - h y d r o x i d e  f loe  w a s  f o r m e d  a n d  t h e  c o l o r  w a s  r e 
d u c e d  t o  1 0 0 .  T h i s  s h o w e d  t h e  n e c e s s i t y  o f  m a i n t a i n i n g  t h e  p H  c l o s e r  
t o  t h e  o p t i m u m  r a n g e .  C o n s e q u e n t l y ,  a  s e c o n d  r u n  w a s  m a d e  u s i n g  
c o p p e r a s  t o g e t h e r  w i t h  l i m e .  T h e  e f f lu e n t  o f  t h i s  s e c o n d  r u n  h a d  a  p H  
o f  8 .7  a n d  a  r e s i d u a l  c o l o r  o f  o n l y  4 0 0 .  T h e  c o l o r  o f  4 0 0  c o m p a r e d  f a 
v o r a b l y  t o  t h e  c o l o r  o f  3 0 0  w h i c h  w a s  o b t a i n e d  i n  t h e  l a b o r a t o r y .

A  t h i r d  r u n  w a s  m a d e  o n  a  c o n t i n u o u s  b a s i s  u s i n g  a l u m  a s  t h e  c o 
a g u l a n t  ( T a b l e  I ) .  T h e  e f f l u e n t  f r o m  t h i s  r u n  h a d  a  p H  o f  5 .6  a n d  a  
c o l o r  o f  4 0 0 ,  w h i c h  w a s  n o t  s o  g o o d  a s  t h e  c o l o r  o f  1 0 0  o b t a i n e d  i n  t h e  
l a b o r a t o r y .  T h i s  d i f f e r e n c e  a p p e a r s  t o  b e  d u e  t o  t h e  d i f f i c u l t y  o f  o b 
t a i n i n g  e x a c t  c o n t r o l  o f  c h e m i c a l  d o s a g e  u n d e r  c o n t i n u o u s  f l o w  o p e r a t i o n  
o f  t h e  p i l o t  p l a n t .

I t  w a s  n o t  p r a c t i c a b l e  t o  o p e r a t e  o n  a  c o n t i n u o u s  b a s i s  w i t h  a  n o r m a l  
s e d i m e n t a t i o n  p e r i o d  b e c a u s e  o f  t h e  s l u d g e  b u l k i n g  w h i c h  o c c u r r e d  i n  
t h e  s e t t l i n g  t a n k .  T h e  l a r g e  a m o u n t  o f  s u s p e n d e d  s o l i d s  i n  t h e  c o 
a g u l a t e d  l i q u o r  s h o w s  t h a t  a  g r e a t  d e a l  o f  s e t t l i n g  i s  n o t  t o  b e  e x p e c t e d .  
I n  t h e  c a s e  o f  a l u m  p r e c i p i t a t i o n ,  t h e  a m o u n t  o f  s u s p e n d e d  s o l i d s  i n  t h e  
c o a g u l a t e d  w a s t e  w a s  1 5 ,7 0 0  p . p . m . ,  a n d  t h e  s l u d g e  i n d e x  w a s  6 4  b e f o r e  
s e t t l i n g  o c c u r r e d  ( S . I .  e q u a l s  v o l u m e  i n  m l .  o c c u p i e d  b y  1 g r a m ) .  T h i s  
i n d i c a t e s  t h a t  t h e  s l u d g e  i s  q u i t e  c o m p a c t  w i t h o u t  a n y  s e t t l i n g ,  s i n c e  
w i t h  a c t i v a t e d  s l u d g e  a n  i n d e x  o f  100  o r  l e s s  i n d i c a t e s  a  s a t i s f a c t o r i l y  
s e t t l i n g  m a t e r i a l  ( 5 ) .  I t  s e e m s  a d v i s a b l e  w h e n  t r e a t i n g  k i e r  l i q u o r  t o  
e l i m i n a t e  t h e  s e t t l i n g  t a n k  a n d  d e w a t e r  t h e  e n t i r e  c o a g u l a t e d  w a s t e .  
D e w a t e r i n g  i s  r a p i d  a n d  n o  d i f f i c u l t y  s h o u l d  a r i s e  i n  d i s p o s i n g  o f  t h e  
s t a b l e  d r i e d  s l u d g e .

Batch Operation .— S e v e r a l  f a c t o r s  i n d i c a t e d  t h e  d e s i r a b i l i t y  o f  c o n 
d u c t i n g  s t u d i e s  o n  a  b a t c h  b a s i s ,  t h e  f i r s t  o f  w h i c h  w a s  t h e  i n a b i l i t y  w i t h  
c o n t i n u o u s  o p e r a t i o n  o f  a  s m a l l  p i l o t  p l a n t  t o  c o n t r o l  a d e q u a t e l y  t h e  
c h e m i c a l  d o s a g e s  r e q u i r e d  t o  t r e a t  s u c h  a  s t r o n g  w a s t e  a s  k i e r  l i q u o r .  
A n o t h e r  f a c t o r  f a v o r i n g  b a t c h  o p e r a t i o n  w a s  t h a t  a d v a n t a g e  c o u l d  b e  
t a k e n  o f  t h e  a p p r o x i m a t e l y  f i f t y  p e r  c e n t  s e t t l i n g  o f  s l u d g e  w h i c h  o c 
c u r r e d  d u r i n g  o v e r n i g h t  d e t e n t i o n .  S t i l l  f u r t h e r ,  t h e  l a r g e  s l u d g e  v o l 
u m e s  p r o d u c e d  i n  t h e  p r e c i p i t a t i o n  o f  t h i s  w a s t e  i n d i c a t e d  t h e  d e s i r a 
b i l i t y  o f  s t u d i e s  o n  t h e  p o s s i b l e  r e - u s e  o f  s l u d g e  a s  a n  a i d  t o  c o a g u l a t i o n .

T h e  r e s u l t s  o f  t h e  b a t c h  o p e r a t i o n  s t u d i e s  a r e  s h o w n  i n  T a b l e s  I l a  
a n d  l i b .  T a b l e  I l a  s h o w s  t h e  r e s u l t s  o b t a i n e d  b y  p r e c i p i t a t i n g  k i e r  
w a s t e  w i t h  c o p p e r a s ,  c a l c i u m  c h l o r i d e ,  f i l t e r  a l u m ,  a n d  a l u m  i n  c o n 
j u n c t i o n  w i t h  l i m e .  A l t h o u g h  c a l c i u m  c h l o r i d e  g a v e  o n l y  f a i r  c l a r i f i c a 
t i o n ,  t h e  o t h e r  c o a g u l a n t s  p r o d u c e d  g o o d  e f f lu e n t s .  A s  c a n  b e  s e e n  i n  
t h e  t a b l e ,  c o n t r o l  w a s  f a c i l i t a t e d  b y  b a t c h  o p e r a t i o n ,  s i n c e  t h e  p H  i n  
e a c h  c a s e  w a s  m a i n t a i n e d  c l o s e  t o  t h e  o p t i m u m  r a n g e .  I n  t h e  r u n s  w i t h  
c o p p e r a s  a n d  a l u m  a  s a v i n g  i n  t h e  a m o u n t  o f  c o a g u l a n t  o v e r  t h a t  r e 
q u i r e d  w h e n  o p e r a t i n g  o n  a  c o n t i n u o u s  b a s i s  w a s  n o t e d .

T a b l e  l i b  s h o w s  t h e  r e s u l t s  o b t a i n e d  b y  r e - u s i n g  t h e  v a r i o u s  s l u d g e s .  
I n  e a c h  c a s e ,  t h e  s l u d g e  s e t t l e d  a b o u t  5 0  p e r  c e n t  o v e r n i g h t ,  p e r m i t t i n g  
t h e  d i s c h a r g e  o f  a b o u t  4  g a l .  o f  t h e  s u p e r n a t a n t  l i q u o r  f r o m  t h e  1 0 - g a l .
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b a t c h .  F i v e  g a l l o n s  o f  f r e s h  k i e r  l i q u o r  w a s  a d d e d ;  t h e  m i x t u r e  w a s  
f l o c c u l a t e d  w i t h o u t  t h e  a d d i t i o n  o f  f u r t h e r  c h e m i c a l s ,  a n d  a l l o w e d  t o  
s e t t l e .  C o p p e r a s  s l u d g e  a n d  c a l c i u m  c h l o r i d e  s l u d g e  c l a r i f i e d  t h e  a d d e d  
w a s t e ;  h o w e v e r ,  t h e  c l a r i f i c a t i o n  w a s  c o n s i d e r a b l y  l e s s  t h a n  t h a t  o b 
t a i n e d  o r i g i n a l l y  b y  t h e  c o a g u l a n t s .  T h e  r e s u l t s  o b t a i n e d  w i t h  a l u m

Table lia.— Treatment of Kier Liquor Waste on a Batch Basis vnth Coagulants

C o a g u l a n t

V o lu m e
o f

W a s te ,
G a ls .

%  S lu d g e  
A f t e r  

O v e r n i g h t  
S e t t l i n g

F i r s t  S u p e r n a t a n t

N a m e
A m o u n t ,  
P .  P .M . p H

C o lo r B .O .D .
V o lu m e

D e c a n t e d ,
G a ls .

R e s i d u a l
P e r  C e n t  
R e m o v a l

R e s i d u a l
P e r  C e n t  
R e m o v a l

F eS 04.7H 20 . 36,400 10 50 8.78 400 85 640 75 4

CaCl2.................... 17,700 10 50 11.4 . 800 71 780 69 4

A12(S 04)3.9H 20 . . 24,800 10 50 6.48 450 84 340 87 4

A12(S04)3.9H 20 . .
and

Ca(O H)2..............

27,300

1,160
10 50 6.38 400 8 6 390 85 4

Table Ilb.— Treatment of Kier Liquor Waste on a Batch Basis with Returned Sludge

C o a g u l a n t

V o lu m e  
o f  F r e s h  

K i e r  
A d d e d ,  
G a ls .

p H  o f  S lu d g e -  
K i e r  M i x tu r e

S e c o n d  S u p e r n a t a n t S lu d g e

A f te r
A d d i 
t i o n

of
K i e r

A f te r
A d j u s t 

m e n t
w i t h

C o n e .
H 2 S O 4

p H

C o lo r B .O .D . T o t a l  S o lid s S u s p e n d e d
S o lid s

R e s i d 
u a l

P e r
C e n t
R e 

m o v a l

R e s i d 
u a l

P e r
C e n t
R e 

m o v a l

P e r
C e n t

P e r
C e n t
V o la 

t i l e

P . P . M .

P e r
C e n t
V o la 

t i le

F eS 04.7H 20 . .. 5 11.43 — 11.05 1,950 29 2,000 22 4.31 21.0 27,815 20.7

C'aCl2................. 5 11.40 — 11.40 1,450 47

A12(S04)3.9 H 20 5 10.42 6.5 5.65 550 80 780 70 3.88 27.2 21,565 38.1

A12(S 04)3.9 H 20  
and Ca(O H)2 5 10.40 6.5 7.10 1,950 29 900 65 — — — —

sludge w ere n eglig ib le unless the p H  Avas adjusted  to the proper range, 
but w ere quite good after adjustm ent. W hen alum  and lim e sludge Avas 
re-used and adjusted  so that the supernatant liquor had a p H  of 7.1, 
poor resu lts w ere obtained because o f the h igh  p H .  T his further illu s
trates the value o f str ict p H  control.

Use o f R e tu rned  S ludge .— F u r t h e r  s t u d i e s  w e r e  c o n d u c t e d  o n  a  l a b 
o r a t o r y  s c a l e  o n  t h e  r e - u s e  o f  s l u d g e  b e c a u s e  i t  s e e m e d  t h a t  t h e  c l a r i f y 
i n g  p o w e r  o f  r e t u r n e d  s l u d g e  m i g h t  b e  u t i l i z e d  i n  c o n j u n c t i o n  Avith t h e  
c o a g u l a n t s .  S l u d g e s  o b t a i n e d  b y  p r e c i p i t a t i n g  k i e r  l i q u o r  w i t h  v a r i o u s  
c o a g u l a n t s  Avere u s e d  i n  d i f f e r e n t  a m o u n t s  w i t h  v a r i o u s  d o s a g e s  o f  c o 
a g u l a n t s  t o  t r e a t  f r e s h  k i e r  l i q u o r .  S o m e  t y p i c a l  r e s u l t s  a r e  p r e s e n t e d  
i n  T a b l e  I I I .



Vol. 14, No. 3 CHEMICAL PRECIPITA TIO N  OF K IER  LIQUOR WASTE 691

T a b l e  III .— Treatment of Kicr Liquor Waste with Coagulants and Returned Sludge

C o a g u l a n t
R e t u r n  S lu d g e  
A d d e d ,  P . P . M .  

S u s p e n d e d  S o lid s

S e t t l i n g  R a t i o ,  S lu d g e  
V o l. t o  S u p e r n a t a n t  

L i q u o r
p H

C o lo r

N a m e A m o u n t ,
P . P . M . 1 H o u r 2 4  H o u r s R e s id u a l P e r  C e n t  

R e m o v a l

FeS04.7H 20 36,200 0 20 to 1 2.2 to 1 7.2 450 84

FeS04.7H 20 36,200 11,100 11 to 1 1.3 to 1 9.3 350 87

F eS 0 ,.7H 20 36,200 5,500 11 to 1 1.2 to 1 8.7 350 87

FeS04.7H 20 ......... 36,200 1,400 10 to 1 1.2 to 1 8 . 1 450 84

FeS04 .7H 20 33,400 0 8 to 1 1.3 to 1 9.72 600 78

FeS04.7H 20 ........ 33,400 1,700 8 to 1 1.4 to 1 10.2 450 84

FeS04.7H 20 22,200 1,700 8 to 1 1.0 to 1.4 11.1 550 80

FeSO, 7H20 13,900 1,700 1.2 to 1 1.0 to 2.2 1 1 . 1 900 67

CaCl2..................... 13,900 0 12 to 1 11.1 750 73

CaCl2..................... 13,900 1,300 11 to 1 11.2 750 73

CaCI2..................... 8,300 1,300 14 to 1 11.2 1,400 49

CaCl2..................... 2,800 1,300 1.4 to 1 11.2 3,000 —

A12(S04)3 9H 20 . .  . 25,200 0 5 to 1 7.2* 450 84

A12(S04V 9H 20 . . . 25,200 8,600 5 to 1 6.9* 450 84

A12(S04)3.9H20 . . . 8,400 4,300 2 to 1 6.8* 650 76

A12(S04)3.9H 20 . .. 8,400 1,100 1.1 to 1 6.7* 600 78

* pH adjusted w ith H2SO4.

I n  t h e  c a s e  o f  c o p p e r a s  s l u d g e ,  i t  a p p e a r e d  t h a t  w h e n  a  s u f f i c i e n t  
a m o u n t  o f  t h e  c o a g u l a n t  w a s  u s e d ,  r e t u r n e d  s l u d g e  o f f e r e d  l i t t l e  o r  n o  
a d d e d  c l a r i f i c a t i o n .  A s  c a n  b e  s e e n  i n  t h e  t a b l e ,  w h e n  3 6 ,2 0 0  p . p . m .  o f  
c o p p e r a s ,  a p p r o x i m a t e l y  t h e  o p t i m u m  a m o u n t ,  w e r e  u s e d  w i t h o u t  a n y  
r e t u r n e d  s l u d g e  a  c o l o r  o f  4 5 0  w a s  o b t a i n e d .  A l t h o u g h  t h i s  w a s  n o t  
q u i t e  s o  g o o d  a s  t h e  c o l o r  o b t a i n e d  b y  u s i n g  t h e  s a m e  a m o u n t  o f  c o p 
p e r a s  a n d  5 ,0 0 0  o r  1 0 ,0 0 0  p . p . m .  r e t u r n e d  s l u d g e ,  t h e  p H  i n  t h e  c a s e  o f  
c o p p e r a s  a l o n e  w a s  a  l i t t l e  l o w ,  a n d ,  i t  s e e m s  t h a t  b e t t e r  c o l o r  r e m o v a l  
w o u l d  h a v e  b e e n  o b t a i n e d  h a d  t h e  p H  b e e n  h i g h e r .  W i t h  a m o u n t s  o f  
c o a g u l a n t  s m a l l e r  t h a n  t h e  o p t i m u m  a  d i s t i n c t  i m p r o v e m e n t  w a s  o b 
t a i n e d  b y  r e - u s e  o f  s l u d g e .  T h i s  i s  e v i d e n t  f r o m  t h e  a d d e d  c l a r i f i c a t i o n  
t h a t  r e t u r n e d  s l u d g e  o f f e r e d  w h e n  u s e d  w i t h  a l l  a m o u n t s  o f  c o p p e r a s  
s m a l l e r  t h a n  3 6 ,0 0 0  p . p . m .  H o w e v e r ,  i t  a p p e a r s  t h a t  t h e  c l a r i f i c a t i o n  
o b t a i n e d  b y  r e - u s i n g  s l u d g e  w i t h  a m o u n t s  o f  c o p p e r a s  s m a l l e r  t h a n  t h e  
o p t i m u m  w a s  n o t  e q u i v a l e n t  t o  t h a t  o b t a i n e d  b y  u s i n g  a n  o p t i m u m  
a m o u n t  o f  c o a g u l a n t  a l o n e .  R u d o l f s  a n d  G e h m  ( 6 ) ,  e v a l u a t i n g  r e t u r n e d
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c h e m i c a l  s l u d g e ,  s t a t e  t h a t  a l u m  a n d  f e r r i c  c h l o r i d e  s l u d g e s  h a v e  d e f i n i t e  
c l a r i f y i n g  v a l u e ,  a l t h o u g h  t h e  e f f e c t i v e n e s s  o f  r e t u r n e d  s l u d g e  d e c r e a s e s  
a s  t h e  f e r r i c  c o a g u l a n t  d o s a g e  i n c r e a s e s .  T h i s  i s  i n  a c c o r d a n c e  w i t h  
t h e  p r e s e n t  s t u d y .  A s  i s  e v i d e n t  f r o m  t h e  s e t t l i n g  r a t i o s  g i v e n  in  
T a b l e  I I I  f o r  t h e  c o p p e r a s  s l u d g e ,  i n  g e n e r a l  t h e  r e - u s e  o f  s l u d g e  i m 
p r o v e d  s e t t l i n g .

A n o t h e r  f e a t u r e  o f  t h e  r e t u r n e d - s l u d g e  p r o b l e m  i n v e s t i g a t e d  w i t h  
c o p p e r a s  s l u d g e  w a s  t h e  l i m i t  o f  e f f e c t i v e n e s s  o f  t h e  r e t u r n e d  s l u d g e ;  
t h a t  i s ,  t h e  n u m b e r  o f  t i m e s  s l u d g e  c o u l d  b e  r e - u s e d  w i t h o u t  t h e  a d d i t i o n  
o f  c o a g u l a n t .  C o p p e r a s  w a s  a d d e d  t o  a  5 0 0  m l .  s a m p l e  o f  k i e r  l i q u o r ,  
a n d  a f t e r  m i x i n g  t h e  c o a g u l a t e d  w a s t e  w a s  d e w a t e r e d  b y  m e a n s  o f  a

T a b l e  IV.— Treatment of Kier Liquor Waste with Continued Re-Use of Sludge

V o lu m e  o f
W a s t e  T r e a t e d  w i t h

p H C o lo r B .O .D .R u n  N o . W a s te ,
M l. F e S O < . 7 H î O , 

P .  P .M .
R e t u r n
S lu d g e

Raw Kier 11.4 2,750 2,700

1 500 36,200 0 9.85 175 660

2 500 0
Dewatered 
sludge from 
Run 1

11.32 500 1,360

3 500 0
Dewatered 
sludge from 
Run 2

11.40 1,000 1,320

4 500 0
Dewatered 
sludge from 
Run 3

11.40 1,600 1,400

5 500 0
Dewatered 
sludge from 
Run 4

11.35 2,000 1,560

6 500 0
Dewatered 
sludge from 
Run 5

11.40
3,500

—

B u e c h n e r  f u n n e l .  T h e  s l u d g e  o b t a i n e d  w a s  t h e n  a d d e d  t o  a n o t h e r  5 0 0  
n d .  s a m p l e  o f  f r e s h  w a s t e ,  w h i c h  a l s o  w a s  m i x e d  a n d  d e w a t e r e d .  T h i s  
p r o c e d u r e  w a s  r e p e a t e d  s e v e r a l  t i m e s .  T h e  a m o u n t  o f  p u r i f i c a t i o n  o b 
t a i n e d  a f t e r  e a c h  p r e c i p i t a t i o n  i s  s h o w n  i n  T a b l e  I V .  I t  c a n  b e  s e e n  
t h a t  t h e  p u r i f i c a t i o n  d e c r e a s e d  w i t h  e a c h  a d d i t i o n a l  r e - u s e  o f  s l u d g e ,  b u t  
t h a t  s o m e  p u r i f i c a t i o n  w a s  o b t a i n e d  e v e n  a f t e r  t h e  f o u r t h  r e - u s e .

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

A l u m  s l u d g e  r e - u s e d  w i t h  a l u m  r e q u i r e d  p H  a d j u s t m e n t  w i t h  s u l 
f u r i c  a c i d  ( T a b l e  I I I ) .  T h e  r e t u r n e d  s l u d g e  o f f e r e d  n o  a d d e d  c l a r i 
f i c a t i o n  w h e n  s u f f i c i e n t  c o a g u l a n t  w a s  u s e d .  W h e n  s m a l l  a m o u n t s  o f  
a l u m  s l u d g e  w e r e  u s e d  w i t h  s m a l l  d o s a g e s  o f  a l u m  a n d  t h e  p H  a d j u s t e d  
w i t h  a c i d ,  g o o d  r e s u l t s  w e r e  o b t a i n e d ;  h o w e v e r ,  t h e  r e s u l t s  w e r e  n o t  
q u i t e  e q u i v a l e n t  t o  t h o s e  o b t a i n e d  b y  a n  o p t i m u m  a m o u n t  o f  a l u m  a l o n e .
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T h i s  s t u d y  o n  t h e  r e - u s e  o f  s l u d g e  i n d i c a t e s  t h a t ,  a l t h o u g h  n o  a d d e d  
c l a r i f i c a t i o n  i s  o f f e r e d  b y  r e t u r n e d  s l u d g e  w h e n  a n  o p t i m u m  a m o u n t  o f  
c o a g u l a n t  i s  u s e d ,  t h e  r e - u s e  o f  s l u d g e  w i t h  a m o u n t s  o f  c o a g u l a n t  
s l i g h t l y  l e s s  t h a n  t h e  o p t i m u m  g i v e s  r e s u l t s  w h i c h  a r e  g o o d  a n d  a l m o s t  
e q u i v a l e n t  t o  t h o s e  o b t a i n e d  b y  s u f f i c i e n t  a m o u n t  o f  c o a g u l a n t  a l o n e .  
I t  s e e m s ,  t h e n ,  t h a t  i t  m i g h t  b e  p o s s i b l e  w i t h  t h e  u s e  o f  r e t u r n e d  s l u d g e  
to  a c h i e v e  a  s a v i n g  i n  t h e  a m o u n t  o f  c o a g u l a n t  r e q u i r e d  i n  t h e  p r e c i p i 
t a t i o n  o f  s t r o n g  w a s t e s  s u c h  a s  k i e r  l i q u o r .

D is c u s s io n

I n  g e n e r a l ,  t h e  r e s u l t s  o f  p i l o t  p l a n t  o p e r a t i o n  a g r e e d  v e r y  c l o s e l y  
w i t h  t h e  r e s u l t s  o f  l a b o r a t o r y  s t u d i e s .  A  c o l o r  o f  4 0 0  w a s  o b t a i n e d  b y  
t r e a t i n g  k i e r  l i q u o r  w i t h  c o p p e r a s  a n d  l i m e  b y  t h e  p i l o t  p l a n t  w h e r e a s  
a  c o l o r  o f  3 0 0  w a s  o b t a i n e d  i n  t h e  l a b o r a t o r y .  R e s u l t s  o b t a i n e d  w i t h  
a l u m  011 t h e  p i l o t  p l a n t  b a s i s  w e r e  n o t  s o  g o o d  a s  t h o s e  o b t a i n e d  i n  t h e  
l a b o r a t o r y .  T h e  r e a s o n  f o r  t h e  d i s c r e p a n c y  i n  r e s u l t s ,  e v i d e n t l y ,  i s  
t h a t  t h e  r e a c t i o n s  i n  t h e  p i l o t  p l a n t  w e r e  n o t  c o n t r o l l e d  s u f f i c i e n t l y  c lo s e  
to  t h e  o p t i m u m .  W h e n  d e a l i n g  w i t h  s t r o n g  w a s t e s  a n d  c o n c e n t r a t e d  
s o l u t i o n s ,  a s  i s  n e c e s s a r y  w h e n  o p e r a t i n g  o n  a  p i l o t  p l a n t  b a s i s ,  a n y  
v a r i a t i o n  i n  t h e  r a t e s  o f  f lo w  o f  e i t h e r  w a s t e s  o r  s o l u t i o n s  w i l l  c a u s e  
t h e  p r o c e s s  t o  v a r y  f r o m  t h e  r a n g e  o f  m a x i m u m  e f f ic ie n c y .  T o  a c h i e v e  
m a x i m u m  c l a r i f i c a t i o n ,  s t r i c t  p H  c o n t r o l  i s  n e c e s s a r y .

S e t t l i n g  o f  t h e  s l u d g e  w a s  p o o r  b e c a u s e  o f  t h e  h i g h  c o n t e n t  o f  
s u s p e n d e d  s o l i d s .  T h i s ,  a l s o ,  a g r e e d  w i t h  l a b o r a t o r y  e x p e r i m e n t s .  
S l u d g e  h a n d l i n g  p r e s e n t e d  n o  d i f f i c u l t i e s ,  h o w e v e r ,  s i n c e  t h e  s l u d g e  d e 
w a t e r e d  r a p i d l y  a n d  a p p e a r e d  v e r y  s t a b l e .  S l u d g e s  d r a w n  t o  a  d e p t h  
o f  10  i n .  o n  s a n d  f i l t e r s  d r a i n e d  a n d  c r a c k e d  o v e r n i g h t ,  a n d  i n  f iv e  d a y s  
a p p e a r e d  s a t i s f a c t o r y  f o r  r e m o v a l .

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

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

R e - u s e  o f  s l u d g e  a p p e a r s  a s  a  p r a c t i c a l  p o s s i b i l i t y  b o t h  f o r  d e c r e a s 
i n g  t h e  c o s t  o f  c h e m i c a l s  a n d  f o r  i n c r e a s i n g  s e t t l i n g  r a t e s .  I n  i n s t a n c e s  
w h e r e  c o m p l e t e  c h e m i c a l  t r e a t m e n t  i s  u n n e c e s s a r y ,  t h e  u s e  o f  s m a l l  
a m o u n t s  o f  c o a g u l a n t s  t o g e t h e r  w i t h  r e t u r n e d  s l u d g e  s e e m s  t o  o f f e r  
c o n s i d e r a b l e  p o s s i b i l i t i e s .  O f  c o u r s e ,  w h e n  c o n s i d e r i n g  t h e  s a v i n g s  
t h a t  m a y  b e  r e a l i z e d ,  i t  i s  n e c e s s a r y  t o  c o n s i d e r  t h e  c o s t  o f  h a n d l i n g  t h e  
r e t u r n e d  s l u d g e  a n d  t h e  c o r r e s p o n d i n g  i n c r e a s e  i n  t a n k  s i z e  t h a t  w o u l d  
b e  r e q u i r e d .

A n o t h e r  p o s s i b l e  m e t h o d  o f  r e d u c i n g  t r e a t m e n t  c o s t s  i s  t o  t r e a t  t h e  
w a s t e  i n  t w o  s t a g e s .  F o r  e x a m p l e ,  c o p p e r a s  w a s  u s e d  t o  t r e a t  a  b a t c h  
o f  k i e r  l i q u o r  a n d  p r o d u c e d  a n  e f f lu e n t  w i t h  c o l o r  o f  2 0 0 .  T h e  s l u d g e  
f r o m  t h i s  t r e a t m e n t  w a s  r e - u s e d  w i t h o u t  t h e  a d d i t i o n  o f  c o a g u l a n t  t o
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p r e c i p i t a t e  a n o t h e r  b a t c h  o f  w a s t e  a n d  p r o d u c e d  a  s e c o n d  e f f l u e n t  h a v 
i n g  a  c o l o r  o f  5 5 0 .  T h i s  s e c o n d  e f f l u e n t  w a s  t h e n  t r e a t e d  w i t h  c o p p e r a s .  
A  c o l o r  o f  2 2 5  w a s  o b t a i n e d  f r o m  t h i s  s e c o n d  c h e m i c a l  p r e c i p i t a t i o n  
w i t h  a  s a v i n g  i n  t h e  c h e m i c a l  d o s a g e  o f  g r e a t e r  t h a n  2 5  p e r  c e n t  o v e r  
t h a t  r e q u i r e d  i n  t h e  f i r s t  p r e c i p i t a t i o n .  I t  s e e m s  t h a t  t w o - s t a g e  t r e a t 
m e n t  o f f e r s  p o s s i b i l i t i e s ,  a n d  f u r t h e r  i n v e s t i g a t i o n s  m a y  p r o v e  i t  t o  b e  
e c o n o m i c a l  f o r  t h e  t r e a t m e n t  o f  c e r t a i n  i n d u s t r i a l  w a s t e s .

T h e  l a r g e  d o s a g e  o f  c h e m i c a l  n e c e s s a r y  f o r  s u c c e s s f u l l y  p r e c i p i t a t 
i n g  k i e r  l i q u o r  i n d i c a t e s  t h a t  r e c o v e r y  o f  t h e  c o a g u l a n t  b y  d i g e s t i o n  o f  
t h e  s l u d g e  w o u l d  a l s o  b e  f e a s i b l e .  P r e l i m i n a r y  w o r k  ( 5 )  h a s  s h o w n  
t h a t  r e c o v e r y  h o l d s  p r o m i s e  a s  a  m e a n s  o f  r e d u c i n g  t h e  c o s t  o f  c h e m i c a l  
t r e a t m e n t .

T r e a t m e n t  o f  t h e  e f f l u e n t  f r o m  c h e m i c a l l y  p r e c i p i t a t e d  k i e r  l i q u o r  
t h r o u g h  f i l t e r s  s u c h  a s  s a n d  b e d s  o r  a c t i v a t e d  c a r b o n  a i d s  c o n s i d e r a b l y  
i n  t h e  r e d u c t i o n  o f  c o l o r .  A  s a m p l e  o f  w a s t e  w a s  p r e c i p i t a t e d  w i t h  
c o p p e r a s  a n d  a  c o l o r  o f  2 0 0  w a s  o b t a i n e d .  T h e  s l u d g e  f r o m  t h i s  t r e a t 
m e n t  w a s  r e - u s e d  w i t h o u t  t h e  a d d i t i o n  o f  c o a g u l a n t  t o  p r e c i p i t a t e  a n 
o t h e r  b a t c h  o f  w a s t e  a n d  a n  e f f l u e n t  w a s  o b t a i n e d  t h i s  t i m e  w i t h  a  c o l o r  
o f  7 0 0 .  B o t h  e f f l u e n t s  w e r e  f i l t e r e d  t h r o u g h  1 2  in .  o f  a c t i v a t e d  c a r b o n .  
W i t h  t h e  c h e m i c a l l y  p r e c i p i t a t e d  e f f l u e n t  a  c o l o r  o f  8 0  w a s  o b t a i n e d ,  a n d  
w i t h  t h e  s l u d g e - p r e c i p i t a t e d  e f f l u e n t  a  c o l o r  o f  2 5 0  w a s  o b t a i n e d .

A n o t h e r  p o s s i b i l i t y  f o r  r e d u c i n g  w a s t e  t r e a t m e n t  c o s t s  l i e s  i n  t h e  
m o d i f i c a t i o n  o f  m i l l  p r a c t i c e .  U n f o r t u n a t e l y ,  i t  h a s  b e e n  t h e  c u s t o m  in  
t h e  p a s t  f o r  m i l l  e x e c u t i v e s  t o  c o n s i d e r  l i q u i d  w a s t e s  a s  m a t e r i a l s  to  
b e  d i s c h a r g e d  a n d  f o r g o t t e n .  A  m o r e  e n l i g h t e n e d  v i e w p o i n t  i s  t o  c o n 
s i d e r  a n y t h i n g  p r o d u c e d  b y  a  m i l l  a s  a  p r o d u c t  o f  t h a t  p r o c e s s .  I n  t h i s  
l i g h t ,  w a s t e  o f  a  d y e  h o u s e  i s  a s  m u c h  a  p r o d u c t  o f  t h e  m i l l  a s  t h e  f in 
i s h e d  c l o t h .  J u s t  a s  a n  e f f o r t  i s  m a d e  t o w a r d s  i n c r e a s i n g  t h e  q u a n t i t y  
a n d  q u a l i t y  o f  s a l a b l e  p r o d u c t s ,  s o  s h o u l d  a n  e f f o r t  b e  m a d e  t o w a r d s  
d e c r e a s i n g  t h e  q u a n t i t y  a n d  q u a l i t y  o f  t h e  w a s t e .  B o t h  f a c t o r s  t e n d  
t o w a r d s  i n c r e a s e d  p r o f i t .  T h e  r e - u s e  o f  s t r o n g  c h e m i c a l  s o l u t i o n s  to  
g r e a t e r  e x h a u s t i o n  o f f e r s  d e f i n i t e  p o s s i b i l i t i e s .  U p o n  s u g g e s t i o n s  b y  
t h e  a u t h o r s ,  o n e  m i l l  h a s  r e - u s e d  a  s t r o n g  c a u s t i c  b o i l - o u t  l i q u o r  a n d  
t h e r e b y  e f f e c t e d  s a v i n g s  i n  t h r e e  d i s t i n c t  w a y s .  T h e  a m o u n t  o f  c a u s t i c  
u s e d  i n  t h e  m i l l  h a s  b e e n  c o n s i d e r a b l y  r e d u c e d ;  a n d  w a s t e  t r e a t m e n t  
c o s t s  h a v e  b e e n  l o w e r e d  b y  a  d e c r e a s e  i n  t h e  a m o u n t  o f  c a u s t i c  d i s 
c h a r g e d  f r o m  t h e  m i l l ,  a n d  b y  a  r e d u c t i o n  i n  t h e  a m o u n t  o f  c h e m i c a l s  
r e q u i r e d  t o  t r e a t  t h e  w a s t e .  T h e r e  a p p e a r s  t o  b e  r o o m  f o r  i m p r o v e 
m e n t  i n  m i l l  p r o c e s s e s  s o  t h a t  a  l o w e r i n g  o f  w a s t e  t r e a t m e n t  c o s t s  m a y  
b e  r e a l i z e d  f r o m  t h e  m o r e  e f f i c e n t  u s e  o f  c h e m i c a l s  a n d  t h e  c o r r e s p o n d 
i n g  d e c r e a s e  i n  w a s t e  p r o d u c t s .

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

P i l o t  p l a n t  s t u d i e s  o n  t h e  c h e m i c a l  p r e c i p i t a t i o n  o f  k i e r  l i q u o r  w e r e  
c a r r i e d  o u t  i n  a n  e f f o r t  t o  c o r r e l a t e  l a b o r a t o r y  r e s u l t s  t o  p l a n t  o p e r a 
t i o n ,  a n d  t o  d e t e r m i n e  e f f i c i e n t  m e t h o d s  f o r  t r e a t i n g  k i e r  l i q u o r  w a s t e .
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F o r  t h e  m o s t  p a r t ,  r e s u l t s  o b t a i n e d  i n  p i l o t  p l a n t  o p e r a t i o n  a g r e e  
w i t h  r e s u l t s  o b t a i n e d  i n  t h e  l a b o r a t o r y .  H o w e v e r ,  f r o m  t h e  s t a n d p o i n t  
o f  c o l o r  r e m o v a l ,  l a b o r a t o r y  r e s u l t s  m a y  b e  s l i g h t l y  b e t t e r  t h a n  p i l o t  
p l a n t  r e s u l t s  b e c a u s e  o f  m o r e  a c c u r a t e  c o n t r o l .

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

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

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

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

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

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

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

A c k n o w l e d g m e n t
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THE OPERATOR S CORNER
Conducted by W. H. W ISELY , Executive Secretary*

Federation of Sewage Works Associations 
Box 18 • • Urbana, Illinois

W a s t e  n o t h i n g !

P l a n  r e q u i r e m e n t s !

B a n i s h  h o a r d i n g ;

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

T h e  W a r  P r o d u c t i o n  B o a r d ,  w h i c h  h a s  a b s o r b e d  t h e  e a r l i e r  Office 
o f  P r o d u c t i o n  M a n a g e m e n t ,  i s  a  h u g e  m a c h i n e .  I t  w a s  c a l l e d  u p o n  to
b u i l d  i t s e l f  a n d  p r o d u c e  r e s u l t s  s i m u l t a n e o u s l y .  I t  i s  n o t  d i f f i c u l t  to
u n d e r s t a n d  w h y  s o m e  c o n f u s i o n  a n d  u n c e r t a i n t y  a c c o m p a n i e d  t h e  f i r s t  
m e s h i n g  o f  g e a r s  a n d  i t  i s  g r a t i f y i n g  t o  o b s e r v e  t h e  t r e n d  t o w a r d  
“ s t r e a m - l i n i n g ”  o f  p r o c e d u r e s  w h i c h  h a s  b e c o m e  e v i d e n t  i n  r e c e n t  
w e e k s .

W e  o f  t h e  s e w e r a g e  a n d  s e w a g e  t r e a t m e n t  “ i n d u s t r y ”  s h o u l d  he  
a p p r e c i a t i v e  o f  t h e  r e c o g n i t i o n  a c c o r d e d  s u c h  p u b l i c  s e r v i c e s  a s  b e i n g  
e s s e n t i a l  t o  m i l i t a r y  a n d  c i v i l i a n ' p r o t e c t i o n ,  p r o v e n  b y  t h e  h i g h  p r i 
o r i t y  r a t i n g s  w h i c h  h a v e  b e e n  g r a n t e d .  N o w ,  c o u l d  i t  b e  p o s s i b l e  t h a t  
w e  m i g h t  r e c i p r o c a t e  i n  s o m e  f a s h i o n  t o  a i d  o u r  g o v e r n m e n t  i n  i t s  o b 
j e c t i v e s ?

E v e r y  c a r e  a n d  p r e c a u t i o n  t o  p r e v e n t  w a s t e  o f  o p e r a t i o n ,  m a i n t e 
n a n c e  a n d  c o n s t r u c t i o n  s u p p l i e s  i s  c l e a r l y  w o r t h w h i l e .  P l a n n i n g  o f  
f u t u r e  r e q u i r e m e n t s  w e l l  i n  a d v a n c e ,  i s  c o m m o n - s e n s e  p r o c e d u r e  b u t  
p l a c e m e n t  o f  l a r g e  a d v a n c e  o r d e r s  t o  b u i l d  u p  e x c e s s i v e  s t o r e s  i n v e n 
t o r i e s  a c t u a l l y  d e f e a t s  t h e  p u r p o s e  o f  p r o d u c t i o n  c o n t r o l ,  s i n c e  h e a v y  
i n s t a n t a n e o u s  d e m a n d s  u p o n  p r o d u c e r s  m a y  r e q u i r e  u n n e c e s s a r y  t i g h t 
e n i n g  o f  r e s t r i c t i o n s  a n d  r e a c t  a g a i n s t  u s e r s  i n  s e r i o u s  n e e d .  L o n g  
r a n g e  p l a n n i n g  s h o u l d  b e  e m p l o y e d  t o  e n a b l e  o r d e r s  t o  b e  p l a c e d  suffi
c i e n t l y  e a r l y  t o  a l l o w  t h e  m a n u f a c t u r e r  t i m e  t o  f i l l  t h e m — n o t  a s  b a s i s  
f o r  h o a r d i n g .  W h e r e v e r  a  s u b s t i t u t e  f o r  a  “ h a r d  t o  g e t ”  m a t e r i a l  
m i g h t  b e  s a t i s f a c t o r y ,  g i v e  i t  a  c h a n c e  ! W h o  k n o w s ,  t h e  s u b s t i t u t e  m a y

* Also Engineer-Manager, U rbana and Champaign Sanitary D istrict.
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p r o v e  s u p e r i o r  i n  s e r v i c e  t o  t h e  p r o d u c t  t o  w h i c h  w e  h a v e  b e c o m e  a d 
d i c t e d  b y  h a b i t !

E v e n  t h a t  S p r i n g  h o u s e - c l e a n i n g  m a y  b e  a d v a n t a g e o u s l y  a d a p t e d  
to  t h e  w a r  e f f o r t .  A l l  s c r a p  m e t a l  o r  a b a n d o n e d  e q u i p m e n t  f o r  w h i c h  
t h e r e  i s  n o  r e a l  n e e d  s h o u l d  b e  j u n k e d  f o r  r e - u s e  a s  r a w  m a t e r i a l .

N o n e  o f  u s  i s  t o o  s m a l l  t o  h e l p .  W i n n i n g  t h e  w a r  w i l l  b e  t h e  r e w a r d !

C A L I F O R N I A  O P E R A T O R S ’ S Y M P O S I U M  *

P r e s i d e n t  H a r o l d  F .  G r a y ,  California Sewage W orks  Association:  
N o w ,  g e n t l e m e n ,  w i t h  y o u r  k i n d  p e r m i s s i o n ,  w e  w i l l  c a l l  t h e  A n n u a l  C o n 
v e n t i o n  t o  o r d e r .  T h i s  a f t e r n o o n  w e  a r e  t o  h a v e  a  s y m p o s i u m  o n  v a r i 
o u s  o p e r a t i n g  p r o b l e m s .  T h i s  i s  m o r e  o r  l e s s  i m p r o m p t u .  S o m e  o f  
y o u  h a v e  b e e n  p r i m e d  b u t  i t  i s  g o i n g  t o  b e  a n  o p e n  a n d  g e n e r a l  d i s 
c u s s io n .

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

W a y l a n d  J o n e s ,  S tockton:  F e l l o w  o p e r a t o r s ,  I  a m  f u n c t i o n i n g  h e r e  
in  p l a c e  o f  C h a i r m a n  R a l p h  S o f t e r  w h o  w a s  n o t  a b l e  t o  a t t e n d .  W e  
h a v e  s e n t  c a r d s  t o  s o m e  o f  t h e  m e m b e r s ,  a s k i n g  t h e m  t o  b e  p r e p a r e d  t o  
d i s c u s s  s o m e  o f  t h e  s u b j e c t s  a n d  w o u l d  l i k e  t o  h e a r  f i r s t  f r o m  t h o s e  w h o  
h a v e  r e c e i v e d  o u r  c a r d s .  W e  w i l l  s t a r t  w i t h  M r .  A l l e n  o n  t h e  t o p i c  
“ P l a n t  R e c o r d s . ”

P l a n t  R e c o r d s

W .  A .  A l l e n ,  Pasadena:  I  d o n ’t  k n o w  t h a t  t h e r e  i s  a  g r e a t  d e a l  m o r e  
to  b e  s a i d  o n  t h e  s u b j e c t  o f  p l a n t  r e c o r d s  e x c e p t  t o  s t r e s s  t h e  f a c t  t h a t  
t h e y  a r e  o f  c o n s i d e r a b l e  v a l u e ,  m a i n l y  t o  c h e c k  y o u r  p a s t  e x p e r i e n c e  
w h e n  y o u  g e t  i n t o  t r o u b l e .  W e  h a v e  f o u n d  t h a t  w e  c a n  s o m e t i m e s  f i n d  
th e  a n s w e r  w h e n  a  d i f f i c u l t y  d e v e l o p s  b y  c h e c k i n g  t h e  r e c o r d s — n o t  a l 
w a y s ,  b e c a u s e  c o n d i t i o n s  a r e  n o t  a l w a y s  t h e  s a m e .

W e  k e e p  v e r y  c o m p l e t e  r e c o r d s  f o r  t h a t  r e a s o n .  R e c o r d s  h a v e  b e e n  
o f  p a r t i c u l a r  v a l u e  t o  u s  w h e n  w e  h a v e  s l u d g e  b u l k i n g .  W e  i n c l i n e  t o  
t h e  b e l i e f  t h a t  t h e  b e s t  t h i n g  t o  d o  w i t h  b u l k e d  s l u d g e  i s  t o  g e t  r i d  o f  i t  
a n d  s t a r t  o v e r  a g a i n .  W e  a l s o  h a v e  a  p r o b l e m  o f  s e a s o n a l  v a r i a t i o n  i n  
f low s. U n c e r t a i n t y  a n d  g u e s s w o r k  a r e  u n n e c e s s a r y  w h e n  y o u  c a n  r e f e r  
to  a  c o m p l e t e  r e c o r d  o f  t h e  p u m p i n g  r a t e s  a t  t h e  v a r i o u s  f lo w s .

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

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

* From program of Fall Meeting of California Sewage Works Association held a t Sacra
mento, October 12, 1941.
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D o  a n y  o f  y o u  h a v e  q u e s t i o n s ?  I  w o u l d  b e  g l a d  t o  h a v e  y o u  a s k  
t h e m .

J a c k  K i m b a l l ,  S an ta  A n a :  M r .  A l l e n ,  a f t e r  y o u  h a v e  a l l  o f  t h i s  
i n f o r m a t i o n ,  h o w  d o  y o u  r e v i e w  i t  a t  t h e  e n d  o f  t h e  y e a r ?  D o  y o u  m a k e  
o u t  c h a r t s ,  g r a p h s ,  o r  a n y t h i n g  l i k e  t h a t ?

Mr. A l l e n : W e m ake a m onthly re p o rt of the chem ical analyses, 
flows and  o ther item s and a t the end of the y e a r  these a re  com piled into 
our annual rep o rt, g iv ing the averages fo r the y ea r and  also the m onthly 
averages.

H .  F .  G r a y ,  B erkeley:  M r .  A l l e n ,  I  n o t i c e  t h a t  y o u  h a v e  a  v e r y  e l a b 
o r a t e  c o s t  a n a l y s i s  i n  y o u r  a n n u a l  r e p o r t  b u t  t h e r e  i s  n o  r e f e r e n c e  to  
t h e  c a p i t a l  c o s t ,  t h a t  i s ,  i n t e r e s t  o n  y o u r  b o n d s ,  a n d  s o  o n .  W h y  d o  y o u  
o m i t  t h a t ?  D o n ’t  y o u  f e e l  t h a t  i t  i s  a  p a r t  o f  t h e  c o s t ?

M r. A l l e n  : I t  i s  d e f i n i t e l y  a  p a r t  o f  t h e  c o s t ,  M r .  G r a y ,  b u t  o u r  r e 
p o r t  i s  p r i m a r i l y  a n  o p e r a t i o n  r e p o r t ,  a n d  n o t  a  f i n a n c i a l  r e p o r t .  I f  w e  
i n c l u d e d  a l l  o f  t h a t ,  i t  w o u l d  b e  m o r e  o r  l e s s  s u p e r f l u o u s  f r o m  t h e  B o a r d  
o f  M a n a g e r ’s  s t a n d p o i n t  b e c a u s e  t h e y  g e t  t h e  C o m p t r o l l e r ’s  R e p o r t ,  
w h i c h  c o n t a i n s  a l l  o f  t h e  f i n a n c i a l  i n f o r m a t i o n .  W e  d o  s h o w  t h e  t o t a l  
h i s t o r i c a l  c o s t ,  b u t  n o  b r e a k d o w n .  F i x e d  c h a r g e s  a r e  c e r t a i n l y  a  p a r t  
o f  t h e  c o s t  o f  s e w a g e  t r e a t m e n t ,  t h e r e  i s  n o  q u e s t i o n  a b o u t  t h a t .

C h a i r m a n  J o n e s :  A t  t h e  S t o c k t o n  S o u t h  P l a n t  w e  u s e  a  d a i l y  a n d  
m o n t h l y  s h e e t  a n d  h a v e  m a d e  i t  a  p r a c t i c e  t o  d e v o t e  a  r e g u l a r  t i m e  to  
e n t e r i n g  t h e  d a y ’s  r e a d i n g s  a n d  a v e r a g i n g  t h e  p r e v i o u s  d a y ’s  r e p o r t .  
W e  h a v e  a  p l a c e  o n  t h e  d a i l y  r e p o r t  f o r  e v e r y  k i n d  o f  r e a d i n g  t h a t  i s  
m a d e  i n  t h e  p l a n t  w i t h  a  s p a c e  f o r  e a c h  o p e r a t o r  o n  d u t y  t o  r e c o r d  h i s  
a c t i v i t i e s .  T h e  o r i g i n a l  g o e s  t o  t h e  C i t y  H a l l  a n d  a  c o p y  s t a y s  a t  t h e  
p l a n t .  T h e  m o n t h l y  r e p o r t  i s  m a d e  u p  f r o m  t h e s e  d a i l y  o n e s .

W e  a l s o  k e e p  a  c h a r t ,  o n  w h i c h  i s  p l o t t e d  t h e  d a i l y  f l o w s ,  m o u n t e d  
o n  a .  p i e c e  o f  p l y w o o d  a n d  h u n g  u p  i n  t h e  off ice .  O u r  v i s i t o r s  s e e m  to  
b e  v e r y  m u c h  i n t e r e s t e d  i n  i t .  N o t i c e  h o w  i t  s h o w s  t h e  e f f e c t  o f  t h e  
c a n n e r y  f l o w s .

Q u e s t i o n :  Do y o u  h a v e  a  h e a v y  f l o w  i n  t h e  w i n t e r  r a i n y  s e a s o n ?
M r. J o n e s :  Y e s ,  b u t  i t  l a s t s  o n l y  f o r  a n  h o u r  o r  t w o  a f t e r  a  h e a v y  

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

m o n t h l y  r e p o r t s ,  a s  i s  d o n e  i n  P a s a d e n a .  T h i s  s y s t e m  w o r k s  v e r y  w e l l  
f o r  u s .

S o m e  o f  y o u  m i g h t  b e  i n t e r e s t e d  i n  t h e s e  t w o  l i t t l e  g a d g e t s  w h i c h  
a r e  u s e f u l  i n  c o n n e c t i o n  w i t h  r e c o r d  k e e p i n g .  V e r y  f e w  c i t i e s  w i l l  b u y  
a n  a d d i n g  m a c h i n e  f o r  t h e  s e w a g e  t r e a t m e n t  p l a n t ,  s o  I  b o u g h t  t h i s  l i t t l e  
d e v i c e  m y s e l f  f o r  $ 2 .5 0 .  I t  i s  v e r y  s i m p l e  a n d  o p e r a t e s  s a t i s f a c t o r i l y .  
W e  u s e  t h i s  p i e c e  o f  p l y b o a r d  f o r  m o u n t i n g  t h e  r e c o r d  w h i c h  i s  b e i n g  
f i l l e d  i n .  I t  i s  v e r y  c o n v e n i e n t  a n d  i n e x p e n s i v e .

I  c o n s i d e r  r e c o r d s  a s  v e r y  i m p o r t a n t .  W e  a r e  p l a n n i n g  s o m e  i m 
p r o v e m e n t s  i n  o u r  p l a n t ,  a n d  m y  o p e r a t i o n  r e c o r d s  h a v e  b e e n  u s e d  to  
g r e a t  a d v a n t a g e  d u r i n g  t h e  l a s t  f e w  m o n t h s .  I t  h a s  b e e n  g r a t i f y i n g  to  
m e  t o  b e  a b l e  t o  a n s w e r  t h e  q u e s t i o n s  w h i c h  h a v e  b e e n  a s k e d .
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Q u e s t i o n :  M r .  J o n e s ,  d o  y o u  i n c l u d e  o p e r a t i o n  a n d  m a i n t e n a n c e  
c o s t  d a t a  i n  y o u r  m o n t h l y  r e p o r t ?

M r. J o n e s :  Y e s .  I t  h a s  b e e n  i n t e r e s t i n g  t o  u s  t o  c o m p a r e  s o m e  o f  
o u r  r e c e n t  r e p o r t s  t o  o b s e r v e  t h e  d e c r e a s e  i n  o p e r a t i o n  c o s t .  W e  d i d  
h a v e  a n  i n e f f i c i e n t  p u m p  i n  o u r  p l a n t ,  a n d  t h e  p o w e r  c o s t  h a s  d r o p p e d  
o f f  c o n s i d e r a b l y  s i n c e  i t  h a s  b e e n  r e p l a c e d .

M r. A l l e n  : G e n t l e m e n ,  I  w o u l d  l i k e  t o  m a k e  t h e  s a m e  o f f e r  I  m a d e  
tw o  o r  t h r e e  y e a r s  a g o .  I  w o u l d  b e  g l a d  t o  e x c h a n g e  a n n u a l  r e p o r t s  
w i t h  a n y  o p e r a t o r  w h o  w a n t s  t o  d o  t h i s .  W e  d o n ’t  s e n d  t h e m  o u t  to  
e v e r y o n e ,  b u t  I  w o u l d  l i k e  t o  t r a d e  w i t h  s o m e  o f  y o u ,  b e c a u s e  I  m i g h t  
l e a r n  s o m e t h i n g  f r o m  y o u r s  a n d  y o u  m a y  g e t  s o m e  h e l p  f r o m  o u r s .

M r. J o n e s : I  w i l l  b e  g l a d  to m a k e  t h e  s a m e  o f f e r  a s  M r .  A l l e n .  I  
f o u n d  i t  v e r y  u s e f u l  t o  h a v e  r e c o r d  f o r m s  u s e d  i n  o t h e r  p l a n t s  a s  a  
g u i d e  i n  m a k i n g  u p  m y  o w n .  I t  i s  a  g o o d  i d e a  t o  b e  s u r e  t h a t  your r e c 
o r d  f o r m  t i t s  y o u r  p l a n t  b e f o r e  y o u  h a v e  a  l o t  o f  t h e m  p r i n t e d .

Mr. A l l e n  : M y  r e a s o n  f o r  m a k i n g  t h i s  o f f e r  i s  t h a t  I  f e e l  t h a t  a  f r e e  
e x c h a n g e  o f  o u r  r e c o r d s  w i l l  r e s u l t  i n  i m p r o v e m e n t  f o r  a l l  o f  u s .  I  
t h i n k  e v e r y  p l a n t  s h o u l d  h a v e  a  c o m p l e t e  s e t  o f  r e c o r d s ,  a n d  t h a t  w e  c a n  
g e t  m a n y  g o o d  i d e a s  f r o m  e a c h  o t h e r .

M e t h o d s  U s e d  i n  D is p o s in g  o f  R a g s a n d  S c r e e n in g s

C h a i r m a n  J o n e s :  O u r  n e x t  t o p i c  i s  “ M e t h o d s  U s e d  i n  D i s p o s i n g  o f  
R a g s  a n d  S c r e e n i n g s . ”

T .  M .  Gwin, Folsom S ta te  Prison:  I  a m  s u r e  t h a t  e v e r y  o p e r a t o r  
w i l l  a g r e e  w i t h  m e  t h a t  i t  i s  n e c e s s a r y  t o  d i s p o s e  a s  q u i c k l y  a s  p o s s i b l e  
o f  r a g s  a n d  s c r e e n i n g s ,  f o r  t h e  r e a s o n  t h a t  t h e y  c o n t a i n  m u c h  m a t t e r  
w h i c h  d e c o m p o s e s  a n d  c a u s e s  o d o r  a r o u n d  t h e  p l a n t .  W e  f e e l  t h a t  w e  
h a v e  s o l v e d  t h i s  p r o b l e m  a t  F o l s o m  P r i s o n .  O u r  s c r e e n s  a r e  r a k e d  
m a n u a l l y ,  t h e  s c r e e n i n g s  a r e  d e w a t e r e d  i n  a  p r e s s ,  a n d  f r o m  t h e r e  t h e y  
g o  to  a n  i n c i n e r a t o r .  I  w o u l d  s a y  t h a t  o u r  s c r e e n i n g s ,  a r e  n o t  i n  t h e  
p l a n t  l o n g e r  t h a n  a n  h o u r  a t  a n y  t i m e .

A t  o n e  t i m e ,  s c r e e n i n g s  d i s p o s a l  w a s  q u i t e  a  p r o b l e m  w i t h  u s .  W h e n  
o u r  p l a n t  w a s  b u i l t ,  c o n c r e t e  b o x e s  w e r e  p r o v i d e d  f o r  s t o r i n g  s c r e e n i n g s .  
W e  t r i e d  t o  u s e  t h e m ,  b u t  f o u n d  t h a t  w e  h a d  t o  u s e  a b o u t  2 0 0  p o u n d s  o f  
c h l o r i d e  o f  l i m e  p e r  m o n t h  t o  c o n t r o l  t h e  o d o r .  W e  s t i l l  h a d  f l ie s  g a l o r e ,  
a n d  s o  w e  w e n t  t o  t h e  m e t h o d  d e s c r i b e d  p r e v i o u s l y .

W e  h a v e  a  p r o b l e m  a t  F o l s o m  P r i s o n  t h a t  m o s t  o p e r a t o r s  d o  n o t  
h a v e .  O u r  i n m a t e s  o r d e r  a b o u t  t w o  t h o u s a n d  s a c k s  o f  t o b a c c o  p e r  
m o n t h ,  a s  w e l l  a s  t h e  o t h e r  t h i n g s  t h e y  b u y  t h r o u g h  t h e  c o m m i s s a r y .  
O f  c o u r s e ,  w e  g e t  a  l o t  o f  t h o s e  t h i n g s  i n  o u r  p l a n t .  T h e  m e n  a r e  p u t  
in  t h e i r  c e l l s  a t  4  o ’c l o c k  i n  t h e  a f t e r n o o n ,  a n d  t h e y  s t a y  t h e r e  u n t i l  7 :30 
in  t h e  m o r n i n g ,  s o  t h a t  a l l  k i n d s  o f  w a s t e  a r t i c l e s  g o  t h r o u g h  t h e  t o i l e t .  
T h e  i t e m  t h a t  c a u s e d  u s  t h e  m o s t  t r o u b l e  i n  t h e  b e g i n n i n g  w a s  t h i s  c e l 
l o p h a n e  p a p e r ,  w h i c h  m a d e  a  d a m  a r o u n d  t h e  s c r e e n s ,  a n d  t h e  w a t e r  
c o u l d n ’t  b r e a k  t h r o u g h  i t .  W e  d e s i g n e d  t h i s  c i d e r  p r e s s  t o  r e m o v e  t h e  
w a t e r  f r o m  t h e  p a p e r  a n d  r a g s  s o  t h a t  t h e y  c o u l d  b e  h a u l e d  a w a y .  W e  
f e l t  t h a t  i t  c o s t  q u i t e  a  b i t  t o  g e t  t r u c k s  f o r  t h i s  h a u l i n g ,  s o  w e  b u i l t  t h i s
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i n c i n e r a t o r  t o  b u r n  u p  t h e  s c r e e n i n g s  a n d  s a v e  m o n e y .  W e  u s e  t h e  g a s  
c o l l e c t e d  a t  t h e  p l a n t  f o r  f u e l .  I  h a v e  s o m e  d r a w i n g s  o f  t h e  s c r e e n i n g s  
p r e s s  ( s e e  T his  Journal,  1 3 ,  6 , 1 2 5 2 ,  N o v e m b e r ,  1 9 4 1 )  a n d  t h e  s c r e e n i n g s  
b u r n e r  ( s e e  G a d g e t  D e p a r t m e n t ,  t h i s  i s s u e ) ,  a n d  a n y  o f  y o u  w h o  w a n t  
c o p i e s  a r e  w e l c o m e  t o  t h e m .

H .  W .  S c h u c k ,  B u r l in g a m e: W e  d i s p o s e  o f  o u r  s c r e e n i n g s  i n  a b o u t  
t h e  s a m e  w a y .  W e  h a v e  a  b u g g y  t h a t  c a t c h e s  t h e  s c r e e n i n g s  a n d  l e t s  
t h e  w a t e r  d r a i n  b a c k  i n t o  t h e  p i t .  T h e n  t h e y  a r e  t a k e n  o u t  a n d  b u r n e d  
i n  a  g a s  b u r n e r — w h i c h  i s  a  h o m e m a d e  a f f a i r  b u i l t  l i k e  a  s q u a r e  b o x  o f  
b r i c k  w i t h  a  g r a t e  a n d  g a s  b u r n e r  i n  i t .

V .  W .  T h e w s ,  Term ina l Is land:  W e  h a v e  a  h a n d - r a k e d  b a r  s c r e e n ,  
a n d  w e  u s u a l l y  t r y  t o  c l e a n  i t  o n c e  a n  h o u r ,  o r  o f t e n e r  i f  n e e d  b e .  T h e  
b a r  s c r e e n  i n  t h e  c e n t r a l  p a s s a g e  h a s  a  %  i n .  c l e a r a n c e  b e t w e e n  t h e  b a r s ,  
w i t h  a  b y - p a s s  o n  e i t h e r  s i d e  o f  i t ,  e q u i p p e d  w i t h  a  s c r e e n  h a v i n g  a b o u t  
IV2 i n .  c l e a r a n c e .  T h e  s c r e e n i n g s  a r e  r a k e d  f r o m  t h e  s c r e e n  t o  a  d r a i n 
i n g  b r i d g e  a n d  a l l o w e d  t o  s t a n d  t h e r e  f o r  a b o u t  a n  h o u r .  W h e n  t h e  
o p e r a t o r  c o m e s  b a c k  t o  r a k e  t h e  s c r e e n  t h e  l a s t  h o u r ,  t h e  r a g s  r e m o v e d  
a t  t h e  p r e v i o u s  c l e a n i n g  a r e  d r i e d ,  s o  h e  p u s h e s  t h e m  d o w n  a  c h u t e  i n t o  
a  w h e e l b a r r o w .

A t  t h e  e n d  o f  t h e  s h i f t — t h a t  i s ,  e i g h t  h o u r s ,  t h e  r a g s  a r e  b u r n e d  in  
t h e  i n c i n e r a t o r ,  w i t h  s l u d g e  g a s  a s  f u e l .  W e  d i s p o s e  o f  t h e  a s h e s  f r o m  
t h e  i n c i n e r a t o r  b y  t i l l i n g  i n  l o w  s p o t s  a r o u n d  t h e  p l a n t .

O 11 t h e  a v e r a g e  w e  g e t  a b o u t  3 .0  t o  3 .5  c u .  f t .  o f  s c r e e n i n g s  p e r  m i l 
l i o n  g a l l o n s  o f  s e w a g e  t r e a t e d .  I n  h o t  w e a t h e r ,  w e  f o u n d  t h a t  i t  w a s  n o t  
a  g o o d  i d e a  t o  l e a v e  t h e  r a g s  e x p o s e d ,  b e c a u s e  f l i e s  w e r e  a t t r a c t e d .  S e a  
g u l l s  w e r e  a l s o  a t t r a c t e d ,  b e c a u s e  w e  a r e  r i g h t  d o w n  011 t h e  c o a s t .  W e  
a r r a n g e d  t o  c o v e r  t h e s e  s c r e e n i n g s  w h i l e  t h e y  w e r e  d r a i n i n g ,  t o  d i s 
c o u r a g e  t h e  f l ie s  a n d  g u l l s .

E .  L .  S t a n g a a r d ,  U. S . Naval S ta tion , A lem eda:  I  t h i n k  t h e  a n s w e r  
t o  t h i s  p r o b l e m  i s  t h e  m a c e r a t e r  o r  c o m m i n u t o r .  I n  m y  p l a n t ,  w e  g e t  
a  l o t  o f  r a g s ,  b e c a u s e  t h e  s a i l o r s  t h r o w  a w a y  t h e i r  s h o r t s — t h e y  c a l l  
t h e m  ‘ ‘ s k i v v i e s  ” — w h e n  t h e y  g e t  s o i l e d .  T h e s e  r a g s  g o  t h r o u g h  t h e  
m a c e r a t e r s ,  b u t  t h e y  a r e  c o m p l e t e l y  c h o p p e d  u p ,  a n d  w e  d o  n o t  h a v e  
a n y  t r o u b l e  w i t h  t h e m .

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

B e n j a m i n  B e n a s ,  S a n  Francisco:  W e  g r i n d  o u r  s c r e e n i n g s  i n  a  
s h r e d d e r  w h i c h  t a k e s  c a r e  o f  p r a c t i c a l l y  a l l  t h e  m a t e r i a l  w i t h  t h e  e x c e p 
t i o n  o f  s o m e  p i e c e s  o f  m e t a l  a n d  s t o n e s .  T h e s e  a r e  s e g r e g a t e d .  W h e n  
w e  b e g a n  o p e r a t i n g  t h e  s h r e d d e r ,  w e  h a d  c o n s i d e r a b l e  t r o u b l e  w i t h  
o d o r s  d u r i n g  t h e  g r i n d i n g  p r o c e s s  a n d  w e  f o u n d  t h a t  t h e s e  o d o r s  c o u l d  
b e  s t o p p e d  b y  a d d i n g  b o i l i n g  w a t e r  t o  t h e  s c r e e n i n g s  b e f o r e  g r i n d i n g .

W e  h a v e  h a d  c o n s i d e r a b l e  m a i n t e n a n c e  o n  t h e  g r i n d e r  t e e t h .  T h e y  
h a d  t o  b e  r e p l a c e d  a b o u t  e v e r y  6 t o  8 m o n t h s ,  a n d  d u r i n g  t h a t  t i m e  t h e y  
r e q u i r e d  3 o r  4  s h o r t e n i n g s .  W e  f o u n d  t h a t  t h e  s c r e e n i n g s  c o m i n g  i n t o
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t h e  S u n s e t  s u m p  c o n t a i n e d  a  l o t  o f  m a t e r i a l s  t h a t  a f f e c t e d  t h e  l i f e  o f  t h e  
t e e t h .  W e  n o w  t a k e  t h e  s c r e e n i n g s  f r o m  t h i s  s o u r c e  a n d  d i s p o s e  o f  
t h e m  i n t o  t h e  i n c i n e r a t o r ,  w h i c h  i s  o p e r a t e d  b y  a  b y - p a s s  f r o m  t h e  g a s  
l i n e  g o i n g  t o  t h e  b o i l e r s .  T h e  i n c i n e r a t o r  ( F i g .  1 ) t a k e s  a b o u t  5 0 0  cu .  
f t .  o f  g a s  p e r  h o u r ,  a n d  s o  f a r  h a s  b e e n  a b l e  t o  h a n d l e  t h e s e  s c r e e n i n g s .  
T h e  r e s t  o f  o u r  s c r e e n i n g s ,  w h i c h  a r e  p r a c t i c a l l y  r a g s ,  a r e  h a n d l e d  b y  
t h e  s h r e d d e r ,  a n d  t h e  m a i n t e n a n c e  o n  i t  i s  m u c h  l e s s  t h a n  b e f o r e .

F ig. 1.—Screenings incinerator at Richmond Sunset Sewage Treatment Works,
San Francisco, California.

A .  E .  G i l k e y ,  Roseville:  W e  a r e  f o r t u n a t e  i n  h a v i n g  a  d i a p h r a g m  
p u m p  t h a t  p u m p s  a l m o s t  a n y t h i n g  t h a t  c o m e s  i n ,  s o  m o s t  o f  t h e  r a g s  
w h i c h  c o m e  t h r o u g h  o u r  s c r e e n i n g s  g o  u p  i n t o  t h e  d i g e s t e r .  T h a t ,  o f  
c o u r s e ,  h a s  a  t e n d e n c y  t o  b u i l d  u p  a  s c u m  l a y e r  o n  t o p  o f  t h e  d i g e s t e r ,  
b u t  i t  i s n ’t  s e r i o u s  e n o u g h  t o  m a k e  m u c h  d i f f e r e n c e .

T h i s  s u m m e r  I  t o o k  o f f  a b o u t  3  c u .  y d .  o f  f l o a t  f r o m  t h e  t o p  o f  t h e  
d i g e s t e r ,  c o n s i s t i n g  o f  r u b b e r ,  s t i c k s ,  b l o c k s  o f  w o o d ,  a n d  a l l  k i n d s  o f  
r a g s ,  a l t h o u g h  t h e  r a g s  w i l l  d i g e s t  i f  t h e r e  i s  s u f f i c i e n t  t i m e .  I t  t a k e s  
a b o u t  4 8  h o u r s  f o r  t h e  s c u m  f r o m  t h e  t o p  o f  t h e  d i g e s t e r  t o  d r y  e n o u g h  
so  w e  c a n  b u r n  i t .  P r a c t i c a l l y  t h e  o n l y  o d o r  w e  g e t  i s  w h e n  w e  d o  
b u r n  i t .

F .  W .  P o s t ,  Lodi:  W e  h a v e  a  b a r  s c r e e n  w i t h  b a r s  s p a c e d  a p p r o x i 
m a t e l y  IV2 i n c h e s  a p a r t .  W e  r a k e  t h e  r a g s  o f f  t h e  b a r s ,  a n d  u s e d  t o  
d i s p o s e  o f  t h e m  b y  b u r y i n g  t h e m  i n  t r e n c h e s .  L a t e r  w e  u s e d  d r y i n g
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b e d s ,  a n d  w h e n  t h e y  d r i e d  t o  w h e r e  t h e y  c o u l d  b e  h a n d l e d  r e a s o n a b l y  
w e l l ,  w e  w o u l d  h a v e  t h e m  h a u l e d  a w a y .  S t i l l  l a t e r  w e  a r r a n g e d  w i t h  a  
r a n c h e r  t o  h a u l  a w a y  o u r  s c r e e n i n g s  a n d  d i s p o s e  o f  t h e m  o u t  a t  h i s  
r a n c h .  H e  b u i l t  a  t r a i l e r  c a r  t h a t  w i l l  h a u l  a p p r o x i m a t e l y  4 8  c u .  f t .  o f  
s c r e e n i n g s ,  a n d  w e  p u t  a n  e x t e n s i o n  o n  o u r  e l e v a t o r — r a i s e d  i t  u p  so  
t h a t  i t  w i l l  d i s c h a r g e  i n t o  t h i s  c a r .  H e  c o m e s  o n c e  a  w e e k  a n d  t a k e s  
a w a y  a l l  t h a t  w e  h a v e  a c c u m u l a t e d .

C h airm an  J o n e s :  W e  h a v e  a  s c r e e n i n g s  g r i n d e r  a t  S t o c k t o n ,  a n d  a  
n e w  s e t  o f  t e e t h  i s  r e q u i r e d  a b o u t  e v e r y  s i x  m o n t h s .  W e  h a v e  t r o u b l e  
e s p e c i a l l y  d u r i n g  t h e  c a n n i n g  s e a s o n ,  w h e n  a  l o t  o f  s t e m s  a n d  p u l p  c o m e s  
i n ,  w h i c h  m a k e s  i t  n e c e s s a r y  t o  c l e a n  t h e  g r i n d e r  m a n u a l l y  e v e r y  d a y .  
R a g s  a r e  a  v e r y  s e r i o u s  p r o b l e m  a r o u n d  t h e  p l a n t ,  e s p e c i a l l y  w h e n  w e  
g e t  a s  m a n y  a s  w e  h a d  l a s t  m o n t h — 4 0 2  c u .  f t .  O u r  p l a n t  s e r v e s  t h e  
S t a t e  H o s p i t a l ,  a n d  t h e y  s e n d  d o w n  a  l o t  o f  r a g s  a l l  t h e  t i m e ,  b e c a u s e  t h e  
i n m a t e s  o v e r  t h e r e  p u t  d o w n  s h e e t s ,  p i l l o w  c a s e s ,  d r e s s e s ,  a n d  t h i n g s  o f  
t h a t  n a t u r e .  O u r  s c r e e n i n g s  a m o u n t e d  t o  2 2  c u .  f t .  p e r  m i l l i o n  g a l l o n s  
o f  s e w a g e  l a s t  y e a r .

W e  p l a n  t o  b u i l d  a  p r e s s  a n d  i n c i n e r a t o r  l i k e  t h o s e  M r .  G w i n  h a s  u p  
a t  F o l s o m .  T h e s e  s e e m  t o  b e  v e r y  s i m p l e .

M r. A l l e n  : W e  h a v e  b a r  s c r e e n s  w i t h  %  i n c h  o p e n i n g s ,  a n d  t h e  
s c r e e n i n g s  a r e  b r o u g h t  u p  o n  a  c o n v e y o r  a n d  d i s c h a r g e d  i n t o  a  t r u c k .  
T h e  t r u c k  i s  l e f t  o n  a  s l o p e  s o  t h a t  t h e  s c r e e n i n g s  w i l l  d r a i n  a s  t h e y  a c 
c u m u l a t e .  W e  e m p t y  t h e  t r u c k  o n c e  a  d a y  a n d  d i s p o s e  o f  t h e  s c r e e n i n g s  
b y  c o v e r i n g  t h e m  w i t h  s a n d .  W e  h a v e  n o  d i f f i c u l t y  w i t h  t h i s  m e t h o d .

W e  g e t  2 .5  t o  3 .0  c u .  f t .  o f  s c r e e n i n g s ,  m o s t l y  r a g s ,  p e r  m i l l i o n  g a l 
l o n s  o f  s e w a g e .  S i n c e  w e  h a v e  e l i m i n a t e d  t h e  f i n e  s c r e e n s ,  w e  h a v e  d e 
c r e a s e d  t h e  a m o u n t  o f  s c r e e n i n g s  a b o u t  8 0  p e r  c e n t .  W e  u s e d  t o  g e t  5 
o r  6 t r u c k l o a d s  a  d a y ; n o w  w e  g e t  a b o u t  o n e  l o a d  d a i l y .

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

M r. J .  H .  V an  N orm an, L o s  Angeles:  B u r y i n g  s c r e e n i n g s  i s  o n e  w a y  
o f  d i s p o s i n g  o f  t h e m ,  i f  y o u  h a v e  p l e n t y  o f  r o o m .  O u r  s c r e e n i n g s  
a m o u n t  t o  a b o u t  3 5  t o n s  a  d a y .  A t  t h e  p r e s e n t  t i m e  a  c o n t r a c t o r  i s  t a k 
i n g  t h e m  a n d  u s i n g  t h e m  a s  a n  a d m i x  w i t h  d i g e s t e d  s l u d g e  f o r  f e r t i l i z e r  
— M r .  K e l l o g g  o f  G a r d e n  G r o v e .

W e  s t i l l  b u r n  t h e  r a g s .  T h e  r a g s  t a k e  a b o u t — o f  c o u r s e ,  w e  h a v e  t h e  
a d v a n t a g e  o f  a n  e f f i c i e n t  i n c i n e r a t o r — 2 0  t o  2 5  g a l l o n s  ( o f  o i l )  p e r  t o n  
o f  8 5  p e r  c e n t  m o i s t u r e ,  w h i c h  I  t h i n k  i s  v e r y  e c o n o m i c a l .  W e  h a v e  
n e v e r  b e e n  a b l e  t o  s u c c e s s f u l l y  b u r n  r a g s  i n  a n y  h o m e m a d e  f u r n a c e .  I f  
y o u  c a n  b u r n  t h e m ,  I  t h i n k  i t  i s  t h e  b e s t  m e t h o d  o f  d i s p o s i n g  o f  t h e m .
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M r. A l l e n :  A r e  y o u r  s c r e e n i n g s  s t o r e d  u n t i l  K e l l o g g  t a k e s  t h e m  
a w a y ?

M r, V an  N orm an : W e  h a d  t o  a d d  s e v e r a l  l a r g e  t a n k s  w h i c h  h o l d ,  I  
t h i n k ,  a b o u t  1 2 0 0  c u .  f t .  W e  c a n  t a k e  a l m o s t  a  d a y ’s  r u n  i n  t w o  t a n k s  
a n d  w e  k e e p  o n e  t a n k  u n d e r  a i r  p r e s s u r e  a l l  t h e  t i m e .  W e  h a v e  a  d e 
w a t e r i n g  p r e s s ,  a n d  t h e  s c r e e n i n g s  a r e  l i f t e d  t o  i t  b y  a i r  p r e s s u r e ,  a f t e r  
w h i c h  t h e y  a r e  p u t  t h r o u g h  a  r o t a r y  d r i e r .

Mr. A l l e n : Y ou actually  process them  before delivering them  to 
him ?

M r. V an  N orm an: Y e s .  T h e  p r e s s  r e d u c e s  t h e m  t o  p r o b a b l y  7 0  p e r  
c e n t  m o i s t u r e  c o n t e n t ,  a n d  t h e  r o t a r y  d r i e r  r e d u c e s  t h e  m o i s t u r e  f u r t h e r  
t o  a b o u t  4 5  o r  5 0  p e r  c e n t .

Mr, A l le n  : Is  there  any objection to p u ttin g  the r a g s  in w ith your 
screenings, and disposing of them  th a t way?

M r. V a n  N o r m a n  : Y e s .  O u r  b a r  o p e n i n g s  w e r e  o r i g i n a l l y  a b o u t  2% 
i n c h e s .  W e  h a v e  r e d u c e d  t h e  s p a c e  t o  %  i n c h  f o r  t h e  r e a s o n  t h a t  w h e n 
e v e r  y o u  t r y  t o  o p e r a t e  a n y  m a c h i n e r y — a n y  m o v i n g  s h a f t s ,  g e a r s ,  o r  
a n y  o t h e r  t h i n g  t h a t  r a g s  c o m e  i n  c o n t a c t  w i t h — t h e y  w i l l  b a l l  u p  t h e  
w o r k s  i n  s p i t e  o f  e v e r y t h i n g ,  b e c a u s e  t h e y  w i l l  w r a p  a r o u n d  t h e  s h a f t  
o r  g e a r .  T h e y  e v e n  t h r o w  o f f  t h e  e l e v a t o r  c h a i n s  i n  t h e  p i t s ,  b y  g e t t i n g  
a r o u n d  t h e  t a i l  p u l l e y  o r  a r o u n d  t h e  t o p  o f  t h e  g e a r  i n  t h e  e l e v a t o r  i t s e l f ,  
so ,  i f  y o u  c a n  k e e p  t h e m  a w a y  f r o m  m o v i n g  m a c h i n e r y  y o u  w i l l  b e  m u c h  
b e t t e r  o ff .

Mr. A llen : I  m eant th a t perhaps if you added them  to the screen
ings going to your d rie r.

Mr. V a n  N o r m a n  : W e l l ,  I  d o n ’t  t h i n k  t h a t  t h e y  w o u l d  b e  v e r y  g o o d  
a s  f e r t i l i z e r .  W e  a g r e e d  w i t h  t h e  c o n t r a c t o r  t h a t  w e  w o u l d  n o t  p u t  
r a g s  i n  t h e  s c r e e n i n g s ,  a n d  t h a t  i s  t h e  w a y  i t  s t a n d s .

S e w a g e  S l u d g e  a s  F e r t il iz e r

C h a i r m a n  J o n e s :  W e  w i l l  n o w  p r o c e e d  t o  t h e  n e x t  t o p i c ,  T h i s  i s  a  
g o o d  s u b j e c t ,  a n d  w e  s h o u l d  h a v e  p l e n t y  o f  d i s c u s s i o n .

K .  F r a s c h i n a ,  San  Francisco: A t  t h e  R i c h m o n d  p l a n t ,  s l u d g e  i s  f u r 
n i s h e d  f o r  f e r t i l i z a t i o n  i n  G o l d e n  G a t e  P a r k ,  w h i c h  h a s  b e e n  t a k i n g  o u r  
s l u d g e  n o w  f o r  a b o u t  t w o  y e a r s ,  a n d  t h e y  w a n t  m o r e  t h a n  w e  c a n  p r o 
d u c e .  I t  s o  h a p p e n s  t h a t  m o s t  o f  t h e  P a r k  a r e a  h a s  a  g r e a t  n e e d  f o r  
s l u d g e  m a t e r i a l ,  s o  t h a t  e v e r y t h i n g  f i t s  i n  n i c e l y .

N o w  o u r  s l u d g e  h a p p e n s  t o  h a v e  a  p r e t t y  h i g h  n i t r o g e n  c o n t e n t —  
a b o u t  3 .5  t o  4 .0  p e r  c e n t — v e r y  h i g h  f o r  a  d i g e s t e d  s l u d g e .  I t  i s  h a r d  t o  
e x p l a i n  w h y  t h a t  s h o u l d  b e ,  e x c e p t  t h a t  o u r  r a w  s l u d g e  h a s  a  v o l a t i l e  
c o n t e n t  o f  a b o u t  8 5  p e r  c e n t ,  w h i c h  i s  f a i r l y  h i g h .  O u r  g u e s s  i s  t h a t  
t h i s  i s  p r o b a b l y  d u e  t o  t h e  g o o d  d i e t  o f  t h e  p e o p l e  t r i b u t a r y  t o  t h e  p l a n t .  
T h e  w h o l e  a r e a  i s  s t r i c t l y  r e s i d e n t i a l ;  t h e r e  i s  n o  p r o d u c t i o n  w a s t e  o f  
a n y  k i n d ,  a n d  t h e r e  i s  v e r y  l i t t l e  g r o u n d  w a t e r  i n f i l t r a t i o n .

I n c i d e n t a l l y ,  t h e  p h o s p h o r u s  c o n t e n t  i s  a l s o  q u i t e  a  b i t  h i g h e r  t h a n  
y o u  w o u l d  n o r m a l l y  e x p e c t .  T h e  s l u d g e  h a s  w o r k e d  v e r y  n i c e l y  i n  t h e  
P a r k ,  p a r t i c u l a r l y  o n  g r a s s .  I n  s o m e  c o m p a r a t i v e  t e s t s  w i t h  c o w  m a -
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n u r e ,  t h e  s l u d g e  h a s  s h o w n  u p  f a v o r a b l y ,  p r o d u c i n g  a  v e r y  b e a u t i f u l  
g r e e n  g r a s s  w i t h  s t r o n g  b o d y  a n d  c o l o r ,  w h i c h  g r o w s  v e r y  r a p i d l y —  
a b o u t  f o u r  t i m e s  a s  f a s t  a s  t h e  o t h e r  g r a s s e s .  I t  i s  a p p l i e d  d i r e c t l y  t o  
t h e  t o p  o f  t h e  g r o u n d  i n  a  l a y e r  1  i n c h  t h i c k ,  a n d  i n  s o m e  c a s e s  i s  a l 
l o w e d  t o  d r y ,  a n d  i n  o t h e r  c a s e s  i t  i s  w a t e r e d  i m m e d i a t e l y ,  b u t  i t  d o e s  
n o t  s e e m  t o  m a k e  m u c h  d i f f e r e n c e .  T h e r e  i s  n o  b u r n i n g  o f  a n y  k i n d  a n d  
n o  w e e d  s e e d s  ; i t  s e e m s  t o  i n h i b i t  t h e  g r o w t h  o f  w i l d  w e e d s  i n  t h e  g r a s s  
i t s e l f .  O f  c o u r s e ,  t h e r e  a r e  a  f e w  t o m a t o  s e e d s ,  b u t  t h e  f e w  p l a n t s  t h a t  
c o m e  u p  a r e  k i l l e d  w h e n  c u t  w i t h  t h e  l a w n  m o w e r .

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

T h e  s l u d g e  h a s  w o r k e d  v e r y  n i c e l y  o n  s h r u b s .  F o r  e x a m p l e ,  M r .  
M c C l a r e n ,  t h e  P a r k  s u p e r i n t e n d e n t ,  s h o w e d  u s  a  s h r u b  w h i c h  h e  s a i d  
w a s  g o i n g  t o  d i e ,  a n d  w e  p u t  a  l i t t l e  s l u d g e  a r o u n d  t h e  r o o t s  a n d  i t  c a m e  
b a c k  b e a u t i f u l l y .  S i m i l a r l y  w i t h  r h o d o d e n d r o n s .  S e v e r a l  c o l l e c t i o n s  
w h i c h  s e e m e d  t o  b e  d y i n g  w e r e  r e s t o r e d  b y  a  l i t t l e  s l u d g e  s c a t t e r e d  
a r o u n d  t h e m .

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

I t  i s  s o m e t i m e s  h a r d  t o  b e l i e v e  w h a t  i t  c a n  d o .  W e  r e c a l l  o n e  i n 
s t a n c e  i n  w h i c h  a  f i e ld  h a d  a  l o t  o f  s l u d g e  a n d  h a d n ’t  b e e n  w a t e r e d  f o r  
a b o u t  t w o  w e e k s .  U n d e r  t h e s e  c o n d i t i o n s  t h e  g r a s s  u s u a l l y  g e t s  y e l l o w  
a n d  m a y  d i e .  T h e  g a r d e n e r  t o l d  u s  t h a t  h e  w o u l d  w a t e r  i t  t h e  n e x t  d a y ,  
w h i c h  h e  d i d ,  a n d  w h e n  w e  c a m e  b a c k  t h e  f o l l o w i n g  d a y ,  i t  w a s  s u r p r i s 
i n g  t o  s e e  h o w  t h e  g r a s s  c a m e  o u t  i n  t h a t  s h o r t  t i m e .

T h e r e  i s  o n e  i m p o r t a n t  t h i n g  a b o u t  u s i n g  a n y  f e r t i l i z e r ,  a n d  t h a t  i s  
t h a t  y o u  h a v e  t o  u s e  a  l o t  o f  w a t e r  w i t h  i t .  I f  y o u  d o  y o u  w i l l  g e t  f in e  
r e s u l t s .  A n o t h e r  a d v a n t a g e  o f  s l u d g e  i s  t h a t  i t  i n c r e a s e s  t h e  w a t e r -  
h o l d i n g  a b i l i t y  o f  t h e  s o i l ,  s o  t h a t  t h e  t o t a l  a m o u n t  o f  w a t e r  n e e d e d  i s  
r e d u c e d — s o m e  e s t i m a t e s  a r e  t h a t  o n l y  %  t o  x/2 t h e  o r i g i n a l  a m o u n t  is  
n e e d e d .  T h i s  i s  i m p o r t a n t  i n  G u l d e n  G a t e  P a r k  b e c a u s e  i t  i s  s o  l a r g e .

M r. A l l e n :  H a s  S a n  F r a n c i s c o  e v e r  c o n s i d e r e d  t h e  p o s s i b i l i t y  o f  
u s i n g  t h e  s l u d g e  i n  a  l i q u i d  s t a t e ,  a s  t h e y  a r e  d o i n g  i n  t h e  E a s t  ? T h a t  
w o u l d  s a v e  t h e  c o s t  o f  d e - w a t e r i n g  t h e  s l u d g e ,  a n d  w o u l d  c u t  d o w n  t h e  
w a t e r i n g  n e c e s s a r y  i n  u s i n g  i t  a s  f e r t i l i z e r .

M r . F r a s c h i n a :  Y e s .  I n  o u r  p r o p o s e d  s e r i e s  o f  t e s t s  w e  w i l l  a l s o  
u s e  s l u d g e  i n  t h e  l i q u i d  s t a t e ,  a n d  c o m p a r e  c o n d i t i o n s .

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

M r. A l le n  : C o u l d  t h e y  use a m e c h a n i c a l  sp reader?
M r . F r a s c h i n a :  Y e s ,  h u t  o n e  o f  o u r  d i f f i c u l t i e s  i s  t h e  l a c k  o f  f u n d s  

to  g e t  a n y t h i n g  l i k e  t h a t .
Q u e s t i o n  : D o e s  t h e  g e n e r a l  p u b l i c  k n o w  a b o u t  t h e  s l u d g e ,  a n d  i s  

t h e r e  a n y  c o m p l a i n t ?
M r. F r a s c h i n a :  T h e  o n l y  c o m p l a i n t  i s  t h a t  t h e y  c a n ’t  g e t  i t  t h e m 

s e l v e s .  T h e y  c a n  s e e  t h a t  t h e  s l u d g e  i s  v e r y  e f f e c t i v e ,  a n d  w o u l d  l i k e  
to  g e t  i t  f o r  h o m e  u s e .

Q u e s t i o n  : I s  t h e r e  a n y  d a n g e r  i n  u s i n g  i t  ?
M r. F r a s c h i n a  : T h e  P a r k  u s e s  i t  o n l y  o n  g r a s s ,  s h r u b s ,  f l o w e r s ,  a n d  

t r e e s .  I t  i s n ’t  u s e d  o n  v e g e t a b l e s  o r  a n y t h i n g  t h a t  i s  e a t e n ,  s o  t h e  
d a n g e r  i s  q u i t e  s m a l l ,  I  w o u l d  s a y .  T h e  d i g e s t i o n  p e r i o d  i s  a b o u t  2 0  
d a y s ,  a n d  y o u  g e t  a  g r e a t  r e d u c t i o n  i n  p a t h o g e n i c  m a t e r i a l  i n  t h a t  t i m e .  
A l s o ,  t h e  w a s h  w a t e r  t h a t  w e  u s e  f o r  é l u t r i a t i o n  i s  c h l o r i n a t e d .  W e  
h a v e  n e v e r  r u n  a n y  b a c t e r i a l  t e s t s  o n  i t ,  b u t  i t  s h o u l d  b e  q u i t e  lo w .

Q u e s t i o n  : D o  y o u  k n o w  w h e t h e r  t h e r e  w o u l d  b e  a n y  d a n g e r  t o  
p e o p l e  l y i n g  o n  t h e  g r a s s  w h e r e  s l u d g e  h a d  b e e n  a p p l i e d ?

M r. F r a s c h i n a :  W e l l ,  t h e r e  i s  p l e n t y  o f  e v i d e n c e  t o  s h o w  t h a t  t h e r e  
i s  s o m e  c h a n c e  f o r  d a n g e r o u s  b a c t e r i a  t o  s u r v i v e  i n  a n y  s l u d g e .  I t  
s h o u l d  b e  u s e d  w i t h  c a u t i o n .  O n  t h e  o t h e r  h a n d ,  w e  h a v e  h a d  n o  d if f i
c u l t y  i n  u s i n g  i t  t h e  w a y  w e  h a v e .

M r .  E .  A .  R e i n k e ,  Berkeley:  A s  f a r  a s  d i g e s t e d  s l u d g e  i s  c o n c e r n e d ,  
t h e  e v i d e n c e  t h a t  w e  h a v e  h a d  i n d i c a t e d  t h a t  t h e r e  i s  V e r y  l i t t l e  d a n g e r .  
M o s t  o f  t h e  b a c t e r i a  t h a t  s t a n d  d r y i n g  w i l l  n o t  l i v e  i n  a  d i g e s t i o n  t a n k ,  
a l t h o u g h  t h e r e  m a y  b e  o n e  o r  t w o  e x c e p t i o n s .  S o  f a r  a s  I  k n o w ,  n o t h 
i n g  h a s  b e e n  d o n e  o n  a m o e b i c  d y s e n t e r y ;  b u t  a s  f a r  a s  b a c t e r i a  a r e  
c o n c e r n e d — u n l e s s  y o u  u s e  r a w  s l u d g e — t h e  g r e a t e s t  o b j e c t i o n  w e  f i n d  
is  w h a t  y o u  m i g h t  c a l l  p s y c h o l o g i c a l  o r  a e s t h e t i c .  I  a m  s u r p r i s e d  t h a t  
t h e r e  h a s  b e e n  s o  l i t t l e  o b j e c t i o n  i n  S a n  F r a n c i s c o ,  s i n c e  w e  h a v e  f o u n d  
t h a t  m o s t  p e o p l e  d o  n o t  l i k e  t o  u s e  s e w a g e  s l u d g e  i f  t h e y  k n o w  w h a t  i t  i s .

H .  F .  Gray, Berkeley:  R e g a r d i n g  t h e  q u e s t i o n  r a i s e d  b y  M r .  R e i n k e ,  
I  c a n ’t  q u o t e  t h e  c h a p t e r  o r  v e r s e ,  b u t  I  h a v e  a  r e c o l l e c t i o n  o f  s o m e  
w o r k  i n  w h i c h  i t  h a d  b e e n  f a i r l y  w e l l  d e t e r m i n e d  t h a t  s p o r e s  o f  a m o e b i c  
d y s e n t e r y  w o u l d  p a s s  t h r o u g h  d i g e s t i o n  t a n k s  w i t h  a  f a i r  p o s s i b i l i t y  o f  
s u r v i v i n g  i n  a n  e f f e c t i v e  f o r m .

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

A s k  W a l t e r  W a l k e r  a b o u t  h i s  t o m a t o  p l a n t  s t u n t .
W .  J .  W a l k e r ,  Decoto:  W e  h a v e  f o u r  s l u d g e  b e d s ,  a n d  w e  d r a w  o u r  

s l u d g e  a b o u t  e v e r y  s i x  w e e k s .  L a s t  J  u n e ,  t h e  t o m a t o e s  s t a r t e d  t o  c o m e
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U p  b y  t h e  t h o u s a n d s .  A  f a r m e r  n e a r  u s  t o l d  us- t o  l e t  t h e m  g r o w ,  b e 
c a u s e  t o m a t o e s  w o u l d  b e  s c a r c e  t h i s  y e a r .  I  d i d ,  a n d  h e  d i s p o s e d  o f  
a b o u t  21,00 0  o f  t h e m  f o r  $ 1 . 5 0  a  t h o u s a n d ,  w i t h  t h e  b u y e r s  p i c k i n g  t h e m !

T .  M .  G w i n ,  Folsom :  T h e r e  i s  a  r a n c h e r  n e a r  u s  w h o  h a s  a b o u t  35  
a c r e s  o f  g r o u n d  t h a t  h e  c u l t i v a t e s  f o r  g a r d e n .  W e  a r e  n o w  f u r n i s h i n g  
h i m  a b o u t  20  p e r  c e n t  o f  h i s  f e r t i l i z e r ;  t h e  r e s t  i s  f r o m  t h e  h o r s e  b a r n  
a n d  d a i r y .  H i s  m e t h o d  i s  j u s t  t o  t h r o w  t h e  f r e s h  m a n u r e  o r  s l u d g e  
o n  t h e  g r o u n d  a n d  p l o w  i t  u n d e r ,  a n d  h e  h a s  f o u n d  t h a t  o u r  s l u d g e  d o e s  
n o t  b u r n  a s  b a d l y  a s  t h e  f r e s h  f e r t i l i z e r .

I n  t h e  w i n t e r  t i m e  w e  h a v e  a  l i t t l e  d i f f i c u l t y ,  b e c a u s e  o u r  f o u r  d r y i n g  
b e d s  d o  n o t  d r y  s o  w e l l .  T h e  s e c o n d  w i n t e r  I  w a s  a t  t h e  p l a n t ,  I  g o t  
a  t a n k  w a g o n  t h a t  h o l d s  a b o u t  8 0 0  g a l l o n s ,  a n d  w e  f i l l e d  t h a t  d i r e c t l y  
f r o m  t h e  d i g e s t e r  a n d  h a u l e d  i t  a w a y .  I n  t h a t  w a y  w e  l e a v e  o u r  d r y i n g  
b e d s  a l o n e  d u r i n g  t h e  r a i n y  s e a s o n .

M r .  A l l e n  : W e  m a k e  a  r e a l l y  h i g h - c l a s s  f e r t i l i z e r .  W e  m e c h a n i 
c a l l y  d r y  t h e  s l u d g e ,  p a c k a g e  i t ,  a n d  s e l l  i t .  W e  g u a r a n t e e  6 p e r  c e n t  
n i t r o g e n  a n d  i t  u s u a l l y  r u n s  b e t w e e n  6 .5  a n d  7 .0  p e r  c e n t .

M r . R e i n k e  : I  w o u l d  l i k e  t o  k n o w  o f  y o u r  e x p e r i e n c e s  w i t h  o d o r s  a t  
S t o c k t o n ,  w h e r e  t h e  P a r k  D e p a r t m e n t  u s e s  t h e  s l u d g e .

C h a i r m a n  J o n e s :  Y e s ,  t h e y  u s e  i t  a n d  a r e  g l a d  t o  g e t  i t .  T h e y  u s e  
i t  o n  t h e  l a w n s  a r o u n d  t h e  C i t y  H a l l  a n d  i n  t h e  p a r k s .  T h e y  s e e m  to  
h a v e  b e t t e r  l u c k  w i t h  i t  o n  t h e  l a w n s  t h a n  t h e y  d o  a r o u n d  t h e  s h r u b s ,  
a s  s o m e o n e  e l s e  h e r e  h a s  s a i d .  T h e y  h a v e  a l s o  f o u n d  t h a t  t h e  l a w n  
m o w e r  t a k e s  c a r e  o f  a n y  t o m a t o  p l a n t s ,  a n d  t h a t  o d o r  h a s n ’t  b e e n  b a d .

A n o n y m o u s :  W e  h a v e  j u s t  s t a r t e d  t o  g r i n d  o u r  s l u d g e ,  a n d  a r e  
e x p e r i m e n t i n g  w i t h  i t  f o r  u s e  o n  l a w n s .  W e  f i n d  t h a t  t h e  o d o r  i s  w o r s t  
i n  h o t  w e a t h e r .  I f  y o u  w a t e r  i t  i n  h o t  w e a t h e r  y o u  g e t  a  p r e t t y  s t r o n g  
o d o r ,  o t h e r w i s e  i t  i s n ’t  b a d .

B e a u t i f i c a t i o n  o f  P l a n t s  a n d  G r o u n d s

C h a i r m a n  J o n e s :  W e  w i l l  n o w  m o v e  a l o n g  t o  t h e  t o p i c  “ B e a u t i f i c a 
t i o n  o f  P l a n t s  a n d  G r o u n d s . ”

O n e  o f  t h e  b e n e f i t s  o f  o u r  S a n  J o a q u i n  C o u n t y  O p e r a t o r s  A s s o c i a 
t i o n  i s  o u r  e x c h a n g e  o f  p l a n t s ,  s h r u b s  a n d  s e e d s  f o r  b e a u t i f y i n g  o u r  
g r o u n d s .  I t  i s  h a r d  f o r  u s  t o  g e t  m o n e y  f r o m  t h e  c i t y  f o r  t h i s  s o r t  o f  
t h i n g ,  a n d  d i v i d i n g  u p  w h a t  w e  h a v e  h a s  h e l p e d  u s  a l l .  M r .  H o s k i n s o n ,  
w i l l  y o u  b e g i n  t h i s  d i s c u s s i o n ?

C .  N .  H o s k i n s o n ,  Sacram ento  : S i n c e  d i s p o s a l  o f  s e w a g e ,  t h o u g h  o n e  
o f  t h e  m o s t  e s s e n t i a l  i s  p r o b a b l y  t h e  l e a s t  a t t r a c t i v e  f u n c t i o n  o f  a n y  
p o l i t i c a l  s u b d i v i s i o n ,  i t  i s  i m p o r t a n t  t h a t  t h i s  f u n c t i o n  b e  p e r f o r m e d  
n o t  o n l y  w i t h o u t  o f f e n s e  t o  a n y  c i t i z e n ,  b u t  e v e r y t h i n g  r e a s o n a b l y  p o s 
s i b l e  s h o u l d  b e  d o n e  t o  i n s u r e  t h a t  t h i s  m a y  b e  a c c o m p l i s h e d  i n  t h e  
m o s t  a t t r a c t i v e  p o s s i b l e  s e t t i n g .  T h i s  s e t t i n g  s h o u l d  p r o p e r l y  b e  e q u a l ,  
i f  n o t  s u p e r i o r ,  t o  t h a t  o f  o t h e r  m u n i c i p a l  o r  d i s t r i c t  f u n c t i o n s  s o  t h a t  
t h e  t a x p a y e r ,  i n s t e a d  o f  b e i n g  o f f e n d e d  b y  t h e  p r e s e n c e  o f  t h e  p u m p i n g  
p l a n t  o r  d i s p o s a l  w o r k s ,  m a y  b e  p r o u d  o f  i t s  p r e s e n c e  i n  t h e  c o m m u n i t y  
a n d  o f  h i s  p a r t  o w n e r s h i p  i n  t h e  p l a n t .
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T h e  a c c o m p l i s h m e n t  o f  t h i s  i d e a l  i s  n o t  a l w a y s  e a s y  a n d  m a y  b e  
e x p e n s i v e ,  b l i t  n o t  n e c e s s a r i l y  so .  T h e  n e e d  f o r  e n t i r e  e l i m i n a t i o n  o f  
p l a n t  o d o r s  m u s t  b e  a c c e p t e d  a s  a  p r e r e q u i s i t e ;  f o l l o w i n g  t h i s ,  i n t e r i o r  
f i n i s h  o f  a  p l a n t  n e e d  n o t  b e  i n  s h i n y  o r  d u l l  b l a c k s  a n d  d e p r e s s i n g  d a r k  
g r a y s ,  e v e n  t h o u g h  s o m e  o f  t h e  l e s s  p r o m i n e n t  f e a t u r e s  m a y  b e  s o  f i n 
i s h e d  f o r  g r e a t e r  d u r a b i l i t y  o f  p r o t e c t i o n .  I n  p a r t s  o f  t h e  i n t e r i o r  n o t  
s u b j e c t  t o  g a s  a t t a c k ,  b r i g h t  c o l o r s  s u c h  a s  m i g h t  b e  u s e d  i n  m o s t  m o d 
e r n  b a t h r o o m s  a n d  k i t c h e n s  a r e  a v a i l a b l e  i n  e n a m e l s  w h i c h  w i l l  b e  f o u n d  
m o s t  d u r a b l e  f o r  p l a n t  i n t e r i o r s .  P a i n t e d  f l o o r s  i n  m o t o r  r o o m s  p a r 
t i c u l a r l y  a r e  d e s i r a b l e ,  e v e n  t h o u g h  m o r e  m a i n t e n a n c e  i s  n e c e s s a r y ,  a s  
n o t h i n g  g i v e s  a n  i n t e r i o r  a  f r e s h e r  a p p e a r a n c e  t h a n  a  n e w l y  p a i n t e d  
f lo o r .

F o r  e x t e r i o r s ,  l i g h t  c o l o r e d  w a l l s  o f  b u i l d i n g s ,  e i t h e r  w h i t e  o r  in  
n e a r  w h i t e  s h a d e s ,  a r e  d e s i r a b l e  t o  m a i n t a i n  t h e  a p p e a r a n c e  o f  c l e a n 
l i n e s s .  T h e  p l a n t  s h o u l d ,  i f  p o s s i b l e ,  b e  s u r r o u n d e d  b y  a n  e x p a n s e  o f  
w e l l  k e p t  a n d  p a r t i a l l y  s h a d e d  l a w n  w i t h  a p p r o p r i a t e  t r e e s  a n d  s h r u b s ,  
o f  w h i c h  m a n y  s h o u l d  b e  o f  t h e  e v e r g r e e n  v a r i e t y ,  s u r r o u n d i n g  t h e  m a i n  
b u i l d i n g s .  I t  i s  n o t  b e l i e v e d  t h a t  p l a n t i n g  s h o u l d  i n c l u d e  t o o  m a n y  
f l o w e r s ,  a s  t h e s e  s o m e t i m e s  r e q u i r e  m o r e  m a i n t e n a n c e  t h a n  c a n  b e  g i v e n  
b y  a n  o p e r a t i n g  c r e w  a l o n g  w i t h  t h e i r  o t h e r  d u t i e s .  I t  i s  i m p o r t a n t  t h a t  
a  p l a n t  s h o u l d  f i t  i n t o  a n d  b l e n d  w i t h  i t s  s u r r o u n d i n g s  a n d ,  i f  p o s s i b l e ,  
b y  d i g n i f i e d  a n d  s i m p l e  a r c h i t e c t u r e ,  b l e n d e d  h a r m o n i o u s l y  w i t h  t h e  
n e i g h b o r h o o d .  W e  d o  n o t  b e l i e v e  t h a t  t h e  p r e s e n c e  o f  d i s p o s a l  p l a n t s  
s h o u l d  b e  e m p h a s i z e d  b y  f l o o d  l i g h t i n g ,  e x c e p t  f o r  p r o t e c t i o n .  R o c k  
g a r d e n s ,  s i m p l e  p o o l s  o r  e l e c t r i c  f o u n t a i n s  a r e  d e s i r a b l e  f e a t u r e s .  T o  
i d e n t i f y  t h e  p l a n t  a s  a  p u b l i c  b u i l d i n g  a n  a p p r o p r i a t e  f l a g  p o l e  s h o u l d  
b e  s e t  f i r m l y  i n  t h e  g r o u n d s  a n d  t h e  f l a g  o f  o u r  c o u n t r y  s h o u l d  b e  r a i s e d  
e a c h  d a y  a n d  l o w e r e d  a n d  c a r e f u l l y  s t o r e d  i n d o o r s  a t  s u n s e t .  T h e  f l a g  
s h o u l d  b e  r e p l a c e d  a t  p r o p e r  i n t e r v a l s  a n d  n e v e r  b e  a l l o w e d  t o  b e c o m e  
s o i l e d  o r  f r a y e d  b y  t h e  w i n d .

I n  s h o r t ,  t h e  p l a n t  s h o u l d  p r e s e n t  a  p l e a s i n g  a n d  d i g n i f i e d  a s p e c t  
so  a s  t o  c r e a t e  i n  e a c h  c i t i z e n  a  p r i d e  o f  p o s s e s s i o n ,  a s  i t  h a s  b e e n  f o u n d  
t h a t  c i t i z e n s  a r e  m u c h  m o r e  l i k e l y  t o  a p p r o v e  b o n d  i s s u e s  f o r  n e e d e d  
i m p r o v e m e n t s  i f  t h e y  h a v e  k n o w l e d g e  o f  t h e  p l a n t ’s a c t i v i t i e s  a n d  n e e d s  
t h r o u g h  a n  a p p r e c i a t i v e  u n d e r s t a n d i n g  o f  i t s  f u n c t i o n s  a n d  f i r s t  h a n d  
a p p r o v a l  o f  i t s  a p p e a r a n c e  a s  a  p u b l i c  a s s e t .

E .  L .  S t r a a n g a r d ,  U. 8. Naval A i r  Sta tion, A lameda:  I  p r e v a i l e d  
u p o n  M r .  E m e r y  A .  L a  V a l l e e ,  l a n d s c a p e  e n g i n e e r  o f  t h e  S t a t i o n ,  to  
g i v e  m e  a  s t a t e m e n t  c o n c e r n i n g  s o i l  e r o s i o n  c o n t r o l .  I  t h i n k  s o m e  o f  
y o u  w i l l  b e  i n t e r e s t e d  i n  i t ,  a n d  w o u l d  l i k e  t o  r e a d  i t :

In  the building o f the U. S. N aval A ir S tation  a t A lameda, C alifornia, which in gen
eral a t this time is nearing  completion, the U. S. N avy D epartm ent has successfully un 
dertaken the developm ent of an A ir Base which ranks as the largest of its  kind in the 
W estern H em isphere.

The area embraced in  th is im portan t arm  of the N ation’s defense, am ounts to a p 
proxim ately 1000 acres o f reclaim ed land, built up  fo r the most p a r t over tide lands of the 
San Francisco Bay.
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D redger fill consisting of approxim ately  20 million cubic yards o f sand, silt and clay 
vary ing  from  one to tw enty fee t in depth, form s the foundation  of the site. '1 he southerly 
and" w esterly boundary  is retained  by a rock sea wall, the no rtherly  line being flanked by 
the A lam eda E stuary , and the easterly  line fo rm ing  a ju n c tu re  w ith the A lam eda m ain
land.

In  the in itia l proceedings involving determ inations to be em ployed as a  basis fo r  a 
landscape scheme, soil analysis from  sam ples taken from  one and  two foo t depths from  
specified points, indicated a range of 500 to 40,000 p a rts  o f sa lt p e r million. Desired 
leaching was accomplished through the medium of heavy ra in fa ll o f las t w inter. Subse
quent analysis showed a reduction o f salin ity  to 100 p a rts  and less p e r  million.

Of the m any facto rs and resu ltan t problem s involved therew ith in th is m ajo r develop
ment, soil erosion control, o f which landscaping is a com ponent p a rt , was recognized as a 
fac to r o f the highest value and im portance.

The scheme envisaged in the trea tm en t o f some 500 acres o f sand su rface was the 
creation of a natu ra listic  and a t the same time practicable p lan tin g  th roughout the given 
area.

Fram ew ork p lan ting  consisting p rim arily  of indigenous trees and  shrubs, foundation  
p lan tin g  of building structu res w ith occasional tree  g roupings to b ring  out a n a tu ra l park  
like effect, street trees, flanking roadw ays, and ap p ro p ria te  p lan tin g  and lawns fo r resi
dential quarters, are in b rief the keynotes o f the scheme outlined and  now being p u t into 
execution of the first phase o f the landscaping program .

The second phase of landscaping, under its function  of soil erosion control, by its ac
com plishm ent from  a prac tica l and u tilita r ian  s tandpo in t m erits first consideration.

The introduction  of a ground cover over approx im ate ly  500 acres o f lifeless sand and 
clay form ation  requ ired  such vegetation th a t could take  roo t and sp read  over the surface 
of th is inert mass w ith a m inim um of a tten tion  w ithin the shortest space of time, thereby 
holding in check any sand th a t m ight be carried  into d rif ts  o r suspension by the prevail
ing, periodically  heavy winds.

Ice p lan t of the varie ty  (corpobrotus edulis) commonly known as sea apple, having 
m et the requirem ents in experim ents conducted was first regarded  as the solution to the 
problem , but the elem ent of cost of p lan ts in place tem porarily  held up  its final adoption.

A fte r much speculation as to w hat to offer as a  substitu te, an unheralded product 
from  K enya, South A frica, know n as K ikuyu  grass (Permisetum clandestinum) was of
fered  fo r experim ental purposes.

K ikuyu  grass is a perennial runn ing  grass. The orig inal p la n t and its descendants 
a p p aren tly  are functionally  fem ale, and while it  flowers regu la rly  it  does not seed. I t  
has branching leafy  stems. The leaves are flat and spreading, and of a vivid green color. 
K ikuyu  is p ro p ag a ted  only from  stolons taken  from  roots, ru n n ers  and  rhizomes.

F rom  intensive and  exhaustive experim ents conducted on the A ir Base i t  has been 
found th a t a desirable installa tion  should be made p re fe rab ly  during  the w in ter rains, fol
lowed by fertiliza tion  consisting o f am m onium  su lfa te  and bone meal during  the spring 
period.

A s a  medium of protection  against any  undue erosion created  by seasonal winds s 
cover crop of I ta lian  rye  and vetch grass in troduced between K ikuyu  and fertilizer in
stalla tion  serves th is function .

In  the areas which depend upon ra in s  fo r  irriga tion , it  is estim ated th a t a  K ikuyu 
ground coverage requires approx im ately  12 m onths to com plete the desired grow th, while 
the advantages of n a tu ra l together w ith artificial irrig a tio n  will shorten the growing 
period by about 6 months. The com plete grow th of th is g rass will produce a root m at
ting  o f from  4 to 5 inches in depth.

The determ ination to expand and its u tte r  d isregard  fo r o ther form s o f ground cover 
which it g radually  chokes out, m akes it necessary to lim it its  movem ent by providing 
barriers o f am ple height and depth, if  a check on K ikuyu  grass expansion is required.

K ikuyu  is p rim arily  a sum m er grass and will rem ain green un til a  severe fro s t a t
tacks it. The effects indicated by brow n spots are superficial and tem porary , the root 
m atting  being in no w ay im paired  by sub-norm al tem perature .
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The cost o f m aintenance of K ikuyu  ground cover over large expanses is p ractically  
nil where soil erosion control is the prim e consideration and the fac to rs of color and un 
controlled grow th are  regarded as secondary. I f  used as a lawn substitu te fo r finer 
grasses, irriga tion  and mowing should be resorted to a t least every two weeks during  the 
summer season.

A n exam ple of K ikuyu  grass perform ance is dem onstrated a t the M onterey County 
F a ir  G rounds near M onterey, where some two acres of this grass form  the body of the 
grounds and over which the F a ir  attendance circulates.

The propagation  yard  near Camp Clayton in M onterey County, consisting o f a p 
proxim ately 20 acres of K ikuyu tu r f , is perhaps the best example of the grow ing qualities 
of this grass under more favorable conditions. Complete ground coverage has been a t
tained within a period  of five months.

I t  is estim ated th a t the cost of installing  K ikuyu  grass over the U. S. N aval A ir S ta 
tion at A lam eda will be between 10 and 15 per cent of the cost of any other form  of 
rooted cuttings.

A .  B .  S h e a r e r ,  Sa n  A nse lm o:  I  w o u l d  l i k e  t o  a d d  a  w o r d  a b o u t  a  
p o i n t  m a d e  b y  M r .  H o s k i n s o n ,  r e l a t i n g  t o  t h e  e f f e c t  o n  t h e  p u b l i c  a n d  
p o s s i b l e  b o n d  i s s u e s .  S o m e  d a y  y o u  m a y  w a n t  t o  f l o a t  a  b o n d  i s s u e ,  
a n d  i t  w i l l  b e  d e s i r a b l e  t o  h a v e  t h e  p u b l i c  t l i i n k  w e l l  o f  y o u  a n d  t o  k n o w  
t h a t  y o u r  p l a n t  a n d  d e p a r t m e n t  i s  d o i n g  a l l  i t  c a n  t o  g i v e  t h e m  g o o d  
s e r v i c e .

S o m e  o f  t h e  c o m m u n i t i e s ,  b e s i d e s  j u s t  o p e r a t i n g  a  s e w a g e  t r e a t m e n t  
p l a n t ,  a r e  r e s p o n s i b l e  f o r  t h e  m a i n t e n a n c e  o f  t h e  s e w e r  s y s t e m .  K e e p 
i n g  y o u r  r o l l i n g  s t o c k  a n d  y o u r  m e n  a n d  e v e r y t h i n g  e l s e  t h a t  i s  o n  t h e  
r o a d  a s  n e a t  a n d  o r d e r l y  a s  y o u  d o  y o u r  p l a n t  i s  o f  e q u a l  i m p o r t a n c e ,  
so  f a r  a s  p u b l i c  r e l a t i o n s  a n d  f r i e n d l i n e s s  o f  t h e  p u b l i c  a r e  c o n c e r n e d .  
I t  i s  a l w a y s  h a r d  t o  g e t  a n y b o d y  to  v i s i t  t h e  p l a n t ,  a n d  t h e y  a r e  n a t 
u r a l l y  p r e j u d i c e d  a g a i n s t  a n y t h i n g  p e r t a i n i n g  t o  s e w a g e .  A n y t h i n g  
t h a t  y o u  c a n  d o  t o  i m p r o v e  t h a t  o p i n i o n  b y  b e a u t i f y i n g  t h e  p l a n t  a n d  
k e e p i n g  y o u r  m e n  a n d  e q u i p m e n t  p r e s e n t a b l e ,  I  t h i n k ,  h a s  a n  i m p o r t a n t  
e f f e c t .

C h a i r m a n  J o n e s :  M r .  R .  L .  R u d o l p h ,  w h o  o p e r a t e s  t h e  p l a n t  a t  t h e  
S o n o m a  S t a t e  H o m e  a t  E l d r i d g e ,  w a s  u n a b l e  t o  c o m e  t o  t h e  m e e t i n g ,  
b u t  h a s  s e n t  m e  a  b r i e f  s t a t e m e n t .

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

M r .  R u d o l p h  a l s o  u r g e s  c a r e f u l  t h o u g h t  i n  s e l e c t i n g  t r e e s  a n d  s h r u b s  
a n d  p o i n t s  o u t  t h a t  y o u r  l o c a l  n u r s e r y  m a n  c a n  h e l p  i n  c h o o s i n g  s t u r d y  
p l a n t s  r e q u i r i n g  a  m i n i m u m  o f  c a r e .  H e  c a u t i o n s  a g a i n s t  t h e  p l a c i n g  
o f  p l a n t s  i n  l o c a t i o n s  i n  w h i c h  t h e y  w o u l d  i n t e r f e r e  i n  a n y  w a y  i n  c a r r y 
i n g  o n  t h e  o p e r a t i o n s  e s s e n t i a l  t o  t h e  t r e a t m e n t  u n i t s .

W .  J .  W a l k e r ,  Decoto:  O u r  p l a n t  i s  a b o u t  4 0 0  f t .  f r o m  t h e  r o a d ,  a n d  
I  p l a n t e d  r o s e s  a n d  r e d  b e r r i e s  a l o n g  t h e  d r i v e w a y .  T h e  t a n k s  a r e  s u r 
r o u n d e d  b y  a  f l o w e r  b e d  s t r i p  a b o u t  1 8  i n .  w i d e ,  i n  w h i c h  v e r b e n a  a n d  
c o x c o m b  a r e  g r o w n .  T h e  l a w n  i s  a b o u t  3 5  f t .  b y  8 0  f t .
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I  p l a c e d  c l i m b i n g  r o s e s  o n  t h e  o u t s i d e  o f  t h e  A d m i n i s t r a t i o n  B u i l d 
i n g .  T h e r e  i s  a  c i r c u l a r  t u r n - a r o u n d  a t  t h e  e n d  o f  o u r  d r i v e w a y  a t  t h e  
r e a r  o f  t h e  b u i l d i n g ,  a n d  i n  t h i s  w e  h a v e  a  f l o w e r  b e d  i n  w h i c h  a r e  a b o u t  
f i f t e e n  E n g l i s h  h o l l y  b u s h e s  a n d  d i f f e r e n t  k i n d s  o f  r e d  b e r r i e s .  W e  
a l s o  h a v e  g l a d i o l u s ,  i r i s ,  m a i ’i g o l d s ,  a n d  d a h l i a s ,  a n d  I a m  a l t e r n a t i n g  
n o w  b y  p u t t i n g  i n  w i n t e r  s t o c k s .

E x c e p t  f o r  t h e  g r a s s  s e e d ,  i t  d o e s n ’t  c o s t  u s  a n y t h i n g  f o r  f l o w e r s  
b e c a u s e  I  t r a d e  g r o u n d  s l u d g e  f e r t i l i z e r  f o r  p l a n t s .

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

M r. S t r a a n g a r d :  I  t h i n k  t h i s  w h o l e  s u b j e c t  w a s  c o v e r e d  p r e t t y  t h o r 
o u g h l y  i n  t h e  1 9 3 9  S h o r t  C o u r s e  a t  t h e  U n i v e r s i t y  o f  C a l i f o r n i a .  T h e y  
h a d  a  w h o l e  c h a p t e r  d e v o t e d  t o  t h e  b e a u t i f i c a t i o n  o f  g r o u n d s .  H o w 
e v e r ,  I  w o u l d  l i k e  t o  s a y  t h a t  i c e  p l a n t s ,  o f  w h i c h  t h e r e  a r e  a b o u t  400  
d i f f e r e n t  v a r i e t i e s ,  a n d  8 o r  10  d i f f e r e n t  b l o o m s ,  a r e  j u s t  t h e  t h i n g  f o r  
t e r r a c e s  a n d  s l o p e s  w h i c h  w e r e  r e f e r r e d  t o  i n  M r .  R u d o l p h ’s r e m a r k s .  
T h i s  p l a n t  c o v e r s  r a p i d l y  a n d  s t o p s  e r o s i o n ,  a n d  g i v e s  a  w o n d e r f u l  
b l o o m i n g  m a t ,  l i k e  t h o s e  a t  t h e  E x p o s i t i o n  d u r i n g  t h e  F a i r .

J .  A .  C l a r k ,  Mare Island:  S o m e  t i m e  a g o  I  n o t i c e d  t h a t  t h e  s e c o n d  
s h i f t  m a n — 4  o ’c l o c k  t o  m i d n i g h t — h a d  c o n s i d e r a b l e  t i m e  a t  h i s  d i s p o s a l ,  
a f t e r  e i g h t  o ’c lo c k .  H e  w o u l d  r u s h  t h r o u g h  h i s  w o r k  a n d  t h e n  h a v e  
n o t h i n g  l e f t  t o  d o  b u t  c l e a n  t h e  s c r e e n s .  R e a r r a n g e m e n t  o f  h i s  d u t i e s  
m a d e  i t  p o s s i b l e  f o r  u s  t o  u t i l i z e  t h e  4—1 2  s h i f t  a s  a  g a r d e n i n g  s h i f t .  I  
t h e n  f o u n d  t h a t  o n e  o f  t h e  o p e r a t o r s  w a s  p a r t i c u l a r l y  i n t e r e s t e d  in  
g a r d e n i n g  a n d  w a s ,  i n  f a c t ,  o p e r a t i n g  a  n u r s e r y  i n  t h e  c o m m u n i t y .

I  h a v e  h e a r d  s i n c e  I  l e f t  t h i s  p l a n t  a n d  s i n c e  t h i s  m a n  t o o k  o v e r  t h e  
g a r d e n i n g ,  t h a t  i t  i s  n o w  m o r e  o f  a  p a r k  t h a n  a  s e w a g e  w o r k s .  E v e n  
t h e n  w e  w e r e  a b l e  t o  k e e p  a l l  t h e  c i t y  o f f ic e s  s u p p l i e d  d u r i n g  t h e  s u m m e r  
w i t h  f r e s h  f l o w e r s .  T h e  c i t y  o f  M e d f o r d  o p e r a t e s  i t s  o w n  a i r p o r t ,  so 
i f  a n y  o f  y o u  v i s i t  t h e  U n i t e d  A i r l i n e s  s t a t i o n  t h e r e ,  y o u  w i l l  p r o b a b l y  
s e e  f l o w e r s  t h a t  c a m e  f r o m  t h e  s e w a g e  p l a n t .

V .  W .  T h e w s ,  Term ina l Is land:  M r .  C l a r k ’s  r e m a r k s  r e m i n d  m e  o f  
t w o  p l a n t s :  T e r m i n a l  I s l a n d  a t  L o s  A n g e l e s ,  a n d  t h e  o n e  a t  S a n  F e r 
n a n d o .  T h e s e  t w o  c i t i e s  a n d  p l a n t s  a r e  v e r y  d i f f e r e n t .

A t  T e r m i n a l  I s l a n d  w e  h a v e  a  g o o d  s i z e d  s t a f f  o f  m e n ; s o m e  p e o p l e  
s a y  t o o  m a n y .  T h e r e  i s  a b o u t  t h r e e  t o  t h r e e  a n d  o n e - h a l f  a c r e s  i n  t h e  
s i t e ,  o f  w h i c h  a b o u t  a n  a c r e  i s  i n  l a w n ,  a n d  w e  h a v e  e n d e a v o r e d  to  
b e a u t i f y  t h i s  a r e a .  T h e  l a w n  i s  m a d e  o n  s a n d ,  f e r t i l i z e d  w i t h  s l u d g e ,  
a n d  g r o w s  q u i t e  f a s t ,  a n d  t a k e s  a  l a r g e  p o r t i o n  o f  o n e  m a n ’s  t i m e ,  e v e n  
t h o u g h  w e  h a v e  a  p o w e r  l a w n  m o w e r .  T h e  t r e e s  n e e d  p r u n i n g ,  a n d  t h e  
f l o w e r s  h a v e  t o  b e  c u t  a n d  c a r e d  f o r .  A t  o n e  t i m e  w e  r a i s e d  g o r g e o u s  
z i n n i a s  a n d  m a r i g o l d s ,  w h i c h  w e  w o u l d  t a k e  t o  t h e  C i t y  E n g i n e e r ’s o f 
f ice ,  a n d  s o  o n .

R e c e n t l y  w e  h a d  q u i t e  a  l o t  o f  c o n s t r u c t i o n  w o r k  g o i n g  o n ,  a n d  t h e  
g r o u n d s  h a v e  h a d  t o  be s o m e w h a t  n e g l e c t e d .  T h a t  i s  som ething t h a t
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t h e  o p e r a t o r  m u s t  k e e p  i n  m i n d  w h e n  h e  s t a r t s  o u t  t o  b e a u t i f y  h i s  p l a n t ,  
b e c a u s e  h e  m a y  f i n d ,  a s  M r .  C l a r k  h a s  s a i d ,  t h a t  h e  i s  g o i n g  t o  h a v e  t o  
n e g l e c t  e i t h e r  t h e  p l a n t  o r  t h e  g r o u n d s .  I  w o u l d  s u g g e s t  t h a t  h e  u s e  
j u d g m e n t  a n d  n o t  s t a r t  t o o  f a r - r e a c h i n g  a  p r o g r a m .

I  h a v e  a n o t h e r  p l a n  i n  m i n d — t h e  o n e  a t  S a n  F e r n a n d o ,  w h i c h  i s  
l o c a t e d  i n  t h e  m o u n t a i n s  a t  t h e  n o r t h w e s t  c o r n e r  o f  L o s  A n g e l e s .  A n y 
w a y ,  t h i s  s m a l l  p l a n t  i s  l o c a t e d  o u t  i n  a  w a s h ,  n e a r l y  a  m i l e  f r o m  t h e

F ig. 2.—Tower in Laguna Beach, California, Sewage Treatment Works before planting.
R. D. Woodward, Superintendent.

c e n t e r  o f  t o w n  i n  a n  a r e a  t h a t  h a s  m o s t l y  c a c t u s  a n d  b r u s h .  I n  f a c t ,  i t  
i s  t h e  m u n i c i p a l  d u m p !

T h e  o p e r a t o r  i s  a  M e x i c a n  c h a p — v e r y  r e l i a b l e ,  w h o  s p e n d s  a b o u t  
five o r  s i x  h o u r s  a  d a y  a t  t h e  p l a n t .  T h e  g r o u n d s  a r e  f e n c e d  in ,  t h e r e  
i s  v e r y  l i t t l e  p l a n t i n g — o n l y  a  f e w  o l e a n d e r  b u s h e s  a n d  p e p p e r  t r e e s ,  
a n d  s o  o n — t h e r e  i s  n o  e f f o r t  t o  m a i n t a i n  f l o w e r  b e d s  a n d  l a w n s ,  b u t  
t h e r e  i s n ’t  a  w e e d  i n s i d e  t h a t  f e n c e .  A n d  a s  y o u  d r i v e  t h r o u g h  t h i s  
w i l d e r n e s s  o f  c a c t u s  a n d  r u b b i s h  a n d  l o o k  t h r o u g h  t h e  f e n c e ,  y o u  n o t i c e  
t h a t  i t  i s  j u s t  a s  n e a t  a n d  t r i m  a n d  c l e a n  a s  i t  c a n  b e .  T h e  o p e r a t o r  
s h o u l d  u s e  h i s  h e a d  i n  p l a n n i n g  l a n d s c a p i n g  t o  m e e t  t h e  n e e d s  o f  h i s  
p a r t i c u l a r  s u r r o u n d i n g s .
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R .  D .  W oodward, Laguna Beach:  I  w i l l  p a s s  t h e s e  p i c t u r e s  a r o u n d  
t o  s h o w  y o u  w h a t  t h e  p l a n t i n g  o f  v i n e s  h a s  d o n e  f o r  u s  ( F i g s .  2  a n d  3 ) .

L a s t  y e a r  o u r  c i t y  a c q u i r e d  a b o u t  t h i r t y  a c r e s  a c r o s s  t h e  s t r e e t  f r o m  
o u r  p l a n t  f o r  a  p a r k .  W e  a l r e a d y  h a d  a  g o o d  s t a r t  a t  o u r  p l a n t i n g ,  
b u t  w e  a r e  g o i n g  t o  h a v e  t o  d o  m o r e  b e a u t i f y i n g  t o  k e e p  u p  w i t h  t h a t .  
O n e  o f  o u r  b i g g e s t  p r o b l e m s  i s  t o  t r i m  t h e  v i n e s  o n  t h a t  4 8  f o o t  t o w e r ,

F ig. 3.—Same tower shown in Fig. 2 after planting with shrubs and vines.

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

C h airm an  J o n e s :  Y ou m i g h t  t e l l  a b o u t  h a v i n g  t h e  R o t a r y  C l u b  to  
l u n c h e o n  i n  y o u r  g r o u n d s ,  M r .  W o o d w a r d .

I s  t h e r e  a n y o n e  e l s e  o n  b e a u t i f y i n g  o f  p l a n t s  a n d  g r o u n d s ?  H o w  
a b o u t  t h e  i n t e r i o r  o f  t h e  p l a n t ,  M r .  B e n a s ?

B e n ja m in  B enas, Sa n  Francisco:  I  b e l i e v e  t h a t  p a i n t i n g  t h e  p l a n t  
p i p i n g  v a r i o u s  c o l o r s  d e p e n d i n g  o n  t h e i r  s e r v i c e  i s  q u i t e  e f f e c t i v e .  F o r
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i n s t a n c e ,  w a t e r  l i n e s  c a n  b e  p a i n t e d  b l u e ,  s l u d g e  l i n e s  b r o w n ,  c h l o r i n e  
g a s  p i p e s  y e l l o w ,  s e w a g e  l i n e s  b l a c k ,  e t c .  W e  n o w  p a i n t  o u r  m a c h i n e r y  
a  g r a y  c o l o r  i n s t e a d  o f  t h e  o l d  b l a c k .  V i s i t o r s  t o  t h e  b u i l d i n g  o f t e n  
r e m a r k  a b o u t  t h e  c o l o r  s c h e m e .

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

C h a i r m a n  J o n e s :  A t  S t o c k t o n  w e  h a v e  t r o u b l e  g e t t i n g  p a i n t  l a t e  
i n  t h e  y e a r .  T h e  S t r e e t  D e p a r t m e n t  u s e s  a  t r a f f i c  l a c q u e r  w h i c h  w e  
c a n  g e t  i n  b l a c k  a n d  w h i t e  t o  m i x  i n t o  a  g r a y ,  a n d  w e  g e t  a l l  w e  w a n t  
w i t h o u t  c h a r g i n g  i t  t o  t h e  p l a n t .  T h i s  g r a y  l a c q u e r  p a i n t  h a s  s e v e r a l  
a d v a n t a g e s  t o  u s ,  i n  t h a t  i t  d r i e s  r i g h t  a w a y — y o u  c a n  w a l k  o n  i t  w i t h i n  
f ive  m i n u t e s — i t  i s  e a s y  t o  p u t  o n ,  a n d  i s  v e r y  c h e a p .  W e  u s e  a  l i q u i d  
w a x  o n  i t  t o  p r e s e r v e  t h e  f i n i s h ; h o w e v e r ,  s i x  m o n t h s  i s  a  l o n g  t i m e  f o r  
i t  to  l a s t .  A t  l e a s t  i t  k e e p s  t h e  f l o o r  c l e a n  a n d  n e a t .

C. N .  H o s k i n s o n ,  Sacram en to : W e  h a v e  f o u n d  t h a t  t h e  m o s t  s a t i s 
f a c t o r y  p a i n t s  a r e  t h e  s y n t h e t i c  e n a m e l s .  T h e y  c o m e  i n  a n y  c o l o r  y o u  
w o u l d  w a n t  a n d  a r e  v e r y  e f f e c t i v e  m e t a l  c o v e r i n g s .  T h e y  d r y  q u i t e  
r a p i d l y ,  a n d  a r e  n o t  v e r y  e x p e n s i v e  t o  a p p l y .

M r . B e n a s :  W e  h a d  a  l o t  o f  t r o u b l e  w i t h  o u r  w a l l  p a i n t  u n t i l  w e  
t r i e d  e n a m e l .  W e  n o w  f i n d  t h a t  w e  c a n  w a s h  t h e  w a l l s  w i t h  n o  d if f i 
c u l t y .

M r. J .  C .  C la rk , H unting ton  Beach:  F o r  c l e a n i n g  m e t a l  s u r f a c e s  
p r i o r  t o  p a i n t i n g ,  I  h a v e  h a d  s o m e  s u c c e s s  w i t h  t r i s o d i u m  p h o s p h a t e ,  
a n d  w o u l d  l i k e  t o  k n o w  i f  a n y  o f  y o u  h a v e  h a d  a n y  e x p e r i e n c e  w i t h  i t .  
I  h a v e  f o u n d  i t  t o  b e  m u c h  s u p e r i o r  t o  g a s o l i n e  f o r  c l e a n i n g  e q u i p m e n t  
b e f o r e  p a i n t i n g ,  a n d  w o u l d  l i k e  t o  s u g g e s t  it. f o r  y o u r  u s e .  I t  d o e s n ’t  
t a k e  m u c h ,  a n d  i t  s a v e s  a  l o t  o f  l a b o r .

(More next issue.)

T H E  G A D G E T  D E P A R T M E N T

H o l d e r  f o r  S t a n d a r d  R a i n  G a g e

B y  W a l t e r  A .  S p e r r y  

Superin tenden t,  A urora  ( I ll ino is ) San itary  District

A  c o m p l e t e  d e s c r i p t i o n  o f  t h e  s t a n d a r d  r a i n  g a g e  i n  u s e  a t  t h e  s e w 
a g e  t r e a t m e n t  p l a n t  o f  t h e  A u r o r a  S a n i t a r y  D i s t r i c t  w a s  p u b l i s h e d  i n  
t h e  N o v e m b e r ,  1 9 4 1 ,  i s s u e  o f  This Journal  ( 1 3 ,  6 , 1 2 5 1 ) .  F i g u r e  1 
s h o w s  c o n s t r u c t i o n  d e t a i l s  o f  a n  a p p r o v e d  h o l d e r  f o r  t h e  r a i n  g a g e .
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F ig . 1.—Holder for standard rain gage. Designed by W alter A. Sperry, Supt.,
Aurora, Illinois.

F ig . 2.—General view of rain gage and thermometer “ K iosk,”  Aurora Sanitary District. 
W alter A. Sperry, Superintendent.

T h e  g a g e  ( w i t h  t o p  f u n n e l  r e m o v e d  f o r  w i n t e r  s e r v i c e )  a n d  h o l d e r  
a r e  i l l u s t r a t e d  i n  F i g .  2. A t t e n t i o n  i s  d i r e c t e d  t o  t h e  m a x i m u m  a n d  
m i n i m u m  t h e r m o m e t e r  “ k i o s k ”  i n  t h e  b a c k g r o u n d .
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Screenings Incinerator
By T hos. J .  Gw in

Superin tendent,  Sewage T rea tm en t W orks , Folsom S ta te  Prison,
California

I n  s u b m i t t i n g  a  d e s c r i p t i o n  o f  a  r a g  p r e s s  u s e d  f o r  d e w a t e r i n g  
s c r e e n i n g s  a t  t h e  F o l s o m  S t a t e  P r i s o n ,  C a l i f o r n i a  ( s e e  This Journal,  
13, 6 , 1 2 5 2 ,  N o v e m b e r ,  1 9 4 1 ) ,  r e f e r e n c e  w a s  m a d e  t o  a  “ d u t c h - o v e n

Fra. 3.—Screenings incinerator used at Folsom State Prison, California,
Thos. J . Gwin, Supt.

t y p e ”  i n c i n e r a t o r  u s e d  t o  e f f e c t  f i n a l  d i s p o s i t i o n  o f  t h e  d e w a t e r e d  
s c r e e n i n g s .

D e t a i l s  o f  t h e  i n c i n e r a t o r  r e f e r r e d  t o  a b o v e  a r e  s h o w n  i n  F i g .  3. 
D i g e s t e r  g a s  i s  u s e d  f o r  f u e l .  T h e  g a s  b u r n e r  o r  “ s p u d ”  w a s  m a d e  
f r o m  a  p i e c e  o f  % - i n .  p i p e ,  8 i n .  l o n g  a n d  w i t h  s m a l l  h o l e s  d r i l l e d  a l o n g  
e a c h  s i d e .
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Sanitary and Dripless Wash Bottle
B y  C h a r l e s  B a u g h  

Chem ist, Los  Angeles  County  San ita tion  D istricts, California

T h e  s a n i t a r y  a n d  d r i p l e s s  w a s h  b o t t l e  s h o w n  i n  F i g .  4  m a y  b e  u s e d  
t o  g o o d  a d v a n t a g e  i n  m o s t  l a b o r a t o r i e s  w h e r e  m o r e  t h a n  o n e  a n a l y s t  i s  
e m p l o y e d .  E l i m i n a t i o n  f o r  t h e  n e e d  o f  l i p  c o n t a c t  t o  o p e r a t e  t h e  b o t t l e  
a l s o  e l i m i n a t e s  t h e  p r o b a b i l i t y  o f  t r a n s m i s s i o n  o f  c o n t a g i o u s  d i s e a s e s .

F ig . 4.— Sanitary and dripless wash bottle. Submitted by Charles Baugh, Chemist,
Los Angeles County Sanitation Districts.

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

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

W h e n  t h e  r u b b e r  b u l b  i s  s q u e e z e d ,  a i r  p a s s e s  t h r o u g h  t h e  g l a s s  
t u b e s ,  o n e  o f  w h i c h  f i t s  l o o s e l y  i n s i d e  t h e  o t h e r ,  a n d  t h e  p r e s s u r e  w h i c h
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i s  c r e a t e d  o n  t h e  s u r f a c e  o f  t h e  l i q u i d  c a u s e s  i t  t o  s p o u t  t h r o u g h  t h e  
s m a l l  o r i f i c e  i n  a  s m a l l  s t r e a m .  U p o n  r e l e a s i n g  t h e  b u l b ,  a i r  w i l l  b e  
s u c k e d  b a c k  t h r o u g h  t h e  o r i f i c e ,  d r a w i n g  b a c k  e x c e s s  w a t e r  a n d  p r e 
v e n t i n g  d r i p .  I f  d e s i r e d ,  a  c h e c k  v a l v e  s i m i l a r  t o  t h a t  u s e d  i n  i n f l a t e d  
r u b b e r  b a l l s  m a y  h e  p l a c e d  i n  t h e  b u l b ,  d i r e c t l y  o p p o s i t e  o r  i n  t h e  v i c i n 
i t y  o f  t h e  t h u m b ,  t h u s  e l i m i n a t i n g  t h e  b u b b l i n g  o f  a i r  t h r o u g h  t h e  w a t e r  
w h e n  t h e  b u l b  i s  r e l e a s e d .

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

DECREASE OF GAS PRODUCTION W ITH CESSATION 
OF FEED TO DIGESTER

By F re d  II. B u r le y
S ew age P la n t S u pervisor , D e tro it, M ich igan

T h e  r a t e  a t  w h i c h  g a s  p r o d u c t i o n  f a l l s  o f f  a f t e r  t h e  a d d i t i o n s  o f  
v o l a t i l e  s o l i d s  t o  t h e  t a n k  h a v e  c e a s e d  i s  o f  c o n c e r n  t o  o p e r a t o r s  w h o  
h a v e  t o  t a k e  t a n k s  o u t  o f  s e r v i c e .  I t  a l s o  i n d i c a t e s  t h e  a l l o w a b l e  t i m e  
i n t e r v a l  b e t w e e n  t h e  a d d i t i o n s  o f  f r e s h  s o l i d s  w i t h o u t  s e r i o u s l y  d e c r e a s 
i n g  t h e  g a s  p r o d u c t i o n .
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P ig. 1.—Decrease in digester gas production when feed discontinued. Detroit, Michigan.

T h e  d i g e s t e r  a t  D e t r o i t ,  M i c h i g a n ,  h a s  a  v o l u m e  o f  3 0 0 ,0 0 0  c u .  f t .  
T h e  n o r m a l  l o a d i n g  p r i o r  t o  s h u t  d o w n  w a s  4 5 ,0 0 0  lb .  o f  v o l a t i l e  s o l i d s ,  
d r y  b a s i s ,  p e r  d a y .  T h i s  n o r m a l l y  g a v e  a  g a s  p r o d u c t i o n  o f  3 8 4 ,0 0 0
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e u .  f t .  o f  d i g e s t e r  g‘a s  p e r  d a y .  A  l a y e r  o f  s c u m  a b o u t  1 0  f t .  6 i n .  d e e p  
a c c u m u l a t e d  e a r l y  i n  t h e  f a l l  a n d  d e c r e a s e d  g a s  p r o d u c t i o n  t o  3 3 6 , 0 0 0  
c u .  f t .  p e r  d a y ,  d e c r e a s e d  t h e  t a n k  c a p a c i t y  b y  o n e - t h i r d ,  h a m p e r e d  f r e e  
a c t i o n  o f  t h e  c o v e r  a n d  w a s  o t h e r w i s e  u n d e s i r a b l e .  T a n k  t e m p e r a t u r e  
w a s  9 3 °  F .  m a i n t a i n e d  b y  w a s t e  h e a t  r e c e i v e d  f r o m  t h e  g a s  e n g i n e .  
U n d e r  a v e r a g e  c o n d i t i o n s  t h e  s l u d g e  s o l i d s  a d d e d  w e r e  6 0  p e r  c e n t  
v o l a t i l e ,  t h e  v o l a t i l e  m a t t e r  w a s  r e d u c e d  f r o m  4 1  p e r  c e n t  t o  4 3  p e r  
c e n t  d u r i n g  d i g e s t i o n ,  a n d  t h e  d i g e s t e d  s l u d g e  w a s  a b o u t  4 6  p e r  c e n t  

v o l a t i l e .
F i g u r e  1 i s  p l o t t e d  w i t h  t i m e  a s  a b s c i s s a  a g a i n s t  g a s  p r o d u c t i o n  i n  

c u .  f t .  p e r  h o u r ,  d e c r e a s e  i n  g a s  p r o d u c t i o n  a n d  p e r  c e n t  d e c r e a s e  i n  
g a s  p r o d u c t i o n  a s  o r d i n a t e s .  T h e  c u r v e  i s  o f  t h e  a u t o c a t a l y t i c - u n i -  
m o l e c u l a r  t y p e  d e s c r i b e d  b y  F a i r  a n d  M o o r e  i n  c o n n e c t i o n  w i t h  g a s  
p r o d u c t i o n  f r o m  s e e d e d  s l u d g e . *  T h e  “ X ”  a x i s  i s  a p p r o a c h e d  a s  a n  
a s y m p t o t e  a n d  g a s  p r o d u c t i o n  w o u l d  e v i d e n t l y  c o n t i n u e  a t  s o m e  s m a l l  
r a t e  f o r  a  v e r y  l o n g  p e r i o d .  A f t e r  4 0 0  h o u r s  t h e  g a s  p r o d u c t i o n  w a s  
s t i l l  6 0 0  c u .  f t .  p e r  h r .

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

B A R K  FRO M  T H E  D A IL Y  LOC

March 1— M u San, professional sanitary engineering fratern ity at the U n i
versity, held an informal in itiation ceremony at the plant this evening. Takes 
us back to our own initiation into the same fratern ity in this plant sixteen 
years ago, when w e crashed into the trickling filte r wall w h ile  running at full 
speed (blind-folded) to escape a line of paddle wielders. Results— conver
sion of a “ classic Irish”  nose into a “ pugilistic moderne”  type and loss of a 
front tooth. Those were the days!

March 3— Completed application of w ater paste paint to the concrete walls 
of the room beneath the dosing tanks. Because these w alls are subject to 
heavy condensation in w in ter months and must be hosed down occasionally, 
a w ater paste paint recommended for exterior service was used. (A fte r only 
six months service, this paint began to flake off during hosing of the walls. 
Our e rro r!)

March 7— W h ile  flushing out the dosing tank piping today, one of the op
erators remarked that this attention was not required nearly so frequently 
before the quarter-inch mesh trash screens had been placed at the dosing tank 
inlet weirs to reduce nozzle clogging. The ensuing discussion and observa
tion of operation of the tanks resulted in unanimous approval of the following 
conclusions:

* This Journal, 4, 431 (1932).
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1. The fine splashing and turbulence induced by flow  through the screens 
causes greater flotation of grease in the dosing tanks than occurred when the 
screens were removed (Fig. 1 ).

F ig . 1.—Trash screen at dosing tank inlet weir. Note splashing.

2. The weirs over which flow  takes place to the starting wells, in which 
the starting bells and traps are located and where pipe clogging is most trou
blesome, serve as skimmers, perm itting much of the floated grease to have 
access to the piping.

3. The screens are effective in retaining chewing gum, match sticks and 
other objects which would obstruct filter nozzles, and should be retained in 
service.

The most important cause of the pipe clogging being ascertained, a rem
edy was obvious. Creosoted wood baffles, extending 5 in. below the high 
water surface, were placed in front of each starting well weir, thus protecting 
the affected piping (Fig. 2 ).

F ig. 2.— Baffled starting well weir, preventing skim m ing o f grease into well.
Note floating grease.

And so another minor but bothersome condition is improved, because an 
operator was sufficiently alert and observant to note the change taking place 
following the installation of the apparently unrelated screens.
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March 9— National Youth Adm inistration project term inated today. This 
venture, in operation since last October, is estimated to have been worth at 
least $1500 to the District. W o rk  accomplished included removal of 850 
cu. yd. of humus from the lagoon, painting of 1600 ft. of woven w ire  fence, 
tree trimming, cleaning sludge beds, assistance in office and laboratory, and 
miscellaneous assistance in repairs and maintenance.

March 12— Im hoff Tank 2 showing considerable floating solids in settling 
channels. Removed from service to allow  to settle down.

Quite a few  visitors to-day (as might have been expected w ith  the tanks 
upset). Operators in attendance at the Illinois Sewage W o rk s  Short Course 
being held at the University came out en masse. "Round  Tab led" all through 
the p lan t!

March 14— To Lawrence, Kansas, to attend meeting of the Kansas W a te r  and 
Sewage W o rks  Association. Enjoyed a fine technical program and some typ i
cal western hospitality. Thanks Kansas!

March 16— Back from Kansas to find Tank 2 feeling much better. Restored 
it to service.

March 17— Eight above zero this morning. And w e thought Spring was 
practically here!

March 20— M an from Power Company out today to check power meters. 
Found master meter recording 2.14 per cent high ! Couldn 't get them to give 
us a credit for the overage, or to set the meter to register low for awhile, but 
they did consent to paint our transformer station in a few  weeks!

M arch 22— The air-lift used for pumping digested sludge to the drying beds 
is giving trouble. Probably due to accumulated grit in the sump. Serious 
d ifficu lty  w ith  this device is rare, due to its excellent design.

March 24— Made plunger from 50 ft. of !/2-in. galvanized pipe to churn up 
grit accumulations in the sludge air-lift well to expedite removal of such de
posits. Cleared the present stoppage in short order. The plunger w ill be 
left in the well for future use when needed.

March 28— Began periodic overhaul of switchboard. Job w ill include tight
ening of all terminals, w ith  repairs where necessary; checking of insulation 
on w iring ; replacement of bad contacts and dressing of others; lubrication 
and attention to oil pots of relays; and general cleaning up. The job is not 
complete until an order is placed to refill the spare parts inventory— and in 
these days, until they are delivered!

April 1— Taking a tip from "H a p ”  Hatfie ld  at Decatur, w e placed in service 
today a new cooler for storing composite samples during collection. A  used 
soft drink dispenser w ith  refrigerating unit was purchased for $15.00, the 
unit being in excellent mechanical condition but the tank having several 
leaks. Repair of the leaks and application of a little  paint was all that was 
required to give us an e ffic ien t cooler holding samples at 7 ° to 10° C .— a



great improvement over the old water-bath cooler that was displaced (see 
Fig. 3 ).
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F ig . 3.— Sam ple storage cooler.

April 3— Steady rain all day today presented opportunity to check the hy
draulic gradient in the intercepting sewer system. Quite worth while on this 
occasion, for we located a partial stoppage in an 18-in. line. Such a stoppage 
may not be readily noticed in times of low flow  but shows up definitely in a 
check of the gradient during high flows.

April 6— Final clarifier mechanism stopped last night. Located the trouble 
in the power feed cable which proved to be ‘‘shorted’’ due to failure of the 
insulation. Because the cable conduit contained considerable water, we are 
inclined to believe that this trouble is a “ hang-over”  from the flood of more 
than two years ago, when this mechanism was inundated.

A  new cable was installed after the conduit was dried out by dragging 
swabs through it.

April 8— A  beautiful day! Tw o certain signs of the advent of Spring were 
observed: (1 ) the w inter sludge on the drying beds is beginning to crack and 
(2) the first psychodas of the season came out of hibernation!

April 10 — W e  have been concerned for some time about a section of the 
30-in. intercepter which lies along the bank of Boneyard Branch and has been 
completely exposed on top and on one side by erosion. Today we went over 
the situation w ith  two local contractors to obtain bids on the construction of 
a retaining wall about 75 ft. long which w ill afford protection against serious 
damage. A  wall of heavy broken concrete laid in cement mortar w ill be con
structed as soon as the stream flow  recedes to a stabilized dry weather condi
tion.

April 13— Cleaned and oiled up the power mower for its first work-out of 
the year.

April 14— Im hoff Tank 4 is up to its usual tricks. Located at the end of 
the raw sewage channel, this unit receives most of the grease and other light 
solids and does not behave at all sim ilarly to the other three tanks. Sound-
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ings in the gas vents today showed no separation between the sludge surface 
and scum, although the sedimentation channels are in good condition!

April 17— Several days ago, a local machine shop representative estimated 
the cost of certain repairs to the industrial dump cars used for hauling sludge 
at $35.00. Today, a very satisfactory repair job was accomplished by one 
of the regular operators, at a cost of $1.44, exclusive of his tim e!

A pril 21 — University Hygiene Classes began the usual first semester inspec
tion trips. W h en  the trips are concluded next week, about 1350 students 
w ill have been through the plant and w ill be required to w rite  a report on the 
trip. These students, upon becoming tax-payers in a few  years, w ill know 
w hy and how their sewage treatm ent dollars are being spent.

A pril 22—  Installed the rebuilt sewage pump (com pletely new except for 
the casing) which collapsed last January from old age. A  brief test run 
indicates that it w ill be very satisfactory.

A pril 25 — For one of the most tedious of all tasks, we nominate that of 
painting woven w ire fence! The fence surrounding our Im hoff tanks, show
ing definite effects of corrosion, has now been given a coat of alum inum  paint 
after having been thoroughly wire-brushed to remove scale and rust.

As the work was being completed, a paint salesman stopped in and sug
gested the use of a spray the next time we paint the fence, answering our 
argument that too much paint would be wasted w ith  a clever suggestion. It 
seems that one of his industrial customers successfully meets this d ifficu lty  
by having a man hold a sheet of metal on the side of the fence opposite the 
spray, the sheet having a trough at the bottom to catch excess paint for re-use.

A pril 28 — Starter of Pump 2 not functioning properly. Unable to find the 
trouble ourselves, w e sought the aid of the local Power Company. They 
graciously sent out one of their electrical engineers who located a fau lty con
nection in the resistance grid and the d ifficu lty  was readily corrected.
A pril 30— Landscaper set out the new trees and shrubbery replacements or
dered last February. Seems a little late for such planting but w e are not 
worried since the work is being done on a “ pay if they grow”  basis!

INTERESTING EXTRACTS FROM 
OPERATION REPORTS

T h e  C o rn e r  will appreciate copies o f an
nual operation reports f ro m  plants  o f all 
types  and sizes. M ay  we have y o u r s f

Marion, Indiana (Year Ended August 31, 1941)
By David B ackm eyer, Superin tenden t

Description of P lant.— T h e  M a r i o n ,  I n d i a n a ,  s e w a g e  t r e a t m e n t  p l a n t ,  
d e s i g n e d  a n d  c o n s t r u c t e d  u n d e r  t h e  s u p e r v i s i o n  o f  t h e  c o n s u l t i n g  e n g i 
n e e r i n g  f i r m  o f  C o n s o e r ,  T o w n s e n d ,  a n d  Q u i n l a n ,  w a s  c o m p l e t e d  i n  J u n e
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o f  1 9 4 0 ,  a t  a  t o t a l  c o s t  o f  $ 4 7 0 ,0 0 0 .  T h e  p l a n t  i s  o f  t h e  a c t i v a t e d  s l u d g e  
t y p e  w i t h  s e p a r a t e  s l u d g e  d i g e s t i o n .  T h e  p r e s e n t  d e s i g n e d  c a p a c i t y  o f  
t h e  p l a n t  i s  4 .0  m i l l i o n  g a l l o n s  p e r  d a y .  T h e  p u m p i n g  f a c i l i t i e s  i n 
s t a l l e d  a r e  a d e q u a t e  t o  h a n d l e  f u t u r e  p e a k  l o a d s  u p  t o  1 0 .0  m i l l i o n  
g a l l o n s  p e r  d a y .  T h r e e  r e c t a n g u l a r  s h a p e d  p r i m a r y  s e t t l i n g  t a n k s  a r e  
p r o v i d e d  h a v i n g  a  t o t a l  c a p a c i t y  o f  3 0 0 ,0 0 0  g a l l o n s .  S e c o n d a r y  t r e a t 
m e n t  c o n s i s t s  o f  f o u r  d o u b l e - p a s s  a e r a t i o n  t a n k s  o f  1 ,1 5 0 ,0 0 0  g a l l o n s  
t o t a l  c a p a c i t y .  A i r  i s  s u p p l i e d  t h r o u g h  s t a t i o n a r y  d i f f u s e r  t u b e s  i n  t h e  
a e r a t i o n  t a n k s  p r o p e r ,  a n d  t h r o u g h  p l a t e s  i n  t h e  p r e - a e r a t i o n  t a n k s  a n d  
s e w a g e  f e e d  c h a n n e l s .  T w o  f i n a l  s e t t l i n g  t a n k s  h a v i n g  a  c a p a c i t y  o f
6 0 0 ,0 0 0  g a l l o n s  a r e  e q u i p p e d  w i t h  f o u r  T o w  B r o  c o l l e c t o r s  f o r  r e m o v i n g  
t h e  s e t t l e d  a c t i v a t e d  s l u d g e .

F ig . 1.—Aeration tanks a t Marion, Indiana. David Backmeyer, Superintendent.

T w o  s l u d g e  d i g e s t i o n  t a n k s  a r e  p r o v i d e d ,  i d e n t i c a l  i n  d e s i g n ,  6 5  f t .  
i n  d i a m e t e r ,  w i t h  2 4  f t .  w o r k i n g  s i d e  w a l l  d e p t h .  B o t h  d i g e s t e r s  h a v e  
P . F . T .  f l o a t i n g  c o v e r s  w i t h  i n s u l a t e d  r o o f s .  T h e  c a p a c i t y  o f  e a c h  t a n k  
i s  8 3 ,6 0 0  c u .  f t . ,  g i v i n g  a  t o t a l  c a p a c i t y  o f  6 .2 5  c u .  f t .  p e r  c a p i t a  f o r  t h e  
p r e s e n t  r e s i d e n t  p o p u l a t i o n .  T h r e e  g a s  e n g i n e s  h a v i n g  a  t o t a l  c a p a c i t y  
o f  2 0 0  h p .  u t i l i z e  t h e  s e w a g e  g a s  p r o d u c e d .  T h e  M a r i o n  p l a n t  i s  o n e  o f  
t h e  f e w  p l a n t s  i n  t h e  c o u n t r y  t o d a y  d e s i g n e d  f o r  d u a l  d i s p o s a l .  P r o 
v i s i o n  h a s  b e e n  m a d e  f o r  t h e  i n t r o d u c t i o n  o f  g r o u n d  g a r b a g e  t o  t h e  r a w  
s e w a g e  w e t  w e l l  b e y o n d  t h e  s e w a g e  s c r e e n s .  T h e  g a r b a g e  s o l i d s  a r e  
t h e n  p u m p e d  w i t h  t h e  r a w  s e w a g e  t o  t h e  g r i t  c h a m b e r s  p r i o r  t o  p r e -  
a e r a t i o n  a n d  s e t t l i n g .

T h e  d a i l y  v o l u m e  o f  r a w  s e w a g e  a v e r a g e s  a b o u t  3 .0  m i l l i o n  g a l l o n s  
g i v i n g  a  p e r  c a p i t a  v o l u m e  o f  1 1 0  g a l l o n s  p e r  d a y .  V a r i o u s  i n d u s t r i a l  
w a s t e s  h a v e  a d d e d  a  c o n s i d e r a b l e  p o l l u t i o n  l o a d  t o  t h e  n o r m a l  d o m e s t i c  
s e w a g e .  T h e  w a s t e  f r o m  t h e  S n i d e r  P a c k i n g  C o m p a n y  i s  e q u i v a l e n t  t o  
t h e  d o m e s t i c  w a s t e  o f  1 0 ,0 0 0  p e r s o n s  d u r i n g  t h e  c a n n i n g  s e a s o n  w h e n  
c o r n  a n d  t o m a t o e s  a r e  b e i n g  p a c k e d .  L a u n d r i e s ,  d a i r i e s ,  m e a t  p a c k i n g 
h o u s e s ,  a n d  m a n y  o t h e r  s m a l l e r  i n d u s t r i e s  c o n t r i b u t e  w a s t e  w h i c h  b r i n g s
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t o  t h e  p l a n t  a n  e q u i v a l e n t  b i o - c h e m i c a l  o x y g e n  d e m a n d  l o a d  o f  a  c i t y  o f  
3 2 ,5 0 0  p o p u l a t i o n  t h r o u g h o u t  m o s t  o f  t h e  y e a r .

Gas and Garbage .— P e r h a p s  t h e  s i n g l e  o u t s t a n d i n g  f e a t u r e  o f  t h e  
f i r s t  y e a r ’s  o p e r a t i o n  h a s  b e e n  t h e  u n u s u a l  h i g h  v o l u m e  o f  s e w a g e  g a s  
p r o d u c e d  b y  t h e  d i g e s t i o n  o f  t h e  s e w a g e  s o l i d s .  D u r i n g  t h e  y e a r  t h e r e  
w a s  p r o d u c e d  1 9 ,9 2 3 ,0 0 0  c u .  f t .  o f  s e w a g e  g a s .  T h i s  v o l u m e  o f  g a s  w a s  
s u f f i c i e n t  t o  p u m p  a l l  o f  t h e  r a w  s e w a g e ,  d r i v e  t h e  b l o w e r s  f o r  t h e  a e r a 
t i o n  o f  t h e  a c t i v a t e d  s l u d g e  p r o c e s s ,  a n d  h e a t  t h e  s l u d g e  d i g e s t i o n  t a n k s

F ig . 2.—Laboratory in Sewage Treatment Works a t Marion, Indiana.
David Backmeyer, Superintendent.

a n d  p l a n t  b u i l d i n g s .  T h e  v a l u e  o f  t h e  s e w a g e  g a s  a t  5 0  c e n t s  p e r  1 0 0 0  
c u .  f t .  a v e r a g e s  $ 7 5 5 .3 6  p e r  m o n t h  f o r  t h e  f i r s t  y e a r .  T h i s  s a v i n g  i n  c o s t  
o f  o p e r a t i o n  h a s  e n a b l e d  t h e  p l a n t  t o  o p e r a t e  w e l l  w i t h i n  i t s  b u d g e t .

D u r i n g  t h e  m o n t h  o f  J u n e  1 9 4 1  t h e  c o l l e c t i o n  a n d  d i s p o s a l  o f  g a r b a g e  
w a s  t r a n s f e r r e d  t o  t h e  s a n i t a t i o n  d e p a r t m e n t .  A l t h o u g h  t h e  g a r b a g e  
d e p a r t m e n t  o p e r a t e s  u n d e r  a  s e p a r a t e  b u d g e t ,  a n d  h a s  n o  f i n a n c i a l  c o n 
n e c t i o n  w i t h  t h e  s a n i t a t i o n  d e p a r t m e n t ,  t h e  s u p e r v i s i o n  o f  t h e  c o l l e c t i o n  
a n d  d i s p o s a l  o f  t h e  g a r b a g e  i s  n o w  h a n d l e d  a t  t h e  t r e a t m e n t  p l a n t  office. 
T h e  a d d i t i o n  o f  g r o u n d  g a r b a g e  t o  t h e  s e w a g e  h a s  r e s u l t e d  i n  a n  i n 
c r e a s e  i n  t h e  v o l u m e  o f  s e w a g e  g a s  p r o d u c e d .  S e v e r a l  m o r e  m o n t h s  o f  
o p e r a t i o n  w i l l  b e  r e q u i r e d ,  h o w e v e r ,  b e f o r e  a n y  r e l i a b l e  c o n c l u s i o n s  c a n  
b e  d r a w n  a s  t o  t h e  p r a c t i c a b i l i t y  o f  t h i s  t y p e  o f  g a r b a g e  d i s p o s a l .

E conom y in Ferric  Chloride .— S e v e r a l  p r o j e c t s  n o w  u n d e r w a y  a t  t h e  
p l a n t  s h o u l d  b e  b r o u g h t  t o  c o m p l e t i o n  d u r i n g  t h e  c o m i n g  y e a r .  F e r r i c  
c h l o r i d e ,  a n  i r o n  s a l t  r e q u i r e d  f o r  t h e  f i l t r a t i o n  o f  t h e  f e r t i l i z e r  s l u d g e ,  
w i l l  b e  p u r c h a s e d  n e x t  y e a r  i n  t h e  l i q u i d  f o r m  i n s t e a d  o f  i n  t h e  c r y s t a l 
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l i n e  f o r m .  T o  h a n d l e  p r o p e r l y  t h e  l i q u i d  c h e m i c a l  i t  w a s  n e c e s s a r y  t o  
p u r c h a s e  a n d  i n s t a l l  a  4 5 0 0  g a l l o n  r u b b e r  l i n e d  s t o r a g e  t a n k .  A s  t h e  
l i q u i d  c h e m i c a l  c a n  b e  b o u g h t  a t  h a l f  t h e  c o s t  o f  t h e  c r y s t a l l i n e  s a l t ,  t h e  
c o s t  o f  t h e  t a n k  w i l l  b e  p a i d  f o r  i n  a  p e r i o d  o f  f o u r  y e a r s  b y  t h e  s a v i n g  
m a d e  i n  b u y i n g  t h e  c h e m i c a l  i n  t h i s  m o r e  e c o n o m i c a l  f o r m .

Landscaping Planned .— T h e  g r o u n d s  s u r r o u n d i n g  t h e  t r e a t m e n t  
t a n k s  a n d  p l a n t  b u i l d i n g s  w i l l  b e  g r a d e d  a n d  l a n d s c a p e d  d u r i n g  t h e  
s p r i n g  a n d  s u m m e r  m o n t h s .  P a r t  o f  t h i s  w o r k  h a s  b e e n  c o m p l e t e d  b y  
t h e  N . Y . A .  w o r k  e x p e r i e n c e  p r o g r a m  r e c e n t l y  d i s c o n t i n u e d  b e c a u s e  o f  
d e f e n s e  n e e d s .  T h e  d i s p o s a l  p l a n t  s h o u l d  b e  o n e  o f  t h e  b e a u t y  s p o t s  i n  
t h e  c i t y  w h e n  c o m p l e t e l y  l a n d s c a p e d .  I t  i s  h o p e d  t h a t  t h e  n a t u r a l  
q u a r r y  l a k e  b e t w e e n  t h e  h i g h w a y  a n d  t h e  p l a n t  c a n  b e  b e a u t i f i e d  a n d  
m a i n t a i n e d  a s  p a r t  o f  a  C i t y  p a r k  w h e n  t h e  p r o j e c t  i s  c o m p l e t e d .

Summary of Operation Data
I t e m  1 9 4 0  A v e r a g e

Connected population...............................................................................  27,600
Equivalent population (by sewage analyses).......................................  32,500
Sewage pumpage—average daily ............................................................  2.54 m.g.d.

Per capita da ily   92 gallons
Activated sludge data:

Mixed liquor—suspended solids  2,072 p.p.m.
Return sludge—suspended solids  S,351 p.p.m.
Applied air—per gallon sewage....................................................... 1.26 c.f.

5-Day B.O.D.:
Raw sew'age  245 p.p.m.
Primary effluent    153 p.p.m.

Removal—primary trea tm en t  37 %
Final effluent  15 p.p.m.

Removal—complete tre a tm en t..............................................  93.6 %
Suspended solids:

Rawr sew'age  2S2 p.p.m.
Prim ary effluent  131 p.p.m.

Removal—primary trea tm en t  52 %
Final effluent  15 p.p.m.

Removal—complete trea tm en t..............................................  94.3 %
Sludge digestion:

Raw' sludge quantity  per m.g. sewage  10,520 gallons
Solids con ten t.............................................................................  4.97 %
Volatile con ten t.........................................................................  58.2 %

Digestion tem perature—primary u n it ..........................................  96.5 degrees F.
Secondary u n it ...........................................................................  91.6 degrees F.

Supernatant solids con ten t..............................................................  1.23 %
Gas production—per capita daily ..................................................  1.98 c.f.

Portion of to tal power from gas............................................. 80.7 %
Digested sludge quantity  per m.g. sewage  3,490 gallons

Solids con ten t.............................................................................  6.1 %
Sludge dewatered (dry solids).................................................................  2.36 tons daily

Lime applied (72% C aO )  700 lbs. daily
Ferric chloride applied (anhydrous)  139 lbs. daily
Filter ra te—per sq. ft. per horn- .....................................................  7.3 lbs.
Sludge cake solids con ten t...............................................................  25.8 %

Operation cost—per m.g. tre a te d ........................................................... S19.57
Per capita per y ea r...........................................................................  $ 0.67



By R. F . S xyder, Superin tenden t  o f Seivage T rea tm en t

Industr ia l  W aste  Control Needed.— T h e  s l o w  d i s i n t e g r a t i o n  o f  
p u m p s ,  p i p i n g ,  v a l v e s  a n d  m a s o n r y  h a s  c o n t i n u e d  d u r i n g  t h e  y e a r  d u e  
t o  a c i d  i n d u s t r i a l  w a s t e s  i n  t h e  s e w a g e ,  a n d  a s  y e t  r e c o m m e n d e d  l e g i s 
l a t i o n  f o r  t h e  p r o p e r  c o n t r o l  o f  a l l  i n d u s t r i a l  w a s t e s  h a s  n o t  b e e n  e n 
a c t e d .  A l t h o u g h  s o m e  r e l i e f  h a s  b e e n  o b t a i n e d  i n  t h e  p a s t  t w o  m o n t h s ,  
a d e q u a t e  a n d  c o m p l e t e  c o n t r o l  o f  s u c h  w a s t e s  a t  t h e i r  s o u r c e  i s  n e c e s 
s a r y  t o  e l i m i n a t e  t h i s  c o n d i t i o n .  A t  t h e  p r e s e n t  t i m e  t h e  c i t y  h a s  n o  
a u t h o r i t y  w h a t s o e v e r  t o  r e q u e s t  o r  d e m a n d  t h a t  p r o p e r  p r e - t r e a t m e n t  
o f  i n d u s t r i a l  w a s t e s  b e  m a d e .  I  b e l i e v e  t h a t  t h i s  c o n d i t i o n  s h o u l d  b e  
g i v e n  s e r i o u s  a n d  i m m e d i a t e  c o n s i d e r a t i o n  b y  t h e  c o u n c i l .  W i t h  t h e  
e x c e p t i o n  o f  t h e  c o n d i t i o n s  m e n t i o n e d  a b o v e ,  t h e  p l a n t  o t h e r w i s e  h a s  
f u n c t i o n e d  p r o p e r l y  a n d  a  g o o d  d e g r e e  o f  t r e a t m e n t  l i a s  b e e n  o b t a i n e d  
a t  a l l  t i m e s .

Seiver Maintenance and Inspection.— O u r  t w o  l a b o r e r s  h a v e  t h r e e  
t y p e s  o f  w o r k  t o  p e r f o r m .  T h e y  a r e  u s e d  f o r  p l a n t  u p k e e p  a n d  m a i n t e 
n a n c e ,  m a i n t e n a n c e  o f  t h e  s a n i t a r y  s e w e r  s y s t e m ,  a n d  m a k e  a l l  o f  t h e  
s e w e r  i n s p e c t i o n s  w h e r e  n e w  l a t e r a l s  a r e  c o n n e c t e d  t o  t h e  s e w e r  s y s 
t e m ,  b o t h  i n  t h e  c i t y  a n d  t h e  R e e d u r b a n  s e w e r  d i s t r i c t .  S i n c e  A p r i l  1, 
1 9 4 0 ,  a l l  o f  t h e  s e w e r  m a i n t e n a n c e  a n d  s e w e r  i n s p e c t i o n  w o r k  h a s  b e e n  
p l a c e d  u n d e r  t h e  s u p e r v i s i o n  o f  t h e  p l a n t  s u p e r i n t e n d e n t .  D u r i n g  t h i s  
n i n e  m o n t h  p e r i o d  1 8 1  m a i n t e n a n c e  c a l l s  w e r e  h a n d l e d ,  a n d ,  i n  a d d i t i o n  
t o  t h i s ,  p e r i o d i c  c h e c k - u p  w a s  m a d e  o f  t h e  s e w e r s  i n  a l l  s e c t i o n s  o f  t h e  
c i t y .  W h e n  f o u n d  n e c e s s a r y ,  t h e s e  s e w e r s  w e r e  f l u s h e d  a n d  c l e a n e d .

U n d e r  t h e  s u p e r v i s i o n  o f  t h e  E n g i n e e r i n g  D e p a r t m e n t ,  W . P . A .  s e w e r  
p r o j e c t s  w e r e  c o m p l e t e d  w h i c h  i n c l u d e d  t h e  c o n s t r u c t i o n  o f  m a n h o l e s  
w h e r e  b a d l y  n e e d e d  f o r  p r o p e r  s e w e r  m a i n t e n a n c e  a n d  a l s o  l o c a l  s e w e r s  
t h a t  h a v e  h e l p e d  t o  r e d u c e  o u r  m a i n t e n a n c e  c o s t .  I t  i s  h o p e d  t h a t  s i m i 
l a r  w o r k  c a n  b e  d o n e  t h i s  c o m i n g  y e a r  b e c a u s e  o f  t h e  c o n d i t i o n  o f  s o m e  
s e c t i o n s  o f  s e w e r s  w h e r e  t h e  i n v e r t s  i n  t h e  m a n h o l e s  a r e  c o m p l e t e l y  
g o n e  o r  w e r e  n e v e r  b u i l t  w h e n  f i r s t  c o n s t r u c t e d .  T h i s  c o n d i t i o n  i s  e s p e 
c i a l l y  t r u e  o f  t h e  s e w e r  l i n e s  t h a t  c a r r y  a c i d  w a s t e s .  B r i c k  w o r k  a n d  
m a s o n r y  i n  t h e  m a n h o l e s  a r e  c o m p l e t e l y  d e s t r o y e d  a n d  t h e  m a i n t e n a n c e  
c o s t s  f o r  t h e s e  s e c t i o n s  a r e  i n c r e a s i n g .  A d d i t i o n a l  m a n h o l e s  o n  t h e  
s y s t e m  w i l l  a l s o  h e l p  t o  r e d u c e  m a i n t e n a n c e  c o s t s .

T h e  R e e d u r b a n  S e w e r  D i s t r i c t  w a s  c o n n e c t e d  t o  t h e  C i t y  s a n i t a r y  
s e w e r  s y s t e m  i n  S e p t e m b e r  o f  t h i s  y e a r  a n d  p r o p e r t y  o w n e r s  i m m e d i 
a t e l y  b e g a n  c o n n e c t i n g  t o  t h i s  s e w e r  s y s t e m .  W e  i n s p e c t  e a c h  c o n n e c 
t i o n  t o  s e e  t h a t  i t  i s  p r o p e r l y  m a d e  s o  n o  r o o f  o r  g r o u n d  w a t e r  c a n  e n t e r  
t h e  s y s t e m .  T h i s  i s  d o n e  f o r  o u r  o w n  p r o t e c t i o n  a n d  a n  i n s p e c t i o n  o r  
p e r m i t  f e e  i s  c o l l e c t e d  t o  c o v e r  t h e  c o s t  o f  t h i s  w o r k .  S i n c e  t h e  R e e d 
u r b a n  d i s t r i c t  w a s  p l a c e d  i n  o p e r a t i o n ,  a '  t o t a l  o f  1 0 3  c o n n e c t i o n s  h a v e  
b e e n  m a d e  a s  o f  D e c e m b e r  3 1 ,  1 9 4 0 .

A t  t h e  b e g i n n i n g  o f  t h e  y e a r  a l l  s e w e r  p e r m i t  f e e s  w e n t  i n t o  t h e  g e n 
e r a l  f u n d  a n d  i n s p e c t o r s  w e r e  p a i d  f r o m  t h i s  f u n d .  I n  O c t o b e r  l e g i s l a 

Massillon, Ohio (1940)
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t i o n  w a s  p a s s e d  c r e a t i n g  t h e  p o s i t i o n  o f  S e w e r  I n s p e c t o r  i n  o u r  D i v i s i o n  
a n d  s i n c e  t h e n  s e w e r  p e r m i t  f e e s  a r e  t u r n e d  i n t o  t h e  S e w e r  R e n t a l  F u n d  
a n d  i n s p e c t o r s  a r e  i n  t u r n  p a i d  f r o m  t h i s  f u n d  a t  t h e  r a t e  o f  $ 5 .5 0  p e r  
d a y .  X o  a d d i t i o n a l  h e l p  w a s  a d d e d  t o  o u r  D i v i s i o n  f o r  h a n d l i n g  t h i s  
e x t r a  w o r k ,  b u t  a s  s t a t e d  b e f o r e ,  t h e  l a b o r e r s  o r i g i n a l l y  o n  o u r  p a y r o l l  
a r e  p a i d  a t  i n s p e c t o r ’s  r a t e s  o n l y  f o r  t h e  a c t u a l  t i m e  t h e y  a r e  o n  i n s p e c 
t i o n s .  T h e  r e m a i n d e r  o f  t h e i r  t i m e ,  w h e n  o n  p l a n t  o r  s e w e r  m a i n t e 
n a n c e ,  i s  a t  a  6 0  c e n t s  p e r  h o u r  r a t e .

S u m m ary o f O peration D a ta *

I t e m  1 9 4 0  A v e r a g e

Sewage flow............................................................................................  2.512 m.g.d.
Sewage tem perature.............................................................................  60 degrees F.
Screenings rem oval...............................................................................  1.18 c.f. per m.g.
Sewage analyses:

5-Day B.O.D.—raw sewage.......................................................  151 p.p.m.
Settled effluent.....................................................................  77 p.p.m.
Per cent rem oval..................................................................  48.7

Suspended solids (by filtration)—raw sewage.......................  244 p.p.m.
Settled effluent...................................................................... 86 p.p.m.
Per cent rem oval..................................................................  62.5

Total solids—ra w .........................................................................  1,518 p.p.m.
Se ttled ....................................................................................  1,319 p.p.m.

Settleable solids—raw .................................................................  9.2 ml. per I.
Settled ....................................................................................  0.2 ml. per 1.

pH—raw .............................................................. ..........................  6.3
S ettled ..................................................................................... 6.3

Alkalinity—raw ............................................................................. 106 p.p.m.
S e ttled ....................................................................................  106 p.p.m.

Total iron as Fe—ra w   124 p.p.m.
S ettled ....................................................................................  112 p.p.m.

Ferrous iron—raw   113 p.p.m.
. S e ttled   101 p.p.m.

Sludge digestion:
Raw sludge quantity  per m.g. sewage  3,900 gallons

Solids con ten t........................................................................ 5.68 %
Volatile con ten t....................................................................  72.1 %
p H ...........................................................................................  5.6
A lkalinity ...............................................................................  186 p.p.m.

Digestion tem perature................................................................. 85 degrees F.
Gas production (average daily )................................................. 41,714 c.f.

Per lb. volatile m atter added ............................................  12.9 c.f.
Supernatant liquor q u an tity ......................................................  7,010 g.p.d.

Solids con ten t........................................................................ 1.90 %
Volatile con ten t....................................................................  53.2 %

Digested sludge quantity  per m.g. sewage............................. 1,220 gallons
Solids con ten t.......................................................................  5.36 %
Volatile con ten t....................................................................  50.9 %
p H ...........................................................................................  7.3
A lkalinity  2,601 p.p.m.

Operation cost (primary trea tm en t)................................................  $15.65 per m.g.

* Superintendent Snyder directs attention to  the fact th a t accurate sampling is impossible 
of achievement a t Massillon because of the irregular “slug” discharges of acid pickling liquors 
which are received daily. This may aid in interpreting any inconsistencies in the operation data.



728 SEWAGE WORKS JOURNAL May, 1942

TIPS AND QUIPS
B y  m e a n s  o f  c h a n g e s  i n  P r e f e r e n c e  B a t i n g  O r d e r  P - 4 6  t h e  W a r  P r o 

d u c t i o n  B o a r d  h a s  r e c e n t l y  a l l o c a t e d  h i g h e r  p r i o r i t y  r a t i n g s  t o  c e r t a i n  
o p e r a t i o n  a n d  m a i n t e n a n c e  a c t i v i t i e s ,  e x p e d i t i n g  p r o m p t  d e l i v e r i e s  o f  
m a t e r i a l s  n e e d e d  i n  p u b l i c  s e w a g e  c o l l e c t i o n  a n d  t r e a t m e n t  w o r k s .  A  
b r i e f  s u m m a r y  o f  t h e  i m p o r t a n t  r e v i s i o n s  a r e  :

1. A n  A - 2  r a t i n g  i s  g r a n t e d  t o  d e l i v e r i e s  o f  m a t e r i a l  f o r  m a i n t e 
n a n c e ,  r e p a i r  a n d  o p e r a t i o n  o f  p u m p i n g  f a c i l i t i e s .

2. A n  A - 5  r a t i n g  i s  a s s i g n e d  t o  d e l i v e r i e s  o f  m a t e r i a l  r e q u i r e d  t o  
o p e r a t e  a n d  m a i n t a i n  a l l  o t h e r  f a c i l i t i e s  i n c l u d e d  i n  t h e  s c o p e  o f  t h e  
o r i g i n a l  o r d e r .

3 .  A n  A - 5  r a t i n g  i s  a s s i g n e d  t o  d e l i v e r i e s  o f  m a t e r i a l  r e q u i r e d  t o  
e x t e n d  s e r v i c e  t o  n e w  p r o j e c t s  ( o t h e r  t h a n  h o u s i n g  p r o j e c t s )  b e a r i n g  a  
r a t i n g  o f  A - 5  o r  b e t t e r .

4 .  A n  A - 5  r a t i n g  i s  a s s i g n e d  t o  d e l i v e r i e s  o f  m a t e r i a l  r e q u i r e d  f o r  
p r o t e c t i o n  a g a i n s t  s a b o t a g e ,  i f  s u c h  p r o t e c t i o n  i s  d i r e c t e d  b y  a n  a u t h o r 
i z e d  f e d e r a l  o r  s t a t e  a g e n c y .

I n  o r d e r  t o  u s e  t h e  l a t t e r  t w o  r a t i n g s ,  t h e  W a r  P r o d u c t i o n  B o a r d  
m u s t  b e  f u r n i s h e d  w i t h  a  d e s c r i p t i o n  o f  t h e  p r o j e c t  ; i t s  r e l a t i o n  t o  m i l i 
t a r y  n e e d s ,  w a r  p r o d u c t i o n ,  p u b l i c  h e a l t h  o r  s a f e t y ;  a  c o p y  o f  t h e  c u s 
t o m e r ’s  r a t i n g  c e r t i f i c a t e  o r  o r d e r  a n d ,  f o r  a n t i - s a b o t a g e  m a t e r i a l s ,  a  
c o p y  o f  o r d e r  o f  f e d e r a l  o r  s t a t e  a g e n c y ;  w h e t h e r  s e r v i c e  c a n  b e  r e n 
d e r e d  a n y  o t h e r  w a y  w i t h  u s e  o f  s m a l l e r  q u a n t i t i e s  o f  c r i t i c a l  m a t e r i a l s  ; 
c o s t  o f  m a t e r i a l s ;  t o t a l  c o s t  o f  p r o j e c t ;  l i s t  o f  c o n s t r u c t i o n  m a t e r i a l s .

* # #

T o  d e v e l o p  a  m a r k e t  f o r  t h e  s a l e  a n d  d i s p o s i t i o n  o f  t h e  s l u d g e  p r o 
d u c e d  i n  t h e  n e w  s e w a g e  w o r k s  a t  M a r i o n ,  I n d i a n a ,  a  l e a f l e t  h a s  b e e n  
p r e p a r e d  f o r  d i s t r i b u t i o n  a m o n g  p o t e n t i a l  u s e r s  t o  a c q u a i n t  t h e m  w i t h  
t h e  s l u d g e  c h a r a c t e r i s t i c s ,  i t s  a d v a n t a g e s  a s  a  s o i l  c o n d i t i o n e r ,  a n d  t h e  
p r o p e r  m e t h o d s  o f  a p p l i c a t i o n .  T h e  c h a r g e  o f  f i f t y  c e n t s  p e r  c u b i c  
y a r d  i s  a d e q u a t e  t o  c o v e r  t h e  c o s t  o f  c o n d i t i o n i n g  c h e m i c a l s ,  y e t  i t  g i v e s  
t h e  u s e r  a  f e r t i l i z e r  o f  a b o u t  o n e - h a l f  t h e  c o s t  o f  c o m m e r c i a l  p r o d u c t s  
o n  t h e  b a s i s  o f  t h e  r e l a t i v e  n i t r o g e n  c o n t e n t s .

# # #

T h e  C i t y  o f  K e n o s h a ,  W i s c o n s i n ,  w i t h  m o r e  t h a n  5 0 0  a c r e s  o f  p u b l i c  
p a r k s  a n d  r e c r e a t i o n a l  a r e a s ,  i s  i t s  o w n  b e s t  c u s t o m e r  i n  u t i l i z i n g  t h e  
s l u d g e  p r o d u c e d  a t  t h e  m u n i c i p a l  s e w a g e  t r e a t m e n t  w o r k s .  C h e m i c a l  
i n d u s t r i a l  w a s t e s  c o n t a i n e d  i n  t h e  r a w  s e w a g e  h a v e  i n t e r f e r e d  s o m e 
w h a t  w i t h  s l u d g e  d i g e s t i o n ,  b u t  h a v e  b e e n  a d v a n t a g e o u s  i n  p r i m a r y  
s e d i m e n t a t i o n  t a n k s  a n d  a t  t h e  s l u d g e  d r y i n g  b e d s .

S u p e r i n t e n d e n t  H .  T .  B u d g a l  h a s  c o n c l u d e d  t h a t  t h e  d i s i n t e g r a t i o n  
o f  t h e  d r i e d  s l u d g e  b e f o r e  a p p l i c a t i o n  i s  l a r g e l y  r e s p o n s i b l e  f o r  t h e  
e x c e l l e n t  r e s u l t s  w h i c h  h a v e  b e e n  o b t a i n e d  i n  t r e a t i n g  l a w n s  a t  t h e  
c i t y  p a r k s  a n d  g o l f  c o u r s e s .  A  B o y e r  S l u d g e  D i s i n t e g r a t o r  ( M o d e l
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N S C —2 )  h a s  b e e n  e m p l o y e d  f o r  t h e  p a s t  t w o  y e a r s  i n  r e d u c i n g  t h e  
s l u d g e  c a k e  t o  p e a  s i z e  p a r t i c l e s  b e f o r e  u t i l i z i n g  i t  a s  a  s o i l  c o n d i t i o n e r .  
W i n t e r  s l u d g e ,  w h i c h  h a s  u n d e r g o n e  f r e e z i n g  o n  t h e  d r y i n g  b e d s ,  h a s  
b e e n  f o u n d  t o  d i s i n t e g r a t e  o f  i t s  o w n  a c c o r d  u p o n  t h a w i n g  a n d  d r y i n g ,  
h e n c e  g r i n d i n g  o f  t h i s  s l u d g e  i s  u n n e c e s s a r y .

F ig. 1.—Administration building of Sewage Treatment Works a t Kenosha, Wisconsin. 
Note “ lawn that sludge bu ilt.’ ’

F i g u r e  1 s h o w s  t h e  f in e  l a w n ,  d e v e l o p e d  b y  g e n e r o u s  a p p l i c a t i o n s  
o f  g r o u n d  s l u d g e ,  a t  t h e  A d m i n i s t r a t i o n  B u i l d i n g  o f  t h e  K e n o s h a  p l a n t .

* * *

D e f i n i t e  r e s t r i c t i o n  i n  t h e  u s e  o f  s t r a t e g i c  m a t e r i a l s  i n  p a i n t  m a n u 
f a c t u r e  h a s  a r r i v e d .  A l u m i n u m  p i g m e n t  a n d  p a i n t  w e r e  p l a c e d  u n d e r  
c o m p l e t e  a l l o c a t i o n  r e c e n t l y  b y  t h e  W a r  P r o d u c t i o n  B o a r d  a n d  t u n g  o i l  
h a s  b e e n  o r d e r e d  w i t h d r a w n  f r o m  m a n y  p a i n t  s p e c i f i c a t i o n s .  S u p p l i e s  
a n d  a v a i l a b i l i t y  o f  o t h e r  c o n s t i t u e n t s  o f  p a i n t s  a r e  b e i n g  c o n s i d e r e d  b y  
t h e  T e c h n i c a l  C o a t i n g s  A d v i s o r y  C o m m i t t e e .

E rsa tz  s o  !
* * *

S o m e  e x t r a c t s  f r o m  t h e  R e p o r t  o f  t h e  C o m m i t t e e  o n  S a f e t y  S t a n d 
a r d s  o f  t h e  C a l i f o r n i a  S e w a g e  W o r k s  A s s o c i a t i o n  :

Sufficient gas storage should be provided which would prohibit the form ation of
partia l vacuums and the accom panying admission of a ir into the digestion com partm ents 
during sludge w ithdraw al. . . .

The in te rp re ta tion  o f the rules of the Commission (S ta te  Industria l Accident Com 
mission) should be modified so as to more carefully  determine the classification of the 
hazardous locations. Definitely, all buildings or rooms o f a sewage treatm ent p lan t are 
not hazardous from  a gas explosion standpoint. M any p lan ts have been required to in 
stall explosion p roo f switches and m otors where the location is no more hazardous than 
the average home which has gas p ip ing  and gas appliances. There are several p lan ts 
where explosion p ro o f electrical equipm ent has been required w ith the switchboard located 
in a separa te  outside room, and yet a gas boiler and Bunsen burners are allowed in the so- 
called hazardous location. . . .
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The regulations requiring housing of all belt, chain or gear driven equipment should 
be carried out to the letter, even though considerable extra inconvenience in operation be 
caused. . . .

While there is a strong tem ptation to smooth trowel all concrete floors in order that 
they may be cleaned more easily, a float finish is much safer from a safety standpoint. . .

Where steel grating is used, care should be taken that the grating lies flat and has 
sufficient bearing. . . .

Unless absolutely impossible, all plants should be provided with drinking water, a 
sink, plenty of soap and paper towels. The operator should be required to wash his hands 
thoroughly after any contact with the sewage, fo r at least one operator has contracted a 
severe case of amoebic dysentery from sewage contamination. An operator who chews 
tobacco or smokes a pipe on the job is really asking for trouble. . . .

Oil spilled on the floor is dangerous, and dirty windows and light globes tend to poor 
lighting. . . .

No m atter how small the plant, there are always some duties which should not be 
performed by the operator without additional help. They include moving and connection 
of large chlorine containers and the lifting and moving of any heavy equipment, the clean
ing of wet wells, manholes, digestion tanks and other places where sewage or chlorine gas 
is liable to concentrate. . . .

* # *

W r i t i n g  t o  Science  m a g a z i n e  ( M a r c h  1 3 ,  1 9 4 2 ) ,  M r .  R o y  C r o s s  o f  
t h e  K a n s a s  C i t y  T e s t i n g  L a b o r a t o r y  s u g g e s t s  o r d i n a r y  P o r t l a n d  c e 
m e n t  a s  a  s a t i s f a c t o r y  a n d  f o o l p r o o f  s u b s t a n c e  f o r  e x t i n g u i s h i n g  s m a l l  
f i r e s  i n  o i l ,  m e t a l s  a n d  o t h e r  m a t e r i a l s .  Q u o t i n g  M r .  C r o s s :

In  many cases in the w riter’s experience it (Portland cement) has been highly suc
cessful in extinguishing fires where water, carbon tetrachloride, foam and similar sub
stances have been unsuccessful. This very common material, so easily available and so 
safe to use, should be placed at points where there is danger from fires, either from in
cendiary bombs or from normal causes.

In  our own laboratory, we provide such material easily available in kegs and find it 
more successful than the usual fire extinguishers. Furtherm ore, it gives oft' no injurious 
gases and is not in itself combustible. . . .

* * *

A c c o r d i n g  t o  N o r t h  D a k o t a ’s  Official B u lle t in , S u p e r i n t e n d e n t  H a r 
l e y  Q u a m  o f  L i s b o n ,  N o r t h  D a k o t a ,  u s e s  f l o a t s  m a d e  o f  o n e - g a l l o n  g l a s s  
j u g s  a t  a  p u m p i n g  s t a t i o n  i n  w h i c h  m e t a l  f l o a t s  w e r e  s h o r t  l i v e d .  T h e  
j u g  f l o a t  i s  f i t t e d  w i t h  a  r u b b e r  s t o p p e r  a n d  a  c o l l a r  w i t h  s e t - s c r e w  i s  
c l a m p e d  a t  t h e  t o p  f o r  a t t a c h m e n t  t o  t h e  f l o a t  r o d .

# * *

0 .  P .  R a t o r  s a y s ,  “ I t  w i l l  b e  a  l o t  e a s i e r  f o r  u s  t o  f i n d  t e m p o r a r y  
s u b s t i t u t e s  f o r  s o m e  o f  t h e  a r t i c l e s  a n d  m a t e r i a l s  w e  h a v e  b e c o m e  a c 
c u s t o m e d  t o  u s i n g ,  t h a n  i t  w o u l d  b e  t o  d e v e l o p  a n  ersatz  ‘ A m e r i c a n  w a y  
o f  l i f e ’ ! ”



Editorial

A CENSUS OF SEWERAGE SYSTEMS AND SEWAGE 
TREATM ENT PLANTS

The U. S. Public H ealth  Service has ju s t rendered a notable service to sani
tarians by publishing a sum m ary of census data  on sewerage systems and sewage 
treatm ent p lants in the U nited States. The sum m ary is published in Public 
Health Report, Vol. 57, No. 12, for M arch 20, 1942. This sum m ary is based on 
voluminous m im eographed tables which contain the detailed inform ation for all 
towns over 100 population.

The sum m ary data  are presented in four tables, which show (1) the totals, by 
states, for sewer systems and disposal of raw  sewage, (2) general d a ta  on sewage 
treatm ent, together w ith d ata  on p rim ary  treatm ent, (3) secondary treatm ent, 
and (4) chlorination and sludge disposal.

The mimeographed tables include considerably more detailed inform ation, 
comprising (a) ra ted  design of trea tm en t p lants, (b) design population, (c) 
population equivalents of industria l wastes, where available, (d ) details concern
ing methods of treatm ent followed a t ind iv idual p lants, (e) name of w atercourse 
into which raw or trea ted  sewage is discharged by each community, and ( /)  name 
of the drainage basin in which such watercourse is located. The mimeographed 
reports will probably be restricted  in  distribution, because of expense of p rep ara 
tion and bulk of some 10 pounds. They should be made available for state sani
tary  engineers, engineering offices of selected large cities, consulting engineers, 
and others who will appreciate the ir value.

The p rin ted  sum m ary gives inform ation th a t should be widely quoted, as it 
reflects the status, as of 1940, of sewage disposal in  the U nited States. The tables 
contain interesting  and, a t times, curious facts. W ho would have thought, for 
example, th a t there are 247 private ly  owned sewer systems in W est V irginia and 
only 157 publicly owned? Or, fu rth e r, th a t W est V irgin ia has a to tal of 387 
sewer systems (some of the above 247 plus 157 systems m ust be p a rtly  each type), 
whereas New York S tate  has only 399 and Illinois 380?

The num bers of privately  owned sewer systems in some other states are su r
prising. A labam a has 33 private  and 122 public, K entucky 35 p rivate  and 119 
public, New Mexico 67 private and 36 public, Texas 55 p rivate  and 391 public and 
Pennsylvania 105 private  and 525 public, whereas Illinois has no private systems, 
and 380 public, Ohio 4 p rivate  and 510 public, New York 37 private and 362 
public, and W isconsin 2 p rivate  and 282 public. The to tal for the U. S. is 747 
private and 7,476 public.

Total sewered population is 75,728,000, of which 70,506,000 is estim ated con
nected. Of the la tte r, a population of 29,889,000 is discharging raw untreated  
sewage. I t  is estim ated th a t about 95 per cent of the urban  population of the 
United S tates is served by sewer systems.

The distribu tions of separate and combined systems are sometimes surprising. 
For example, C alifornia has 340 separate and 5 combined, New Jersey 210 
separate and 12 combined, New York S tate 311 separate and 38 combined, and 
Texas 438 separate and 7 combined, whereas Illinois has 206 separate and 169 
combined, In d ian a  71 separate and 193 combined, M ichigan 115 separate and 
149 combined, and Ohio 301 separate and 161 combined. A lthough the num ber 
of systems totals 6,444 separate and 1,445 combined, the relative populations are 
not given. I t  is probable th a t the prevalence of combined systems in most larger 
cities will result in larger populations connected to combined than separate sys
tems, the reverse of the data  on num ber of communities sewered by the two types.
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Sewage trea tm en t is reported  for 5,085 communities, w ith a connected popu la
tion of 40,618,000. Sedim entation is in  use for the sewage of 15,097,600 people, 
of which 4,910,000 is trea ted  in Imhoff tanks, 8,760,000 in  separate  tanks. There 
are 1,083 Imhoff tank  p lan ts and 405 separate  sedim entation, ind ica ting  the 
la rger num ber of Imhoff p lan ts in  use in the sm aller communities.

Secondary trea tm en t is provided for a population  of 22,143,000. The esti
m ated population  of 4,012,775 reported  connected to chemical p lan ts  seems rela
tively high, bu t includes such p lan ts  as (1) M inneapolis, m aking up a large p a rt 
of M innesota’s five chemical p lan ts to ta lling  956,000, although chemicals have 
never been used a t M inneapolis, (2) Oklahoma, w ith  18 p lan ts  reported  at
273,000 population, where chemicals are probably used rarely , (3) Colorado 
307,000, mostly Denver, where chemicals have no t been used except experi
m entally, and (4) Georgia, w ith 286,650 population  estim ated as having chemical 
trea tm en t, out of a to ta l of 384,500 connected. The d a ta  on chemical trea tm en t 
in this report, as well as in  other recent tabulations, seem to the w rite r to assign 
undu ly  large populations to chemical trea tm ent, since it now appears th a t p rac
tically  all chemical-type p lan ts propose to use chemicals in frequen tly , if  a t all. 
Most of these p lan ts  should actually  be designated as provid ing  only prim ary  
treatm en t.

A ctivated  sludge p lan ts  to ta l 302, w ith 10,480,000 connected population, and 
trick ling  filters 1,486 w ith  8,425,000 connected population. The p o p u la rity  of 
trick ling  filters for medium-sized com m unities is shown in the table by sub
stan tia l connected populations in  nearly  every sta te  in  the union. A ctivated 
sludge leads, of course, in  the larger cities.

Pennsylvania, aside from  some of the sou thern  and New E ng land  states, 
stands out as a relatively backw ard state in  sewage trea tm ent. The to ta l sewered 
population  is 6,478,000, of which the sewage of 4,770,000 is d ischarged untreated . 
A  population  of 950,000 is tr ib u ta ry  to sedim entation p lan ts, and  only 696,000 
to secondary trea tm en t. W hen P h iladelph ia  and  P ittsb u rg h  finally come to 
sewage trea tm en t on an adequate scale, th is record will be im proved. Massa
chusetts, w ith  Boston sewage un trea ted , and  M issouri, w ith  S t. Louis sewage 
un trea ted , also make a poor showing.

There are 1,127 plants, w ith a connected population  of 14,336,000, in which 
chlorination  is provided. These im pressive to tals reflect the  w idespread use of 
chlorine as a guaran tee of bacteria l efficiency, w here needed.

There are m any fu r th e r  in teresting  conclusions th a t m ay be draw n from  the 
da ta  in  th is sum m ary report. The d a ta  were checked by the san ita ry  engineering 
divisions of the departm en ts of health  in the various sta tes listed. Summaries 
were p rep ared  a t the C incinnati office of the  U. S. P . H . S., u n d er the direction of 
Associate P ublic  H ea lth  E ng ineer V ernon G. McKenzie. The C incinnati office, 
long u n d er the supervision of Senior S an ita ry  E ng ineer W. L. Hoskins, deserves 
the thanks of the san ita ry  engineering profession for th is in form ative and unique 
accomplishment.

F . W . M o h l m a n

Note. The detailed da ta  are to be published in  a num ber of issues of Sewage 
W orks Engineering, beginning in  the May, 1942, issue.



Proceedings of Local Associations

CANADIAN INSTITUTE ON SEWAGE 
AND SANITATION

Eighth Annual Meeting,

Kitchener, Ontario, October 16, 1941

Kitchener, Ontario was the setting for the eighth annual convention 
of the Canadian Institute on Sewage and Sanitation. The convention 
opened in the Walper House Hotel 011 the morning of October 16, 1941. 
As in previous years, the program was devoted to a number of written 
papers together with topics which were open to general discussion. 
This year’s meeting proved quite successful and compared favorably 
with other years. The registration was 152 and the membership of the 
Institute at the conclusion of the meeting reached the total of 140.

The following papers were read at the convention:

1. “ The Sludge Disposal Problem”—Dr. W. L. Malcolm, Director, 
School of Civil Engineering, Cornell University, Ithaca, N. Y.

2. “ Laboratory Control in Sewage Treatment Plant Operation”— 
Dr. G. E. Symons, Chief Chemist, Buffalo Sewer Authority, Buffalo, 
N. Y.

3. “ The Grand River Conservation Project”—
(a) M. Pequegnat, Supt. of Water Commission, Kitchener.
(b) A. L. Hanenburg, Sanitary Engineer, City of Kitchener.
4. “ Cleaning and Maintenance of Sewers”—R. J. Desmarais, City 

Engineer, Windsor, Ont.

Dr. Malcolm discussed in his paper the various types of sludge re
sulting from different methods of sewage treatment, and outlined the 
composition and methods of handling these different sludges. An 
analysis was made of the average cost of treatment by the different 
methods.

Dr. Symons, in his paper, placed clearly before the delegates the im
portance of laboratory control in the operation of sewage treatment 
plants. He outlined the function of the laboratory and how this can 
best be adapted to plants of different sizes.

The two papers dealing with the Grand River Conservation project 
were of interest in that this work is nearing completion and is the first 
of this type in the Province of Ontario. It is designed to control the 
flow of water in the Grand River; to prevent floods in the spring and 
fall and to increase the dry weather flow in the summer. The impor
tance of augmenting the summer flow is a major factor here as the river 
receives a large quantity of sewage. The inception of this scheme has
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meant a material saving in the degree of treatment required in the 
municipalities bordering on this water course.

The final paper of the convention, read by Mr. Desmarais, outlined 
the various methods of sewer cleaning in the larger cities and towns 
in Canada. It summarizes the different equipment used and the pro
cedures followed.

A major feature of all recent Institute conventions has been the 
periods allotted to Guided Discussions. In these, subjects are selected 
and two persons are asked beforehand to lead in the discussion; others 
join in. These discussions always prove most instructive to the dele
gates. This year’s subjects were as follows:

1. “ Sewage Treatment by Activated Sludge”—Chairman, Win. 
Storrie, Toronto.

2. “ Refuse Collection and Salvage of W astes”—Chairman, R. H. 
Parsons, Peterborough.

3. “ Sewage Treatment on Sprinkling Filters”—Chairman, W. B. 
Redfern, Toronto.

4. “ Municipal Plumbing By-Laws”—Chairman, H. C. Phillips, 
Hamilton.

Social activities at this year’s meeting were not overlooked. A ban
quet was held on the evening of the first day. At this, motion pictures 
were shown of engineering works and discussions were given on mat
ters of interest to the delegates. All this combined to make an enjoy
able evening.

The business meeting of the Institute was held on Friday morning 
at which time the following officers were declared elected: President— 
W. L. McFaul, City Engineer, Hamilton; Vice-President—B. F. Lam- 
son, City Engineer, St. Catharines; Trustees—H. D. Bradley, Street 
Commissioner, Toronto, and R. H. Parsons, City Engineer, Peterbor
ough. A. E. Berry of Toronto was elected to the Board of Directors of 
the Federation of Sewage Works Associations.

An amendment to the Constitution of the Institute was adopted in 
order to bring the Constitution of the Institute into harmony with the 
Federation of Sewage Works Associations. No major changes were 
required with the exception that the type of membership was reduced 
to three, including honorary, active, and corporate members.

A. E. B e e b y , Secretary

KANSAS W ATER AND SEW AGE WORKS ASSOCIATION

Fourteenth Annual Meeting,

Lawrence, Kansas, March 26-28, 1942

Eighty-four members and guests registered for the fourteenth an
nual meeting of the Kansas Water and Sewage Works Association.

The meeting opened on March 26 at 10:30 A.M. with an introduction



Vol. 14, N o. 3 P R O C E E D IN G S OF LOCAL A SSO C IA T IO N S 735

by Sol Kunz, president of the Association. The secretary-treasui'er’s 
report was read by Lewis A. Young, acting secretary.

The papers dealing with sewage treatment were as follows:
“ The Hays Submerged Biological Contact Filter Process of Sewage 

Treatment” by Clyde C. Hays.
“ Sewage Disposal as Applied to Army Camps” by F. M. Veatch.
“ Procurement of Chemicals During the War Period” by 0. A. Pol

lings.
“ Priorities” by Elmer L. Hughes.
Of particular interest to all members were the discussion periods 

during which numerous questions relating to the wartime operation of 
municipal utilities were considered.

The papers by 0. A. Collings and E. L. Hughes contributed valuable 
information in this connection.

Thirty-three members and guests went on the inspection trip to 
Osawatomie. Lunch was provided for the group through the courtesy 
of city officials.

Xew officers were elected as follows: W. 0. Myers, Ottawa, Presi
dent; J. P. Morris, Council Grove; W. E. Hoagland, Beloit; H. H. Kan- 
steiner, Leavenworth; Wesley Cochran, Winfield, Vice-presidents. 
Lewis A. Young and Paul D. Haney, State Board of Health, Lawrence, 
continue as secretary-treasurer, and editor, respectively.

P a u l  D. H a n e y , Editor



Reviews and Abstracts

T H E  D IS P O S A L  O F  W A S T E  A C ID S

B y  W . W . H o d g e  

W ire and W ire Products, J a n u a r y ,  19 4 0 , p . 30

Methods for disposal of waste pickle liquor from the steel industry are classified as
(1) simple disposal methods, (2) methods involving pretreatm ent but no by-product re
covery, (3) processes for treating the waste pickle liquor and recovering by-products.

Under simple disposal methods involving no pretreatm ent, various concerns have tried 
running the spent liquors into (1) abandoned mines, (2) exhausted oil or gas wells, (3) 
evaporation ponds, (4) limestone caves, (5) porous earth or sand sumps near large bodies 
of dilution water, and (6) deep wells. Disposal into limestone eaves and deep wells has 
not proved satisfactory except in one instance.

The simplest method involving pretreatm ent but no by-product recovery is tha t of 
neutralizing the free acid in the waste pickle liquor with lime or limestone, then pumping 
to large detention ponds. W here state laws require precipitation of iron as well as 
neutralization of free acid, the slurry may be pumped directly to detention ponds or the 
sludge first separated and the supernatant allowed to enter the p lant sewers. Sludge is 
hauled to a dump. Neither method is considered entirely satisfactory by the steel com
panies. Other methods are the Travers process and one developed by the D orr Company, 
both of which involve the use of limestone.

About forty  processes involving by-product recovery are available fo r waste pickle 
liquor treatment. These vary from  treatm ent fo r recovery of copperas (F e S 0 4-7H 20 ) , 
the most common and oldest method in use, to the m anufacture of sulfuric acid and iron 
oxide. The copperas recovery method involves treatm ent of the spent liquor with scrap 
iron fo r conversion of the free acid to ferrous sulfate. The copperas is recovered from 
this solution by evaporation and crystallization. M arkets fo r copperas are limited.

Considerable attention has been directed toward the m anufacture of ammonium 
sulfate and iron oxide from pickle liquor and the ammoniacal liquors from  by-product 
coke works.

The more im portant unit operations in the sulfuric acid-iron oxide recovery systems 
are (1) neutralization of the pickle liquor with iron oxide, (2) evaporation with recovery 
of ferrous sulfate monohydrate (F e S 0 4 • 1% H 20 ) ,  (3) roasting of the ferrous sulfate to
gether with the proper amount of iron pyrite to form  sulfur dioxide, (4) conversion of 
sulfur dioxide to sulfuric acid. A portion of the iron oxide recovered from  the sulfate- 
pyrite roast is recycled to the process, the remainder being sintered to a form  suitable for 
charging into the blast furnace.

The “Ferron” process involves treatm ent of the pickle liquor with lime. The prod
ucts of neutralization are ferrous hydroxide and calcium sulfate. These precipitates are 
filtered, mixed with a filler such as paper, asbestos or clay, extruded and dried. The re
sulting product, Ferron, can be sawed and machined into various types of building ma
terial.

Polishing rouge and paint pigments may be made from  pickle liquor.
In  selecting a treatment process factors which have to be considered a r e : quantity of 

spent liquor produced; percentages of free acid and iron sulfate; state and local laws re
garding atmospheric and stream pollution; possible markets within reasonable shipping 
distance for the by-products recovered; costs for constructing and operating the p lant for 
treating the waste pickle liquor.

The author’s experience has indicated an upward trend in the use of waste pickle 
liquor and iron salts obtainable therefrom in connection with the purification of water 
supplies, the treatm ent of sewage and certain organic industrial wastes. A t Kent, Ohio
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waste pickle liquor is used as a coagulant at the municipal water purification plant. At 
the Shades Valley sewage treatment plant, Birmingham, Alabama, chlorinated copperas is 
employed as a coagulant. The copperas is obtained from a nearby wire mill. The plant 
flow sheet indicates the use of flash mixing, flocculation, prim ary and secondary sedi
mentation, and two-stage digestion units_ with provision for sludge return to the mixing 
basins.

Nineteen references. Twenty-three photographs. Three flow sheets. The discus
sion following the paper is reported in full.

P a u l  D . H a n e y

N O M O G R A P H  F O R  T H E  S O L U B IL IT Y  O F  C H L O R IN E  IN  W A T E R

B y  D. S. D a v is  

Ind. and Eng. Chemistry, 33, 1202 (S e p t., 1941)

From 'recent data on the solubility of chlorine (W hitney and Vivian, In d . E ng. Chem. 
33, 741 (1941)) a nomograph was constructed from which solubilities corresponding to 
any temperature from 10°-25° C. and pressure from .06 to 1.0 atmospheres can be 
quickly and accurately obtained.

E. H u r w i t z

N E W  S A N IT A R Y  S E W A G E  F A C IL IT IE S  F O R  S A N  D IE G O

B y  B . D . P h e l p s  a n d  B . C. S to c k m a n  

Civil Engineering, 12, 1 7  ( J a n u a r y ,  1 9 4 2 )

The conditions in San Diego Bay were made unbearable through the emptying of nine 
separate outfalls carrying untreated sewage. Thirteen other outfalls empty into the 
Pacific Ocean through antiquated settling tanks. As a result of an extended bacteriologi
cal survey of San Diego H arbor and Bay, a brochure was prepared emphasizing the un
sanitary conditions and the proximity of the government naval bases to these hazardous 
health conditions. Through the cooperation of the Commandant of the Eleventh Naval 
District, the projects for sewage collection and treatment were put on the W.P.A. National 
Defense list. Application was immediately made for a sewage treatment plant to handle 
15 m.g.d. based on the population of 200,000, together with a new outfall sewer and in- 
ceptor. As a result of great expansions in the aircraft industries and army and navy 
training camps in the vicinity of San Diego, the plans had to be entirely revised during 
the past year to increase the capacity of the plant to handle a population of 375,000 and 
a maximum flow of 31.9 m.g.d. The treatment plant will employ chlorination for odor 
control, comminution of solids, grit removal, aeration and vacuum for removal of scum 
and grease, combined flocculation and sedimentation, separate digestion of sludge, scum, 
and grease, elutriation, and thickening of digested sludge, vacuum filtration and flash dry
ing of digested sludge. The novel feature of the plant arises in the method adopted for 
grease removal. A fter a brief period of aeration, the sewage passes to two concrete 
vacuum tanks 35 ft. in diameter with a 10 ft. water depth. A vacuum of about 10 in. 
mercury is supplied to these tanks to assist in the flotation of scum and grease. Each 
tank is equipped with a mechanism for skimming off scum and scraping out sludge. The 
scum will be pumped to the digesters, and the sludge kept in the sewage to pass through 
the flocculators. Pilot plant tests have indicated that approximately 30 per cent of the 
suspended solids in the raw sewage may be removed by the vacuators. The sludge filter 
cake will be dried from a water content of 70 per cent to 10 per cent by intimate mixing 
with hot air in a flash dryer. All odorous gases will be heated to 1,300° F. to eliminate 
odors. H eat is to be supplied by the combustion of digester gas. The effluent from the 
plant will be discharged into San Diego Bay through a concrete pipe 42 in. in diameter in 
parallel with a vitrified tile pipe 24 in. in diameter. The ends of the outfalls will be 45 ft.
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below high water and have three multiple vertical outlets on the 42-in. pipe, and a single 
outlet on the 24-in. pipe. These pipes will extend 1,200 ft. from the quay wall. Suffi
cient land had been acquired to more than double the p lant in the future. This will per
mit addition of similar units, or units for additional treatm ent if ever required, adjacent 
to the present plant. Since the p lant was finally approved, two more large federal hous
ing projects have been announced, the a ircraft factories have received larger orders, and 
it is rumored that some of the naval and military establishments may be enlarged. A total 
of $4,253,966 has been allocated to date for the control of the sewage collection and trea t
ment problems made so acute by national defense.

R o l f  E l ia s s e n

S E W E R  D E S IG N  B Y  A P P R O X IM A T E  F L O O D  R O U T IN G  A S  
A P P L I E D  T O  A N  A R M Y  C A N T O N M E N T

B y  R .  L .  F r a s e e  

Civil E ngineering , 1 2 , 10 2  ( F e b r u a r y ,  1 9 4 2 )

By applying the method of the routing of a “design flood” down rivers and through 
flood control dams to sewer design at an army cantonment, the author was able to predict 
with some degree of accuracy the peak flows to be expected at a treatm ent p lant at the 
end of a long sewer system for an army camp with a population of 20,000. Simplifica
tion of the computations of the ordinary flood-routing technique was accomplished by as
suming the shape and the quantity of the “design flood” at its origin in the upper reaches 
of the collection system by taking the hydrograph from a single barracks of 63 men as a 
basis, or 6.5 gal. per capita reaching the sewers during the early wash-up period to occur 
in 30 minutes following breakfast. The base flow from the cantonment was also con
sidered as this included infiltration and interm ittent discharges throughout the whole day. 
The author presents computations for determining the base flow from army data. The 
calculated hydrograph was obtained by superimposing flood discharges on the base flow. 
These flood discharges occurred during the morning, noon, and evening wash-up periods. 
This data is useful in the design of pumping stations, treatm ent plants, and other struc
tures. This method could also be applied to municipal districts, in which cases the 
hydrograph from  individual houses or a combination of houses can be assumed within 
reasonable accuracy. As the average time of flood discharge into the sewerage system is 
fairly  stable for various districts within a municipality, hydrographs for residential, in
dustrial, and business districts can be used in combination. This method of flood routing 
is flexible enough to take into account these various factors with few additional calculations.

R o l f  E l ia s s e n

B U F F A L O  S E W A G E  W O R K S  H A S  M O D E R N  L A B O R A T O R Y

B y  G . E .  S y m o n s  

Civil E ngineering, 1 2 , 9 5 ( F e b . ,  1 9 4 2 )

The Bird Island Laboratory of the Buffalo Sewer Authority was organized in 1936 
to ascertain the extent of pollution of the Buffalo and Niagara Rivers by Buffalo sewage, 
the purification necessary to meet the standards set for the latter by the International 
Boundary Commission, and to furnish the designing engineers with inform ation on sewage 
conditions and strength for use in the design of the treatm ent works. A tem porary lab
oratory was first constructed and was in operation for 27 months while the treatm ent 
p lant itself was under construction. The work was divided into 5 classes :

(1) B o u n d a ry  W aters. Studies were conducted on all the streams, rivers, lakes 
harbors, and canals in and about the City of Buffalo for the purpose of obtaining inform a
tion on existing jDollution, and on the raw water intake for the City of N iagara Falls.
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(2) Sew age Q uantities and C haracteristics. Data was obtained on the volume of 
sewage, quantity of suspended matter, chlorine demand, and storm effects on all of the 
larger sewers and sewer districts in the city to aid the engineers in the design of inter
cepted at treatment plant structures.

(3) In d u str ia l W astes. Fourteen individual industries were studied to obtain data 
on the volume and character of the wastes, to ascertain any effect of these wastes on sewers 
and disposal plant structures, and to determine the sludge load of the industrial population.

(4) R esearch. Chlorination studies were made to determine the appropriate chlorine 
contact time, methods of determining chlorine demand, effect of dilution on chlorinated 
effluent, and other related problems.

(5) S p ec ia l and M iscellaneous P roblem s. These included tests on materials which 
wei'e being used by the contractors in the construction of the plant and other special 
problems.

The cost of operation of this experimental laboratory for 27 months was $50,000, in
cluding construction and equipment, supplies, salaries, and operating expenses.

The permanent laboratory in the new plant was designed by the staff of the labora
tory, with the assistance of the consulting engineers and their specialists. This laboratory 
cost approximately $28,000 for the m ajor equipment and supplies, all of the building’s 
superstructure being included in the plant contract. Separate chemical and bacteriologi
cal laboratories are provided, as well as a preparation laboratory, a storage room, and an 
office. A t present, the staff of the laboratory consists of ten persons, including the 
sampler's. The laboratory has been approved by the New York State Department of 
Health as a water analysis laboratory, in addition to its regular duties in sewage analysis.

Samples from the sewage treatment works are collected from 24 points. These 
samples include raw sewage, grit-free sewage, settling tank influent, effluent, raw sludge, 
digested sludge, supernatant liquor, sludge filter cake, ash and others. Analysis of 24- 
hour composites of these samples are made daily, and bacterial tests are made on fresh 
samples at six different hours on both raw sewage and chlorinated effluent. In addition 
to routine chemical and bacteriological testing of sewage, and the analysis of materials 
purchased on contract, the laboratory has continued monthly surveys of the Buffalo and 
Niagara Rivers, and has pursued investigations on 60 problems concerning plant opera
tion, stream pollution, research and industrial wastes. The cost of operation of the lab
oratory has been about $25,000 a year, or about 50i per million gallons of sewage treated.

R o l f  E l ia s s e n

T H E  G R E A S E  P R O B L E M  IN  S E W A G E  T R E A T M E N T

B y  A . L .  F a l e s  a n d  S . A .  G r e e le y  

Proceedings, A . S . C . E . ,  68, 19 3  ( F e b r u a r y ,  1 9 4 2 )

The authors have surveyed the grease problem of municipalities throughout the 
United States and have recited data acquired in experimental work in many plants. The 
main contribution of the article is in the long bibliography and a brief abstract of the 
pertinent data from each of these articles. Beginning with a definition of grease the ma
terial including fats, waxes, free fa tty  acids, calcium and magnesium soaps, mineral oils, 
and other non-fat material, and the sources of grease in sewage, the authors describe the 
characteristics of the component parts of grease, the effect of grease on receiving water
ways, and the effect of grease on the sewage treatment plants. Following this introduc
tion the authors describe the tests for determining grease in sewage, including the use of 
the three common fa t solvents, petroleum ether, ethyl ether, and chloroform, and their 
effect on the extraction of grease. Various techniques of extraction are also discussed. 
Tables are presented to indicate the quantities of grease present in a number of domestic 
sewages using the different solvents. These varied from approximately 10 p.p.m. to 500 
p.p.m., depending upon the nature of the industrial wastes mixed with the sewage.

A survey of the methods practiced for removing grease from sewage is presented. 
These include two general methods of grease separation, namely, by the installation of
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separate tanks or other devices especially designed to retain grease and other floating 
matters, and by the collection of such materials as they float on the surface of sedimenta
tion tanks or settle to the bottom with sludge. Separate skimming tanks have been in
stalled in a number of plants, while the use of scum-removal equipment on sedimentation 
tanks is standard practice in modem sewage treatment. The removal of grease in settling 
tanks has been shown to vary from 8 to 72 per cent as indicated by the data presented by 
the authors, on raw sewages having grease contents of 43 to 80 p.p.m. From  the data it 
appears that no definite relation exists between detention period and removal of grease at 
the different plants. The use of aeration prior to skimming is discussed a t some length 
and data are included to indicate that the application of small quantities of air, as low as
0.023 cu. ft. per gal., would remove more of the grease, provided aeration was performed 
for from 2 to 10 minutes. Various results were obtained, with reductions of from 34 to 
75 per cent of the grease in raw sewage containing from 60 to 200 p.p.m. of grease. The 
results of experiments by other authors using the aero-chlorination method are mentioned. 
Indications are that removals from  149 per cent to 847 per cent of the removals, when air 
alone was used, were achieved by the use of chlorine injected into the air pipes serving the 
grease-removal tank. In  some experiments on the recovery of grease from wool-washing 
wastes, it was found that the fats were in an emulsified state, protected by a gelatinous 
nitrogenous colloid, and that chlorine destroyed this protective colloid, allowing the liber
ated grease to be recovered by flotation and skimming. Other methods of grease removal 
are cited, including the use of grease traps, and the removal o f grease from  sewage by 
acid treatment. Mention is made of the disposal of grease by recovery, burial, incinera
tion, or digestion with other sewage solids. The authors conclude that the quantity of 
grease found in sewage by the present standard method of analysis is largely dependent 
upon which of the three standard solvents is used for extraction. Differences in the 
solvents used may lead to confusion when an attem pt is made to compare the grease con
tent of sewages of different cities. The following steps appear to be desirable: (1) Agree
ment upon an answer to the question as to what substances should be included in the term 
grease; (2) adoption of a standard method which is most suitable for determination of 
grease in sewage as thus defined; and (3) accumulation of data on grease in sewage, efflu
ents, and sludge, based upon this standard method.

R o l f  E l ia s s e n

D IS C U S S IO N  O F  T H E  G R E A S E  P R O B L E M  IN  S E W A G E  
T R E A T M E N T

B y  A . D . W e s t o n  

P roceed ings, A . S. C. E ., 68, 269 (F e b ., 1942)

The need for adequate means of grease removal in the partial treatm ent of sewage is 
well illustrated by the discharge into Boston H arbor and its tidal estuaries of some 244 
M.G.D. of sewage from a contributing population of about 1,840,000 persons in the Boston 
Metropolitan area from three different outlets. The sewage was chiefly of domestic origin. 
Analyses of this sewage were made during the period 1935-1936 and indicated that the 
suspended solids varied from 119 to 256 p.p.m., the B.O.D. from  119 to 249 p.p.m., and 
the ether-soluble fats from 34 to 83 p.p.m. Definite nuisances have prevailed in the 
diluting body of water from bacterial pollutions and from  slick or sleek fields. Studies 
made under the direction of the author showed sleek areas as large as 2,940 acres from 
the Boston Main Drainage System, 2,050 acres from  the North M etropolitan Sewerage 
System, and 6,820 acres in connection with the South Metropolitan Sewer System. These 
areas are not only esthetically objectionable because of the use of the harbor waters for 
yachting and recreation, but the floating solids, consisting of wood, oil, grease, soap, and 
other debris, have been known to reach shore areas highly developed as summer resorts 
and bathing beaches and areas normally well-suited for the growing of shellfish.

The author presents considerable data of the use of fine screening, grease removal, 
and plain sedimentation on the various sewages from Boston. Much of the data do not
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pertain to grease removal but are on the effect of various detention times on results of 
plain sedimentation experiments. I t  appeared that plain sedimentation alone would re
move from 30 to 40 per cent of the grease on the basis of two hours detention, and raw 
sewage grease content of from 40 to 60 p.p.m. The principal experiments of interest 
from the grease standpoint were conducted on the sewage from Salem and Peabody, 
Mass., where there are many canneries and other industries having wastes containing con
siderable quantities of fats. This sewage had a suspended solids content averaging 600 
p.p.m. and a grease content averaging 100 p.p.m. Using a detention period of 10 minutes, 
the removal of grease was 57.9 per cent; applying air for 7 min., followed by quiescent 
settling for an additional 7 min. the fa t removal was only 57.3 per cent, approximately 
the same as with no air. Tests were made by adding sodium chloride in the amount of 
6.75 lb. per 100 gal. of sewage. A removal of 60.9 per cent of grease was accomplished 
after settling sewage for 7 min. whose fa t content was 46 p.p.m. The use of salt plus 
aeration for a period of 7 min. with 0.18 cu. ft. of air per gal. of sewage, followed by 
quiescent settling for 7 min. reduced the fa t content from 46 to 12 p.p.m., a reduction of 
74 per cent. Applying 10 p.p.m. of chlorine to sewage containing 90 p.p.m. of fats, fol
lowed by settling for 7 min., reduced the fa t content 62.2 per cent. Using the same 
chlorine dosage, followed by aeration for 7 min. at the rate of 0.18 cu. ft. of air per gal
lon of sewage, and settling for 7 min., reduced the fa t content to 35 p.p.m., or a reduction 
of 61.6 per cent showing no advantage of the air in this case. The addition of 46.5 p.p.m. 
of chlorine to a sewage having a fa t content of 30 p.p.m., followed by aeration for 7 min. 
at the above rate of air application, and the 7 min. settling, resulted in a fa t removal of 
86.7 per cent, the best result achieved thus far, particularly in view of the low grease con
tent of the raw sewage in this case. The results of these analyses confirm the results of 
the experiments made on Sewage discharged into Boston Harbor, in that the additional 
amount of removal of fats by aeration did not appear to warrant the addition of aeration 
to plain sedimentation of the sewage without further treatment for removal of grease.

R o l f  E l ia ssen t

S L U D G E  B O A T  “N A V Y ” D E F IE S  S U B M A R IN E  M E N A C E

E n g in e erin g  N ew s-R ecord , 128, 165 ( J a n .  29, 1942)

The menace of submarines off the Atlantic Coast has interrupted the schedule of the 
sludge disposal system of the City of New York, Department of Public Works. Ordi
narily, three sludge boats carry liquid sludge from the several sewage treatment plants in 
the City for disposal at sea. Approximately 4,000 wet tons of sludge per day are pro
duced at the treatment plants served by these boats. The vessels were not permitted to 
leave the harbor by federal authorities and inasmuch as provision for storage of sludge is 
not available at the treatment plant to any extent, arrangements had to be made for dump
ing elsewhere. The waters of the Long Island Sound were selected for this purpose for 
approximately 10 days, after which time the government granted a permit for the ships 
to dispose at sea again. The dumping of 4,000 tons of sludge per day in Long Island 
Sound would soon have met with serious objections.

R o l f  E l ia s s e n

IN T E R S T A T E  S A N IT A T IO N  C O M M IS S IO N  
1941 A N N U A L  R E P O R T

The policy of the Interstate Sanitation Commission, comprising Connecticut, New 
York and New Jersey, has been to encourage the building of sewage treatment works 
rather than issue peremptory orders. During the.five years of its existence the Commis
sion has attained its goal without a single court action. Pour times as much pollution is 
removed from the District now as was being removed in 1936. Twenty-seven sewage 
treatment works are in operation and seven under construction. The most serious barrier
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to pollution abatement continues to be the problem of financing the construction of trea t
ment works. During the present year Connecticut has joined the Commission. The area 
added by Connecticut is large and contains im portant industries and municipalities. A l
though the number of sewage treatm ent works placed in operation during this year is not 
as great as in other years, actually the Commission has consolidated its position.

The protection of public health cannot be diminished during the period of national 
defense but plays an im portant role in it. The Army and Navy actually support this 
health program by the construction of sewage treatm ent works within the District.

F inan ce .—D uring the first six months of the fiscal year the Commission functioned 
on an annual budget of $24,500. This amount was totally inadequate fo r the normal 
duties of the Commission and necessitated the curtailment of necessary functions during 
this period. During the height of the summer recreational period normal inspections 
were resumed. Beginning July 1, the appropriations were $15,000 from  New k o rk  and 
New Jersey and in October the Connecticut quota of $3,333 became available. Expendi
tures have been reduced to a minimum and the best use possible is being made of the funds 
available.

A c tiv it ie s .—In  September, 1941 the Tri-State Compact creating the Commission came 
into full fruition by the joining of Connecticut.

The two im portant functions of the Commission are : (1) The control of future pol
lution and (2) the abatement of existing pollution. The laws of New York and New 
Jersey provide that no new source of pollution shall be created within the District after 
April, 1935. The law provides that the Commission, afte r a hearing, may issue orders 
relating to any pollution which will best serve the public interest. During the past year 
thirteen cases have been considered.

The request of the City of New York for the construction of sewers in the Borough 
of Brooklyn, which will be ultimately diverted to the Owl’s Head sewage treatm ent works 
now under design, was granted. The request of the Navy Departm ent tha t during the 
construction of Naval Supply Depot at Bayonne, N. J . it be perm itted to discharge 
sewage, pending the construction of sewage treatm ent works, was granted.

Investigations by the Commission’s staff disclosed that the City of Elizabeth had been 
discharging all but one million gallons of its sewage daily into the waters tribu tary  to the 
District without treatm ent and that the city could avail itself of an existing p lant by pay
ing a proportional share of the operation cost. By merely breaking down a small bulk
head seven million gallons of sewage could be treated forthwith. An order was issued to 
cease the discharge of untreated sewage. The seven million gallons of sewage is now 
being diverted to the Join t Trunk Sewer.

Other activities consisted of (1) keeping informed on the progress by municipalities 
to assure adequate funds for the construction of required treatm ent works, (2) co-operat
ing with various agencies, mainly the S tate Departm ent of Health, conservation depart
ments, local health departments and municipalities fo r the abatement of pollution. The 
plants that cannot be built during the emergency will serve as a Public W orks Reserve in 
the period following the war. In  this project the Commission is co-operating with the 
Federal Agency.

P la n t In ve s tig a tio n s .—Routine plant investigations were continued from spring to 
fall fo r the purpose of determining whether the character of the effluents meets the stand
ards fixed by the Tri-S tate Compact. Various defects in the operation of the plants 
were disclosed as a result of these investigations. The most common violation is the fail
ure of the plant to maintain sufficient chlorination to provide adequate sterilization.

M u nicipa l F inan cing .— The Commission has participated actively in the formulation 
of ways and means to finance projects for the abatement of pollution. In  drafting  legis
lation for the financing of sewage construction works, the Commission does not indorse tax 
assessment but a sewer rental charge. This scheme, though eminently successful else
where, has not found response in the East. The City of Englewood, N. J. in taking over 
the private sewerage company has continued the charges that the company made as a 
sewer rental. The result has been successful and is not only maintaining the treatm ent 
works but is able to set up a fund from it for improvements and capital expenditures.
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Financing of sewage treatment works in New York City by sewer rental is favored by 
Commissioner Huie of New York City.

A b a tem en t o f  P ollu tion .—During the past year several factors have made it difficult 
to proceed with the construction of sewage treatment plants. Among these are: (1) De
crease of unemployment affecting the supply of labor for W .P.A. projects, and (2) war 
activities diverting the attention of local authorities and consideration of sewage trea t
ment works as superfluous during the emergency. The Army and Navy have, however, 
realized the necessity of pollution abatement by investing huge funds in treatment works. 
The attitude of the Army and Navy regarding this problem should convince municipali
ties of the necessity of sewage treatm ent works even during the emergency.

During the past year the following sewage treatment works have been placed in op
eration : Harmon Shops, Coney Island Extension, Mitchell Field, Bedloe’s Island, Republic 
Aviation Corp. in Nassau Co., and F ort Hancock (N. J .) .  Construction is now going on 
at U. S. Naval Ammunition Depot at Iona Island, N. Y., U. S. Naval Supply Depot and 
Drydock at Bayonne, N. J., and the U. S. Army treatment plant for a portion of Fort 
Wadsworth, N. Y. Municipal plants under construction include: Freeport, Irvington-on- 
Hudson and in New York City, Bowery Bay extensions, City Island, 26th W ard and 
Jamaica.

When all the sewage now being discharged into the Interstate Sanitation District is 
adequately treated an estimated 495 tons of dry sludge per day will be removed. Of this, 
63 tons per day were being removed in 1931. By 1936 the removal had been increased to 
69 tons per day and in 1941 to 312 tons.

T y p e s  o p  P l a n t s  P u t  I n t o  O pe r a t io n

1. Coney Islan d  E x ten sio n : Sedimentation supplemented by chemical precipitation 
during the summer months.

2. H arm on S h o p s:  Serving a population of 1,300 with a flow of 400,000 gallons. 
Sewage (10 per cent sanitary and 90 per cent industrial wastes from New York Central 
Railroad) is treated by prechlorination, settling, mechanical sand filter and open sludge 
beds. The design capacity of the filter is 500 g.p.m.

3. Bedloe’s Is la n d :  Septic tank—effluent discharging to Class B water requiring no 
chlorination.

4. F ort H ancock: Designed for a population of 5,500. Settling tanks with mechani
cal cleaning equipment, separate sludge digestion (unheated) post chlorination and open 
sludge beds.

5. F ort W a dsw orth , S ta ten  Is la n d :  Septic tank for temporary treatment of sewage 
from dock area.

6. M itchell F ield , L on g  Is la n d :  Design population 6,000. Treatment facilities con
sist of settling tanks with grease separators (air), mechanical sludge removal, heated 
sludge digesters with floating covers, chlorination, percolation beds and glass covered 
sludge beds.

7. R epublic  A v ia tio n  C orp ., Long Is la n d :  Design population 10,000 on the basis of 
33 gallons per capita per day. Treatment facilities consist of primary settling tanks, 
prechlorination, dosing tank for six intermittent sand filters and percolation beds.

The plants under the jurisdiction of the Commission were visited once or twice dur
ing the season for a period of a day, composite samples being taken from 8 a.m. to 4 p.m. 
The results of these analyses including pH , suspended solids, settleable solids, B.O.D., 
residual chlorine and coliform organisms are given. Included in the tables is also a ra t
ing for each plant based on whether the effluent came within the Tri-State Compact re
quirement. Of the 60 sewage plants investigated 38 were found to comply with the pro
visions of the Compact, both as to removal of suspended solids and effluent disinfection 
(Group I.) This group includes all ten new plants investigated as well as nine plants 
that last year failed to meet those standards by a narrow margin. There were five plants 
in Group I I  which embraces plants meeting the requirements in earlier investigations but 
which need some minor extension or improved operation. Seventeen plants have been 
placed in Group I I I  because of either grossly overloaded conditions or need of major
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improvements. These include Englewood Clift's, Freeport, Keansburg, Larchmont, Long 
Beach, Mamaroneek District, New Rochelle, Dyckman Street p lant in M anhattan, F ar 
Rockaway, Piermont, P ort Jefferson, Rye, and North and South Yonkers.

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

T H E  C O N S T R U C T IO N  A N D  O P E R A T IO N  O F  A S I N G L E -S T A G E  
D IG E S T IO N  T A N K

B y  W . F .  S n o o k  

T h e  Su rveyo r, 100, 133-134  (O cto b er 17, 1941)

The author describes the construction features and operation of a shallow, open di
gestion tank at the Romford-Hornchurch joint works, which was provided as a tem porary 
expedient in lieu of an expensive permanent sludge digestion installation. Form er sludge 
disposal practice comprised pumping raw sludge and sludge from settled trickling filter 
effluent onto some 60 acres of farm  land and ploughing in the sludge. Aerial nuisance 
required cessation of this practice.

The tank, 150 by 100 ft. in plan and 11 ft. deep, was excavated in sandy loam. The 
bottom of the excavation was firm and not concreted. Concrete retaining walls 3 ft. high 
were placed (in the excavation) and the balance of the walls made of compacted earth 
excavation. Two separated water (supernatant liquor) manholes were provided ivith 5 
openings a t 1 ft. intervals above the bottom.

The cost of the tank construction including inlet and outlet connections is given at 
£460.

During the period April 1, 1040 to March 31, 1941, a total of 10,994,624 gal. of 
sludge were pumped to the tank and 4,041,212 gal. of water removed. Raw sludge con
tained 95.6 per cent moisture, 73.2 per cent volatile matter, 24.6 per cent grease and had 
a pH  of 6.2. Digested sludge samples contained 96.2 to 96.4 per cent moisture ; 66.4 to 
64.9 per cent volatile m atter and 15.1 to 8.39 per cent grease, with a p H  of 7.0.

The tank was pu t into operation in October, 1939, when the sludge had a temperature 
of 47° and a pH  of 6.4 and smelled foul. Lime was added in May, 1940 to raise the pH 
and by the end of July the tem perature stood at 60°. Under these conditions the sludge 
appeared to digest well. During the winter of 1940 the sludge tem perature dropped again 
to 47° and the pH  to 6.8, but the tem perature and pH  rose again in June, 1941 without 
the addition of lime and without odor nuisance. Arrangements are provided for mixing 
fresh sludge with digested sludge within the tank by pumping and recirculation.

K . Y . H il l

T O D M O R D E N  S E W A G E  D IS P O S A L  W O R K S

B y  T. S. W a l l  

T h e  S u rv eyo r , 100, 149-150  (O c to b e r 31, 1941)

The population of Todmorden is 22,000. The original works were pu t into operation 
in 1908 and consisted of screens, detritus tanks, storage tanks, chemical precipitation tanks 
and prim ary and secondary contact tanks. Sewage up to 3 times D .W .F. was pumped to 
the precipitation tanks and storm water in excess of this volume up to 6 times D.W .F. 
gravitated to storm water tanks.

In 1926, the contact filters becoming sludged up, alterations were made to the plant 
including installation of mechanically raked screens, mechanical cleaning arrangements 
for the detritus tanks, construction of percolating filters with ro tary  distributors, re
habilitation of the contact filters and construction of humus tanks. Sludge was disposed 
of by filter pressing.
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In 1940, the works were again enlarged and rehabilitated so that they now comprise:

Screens: 2 mechanically raked 6 ft. wide with %-inch openings.
D ctiitus ta n k s : 2, each with capacity for one hour’s D.W.F. (50,000 gallons) grit is 

removed by a travelling S tott’s dredger.
Storm W ater T anks: 2, each 100 ft. X 38 ft. X 5.5 ft. with total capacity of 4 hours 

D.W .F.
Sedimentation T anks: 8, each 96 ft, X 42 ft. X 7 ft. providing total detention period 

for one day’s D.W .F.
F ilters: Varying sizes 153 ft. to 39 ft. in diameter, total area 2.06 acres, 4 ft. deep.
Humus T anks: 3, each 117 ft. X 24.5 ft. X 4.5 ft. providing 5 hours detention of

D.W .F.
Sludge B eds: 4,500 square yards.
Sludge Digestion T anks: 3, each 150 ft. X 90 ft. X 4.75 ft. unheated and with no pro

vision for stirring.

The digestion tanks have capacity equivalent to 2 years’ detention. This liberal ca
pacity was provided to allow the sludge to become thoroughly digested at atmospheric 
temperature and because of the lack of available space at the works for storage of sludge. 
The sludge drying beds are not used unless there is a demand for dried sludge.

K. V. H i l l

S E W A G E  S L U D G E  A S A M A N U R E

A n  E d i t o r i a l  

T h e  Su rveyo r, 100, 161 (N ovem ber 14, 1941)

The editor discusses information presented in a paper by II. T. Cranfield, Advisory 
Chemist to the Midland Agricultural College, on “Manurial Value of Sludge.” The 
editor indicates two points regarding fertilizers: (1) for good crop production, organic 
matter is necessary, and (2) sewage sludge is a valuable source of this organic matter.

Cranfield expressed the opinion that sewage sludge from drying beds has about two- 
thirds to three-quarters the value of farm yard dung, weight for weight. The editor com
putes the value of sludge from a sewered population of 30,000,000 people as equivalent 
to over 1,500,000 tons of farm yard dung per annum, and states that under present con
ditions the use of this material should be pushed. He decries the lack of publicity to urge 
the use of sludge as fertilizer and cites various cases where it could be used to great ad
vantage. Failures with sewage sludge are due, in his opinion, to poor farming and 
injudicious use of the sludge.

K. V. H i l l

P O S T  W A R  L A B O R A T O R Y  P L A N N IN G  A N D  E Q U IP M E N T  F O R  
S E W A G E  P U R IF IC A T IO N  W O R K S

B y  R e g i n a l d  W . C o v i l l  

The Sxirveyor, 101, 75-76 (F e b ru a ry  27, 1942)

The article is accompanied in its original form by five photographs and one sketch
showing details of the arrangements and general dimensions, respectively. The labora
tory described was installed at the Carlisle sewage works in 1937.

The laboratory was planned and equipped for chemical, biological and bacteriological 
work. The inside dimensions of the laboratory are 34 ft. by 17 f t . ; the northeast corner 
is partitioned off for a balance room about 7 ft. by 6 ft. in plan and contains one 
window. Wall benches 3 ft. wide occupy the north and south sides of the room. Walls, 
ceilings and doors are painted a cieam color.
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The north wall bench was allocated to determinations utilizing “fixed” pieces of a p 
paratus, including still-oven, air-oven, gas-heated furnace, distillation apparatus and 
distilled water apparatus. This bench contained also a large all-purpose sink. Another 
section of the bench was allocated to colorimetric estimation of ammonical and albuminoid 
nitrogen.

The south wall bench was devoted to biological and bacteriological work and was fitted 
with a sink and fume hood.

A center bench, 15 ft. long by 5 ft. wide was provided and fitted with a 2-t.ier reagent 
stand and sink at one end. The north side of the bench was for routine sewage analyses 
of oxygen absorbed and B.O.D. The south side of the bench was for research work and 
was fitted with a centrifuge and Soxhlet fa t extraction apparatus.

Forty-five cabinets were provided in the benches in addition to a separate apparatus
case.

K. V . H i l l

H IG H  R A T E  D O S IN G  O F  G R A V E L  B E D S

B y  J o h n  T. T h o m p s o n  

T h e  Su rveyo r, 101, 8 5 -87  (M arch  6, 1942)

The author describes experimental work with high rate dosing of trickling filters at 
Leeds. There are 36 acres of trickling filters at Leeds 6 ft. deep : except fo r 2 acres the 
filters are of water worn gravel 1 to 3 in. in size. Experience at Leeds indicates tha t the 
natural gravel is very permanent, that it provides somewhat less purification due to its 
smoothness than clinkers or coke, and tha t filters constructed of natural gravel are less 
likely to pond. Long experience with these filters indicates two things: (1) tha t the per
centage purification measured by 4 hours’ oxygen absorbed is about 60 per cent and (2) 
that this same percentage purification would obtain were the load to be considerably in
creased.

Experiments were undertaken to determine the reserve capacity of the filters and to 
find out the effect of high rate dosing upon their performance. The period of the ex
periments was approxim ately 2% years.

The two experimental filters used were 8 ft. in diameter and contained 6 ft. of gravel 
1 to 4 in. in size and were dosed with 2-arm rotary distributors. A 3 months’ period of 
tuning up (May to August) at a rate of application of 200 gal. per cu. yd. was required 
before nitrates appeared in the effluent.

One filter (Bed. No. 1) was then dosed at 250 gal. per cu. yd. and its performance 
observed under various seasonal tem perature changes and rest periods. Cold weather 
caused the organisms to withdraw into the bed and ponding resulted. A light wooden 
cover was placed over the bed and this encouraged the growth of certain worms (which 
are photofugic) which help to clean the filter material. The author’s conclusion was that 
with a filter media of the size in this filter (1 to 4 in.) the maximum dosing rate  to avoid 
ponding in cold weather was 140 gal. per cubic yard.

The second filter (Bed. No. 2) was operated for 5 periods a t rates varying from 200 
to 750 gal. per cu. yd. with various clogging conditions taking place. The filter media 
was then removed and regraded to 2 to 4 in. and the distributor converted to a 4-arm 
machine. The filter was then operated for 3 six-months’ periods at 750, 900, and 1,200 
gal. per cu. yd. with much less ponding than occurred in the first filter or in this unit with 
the finer media.

Analytical data included with the article indicate nitrates always present in the 
effluent of Bed No. 1 which was dosed at 250 gal. per cubic yard. N itrates disappeared 
from the effluent of Bed. No. 2 when the dosage rate reached and exceeded 750 gal. per 
cubic yard. The work done by Bed. No. 1 as measured by the pounds of oxygen absorbed 
removed per cu. yd. appeared to be about 1.2 lb. per cubic yard. The pounds of oxygen 
absorbed removed per cu. yd. in Bed No, 2 varied with the rate of dosing as follows:
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L b .  O x y g e n  A b s o r b e d  
p e r  C u .  Y d .

A v e r a g e  D o s i n g  R a t e  
C u .  Y d .  p e r  D a y

2.49*
2.73
3.91

0.96
1.43
1.72
1.61
2.28

186
327
464
286
536
536
643
857

* Size of filte r m ed ia  increased .
K .  V .  H i l l

H A S  T H E  U S E  O F  T H E  A C T IV A T E D  S L U D G E  S Y S T E M  
B E E N  J U S T IF IE D ?

B y  A .  E .  B e r r y  

T he C anadian E n g in e er  ( W a te r  a nd  S e w a g e ), 80, 17 (F e b ., 1942)

There are numerous methods available for sewage treatment, there having been less 
standardization in this field than in the ease of water treatment. The choice of treatment 
for Canadian plants has been influenced by both British and United States practices. In 
recent years the relationship between American and Canadian design has been more pro
nounced. The dual influence has resulted in treatment works of all kinds being installed 
in this country.

Despite advances made over a period of years there are many old works that arc still 
functioning and producing satisfactory effluents. Basic principles of treatment have not 
changed so rapidly as have the equipment and technique needed to utilize these established 
procedures most readily.

Two attitudes as to the degree of treatment necessary are found, both somewhat ex
treme. One is the view that all surface streams should be protected against use for the 
disposal of sewage or other wastes; the other is that full use should be made of surface 
waters to deposit and oxidize these wastes. An appreciation of the need for the conserva
tion of the purity of public waters is concomitant with complete methods of sewage trea t
ment rather than with partial processes. Into this situation fit the activated sludge proc
ess and sewage filtration.

Of the total of about 130 sewage treatment works in Canada, 47 are of the activated 
sludge type, while 45 of the others are for primary treatment only. This tendency to
wards complete treatment may be taken as evidence of difficult conditions in the streams 
or as an indication of a desire to keep public waters in a sanitary condition.

An analysis of the conditions prevailing in the municipalities that were the first to 
adopt the activated sludge process reveals some of the reasons for this choice even though 
the information then available on this method was quite meagre. These may be listed a s :

(1) The early plants were built to replace partial-treatment works which had been 
found inadequate to meet the sanitary requirements of the localities.

(2) I t  was possible to adapt parts of the older plants to activated sludge plants with 
a minimum of expenditure.

(3) The use of sprinkling filters would require so much greater head that pumping 
would be necessary.

(4) The process gave promise of a good quality effluent.

Some of the objectives in the adoption of activated sludge treatment in this country 
have been fairly apparent. Have the hopes of the designers and the municipalities been 
realized over the period of years in which these works have operated? Mistakes in the 
early works were expected. Knowledge concerning the activated sludge process has ac
cumulated over a period of years. Some of the earlier aspirations and hopes were ad
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versely affected by inadequate knowledge concerning the sludge problem, the selection of 
personnel, and the many idiosyncrasies of this method.

The use of the method in a very small plant has not proved satisfactory. F o r such 
places as hospitals, two factors are especially difficult. The flow of sewage is variable in 
quantity and composition, and the type of operating personnel available is such tha t only 
inferior results can be expected. Instances are found, of course, where good results are 
obtained, but in general the risk involved here is altogether too great to justify  such a 
selection in preference to trickling filters or other methods.

Municipal plants of the activated sludge type have been difficult to control a t times. 
Industrial wastes, fluctuations in loading and certain other conditions have given concern 
to the operators.

Sludge handling facilities of the early plants were quite inadequate in most instances. 
The sludge problem has proved to be one of the most complex of those associated with the 
activated sludge plants.

While there might be some question about the adaptability of this method to a Ca
nadian climate, this does not seem to have been a serious problem. Most aeration tanks 
are uncovered, but those in the north, such as at Timmins and Cochrane, are completely 
enclosed. W inter weather has added to the cost of these plants, and it has increased the 
cost of operation, but aside from this, little adverse effect has been seen.

In  not a few cases a lower degree of treatm ent might be used fo r cold weather. The 
activated sludge process is not well suited for interm ittent operation. Inconvenience is 
experienced in re-starting the system, and there is also a tendency to leave it out of service 
for too long a period.

The activated sludge process, during the period from 1918 when the first plant was 
constructed to the present, has passed through many changes. The developments that 
have taken place seem to have justified the selection of this process for Canadian munici
palities, where there is need for an effluent low in solids and biochemical oxygen demand. 
I t  may be expected to be improved, and to continue to serve efficiently.

T. L. H e r r i c k

T H E  O X ID IZ E D  S L U D G E  A N D  R E G E N E R A T IV E  D IG E S T IO N  
T R E A T M E N T  P L A N T  A T  Z E E L A N D , M IC H IG A N

B y  E .  F .  E l d r i d g e

B ull. 94, M ic h . E n g .  E x p t .  S t a . ,  E a s t  L a n s in g ,  M ic h . ( R e c ’ d. A p r .  2 7 , 1 9 4 2 )

The Mead-Johnson Company manufactures a variety of food products from  milk. 
Two types of casein precipitation are employed, one using acetic acid and the other cal
cium chloride. The whey from these processes is discharged as a very concentrated waste. 
Other less concentrated wastes are produced by washing cans, equipment and floors. The 
maximum flow of whey per day was estimated at 3,500 gallons and the 5-day B.O.D. at
52,000 p.p.m., representing a load of 1,520 pounds per day. The total flow was 60,000 
and the B.O.D. load 3,000 lb. per 24 hours. Distribution of design loading was as follows:

W a s te F lo w ,  G a l .  p e r  2 4  H r . B . O . D . ,  L b . P e r  C e n t  o f  B .O .D .

W h e y ..................................................... 4 ,400 1,900 63.3
C u rd  W a s h in g s ................................. 16,000 565 18.9
G e n e ra l W a s te .................................. 39,600 535 17.8

T o ta l ............................................ 60,000 3,000 100.0



V ol. 14, N o. 3 O X ID IZ E D  SLU D G E P L A N T 749

Various plans for disposal of wastes were considered. I t  was decided to install a 
plant according to plans submitted by Mr. E. B. Mallory of the Lancaster, Pa., Iron 
Works Research Laboratory, comprising the “regenerative digestion process” and the 
“oxidized sludge process.”

(In  the Foreword, Mr. Eldridge states:

“The conventional activated sludge process has always been considered a truly bio
logical reaction or series of reactions caused by the activity of organisms or their secre
tions. Mallory has demonstrated that the oxidation of sterile organic material may be ac
complished by this same process and has concluded that the reaction is primarily chemical 
oxidation enhanced perhaps by the presence of certain catalyzers in the oxidized solids.” )

The “regenerative digestion process” comprises a concentric set of digestion chambers, 
the central one being heated, and the surrounding annular ring being provided with air 
lifts to re-circulate sludge back to the center compartment. The outer annular ring serves 
as a settling tank.

The prim ary process consists of a circular tank 73 ft. 8 in. in diameter and 13 ft. 6 in. 
deep. The center ring is 27 ft. in diameter and has a capacity of 53,100 gallons. I t  is 
heated by a circular steel tank 9 ft. in diameter, around a 3 ft. central column. The tank 
is tilled with fresh water, heated by low-pressure steam from the factory. The condensed 
steam overflows into the 27 ft. center compartment, which is heated to 90 to 100 deg. F.

The annular ring surrounding the central tank is approximately 50 ft. in diameter 
and holds 153,000 gallons. The temperature in this zone is held between 80 and 90 deg. F. 
The supernatant liquor overflows from this tank into the outer annular chamber 76 ft. in 
diameter, with a capacity of 195,000 gallons. The solids settle in this compartment and 
the overflow goes to the secondary process.

Sludge is discharged to the drying beds from the final chamber (three radial cham
bers in series) of the sludge compartment. Chemical sludge from the secondary process 
may be mixed with the digested sludge as it goes to the beds.

The secondary process consists of a circular steel tank, with concrete base, 52 ft. in 
diameter, in which two rectangular settling tanks are constructed, each about 34 ft. long 
and 17 ft. wide. One is designated as an “oxidized-sludge clarifier,” with a capacity of
38,000 gallons, and the other as a “chemical-clarifier,” with a capacity of 33,000 gallons. 
Outside of these tanks, and occupying the space between their walls and the peripheral 
wall, is the aeration chamber, 11 ft. deep, with a capacity of 79,800 gallons.

The aeration compartment is supplied with about 4,600 air-diffusion nozzles. Each 
of the settling tanks contains eight steel inverted-pyramidal hoppers, with air-lifts to the 
bottom of each hopper, for recirculation of sludge.

Two chemical feeders are located at the inlet end of the chemical clarifier. Alum is 
applied preceding the application of lime. Chemicals are used only when the effluent 
from the first clarifier is turbid.

There are three Connersville blowers, each having a capacity of 600 eu. ft. per min. 
at 6 lb. pressure, rated at 21.5 hp. per unit. One will have ample capacity for average 
conditions (supplying 864,000 cu. ft. per day at 6 lb. pressure). The second will be re
quired for maximum flows at peak production periods, and the third is a stand-by.

A pumping station, two grit chambers, and a sludge-drying bed are provided. The 
sand bed is 50 ft. in diameter, with an area of 1960 sq. ft.

The plant was started in operation July 9, 1941. At first whey was not treated, but 
during the official test, from Aug. 11 to Sept. 6, 1941, some whey was treated in the 
aeration unit. The digestion tank was used for the reduction of excess and chemical 
sludge solids.

During the 23-day test, operating and control tests were made by the Lancaster Iron 
Works engineers, and the Mead-Johnson Co. personnel. All chemical tests were made by 
a representative of the Michigan Engineering Expt. Station. Samples were obtained by 
compositing hourly samples over the entire factory operating period.

Whey and washings were contained in the general wastes, except on Aug. 13 and 14, 
when concentrated wastes were added at the plant. Excess oxidized and chemical sludges 
were added to the digester during the test.
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The general factory wastes varied from 15,500 to 69,800 gallons per clay, averaging 
40,700 g.p.d. The suspended solids varied from 190 to 962 p.p.m., volatile (total) solids 
from 712 to 4,230, pH  from 4.4 to 9.2, and B.O.D. from 405 to 2,940 p.p.m.

The volume of digester supernatant liquor varied from 1,310 to 17,545 gal. per day, 
with suspended solids varying from 20 to 214 p.p.m. and B.O.D. from 24 to 598 p.p.m. 
(No w'hey added, only excess oxidized and chemical sludge.)

The oxidized sludge secondary process treated from 17,400 to 75,800 gal. per day, 
averaging 47,650. (The capacity of the aeration tank is 79,800 gallons.) Design esti
mates had indicated a sludge return rate of 50 per cent for an indicated loading of 100,000 
gal. per day, giving an aeration period of 12.8 hours. Actually, during the test, the 
sludge return  rate was 600,000 gal. per day, added to the influent of 47,650 g.p.d. On 
this basis, the computed aeration periods are reported to vary from 2.62 to 3.12 hours. 
(Mr. Eldridge states: “Actually the aerator detention period is much greater than this 
calculation indicates since the return of sludge at the rate used amounts to recirculation 
of the waste through the aerator unit.” )

The settling periods were estimated, in design, to provide 9.1 hours for the first clari- 
fier and 7.95 hours for the second, with flows of 100,000 g.p.d. and 50,000 sludge return. 
Actually, during the test, the clarifier detention time is reported as 1.35 to 1.47 hours, based 
on 47,650 g.p.d. average flow of wastes, plus 600,000 g.p.d. return sludge.

The analyses of influents and effluents of the aerator-clarifier, flows, and loadings dur
ing the test were as follows (Table 9 in R e p o rt) :

T a b l e  9 .— Aerator-C larifier L oadings and  R eductions

D a t e
T o t a l  F lo w ,  

G .p .d .
B .O .D .  L o a d ,  

L b . / d a y
I n f l u e n t  B .O .D . ,  

P .p .m .
E f f lu e n t  B .O .D . ,  

P .p .m .
R e d u c t i o n ,  

P e r  C e n t

Aug. 11..................... 43,660 149 410 1 99.7
1 2 .................................... 75,800 515 812 4 99.5
13..................... 63,400 1,219 2,800 2 99.9
14..................... 73,350 1,453 2,380 12 99.2
1 5 :................... 64,285 393 |743 3 99.5
16..................... 35,300 199 f 676 2 99.7
18..................... 54,750 758 1,660 8 99.5
19..................... 62,700 582 1,114 2 99.8
20..................... 24,220 197 975 2 99.8
21..................... 34,030 190 668 4 99.4
22 ..................... 63,040 796 1,510 3 99.8
23 ..................... 38,110 183 575 2 99.6
25 ..................... 31,850 158 595 2 99.6
26 ..................... 62,305 733 1,410 7 99.5
27 ..................... 71,110 903 1,522 5 99.7
28 ..................... 43,410 149 412 3 99.3
29..................... 24,125 145 720 3 99.5
30 ..................... 25,120 117 558 1 99.8

Sept.. 2 ..................... 55,800 206 442 26 94.2
3 ..................... 47,400 345 873 15 98.3
4 ..................... 39,720 375 1,130 3 99.7
5 ..................... 44,930 234 623 6 99.1
6 ..................... 17,400 134 922 3 99.7

L a te r  op e ra tio n , w ith  heavier load ings, gave resu lts  as fo llo w s  (T a b le  1 1 ) :



V ol. 14, N o . 3 Ô X ÎD lZ Ë Î) SL U D G E  P L A N T  751

T a b l e  1 1  (Excerpts).—Subsequent Results of the Operation of the Oxidized Sludge Unit

D a t e V o lu m e  G e n e r a l  W a s te s ,  
G .d .

F in a l  E f f lu e n t

S u s p e n d e d  S o lid s ,  
P .p .m .

B.O.D.,
P .p .m .

Sept. 2 9 . . . 31,385 36 11

Oct. 1 ___ 25,200 28 8
2 ............. 37,800 — —

3 ................ 40,800 34 8
4 ............. 48,200 — —

6 .............. 42,600 18 4.5
7 ................................................. 48,700 — —

8 ................................................. 33,900 9 5
1 0 ................................................ 44,700 9 9
1 1 ................................................ 38,000 — —

1 3 ................................................ 55,000 8 9
2 0 ................................................ 70,300 11 0.7
2 1 ................................................ 57,600 — —

2 2 ................................................ 69,300 12 2.7
2 3 ................................................. 53,700 — —

2 4 ................................................ 67,500 7 3.6

The data on which the p lant was designed contemplated a flow of 60,000 gal. per day 
with a B.O.D. of 3,000 lb. per day, giving a population equivalent of 18,000. The p ri
mary process was designed for a flow of 14,000 gal. and a load of 2,000 lb. B.O.D. per 
day. The secondary process was designed for a flow of 100,000 gallons and a load of
1,000 lb. B.O.D. per day. D uring the test the aerator influent B.O.D. loading varied from 
117 to 1,453 lb. per day averaging 440 lb. per day. During the later operation shown in 
Table 11, it was estimated that the loadings were in excess of 1,100 lb. per day, not in
cluding digester supernatant, on Oct. 21, 22 and 24. The data show that application of 
acid whey and curd washings has little, if  any, effect on the effluent.

Pages 29 to 31 of the Report deal with later operation of the digester, which received 
increasing quantities of whey and curd washings, up to an estimated load of 1,423 lb. 
volatile solids per day. The design rating was 2,500 lb. per day, including all excess 
sludge. The digester took a heavy load of wastes on November 24, without adverse effect.

The author states that “a long period has been required to build up the solids con
centration of the digester contents. A pparently these solids are converted to gas and 
liquid form almost as rapidly as they are added. Unless the chemical stage is used to a 
great extent, there will be very little sludge delivered to the drying beds from this digester. 
In  fact, it is doubtful if any sludge will be drawn during 1942.”

A b stra c to r’s N o te .—Mr. Eldridge’s report does not include any data on chemicals 
used for clarification of the aerated effluent, prior to settling in the chemical elarifier. 
This information has been requested by letter and the reply will be added to this abstract 
if received in time.

The remainder of the Report deals with estimates of the cost of evaporation, and the 
equations and control tests used by Mr. Mallory. Further description of these equations 
and tests is given by Mr. Mallory in W a te r  W o rk s and Sew erage  for April, 1942. The 
cost of the Zeeland plant is there given as $3.50 per capita (presumably based on pop. 
equiv. of 18,000, giving $63,000) or $22 per lb. of B.O.D. capacity (design loading 3,000 
lb., giving $66,000).

F .  W . M o h l j ia n ^

N o te .—The following letter was received from Mr. Eldridge May 5:
“ The chemical treament facility at the Zeeland plant was added to safeguard the 

p lant effluent from any emergency loadings beyond the plant capacity. Actually this
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facility has been needed but fo r a total period of about one week since the p lant was put 
into operation. Strangely enough, it was required for an underload rather than an 
overload. In  order to compensate for the extreme variations in loadings, it is necessary 
to keep the sludge in a condition of over-oxidation. On the two occasions mentioned, 
whey was not produced in the factory for a period of about five days. A fter about three 
days of extremely low loadings, a portion of the sludge became colloidal and the first- 
elarifier effluent had the appearance of muddy water. A small quantity of lime and alum 
was necessary to flocculate this colloidal material and prevent its discharge in the final 
effluent.

“ Chemicals were added during a portion of the test period referred to in the B ulletin . 
However, they were not needed and caused little if  any additional removal of either solids 
or B.O.D.

“ The only period during which chemicals were added was the week of August 25 
to 30. The applications consisted of 30 p.p.m. each of lime and alum. The reference 
to chemical sludge being added to the digester is misleading. The term should read ehein- 
ical-clarifier sludge and in most cases refers to the additional settling of activated sludge 
in the second elarifier.”
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in d u stria l W aste Treatm ent Practice. By E. F. E ld r i d g e .  McGraw-Hill Book Co., Inc. 
1942. Price, $5.00.

This is a book of 401 pages, divided into an introduction of 5 pp. and 17 chapters, 
as follows:

T i t l e  o f  C h a p te r  P a g e :
S t r e a m  P o l lu t io n  ...............................................................................................................................................................  15
C h a r a c t e r is t ic s  o f  I n d u s t r ia l  W a s t e s  ...................................................................................................................  17
S t a n d a r d  T r e a t m e n t  M e th o d s , S t r u c t u r e s  a n d  E q u ip m e n t .................................................................  45
W a s t e s  fr o m  th e  B e e t - S u g a r  I n d u s t r y ................................................................................................................. 2 7
M ilk  P r o d u c t s  F a c t o r y  W a s t e s ................................................................................................................................  32
C a n n in g  F a c t o r y  W a s t e s  .............................................................................................................................................  26
T a n n e r y  W a s t e s  ..................................................................................................................................................................  26
P u lp  a n d  P a p e r  M i l l  W a s t e s ...................................................................................................................................... 37
T e x t i le  W a s t e s  ..................................................................................................................................................................... 29
M e a t  P a c k i n g  a n d  S la u g h t e r h o u s e  W a s t e s ......................................................................................................  18
L a u n d r y  W a s t e s ..................................................................................................................................................................  5
W a s t e s  f r o m  th e  M e t a l  I n d u s t r ie s  ........................................................................................................................  12
G a s  a n d  C o k e  P l a n t  W a s t e s  a n d  O th e r  P h e n o lic  W a s t e s ....................................................................... 18
W a s t e s  f r o m  F e r m e n t a t io n  I n d u s t r i e s ................................................................................................................  2 5
W a s t e s  f r o m  O il  F ie ld s  a n d  R e fin e r ie s  ..............................................................................................................  18
T r e a tm e n t  o f  C o m b in e d  I n d u s t r ia l  W a s t e  a n d  D o m e s t ic  S e w a g e  .................................................. 19
M e th o d s  o f  A n a ly s is  f o r  I n d u s t r ia l  W a s t e s ...................................................................................................  22

The author is well known for the Bulletins prepared by him or under his direction at 
the Engineering Experiment Station of Michigan State College. Out of this experience 
has been evolved a record of his contacts and problems. As 'such it will prove useful as a 
reference book to practitioners. As a text book for students, it seems unsuited, because 
the book is so largely a record of facts and specific instructions, whereas a student needs to 
learn fundamental principles.

The book is somewhat unbalanced in the allotment of space to various industries. No 
reference is made to the Com Products Industry. Occasionally the author takes up a 
topic, such as the use of chlorine in treating packinghouse waste and designates it as 
valuable, whereas apparently it has proved a failure. H is references to literature are 
few and not particularly well selected. No mention is made of the research of Hodge and 
his associates on handling spent acid pickling waste. Minor errors appear, such as mis
spelled proper names (i.e., Homman for Hommon and Bushwell for Buswell), which can 
be eliminated by more careful proof reading.

As a first approach to an American treatise on industrial wastes, this book is welcome, 
in the hope that the author will broaden out the chapters on industrial waste and condense 
or eliminate those general chapters which are best handled in the excellent standard books 
on sewage disposal now available.

L a x g iio x  P e a r se
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L O C A L  A S S O C IA T IO N  M E E T IN G S  IN  1942

Association
Canadian Institute of Sewage and Sani

tation

Central States Sewage Works Association

Florida Sewage Works Association

North Dakota Sewage Works Conference

Maryland-Delaware Water and Sewerage 
Association

Missouri Water and Sewerage Conference

New England Sewage Works Association

New York State Sewage Works Associa
tion

North Carolina Sewage Works Association

Ohio Sewage Works Conference

Pacific Northwest Sewage Works Associa
tion

Pennsylvania Sewage Works Association

Place Bate
Toronto, Ontario 

(Royal York Hotel)
Oct. 22-23

Minneapolis, Minn. 
(Nicollet Hotel)

June 18-19

Gainesville, Fla. 
(Univ. of Florida)

May 27-30*

Williston, N. D. Oct., 1942

Hagerstown, Md. 
(Alexander Hotel)

May 7-8

Hannibal, Mo. Sept. or Oct,

Boston, Mass. 
(Bradford Hotel)

May 27-28

Albany, New York 
(Hotel Ten Eyck)

June 5-6

Durham, N. C. 
(Washington Duke Hotel)

Nov. 2-4

Cleveland, Ohio 
(Statler Hotel)

Oct. 15-17

Corvallis, Ore. 
(Marcus Whitman Hotel)

May 7-9

State College, Pa. Aug. 24-26

* Changed date from that previously announced.

F E D E R A T IO N  O F  S E W A G E  W O R K S  A S S O C IA T IO N S

Third Annual M eeting, Cleveland, Ohio 

October 15-17, 1942



The shore dog is unlashed —
The “ship o f war production” slides dow n the ways and soon w ill be 
plying "full speed ahead.”

Naval shore establishments throughout the nation, these strong 
links in our war chain, are being protected with efficient sanitation 
facilities that would do justice to the m ost modern city.

On more than thirteen naval shore projects, P. F. T . Sewage Treat
ment Equipment has been and is being installed with a view to fully 
safeguarding enlisted and civilian worker personnel.

Floating Cover Digesters, Rotary Distributors, Sewage Siphons and 
many sewage plant boiler room  installations are found in the ever 
increasing list o f naval stations, shipyards, naval airports, schools 
and camps.

W ith over half a century o f specialization to serve as background 
for the modern day equipments being supplied, we are bending every 
effort to rush to com pletion sound trouble free equipment for installa
tion on naval war production projects. Faster, more cooperative 
effort w ill w in this war.

N ow  142 War Projects are served by P.F.T. proven Sewage Treat
ment Equipment. The major operating units supplied, include:

i f 132 Floating Cover Digesters
f t  46 Rotary Distributors
i f  92 Sewage Siphons
i f  32 Sewage Sludge Pumps
i f 106 Boiler Room Installations using: Flame Traps, Pressure 

Relief Flame Traps, Waste Gas Burners, Pressure Indi
cating Gages, Drip Traps, etc. @
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* T h e  " T a lb o t S trip  T e st,” illu stra ted  ab ove, is an accep t

ance test for cast iron  p ip e . T h e  m o d u lu s  o f  ru p tu re  

and secant m o d u lu s o f  e la stic ity  are d e term in ed  from  th is  

test, m ade on  a strip  cu t from  th e  w a ll o f  a p ip e . It is  

o n e  o f  th e  ro u tin e  tests m ade by th is  C om pany to  in su re  

that the q u a lity  o f  its p ip e  m eets or ex ceed s th e  re q u ire 

m en ts o f  accep ted  standard sp ec ifica tion s for  cast iro n  p ip e . 

United States Pipe and Foundry Co., General Offices: 

Burlington, N. J. Sales O ffices in  P r in c ip a l C ities .

* O n e  o f  a  s e r i e s  o f  c o n t r o l s  i n  o p e r a t i o n  a t  e a c h  

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

a n a l y s i s  o f  r a w  m a t e r i a l s  a n d  e n d i n g  w i t h  t e s t s  

o f  t h e  f i n i s h e d  p r o d u c t ,  a l l  s u b j e c t  t o  t h e  

c e n t r a l  c o n t r o l  o f  o u r  h e a d q u a r t e r s  s t a f f  a t  

B u r l i n g t o n .

U .S .
c a s t  iro n

Centrifugally or Pit Cast for 
w ater, gas, sewerage, drainage 

and industrial services.



SEW A G È W O RK S JO U R N A L 17

YOU'VE GOT  TO KEEP 'EM LEVEL
-NO W  and Years LATER

H E R E ’S  
H O W !

If You Specify Now!

YEOMANS “ LEVELER” for 
ROTARY DISTRIBUTORS

*  E xp lo d ed  view  show ing  
“LE V E LE R " inserted between 
flanges of inner sta tionary  
member and base of Yeomans- 
Simplex Rotary Sewage D is
tributor.

Too often, trickling filters SETTLE  
after installation. This can throw the 
distributor mechanism badly out of 
plumb. Heretofore, the only method 
for rectifying this was slow and costly 
-—breaking the inlet pipe connection, 
wedging up the distributor column 
base, and reconnecting after re-grout
ing the base.

T H IS  IS NOW  U N N E C E S S A R Y —  
provided you think about all that 
when writing specifications— by speci
fying Yeomans “LEVELER” .
With the use of ordinary wrenches a 
complete distributor mechanism can be 
brought back to plumb position without 
any dismantling and without breaking 
of any pipe joints or releveling of base. 
A correction of several degrees can be 
made with this device, and the safety  

factor thus available should be favorably considered in writing up speci
fications for new, or improvements in existing, distributor mechanisms.
G et Y eom ans lite ra tu re  on th is device. Ask for B ulletin 6502 and 
D raw ing No. 5774.

K E E P  ’EM  LEV EL, Always.

Yeomans-Simplex Distributor 
installed at Baraboo, 

Wisconsin.

Y E O M A N S  B R O T H E R S  C O M P A N Y
S E W A G E  A N D  S L U D G E  P U M P S - P N E U M A T I C  S E W A G E  E J E C T O R S  

A E R A T O R S - C L A R I F I E R S - D I G E S T E R S - S E W A G E  G A S  B O O S T E R S

1411 N. D A Y TO N  ST. C H IC A G O , ILLINOIS
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W O R T H I N G T O N

E Q u ip m E n T  h i  S E U in c E  p i n n i s
CENTRIFUGAL PUMPS

FOR 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  SERVICES

SEWAGE GAS ENGINES DIESEL ENGINES 
CONVERTIBLE GAS-DIESEL ENGINES

STEAM AND POWER PUMPS 
TURBINE WELL, SUMP AND DRAINAGE PUMPS 

STEAM CONDENSERS AND AUXILIARIES  
FEEDWATER HEATERS 

VACUUM PUMPS STEAM JET EJECTORS
STEAM TURBINES  

REDUCING AND INCREASING GEARS  
STATIONARY AIR COM PRESSORS  

PORTABLE AIR COM PRESSORS
FO R  C O N S T R U C T IO N  A N D  M A I N T E N A N C E

ROCK DRILLS AND CONSTRUCTION AIR TOOLS  
MULTI-V-BELT DRIVES LIQUID METERS

W O R T H I N 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 I O N
G e n era l  O ff ice s :  H A R R IS O N ,  N EW  J ER S EY  lc2.,,
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NEW PUBLICATIONS
of the

AMERICAN PUBLIC HEALTH ASSOCIATION
★  ★  ★

SWIMMING POOLS AND OTHER 
PUBLIC BATHING PLACES

A Report on Recommended Practice for Design, Equip
ment and Operation of Swimming Pools and Other Pub
lic Bathing Places by a Joint Committee of the Conference 
of State Sanitary Engineers and the American Public 
Health Association. 56 pp. Price $.50.

TWELFTH ANNUAL YEAR BOOK, 
1941-1942

Contains 32 reports of scientific committees presented at 
the last Annual Meeting, including:

Standard M ethods Com m ittee on Examination of 
Shellfish

Standard M ethods Com m ittee on Examination of 
Water & Sewage 

C om m ittee on Water Supply 
C om m ittee on Industrial Sanitation  
C om m ittee on Disinfection of Dishes & Utensils

Distributed as a supplement to the March issue of the 
American Journal of Public Health. Sold separately at 
$E50 per copy.

Order fro m

THE BOOK SERVICE 
AMERICAN PUBLIC HEALTH ASSOCIATION

1790 Broadway New York, N. Y.
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M any cities are doing it w ith a R oyer!
IT  s o u n d s  l i k e  m a g ic ,  b u t  i t  is  t h e  p la i n  t r u t h !  S e w a g e  t r e a t m e n t  p l a n t  e n g in e e r s  a l l  

o v e r  t h e  U n it e d  S t a t e s  b e a r  t h is  o u t . T h e y  s a y  t h e  R o y e r  S l u d g e  D i s i n t e g r a t o r  s a v e s  
t h e m  t i m e  a n d  m o n e y  f r o m  t h e  m o m e n t  i t  g o e s  o n  t h e  j o b ;  a n d , b y  p r e p a r i n g  s e w a g e  s lu d g e  
f o r  m a r k e t i n g  a s  a  f e r t i l i z e r ,  i t  t a p s  a  c o n t in u o u s  f lo w  o f  r e v e n u e .

A  R o y e r  N S D - P  o w n e d  b y  t h e  C h a r lo t t e ,  N o r t h  C a r o l in a ,  s e w a g e  p l a n t  is  s h o w n  h e r e  p e r 
f o r m in g  t w o  e s s e n t ia l  o p e r a t io n s  s im u lt a n e o u s l y — s h r e d d in g  t h e  t h i c k  s lu d g e  c a k e  in t o  
p e a - s iz e d  p a r t i c l e s  a n d  lo a d i n g  i t  o n to  a  t r u c k  f o r  d e l i v e r y  w h e r e  d e s ir e d .

N o t i c e  t h a t  t h e  s lu d g e  f e r t i l i z e r  i s  t h o r o u g h ly  c le a n  w h e n  i t  p a s s e s  t h r o u g h  t h e  R o y e r  f o r  
s t i c k s ,  s t o n e s  a n d  t r a s h  a r e  c o m p l e t e l y  r e m o v e d . T h e  s lu d g e  c o m e s  o u t  r e a d y  f o r  t o p  
d r e s s in g  o r  f e r t i l i z e r ,  o r  a s  a  b a s e  f o r  a  h i g h  s t r e n g t h  f e r t i l i z e r .  E n r i c h e n i n g  c h e m ic a ls ,  
w h e n  i n d ic a t e d ,  a r e  t h o r o u g h l y  m ix e d  w i t h  t h e  s lu d g e  b y  t h e  R o y e r .

F i n d  o u t  t o d a y  h o w  y o u , to o , c a n  m a k e  a  g e n e r o u s  p r o f i t  f r o m  s lu d g e .  A  R o y e r  s a v e s  y o u  
t h e  e x p e n s iv e  o p e r a t io n s  o f  b u r y i n g  o r  b u r n in g ,  a n d  t r a n s l a t e s  s lu d g e  in t o  c a s h  b y  s a le s  
to  p a r k s ,  s c h o o ls , g o l f  c o u r s e s , n u r s e r ie s , f lo r is t s ,  c e m e t e r ie s ,  p r i v a t e  h o m e s , t r u c k  f a r m s  
a n d  o t h e r s  i n t e r e s t e d  in  g r e a t e r  s o il  f e r t i l i t y .

N o  m a t t e r  w h a t  t h e  s iz e  o f  y o u r  p la n t ,  t h e r e  is  a  R o y e r  e x 
a c t l y  s u i t e d  t o  y o u r  n e e d s . M e r e l y  t h e  s a v i n g  o f  t i m e  a n d  
la b o r  a t  t h e  p l a n t  m a k e s  i t  a  w o n d e r f u l  b u y .  M a n y  p la n t  
s u p e r in t e n d e n t s  d e c la r e ,  “ I t ’ s t h e  m o s t  v a l u a b l e  p ie c e  o f  
e q u ip m e n t  w e  o w n .”

SE W A G E  W O RK S JO U R N A L

C k c u n q e S lu d a e  „

into '  -**f ntteiS' !• /

ROYER FOUNDRY &  MACHINE CO.
176 PRIN GLE ST., KINGSTON, PA.
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Fig. No. 440 
NEW “ VflREC”  APPROVED PRESSURE 
RELIEF AND FLAME TRAP ASSEMBLY

This unit consists of a diaphragm- 
operated regulator, flame trap 
and a thermal shut-off valve. It 
maintains a predetermined back 
pressure, passing surplus gas to 
the Waste Gas Burner. I t stops 
flame propagation. Non-corro
sive construction.

T h e  “ VAR E C ” Engi
neering Department and Laboratory always 
will collaborate with you on your individual 
Treatm ent P lant Gas Control Problems. 
Thus, your “ V A R E C ” “ custom -built” in
stallation guarantees you 100% efficiency and 
performance. The “ V A R EC ” Sewage Gas 
Control & Safety D evices H andbook and 
Catalog, profusely illustrated with installation 
pictures, flow diagrams, charts, drawings and 
engineering data, is yours for the asking.

THE VAPOR RECOVERY SYSTEMS CO.
C o m p t o n ,  C a l i fo r n ia

BR A N C H  OFFICES - STOCKS C A R R IE D  A T  
N E W  Y O R K  C IT Y  - T U L S A , O K L A H O M A  - H O U S T O N , T E X A S

A g e n c i e s  E v e r y w h e r e

T H E  P A C E  S E T T E R  S I N C E  1 9 2 8

FLAME TRAP ASSEMBLIES

MANHOLE COVERS FLAME ARRESTERSPRESSURE REGULATORS

C ’ ’ A p p r o v e d  P R O

. , 7 , *
'sup. W r
SENSITIVE

MANOMETERS PRESSURE REGULATORS HANDH01E COVERS
WASTE GAS 

BURNERS ORIP-TRAP ASSEMBLIES
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: : D IR EC TO R Y  O F E N G IN E E R S : :

ALBRIGHT &  FRIEL, INC.
C on su ltin g  E ngineers

W ater, Sewerage, Industrial W aste, 
Garbage, Power P lant and 

V aluation Problems
1 5 2 0  L O C U S T  S T .  

P H I L A D E L P H I A ,  P E N N A .

J o h n  W .  A l v o r d  L o u i s  R .  H o w s o n  
C h a r l e s  B .  B u r d i c k  D o n a l d  H .  M a x w e l l

ALVORD, BURDICK &  HOWSON
E n g in ee rs

W a t e r  W o r k s ,  W a t e r  P u r i f i c a t i o n ,  
F l o o d  R e l i e f ,  S e w e r a g e ,  S e w a g e  
D i s p o s a l ,  D r a i n a g e ,  A p p r a i s a l s ,  

P o w e r  G e n e r a t i o n  

C i v i c  O p e r a  B u i l d i n g  C h i c a g o

B U C K , S E IF E R T  A N D  J O S T
C o n su ltin g  E n g in eers  

(FO R M ER LY  N ICH O LA S S . H ILL ASSO CIATES)

S p e c i a l i z in g  i n  S e w e r a g e  a n d  S e w a g e  D i s p o s a l ,  
W a t e r  S u p p ly  a n d  W a t e r  P u r i f i c a t i o n ,  

V a lu a t io n s  a n d  R e p o r t s  

C h e m i c a l  a n d  B io lo g ic a l  L a b o r a t o r i e s  

1 1 2  E a s t  1 9 t h  S t r e e t  N e w  Y o r k ,  N .  Y .

T H E  C H E S T E R  E N G I N E E R S
C a m p b e l l ,  D a v i s  &  B a n k s o n

Water Supply and Purification, Sewerage 
and Sewage Treatment, Power Develop
ment and Applications, Valuations and 
Rate Investigations.

2 1 0  E .  P A R K  W A Y  A T  S A N D U S K Y  S T .  
P I T T S B U R G H ,  P A .

B L A C K  & V E A T C H
C onsulting Engineers 

4 7 0 6  B r o a d w a y ,  K a n s a s  C i t y ,  M o .

S e w e r a g e ,  S e w a g e  D i s p o s a l ,  W a t e r  S u p p l y ,  W a t e r  P u r i f i c a t i o n ,  E l e c t r i c  L i g h t i n g ,  
P o w e r  P l a n t s ,  V a l u a t i o n s ,  S p e c i a l  I n v e s t i g a t i o n s ,  R e p o r t s  a n d  L a b o r a t o r y  S e r v i c e

E .  B .  B l a c k  N .  T .  V e a t c h , J r . A .  P .  L e a r n e d  H .  F .  L u t z  
F .  M . V e a t c h  J .  F .  B r o w n  R .  E .  L a w r e n c e  E .  L .  F i l b y

C 0N S0E R , TOWNSEND & QUINLAN

Water Supply—Sewerage— Flood Con
trol & Drainage— Bridges—Ornamen
tal Street Lighting— Paving—Light 
and Power Plants. Appraisals.

C h i c a g o  T i m e s  B l d g . ,  2 1 1  W .  W a c k e r  D r i v e

F A Y , SPO FFO R D  & T H O R N D IK E
E N G I N E E R S  B O S T O N ,  M A S S .
F r e d e r i c  H .  F a 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 i o n  A . B o w m a n  
C a r r o l l  A . F a r w e l l  R a l p h  W . H o r n e  

W a t e r  S u p p l y  a n d  D i s t r i b u t i o n  
S e w e r a g e  a n d  S e w a g e  T r e a t m e n t  D r a i n a g e

I n v e s t i g a t i o n s  a n d  R e p o r t s  
D e s ig n s  V a l u a t i o n s  

S u p e r v i s i o n  o f  C o n s t r u c t i o n

W ILL IA M  A. G O FF
C o n su ltin g  E n g in eer

P r i v a t e  a n d  M u n i c i p a l  E n g i n e e r i n g  
S e w e r a g e ,  S e w a g e  D i s p o s a l  

W a t e r  S u p p l y  a n d  T r e a t m e n t  
G a r b a g e ,  K e f  u s e ,  I n d u s t r i a l  W a s t e s  

D e s i g n ,  S u p e r v i s i o n ,  V a l u a t i o n s ,  R e p o r t s  

B r o a d  S t .  S t a t i o n  B l d g . ,  P h i l a d e l p h i a

G R E E L E Y  &  H A N SE N
E n g in e e r s

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 t e r  S u p p l y ,  W a t e r  P u r i f i c a t i o n ,  
S e w e r a g e ,  S e w a g e  T r e a t m e n t ,  F l o o d  
C o n t r o l ,  D r a i n a g e ,  R e f u s e  D i s p o s a l  

6  N .  M i c h i g a n  A v e . ,  C h i c a g o

HAVENS AND EM ERSON
( f o r m e r l y  G a s c o i g n e  & A s s o c i a t e s )

W .  L .  H a v e n s  C . A .  E m e r s o n  
A . A .  B u r g e r  F .  C . T o l i e s  F .  W .  J o n e s  

W a t e r ,  S e w a g e ,  G a r b a g e ,  I n d u s t r i a l  
W a s t e s ,  V a l u a t i o n s . — L a b o r a t o r i e s  

L e a d e r  B l d g ,  W o o l w o r t h  B l d g .  
C l e v e l a n d  N e w  Y o r k

M ORRIS KNOW LES, Inc. 
E n g in eers

W a t e r  S u p p l y  a n d  P u r i f i c a t i o n ,  S e w e r 
a g e  a n d  S e w a g e  D i s p o s a l ,  V a l u a t i o n s ,  

L a b o r a t o r y ,  C i t y  P l a n n i n g .

W e s t i n g h o u s e  B l d g .  P i t t s b u r g h ,  P a .
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: DIRECTORY OF ENGINEERS :

METCALF & EDDY 
E n g in eers

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

L a b o r a t o r i e s  V a l u a t i o n s

S t a t l e r  B u i l d i n g :  1 5 0  B r o a d w a y
B o s t o n  N e w  Y o r k

R e e v e s  N e w s o m  E .  H .  A ld r ic h

N E W S O M  & A L D R I C H
E n g in e e r -C o n su lta n ts

S e w e r a g e  a n d  S e w a g e  D i s p o s a l  
W a t e r  S u p p l y ,  P u r i f i c a t i o n  

a n d  D i s t r i b u t i o n  
V a l u a t i o n s  a n d  R e p o r t s  

5 0 0  F i f t h  A r e .  T e l e g r a p h  B h l g .
N e w  Y o r k  H a r r i s b u r g

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  
4 0  W a l l  S t r e e t  
N e w  Y o r k  C i t y

ROBERT T. REGESTER
C o n s u lt in g  E n g in eer

S e w e r a g e — S e w a g e  T r e a t m e n t  
W a t e r  W o r k s — I n d u s t r i a l  W a s t e s  

F l o o d  C o n t r o l — F i r e  P r o t e c t i o n

A d v i s o r y  S e r v i c e ,  R e p o r t s  a n d  D e s i g n s  

B a l t i m o r e  L i f e  B u i l d i n g  
B a l t i m o r e ,  M d .

R U S S E L L  a n d  A X O N
C o n su ltin g  E n g in eers  

G e o .  S .  R u s s e l l  J o h n  C .  P r i t c h a r d
J o e  W i l l i a m s o n ,  J r .  F .  E .  W e n g e r

S e w e r a g e ,  S e w a g e  D i s p o s a l ,  W a t e r  S u p 
p l y ,  W a t e r  P u r i f i c a t i o n ,  P o w e r  P l a n t s ,  
A p p r a i s a l s ,  R a t e  I n v e s t i g a t i o n s ,  R e p o r t s ,  
P l a n s ,  S p e c i f i c a t i o n s .

4 9 0 3  D e l m a r  B l v d .  S t .  L o u i s

WHITMAN, REQUARDT AND SMITH
E n g i n e e r s

E z r a  B . W h i tm a n  N o r m a n  D .  K e n n e y
G u s ta v  J .  R e q u a r d t  A . R u s s e ll  V o llm e r
B e n ja m in  L .  S m ith  T h e o d o r e  W . H a c k e r

WATER WORKS— SEWERAGE— UTILITIES
B a l t i m o r e ,  M d .  A l b a n y ,  N .  Y .

CONSULTING 
E N G I N E E R S

❖

In  changing times, and we all 
are aware that these are changing 
times, Consulting and Sanitary 
Engineers m ust constantly place 
their names and services before 
those in the Sewerage and Sew
age Treatm ent fields who need 
such counsel. An excellent way 
of directing attention to your 
services is to place a professional 
card in the D IR E C T O R Y  O F 
E N G IN E E R S  of each issue of 
S E W A G E  W O R K S JO U R 
NAL.

SEW A G E  W O R K S JO U R 
N A L is the official publication of 
the Federation of Sewage W orks 
A ssociations; and, is the leader 
in its field. Its highly specialized 
circulation of over 3,000 and low 
advertising rates assure effective
ness plus economy.

The cost of a twelfth page pro
fessional card is only $48.00 per 
year, payable $8.00 bi-monthly.

For reservations and further 
information write to

A R T H U R  A. CLAY 
A d v e r t i s i n g  M a n a g e r  

40 Wall Street 
New York, N. Y.
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< 1)1, °nne cylinders
h e a l t h  ° d“ a i°"  * » •  w u ,  prom Ptly

MUTE METAL WAS MADE TO SPEAK 

 ALM OST BY ACCIDENT

T h e  alertness of Alexander G raham  Bell, a teacher of h u m an  m u tes , 

w as v ita l to his discovery o f  how to  m ake m u te  m etal speak. E xperim enting  

w ith  a harm onic telegraph, he stum bled  on the  princip le of the  telephone, 

w as qu ick  to  realize its  v a lu e  and  to m ake long-distance speech a  reality .

A lertness is im p o rtan t in our business, too. W h e th e r developing a  new- 

chem ical . . .  or im proving  an  existing p ro d u ct . . .  or “ troub le-shoo ting" in a 

custom er’s p l a n t . . . ou r m en show an alertness th a t  adds new vigor to  the  

solid rep u ta tio n  fo r in teg rity  in chem ical m an u fac tu rin g  w hich we have 

earned  th ro u g h o u t Am erican in d u stry  during  the  years since 1850,

P E N N S Y L V A N I A  S A L T
M  A N U / F  \ f f c  T U R I N G  C c A *  P A N Y

1 850 A A ^ J T L J ^ L jOLJl A ^  1942
1 0 0 0  W ID E N E R  B U IL D IN G , P H IL A D E L P H IA

BRANCH OFF ICES :  N EW  YORK • C H I C A G O  • ST. t O U IS  « P ITTS BURGH - W Y A N D O T T E  • TA C OM A  
PLANTS:  PHILADELPHIA .  E A S T O N  * N AT R O N A  .  W Y A N D O T T E  • TA C O M A  • PORTLAND, ORE.

C H E M IST R Y
IS THE KEYSTO N E 

O F IN D U STRY
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i t t U T

SEW AGE EN G IN EERS
u A e

I  (l. U.S. PAT o n

No. 50

Q  Sew ag e  p lan t eng ineers and  co n tra c to rs  

were am ong the firs t  to recogn ize  the 

unique p ro pertie s of th is unusual co a tin g  

and  to d a y  it is su ccessfu lly  p ro tectin g  such 

su rfaces as sludge co nd itio n ing  and d ig e s

tion tanks, ch anne ls , trick lin g  f ilte r  beds, 

g rit  ch am bers , s ludge and  g rease  p ipe lines, 

f lo o r g ra tin g s and tide  g ate s .

B itum astic  N o . 50 is d iffe re n t fro m  o rd in a ry  

m a in ten an ce  co a tin g s  —  d iffe re n t in its 

unique, p la s tic  a p p e a ra n c e , d iffe ren t in its 
m ethod of a p p lic a tio n  ( i t  m ay be e a s ily  a p 

plied by brush or even s p ra y ) , and  d iffe ren t 

in the lastin g  p ro tection  a g a in s t  the most 

severe  co rro s ive  co n d itio n s .

Send fo r d esc rip tive  fo ld e r and  fu rthe r de
ta ils  as to how you can  use B itum astic  No 
50 around yo u r p lan t.

WAILES DOVE-HERMISTON 
CORPORATION 
Westf ield,  N. J.

Branches in Principal C it ies

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

by using

MABBS RAWHIDE PACKING
T r a d e  M a r k

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

In Your Water Works and Sewage 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 Jias 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 Pumps and Valves.

Mabbs Hydraulic Packing Co.
Inc. 1892

431 S. Dearborn St. Chicago, III.

E
Consul t ing ^

G
I

H y d r a u l i c  N
E 
E 
R 
S

Place your 

professional 

card

in our

S a n i t a r y

D IR E C T O R Y
O F

E N G IN E E R S

A sk  fo r  our card showing the 
advertising rates which are 

exceptionally low

SEWAGE WORKS JOURNAL
AO W A L L  S T R E E T  

NEW YORK,  N. Y.
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Centrifugal Pumps

High-efficiency
Non-clogging

SEWAGE
PUMPS

Send  
for ca ta lo g

M O R R I S  M A C H I N E  W O R K S  
B A L D  W I N S  V I L L E .  N . Y .

•  Easterly S ew ag e  

Pumping Station,

C leveland , O h io ;

' s ix  DE L A V A L  

C L O G L E S S  P U M P S; 

1 5 ,0 0 0 ,0 0 0  g .p .d , 

each against 15 ft. ■1

at 2 9 4  r.p.m .; 

motor speed 

1160 r.p .m .

Sp eed  reducing g ea rs  

u n ite  h igh  e ff ic ie n c y  

pum ps w ith  e ffic ien t, 

standard  speed m o to rs j

Sfpd tor 
P * p tt P-3303 on i 

\ Putnpt “
Wsmk'i

DE LAVAL STEAM TURBINE CO. 
TRENTON, N. J.

SLUDGE C O N D I T I O N I N G  

SEWAGE C O A G U L A T I O N  

WATER P U R I F I C A T I O N

THE DOW

35-47% SOLUTION 60%  CRYSTALS
SHIPPED IN TANK CARS PACKED IN 300 OR 500 LB. BARRELS

CHEMICAL COMPANY, m i d l a n d ,  m ic h .

LaMOTTE SLUDGE pH OUTFIT
T h i s  o u t f i t  e m p l o y s  t h e  d i l u t i o n  m e t h o d  f o r  
d e t e r m i n i n g  t h e  p H  o f  s e w a g e  s l u d g e  w h i c h  o b 
v i a t e s  t h e  n e c e s s i t y  f o r  c e n t r i f u g i n g  o r  f i l t e r i n g  
a n d  t h e r e f o r e  e n s u r e s  t h e  m i n i m u m  c h a n c e  f o r  
e s c a p e  o f  c a r b o n  d i o x i d e .  T h i s  o u t f i t  c o n t a i n s  
a l l  n e c e s s a r y  e q u i p m e n t  a n d  i s  p a c k e d  i n  a  
c o m p a c t  c a r r y i n g  c a s e .  P r i c e  c o m p l e t e  w i t h  
i n s t r u c t i o n s  $ 3 5 .0 0  f . o . b .  o u r  l a b o r a t o r i e s .

LaMotte Chemical Products Co.
D e p t . S W  Towson, Baltimore, Md.

I n e r t o l  C o a t in g s

For Better Plant Maintenance 
INERTOL CO., INC.

NEWARK, N. J. and SAN FRANCISCO, CAL.
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U s e  a  P R O V E N

Coagulant 
Cost Cutter . • • •

Tennessee FERRI-FLOC has proven its value for 
sludge conditioning, sewage and waste coagu

lation, and water treatment. Reduces costs.
In Bulk,

D ir e c t  r e c i r c u la t io n  o f  filter 
effluent through the rotary distrib
utor with the resultant continuous 
inoculation is responsible for the 
economy and efficiency of this re
markable sewage treatment system. 
The organic content o f the sewage is 
reduced not by a single contact with 
bacterial growth but by repeated pas
sages through the biological filter.

• L O W E R
o r g a n i c  c o n t e n t

• H I G H E R
l o a d i n g . ..  with  the

A C C E L O -  
F I L T E R

Dosage rates are higher. Anaerobic 
decomposition and the attendant 
odors are avoided by repeated aera
tion of the sewage and freshly acti
vated material.

The Accelo-Filter is being met 
with enthusiastic acceptance. Write 
today for a complete description. 
Send for Bulletin 2415.

D \k\ W  D (L  E  0  INTERNflTIONÄLHLTER CO.
INCORPORATED 325 W. 25TH PLACE, CHICAGO, ILL.
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NORTON * POROUS MEDIUM S
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R. D. Wood Co. offers 
IMPROVED PRODUCTS FOR 

SEWAGE PLANTS

r  I r l N u !  Every form of cast iron p ip e —plain  end, raised end, b ell and  
sp igot end , flanged , or m ech an ica l joint. It can  b e  provided  with  
cem en t or tar lin ing, or the h igh ly  and perm anently im pervious  
Hi-Co Lining. R. D. W ood p ipe is centrifugally  cast in  sand-lined  
m olds for lightness, strength, flexibility, and  uniformity.

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

VALVES: R. D. W ood ga te  va lves are u n iq u e in  the sim plicity of their  
construction  and the dep en dab ility  of their operation. T hey u se  
only three m oving parts. W e provide them  in all sizes for m anual 
or p ow er operation, as w e ll a s c h ec k  valves, foot valves, etc .

FLOOR STANDS and A CCESSO RIES: A ccessor ies  n e c e s 
sary to the p ip in g  and  control of sew a g e , water, or ga s. O ur  
E n gin eerin g D epartm ent w ill g lad ly  g iv e  information, ad vice , 
su ggestion s, p rices, and other assistance.

R. D. WOOD COMPANY
4 0 0  CH ESTN UT STREET, PH ILA D ELP H IA . PA . • ESTABLISH ED 1803
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Think and Act as If Winning This 
War D epends Upon You A lone!

We A l l  C a n ’t G e t  Up  t o  t h e  F r o n t  L i n e , 
B u t  H e r e  Is H o w  S e w a g e  P l a n t  O p e r a t o r s  

C a n  D o  T h e i r  V i t a l  B i t

Lend Uncle Sam Part of Your Purchasing Power
Buy Defense Savings Bonds and help finance the Victory Drive.
At the same tim e you have an absolutely safe, high-interest-bear
ing investm ent.

Maintain All of Your Equipment in the Best Condition
Proper maintenance of the equipm ent in your plant insures better 
service and longer life; conserves material for our Victory Drive; 
is better municipal econom y; gives you a better operating cost 
record of your plant; and gives better protection to  Public Health.
Send for M a in ten a n ce  and O perating In stru ctio n s for th e  
“Chicago" equipment in your plant, if  you have lost or misplaced 
them. Give us the unit number from the name plate of the equip
ment, and we will promptly mail you the proper instructions.

Enforce Extra Precautions Against Sabotage
Vigilance will thwart those who would sabotage your plant. Pre
paredness for emergencies will speed the return of your plant to  
normal operation.

CHICAGO PUMP CG1 . SEWAGE EQUIPMENT DIVISION

2136 Wolfram Strc«1, CHICAGO, ILL. 
Pkon« BRUnswick 4110

REPRESENTATIVES OBOUGHOUI THE UNITED

----------------------- -------^
VACUUM-CONDENSATION- CIRCULATING - BILGE 

1 FIRE - HOUSE - SEWAGE - SCRU-PELLER PUMFS 
AERATORS - COMMINUTORS - SAMPLERS

STATES AND FOREIGN COUNTRIES
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T  H E  Spring “bouquet” at many sewage treat- 
® ment plants is likely to be more of a problem 

than ever this year, with increases in population 
and industrial activity resulting from the war. 
What’s more, you’ll have a greater responsibil
ity than ever for public health protection.

When you consider . . . higher temperatures 
...greater loads...a possible employee shortage 
and a more acute public consciousness of public 
health services. ..you will know the situation calls 
for a more effective use of CHLORINATION.

Wallace & Tiernan representatives can help 
you get full effectiveness out of every pound of 
chlorine you use. On the basis of actual experi
ence at other sewage plants, they can recom
mend equipment and operating practices that 
will overcome odors, reduce scum and filter 
ponding, prevent foaming of tanks, increase ef
fective plant capacity, and assure a safe, unob
jectionable effluent.

Write today for ;Technical Bulletins giving 
facts and figures. S A - 1 3 2 - S

Ch lorination w ith  M a n u a l Control
. . . W i d e l y  e m p l o y e d  a t  s m a l l  
p l a n t s  a n d  f o r  s u p p l e m e n t a r y  
c h l o r i n a t i o n  a t  l a r g e r  p l a n t s .  W & T  
C h l o r i n a t o r s  p e r m i t  r a p i d ,  a c c u r a t e  
a d j u s t m e n t  o f  a p p l i c a t i o n  r a t e .

Ch lorination  Proportional to F lo w
. . . C h l o r i n e  i s  s a v e d  a n d  o p e r a t 
i n g  s u p e r v i s i o n  r e d u c e d  a s  W & T  
A u t o m a t i c  C h l o r i n a t o r s  r e g u l a t e  
a p p l i c a t i o n  i n  a c c o r d a n c e  w i t h  
f lo w  v a r i a t i o n .

“ Program m ed" Ch lo rin atio n  . . .
M e e t s  t h e  n e e d s  o f  m a n y  s y s t e m s  
w h e r e  b o t h  s t r e n g t h  a n d  f lo w  o f  
s e w a g e  v a r y  t h r o u g h o u t  t h e  d a y ,  
b u t  f o l l o w  a  r e p e t a t i v e  p a t t e r n .

“ P o te n tia l"  Ch lo rin atio n  . . . N e w
m e t h o d  d e v e l o p e d  b y  W & T  c o n 
t r o l s  c h l o r i n e  a p p l i c a t i o n  r a t e  
c o n t i n u o u s l y  t o  m e e t  c h a n g e s  o f  
s t r e n g t h  a n d  f lo w  a s  t h e y  o c c u r . ,

T h e  O n ly  S a fe  S e w a g e  is a S t e r i l i z e d  Se icape

WALLACE & TIERNAN CO., Inc.
M a n u fa c tu re rs  o f  C h lo r in e  a n d  A m m o n ia  C o n tro l A p p a ra tu s  

N E W A R K ,  N E W  J E R S E Y  • R E P R E S E N T E D  IN  P R I N C I P A L  C I T I E S


