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Testf show that DorrcodCIariroccuIa ots grodduc% f Ir hetter THE CLARIFLOCCULATOR OFFERS:
Hsu tﬁ]on iaw sewa%es imentation than Standar &{} iers T
ow 3n3 |n?. caPa |t)</ as.been |n(freas?dfp IU9 }1.6% and 1 Ideal Feed Distribution—below sur-
suspended sofids remoVals increased up o 21.6%. face through an inverted siphon.
e.Dorrco Clariflocculatar copsists of a Flogculafor and a i i i
Ha[l 161116 % single (anK. Cl’rhe[ﬂoc.cul fidh g S At n 2 Pref'ﬁ(jc”'at'l"” Wd'th“;c“.em“'ca's
g?éc”éﬁ” o1 S barr ant et stshenged T v'%”fhewé*éri[leer rutom atioHandling—of heavy n
3. Automatic Handling—ofheavy ma-
alg?nrglearcgﬁipa%%cg[ﬁtcl?e%taﬂni%lanﬁca“on are carrigd out'm terials which settle in separate
' ' ' Flocculator structures, elimi-
COMPARATIVE RESULTS AT YPSILANTI, MICH, INSTALLATION nating periodic manual
40" Dorrco Clariflocculator vs. 40" Dorr Clarifier on weak domestic sewage : cleaning.

Greater Capacit Greater Removals
b e

flogclﬂrlgtor Clarifier floccaileftor Clarifier
19 15 2.3 3

Detention—His. . . . 2

Overflow rate—qdls sq It. day 950 720 800 800
Raw Sewage—p.p.m. 147 147 155 155
Ellluent—p.p.m. 68 n 6 82
Removals— percent 53.8 51.8 574 412
imreased caoacm{—percent 316 - — -
increased removals—percent - — 216 -

Other tests, of shorter duration, indicate proportionately greater improve-
ments on proportionately stronger sewages.

iRESEARCH

address ALt

DORRCO Clariflocculators arc normally made in sizes
ranging from 20" to 100" in diameter, though larger
sizes can be made if required. For additional details
write to the nearest Dorr office. There is no obligation.

INQUI

Floe NotDamaged—theyare
not disintegrated in passing
to the sedimentation zone.

Perfect Sedimentation Con-
ditions—in an annular zone
with decelerated flow to the
overflow weir.

,Seed Floes Recirculated—to
form nuclei for new floe for-
mations.

.Installed Cost—is less for
Clariflocculator than for sep-
arate flocculator and clarifier
units of a comparable size.

NEW YORK 22, N.Y. , , 570 LEXINGTON AVE.
ATLANTA 3, GA. . WILLIAM-OLIVER BLDG. |
TORONTO 1, ONT. . . 80 RICHMOND ST.W. |
CHICAGO 1, ILL. . , , > 221 NO. LA SALLE ST.
DENVER 2, ;0LO. . . ., . COOPER BUILDING
LOS ANGELES 14, CAL. . . .811 WEST 7TH ST.
RESEARCH AND TESTING LABORATORIES
WESTPORT, CONN..
SUGAR PROCESSING
PETREE & DORR DIVISION
570 LEXINGTON AVE.. NEW YORK 22. N.Y.
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A BARREL Of SAVINGS

Here is a hydrant that can be re-
placed by two men in 15 minutes.
No digging under the hot sun.
No hammering awSy at frost-
hardened ground. Thebarrel, con-
taining all working-parts, simply
unscrews at the elbow and s
withdrawn through the protec-
tion case. A spare takes its place
and the original goes back to
the shop where repairs can be
conveniently scheduled. You save
your community money because
fewer man-hours are required for
maintenance work—and you pro-
vide better fire-protection be-
cause out-of-service time is kept
at a minimum. For economy and
efficiency, specify Mathews Mod-
ernized Hydrants.

MATHEWS HYDRANTS

Wtade & D» MOOD

400 CHESTNUT STREET, PHILADELPHIA 5, PA.
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For High-Efficiency Sludge Removal
and Sedimentation

THE CIRCULINE COLLECTOR

~ FOR ROUND TANKS
Positive movement of sludge ann% the most direct
path to the draw-off, in the shortest time, s accom-
plished with the Circuling Collector. This results
In_maximum sludge concentration and. complete
solids removal without septicity. Efficiency of
sedimentation is accomplished Dy, (1) the” uni-
formity of distribution of the incoming flow from
the center of tank, and 22) unagitated” transporta-
tion of settled sludge to the draw-off hopper, which
will not again throw it into suspension or allow it
to become septic. Send for Special Catalog 1982.

THE SfRAIGHTLINE COLLECTOR*

FOR RECTANGULAR TANKS
The Stran};htlme Collector assures rapid, positive
removal 0 sIud%e from rectangular tanks. Sludge
is conveyed to the, sludge hoPper over the shortest
possible path and in the shortest possible time. The

action of this collector is not only positive, but jts
travel s[oeed can be adapted to fhe characteristics
of the sludge so that very little stlrrln? action takes
place. The sludge Is carried as a unit to the point
of discharge. The slow speed of the collector and
the excellént distribution of the flow assures maxi-
mum efficiency. Send for special catalog No. 1742.

9548-A

' LINK-BELT COMPANY
Chica(io 9, Indianapolis 6, Philadelphia 40.

Atlanta, Dallas 1, Minneapolis 5,
San Francisco 24, Toronto 8.
Offices in principal cities.

SCREENS-COLLECTORS-MIXERS AERATORS .
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Johns-Manville TRANSITE PIPE

FOR EFFICIENT, ECONOMICAL SEWAGE DISPOSAL
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For small communities, institutions, industrial plants

YEOMANS "WCdeA.'Wheeln DISTRIBUTOR

e low |Initial Cost
e Simple Maintenance

e Extraordinary Results

« Serving small isolated communities—

schools, hospitals and industrial plants YEO MANS BROTHERS COM PANY

— this simple, well built unit has made
an excellent record for unfailing regu- CHICAGO
larity and a minimum of attention.

The distributing trough rotates only 93% REMOVAL OF 5-DAY B.O.D

76% REMOVAL OF SUSPENDED SOLIDS
AT LAKE FOREST HOSPITAL

as the water-wheel buckets fill, at any
rate of flow. The V-notch openings
with spreader plates are spaced for

even distribution. Clogging and fre- These test figures were taken from a typical week’s
quent cleaning are prevented. operation of Yeomans "Water-Wheel” Distributor at
The "Water-Wheel” Distributor can Lake Forest Hospital, near Lake Forest, lllinois. The
be used with any kind of primary sedi- "Water-Wheel” distributes over a 20-foot filter bed,
ment tank. No dosing chambers or and treats sewage from an institution of 220 persons
siphons are needed, no accessories re- — laundry, toilets and operating room wastes.

quired. Any good handy-man can

install and service the unit. SEND COUPON ...1weie.i «0 0 U itfolio*i
Bulletin No. 6552 gives you full de-
tailed information. Send the coupon. YEOMANS BROTHERS COMPANY

1411 North Dayton Street < Chicago 22, Illinois

Please send Bulletin No. 6552 with full description
of Yeomans "Water-Wheel” Distributor.
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SLUDGE REMOVAL CONTROL

exT BroSI eRe over | 75-fopt diameter Final etllng
\r?v mir ay § o ]%e%SP?TanPV% g/&l Q-Faslgpncsesé\?l ahs%snéﬁy éﬁl\gr oniu tlng

mfwvm | TEfc Engineers.

REX TOW-BRO SLUDGE

The R X Tow Bro Sludge Remover is
the on ice that a ures accurafe
control fo e remova over a wide
range o W|th awal rates. This feature,
combined with the gentle suction action
ofthe Tow-Bro, provides the ideal equip-
ment for handling light, roccuIent solids
over wide ranges of'removal.

White arrows show direction of sludge removedfrom
deglll’Jed ¢ C?rg)veerq?ns]gvﬁgnas V(I?Phlldnlytﬁg tank bottom by Rex Tow-Bro gentlg suction action.

withgut disturbing “the Setting  cjearer, undisturbed effluent, all with
?Puencyo the tank. In one revalyton fower msta?latlon and operating costs.

ro, all t
|IWI|| ou to mvestl atet e pos-
LR R
ottom. H to sﬁow you ou can benefit

he Rex Tow-Bro pro-  from the exceptlona adv ntages of the
vides reaterso |dscon Rex Tow-Bro. For 1 mplete”informa-
centrat ater rﬁfr tion, write Chain. Belt Comp anZ 1606
ating IeXI Ity a West Bruce St., Milwaukee 4, Wisconsin.

SANITATION EQUIPMENT

Bar Screens < Triturators « Conveyor and Tow-Bro Sludge Removers = Rapid
and Slo-Mixers * Aero-Filter Distributors < Grit Collectors and Washers

CHAIN BELT COMPANY OF MILWAUKEE

Member 0f the Water and Sewage Workt Manufacturers Association, InC.
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IS MAKING GOOD IN A BIG WAY

During these years of man and ma-
terial shortages, grating made of Alcoa
Aluminum is proving especially advan-
tageous. Aluminum’s high resistance
to corrosion makes protective painting
unnecessary. So, many man-hours of
work are being saved.

Aluminum grating is designed to

provide maximum strength and
stiffness, while retaining the ease
of handling which light weight
gives it. Aluminum is nonsparking,
assuring maximum  safety where ex-
plosive fumes are present. Nonsiip
surfaces can be included.

Consult your supplier on the possi-
bility of obtaining aluminum grating to
replace old grating or for new construc-
tion. Atuminum Company of America,

2111 Gulf Building, Pittsburgh 19, Pa.

[ALCOAI
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BEAMED WATERWAY
CATE VALVE

@%ﬁ% st gt st
man englneer eveope game aterway até

|s valve is design row?e sufficient be rmH con}act for
Iﬂ]e tream | Eeflgn its fé)m(\]/ the waterw

is 1S, ecte ly ea cont[cxocr% o- onzee Sertlca lﬁ]ams mcteni
g|s§ % dDze faﬁln S are In the s P ne Wltﬁ %?1]9 sea
3 dISC rlqé d%cegh} y ll%rse ?(l)n { e?%garerﬁg contact Eetnwe n
vaive IS1n eyoneq ar?ergrone a oup 05| ons ?1 els
Eo une(ml ear on ? rlng% se the valve to leak.
R G T T B S e o
%t[ ?{ra EmQSare oW aval abeto engmeer?%nte to:

The Chapman Valve Manufacturing Co.
INDIAN ORCHARD, MASS.
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WILL ENHANCE TH S AND CUT TH

is incredible. But it is a-fiict that
"the two neat G-E unit substations you
see above handle 80 |oer cent more FOWI
than the conventional “gingerbreadIMay-
out at the tof> of the opposne_paPe. And
they do"it with lower “electrical losses,
afford greater protection to personnel!
G-E Unit substations represent a radical
departure from previous conceptions of a
transformer substation. For now, com-
bined in a single co-ordinated unit, you
find transforming capacity, cable-ter-
m_matlnﬂ facilities and, if desired, both
high-voltage and low-voltage switchgear.
he P_Yranol* transformer section of
each unit is completely sealed against
dust and dampness. Little or no main-
tenance is required. In addition, Pyranol

transformers are ideal for handling”emer-
*Trade-mark Registered U.S. Pat. Off.

TATIONS
| OF TOMORROW'S SEWERAGE PLANTS

gency overloads because of their high
eat-storage capacity. .

The G-E metal-clad switchgear isolates
each circuit in a separate, grounded com-
partment. Vertical-lift breakers are easily
removable for inspection, yet for safety’s
sake they can’t’ be raised or lowered
unless the breaker is open. _

To make the best use of G-E unit
substations, Cabinetrol, pump motors,
and other electric equipment, ask G-E
engineers now to work with you and your
consultants. By calling them in at’ the
very start of your planning, you will wind
up with co-ordinated electrical and archi-
tectural plans that will assure better-
looking, Tless cost_l?/ construction. And
your new plant wil staﬁ/ modern longer.
General Electric Co., Schenectady 5, v v.

BUY ALL THE BONDS YOU CAN— AND KEEP ALL YOU BUY!
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, _ between these two modern G-E unit substations aopposne

which serve nine 300-hp pump motors, and the “spider-web” layout "above,
_serves only three 500-hp pump motors. Think what such substation “stream-
lining” can mean to the appearance of your next sewage-treatment plant—how it will
save money, space, and time, and how it will simplify maintenance.

$3700 SAVED! The installed cost of the 1000-kva factory-
assembled G-E unit substation, at the left in this photo-
gir%ph was, nearly 4000 dollars less than the cost of the
000-kva field-assembled conventional set-up at the rlg_ht.
(This cost comparison is based on the lowest sealed Pids

of eleven contractors who bid on both types of substation.) C0.ORDINATE

SEWERAGE PLANT =

GENERAL MELECTRIC  ECTRIFICATK

6R6-42E-HC>98

13
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WHAT DO YOU KNOW ABOUT

« 0. ficeS * _.manhale Step
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...AND THESE RESERVOIR AND
WATERWORKS APPLICATIONS

Bolts m Flashboard Supports * Flush Box Fittings '

Pipe m Screen « Screen Frames * Spillway Fittings

The record of Everdur* for sewage treatment
and water service is outstan mtg. Equipment
of this strong corrosion resistant Copper alloy
has been Inservice for 18 years ... and the
condition of the metal promises many more
years of service.

. In addition to the properties of Everdur, it
is important to know that it is available In a
wide range of commercial shapes, bars, plates
rods, seamless tubes, sheet and wire. Bolts and
nuts.made of Fverdur can be obtained from
leading manufacturers.

Everdur can be readily fabricated, ma-
chined and welded into almost any ,ty(i)e of
equipment you may need. You willfind that

you add to your reference files the

Steps =Valve Stems.

it will serve as an exceptionally durable metal

for new equipment and also“for repair and

replacement parts. We therefore suggest that
_ Ollowing

publications:

E-1 1—Everdur Metal for Sewage Treatment

Equipment, and Water Works Service.

E-5—Everdur Metal (properties, constants,

specifications, etc.).

E-6 —Everdur Bolts, Screws and Accessories.

E-13 —Everdur Metal Tanks and Equipment.

B-22 —Anaconda Electrical Conduit.

Any or all of them will gladly be mailed on
request. icisia

Keep Faith with Your Fighters and Yourself! Buy War Bonds for Keeps!

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

Subsidiary of Anaconda Copper Minins Company *In Canada: Anaconda American Brass Ltd., New Toronto, Ont.
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SWING DIFFUSERS

A REQUIREMENT TOROVERALL EFFICIENCY
OF ACTIVATED SLUDGE PLANTS

Chicago Wide Band
Air Diffusion Sys-
tem with Swing Dif-
fusers at Omaha,
Nebr., sewage treat-
ment plant.
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50 INSTALLATIONS

OPERATION EFFICIENCY: Swing Diffusers can be raised to
tank walk and tubes removed for cleaning without in-
terrupting operation of the aeration tank. Tubes can be
cleaned a few at a time by a small labor force as fill-in
work. It is not ne_cessarY 0_dewater the tank and clean
all tubes at one time. Clogging by organic growths can,
in many_cases, be prevented by raising Swing Diffuser
and hosing the tubes.

AERATION EFFICIENCY; Chicago Wide Band Air Diffusion
System with Swing Diffusers* provides ?reate_r oxygen
absorption — eliminates center coring — Tess air for op-
timum circulation — power economy through reduced
hydrostatic head on "elevated diffuser tubes— simple
rearrangement of diffuser tube spacing to conform with
oxygen “demand.

‘Patented

CHICAGO PUMP COMPANY

SEWAGE EQUIPMENT DIVISION
23X4 WOLFRAM STREET CHICAGO 18, ILLINOIS
Flush-Kleen. Scru-Peller, Plunger. Swing Diffusers, Stationary Diffusers.

Horizontal and Vertical Non-CIogs. Mechanical Aerators, Combination
Water Seal Pumping Units. Samplers. Aerator-Clarifiers, Comminutors.
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Is this

The final peace may still be far away.
Or it may-be closer than you think . ..

But near or far, complete victory will bring
two certainties to affect your job.

First, there will be changes in American living
—for revolutionary peacetime progress has fol-
lowed close on the heels of EVEly modern war.
And YyOU will have a great part to play in the
coming postwar America!

Among other things, we believe the postwar
period will see an important revolution in muni-
cipal life: the merging of food wastes and human
wastes in a SINGLE system of collection and dis-
posal, by water-carriage methods.

This idea is already more than a decade old
and was well on the way to general acceptance
when the war began.

We believe that the garbage can, as a part of
the American home—and the separate collection
of garbage, as a part of municipal activity—will
ultimately become as extinct as the outhouse.

The G-E DISPOSALL —a mechanism for cON-
verting food waste into sewage by shredding, and
then flushing it down the drain—makes this
revolution possible.

It involves no new problems for municipal sew-
age disposal systems—for food wastes and human
wastes are basically identical.

You, in your vital job of assisting human
progress, after the war, will want to be familiar
with the Disposall.

YOUR QUESTIONS AND
OUR ANSWERS

about the G-E Disposall

1. Is the Disposall a tested product— or
just an “idea”?

Answer: The first Disposall was marketed in
1935. It has spent its first decade proving the
soundness of its principles.
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a part of your postwar job....?

It is ready to become a new way of life, in the
postwar period, only because more than ten years
of preparation lie behind it.

2. Won'tthe Disposall create new problems
in sewerage systems?

Answer: No. Ten years of tests have amply sub-
stantiated the fact that solids already in your
sewer lines and treatment plants are not in any
significant way different from the shredded food
wastes flushed into your system by the Disposall.

Quantitatively, widespread use of the Dis-
posall will call for greater capaCIty in your plants
some day—but never for any change in your

methods of treatment.

3. What is there to gain by this dual dis-
posal?

Answer: Garbage—which is to say, fo6d wastes
which have putrefied—is too dangerous to store
in the home, or near it. It would be difficult to
overestimate the diseases caused by the flies it
breeds, the rodents it attracts.

Even POli0 is now on the list of more than a
score of disease indictments against the common
housefly!

In addition, garbage is odorous and unpleas-
ant. With the Disposall, food wastes are shredded
and water-flushed out of the house DEIOIE they
putrefy into garbage!

4. If this change is so logical, why hasn't
it come sooner?

Answer: “Precedent” —or the absence of prece-
dent—is the only answer we can think of.

Originally, sewers were regarded as drains for
storm water only—the idea of putting aly solids
into them was unheard of!

Later, the idea of removing human wastes by
water-carriage methods developed. The idea of
human-waste removal is about fifty years old;
the idea of food-waste removal by the same
means is about ten years old.

5. Why “grind” the food waste so small?

Answer: Since SIZ€ alone has hitherto prevented
dual disposal of food wastes and human wastes
by water, it is obvious that some grinding is
necessary.

The very fine particles turned out by the
Disposall represent the carefully tested, safe
dimensions at which particles Wm not shoal at
any sewer velocity in common use but will be
amenable to clarification, digestion, and stabili-
zation at treatment plants.

6. If we have no sewage treatment plant,
what then?

Answer: With widespread use of the Disposall—
with aly use of the Disposall—or with N0 Dis-
posals at all, we believe a sewage treatment plant
is an absolute “must” in any American city.

We hope that the Disposall—by providing still
another reason for such a plant—will help those
public-spirited men who have long been fighting
for such facilities!

7. Where can | get more information?

Answer: Comprehensive tests of the Disposall,
in actual use, over a period of more than ten
years, have given us reliable data on its use.

The net result of this material shows that no
new problems of any nature will be created by
the Disposall.

For complete data, or any special information,
please write to GENERAL ELECTRIC COMPANY,
Dept. SWJ75, Schenectady, New York.

Disposall

Converts Food Waste to Sewage— Eliminates "Garbage"

GENERAL# ELECTRIC
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The Coaqulant that
Cuts Costs!

Ferri-floc . . . the ferric coagulant that i
successfully and economically used in sewage
treatment throughout the United States.
Take advantage of modern plant research
and findings: use Ferri-floc.

Tennessee Corporation’s technical staff will
he glad to help you with your specific
problems.  Write to us today. The
consultation service is free, of course.

TThe ¢KCark of Quality

Z I -
TENNESSEE CJORAT\ON

TENNESSEE CORPORATION

ATLANTA, GEORGIA LOCKLAND, OHIO
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FOR TRICKLING FILTER
SYSTEM OF BIOLOGICAL
TREATMENT

If your, pollution problem demands a consistently
high removal of B.0.D. and suspended solids, com-
plete elimination or practical control of filter flies,
and little or no reduction of efficiency during winter
temperatures, here’s the tried and proven trickling
filter method of biological treatment that gives ex-
cellent results with comparatively little attention.

Proper treatment is half the solution
proper mechanical equipment the other half.
CARTER distributors, employing such
extra features as leveling flange, bronze
nozzles, oversize ball bearings and auto- ADDITIONAL FEATURES
matic mercury return as standard construc- - Correct center cohumn bearing f-

tion are designed of the finest material, and members.
fabricated on precision machinery.

= Welded construction with standard

. .. parts . . . facilitates emergency field
Combine the efficiency of a CARTER repairs.

reaction type rotary distributor with the - Extra heavy steel quy rods and tun-

proven trickling filter method of biological e esures correct am

treatment for guaranteed results.

* Automatic dosing siphon... guaran-
tees positive feed to distributor

Bulletin 4401 tells the complete story mechanism in afternate cycles.
—write for it today

RALPH B.CARTER COMPANY

Main Office: HACKENSACK, N. J. New York Office: 53 PARK PL., NEW YORK 7, N.Y.
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The Pipe That

SPEEDS SEWER REPAIRS

When the old sewer collapsed, a new trench was dug in 8 hours and in 10 more hours
188 feet of ARMCO Pipe was installed and backfilled. Long pipe lengths cut job time.

You save valuable time in sewer repair
jobs when you use Ashestos-Bonded
Armco Pipe 10 reE_lace or reline the fail-
ing conduit. Unskilled workmen easily
oin the long pipe sections with sturdy
band couplers, making a tlght, durable
{]Qb. No cradling is needed. Street or
|ghwaY traffic soon rolls again. Time
saved also means reduced repair costs.
~ Once Ashestos-Bonded A rmco Plf)e IS
in the ground, you are assured of long
"headache-free™ service. A bituminous
coating bonded to the galvanized metal
stops corrosion in its tracks. And a thick
bituminous pavement stoutly resists the

erosive effect of sewage; makes the hot-
tom last as lon% as the top.

Use this pipe for essential repairs now,
and plan it into 8our new, postwar
sewerage projects. Our 48-pa% Armco
Sewer Booklet will help you. Write for
your copy. Armco Drainage Products
Association, 55 Curtis Street, Middle-
town, Ohio.

ASBESTOS-BONDED ARMCO SEWER PIPE
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P'totect your Personnel and
Plant with 'Kaowiedye of
EXPLOSION HAZARDS

M-3-A

COMBUSTIBLE GAS ALARM

Explosion-proof Type EX-S

Ac&urate detection and indica fhcombgstlble %Vases
hn ar 1. row e or t
acm)wn this preu smstrumeP |5|b
ewarmn ive en concen ratlon ex ee S
e-determinéd |t—te mst ume t | p
ex 0S10n-proo (ipera ion, an can oca ed safe

azardo eas
nterconnew with ven|
rols as wel

n_con as
tergﬁ ters cording po-
ane[IT}asasCem%é (fefsgi: %
r he
? bl %%ieem S

IUI'ES a mﬁmatln%tconta

hall Iq t |é|| -
ilot VISI

ase oswn
roo

m Sl n Om ac-
e%sl rreﬁter%
Ihe Atarm with special panel a nlsn ecombln %Sunt
W.Lnbly Pabalsei52748 dh gph 2F4 @Strﬂmegé CP/ |{9eratse|3ng?n_
reaty for mmediase inseatlation. 359 dlter H curr
’ raws S %U
it Peg o
Egns ru aonr Coglee Or Alarm arranged For wall mour\_ting.
mance eta Ils. e eet special reauirements.

MINE SAFETY APPLIANCES COMPANY

BRADDOCK, THOMAS AND MEADE STREETS PITTSBURGH 8, PA.
District Representatives in Principal Cities
IN CANADA
MINE SAFETY APPLIANCES COMPANY OF CANADA, LIMITED
HEADQUARTERS, TORONTO, CANADA
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SYMBOL OF SERVICE

X

BASIC CHEMICALS

IMPORTANT GENERAL CHEMICAL PRODUCTS
FOR WATER & SEWAGE TREATMENT

ALUMINUM SULFATE
Equally Efficient For Coagulation of Water & Sewage
Ammonia & Potash Alums ¢ Aqua Ammonia * An-
hydrous Bisulfite of Soda * Sodium Silicate  Sulfuric
Acid < Disodium Phosphate ¢ Trisodium Phosphate

Tetrasodium Pyrophosphate < Sodium Fluoride
Sodium Sulfite

BAKER & ADAMSON

LABORATORY REAGENTS and FINE CHEMICALS

GENERAL

40 RECTOR STREET

CHEMICAL

- NEW YORK 6, N. Y.

For almost half a century General Chemical products
have been a familiar sight in American Industry. So
numerous are their applications, and so vital their func-
tions, that they have long been recognized as basic
chemicals which help form the backbone of many prin-
cipal industries.

Year after year purchasing and operation executives
select and specify General Chemical Products, knowing
that the quality and utility of these chemicals have been
proved in production ... meeting demands of the day.

Because General Chemical's research and manufactur-
ing programs are hoth practical and progressive, they
are geared to Industry’s ever-changing requirements
and anticipate its future necessities. That is why Gen-
eral Chemical products today are for today’s processes
... that's why General Chemical products of tomorrow
will meet the new demands of the industrial world!

COMPANY

Soles and Technical Service Offices: Atlanta < Baltimore e« Boston = Bridgeport (Conn.) < Buffalo < Charlotte (N. C.)

Chicago <« Cleveland

- Denver < Detroit  Houston <« Los Angeles < Konsos City e Minneapolis « New York

Philadelphia «Pittsburgh «Providence (R. I.) - San Francisco =Seattle «St. Louis-Utica *Wenatchee « Takima (Wash.)

In Wisconsin: General Chemical Wisconsin Corporation, Milwaukee. Wis.

In Canada: The Nichols Chemical Company, limited « Montreal « Toronto = Vancouver
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Eight 11'6" x 14" Face Conkey Filters Deicatering Digested Primary Sludge.

Conkey Sludge Filter Installations
provide the advantages of

UNDIVIDED RESPONSIBILITY

Municipal and consulting engineers know
from experience that equipment backed by
undivided responsibility for design, engl-
neering, fabrication and initial operation
not only assures satisfactory performance,
but also adds to their reputation as success-
ful engineering consultants.

Conkey Sludge Filters are designed and con-
structed by men thoroughly familiar with
the factors which produce efficient and
economical dewatering, and are backed by
undivided responsibility for design, engi-

neering, fabrication and initial operation.

General American Process Equipment
engineers have a correct understanding of
feed consistency, conditioning chemicals,
conditioning time, application and mixing
as well as the all-important knowledge of
filter construction.

Conkey Sludge Fillers are daily dewatering
over a thousand tons of dry solids in
American municipalities. Let a General
American engineer help you, while your
plans are in the blue print stage.

GENERAL AMERICAN

TRANSPORTATION ™ 5 1 7 CORPORATION

PROCESS EQUIPMENT DIVISION

General Sales Offices: 530b Graybar Bldg., New York 17, N. Y. #

PLATE AWELDING DIVISION

Sales Offices: Louisville, Chicago, Sharon, Cleveland, Pittsburgh, St. Louis, Salt Lake City,
San Francisco, Tampa, Washington, D. C.

Works: Sharon, Pa., and Louisville, Ky.
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HE gates of the dam which has been holding back urgently needed
T water works [and sewage works improvements for nearly five war

years are opening. Meanwhile, cast iron pipe is obtainable, is being
produced in steadily increasing volume without detriment to war
orders, and to a limited extent is available from stock on hand for
immediate delivery.

We go o record as follows: You can confidently expect to get cast
iron pipe when you need it as quickly as any substitute pipe—and
quicker, in most instances, since cast iron pipe foundry facilities have
remained intact, as they had to, because of war construction require-
ments. They do not require reconversion.

Put your trust in pipe you know about—cast iron pipe with its
history of long life and low maintenance cost. We might also say,
with good reason, the pipe almost everybody knows about, since it
has been advertised to the public for 20 years.

Cast Iron Pipe Research Association, Thomas F. Waolfe,
Research Engineer, Peoples Gas Building, Chicago 3, 111

CAST IRON PIPE
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Plant Operation

PRACTICAL APPLICATIONS OF PRINCIPLES OF
MODIFIED SEWAGE AERATION *

By L. R. setter, W. T. Carpenter and George C. Winslow
Senj
Blat

Principal Santtre%trtrllgrelrtnrt] n ers%%h%r\r/réjt a deWEagranne%(trol Pubarcgev\fordamarca Sewage

Modified sewage aeration is a method of operation of the activated
sludge process whereby sewage may he treated t? ang degree hetween
plain s drmentatron and conventronal activated, slu

The undamenta |prrncrg es of OBeratron gnvolve the aeratrPn of
sewage for shorter Re essd antity of active biologjcal floe In
the aerators with the expen rture of less air than is used’in conven-
tional actrv%ted sludge, "In th rs process the aeration perrod mafy be
one to four hours an t e wel tof actrve floe returned ma frr rom
a fraction to roughly 4 times eraw solids, depending on the le %th
the aeration perrod the streng of the sewage, the amount Of air
used for aeration and the temﬂ rature. The aeratron tank suspended
solids are usually held at less than 600 to 800 p [p

B this. method of ogeratron ?tudres indicated that(a dense %Iudgoe
with qualrtres betweena tivateq dge and prrmarysu qe maX eo0
tained, th att e progess.is free from Idd?e bul krng difficulties nd a
asu stantra re uctron in the volume of alr for aeratjon can be achieve

From studies (5) made of a pilot plant at Wards [sland treating a con-
ﬁtant flow of p rrmarg sett ed seWﬁge It was pr?drcted tha& f0 ‘ two-
our_aeration” perio average of suspended soligs and

remove Would e 7 er cent for aerator suspended solids of

g\})m and Tr cent f or f For three hours of aeration
the era eremo al would be 79dp r cent for 200 p.p.m. and 85Per cent
for 400 p ., aerator suspende sor s It Was a[pgrecrated hat the
aerator wall film consistin of stalked cilia es aquatic earthworms, and
assoclated microorganism e uentli){ durva ent to_ 100 p.p.m, aerator
suspended solids accounted the promising results.  The
need of Iar?e plant scale experrm ntation was evident,

On September 28, 1943, the new activated sludge plant at Jamaica
wrthasewage owof m? was placed in o eratron Inor er o, get
confirmation . of gr lot pa studres It was decided t X mo(drfred
sewage aeration ttherﬁant at eastdurrn% the |n|t|a st to deter
mine treatment performance and Rower economies., For unateey
size of the units and hydraulic conditions at this plant permittéd the

resented at nual Meeting, New York State Sewage Works Association, New
York Erty, anuary ﬂ Eﬁ g J
669
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stﬁrd tor‘ short aeration periods and low aerator solids with minor
alterations,

It Is the purpose of this gaper 0 resent the results of the ap{n}lrca
tion of modified sewage aeration at q plant over a 14-month
period and to compare the results with that of the pilot plant studies.

Other Studies

Some practical studies on aeratron apProachrn the grrncrples of
modified sewa%e aeratron appear rnt e literature ¥ f the earlier
studies were incompletely eIporte rimarily becayse ntrrfrc?tron was
8onsrddered important to” purification and a crystal clear effluent was
esire
Hatfield (Zg reported the experimental operation of the Decatur
sewage treatment plant in 1931, " The sewage was aerated for 185 f0

6 0r an average of 2.54 hours with a clarifier return flow of 3.9 to 22,
or an average 0 9r%er cent of the sewa e flow, to reld an aeratron tank
suspended oIrds F das sug rate]

85 cu. ft. 9 lon. Ver rttIe sIu ge.a umulate rnteclarrfrer
but the moderately stron Imhoff tank effluent B.0.D. was reduced 20
to 45 or an avera%e of g

Anderson (1) eported n
average aerator suspended

K eI perrod of 4.75 hours and a yearly
Years of operatron prior 1o 1B9 1

a
ds of 733 to 891 é)Pm Durrn% five
41 a reduction of 116 10 82.8 per ceént of
rrmar setter effluent B.O.D. and a similar re ugtron o the sus-
rlren ed solids due to, aeration and settling was achieved with the use of
810 21 cu. ft. of air per gallon of sewage. A thick excess sludge was
produce
erenour ([4) reported a study of an activated sludge plant usrng
very dlovrr %ehra or suspended solids of 150 p.p.m., but a”long aeratio
eriod 0 urs,
P Many mec anrcal aerators_have been found most efficient when an
aerator solrds well under 1,000 p.p.m. is maintained. All activated
ge plants op erate In a manner similar to modified aeration for brief
err ds during rnrtra operation before major accumulation of aerator
soIrds o perhaps immediately following severe bulking troubles.

The Jamaica Sewage Treatment Plant

At the Jamaica plant essentially domestic sewage from a combjned
|Xstem IS aerated without p resettlran and, except for the last month of
e study, Wrthout frne screenrn ol owrn% arse and fine racks the

sewage asses tt roug Ogrrt chambers andtt etfr{re screens be ore rttrs
umped against a head of some 35 fee nen flo ravi

Phrou h th aeration tanks ang sett?rng tanks and 1 frna/rf dysc argeg

th roug a long outfal] intg Jamaica, Bay.

There are “two spiral flow aeration fanks, each consisting of four
channels 320 feet long by 30 feet wide and 15 feet deep with a net volume
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of 41 mg. Thus, for a sewagae flow of 35 m.g.d. and a return sludge
flow of 6 m.g.d., the theoret|c ration er|od IS, 24 hours with one
aeratolr ?serw?e or 4,8 hours Wlt both aerators l)n service.

our of the elgiht avallable settlers have been In service at a
time. The settlers are 120 feet in diameter with central feed, V-notched
efﬂuent we|rs and scum and sludqe removal mechanisms.  Each has a
volume of L03.m.g. Thus the volume of four settlers. s equwalent to
one aerator The average detention in the settlers is 2.8 hours, the

_ Soltcfe
30
\/ \ [_plv& \
h \ A 1 >3 /da At
Vbl SUSPENDED
S&13-\~/944 SOLIDS
Oc/. tlor. lanriJan Ifaa \Har-\d/>r \May —» — - - </
Atr 5.5 s 320-430 —-— J&3-7J0 — -— 5~70-560- —$7o 820 \~SZ0JX. mJTV- -570%
Aer. Fbr-fa** -4 5> - e-z.f— - < b - -z.s

Figure 1—The chronolor%cah ese(r:r(1)|m rB?nnetglge H eg(ri]%dt% kgngpdreﬁn%vgl removal by the settlers

overflow rate is 850 gal. ger day pe q ft. or 24,400 Fals per day per
linear foot of weir for a 35 m.g.0.'s ge flow, Thecesludgln(n] mecha-
nism operates at a constant speed of ne revolution in 40 mifutes or,
theoretically, 3 hours for the mechanical transfer of sludge from the
periphery to the collecting sumps at the center. In two of the settlers,
excess sfudge may be drdwn by gravity to one or both of two sludﬁe
thickeners. ~ Sludge is returned to the deration tanks by air lifts.  The
return sluﬁge IS nixed with sewage in an aerated influerit channel before
entering thé agrator.

The two circular sludge thickeners, WhICh are b5 feet |n djameter
and 10 to 12 feet deep, h%ve a two- arme Plgket fence collecting and
thickening mechanism. ~ They are centrally fed and have a smooth” weir
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162 feet Iong at the perlphery Charged at a rate of 2 mdgd the over-
flow rate 15,955 as Rer day per sq. ft; or 12,300 gas per day per linear
foot of weir.  The thickenar effluént 1s dischargéd to' the ottfall. The
thickened sIudge |s fed to the digesters.

he plant &fflyent Is chlorinated during the bathmtI; season,

Digester %as furnishes most of Ahe fuel to three 1540 h.p, ?as en-
gines, “only. one of which is operated at a time.  The engines are used
in gleneratlng the necessary electrical energy for pumiping and air
supply

~scken %

£ ff/uent-

% gemoiledzo

ES[?I\/I/eeﬁt 10 Su, a S0/,

PPM. %

soehfils

P.RM-
Acluo/ AeraYon Ak,
Aerot/on 3
Perioel- 5
Prs. AnrcZ/on /%r/oA

P<frloifo of Stuely

Figure 2.—Correlation of treatment performance with operating conditions.

Operation by Modified Sewage Aeration

Durmf; the first 14 months of operat|on subftannal four systems
of control were hnve ttgated namely, a short or on%ét Ayattti eriod In
combination with erther a low orh|5h aerator suspended so |d content.
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Bey short and long' aeration is meant 2.0 to 25 hours or 4 to 5 hours
aération, respectively. With low aerator suspended solids all the
ﬁl,u%ge from two of the foulr, settfrs In ierwce was returneq aHd With
|? aerator suspended solids all the sludge from three of the four
settlers in service was returned. Using thissimple and positive method
of control it was found that the aerator suspended solids varied from a

¢pezlvirivr}l f4arofion Abrfoal- /Ina.

Fi 3.—A comparison of plant.scale operation at the Jamaica sewage treatment plant
aare P P Wltsh pI|OP plaant studies. ’ P

minimum of 200 to a maximum of 500 p.op.m. for low aerator. solids and
EB?{Hsa minimum of 400 to a maximum of 1,200 p.p.m. for high aerator

The flow of return sludge was of minor_ concern except as it de-
%reasetd the effective aeration 1penod. The fnr I|ft% were s? set that a
low of 3 m.g.d. was returned from each settler. Thus, for low aerator
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solids the return sludge flow was 6 m.g.d. and for high aerator solids

* the return. sludge flow'was 9 m.g.d. Under these conditions the return

%Iggge solids varied from 600 t0 5,000 p.p.m. or an average of 1,600 to
p.m

Ex%eppt for the first 2 months of operation onIY one of the two thick-
eners has been in service. Roughly 2 m.g.d. of thin sludge containing
a calculated 0.35 per cent or less solids was concentrated to 4 to 7725 per
cent solids and fed to the digesters.

Results of Operation

The results of the first 14 months of operation are presented in Ta-
bles 1to 8 and Fl,?ures 1to 3inclusive. Table 1 summarizes the use of
dlgiester and utility ?as for operatmﬁ the gas engines and boilers. |t
will be noted that” almost two months were required to place the di-
gesters in active_operation while using utility Olgals to heat them for
mesophilic digestion. The gas engines were réady for operation about
the time digéster gas was Deing Rroduced in liberal quantjties, Gas
engine coollng watér and exhayst neat exchangers then furnished most
of the heat nécessary for the digesters, buildings and hot water, Dur-
Ing- the summer. morths settler éffluent was circulated to waste through
the engine cooling water heat exchangers. Although a yearly average
of onlg 1.2 per cent of the total gas energy was purchased from Decem-
ber, 1943, to December, 1944, it"is anticipated a lesser amount may he
necessary following minor improvements,

Table 1—Gas Energy Used

Thousands of Cubic Feet of Gas per Day

Year M onth y . Pe{f[elﬂ@ge
Ean%es I:Ol-rl e'Lz\iltJX PuUréH!atsyed D |geasster [JosteadI
1943 Qct. 0 145.6 145.6 0 145.6 100.0
Nov 64.5 1440 148.8 59.7 2085 71.2
Dec. 391.1 715 36.1 426.6 462.5 18
1944 Jan. 408.6 38 3H1 4124 4475 7.8
Feb. 376.8 17 22.6 355.9 3785 6.0
Mar 308.1 11 0.2 309.0 309.2 0.1
Apr 384.0 3.7 2.3 385.7 388.0 0.6
ay 384.0 0 57 13781 384.4 15
June 377.0 0 120 365.0 377.0 3.2
July 3815 0 88.3 293.2 3815 23.1
Aug 409.0 0 476 361.4 409.0 116
Sept 428.0 0 374 390.6 428.0 8.7
QOct. 455.2 0 65.6 389.6 455.2 144
Nov. 458.2 13 ' 242 435.1 459.1 53
Ave. QOct.-Oct. 326.0 310 485 308.5 357.0 136
Ave. Dec.-Dec. 3968 6.9 314 > 4037 435.1 12
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E lectrical Energy U sed

. Table 2 summarizes the electrical energy generated, the utility elec-
trical energy purchased and the breakdown of energy used for the blow-
ers versus that used for pumpmtg sewalge and_slud%es, grinding screen-
Ings, auxiliary motors and lighting. Following the first two™mopths,
it will be noted that of the yearly average of 547 kw. hr. per million
Eallons of sewage, 6.8 per cent was purchased. Of the 547 kw. hr., 256
w. hr. or 46.8 per cent was used by the air blowers.

Table 2.—Electrical Energy Used

Thousands of Kw. Hr. per Day

Y ear Month K" Fr)]iée e
Generated  Utility  Total 59 e, Bhiy g

1943 Oct. 0 15.93 15.93 8.58 455 100.0 53.8

Nov. 187 1458 '1644  9.04 470 88.6 549

Dec. 1368 338 17.06 8.38 590 198 49.1

1944 Jan. 15.58 1.65 1723 842 574 9.6 488

Feb. 16.21 131 1752 845 600 75 481

Mar. 16.65 120 17.85 8.16 584 6.7 457

Apr. 16.70 1.06 17.76 841 534 6.0 474

ay 1600 082 1682  1.97 550 49 474

June 15.67 119 16.86 7.6 540 7.0 454

July 15.87 12 1708 763 512 7.1 44.7

Aug. 1678 061 17139 150 469 315 432

Sept. 1780 055 1835 824 485 3.0 449

Oct. 1897 0616 1958 946 561 35 484

Nov. 19.10 1.05 20.15 9.57 560 521 475

Ave. Oct-Oct. 1357 362 1719 820 530 21.2 477

Ave, Dec.-Dec. 1658 12 17 83 547 6.8 46.8

Blower Air

Table 3 summarizes the utilization of blower air. Com;r)resse_d to a
pressure of 6.5 Ibs. per square inch, roughly 10,000 c.f.m. of free air was
supplied at the lowest and most inefficient speed of a single hlower.
With minor increase in power input it has been found that'the blower
operates more smoothly at the second of the five available speeds. At
this speed roughly 12,000 c.f.m. are _Produced at the same pressure,
During the 14 months of operation, with rare exception, the hlower has
been operated at one of these two speeds and process control has heen
adjusted to obtain near maximum utilization of this air supply. The
tahle shows that following the first two months, a yearly average of 18
Bel cent_of the air was used by the air lifts. Thus; a yearly avérage of
42 cuhic ft. of f{ee air per grallon of sewage was used for treatment,
of Avhich 0.34 cu. Tt. was used Tor aeration.
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Table 3.—Blower Air

Million Cu. Ft. per Day

Percentage Total Air for
e Mont podiced FRLAT ailits cAbay (R
1943 Oct. 16.2 1.01 6.2 0.46 043
Nov. 154 112 1.3 0.44 041
Dec. 150 2.63 175 0.43 0.35*
1944 Jan. 15.0 2.23 149 0.43 0.36*
Feb. 148 2.21 15.3 042 0.35*
Mar. 141 2.30 163 0.40 0.33*
ﬁfr. 15.6 2.30 14.7 0.44 0.37
ay 143 2.09 146 041 0.35
June 13.6 2.74 20.1 044 0.35
July 136 2.88 21.2 041 0.32
Aug. 137 2.88 21.0 0.35 0.28
Sept. 131 2.88 22.0 0.38 0.30
Oct. 15.85 250 15.8 0.45 0.38
Nov. 1717 3.80 222 0.48 0.37
Ave. QOct.-Oct. 14.50 2.28 157 0.44 0.35
Ave. Dec.-Dec. 14,65 2.63 180 042 0.34

* Inclusive of 5 to 20 per cent of aeration air to an idle aerator.

Marshalling of Treatment and Analytical Data

Since operation was intentionally changed from time to time, the 14-
month ﬁ)'e”Od 1S divided into semi-mionthly”or monthl_yﬁ)erlods of opera-
tion which are then grouped into 8 periods. A weighted average was
calculated for each period containing more than one set of monthly
averages. This method of marshalling data is shown cIear(ij in Tables
?H) . A resume of the periods and major operating conditions Is as
ollows :

L f eratiqn Aerator Sus
Period Date of Study ﬁg%;tp{:) ?’I_feﬁjorg) pe?galeéhﬁquds Remarks
1 Oct.  1-Dec. 15 25 4—5 385
2 Dec. 16-Feb. 29 25 2—25 625 1)
3 Mar. 1-Mar. 15 05 2—25 600
4 Mar. 16-May 30 25 4—5 580
5 June "1-Aug. 24 2.15 2—25 635
b Autq. 25-Sept. 30 1.25 2—25 365
7 Ot 1-Oct. 31 1 —25 480 2)
8 Nov. 1-Nov. 30 1 2—25 500

(1) A substantial quantity of digester supernatant was returned to the head of the plant. In
all succeeding periods the supernatant was drawn directly to the plant outfall (Tables 6 and 7).
() Avariable aerator solids was maintained to compensate for diurnal fluctuations of the
incoming B.O.D. load. From 8'A.M. to 12 midnight the average aerator suspended solids were
560 p.p.m. and from midnight to 8 A.M. they were 380 p.p.m.
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Flow and Loading Factors

Tahle 4 summarizes averages of the sewa%e and return slydge flows
in million gallons per day, thé aeration period and detention inthe set-
tlrnq tanks; in hours the amount of rainfall or precipitation In inches
for the period of study, the sewarqe temperature In degrees Fahrenheit,

aeratr n tank suspen eF ds in p.p,m., the temperature factor
base on t ep eI s’ formula (4) and used to convert the actual aera-
tion period to an equrvalent aeration period at a constant sewage tem-
peratyre of 68° F. and the calculated equivalent aeration perio

It 15 important to bear in mind the diurnal fluctuation of dry weather
flows as af ectranr treatment. . For example, an avera?e aeration period
of 25 hours includes a maximum aeration period of 4 hours or more
from 2AM to 8 AM..and minimum aeratronlperrods of 1.3t0 1.4 hours
from 11 AM. to late |n the evenrn Similarly, the average detention
In the settlrng tanks of 3 houys mcu] es a maxrmum of6hours Qr more
and a minimum detention of 1.7/5 hours, assuming equal flow in each
settler.  Actually, unequal flows prevailed, so that the ‘detention period

Table 4—Flow and Loading Factors

Period Date ;FYV%% ’a:elturn erraro " eett“ i eNrrér1 %era ||y8n
ME! ? (H?Q Inc es F% t 68 %
1 2 3 5 6 7 10 1

Low Solids—Long Aeration

Oct. 1-15 35 5 49 282 319 660 390 095 465

16-31 3 5 49 282 605 634 430 089 435

Nov. 1-15 3 6 48 282 159 641 320 090 430
16-30 35 6 48 282 038 626 30 087 4l

Dec. 1-15 285 6 50 347 015 625 430 0865 4.32

1 A B7 56 488 295 — 637 3/ — 43

Dec. 16-31 29 9 26 341 127 606 510 083 216

Jan. 1-15 3 9 246 319 513 544 480 071 1P
16-31 2 9 260 341 019 577 710 077 200

Feb. 1-15 293 9 258 338 14 565 740 075 193
16-29 293 9 258 338 079 557 630 073 188

2 A 12/16-31 295 9 256 334 — 50 6% 194
3 Mar. i-15 289 9 260 342 381 558 600 0735 101

High Solids—Long Aeration

Mar. 16-31 P49 48 305 281 567 510 075 360
‘BN AR NN
4 A 20 9 418 300 T 593 B g@%
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Tabte 4—Flow and Loading Factors—Continued

urn - Aerati tler Wal era
s Do m ga ey S S s H Iy ‘i

rs.)

1 2 5 b 7 8 10 11
High Solids—Short Aeration
June 1-15 3 9 246 32 15 640 680 090 222
16-31 3 9 246 32 183 660 680 095 234
July 1-31 32 9 240 31 220 690 640 103 247
Aug. 1-24 37 9 214 267 307 690 570 103 210
5 Aw kK 9 23 30 — 675 64 — 24

Low Solids—Short Aeration

Aug. 25-31 36 6 23 274 001 670 325 0975 229

Sept. 1-12 37 6 230 26/ 010 670 3% 0975 2
13-30 38 6 224 260 851 650 400 093 208

6 Ave 33 6 228 265 — 66O 35 wm 2

Compensating Low Solids—Short Aeration
7 Oct 131 48 8 23 284 344 640 480 090 206
High Solids—Short Aeration
8  Nov. 1-30 %0 9 22 214 114 580 500 0775 L7

E]n one. settler was as high as 7 to 8 hours, and in another as low as one
our,

Quality and Condition of Liquors

Table 5 summarizes the |nf|uent settler effluent, thickener effluent
and returned slud e suspended so |ds |n parts per million: the concen-
tra(sron of exeesss %%eJ)ump gesters in per cent dry solids
an fraction of the dry so rds W |c volatile or Iost on r nrtron
the in nent settler effluen and tnrc¥ ner eff ar ent 5 day B.O narts
per million; and the aeration tan uent and settling’ tank effluen dis
solved oxy%en in parts Per million,

It will oted that the Jamarca raw sewa%e has an average sus-
pendedsorso (E)J)m and a rather low B 0 p.p.m. orless
excl usrve of thePerr December 16 t0 February 29 1944 When the -
turn o | este su ernatant affected sampling. ~The settler eff uent
varied ew hat d epen rnﬂ on the t Pe of trea men The ar¥ lﬁS-
R rhe%t sog S ang B.O m tn ow twenﬁres 0t

% ortl s wit ver% few x trons e t |ckener effluent sus-
m ded solids and were o gara le to th a}to rwsewa g except
en digester supernatant was returned to the nfluent. Since the
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thickener effluent is relatively “ fresh” rt should Iogfrcally be returned
to the aerator for further treatment. The seed mn the excess slud ne
P/ anaero |c qrganisms of the supernatant is de |n|te|y deleterrous
sfud e thickening. ~Any type of septicity should. Io rca be avorded

he excess sludge concentratron varies ¢onsid era V from day to
da ?{ dependrng more on exceés sul_rlrem}aumiprn schedu es than on the
condition or nature of the sludge. Howeve rarnfa fre%enty brrngs
In solids of a low volatile content which can be easily thickened
greater degree. The results show that an average concentratron of
greater than 4.0 per r]ent could be obtained readily. The avera?e con-
entration of excess sludge from October 15, 1943, "to December 1, 1944,
was_5.85 per cent,

The 3 erage masks a satisfactory prcture of the true dissolved oxy-
gen conditions since 1t includes abnormally high dissolved oxygen val-
Ues following sewa edrlutronb mfaII and |\ IS further an average of
mormning an afternoon tests owrng the long ear¥ morning aera-
tion gerro a moderately h |tg y wedther aerator effluent dissolved
oxygen of 4 to 6 p.p.m. Was ound A sharp drop of 50 to 75 per cent

Tabte 5—Quality and Condition of Liquors
Suspep e ol it R R 17
Platnt SHer TE]@k 5IetrJJgrenS P{t?/ arle {rt SHer TE' k Amtor SEH
Low Solids—Long Aeration

Oct. 1-15 — 28 _ 280 23 _ 160 263 46 11

16-31 19 38 15 — 60 — 13 35 & — —
Nov. 116 212 28 125 1120 67 78 152 336 .8 51 18
16-30 27 —

rPire)rj Date

204 27 140 — 575 79 149 406 117
Dec. 1-15 248 32 110 1470 485 77 167 438 51 35 16
1 Ave A1 306 125 1654 58 78 152 352 & 46 15

Dec. 16-31 260 46 625 _ 628 77 165 569 295
Jan. 1-15 244 32 3%5 1420 725 77 141 BE 192 38 31
1631 333 3 705 — 715 76 184 413 510 _
Feb. 115 328 43 900 2010 700 734 147 488 308 31 28
16-29 260 33 %0 — 730 763 137 407 185 _m _
2 Ave 12/16-3/1 283 374 587 1666 7.00 755 155 447 316 35 27
3 Mar. 115 204 31 9% 1930 654 782 134 447 65 42 25

High Solids—Long Aeration

Mar. 16-31 186 26 160 _ 587 762 127 316 105
Q/P 130 184 28wl 2090 640 770 124 280 18 39 18
ay 130 205 34 120 2110 566 786 156 360 /6 18 (9
4 Ave 193 30 140 2066 600 775 136 319 83 30 16
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Table 5—Quality and Condition of Liquors—Continued
Sustefy o i TRRROD Py
IRt SEHer Te SRR sare) ST PR ORHEr TRIEK Agger See
High Solids—Short Aeration

Flgd Date

June 1-15 25 34 128 1860 570 740 129 370 82 16 0.8
16-30 2% 3% 128 - 686 740 141 3B0 82 — —

July 1-31 185 42 283 2050 570 725 109 330 159 25 05
Aug. 1-24 172 3% 150 1640 552 723 8 215 11 35 0.8

5 Ave 206 375 190 1630 '58 729 11 321 107 25 07

Low Solids—Short Aeration

Aug. 25-31 185 285 11 __ 434 743 106 300 8 0 9_ 0 _
Sept, 1-12 220 255 78 1540 426 750 118 310 48 52 09
13-30 199 330 151 — 630 660 97 327 8 — —

6 Ave. 202 298 133 1520 529 704 105 317 71 50 09

Compensating Low Solids—Short Aeration
7 Oct 131 209 35 264 1420 482 715 132 400 162 45 05
High Solids—Short Aeration
8§ Nov. 1-30 212 39 133 1570 456 733 121 390 8 37 14

in the aerator effluent dissolved oxygen occurred by 2 P.M. when the
B.0O.D. load was h|gh_and the aerafion period shart. The dissolved
oxygen of the mixed liquor half way through the aerator was roughly
oné-half that of the aerator effluent.” At Jedst 0.5 p.p.m. dissolved 0xy-
gen In the first three channels was considered desirable. The settler
efflyent dissolved oxygen was invariably zero for dry weather flows fol-
lowing the long early morning detention. By 2 P.M. the settler effluent
dissolved oxygen was near & maximum and” equal to roughly cfne-half
of the afternodn aerator effluent.

Solids Balance

. Table 6 summarizes the average tons of dry solids entering and leay-
ing the plant per day on a semimonthly or monthly basis.  Since a sub-
stantial amount of suHJernatant solids was returned. to the influent from
December 1 to March 1, 1944 the amount appearing in column 2 has
heen ac&ounted for as re wculate? soligs.  The effluent solids consist of
the thickener effluent and the settler effluent in columns 3 and 4, respec-
'[IVG|Y. The total effluent solids ap ea[s n column 5. Thre m_eeﬁure-
ments of the cagtured solids were available. They are (a) the intluent
flow and suspended solids found in Tables 4 and 5 less the etfluent solids;
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(b) the d |y sludge volurpe converted to Aons of dry solids and aver-

ed and c thev ume of supernatant and digested sludg ewrt drawn
durrnrrr a period Blus or minus the difference |n the total vo ume of the
digesters at the egrnnrng and end of the perrod converted to dry tons

the average concentration of sludge. The volume in method (b
shown in column 7consrsts of takrnﬁ eIev(atron?] of the rimar drge tion
tanks hefore and after they are ¢ arq The volume in metho Q
shown in column 8r:onsrsts of takrnrq evations of the secondan{] or ter-
tiary digesters before and a ter su ge .or supernatant IS wrt rawn,
plus the“levels of al| tanks at the beginning and end. The authors are
of the oRmron that the_average of the’ latter two methods IS more indica-
tive of the actual conditions.™ Howeéver, there is a minor choice of meth-
ods when the percentage removal or percenta?e captyred solids Is calcu-
lated,  The percentag® removal of solids by the settlers and thickeners
by all three methods” is presented in column 9 and the percentage re-

Tanie 6.—S0lids Balance
Solids in Dry Tons per Day Per Cent Removal

Pe- Date Decant tal Captured Solids Settler

riod o Thrgh ESeftIer Etf%r?nt P\ant _ % Settler
Sl effidn Effen Tt o seoma- ThiEK

Leve¥s Lev%ls

1 2 3 4 5 6 7 8 9 10

Low Solids—Long Aeration

Oct. 1-15 — 100 410 510 260 247 82 85
16-31 — 100 534 654 260 22 -. 75 18.6
Nov. 1-15 — 153 410 563 309 238 264 & 86.2
16-30 — . L713  394 567 298 296 286 8 81.7

Dec. 1-15 « 203 093 380 473 296 232 284 8 87.1
1 Ave - 124 426 549 285 243 256 816 87

Dec. 16-31 097 52 555 1075 34 205 127 64 80.5
Jan. 1-15 067 30 413 713 315 188 199 74 83.9
16-31 793 59 400 990 402 218 201 64 86.0

Feb. 1-15 900 75 525 1275 400 242 245 66 83.8
16-29 150 29 402 692 305 365 291 09 88.3

2 Ave 12016-31 401 49 459 949 347 244 213 613 832
3 Mar. 115 — 08 37 453 246 307 309 & 81.7

High Solids—Long Aeration

horlo% - 1 388 '
- _ 7 88 513 255
iy ;L .

1-30 —
4 Ave.
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Tabte 6.—S0lids Balance—Continued
Solids in Dry Tons per Day Per Cent Removal

Captured Solids

Pe-
d Date Decant  Thick- fal Settler
" Plltgnt Efflugerm Effieh E%%?me MR P Secopd- Thiok  Sete
Influent 3&4) mary ary ener
Levels  Levels

1 2 3 4 5 6 7 8 9 10

High Solids—Short Aeration
June 1-15 — 107 440 547 B0 297 280 ¥ 86.7
16-30 — 107 465 571 3BO 265 250 8 85.4
July 1-31 — 2% 560 79 246 248 262 713 80.5
Aug. 1-24 — 1% 540 665 265 275 214 T8 82.3
5 Ave m 15 515 674 281 267 266 786 836

Low Solids—Short Aeration
Aug. 25-31 285 426 711 217 247 254 767 852
Sept. 1-12 - 130 393 52 39 236 263 83 8l
13-30 - 251 520 172 308 BT 416 802 862
6 Ave — 216 462 678 313 288 338 809 865

Compensating Low Solids-—Short Aeration

7 Oct 1-31 — 110 506 616 304 247 261 801 836

High Solids—Short Aeration
8 Nov. 1-30 — L1l 584 695 38 250 210 787 820

moval b¥ the settling tanks, by all three methods, assuming that the
thickener solids are captured when returned to the head of the plant, is
shown in column 10.

B.0.D. Balance

Table 7 summarizes the average tons of B.0.D. entering and leavin
the pTant per dar. The method gtemarsh_allmg the gata as S|m|?ar tg
that used with the solids balance. Again the |percentage removal by
the seftlers and thickeners and the gercenta e removal by the settlers,
as?urrﬂltn%the capture of thickener effluent B.0.D. hy retreatment, was
calculated.

Treatment Summary

The removal of suspended solids and B.O.D. by the settlers is plotted
chronolog%ally in F?gﬁre L The com ﬁed sett?/er and t ?_cien [ eﬁ?u-
ent gave e% removal of 78.7 Rer cent of the suspended solids and 6.4
per Cent of the B.O.D. over the, 14-mont _Perlod. If the thickener efflu-
ent was returned to the plant influent without any effect on the settler
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effluent, the 14-month average suspended solids and B.0.D. removal
would be 84.9 and 72.5 per cént, respectively. _

Since operating conditions were changed, the more pertinent aver-
a?e results of the eight gerlods of similar operation in Tables 3 to 7
are recapitulated in Table 8 ang Figure 2. These results are,arranqed
according to a decreasing aeration period and from a low to high to Tow
aerator Suspended solids, irrespective of the season of the year,

Figure 2 more clearly correlates the operating conditions with the
treatment results, The’ results may appear particularly confusing
when it is noted that period 6, having nearly the shortest aeration pe-
riod, the lowest aeration solids and thé lowest air suppl%, compares very
favorably in treatment performance to period 4, which has twice as long
an aeration time and almost twice the aeration solids. The answer
prob_abl}/ lies In the character or settleability of the active floe. The
relatively long agration period has processed th,e_sewa%e to a degree
where the active floe acquires poorer settling qualities and, althougnh™the

rao1. 7.—B.0.D. Balance

Tons of 5-Day B.0.D. per Day Per Cent Removal
Period Date Decant . tal
f Thick Settl g ttler and
Raw ﬂﬁueerﬁ%r Ef%ueergt E(f% n InPf %rétnt sremtciener Settler
Sewage £&5)
1 2 3 4 5 6 7 8 9

Low Solids—Long Aeration

Oct. 1-15 - 0.67 3.83 450 23.3 0.7 84
16-31 — 0.69 4.60 5.29 195 2.9 16

Nov. 1-15 — 1.07 490 097 22.2 131 8
16-30 — 141 590 1.37 21.8 66.2 3

Dec. 1-15 031 043 520 0.63 198 112 734

1 Aw 0866  4.89 57% 2132 730 712

High Solids—Short Aeration—Decant

Dec. 16-31 0.17 244 6.86 9.30 199 53.0 65.2

Jan. 1-15 0.12 1.60 4.60 6.20 152 65.7 146
16-31 140 4.25 5.00 9.25 22.2 55.6 76.0

Feb. 1-15 1.60 333 5.96 9.29 179 48.1 66.8
16-29 0.27 157 497 6.54 163 59.8 69.5

2 Ave 12/16-31 071 2.64 548 S.12 189 55.4 69.8
3 Mar. 115 0 0.54 5.37 591 16.1 63.3 67.0

High Solids—Long Aeration

Mar. 16-31 _ 0.81 4.26 5.07 171 70.3 75

@Pr. 1-30 — 0.65 3.88 453 168 73.0 7

ay 1-30 trace 0.63 4.60 5.23 19.9 738 1

4 A 0674 424 . 492 181 2.8 76.6
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Tabte 7.—B.0.D. Balance—Continued

Tons of 5-Day B.0.D. per Day Per Cent Removal
Period Date Decant . tal
B w90 WAy s
Sewage 4&D)
1 2 3 4 5 6 7 8 9
High Solids—Short Aeration
June 1-15 — 0.68 478 546 16.1 66.1 Jil
16-30 — 0.68 4.26 4,94 182 729 1
July 1-31 trace 1.37 440 517 145 60.2 10
Aug. 1-24 - 0.50 4.23 473 131 63.9 68
5 Ave. — 0996 497 597 170 64.9 il

Low Solids—Short Aeration

Aug. 25-31 — 130 450 5.80 159 63.6 1

Sept. 1-12 — 00 471 5.57 182 694 .74
13-30 — 141 5.17 6.58 153 57.0 66

6 Ave — 119 493 6.12 1635 626 69.9

Compensating Low Solids—Short Aeration
7 Oct 1-31 — 2.20 578 7.98 191 58.3 70.0
High Solids—Short Aeration
Nov. 1-30 — 0.72 5.84 6.56 181 63.8 67.8

effluent is free from sewage turbidity, it contains active floe impurities,
With the short aeration dnd low agrator solids a higher percentage of
_sgv%/ﬁgeeftftljrgr:wty and a much smaller percentage of active floe appears
I TIYENL. : . : :

T_?]e Inferior results in period 2 can be ascribed mainly to the return
of digester supernatant to the head of the Plant and_shoufd be compared
with the short 15-dav period 3 which followed without the return of
d|?ester supernatant. An |m_Rrovement in the suspended solids is. ob-
sefved but no improvement in the B.0.D. periods 5 and 6 should be
compared as equal time of aeration but roughly twice the amqunt of
retarned sqlids 'In Perlqd 5. The same logic 3s ‘used In comgarm}g Be-
roas. 4 and 6 applies, 1., even with an deration period of 2.25 hours
e i et o gt foe gL ey tempetep QL"?ﬁ?SSda%“de
a?tho% halow %fﬁuent B.O.D. |s_ac%?e_ved, Phe suspendedgso 1ds is higher
than when a_low agerator solids is nhalntf'utn?d. . : :

Periogs 7.and g cover hwo months o aI_0£erat|on when high solids
were maintained for a short aeration period. Considering only the
short aeration periods, removals of 70 to 71 per cent of the B.0.D. and
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84 to 86 per cent of the susgended solids during the summer and re-
movals of 68 to 70 per cent of the B.O.D. and 82 to 84 per cent of the
suspended solids during the fall were obtained.

Comparison with Pilot Plant Studies

In_comparing the or%eratron at Jamarca with the pilot plant studies,
the eight periods of similar gperation have been superimposed on Fi
ure 4°of a previous paper (5), and are presented In Figure 3. Srnce
there was a greater diy r%enc ‘between the removal of suspended solids
and B.O. as qesrra e ot {o avera%e the two hn Ices as had been
ong in t e |ot plant studies but to ¢ nsrder eacn separately.. The
equivalent aeration period at 68° F., which permits the correlatron of
stlidies made at different temperatures, was plotted against the percent-
age of remaining B.0.D. and; suspended solids.

Considering an average pilot plant curve it may be observed_that the
same trends Of treatmént performance were dchieved at Jamaica,
However, several important factors should be mentioned. First, it
should be remembered that the Jamaica performance was obtained on
raw sewaﬁe rather than pre-settled sewage. SecondIY In the practical
studies, the_diurnal flow cycles cause a daily fluctuation of from gne-

f 10 twice the avera?e aeration period and settler detention.

, any improyement ivhich might be expected due to a greater
quantr of actrve roe in the aerator is offset by over processrnq the
Sewag e urrngI low flows and increased septicity in the' settling Tank.
Both of these latter factors increase the settler éffluent impurities.

Discussion

Mogrfred sewagﬁ aeration as prached at Jamarea durin \R/ the first
year of qperation”has proven Its predicted potentialities. With some
changes In operation better performance may be expected.  Some of

thesg chapges are:
%ﬂg return of thickener tank effluent to the plant influent for

repr%rzessrnge

Better control of excess sludge pumping to the digesters to main-
tarn aximum effrcrencg ? She %gke?rersp /gt resentg trsre concentra-
tion of excess sludge bears no relation to the compactabrlrty of the

sl
@3 The introduction of arr into sections of the settler to maiptain
drss Ived oxly%en throughout t e tank. The air may be supplied me-
canrca drffusron oply durin perrods ofgrflonge detention
to " res en the liquor or decrease the efrective s ttrng capacity.
d) Th estorag(e of aftrve floe urranr part of the d érz to be refurned
r revent under-

geuv(rla ethue meakr hurgr%s or eak |oads. IOTrerrs be f ggl%elgsmtglo%
aera rso[rdsgbulgnot at hrghpaerator solids wit o t Increasing tﬁe alr

supply.
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éez_ A better distribution of air, particularly during peak loat
conditions.

Summary

The Principles of modified aeration have been applied at the Jamaica
sewage treatment plant since October, 1943, to a flow of 35 m.g.d.  The
raw sewa?e was aerated without pre-settling for either 2to 2.5 0r 4to 5
hours, seftled for 3 hours and all the sludge from one-half or three-
fourths of the settling tanks in service was returned. Thin sludge in
the remaining settling tanks was concentrated in thickening tanks and
digested.  The gas from the digesters was utilized for powef generation
and heating. Utility gas and “electricity were gurchased for the first
two months.  During the foIIowmgz 12 months 7.2 per cent of the gas
energy and 6.8 per cent of the electrical energy was purchased; the Te-
maining energy being supplied by digester gas. _
. An average of 547 kw. hr. of eleCtrical energy was needed P_er mil-
lion gallons of sewage, of which 46.8 per cent™was for operating the
blowgrs and 53.2 per-cent for sewage and sludge pumping, lighting and
auxmam{ motors, etc. . , ,

|?h een per cent of the 14.65 million cubic feet of air per day was
used for the return sludge air lifts and the remainder for aeration,
Thus, 0.34 cubic feet of free air per gallon of sewage treated was used
aE(I)rr le}]gtrsatlon, or 0.42 cubic feet per gallon of sewage for aeration and
The return sludge from half of the settlers in service amounted to
6mr#.d. and maintained an average aerator suspended solids of 375

p-p.m. - -

The return sIudge from three-fourths of the settlers in service
a .ount?d t0 9 m.g.0. and maintained an average aerator suspended
solids of 600 p.p.m. _

With 4 to 5 'hours aeration, more than 75 per cent of the B.0.D. and
85 per cent of the suspended solids were removed by the settlers, ir-
res;?eqtlve of the concentration of aerator solids.

With 2 to 2.5 hours aeration, 70 per cent of the B.0.D. and 83 per
cwof the sustpe_nded solids were _rgmoved by the settlers, irrespective
of the concentration of aerator solids. ,

The excess sludge was drawn at concentrations of 4 to 7 per cent or
an average of 5.85per cent dry solids. _ With moderate care in sludge
withdrawals, a concentration 0f 5 to 7 per cent may be anticipated,
Di ﬁsted .ﬂudqe may be drawn at a concentration of 4 to 6 per cent
Avlthout ditficulty.
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Discussion

By Robert Shapiro and James W, T. Hogan

Principal Sanitary ggvevrgéset ]apgathlgrr]rtt &/up ri endenorkReéPectrvely Bowery Bay

It is the purpose of this discussion o add some data to the gractrcal
experience with_modified sewage aeration, in the light of operatibn ex-
perience at the Eowery Bay sewage treatment works, where this method
1S now emplo
r?wr Bay plant incluges coarse screens, a qrit chamber, prr-
mar settrn% aeration and final settl rng tanks xcess actrvate
ge IS thickened In separate tanks, EXCEss and prrmar% ges are
% ted.  Digested slu g% 1S Rarged to sea. . Tne g ﬁ
secondar treatment step aeration” rfrcatron 0
activated sludge IProcess w ich method consists of returning sIudRe
from the final tanks to the head end of the aerators and adding t
sewage at from one to four poins annﬁ the flow through the aerators.
he designed aeration period 1S 25 hours with 25 per cent return

tghe plant was placed rn 0 eratron on November 20, 1939, using
primary sedimentation ong ctivated slud gD g/ %telp aeration was
started”on March 12, 1942, and continued until"December 20, 1943, when
aerator solids were reduced and modified sewage aeration begun.  With
modified sewa?e aeration, all sewage enters the aeration tanks and is
mixed with return slud%re at the hedd end of the tanks.

The gata presented In Table 1 offer a comgarrson between step aera-
gon and_modified, aeﬁatron resuIt? The table shows that there had
een an increase in_the volume of sewage treated from 1942 to 1944
but not enough to influence srgnrfrcantly the defention periods in the
treatme}nt WOrks.

mo ified sewage aeration in 1944 the air ratros were reduced to

about % of the previous ajr requirements, with a 22.4 per cent reduction
In volyme of e“r re%urred per pound of B.O.D. removd The kw. hr.
per million gal ons uring 1944 was 22 per cent less than for the pre-

ced rnﬁ two en“

The suspended solids load enterrn% the Iant Was almost dentical,
as shown by the yearly averarIre rgure rmarﬁe lyent shriws 3
continuous dmpr vement in the annual aver es, que prrncrpeﬁ
changes made in grease removal and to improvement, in the quali
decant liquor.
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Table 1—Salient Data on Operation Results at the Bowery Bay Sewage Treatment 11arks
Step Aeration Us. Modified Aeration

Period (8 Hotkns) (12 Hoiths) (1 Morths)
Aeration SYStEM oo Ste Step Modified
Sewage FIo)\/N—m.g.d ...................................... s 36.6 318
Detention Periods—lirs. 115 110 105
2.6 2.2 2.5
18 16 17
Agration Suspended Solids—p.p.m......... 1490 1,780 505
Air Supply—cu. ft. /%al .................................. 0.59 0.61 0.39
Cu. Ft. Air per Lb. B.O.D. Removed.. .. 760 760 590
Power Used—kw. hr/m.g.veversrsivnnns 560 570 440
Suspended Solids—p.p.m.
RAW..ovvvvvssnssnsmsssssssssssssssssssssnnns 193 192 191
Primar 145 122 113
Final iV, 37 29
B.0.D.—p.p.m
RAW v 145 189 174
o LLLF: U 107 133 103
(1T T 14 3 2
Removal of Suspended Solids—per cent
1L 249 36.5 417
TOEAL oo 93.8 81.3 85.1
Removal of B.O.D—per cent
PEMATY oo 26.2 29.6 40.8
L | 90.3 80.5 86.2
Sludge—per cent solids
FIMANY o 5.04 5.52 6.83
ACHIVALE...oovvvvvvvrrrin 2.42 2.75 357
Weighted AVErage. ... 378 417 550
DF1V (3 (1 4.48 3.96 5.26
Volume of Sludge—cu. ft./day
L - 10,320 8,460 6,310
Activated.... 10,120 7,990 5,030
LB —— 20,440 16,450 11,340
Digested Sludge to Sea—cu. ft./month... . 319,000 280,000 159,000

The results of 1942 show that step aeration gave petter overall re-
movals than modified sewage aeration. The impaired results for 1943
as compared with 1942 were dY_e to a series of difficylties, such as_oil
wastes and very heavy decant liquors. Chan%es In dlqester operation
toward the end of 1943 and the subsequent Neavier sjudges obtained
during” 1944 permitted a reduction in volume and an improvement in
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quality of the decant Irquor Oil wastes in noticeable quantities were
no lon erfound to be entering theplant However, 1t should be empha-
sized that mo ified sewafge aeratron S ould not be expected to give
better overall removals of suspended solids and B.O.D. than step aera-
tion, as shown by the comparison of 1942 and 1%44 res%rlts

Another important ditference in the two methods of gperation is evi-
dent In the concentration of excess activated sludges. The_ decrease in
sludge volume obtained from the thickening tanks helped imprave the
quality of the decant liquor, which |n turn improved operations in gen-
eral s already ftated This sma ller volume also made_it easier ‘and
more economical to maintain digester temperatures, The resultant
effect was a heavrer drgested slu (Ire of a Iower volatile content and a

lesser quantity of et% e Sen to seq
In er\era t ere the overal purrfrcaﬁron ?n a plant scale was
very similar tote redrctrons ase on the pilot plant studies asprevr-
ous re ore etter mt uly 1943 and by Setter and Ertwarﬁ
- In.trie March, 1944, issyes of This ournal’ The” compensation for t
srghtl Iower ant efficiencies were lower alir ratios, and consequent
Power savrngfs a heavjer excess %u gde which rmnﬁtroved and decrease
he volume of decant |i rauor higher digester temperatures; rmﬁrove
dlrggste%t sludge concentration and a marked ecoriomy In barging the
sludge to sea.



By
Louis J. Fontenelli and W illem Rudolfs

Chief Operator, Rahway Valley Joint %ggrt)ienc%fvggief’ Dept. Water and Sewage Research,

. The effect of vary{mg quantities of industrial wastes on_the opera-
tion of a sewage treatment plant has_been demopstrated during the last
four years at’the Rahway Valley Joint Meeting plant, New Jersey.
The etfect of the wastes was noticéable on (1) sedimentation, _SZ) sludge
volume, (3) digestion, (4) gas production, and (5) sludge drying. Con-
gef?,scedlt_ggsults are presented to indicate the ‘effectS and operation
ifticulties,
_In 1928 nine municipalities located in the Rahway Valley entered
into a contract forming a joint meetln%. All conditions pertaining to
the participation in construction cost, allocation of space in the trunk
sewer and treatment plant, and Ahe aﬁp%rtmnment of ﬁperatmq and
maintenance expenses were embodied in_the contract. The actual con-
struction of the trunk sewer was begun in 1929 and completed in 1931,
The entire trunk sewer flow is by gravity to the plant, at which point it
is lifted 15 feet by means ofgumps. Flows are measured by recorders
placed near the boundaries of the municipalities and at thé treatment
plapt. Construction of the sewage treatment plant was begun in 1933
and completed In 1937, The construction cost for trunk “sewer an
plant was approximately $3,000,000. _ _ _
. The trunk sewer r_an%es in graduat?d sizes from 3? to 72 inches n
diameter and was designed for & normal average daily flow of 25 m.g.d.,
estimated to be sufficient to 1960. _ _ , _
The sewage treatment plant embodies mechanical collection of %nt
and screenings, pumping of raw sewage, Sedimentation, separate slu Ee
digestion, sludge drying, and chlorination, The sedjmentation tanks
desiqn is based” on four hours’ detention at 125 m.g.d. _SIudge dlaes-
tion tank? iand sIudfge drzlggtbled were to serve alp pulation o0f 75,000.

A general layout of the s shown in Figure 1.

Contributing Population and F lows

In order to determine the effect of increased sewage flows and vol-
umes of inqustrial wastes discharged on the operation”of the _plélnt the
total contributing population, the number of employees in industries

discharging liquid wastes, volumes of sewage, volumes of industrial

* Journal, Series Paper of the. N r ricultural iment Station, Dept. Water
and Sejv%ge ess%alrc : E!%etge?s bﬁlveer\é\ftﬂ,e %}//v %grulngwfé[(? I\Fe)élvoejelrs%y. Station, Dep g
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ast s, and the perc tages of .wasfes t? the tota}l flows are compared
ort eyears 1940-1943, "inclusive, e populat |on has in-
crease rapid| y and in dustrtal act|V|t nas mater|a mcrease In this

area during t e contributing population figures for 19
Were 0 ta?gecj7 ﬁe UntTted States CengJ E a%d or 194% Novem%er

Tabte |.—Contributing Population and Average Daily Flow

1940 1941 1942 1943
Population contrlbutmg .............................................. 68,437 74,346
Employees in “wet” mdustnes ................................ 4,051 6,959 7,446 7,800
Total sewage flow, M.0.0..vvvrvrsrsvssssrnnnnns 1.71 8.04 10.28 10.51
Industrial Waste flow, m% ....................................... 134 174 263 2.8
Proportion of waste of tofal flow, per centi....... 173 21.6 5.7 28.7

from ration hooks issued in the various mynicipalities. The number
of employees in the industries. dischar mq liguid wastes and the vol-
umes of wastes produced and discharged irfo the trunk sewer were esti-
mated on the basis of (1) information received from the industries, (2)
number of employees and (38 records In our files. The increases in
population and flow from 1940 to the end of 1943 were as follows:

Actual P?c entage

Increase nereas
POpUIALIoN CONEITDULING. v 5,909 8.6
Employees in “Wet” indUSTIIES. .......vvvemmersemsnnns 3,750 93.5
Total Sewage fOW, M.0u.vovvvmsvssmsssssssesnsssssnns 2.80 36.4
Industrial waste fiow LUK T 138 1040

From the percentages of increase in industrial employees and vol-
ume of waste |t ||s evitient that the relationships existing”in 1940 have
c an ed material

The total volume of sewage flow varies widely. The flows depend
on population, ground water |nf||trat|on and storm water enterm IocaI
sewers. The vartatton in flow 1s illustrate b compartng atg ows
during March, 1941, a wet sprmgzmonth with cto er ry au-
tumn ‘month, WhICh averaged 1227 ang m.g.d., respectively. T

r|a ions In f ow do not m erlally affect thf quantities of sludge coI-
cte as shown by the monthly average results.

On accqunt of dtfflculttes in oBeratton particularly of the digestion
units, a volume of about 1,500,00 giallons of ndustrial wastes was di-
verted for a_considerable period. ddition to the general effect of
increase In flow on the plant, the d|ver3|on of part of the industrial
wastes serves as an index of the effect of the wasfes o operation. The
amouynts of soltds coIIected for these two months were, however, ap-

rommateY the same showin that the uanttt of solids does not
3 g erially with storm %SUﬁ extreme fluctuatloni

IH uérla waste “flows occur, alt ough the flows on Sundays are less

than during the week days.
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Types of W astes

The wastes discharged by the 33 industries in the district come from
a wide variety of industrial processes. The character and strength of
the wastes have been determined by analyses for the larger industries
and deduced from products produced by the smaller industries. The
character of the wastes fall into five groups, namely:

1. Chemical wastes, acid or alkaline in character, some containing
dyes and/or poisons;

2. Wastés contajnin solventg and/or soaps;

3 Wastes containing oils and greases;

4. Pickling liquors; , .

b. Wastes cqntaining suspended solids from paper, rug, and similar
manufacturing processes.

The quantities of wastes received are largest from the first and fifth

roups. : .
’ IrEgeneraI the wastes in the different groups affect sewers and the
operation of the treatment plant in varioUs ways, The wastes in the
first group may be_considered as most importarit from the standpoints
of sewer and ‘equipment corrosion, settling characteristics of soljds,
volume of slud%e produced, sludge digestion processes, and sludge dry-
mg. The quartities of susgended_sollds In these wastes flr_e usyally not
more than those found In domestic sewage, but material in solution I
frequently much greater and influences suspended solids removal.
gre test import ncE are the acids aHd ?Ikahes. Dyes maP( ?olor the
ewage, but with the present method of treatment exert fittle effect.
oisons may interfere with the biological action in the digesters.
. The wastes containing solvents are important in relation tg explo-
sion hazards in sewers, and some solvents are very detrimental to the
sIud%e digestion processes. The greases and oils aid in scum formation,
but have ‘ot been of |great importance at this plant. The wastes con-
taining pickling liquors have been chiefly impartant in relation to their
Prem Itating %ctmn on sus&en&ied solids, resulting in increased slud_%e
ormation. ~The sludge formed 1s frequently thin and watery, affecting
thereby the capacity of the dlgiesters. Paper, rug and similar wastes
prodHce larger, uantu_tlef,of s,uﬂge. These wastes may conéaln fiber
and nair, cdusing difficulties with"clogging and scum in" the digesters.

The '

Operation Results
. The average daily operatjon results for four years are summarized
In Ta%le I, gGrlt rg/moF\)/aI Jurln% Hry wearier flow Eas %een satlstZ C-
tory. During excessive storm flows ‘some_grit Basses_ through to the
s Tllng tanks and nence to the dlgesters eqcantltles of screenm};s
collected per day are fairly constint with the exception of periods dut-
ing January to April when th$ daily cgllectlor]s may Increase as much
as 400 per cent. 'The reason for the abnormal screenings collection i
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that Iarge masses of filamentous fungus growth occurrrn(i on th% Sides
of sewers, slough off. This material"doeS not drain readrg as an
offensive odor.” Drained grit has a moisture content of abouf 7 g
cent and screenipgs about™90 per cent. Both grit and screenrngs ol-
lected are carted away by truck and dumped on the nearb state re-
formatory roundsw ere"the materials ar used for soil Improvement.
Suspended so |ds removal Is Persrstenty g rangrng rom 60, to
8] per cent with a o%r %/e rd average of 66 per cent. This h%h
efficiency can be attributed to the c0ag uatrnlg action of some of t
industrial wastes. 'With the increased industrial actrvrty in the area
served and proportronate Increase in suspended solids, plus the retard-
ing effect on sludg digestion, It was necessary to reduce the efficienc
of the settling fartks by cutting out two units and thereby decreasin
the total detention period. ~The effluent produced with the reduced de-
tention time was considered unsatisfactory by the State Health Depart-

Tabte I1. Average Daily Operation Results Rahway Valley Joint Meeting Sewage Treatment Plant

1940 1941 1942 1943
Grit removal, cu. ft. Per M.gu.mevmrscssrrrn 18 6.1 5.6 6.9
Screenings removal, crfr ft. ger 11 O 2.4 3.5 2.6 34
Suspended solids in raw sewage, p.p.M...eveeeves 176 212 154 168
Suspended solids in effluent, P.p.M.....vvrrrinen 55 68 62 61
Suspended solids removal, per 1711 69 68 60 64
B.0.D. of raw Sewage, P.P.M..ccvcvmvsvmrmsrsssnn 171 182 143 198
B.0.D. removal, Per CeNT....oovmvscovsrssssirnns 32 3 3% 33
Wet sludrrre DIOGUCEION, CU. Tt 2,139 2,561 2,642 3,100
Dry total Solids retained, 0S...........ooooo 10000 11510 10715 12,840
Dry total volatile solids retained bs................. 6,990 7,885 1,610 9,360
Dry total volatile solrds to drgesters [V 6,990 7,885 6,800 6,670
Increase in wet slud ?e retained, per cent............. - 115 1.1 12.8
Increase in dry volafile solids, per cent............ 128 113 34.0
DEtention time, NrS.......ovvmemmsmrmssssssssnne 6.5 54 26 2.9

ment and, in order to meet the requirements, three settlrnﬁ tanks were
replaced In operation.  Attention is directed to the fact that the aver-
age dai yCPercentage removal of susPended solids, hased upon the pﬁ
susp ende solids m influent and effluent, did not decrease as much as
mrght e expected. In this respect the variation in suspended solids
8(1; IPeeptraVr\rl ?nevplrgge as well as the change in character of sewage, should
in mi

SrnceJuIK 1940, there has been a gradual rise in the volume of solids
arriving att J)Iant This can be aftributed to (1) increase in Ropula
tion sefved an mcrease in industrial activity. Despite the fact
that during part of 1942 and 1943 a considerable volume of industrial
wastes was diverted before reachrn% the plant, the inci’ease in the vol-
ume of slud(I]e collected was greater in extent than the P wlatron In-
crease over the four years unger considex-ation. Of Rar icUlar impor-
tance is the large increase in volatile solids, which were one-tfiird
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greater in 1943 than in 1940. The increase in volume of wet sludge
placed a burden on the drqestron and sludge disposal facilities, req urr-
rn% increased capacities. In effect, the Iarde InCrease in vo latile sor S
inCreased the fodd on the digesters be ond hec acrt of the avar lable
facilities and It became necéssary to build a larg ge storage basin
to supplement the 3' dlge rying beds, Excess drg ted slufige was
stored In this basin duriffg the winter and removed during the dry sum-
mer perrod This method worked satisfactorily until the wirter of
43 when, because of the retarding effect of industrial wastes on
sIudge drgestron It became necessary to pump excess fresh soIrds into
the basindaily, Since the basr]n Was theg gsed as an unheated rgges-
tion unit, t e slud e could not he removed during the summer o
an as a consequence the basin was filled by the end of AuHust 1943,
ecame necessary to construct a second basin with a capag
000 cubic feet, On Au ust 0 193 the basin was completed and ready
for oPeratrd rg/ rn eg ember the industrial wastes received 4t
the plant affected th drgest IS to such a degree thaé oth primary di-
gesters had to pe emptied into the newly constructed basin, occugyin
0 per cent of the available capacity. Shortly thereafter, three settlin
tan |shad to be operated to maintain an efltlue t satisfactory to the Stat
Health Department, causing an additional increase in volume of sludge
retained. At the samg time a large volume of industrial wastes was
again diverted.  Despite the diversion of industrial wastes, the increase
I fresh solids collected made it necessa r¥ to discharge 800 cubic feet
of fresh solids daily into the storage basi

Gas Production

The tgas collected has an average heat value of 650 B.T.U. per cubic
foot. It Js used for heating the burldrngs and digestion” tanks and
serves as fuel for the gas engines drrvrnrft e main sewa%e pumps, w ich
lift the entrre sewa e row info the settling tanks. h normal func-
Ponrn? of the slu 8 Bgesrtron péocesses the gas production rangeé
rom 0,000 to 1009 0 cubic eeta ay depending upon the guantity an
character of the fresh soljds. placed in”tfie dgesters he avera%e
quantities of gas coIIected during the 1940-43 pefiod, together with t
amountso 9as produced per potnd volatile matter collected and added
to the d |%es ers, are shown jn Table I11.  The average dail %as collgc-
tion Increased durin the frrst two ears under consideratjon, hut de-
creased sharply duri The darly loadings to the digesters, ex-
pressed In pounds vola |Ie matter were only 4 per cent less 1 1943 than

Tabte [11.—Average, Maximum, and Minimum Quantities of Gas Collected in Cubic Feet

1940 1941 1942 1943
AVErage daily .., s 67,000 76,500 68,400 46,400
Maxrr%um pe)r 1Y 79.400 116,000 124,000 99000
Minimum per daY ............................................ 10,000 53,000 11,000 0
Gas per Ib. volatile matter collected.......... 9.6 9.7 9.0 4.44

Gas per Ib. volatile matter to digesters.... 9.6 9.7 100 6.85
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in 1940, byt the average daily gas production was reduced by, 31 per
i ?\ age Ao g? i i guc}/lo,n fPuc-

cent, DurmPt e entire perjod OF four years, dalwgas pro
tuated rqreaty, as indicated by the minimum add maximum figures.
These fluctuati

ns occurred more or less in cycles, gas production %radu-
all decreasmrg %nul a low fjgure was, reached, when the load On the
didesters would etemFt),orarll reduced. It is clear, however, that the
reduction in gas production was not the result of reduced loading. ~ Gas
production per pound of volatile matter added to the digestersin 1943
was 27.5 per cent less than in 1940, This reduction_in gas production
was caused by the industrial waste in the sewage. The ‘specific effects
81‘ the V\t/ﬁst(]gs on the digestion process are indicated by the experiences
uring the four years, . ,
_ Dgrmg Sept _m%er, 1940, an abnormal reaction in_the sludge diges-
tion Brocess was indicated by a gradual decrease in dallg gas production
and by the d(ljgestm? sludge”turning acid.  Plant qper t|n?, recorgs re-
vealed a gradual d opﬁm in pH Values of hoth fresh. solids and raw
sewage, which led to the Delief that this was caused either by mineral
acids |bn tﬁe sewage or poisonous substances affecting hiological action,

o bl_)( oth. o _
ourly determinations on sewage samples at the plant and at vari-
0us _omtg In the trunk sewer shovged theppresence oﬁ)‘ ?_arge quantities
of acid wastes. Conferences were held which resulted in~a temporary
diversion of a large volume of acid wastes. After an extensive, survey
the wastes were neutralized at the source and again d|scharged into the
trunk sewer. ~Some time after the neutralized waste was tréated at the
point of discharge, gas production again began to drop and the digest-
Ing sludge became aCid.  Investigation showed that the difficulties were
not caused by either excess acidity or excessive quantities of solids
placed in the d|9es,ters. The retarding action was caused by foxic
or poisonous materials present In the Wastes received. The poisons
thought to be responsible were removed from the wastes and the di-
estars recovered, During Januarly_, MaY, July, and August, 1943, dif-
Jculties were again expenenced,g imarily in teduction of gas produyc-
tion. Finally In Seﬁ{)tember, 1943, the sludge digestion process hroke
g%)wn cotmpletely. large volume of wastes was again diverted from

e plant.
Phe efffe,ct of the waste without the toxig materials is ?hovv_n bv the
following figures comparing the average daily dl_gester oadings and
gas production over a period of eleven” months with the loadings and

a/as production over a period of nine preceding months when all" waste
as diverted :

Sludge to Digesters Gas Production
Cu. Ft. Lbs. Solids Cu. Ft. per Day  Cu. Ft. per Lb. Solids
Waste OUt....vvvrionnn 2665 10,350 73,175 1.14
TUER R T —— 1810 6,875 45,100 6.51
Per Cent Less............ 40.0 324 338 8.9
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The results show that the wastea parentlg affected as roductton
in two ways: (1) reduction In tota g uct|on one-third
account of redu €0 dr?/ solids Ioadln%; ﬁZ) reduction mg Rro uc-
|on fr ?%J uu ntities of dry solids. The acid wastes w re eutral-
ized with_lime at their source unng the period under consideration,
but contgined small guantmes of solvents The results led to the con-
cu3|on that about 15 per cent of neutralized amd waste contammu
Earts illion of solvents in the total \ow of sew 8
tion t0 such a degree that about one-third less dr so s could be
dled bY the d|gesters and this, in turn, caused sub se uent equal de-
crease in total gas production. . n other words, the digestion capacity
[aeq(t)%esd was increased materially and excess sludge” was stored in
Prevmus to diversion, the loading on the dtoesters had been gradu-
aIIB/ reduced f rom a_normal 3,000 cubic feet o sludqe a acy
ubic feet, resulting in a reduction in the slud edlg 3 lon fa I|t(}/ o’f A1
per cent,  The relation between sewage flow, gas productjon, an 30| S
collected and digested over a period” of 40 months, including periods
when Iarcie volumes of waste were handled and diverted, |s shown
graphically in Figure 2. From the plant records it appeared that a

Figure 2—Relation between total and Vé)lggtleents%d% and percentage suspended solids removal,

maX|mum Io?adtn of. SOOR cuhic f%gt of sludge a dag could be hand
t no any esting that t anger zo e about 2

eet of wet sludge a day. |t tne method of operation ract|ce t
concentration o fresh” solids co ecte 1S rathgr copstant. Ana SIS
shows the following daily averages of total solids and volatile matter:
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T sl Vgl
1940 197 69.7
1941 1.21 68.5
1942 6.50 11
1943 6.59 2.9

It will be noted that the sludge concentration which could be obtained
decreased gradually with the increase in percentage of industrial wastes
received, “This placed an additional burden on thie digestion and sludge
drying facilities. The increase in volume of sludge has an important
relation to supernatant liguor removal (see below):

L aboratory Digestion E xperiments

To confirm the plant results and to determine specifically the effects
of the wastes and indicate the allowable Ioadmgs on the digesters, ex-
tensive |al orﬁtory experiments were made. Samples of sewa?e were
obtained In the trunk sewer at various places, the solids settled and
added daily to a series of di estlng mixtures and the gas collected.
Similarly, Samples of wastes were collected and_ added in varymg [0-
Portmns o sewaPe solids primarily of a domestic source. It 'was soon
ound that the sfudge obtained frgm wastes affected the rate of diges-
thon and total gas Iproducnon. The general conclusions drawn fiom
the experiments were that:

1. Certain wastes are defrimental to the d|gest|on grocesses.

2. The retarding effect of various wastes may be the results of: (a)
waste from one or maore individual manufacturing processes, (b) a com-
bination of wastes from two or more processes, Qc) interaCtion of
wastes with domestic sev_vﬁge and (d) afroportlona ely large volume
of wastes as compared with domestic sewage. |

3 qu_esubmt of n&dustrlal waste sludges is not comparable to that
of domestic sewade sludge.

E ffect on Sludge Volume

_ The avera%e removal of suspended solids varies with the detentiop
time. The lo (Iy_er the settling time, the greater the percentage removal.
With the detenTion time reduced to lessthan half, a materidl reduction
In removal could be expected with subseguent lower volumes of sludge.
The average daily volume of sludge collected varied as follows:

Volume of Sludge Produced

Year DEIEQH?Q)TW ith Equal Amounts of
Cu. Ft. per Day Cu. Ft. per M .G. vg%&pu iothdpsﬁwgv?g

1940 6.5 2139 276 212

1941 54 2561 319 239

1942 2.6 2642 268 218

1943 29 3100 294 267
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The volyme of sIudﬁe collected ;fer milljon %allons of sewage treateg
d|d not decrease wit thematerla reduction in detention time, althoug
percentagoe susd)en ed solid s removal based upon p.p.m, decreased.
The volume 0f sludge for e%ua quanttttes of susEended solids removed
increased. This was not caused by an increase In the strength of
fewage which on the bagys of suspended solids |n the raw sew e was
ess in the two years with low detention times than in the years with
a greater detention time (Table V). The average figures for the years

Tante 1V.—Average Daily Sludge Removal With Different Detention Periods

De rnstl'son Bem(ograt S'“&%REWV“ Dry T(EBaSI.)SoIids DryVol%tiIeSoIids Tim(?\a%ﬁﬁ{sa)[io”

1.50 o6 2,165 9,413 6,646 5
412 60 2,695 10,450 7430 19
6.30 67 2,860 12,460 8,775 13

do not accurately show the increase in solids volume, because of dlver-
S|on of r%;e vollimes of mdustnal flow dunn% part of some years.
this reason, two Eerto s were selected when the detention time jvas anp-
roximately the Ssame but the volume of mdustrlal wastes was dlffere t
rom April 1to August 31, 1940, which is the period selected as being
representative of plint operation before abnormal increases in |ndus-
trigl activity caused a Iarge Increase in industrial wast? the veraqe
daily volume o soI|ds coll cted amounted to 2450 .cupic feet a day
this™ qu ntlt}; of slu ge Is taken as n(n nd indystrial acuvny IS
assu ave |ncréased %ro orttona {0 t e nse In pnPu ation t e
daily amount ofsuge for the period November 1to Dece
should have been 2.800 cubic fe In effect the actual amount col ected
was 3,600 cu ic feet a dag plus, about 600 cubtc feet d|verte a total of
4200 cubic feet per ay, r'an increase of 50 per cent.  The 50 per cent
mcrease |n sludge volume compares with 119 per cent mcrease |n popu-
atlon an 20,6 ger cent mcrease] in. flow.
b th ?rlnmp | reasons for the increase in sludge volume appear to
e threefo

1 Coagulatlon of finely divided suspended soltds which, incidentally,
mcrease e perc t]age volatile matter in the slud ge

8uant|t| S o u] gresent In certain waste
I d hemlcas which Tetard compaction or cause expansion of the
sludge.

Delation Between Detention Time and Quantity of Sludge

The relation between the detentton t|me in the settltn tanks and the
volume of sludoe as well as the dry sq |dsa] V0 at|e atter retained,
IS of general nterest, seore atlng e results obtalned unng
Eenod when 1, ,or35et mo S Were in opera lon, sme acts#)
ome apparent which are not Teadily appreciated w en on y the differ-
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ence in the gercentaqe removal is taken into consideration, In Table
|V the average results are compared with varym? detention perigds.
The theoretical detentm periods were calculated from the actual flow
measured and averaged tor monthly periods; the results on the volume
of sludge removed are based on dajly measurements, and the total dry
solids and volatile matter removed are_based on daily analyses made
on composites of samples taken at 10-minute intervals durm%_ umping,
. The'percentage removal with more than double the detention period
indicates only a4 per cent increase on the basis of p.p.m. suspended
solids removal, whereas the increase In volume of the Sludge removed
daily amounted to 23 per cent. The increase in suspended solids as
ordinarily recorded and the volume of sludqe and the quantity-of solids
over the 1.5-hour detention time were as follows:

Detention time, NIS.....evvveevesssssssssssssssssssssssssssisns 4.12 6.30
Per cent  increase detention time. ... 215 420
Per cent increase volume of SIUAQe....vvvvrin 23 3l
Per cent increase total dry solids 11 3l
Per cent increase dry volatile matter..........mvmrreen 12 3l
Per cent increase removal suspended SOlidS.......uennns 4 1

It is evident that the increase in sl_udge volume and solids removed was
appreciably q_reater than that indicafed by the percentage removals of
suspended solids, based on p.p.m. There was, however, no direct rela-
tionship hetween_the time required to produce the qreater removals and
the actual quantities of sludge. In other words, the causes which ex-
erted the effect were not operative at a constant rate. The general
relationship between total and volatile solids, removal, percentage sus-
pended solids removal, and detention time is illustrated in Flgure 3

The effect of the Jndustria] wastes may overbalance the effect of the
detention time. This is Indicated by résults obtained during a Six-
month period when abauyt 83 per cent of all the industrial waste"was hy-
passed as compared with a period of seven months when_all industrial
waste was handled. During bath periods the detention time was prac-
tically the same, hence, the” volume of sewage received was the same,
but. of a dlffereng (iharacter. The average daily results for these two
periods were as follows :

Waste DeterzH?sq)Time SIuE@ﬁIVFo[!SJme D %E?Sids Vola(lli_lgsiolids
(O 1| 2.97 2,325 7,584 * 6,494
N i 2.92 2,516 10,299 7,380
Per Cent Increase...... - 95 26.4 12.0

With the same detention time the handling of industrial wastes re-
sulted into 9.5 per cent more sludge by volumeand 26 per cent more dry
solids. In_view of the fact that the’wastes contained about the same
amounts of suspended solids as the domestic sewage, it is clear that the
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wastes caused considerable precipitation of the more finely drvr%ed
material and probably some dissqlved substances. |t Is of interest that
these acid wastes, prétreated by lime for neutralization, caused Precrpr-
tatjon of solrds which carried down the inert materials as well g the
voIatrIe S0 |ds in suspentsron W roh o rérarrl w(oold Hot settle The%e
solids required space In the digesters and reduced the digestion capacity .
In addrtrgn to thg larger uaqrtres ofavolatrle so rds regroved froPn ;
sewage.  With rncreased detentron time, more of the flocculated mate
rial settles, hence larger volumes of sludge and greater amounts of dr y
solrds are retarned The wastes effected the Temoval of solids pri-

marl coaqulation of finely divided suspended solids, and
precrgrta¥|on gf sol%le material. y P 2)

70
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FigueE 3.—Relation between flow, solids retained, and gas production during two periods
when large volumes of trade wastes were treated and diverted.

E ffect on Digestion Time

The effect of the wastes on the digestion process has been briefly
drscussed above but the actual effect on'the time required for the di es
tion of e%ua quantrtres of sludge deserves further consrderatron
com arison, three periods were chosen, as follows: (1) 20 months when
re atrvelty smaII oanttre of mdustrral wastes Were resent ( aboart

per cent of total 3 manths when all Wa%es were handl
(a ut 18 per cent of the Aa flow), anij (3 10mont S when near

of the wa tﬁs Were drverte and a farry norma Im(estrc
Erealted vrtrrt small quantities (about 3 per cent) of diversitie rn us
rial wastes.
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The system of sludge digestion tanks, consisting of two primary and
two secondary tanks, has been operated by the usudl method of charging
the primary “tanks with raw sludge. The quantities of raw slidge
added daily" were averaged for thethree different periods, and the fe-
sults, together with othér Pertl_nent calculations, are shown in Table V.
When onI}Q a small amount of industrial waste was present the volyme
of slydge handled in the primary tanks averaged about 2,800 cubic feet
per day or about 8,168 pounds of dry volatile’ matter. These amounts
allowed an average detention period in the primary tanks of slightly
more than 23 days. When the industrial waste percentage present in
the sewage increased to 8 per cent, the volume of slud?e and quantities
of volatile solids handled in the digesters decreased only 4 to 5 per cent,

Tabte V.—Digestion Time Required With Varying Quantities of Industrial Waste Present

Period | 2 3
Amounts of wastes in SEWage, PEr CENt.....vvwvvmvmmrsmmssrsssrssrsenn 8 18 3
Length of time, MONtNS OPEIATION.....vccvvvvsrvssvrsensrmssrrsrmssssssssnnens 20 13 10
Sludge added to digesters, cu. ft. Per day.....mmmmmmmsmmmrnnn 2628 1260 2812
Dry solids added t0 digesters, 1bS. PEr AaY ........vmmsrmsrmsrsssssnns 11,265 5220 10,996
Vol. solids added to digesters, 1bS. Per day........mermmmmsmmssmsssnnnn 7837 3710 8168
Ave. detention in digeSters, aYS....ummmmmmmmmmmmmrrmmmmmmssrmsssssrssnnes 285 600 231
Drr solids per cu. ft” digester capacity, 10S. per day ... 0.151 0.70 0.147
Vol. solids per cu. ft. digester capacity, Ibs. per day ... 0104 049  0.109

but when the amount of industrial wastes increased to 18 per cept of
the. total sewage flow the volume of sludge and the quantity of volatile
olids which could be handled by the digeSters were reduced to less than

The load added to the digesters with rather normal, sewa?e amounted
to more than 0.1 pound volatile matter daily per cubic foot of primary
digestion capacity; with 8 per cent industrial waste present the diges-
tion time was increased by 19 per cent, although only slightly less vola-
tile matter was added, hut with_an average of 18 per Cent industrial
waste In the sewag,e_fhe digestion time Was Increased 260 per cent.
Under normal conditions thé raw sludge was kept in the primary di-
gesters an average of 23.1 days, but with larger volumes of industrial
wastes the retenfion time had to be increased to 60 days. Even after
60 dags ' retention, the slud%;e was not d|gested and the Secondary tanks
had_to be converted into primary digestérs. _ _

. The effect of increased. ue(tjn ities of industrial waste in prolonging
digestion time was primarily due to:

a. Retardation of biological activities,
0. Deterioration of seeq sludge,
¢. Poor separation of liquor.
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E ffect on Supernatant Liquor

Proper separation of sludge from the liquid is an important factor
in separate sludge digestion practice. This phase of operation has re-
ceived some attention from a research standpoint, and is frequently
referred to by operators. Failure to attain proper separation of sludge
and liquor leads to decreased available digestion capacities and subse-
quent difficulties in operation. From an operator’s standpoint sepa-
rate sludge digestion should be considered from two angles:

1. Maximum safe loading of the digesters to insure rapid digestion
and the greatest possible liquid separation,

2. Load to be placed upon final sludge disposal facilities.

Liquid separation in digesters operated at fairly constant tempera-
tures varies with the quantities of fresh solids added to the digesters,
the rate of digestion accomplished and the capacity of the tanks. Un-
der normal digestion conditions the amount of supernatant that can be
obtained is directly related to the quantity of raw solids added to the
digesters, because the tank space available is fixed. In another paper
the relation between loading of digesters and supernatant production
is discussd in greater detail (1).

The general relationship between supernatant liquor removal and
raw sludge additions at the Rahway Valley Joint Meeting plant is illus-
trated in Figure 4. It is evident that the volume of a relatively clear

«5 90 100 110 120 130 140
LBS. VOL. MATTER LOADING / 1000 CU. FT. DIGESTION CAPACITY

Figure 4.—General relation between supernatant removal and solids additions.

supernatant (average suspended solids 2,000 p.p.m.) decreases rapidly
with increased loading of fixed capacity digesters. When the biological
activities in the digesters are affected by industrial wastes, or the quan-
tity of solids in such wastes increases the total volume of sludge to be
handled, the volume of supernatant liquor decreases. On the other
hand, when the volume of sludge added to the digesters decreases be-
cause of its effect on the digestion processes the material must be kept
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longer in the tanks and the volume of supernatant liquor increases be-
cause less disturbance takes place and a longer time is allowed for sepa-
ration of solids and liquid. At the Rahway Valley sewage treatment
plant, with careful operation and optimum loading, as much as 50 per
cent of the volume of fresh solids added can be removed as clear super-
natant liquor. To have sufficient room for fresh solids to be added,
the maximum loading may be considered to have been reached when
about 40 per cent of the volume added can be withdrawn as supernatant
liguor. Calculating the percentage supernatant drawn during the three
periods under consideration for equal primary digestion times, we
find:

Wfpséer Egenstgnt Supe(Fgeartaé\énl%)rawn Ave. Sup?&nualt?:% Removed
3 50.6 * 1423
8 37.0 1205
L OO 21.0 847

Since the loadings were not constant, the actual volumes of supernatant
removed do not present an accurate picture, hence the removals were
calculated on an equal digestion time basis, using the sewage with the
least amount of industrial waste as a basis. It is evident from the
figures that increased amounts of waste exerted a material effect upon
liquor separation.

The factors affecting liquor separation are primarily: (1) the initial
concentration of raw sludge added, (2) the time of storage in the tanks,
(3) the temperature of the sludge. At the Rahway Valley sewage
treatment plant chemical industrial wastes affected biological activities
in the digestion processes, and the reduction in the rate of digestion
resulted, in turn, in relatively poorer liquor separation.

Solids in Sewage

The quantities of suspended solids present in the raw sewage varied
in general with the volumes of industrial wastes treated. The total
guantities of dry solids retained also varied with the amounts of indus-
trial waste present. The amounts of dry suspended solids present in
the raw sewage and the quantities of total dry solids retained by set-
tling during the four years under discussion were as follows:

Sus&endeg Solids in T&tal Solids
aw_Sewage ained
Year V(Ton\év) ons
1940 2020 1840
1941 2600 2100
1942 oo 2405 1955
1943 oo 2720 2325

The dry suspended solids cannot be directly compared with the total
dry solids retained, because the wastes precipitate some finely divided
and soluble substances and considerable quantities of lime were added
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for neutralization. We are, however, primarily interested in the in-
crease in suspended solids produced by the contributing population and
the quantities of total solids retained for further treatment. We do
not have available accurate population figures for the years 1941 and
1942, but do have the 1940 United States Census figures and the number
of ration books issued during November, 1943. On the basis of these
figures the average suspended solids present in the raw sewage in
pounds per day and the total solids retained per day were as follows >

Year Suspended Solids Total Solids Retained
1940 v 11,300 10,000
1943 oo 14,700 12,840
Per Cent Increase 30.0 28.4

The increase in population between January, 1940, and November,
1943, amounted to 8.6 per cent, whereas the average suspended solids
in the raw sewage increased 30 per cent and the total solids retained
showed about the same percentage increase as the suspended solids in
the raw sewage. The increase in population was caused principally by
an increase in industrial activity. It is evident that the increases in
suspended solids present and the total solids retained were not propor-
tional to the increase in population. The increase in suspended solids
in the sewage as well as the increase in total solids retained appears to
lie caused by:

1. Expansion of the wet industries,
2. Solids retained by the coagulating effect of the wastes received.

These conclusions are supported by the amounts of suspended solids
and total solids retained when expressed in pounds per capita per day:

Year Susp. Solids in Sewage Total Solids Retained
1940 ciervvveeerisrssereereresseeseseseneens 0.166 0.146
oL 0.214 0.173

Operationresults have shown (1) that theoptimum loading of the
digesters at the RahwayValley plantamounts to 0.lpound solids per
cubic foot primary digestion capacity or 0.05 pound dry solids per cubic
foot, based on the total digestion capacity, to insure adequate super-
natant liqguor withdrawal and concentrated, well digested sludge. The
amount of dry solids retained amounted in 1940 to 0.146 pound per
capita, therefore, the digestion capacity required was nearly 3 cubic
feet per capita. W.ith the increase in industrial activity the digestion
capacity required increased to nearly 3.5 cubic feet per capita, whereas
the digesters retained their fixed digestion capacity of 2 cubic feet per
capita; based on a population of 75,000. It is evident that the increased
industrial activities resulted in insufficient capacity which was made
more acute by the type of industrial wastes received.
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E ffect on Sludge Drying

Digested sludge is dewatered on six open sand beds with an area of
37,500 square feet and four glass covered sand beds with an area of
19,800 square feet. The design population capacity is 77,100. Our ex-
periences have not justified the drying areas provided of 1 square foot
per capita for open beds and 0.5 square foot for glass covered beds,
particularly during the winter months. Drying and removal of sludge
from the beds can generally be scheduled from April to November, but
from December through March removals are unpredictable. Freezing
of the sludge and sand when temperatures are low and thawing of the
sludge to a molasses state when temperatures rise do not permit proper
drying or removal of sludge during this period. .

W ith the increase in sludge volume an attempt was made to reduce
the drying time by the addition of alum. Addition of alum aided dry-
ing and enabled the handling of more sludge, but the volumes of sludge
continued to increase.

The dried sludge is disposed of by use for agricultural purposes at
a nearby reformatory. Since the sludge drying facilities were inade-
quate, the Joint Meeting purchased a 1,000 gallon tank to cart liquid
digested sludge to the farmland. This procedure helped to relieve the
conditions, but soon a large storage basin had to be constructed, which
was later followed by a still larger basin.

The effect of the industrial waste on sludge drying is primarily in-
direct and caused by:

1. Retarding the digestion of sludge and thereby reducing the de-
gree of digestion and consequently reducing the drainability of the
sludge.

2. Decreasing the density of the sludge in the digesters and thereby
increasing the volume of sludge to be handled, resulting in further re-
ducing the sludge digestion capacity available and subsequent larger
volumes of sludge.

3. Dispersion of fine sludge particles and making supernatant liquor
separation more difficult.

4. Resettling of poor supernatant liquor resulting in rehandling of
sludge and larger volumes of sludge.

Summary and Conclusions

The Rahway Valley Joint Meeting sewage treatment plant, which
receives the sewage of nine municipalities, has experienced the effect
of varying quantities .of industrial wastes during the last several years.
The types of wastes as well as the quantities treated varied materially
and could be divided into five general groups. The wastes noticeably
affected sedimentation, sludge volumes, digestion, gas production, and
sludge drying.

Extensive laboratory experiments made to check plant operation
showed that the digestion processes were retarded because of the quan-
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tity of waste, toxic substances, combinations of various wastes, and in-
teraction of domestic sewage with waste. The digestibility of indus-
trial waste sludge was not comparable to domestic sewage sludge.

Plant results showed that the industrial wastes affected :

1. The sludge volume, because of (a) coagulation of finely divided
material, (b) quantities of sludge present in the wastes and (c) retarda-
tion of compaction on expansion of the sludge.

2. The sedimentation detention time, by coagulation of suspended
solids and precipitation of soluble materials.

3. The digestion time, because of (a) retardation of biological activi-
ties, {b) deterioration of seed sludge and (c) poor separation of liquor.

4. The supernatant liquor separation, which decreased with increas-
ing quantities of wastes.

5. The total solids, which increased markedly with the increase in
industrial flow and the coagulation effect of the wastes on the sewage
solids.

6. Gas production, by toxic substances, and after their removal, by
neutralized acid wastes containing small quantities of solvents.

7. Sludge drying, because of (a) the retarding effect of the wastes
on digestion, (b) reduction of the drainability of the sludge, (c) de-
crease in density of the sludge and (d) dispersion of fine sludge
particles.

8. The most important effect of the wastes was on sludge digestion
with subsequent lower digester loadings and loss of gas.
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SOME EARLY STEPS IN SEWAGE TREATMENT *

By charles A. Emerson

Havens and Emerson, Consulting Engineers, New York City

It is fitting occasionally to consider origins and to review progress.
This paper, accordingly, seeks to outline the beginnings and the growth
of sewage treatment in the United States—its extent and the direction
which it has taken.

At the present time there are about 6,000 sewage treatment plants
in the United States, serving some 40,000,000 of our people, but the
records indicate that in 1885, only sixty short years ago—a date within
the life span of many in this room—there was not in operation anywhere
in this country a single municipal sewage treatment plant which had
been constructed primarily for protection of the public health.

The few plants existing at that time were either small sewage farms
at scattered state institutions or absorption fields located in arid sec-
tions of the West where the sewage Avas used for irrigation purposes.

This was in direct contrast to conditions in England, where govern-
mental agencies had been active for thirty years, and through establish-
ment of permissible limits for stream pollution and issuance of uniform
regulations had brought about the installation of over 200 sewage farms
and some 50 chemical precipitation plants.

Our apparent lag in sewage treatment plant construction was not so
strange as it appeared on the surface. Conditions here differed greatly
from those in England; our population was not so dense and our rivers
were larger. Concept prevailed that sewage treatment was primarily
for the purpose of elimination of nuisance and it was but natural that
leading engineers should endeavor to ascertain and develop the possi-
bilities of our rivers for inoffensive assimilation of sewage by dilution—
a method of abatement which apparently had received little or no atten-
tion abroad.

However, not all of our centers of population were located on large
rivers where adequate dilution was available. In many areas, such as
in southern New England, relatively small rivers received dispropor-
tionately large voiumes of sewage and putrescible trade wastes from
numerous cities and towns, textile mills, tanneries and other industries,
with the result that stream conditions became intolerable.

Typhoid fever was generally prevalent. While the germ theory of
disease had recently been clearly substantiated, it was not fully appreci-
ated nor understood and many still adhered to the popular fallacy that
running water of a stream would purify itself in some seven miles of
travel over a sandy or rocky stream bed. There was unrest among
politicians and indecision among men of science.

*Presented at 17th Annual Meeting, New York State Sewage Works Association New
York City, January 19, 1945.
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While the results of some notable investigations as to the cause of
epidemics had been published in official reports, there were no general
American treatises on water pollution or sewage treatment. Only a
few had access to the several reports of the British Royal Commissions
on Sewage Disposal, or had been fortunate enough to visit Europe and
obtain a clearer knowledge of sanitation developments abroad.

In the midst of these chaotic conditions, the Massachusetts Legis-
lature of 1886, under urge of the earnest recommendation of a special
investigating committee, enacted a law placing the general control of
inland ivaters of the Commonwealth under jurisdiction of the State
Board of Health, and making an appropriation for the employment of
engineers and others to conduct experiments to determine the best prac-
ticable methods for purification of drainage and sewage.

Pursuant to the provisions of this act, an experiment station, con-
taining some 20 experimental filters and equipped with chemical and
bacteriological laboratories, was established at Lawrence and placed in
operation in 1887.

The importance of this step should not he overlooked. It was the
first time in the history of sewage treatment that engineers, chemists
and biologists were given opportunity to work together under expert
leadership with one end in view—the promotion of the public health.

Immediately, there was instituted a series of investigations of the
true nature and the mechanics of sewage filtration; investigations
which, during the next 20 years, accomplished more than any other
studies, either here or abroad, to place sewage treatment on a sound,
scientific basis. Experiments undertaken, almost at the start, paved
the way for development in later years of the contact bed, the sprinkling
filter and, perhaps, the activated sludge process. Important as were
these developments, the greatest contribution to the art of sewage treat-
ment was the clear and forceful demonstration of the basic fact that
sewage filtration is not merely a mechanical straining but a biological
and chemical process of delicacy, involving the gradual transformation
of dead organic matter by living organisms working in the presence of
oxygen.

Lawrence Experiment Station did more than provide answers to cer-
tain specific problems which were then pressing for solution. It defi-
nitely demonstrated the value of the coordinated effort of men trained
in kindred branches of science and it set a precedent which during the
next few decades resulted in establishment of sewage testing stations
throughout the country to investigate and report on the applicability
of certain processes to local conditions, in order that the municipal of-
ficials might have reliable data on which to base designs.

Milestones of P rogeess

The development of the art of sewage treatment has been so rapid
and complex and has been furthered by so many workers that to attempt
even the barest outline, in the short time available, manifestly would be
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impossible, but we may be helped by passing note of some of the mile-
stones along the route.

Intermittent Sand Filtration

Earlier, investigators 011 the Continent and in England had grasped
the basic fact that micro-organisms played some part in sand filtration.
However, the Lawrence demonstration that controlled application of
sewage in intermittent doses on prepared, underdrained beds of sand
would accomplish the continuous purification of municipal sewage was
so convincing, and so definitely explained the biological processes which
were involved, that intermittent sand filtration has since been accepted
as an American development.

Practical results were forthcoming. Framingham soon completed
a plant containing approximately 12 acres of filters and Brockton fol-
lowed shortly after with a somewhat larger plant. Within a few years
there were over 30 plants in New England and as many more elsewhere
in the United States. Even today, the process merits regard as a fin-
ishing process, provided the filters are not overloaded and necessary
labor can be furnished for cleaning the beds.

Chemical Precipitation

Today, we are accustomed to think of chemical precipitation as a
highly specialized method for treatment of industrial wastes or for
occasional use where it is desired to provide a degree of purification
between plain sedimentation and complete biological treatment.

Such was not always the case, for at the height of its popularity in
England and Scotland, during the last decades of the past century, some
200 chemical precipitation plants were in operation, treating upwards
of 700 million U. S. gallons of sewage daily. The wide adoption of
chemical precipitation abroad was due largely to government require-
ments that industrial wastes, as well as sanitary sewage, be treated be-
fore discharge into the streams, and to definite recommendation favor-
ing this mode of treatment as a preliminary to land filtration.

This latter stimulus was lacking in this country, and chemical pre-
cipitation was adopted by only a few summer resort communities, the
Village of East Orange, N. J., the 1893 World’s Fair in Chicago, and
two large cities where special conditions prevailed—W  orcester, Mass.,
where the sewage contained acid-iron wastes from pickling processes
in the wire mills, and Providence, R. I., where the sewage contained
wool grease and dye wastes from the textile mills.

Both of these latter plants were patterned after British designs, and
consisted of a screen chamber, baffled chemical mixing flume, series op-
erated settling tanks and sludge presses. The effluents were of satis-
factory clarity, but only modest reduction of dissolved organic matter
was obtained. At Providence, where discharge was in tidal water, the
treatment was sufficient, but at Worcester sand filters were added in
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order to maintain inoffensive conditions during periods of low flow in
the Blackstone River.

Although all these early plants have been replaced by new installa-
tions employing other methods of treatment, they must be remembered
in our annals as signalizing development of special processes of sewage
treatment which could be made applicable to particular needs. Fur-
thermore, data relative to the value of different précipitants and meth-
ods of conditioning sludge for dewatering, which were painstakingly
collected at Worcester and Providence during their many years of serv-
ice, still have value.

It is worthy of particular note that, from the start, both of these
plants were under charge of full time graduate engineers and chemists,
thus constituting our first recorded service by technical sewage treat-
ment plant operators.

Preliminary Treatment

In the earliest filter plants, there were no preliminary treatment fa-
cilities other than rack screens and small grit chambers. The solids
removed from the raw sewage by filtration necessitated frequent clean-
ings of the beds and investigators in France, England and this country,
impressed by the liquefaction of sewage solids in the ordinary house-
hold cesspool, were experimenting with a variety of sealed tanks.

Success rewarded the efforts of Donald Cameron of Exeter, Eng-
land, and in 1896 he introduced the septic tank for scientific control of
anaerobic putrefaction of sewage solids.

While the end results of septic tank treatment frequently were un-
satisfactory, both as concerns quality of effluent and of sludge, the proc-
ess had merit and was widely adopted in this country.

Then came the Saratoga Springs law suits for recovery of royal-
ties—suits which, after extended litigation, were terminated in Janu-
ary, 1908, by-a U. S. Circuit Court of Appeals’ decision in favor of the
Cameron Company, American patentees.

It is a matter of speculation whether progress in the art of sewage
treatment was fostered or hindered by the décision of this high tribunal.
Certain it is that American engineers had little sympathy with the large
royalties demanded by the patentees and they set about to circumvent
such of the process and apparatus claims as had been upheld. One of
these innovations was embodied in the Baltimore sewage treatment
plant and consisted of three separate, uncovered tanks 105 feet square
and 14 feet water depth, into which sludge deposited in the nearby set-
tling tanks was pumped by centrifugal pumps for digestion. These
were truly separate sludge digestion tanks. A bile after-search reveals
that the method had been recommended for installation elsewhere at an
earlier date, it is believed that the Baltimore tanks, which went into
service in 1912, constituted the first actual full size installation of sepa-
rate sludge digestion tanks in this and, perhaps, in other countries.

Meanwhile, experiments were everywhere underway. In rapid sue-
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cession we were introduced to the Hampton or Travis tank, the Imhoff
tank and finally were led back to the single story settling tank. Each
of these, as we know, offered relief from some faults of its predecessor
but the road ahead still is not entirely clear.

Trickling Filters

The step from sand filters and contact beds to trickling filters was
undoubtedly one of the most important advances in the art of sewage
treatment.

While this country can lay claim to the initial investigations of
coarse grained filter media at Lawrence in 1898, and to establishment
of the essential importance of the “slow movement of the sewage in
thin films over the surface of the stones, with air in contact,” credit
must again he given to British investigators for development of the
modern, underdrained trickling filter, having stationary nozzles, rotat-
ing arms or reciprocating type distributors.

The American adaptation of the British installations, and particu-
larly the solution of problems as to economic depth of stone, ability to
withstand our northern winters, permissible loading and proper rates
of operation were carefully developed in testing stations operated by
Columbus, Ohio, and following cities during the first decade of this
century, and by research sponsored by our universities, particularly
that at the Sewage Testing Station of the Massachusetts Institute of
Technology.

The year 1908 witnessed the start of operation of our first three mod-
ern municipal trickling filters, sizable plants at Reading, and Washing-
ton, Pa., and a large ten-acre plant at Columbus, Ohio. The next large
installation was at Baltimore where the first 12-acre unit was completed
in 1912. Others, large and small, followed in rapid succession until at
the close of 1940, the U. S. Public Health Service Reports show that
nearly 1,600 trickling filters were in operation, equivalent to 58 per cent
of all the plants in this country providing secondary treatment.

That is, indeed, a rapid survey of the very real accomplishments at-
tained during 60 years. It omits much—activated sludge, of course,
contact beds, the developments in high rate filtration, sludge disposal,
the utilization of gas, disinfection, special work in industrial wastes,
and many other significant phases of the art and science of sewage
treatment. Most of these can, however, be ascribed to recent days and
can be viewed as the logical extension of the “‘early steps ’’ which | have
sought to place in perspective. e

Rather than to attempt to gauge the true worth of any of the newer
methods, however, let us take a backward look over the road we have
traveled.

While we may agree that England has truly and properly been desig-
nated as the birthplace of modern sewage treatment, we should recog-
nize that European developments would have benefited us but little if
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they had been transplanted bodily without due regard for differences
m climate, soil, economic conditions and standards to be met in this
country.

Realization thus comes that our early progress in sewage treatment
and stream sanitation and likewise the impetus to sound methods of
investigation was due to the unusual foresight, keen judgment and tech-
nical skill of a mere handful of chemists, biologists and engineers who
labored unceasingly for accomplishment of the purpose to which they
had dedicated themselves—the promotion of the public health. In peril
of some embarrassing omissions, | would, from the past, include among
these:

William T. Sedgwick of the Massachusetts Institute of Technology,
biologist, epidemiologist, inspired teacher and lecturer on sanitary
science.

Leonard P. Kinnicut of Worcester Polytechnic and A. N. Talbot of
the University of Illinois, professors of sanitary chemistry, authors and
research workers.

Col. George E. Waring, civil engineer, proponent of the “ separate
system,” pioneer in the development of sanitary sewage disposal for
isolated homes, and, in later years, the organizer of New York City’s
“White Wings.”

Rudolph Hering, internationally famous civil engineer and hydrau-
lician, courageous advocate of the Chicago Drainage Canal and other
great projects for disposal of sewage by dilution. More than any other
man, he seemed to possess unusual ability for assessing new develop-
ments in Europe and adapting them for use in this country.

Allen Tlazen, in charge of the Lawrence Experiment Station during
its initial years, who by virtue of deep study, marked ability for clear
thinking and a dominating personality, attained international fame as
a hydraulician and hydrographer.

George W. Puller, who succeeded in charge at Lawrence and then
undertook the important studies at Louisville which demonstrated the
value of downdraft filtration, soon was embarked on his distinguished
career as sanitary engineer and consultant. His sound judgment, great
energy and pleasing personality carried him far. As author, con-
sultant and friend he will long be held in reverent memory by many.

Harrison P. Eddy, his keen ability for analysis of technical prob-
lems, well ordered mind and talent for clear expression in speech and
writings, characterized his long, distinguished and useful career in the
sanitary engineering field. His unfailing courtesy and pleasant man-
ner endeared him to all.

Geor°e C. Whipple, the eminent sanitarian and authority on aquatic
microscopy, author and teacher, was respected and admired by those
who were privileged to know him.

F. Herbert Snow, designer of the Brockton plant and the first to
apply the principles embodied in our present systems of sewer rentals,
followed his early work with an honored career as a state sanitarian.
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T. Chalkley Hatton, who contributed .so largely to the development
of the activated sludge process of sewage treatment, through prelimi-
nary investigations and experiments followed by courageous design and
skillful operation of the Milwaukee sewage treatment works—the first
large installation of this process in the United States.

Kenneth Allen, whom we delight to honor, served his profession well
in studies of pollution of tidal waters and in the development of the base
plan for sewage disposal of this great City of New York.

Robert Spur Weston, widely known for his successful solution of
many industrial wastes pollution problems, will long be remembered.

Frederick P. Stearns of Boston, Samuel M. Gray of Providence,
John H. Gregory of Baltimore, James H. Fuertes of New York, R.
Winthrop Pratt of Cleveland, John W. Alvord of Chicago, civil engi-
neers and hydraulicians whose unusual abilities in preliminary investi-
gation and design, contributed greatly to development of the art.

Gentlemen, such is our heritage. Well may we be proud of those
who have preceded us. Our opportunity is just as great as theirs and
the need as pressing. May we measure up to the tasks which are before
us in this our chosen field of sanitation.

Note : Factual material concernlng early plants and processes was obtained jn art from “Sewa%e
Disposal in the Unjted States,” Rafter & Baker, 1894: “British Sewage Works,” Bak er, 190
early issues of Englneerlng News', Annual Reports of M slsachusens State Board of Health and early

10

a
text books. Characterizafions have been adjusted to published memoirs in some cases.

Discussion

ByW iltiam R. copeland

Formerly Chemist on Original Staff at Lawrence Experiment Station

In Mr. Emerson’s interesting article, he has emphasized the various
phases of sewage disposal prevailing between 1885 and 1945. lie pre-
sents a partial list of the men who have been leaders in the field. To
his roster should be added the following names:

Dr. Wolcott, Chairman of the Massachusetts State Board of Health,
who was mainly responsible for raising the funds to finance the Law-
rence Experiment Station;

Hiram F. Mills, the engineer who directed the type and scope of the
experiments carried out at the Station;

Dr. Drown, Professor of Chemistry at M. I. T., who supervised the
details of chemical analyses and biological research conducted at the
laboratory; and Harry W. Clark, who as Chief Chemist and later Di-
rector, supervised the daily work performed at the Station.

In 1895 the farmer’s practice of composting stable manure to make
fertilizer for growing plants, the decay of meat, and the rotting of
leaves in the forest were familiar to all. But just why these changes
took place was an enigma. Louis Pasteur had pointed out that such
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fermentation processes are brought about by hosts of minute living or-
ganisms feeding upon the organic matter. It was due to the foresight
and exact scientific training of such men as the author refers to that
these vague ideas of “ Nature’s methods” of destroying organic matter
were reduced to formulae capable of control by man.

Experiment at the Lawrence Station had much to do with solving
these problems. For example, the researches there explained how com-
plex organic compounds of nitrogen are broken down first into free am-
monia and gaseous nitrogen, and then how these are later oxidized into
nitrite and finally into nitrate. Mrs. Helen Richards, Assistant Pro-
fessor of Chemistry at M. I. T. and noted expert upon foodstuffs and
nutrition, and Mr. George Whipple were among the first to isolate the
living organisms that carry out this oxidizing process. The complete
cycle starts off with a period of fermentation, or rotting and decompo-
sition of organic matter by which the elements of oxygen, carbon, etc.,
are plucked out from the organic matter. These processes were em-
ployed by Cameron in his septic tanks, and are active in the farmer’s
compost heaps.

The farmer spreads this compost upon his fields or buries it in the
top soil. There, groups of bacteria taking oxygen, etc., out of the air,
oxidize the ammonia and nitrogen into nitrites and nitrates. To em-
ploy this principle and at the same time multiply its effectiveness, ex-
periments were made at Lawrence with many kinds of sands, gravels,
coke, stones, slates, etc., through which air was forced by various meth-
ods. It was while carrying out such tests that Clark developed the
fundamental principle of activated sludge for purifying sewage.

The farmer’s idea and activated sludge have one principle in com-
mon. It is to carry oxygen to the oxidizing bacteria. The ideas differ,
however, in that the former feeds the water to the bacteria stationary
in the soil, whereas in the activated sludge process the finely divided
sewage solids, coated by immense numbers of bacteria, are swept back
and forth through the sewage in the presence of great quantities of air.
Consequently, a sewage farm can handle only 100,000 gallons of water
on an acre of ground, whereas an activated sludge plant can handle
from 15 to 20 million gallons on an acre. Power motors, air blowers,
pumps and machinery of many kinds have thus become the handmaidens
of Nature’s methods of sewage disposal but, as great industries are
built, new problems constantly arise.

Therefore, research, experiment, and ingenuity upon the part of
biologists, chemists, engineers and sewage plant operators must in the
future build new and greater works upon the background so well estab-
lished years ago by the pioneers in the field of sewage and trade waste
disposal.



Sewage Research

PLANT SCALE TESTS ON THERMOPHILIC
DIGESTION *

ByA. J. Fischer and R. A. Greene

Development Dept., The Dorr Co.,, New York City, and Chemist, Sewage Treatment Plant,
Jackson, Mich., Respectively

The rapid digestion of sewage sludge and trade wastes in the ther-
mophilic range has been amply demonstrated in the laboratory and in
pilot plant tests. Favorable results have been reported with digestion
periods ranging from two to twelve days as against ten to twenty-one
days for mesophilic digestion at 85°-95° F.

Besides smaller digester volume requirements, it was claimed that
thermophilic digestion gave a greater production of gas. Disadvan-
tages cited were the difficulties in obtaining and maintaining thermophi-
lic temperatures; the production of a poor quality supernatant liquor;
and the production of an odorous digested sludge that was difficult to
dewater.

Aurora Tests

In order to determine whether these benefits and disadvantages
would be realized in full plant scale operation, tests were conducted at
Aurora, 111, in 1931. In these tests a comparison was made of single
stage mesophilic vs. thermophilic digestion of raw sludge at approxi-
mately a twelve-day digestion period. In order to reduce the digestion
period to this figure—measured on the basis of solids detention—it is
necessary to carry relatively low sludge levels in the digestion tanks,
which were 50 ft. square by 17 ft. in water depth. This necessitated
accurate checks on the total solids content in each unit. Depth samples
were collected daily at one- to three-inch intervals in the sludge blanket
and immediately above it, for solids and volatile matter determinations.
In order to keep the solids and ash content in the digesters approxi-
mately constant, digested sludge was withdrawn daily in amount equal
to the daily raw sludge additions, taking into account the reduction in
solids due to digestion.

The Aurora test results are summarized in Table 1. These results
cover a period of sixty-two days after stable conditions were estab-
lished. They indicate that slightly greater solids and volatile matter
reductions were obtained with thermophilic digestion. Gas production
figures and overflow liquor analyses indicate, however, that the appar-
ent increased digestion is due to greater liquefaction and a higher vola-
tile matter content in the overflow rather than to greater gasification.

* Presented at Seventeenth Annual Meeting, New York State Sewage Works Association
New York City, January 19, 1945.
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Table 1.—Mesophilic vs. Thermophilic Digestion

Aurora, Ill., Tests
90° 130°

Raw Sludge:

Total Dry Solids Added perDay—LDS ..o 1,725 1,725

PEr CeNt SOIUS oottt 6.1 6.1

Per Cent Volatile M atter 69.8 69.8
Digested Sludge:

Per Cent SOIUS ..o 6.90 8.65

Per Cent Volatile M atter 53.3 50.9
Sludge in Digester:

Total Dry Solids—Lbs 21,020 21,590

Per Cent SOLIAS. .ot e 0.79 0.81

Per Cent Volatile M atter 54.9 55.8
Sludge Blanket:

D ePth—INCRES oo 23 16

Per Cent Solids 4.6 8.2

Per Cent Volatile M atter 53.5 50.9
Gas:

Daily Production—CuU. F .t 12,990 13,220

Daily Production at 90° F.—CU. F e 12,990 12,350

Per Cent C02 29.4 29.7
Per Cent Solids Production (calc.) 35.3 39.4
Per Cent Volatile M atter Reduction (calc.) 50.5 56.4
Gas—Cu. Ft. at 90° F. per Lb. Vol. Matter Added 10.8 10.3
Gas—Cu. Ft. at 90° F. per Lb. Vol. Matter Destroyed 21.3 18.2
Ratio of Digested to Raw Solids Added Daily 12.2 125
Ratio of Digested to Raw Vol. Matter Added Daily 9.6 10.0
Digester Loading—Lbs.Solids Added per Cu. Ft. perMonth.......ccocninnee 1.22 1.22
Digester Loading—Vol. M atterDigested perCu. Ft.perMonth.........ccoeee. 0.43 0.48
Digestion Period—D @Y S ..o 12.5 12.9

The digested sludge obtained from the thermophilic tank was similar
td that from the mesophilic unit in that it was black in color and com-
paratively inodorous. Of significant advantage was the higher solids
content of the former. It was, however, more difficult to dewater.
Neither sludge dried as rapidly as that resulting from digestion at 90
F. for long periods.

Figure 1 shows the results of Buchner funnel tests of both sludges
under vacuum using FeClias a coagulant. These curves show that the
90° sludge dewatered more rapidly. The cake moisture at 130 , how-
ever, was lower by about 5 per cent, indicating that the heated sludge
would give a drier cake on vacuum filteis.

The overflow liquor at 130° was black in color and was high in col-
loidal and non-settleable solids that could not be removed even with high



720 SEWAGE WORKS JOURNAL July, 1945

Figure 1—Buchner funnel tests on mesopliilie and thermophilic sludges at Aurora, 111

coagulation doses of lime and ferric chloride. Average analyses of
both overflows are given in Table 2.

During these tests, both the mesophilic and the thermophilic tanks
were heated by conventional hot water heating coils arranged around
the tank walls. With the thermophilic tank the ingoing heating water
was maintained at about 180° F. After the tests were concluded the

Table 2.—Mesophilic vs. Thermophilic Digestion
Overflow Liquor—Aurora Tests

90° 130°
Total Solids—p.p.m 2,310 3,090
Dissolved Solids—p.p.m 1,537 1600
Suspended Solids—p.p.m 773 j 490
Non-Settleable Susp. Solids—p.p.m 107 451
Settleable Susp. Solids—p.p.m 666 1049

Settleable SOlids—CC. PEI TILET o 12.0 17
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tank was drained and it was found that a very heavy sludge cake and
scale had formed on the coils.

Summarizing the results of the Aurora tests, it was apparent that a
significant advantage of thermophilic digestion was that it gave a
thicker sludge, but that its disadvantages were that it produced a poorer
quality overflow liquor and a digested sludge more difficult to de-
water. It was also clear that heating methods other than by conven-
tional hot water heating coils would be required to maintain thermophi-
lic temperatures.

J ackson Tests

In view of the advances in sludge digestion practice during the
1930’s, it appeared reasonable that the disadvantages brought out in
the Aurora tests might be readily overcome by the use of stage diges-
tion. This belief was strengthened by the favorable indications re-
ported in the Los Angeles pilot plant studies of Smith and Studley.
Accordingly, a new series of plant studies was initiated at Jackson,
Mich., in January, 1942, and continued to November, 1944,

The Jackson plant is of the activated sludge type, the raw sludge
consisting of approximately one part primary to three parts activated
sludge. The waste activated sludge is returned to the raw sewage, and
the combined raw sludges pumped to six digestion units; four 50 ft. in
diameter by 22 ft. s.w.d., having a capacity of 47,000 cu. ft. each; and
two 60 ft. in diameter by 22 ft. s.w.d., having a capacity of 69,300 cu. ft.
each.

Parallel tests were first run at equal loadings, the tanks being ar-
ranged in two batteries with two 50-ft. tanks and one 60-ft. tank oper-
ated in series in each battery. The primary unit of one set was held
at 84° F., while that of the other was maintained at 125° F. The daily
production of raw sludge was fed to alternate batteries every other day,
an equal volume of primary digester sludge being displaced to the sec-
ondary unit and from there to the tertiary tank. Supernatant liquor
and digested sludge were periodically withdrawn from the tertiary
tanks, the supernatant being returned to the raw sewage.

The results of a comparative period covering six months’ operation
after conditions were stabilized are given in Table 3. These results
show'that greater gas production and higher volatile matter reduction
were obtained by thermophilic digestion. Also, slightly more overflow
liguor of a better quality was obtained at 125°. In either case the over-
flow was of such a quality that it did not interfere with the treatment
process when returned to the system.

Scum blankets were present in both primary digesters at all times
during the tests. These scum blankets varied in depth, greater depth
and higher solids and volatile matter content being present in the ther-
mophilic unit as shown in Table 4. The scum in the thermophilic tank,
however, was always soft. In the mesopliilic unit the scum was invari-
ably hard even at higher moisture content. The presence of large
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Table 3.—Mesophilic vs. Thermophilic Digestion
Jackson, Mich., Tests

Mesophilic Thermophilic

Period 1 Period 1 Period 2
Temperature: gé ﬁ; m
Raw Sludge:

5,74% 590% 13, 93%
aft  wf 8
Digested Sludge: ;

( §
i 8
Sludge from No. 1 Digester:
T
Sludge from No. 2 Digester: 6

Sludge in Primary Digester:

:
B4
I

G e

Gas:

N

8 21650071

1

Supernatant:

B.O.D.—P.P.M ﬁg '

Ratio of Primary Vol. Matter to Raw Vol. Matter—Added Daily......w. }9

Prim. + Sec. Unit—Cu. Ft. per Day %ga g

Per Cent Solids Reduction—Primary + SeCONAATY .

Lo PO ooy —4—  OOLOOIOUKO R

Per Cent Vol. Matter Reduction—Pri. + SeC. + TEertu s

R0 EL 3R Ber LD Vol M ater podedzgPrh Jqtest

& (est).

~oo mooo

@iggglgft allng IEE %l (ids Agged per Cuﬂ FserperO MOB” P+r|S§rC Séc. i 5 !
DI =R U8 Lo f P

Primary Digestion Period—D ayS..: o ‘ 2

guantities of oil in the sewage contributed greatly to the depth of the
scum blankets.

It would appear from the percentage solids in the sludge transferred
from the secondary digesters that the mesophilic sludge tended to
thicken better than the thermophilic sludge. Such, however, was not
the case. The slight difference in solids may be accounted for by the
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Table 4.—scum Blankets— Jackson Tests

Mesophilic Thermophilic

Period 1 Period 1 Period 2
Temperature—OF ... 84 125

133
Average Scum Depth—ft. 2.3 4 7
Per Cent Moisture—Top 2-ft. layer 79 56 39
Per Cent Volatile Matter—Top 2-ft. layer....vnnnne. 74 89 87

greater reduction in solids in the thermophilic battery. Also, monthly
inventories invariably showed the presence of more supernatant liquor
in the thermophilic secondary unit.

Results covering a four-month period at the end of the test run are
also given in Tables 3 and 4. Here the entire plant raw sludge produc-
tion was pumped to the thermophilic battery. During this compara-
tively high solids loading period there was never any evidence of tank
foaming, and volatile matter reductions were slightly better than those
obtained at half loadings with mesophilic digestion. The solids in the
digested sludge withdrawn from the tertiary tank, however, showed a
definite drop in solids content. The sludge, as before, was compara-
tively inodorous and exhibited all the characteristics of a well digested
sludge as regards color, drainability, etc. It did not, however, dry as
readily as did the sludge obtained at lower tank loadings during the
first period.

H eating E xperiences

Of particular interest in these tests were our experiences in digester
heating. During the initial period, when parallel tests were run at
equal loadings, the thermophilic tank was maintained at the required
temperature by means of conventional hot water heating coils. In Au-
gust, 1942, an attempt was made to increase the load to the thermophilic
battery by 25 per cent. It was soon found, however, that it was im-
possible to maintain this higher loading as the tank temperature
dropped off, even though we carried ingoing heating water tempera-
tures as high as 195° F. The loads were again equalized until January,
1943, when a new auxiliary heater was installed.

The new heater is shown in Figures 2 and 2 (a) and had for its
principle the aspiration of hot gases directly into the sludge as it was
recirculated through an injector. The sludge, after passing through
the injector, discharged to a vented storage tank for the purpose of re-
leasing C02 and then passed back to the digester. This heating unit
was designed to burn 25 c.f.m. of digester gas with a circulation of 600
g.p-m. of sludge through the injector at a pressure drop of 10 pounds.
It was felt that the high temperature of the sludge as it passed through
the injector would not be detrimental to digestion as the contact period
between the sludge and hot gases was very short. It was also felt that
even if the organisms were killed, the sludge would be immediately re-
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Figure 2 (a).—Auxiliary contact type heater—Jackson tests.
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seeded when it again came into contact with the large volume of active
material in the digester.

Twenty-two hours after the new heater was started up, however, the
gas production from the thermophilic tank dropped from 30,000 c.f.d.
down to 1,600 c.f.d. Sludge additions were then halted and the tank
temperature raised by means of the internal heating coils. Sludge
additions were resumed and the heater again started up. Again the
gas production fell off sharply. For a second time raw sludge addi-
tions were interrupted. Then, when the temperature was brought up
to the thermophilic range again, operation of the new heater was re-
sumed at a 10 c.f.m. gas burning rate. This time digestion proceeded
satisfactorily and the gas rate was increased gradually to a maximum
of 25 c.f.m. with no ill effects as far as digestion was concerned. Ap-
parently the difficulty encountered in the first two starts of the new
heater was caused by too rapid a rise or drop in the digester tempera-
ture and not to the heater itself. A rise or drop of 5° F. or more during
a relatively short period appeared to affect greatly the digestion proc-
ess in the temperature range of 115-125°. This variation is far more
serious in the range pf 115-120°and may cause a temporary complete
cessation in digestion activity.

It soon developed that the combustion chamber of the new heater
was very inefficient because of high radiation losses. Also, the release
of vapors in the C0O2release tank gave rise to considerable aerial nui-
sance. In order to reduce heat losses and odors, a combustion chamber
as shown in Figures 3 and 3 (a) was constructed, and the injector ar-
ranged to discharge directly into the digester manhole as indicated
diagrammatically> in Figure 4. This arrangement had a higher gas
burning capacity (2,000 c.f. per hr.) and greatly improved the thermal
efficiency but was still inefficient because of the inability of the injector
to draw in all the hot gases produced in the combustion chamber. Also,
some odors were still present, due to the release of hot vapors from the
digester manhole, which acted as a C02gas release vent.

The method of heating next tried was the injection of steam directly
into the digester. For this purpose a Bryant 12-S-63 boiler, rated at
31.8 boiler horsepower and having a B.T.U. output of 1,065,000 B.T.U.
per hr., was employed. Feed water consisting of city water softened
from 17 gr. per gal. as CaC03down to 2.5 gr. per gal. by base exchange
softeners, was fed to the unit at a 2 g.p.m. rate. At the start the steam
was fed by a 3-inch pipe 10 feet below the tank surface, the pressure
at the boiler being 4.5 to 5.0 Ibs. A slight vibration was felt at this
pressure when one stood on the tank roof. Also, poor distribution of
heat was obtained, necessitating almost continuous recirculation of the
bottom sludge. Ten extra feet of pipe were then added, raising the
pressure at the boiler to 10 Ibs. This caused the vibration to disappear
and improved the heat distribution but did not entirely eliminate the
need for recirculation. Other than the care required to regenerate the
softeners daily and the blowing down of the boiler once each shift, the
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Figure 3 (a).—Enlarged contact type heater—Jackson tests.
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steam heating system required very little attention and operated in a
very satisfactory manner.

General Discussion

The prime functions of a digester are to stabilize and concentrate
the sludge so that it may be readily dewatered on sand beds or other
drying devices without odor nuisance. Incidental to stabilization is
the production of a maximum quantity of gas and maximum volatile
matter reduction. Incidental to concentration is the production of an
overflow liquor low in solids so that its return to the raw sewage will
not upset clarification or secondary oxidation.

Long time experiences at Jackson have shown that although good
stabilization may be obtained at relatively high loadings in the me-
sophilic range, satisfactory concentration will not occur if the weight
of volatile matter digested per cu. ft. of total digester capacity per
month exceeds 0.5 to 0.6 pound. By “satisfactory concentration” is
meant the production of a digested sludge of at least the same moisture
content as that of the raw sludge.

The results at 84° in Period 1 show that this result is attained by
using only the primary and the secondary digester. Tank soundings
also showed that it was possible to obtain a fair quality supernatant
liguor at this loading. These results were also attained by thermophi-
lic digestion at the <162 pound loading. The same solids concentration,
however, was not realized when all the sludge was put through the
thermophilic battery and when the primary plus secondary loading was
1.39 pounds of volatile matter digested per cu. ft. per month. A study
of the records did show that approximately the same density of di-
gested sludge was obtained with the thermophilic digestion at about 1.6
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times the maximum mesophilic loading, or 0.90 pound volatile matter
digested per cu. ft. per month. This is equal to a raw solids loading
of 2.74 Ibs. per cu. ft. per month for a raw sludge containing 62.8 per
cent volatile matter. With equal size primary and secondary tRnks,
the primary raw solids loading will be double this figure.

The reason for the greater volatile matter reduction, higher gas
production and greater capacity in thermophilic digestion appears in
great part to be due to a “thermal classification” of volatile matter in
the primary tank. Depth samples showed that there was always a
higher volatile matter content in the upper portions of the tank. There-
fore, when sludge was regularly displaced from the bottom of the pri-
mary digester to the secondary unit, the more digestible organic matter
was held back and had the opportunity of being further digested.

It is apparent from the tests at both Aurora and Jackson that the
use of hot water coils for heating thermophilic tanks is not suitable.
Direct injection of steam into the digester, external heaters or raw
sludge preheaters are, however, entirely practical and have the advan-
tage that the boilers or heaters are always accessible for inspection
and cleaning. In the case of steam heating, it is necessary to soften
the boiler feed water in hard water areas. External heaters woifld
have to be totally enclosed to prevent odor nuisances.

The most satisfactory range for a primary thermophilic tank ap-
pears to be 125°-130° F. At 142° F. the overflow becomes odorous,
while if the temperature falls below 115° F., the digestion process will
be seriously upset.

At Jackson, the total amount of water used per month for the pro-
duction of steam, boiler blow-down and softener regeneration was
roughly 100,000 gals, per month. At the prevailing water rates the cost
of this water was about $10 per month. Salt for regeneration of the
base exchange units cost an additional $2 per month. The boiler re-
quired very little maintenance.

The heat requirements for thermophilic digestion are about twice
those for operation in the mesophilic range. Although the radiation
losses at Jackson were about 50 B.T.U. per sq. ft. of tank surface per
hr. as against 6 to 8 B.T.U. per sq. ft. per hr. for 80°-90° operation, the
tanks at Jackson were admittedly not designed for high temperatures
and, consequently, heat losses through the tank walls and roof were
very high. Proper insulation would greatly reduce the radiation losses
at very little additional cost. The secondary unit of a thermophilic
system need not be heated at all, even during the coldest months.

The amount of water vapor in the gas at thermophilic temperatures
was quite high. Adequate provisions to remove this moisture ahead
of metering would be required in a regular installation, otherwise the
maintenance costs on meters and other gas collection equipment would
be excessive.
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P ractical A spects

Considering the increase in capacity obtainable per unit of tank
volume by thermophilic digestion, economically the thermophilic 'two-
stage system appears to be attractive where sufficient gas or waste heat
is available for heating the raw sludge. There is, however, some doubt
as to whether the system can be justified for new small or medium size
plants. Here a temporary upset due to an interruption in heating
would greatly retard digestion, and upset plant operation unless dupli-
cate units or reserve digestion capacity were available. Such provi-
sions would be impractical for small plants but entirely within the realm
of economic possibility in large installations.

For existing overloaded plants, the system has much to recommend
it, and by its use, costly digestion plant extensions may be avoided.

Conclusions

1. Single stage plant scale tests at Aurora, 111, showed that although
the sludge digested rapidly at thermophilic temperatures, a poor qual-
ity overflow liquor and a digested sludge difficult to dewater were pro-
duced. A more concentrated sludge, however, was obtained.

2. Full plant scale tests at Jackson, Mich., showed that the dis-
advantages as found at Aurora were entirely overcome by the use of
multi-stage digestion.

3. With two-stage thermophilic-mesophilic digestion, 60-75 per cent
more sludge can he digested than in a two-stage mesophilic system of
equal size.

4. Conventional hot water heating coils are not satisfactory for
maintaining thermophilic temperatures. Direct injection of steam into
the digesting sludge gave good results.

5. Direct heating of sludge by hot combustion gases, though feasible,
does not appear economically attractive ; also serious odor nuisances
result.

6. The higher loadings obtainable by thermophilic stage digestion
should make the process especially attractive for existing overloaded
plants.
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EXPLORING THE EFFECT OF HEAVY DOSES OF
CHLORINE IN SEWAGE *

ByA. E. G riffin and N. S. chamberlin

Assistant Director and Sanitary Chemist, Respectively, Technical Service Division,
Wallace and Tiernan Co., Inc., Newark, New Jersey

The experimental work for this paper was undertaken, as the title
implies, to explore the effect of greater than normal additions of chlo-
rine to sewage. At the outset this was believed to have been virgin
territory but a search of the literature revealed that at least two work-
ers, Frank E. Hale and L. H. Enslow, had already done work along simi-
lar lines in 1927.

Hale (1) reported in 1927 that, unexpectedly, chlorination had defi-
nitely reduced the free ammonia content of the effluent from two sewage
plants on the New York City watershed. Although such a phenomenon
appeared to have little sanitary significance at the time, Hale was inter-
ested enough to examine the data carefully and to record the findings
in a public document.

Enslow (2), during the same year, as recorded in the Proceedings
of the Ninth Texas Water Works Short School, reported that up to 62
per cent B.O.D. reductions could be expected with chlorination alone
and that the greater the initial B.O.D., the greater would be the re-
moval. This is in line with work hereinafter reported to the effect that
greatest B.O.D. removals per pound of chlorine added is obtained in the
strongest sewages.

The reactions between chlorine and nitrogenous compounds, includ-
ing some of the albuminoid types, have also been studied to a limited
extent by a few experimenters, such as Calvert (3), Rudolfs and Gehm
(4), without conclusive results from a practical point of view. This
subject is discussed to a limited degree in the current paper.

Concerning the effect of nominal doses of chlorine on B.O.D. re-
moval, it has become well established, both experimentally and through
practical application, that chlorination to a first chlorine residual will
result in the greatest reduction in B.O.D. This paper carries the
subject a sdep further and contains data relating to the effect of heavy
doses of chlorine on B.O.D., doses amounting in some cases to as much
as 400 p.p.m. to and beyond the ‘‘break-point.”

The present work is confined entirely to laboratory experiments, and
is presented for record purposes only. No attempt is made to draw
definite conclusions and all figures are subject to revision as new data
on other type and strength sewages are collected. Many other tests
and comparisons could and should be made to complete the picture. It
is believed, however, that the material presented is basic and will form
a pattern for chlorination.

* Presented at Seventeenth Annual Meeting, New York State Sewage Works Association
' New York City, January 19, 1945. ’
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All samples were collected from a plant where raw, settled, aerated
and activated sludge effluents were available. Chlorine was applied to
all samples immediately after collection. All samples for ammonia
nitrogen, albuminoid nitrogen, and B.O.D. determinations were dechlo-
rinated with sodium sulphite. Sodium sulphite was used instead of
sodium thiosulphate in order to reduce the chloramines quantitatively,
i.e., to insure complete dechlorination of all samples. Such a procedure
also avoided false B.O.D. readings that result when thiosulphate is
employed. The ammonia and albuminoid nitrogen in the samples de-
chlorinated in this manner were determined by distillation and nessleri-
zation, a deviation from Standard Methods procedure.

Chlorine Residuals

The residual curves shown in Figure 1 demonstrate that when chlo-
rine is added to sewage in sufficient quantities, a typical Break-point
chlorine residual curve results. The residuals in the hump aiea,
after completion of the break-point reaction, are composed of chlo-
ramine while those beyond the “ break” are composed of free available
chlorine.

It is interesting to note, as will be explained further on, that the
peak of the “hump” is somewhat flatter than would have been expected
in a potable water where the pollution would have been less pronounced.

Had the chlorine demand of the raw screened sewage been fully sat-
isfied' the residual curve beyond the “break” would have been parallel
to the zero chlorine demand line. In this case, however, the curve drops
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away from the zero line. This is particularly emphasized after 18
hours ’ retention where it becomes almost parallel to the chlorine appli-
cation. This is due, no doubt, to the large amount of suspended solids
in the raw screened sewage under test and is typical of heavily polluted
waters.

When chlorine is added in increments np to 400 p.p.m. to the effluent
from the primary settling basins the “ break” takes place at approxi-
mately the same point as in the raw sewage (Figure 2). The “hump,”
however, is less pronounced and the 30-minute retention curve is paral-
lel to the zero chlorine demand line. As the retention time increases up
to 18 hours, the curve becomes progressively flatter but does not reach
the extremes encountered in Figure 1. This is indicative of a lesser
amount of suspended material.

Figure 2.— Chlorine residuals obtained by chlorinating rapid settler effluent.

The results plotted in Figure 3 were obtained by applying chlorine
in increments up to 200 p.p.m. to a partially oxidized effluent. Al-
though these curves are essentially the same as in Figure 2 their magni-
tude is much lower. The residual at the “hump,” for instance, has
dropped from about 75 p.p.m. to about 30 p.p.m. and the “break” has
retreated from a chlorine application of 250 p.p.m. to 125 p.p.m. This
indicates that the combined effluents contain considerably less organic
matter and ammonia than the settled sewage. This is not an un-
expected result because the effluent from an aeration unit should be in
better condition than plain settled sewage.

It is the general expectation that activated sludge process effluent
should be relatively free of suspended material and relatively low in
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'CHLORINE RESIDUALS OBTAINED BY CHLORINATING
COMBINED PLANT EFFLUENT
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Figure 3.—Chlorine residuals obtained by chlorinating combined plant effluent.

Figure 4.—Chlorine residuals obtained by chlorinating activated sludge plant effluent.

ammonia content, although at the present time there is a tendency to
maintain a higher ammonia residual in the final effluent than heretofore.

The residual curves on the activated sludge process effluent, Figure
4, substantiate such reasoning. Here the residuals aré much lower
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than in Figures 1, 2 and 3, and the “break” does not become readily
noticeable until approximately 18 hours following the application of
chlorine. These curves, in Figure 4, are quite comparable to those ob-
tained in potable waters where the albuminoid ammonia content is
greater than the free ammonia content. In water works practice such
a curve would be characterized as the plateau type. |If in this case
chlorination had been carried to an application of 25 p.p.m. or more,
the residual curves, even for the 18-hour retention period, would have
been nearly parallel to the zero demand curve.

In the first three cases, Figures 1, 2 and 3, chlorination to or beyond
the break-point ordinarily would not be an economical procedure, no
matter how excellent the results except where small quantities of such
sewages are to be treated. Chlorination of activated sludge plant efflu-
ents, such as in Figure 4, would, however, be well within the realm of
practicability and economy.

Free Ammonia

An outstanding characteristic of break-point chlorination is its abil-
ity to destroy ammonia. This phenomenon has been studied in detail
in relation to potable water supplies but very little has been done in

connection with sewage. Figures 5, 6, 7 and 8 relate to the destruction
of ammonia in sewage by chlorination.

The data in Figure 5 show how ammonia is destroyed progressively
from the first appearance of a residual until the “break” is reached,
where ammonia disappears completely.



Vol. 17, No. 4 EFFECT OF HEAVY DOSES OF CHLORINE IN SEWAGE 735

The small and variable amounts of ammonia recovered beyond the
break'’ are attributed to the presence of nitrogen trichloride, an end-
product of the break-point reaction. The ammonia existing as chlo-
ramines to the left of the “ break” had to be determined quantitatively
and this could be done only through the use of sodium sulphite in the
analytical procedure. Since sodium sulphite was employed as part of
the analytical technique in all samples, it was only natural that any
nitrogen trichloride beyond the “ break” was quantitatively reduced to
ammonia and appeared as such in the analysis. Had sufficient time
elapsed or had vigorous aeration been applied, this form of nitrogen
would have escaped to the atmosphere and would not have been
recovered.

EFFECT OF CHLORINE ON AMMONIA - NITROGEN REMOVAL
RAPID SETTLER EFFLUENT

18 HOUR RETENTION PERIOD
FIG.6

50 100 150 200 250 300 350
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Figure 6.—Effect of chlorine on ammonia-nitrogen removal rapid settler effluent.

Ammonia removals from the settled effluent, Figure 6, and the com-
bined plant effluent, Figure 7, follow essentially the same patterns as
in Figure 5 and need no further comment.

The data plotted on Figure 8 are designed to show the difference in
ammonia removal in water and sewage, and to show what the curves
would have been had the sewage reactions been exactly parallel to those
in water works practice.

The heavy black line, hollow circles, represents a water breakpoint
curve and residual ammonia curve. It is to be noted that theie i®little
drop in ammonia content until the residual reaches its maximum in the
“hump” area. From that point on, it falls rapidly, reaching zero at

The sewage curves are shown in light black lines. Heie the am-
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EFFECT OF CHLORINE ON AMMONIA-NITROGEN REMOVAL
COMBINED PLANT EFFLUENT
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FIG. 7
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Figure T-—Effect of chlorine on ammonia-nitrogen removal combined plant effluent.
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Figure 8.—Brenk-Point chlorination : sewage versus water.

monia content begins to decline immediately following the appearance
of a residual whereas in the case of water the ammonia remains un-
diminished to the top of the hump.
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Had the reaction proceeded exactly as it does in water, the sewage
curves would have followed the dashed line, designated as theoretical
ammonia nitrogen (N1L.-N) and chlorine residual in Figure 8.

Albuminoid A mmonia

Very little is known regarding the effect of chlorine on albuminoid
nitrogen. The general assumption is that in the presence of free am-
monia it will have little influence on the position of the “ break” or the
magnitude of the residual at the top of the “hump.” It is known, hoiv-
ever, that chlorine will occasionally release some free ammonia from
albuminoid nitrogen but usually not enough to be of real significance.

EFFECT OF CHLORINE ON ALBUMINOID- NITROGEN REMOVAL
RAPID  SETTLER EFFLUENT

CHLORINE APPLIED - PPM. CL

Figure 9.—Effect of chlorine on albuminoid-nitrogen removal rapid settler effluent.

The data contained in Figures 9 and 10 tend to affirm this assump-
tion. Although there is a slight difference in the albuminoid nitrogen
content at the various points tested, certainly the results do not indicate
a removal of albuminoid nitrogen, neither do they indicate any great
increase. This leads to the generalized conclusion that the nitrogen
compounds of the albuminoid type are, from a practical point of view,
unaffected by chlorine up to 400 p.p.m.

R atio of Chlorine to Ammonia

Much data (5) have been presented indicating the ratio of chlorine
to ammonia at the “*break-point’’is on the order of 10:1, or more. The
presentation of the ratio in sewage is summarized in the following table.
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EFFECT OF CHLORINE ON ALBUMINOID- NITROGEN REMOVAL
COMBINED  PLANT EFFLUENT

18 HOUR RETENTION PERIOD
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Figure 10.—Effect of chlorine on albuminoid-nitrogen removal combined plant effluent.
Table 1.—Relation between Chlorine and Ammonia-Nitrogen

Chlorine Demand—P.P.M. Cl

monia- .
/7%}50 %rt1 Rélo
Type of Sewage . Pointwhere  Approx. for — Approx, for ~ Cl:NHs-N
" y Hi- ﬁhs-nl‘lso.(% pspewage PN
A B C* D (B-C) D:A
Raw
Screened .ooeeeeeeeeieeeee, 20,7 236.0 27.5 208.5 10.07:1
Rapid
Settled KiTooooorrenrrennnne. 20.2 237.0 29.5 207.5 10.27:1
Combined
Plant Eff..oecercrii 11.2 148.0 22.0 126.0 11.25:1

*The figures in Column “ C” represent the chlorine demand at the lowest chlorine application
of the test at the 18-hour contact period.

Hale (1), Moore (6), Harvill (7), Levine (8) and others do not quite
agree with this ratio. Hale, Harvill and Levine think it should be
nearer 7.5:1 while Moore has reasoned from experimental work that it
should be somewhat higher, perhaps about 9.0:1. Hale concluded in
1927 that since the chlorine consumed was reduced to chlorides, any
increase in chloride content following chlorination would represent the
amount of chlorine required to remove the ammonia. Future work will
decide which figure is correct. Meanwhile, in practice, the ratio of
10:1 appears to coincide with the greatest number of field experiences
and seems to suffice for estimating purposes.
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BOD.®r cnovan

Literature is replete with data pertaining to the effect of chlorine on
B.O.D. reductions, but deals with reductions obtained by applications
of chlorine to sub-residuals or low residuals (0.1 and 1.0 p.p.m.). The
chlorine residuals, regardless of their magnitude, in previous studies,
generally have been cliloramines or related compounds. In this study
sufficient chlorine is used to remove the ammonia and to produce re-
siduals consisting of free available chlorine.

Little attention is given to the magnitude of the residuals produced
because the purpose is to determine the effect of high doses of chlorine,
to and beyond the break-point, on B.O.D.

Figure 11.—Effect of chlorine on 5-day B.O.D. raw screened sewage.

Previously it has been stated that experience has shown the greatest
B.O.D. reduction can be expected following the first appearance of a
residual. The data in Figure 11 are not contrary to such an opinion,
for the initial B.O.D. reduction amounts to approximately 30 per cent.
Although at chlorine dosages beyond the break-point there seems to be
a tendency toward further reductions, the amounts are relatively in-
significant and could scarcely be called of economic importance. The
reductions in B.O.D. in Figure 12 are essentially the same as in Figuie
11, and yield to the same comment.

B.O.D. reductions, in the case of highly purified effluents, are some-
what different than in raw or settled sewage where suspended solids are
present In Figure 13, for instance, the B.O.D. reductions seems to be
a straight line function up to the break-point where the maximum re-
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duction is obtained and beyond this point little or no further reduction
appears to take place. In fact, in none of the cases studied was there
evidence of a noticeable change in the B.O.D. beyond the break-point.
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It is often advantageous to report B.O.D. removals in percentages
as well as in relation to the pounds removed per pound of chlorine
added, as in Table 2. It is significant to note here that the greatest
B.O.D. removal was obtained in the treated sewage but the greatest
removal per pound of chlorine added initially occurred in the strongest
sewage. Economically, the addition of chlorine beyond the initial dose
does not appear practical for B.O.D. removals alone, except in the case

of highly purified sewages. This was mentioned before and is re-
affirmed here.

Table 2.—B.0.D. Removal by Chlorination after 18 Hour Retention Period

*Re at mova|

InAtla[n.(% Ine ghf%rma Maﬁr%ur% qurm?
pplication reak oint Application (Overall)

ee rq t |'pbes f Ebo & ' CPeenrt |'pbesr' I.Bboa ' (? ee rﬁ t I'pbes I?bO

Type of Sewage

Raw Screened
(546 p.p.m. B.O.D.). .. 35.3 6.43 45.1 1.02 53.1 0.80

Combined Plant Effluent
(70p.p.m. B.O.D.).... 27.1 0.76 58.6 0.33 61.4 0.19

Activated Sludge Effluent
(136p.p.m. B.O.D.)... 54.8 1.67 74.3 1.68 83.4 1.26

*Wi ith a chlorine residual after 18-hour retention.

Summary

It can be stated that chlorine has been used in sewage treatment for
nearly half a century but due to economical reasons, the effects of chlo-
rine beyond the amounts required to produce a residual up to 1.0 p.p.m.
after a nominal contact period of approximately 10 minutes to a few
hours have been studied to a very limited degree.

In this work heavy doses of chlorine, to and beyond the break-point,
were added to sewage taken from four points within the same plant.
These included raw screened sewage, settled sewage, a combination of
aerated (95 per cent) and activated sludge process (5 per cent) efflu-
ents, and activated sludge process effluent alone. The effect on the am-
monia nitrogen, albuminoid nitrogen, B.O.D. and chlorine residuals,
were noted and plotted.

Our analysis of the data presented indicates that: (1) Typical break-
point chlorine residual curves are produced when sufficient chlorine is
added to sewage. (2) The “hump” area of chlorine residual curves
for sewage are somewhat lower than in water, particularly on the as-
cending side of the hump. (3) Ammonia is destroyed progressively
from the first appearance of a chlorine residual until the “break is
reached, where it completely disappears. (4) The ratio of chlorine to
ammonia at the break-point in sewage appears on the same order as
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that found in water works practice, i.e., 10:1. (5) Albuminoid nitrogen
is not appreciably affected by the amounts of chlorine used in the work,
i.e., up to 400 p.p.m. (6) All appreciable B.O.D. reductions take place
ahead of the break-point. There is no evidence of increased applica-
tion of chlorine adversely affecting B.O.D. removal. (7) The greatest
B.O.D. reduction per pound of chlorine applied, in sewage of all
strengths, occurs at the first appearance of a chlorine residual. (8)
The greatest B.O.D. reduction per pound of chlorine applied, up to the
first appearance of a chlorine residual, occurs in the strongest sewages.
(9) The greatest B.O.D. reduction in per cent, up to the first appearance
of a chlorine residual, occurs in the most highly purified sewages. (10)
The greatest overall B.O.D. reduction in pounds of chlorine applied
and in per cent occurs in the most highly purified sewages. (11) Up
to approximately eighty per cent removals can be expected by chlorina-
tion of highly purified sewages.
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lii the previous papers of this series (3, 4) the quantity and the bio-
chemical characteristics of the film in the biofilter and standard filter
were discussed. Before any relationship between these characteristics
and purification can be established, it is necessary to present the results
produced by these plants. Catch samples of the primary and final tank
effluents were taken on days when the beds were sampled for film. It
was realized, however, that such samples did not represent truly the ac-
tion of the film. The character and the efficiency of the film are influ-
enced by the application of sewage over a considerable period. In or-
der to obtain a more definite correlation between the film, loading, and
performance, the full plant records from the biofilter plant were made
available through the courtesy of Major R. Eliassen and Mr. C. Shep-
hard. Such complete records are not available, however, from the
standard filter plant. Analytical results obtained on the catch samples
are given in order to establish a relationship with the complete daily
records based on composites. These daily records, however, constitute
the basis of the discussion.

The discussion deals with the performance of the plants as a whole,
and an attempt is made to assess the different units individually.

Plant Purification

The B.O.D. and suspended solids in the raw sewage and filial effluent
of the biofilter are given in Tables I, II, and Ill. In Table I are shown
the monthly averages of the daily plant records, and in Table Il, catch
samples taken on film sampling days are compared with the correspond-
ing values of daily composites. The average monthly B.O.D. of the raw
sewage varied from 164 to 288 p.p.m., the two lowest values occurring
in June and July (Table ). The average monthly B.O.D. values in the
final effluent varied from 14 to 53 p.p.m. The lowest value was obtained
in May and the highest in February, 1943. The overall reduction
varied from a minimum of 75 per cent in February, 1943, to a maximum
of 93 per cent in May. The suspended solids values in the raw sewage
and in the final effluent followed generally the B.O.D. results. The
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Table I.—Monthly Averages of Daily Composite B.O.D. and Suspended Solids Values of Raw
Sewage and Final Effluent in Biofilter Plant

B.0O.D. Suspended Solids
Date | Eff iug Final Eff dugtio
eBhy FENE BEs By PR R
215 45 79 200 37 82
215 53 75 211 53 75
218 39 82 227 37 84
216 30 86 238 .32 86
200 14 93 200 14 93
166 18 89 194 16 92
164 17 . 89 183 13 93
225 20 91 238 24 90
226 18 92 273 23 91
204 30 85 244 31 87
188 32 83 210 22 20
288 48 83 338 45 87
246 34 86 235 47 80
215 26 88 228 45 80

minimum reduction in suspended solids of 75 per cent took place in
February, 1943, and a maximum of 93 per cent in May and July.

The 24-hour composite B.O.D. and suspended solids values of the
raw sewage and final effluent showed greater fluctuations than the aver-
age monthly values (Table Il). A minimum of 13 and a maximum of
85 p.p.m. B.O.D. in the final effluent were obtained during the film sam-
pling days, whereas the suspended solids values varied from a minimum
of 7 to a maximum of 83 p.p.m. The reduction of B.O.D. varied during
the individual sampling days from a minimum of 50 to a maximum of
93 per cent. The suspended solids reduction varied from a minimum
of 65 to a maximum of 93 per cent. The comparison of B.O.D. values
in the effluent of the catch samples and the 24-hour composites on corre-
sponding days show that in 10 out of 16 samples the values were consid-
erably higher in the catch samples. This may be expected, since the
catch samples were taken during the daytime.

The reduction of B.O.D. and suspended solids on the basis of
monthly average and sampling day results are given in Figure 1. High
average reductions of B.O.D., in the order of 90 per cent, were obtained
from May to September. During the rest of the period the reductions
ranged from 75 to 85 per cent. The average values for the entire pe-
riod and for the summer and winter are given in Table Ill1. -The B.O.D.
of the raw sewage during the entire period averaged 212 p.p.m. It was
196 p.p.m. in summer and 230 p.p.m. in winter. The daily composite
B.O.D. in the final effluent was 30 p.p.m. during the entire period and
34 p.p.m. during the sampling days. The corresponding suspended
solids values were 31 and 36 p.p.m. The composite daily B.O.D. in the
final effluent was 21 p.p.m. in the summer and 39 p.p.m. in winter, and
the suspended solids 26 and 45 p.p.m., respectively.



BIOFILTER AND STANDARD FILTER. IV 745
1able 1. B.0.D. and Suspended Solids of Raw Sewage and Final Effluent in Biofilter
Plant on Film Sampling Days
B.0.D. Suspended Solids
Date 24-Hour Comp. Catch Sample " dcuction 24-Hour Composite
Fhal Fhal %&m%%g' inal duc
ebiy gty gl e Re il B
Jan. 6. 165 55 _ 67 196 52 73
Jan. 110 29 — 74 112 38 75
Feb. 3 170 85 — 50 228 35 84
Feb. 24.... 255 65 — 74 258 60 77
Mar. 18......... 160 20 20 88 214 35 84
April 7. 230 33 40 86 206 36 82
April 28. 215 23 40 89 215 23 89
May 186 13 10 93 186 13 93
June 175 23 26 87 176 17 90
June 160 16 48 90 160 16 90
July 170 15 29 91 196 7 96
Aug. 165 15 13 91 . 184 19 90
Aug. 275 51 27 81 236 45 81
Sept. 160 19 31 88 328 33 90
Sept. 315 30 920 90 260 40 85
Oct. 13........ 200 35 105 82 314 64 80
Oct. 15......... — — - - - — —
Nov. 3..... 50 13 14 74 56 12 79
Nov. 12........ - - 33 - - - —
Dec. 1..... 270 63 73 77 462 54 88
Jan. 5. 130 25 35 81 194 38 80
Feb. 8 200 57 70 72 237 83 65
Table 111.—Average B.0.D. and Suspended Solids in Raw and Final Effluent in Biofilter

B.O.D.—daily composites:

Per Cent Reduction

B.O.D.— film sampling days (catch samples):

Suspended solids—daily composites:

Suspended solids—film sampling days (catch

samples):

. t . .
Moy Summer 1‘3{1@5”5 g gl

212
30
83

182
34
81

230
31
86

221
36
84

196
21
89

185
23
88 *

220
20
91

209
26
88

230 216
39 42
83 81

190 186
45 24
76 87

240 219
42 40
82 82

232 204
45 40
81 80

250
36
86

200
48
76

266
46
83

298
58
81
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During ten months the average B.O.D. values in the effluent were
less than 35 p.p.m. and during the remaining four months the values
were above 35 p.p.m. Values in excess of 30 p.p.m. did not occur be-
tween April and October.

The B.O.D. load in the raw sewage and the quantity of B.O.D. re-
moved by the plant are presented in Figure 2. . During January the

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

Figure 1.—B.0.D. and suspended solids reductions by the biofilter plant.

Figure 2.—Re|ationship between the quantity of B.O.D. in the raw sewage and quantity of
B.O.D. removed by the biofilter plant.
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quantity of B.O.D. removed was low with relatively high B.O.D. load in
the raw sewage. During February, March and April the load as well
as the removals increased, but the quantity of B.O.D. in the final effluent
as represented by the area between the two curves was also high. Dur-
ing this period the plant had not attained maximum efficiency because
of the handicap of cold weather during the maturing period of the beds.
In May the removals increased without an increase in load. In June,
July, August and September the removals decreased simultaneously
with a decrease in the load. In October the load increased without a
corresponding increase in removals, followed by a decrease in load in
November. In December, January and February the load increased to
maximum values recorded of over 3,000 pounds of B.O.D. per acre foot
per day, accompanied by high removals.

The quantities of suspended solids present in the raw sewage and
those removed by the plant are illustrated in Figure 3. The suspended

Fi 3—Relationship between the quantity of suspended solids in the raw sewage and
1oure P quantlety remgveénby t?]e bisdqflter plant. J

solids applied were low in January, increased in Februaiy, Match and
April, decreased thereafter gradually until July when thei leached a
low value of 1,700 pounds per acre foot per day. The load increased
to about 2,000 pounds per acre foot per day in August and September.
In October another increase took place, followed by a decrease m No-
vember. In December the load increased to a maximum of over 3,600
pounds, and in January and February of 1943 it was about 3,200
pounds. The removals followed closely the fluctuations m the load.
The area between the two curves represents the pounds of suspended

solids in the final effluent. ATi
On February 11, 1944, a 24-hour survey was made of the B.O.D.
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and suspended solids of the raw sewage and final effluent of the biofilter
plant for the purpose of determining the hourly variations in the in-
coming sewage and the effect of such variations on the effluent from
the plant.

Hourly composites were made from 15-minute samples from 6 A.M.
to 12 midnight, and thereafter hourly catch samples were taken. The
average flow for the day was 2.0 m.g. and varied from a minimum rate
of 1.0 to a maximum of 3.0 m.g.d. The results are plotted in Figure 4.
A B.O.D. above 300 p.p.m. was obtained in the raw sewage for a period
of 16 hours. The average B.O.D. for the day was 338 p.p.m. The
B.O.D. in the final effluent remained very uniform during the 24 hours
with an average of 48 p.p.m. An average of 86 per cent reduction of

6 a 10 12 2 4 6 a 10 12 2 4 6
< am. >4 P.M 4 Ja.

Figure 4—B.0.D. and suspended solids in raw sewage and final effluent during a
24-hour survey of the biofilter plant.

B.0O.D. was obtained during the day. The suspended solids in the raw
sewage fluctuated somewhat more than the B.O.D. The average sus-
pended solids was 241 p.p.m. in the raw sewage and 62 p.p.m. in the
final effluent, giving a reduction of 74 per cent. The solids in the efflu-
ent fluctuated more than the B.O.D.

There are three definite peaks in thesuspended solids of theraw
sewage: at 8 to 9 AM,, at 12 to 1 P.M. and at8 P.M.The time of
flow from the most remote point in the camp to the sewage plant is a
little over an hour at the 2.0 m.g.d. rate. The peaks in suspended solids
correspond with the kitchen activities during mealtime. The peaks in
B.O.D. do not correspond with the suspended solids but come either
before or after suspended solids peaks, probably coinciding with the
flushing of the urinals. The peaks in the suspended solids of the efflu-
ent correspond to the high suspended solids content of the raw sewage.
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The B.O.D. values of the raw sewage of the standard filter plant are
not available. The B.O.D. results of the final effluent based on catch
samples taken on film sampling days are given in Table IV. The
B.O.D. in the final effluent was consistently low, with a maximum of 14
p.p.m. and a minimum of 4 p.p.m. Generally, the lower values were
obtained during the summer. The actual B.O.D. in the effluent is prob-
ably lower on the basis of 24-hour composites, since the values given
were obtained from catch samples during the day. The suspended
solids results of the raw sewage and of the final effluent are on the basis
of 8-hour composites during the day and are, therefore, higher than on

Table IV.—B.O.D. in the Final Effluent and Suspended Solids in the Raw Sewage and
Final Effluent in the Standard Filter Plant

B.0.D* Suspended Solids t

Firﬁlﬁﬁl}jem (P&W) Fiw.ﬁ.mljem

162

5

126 8

152 8

7 190 14
13 154 7
4 146 10
6 168 14
7 114 16
4 202 8
5 164 12
7 178 il
8 170 7
14 156 5
12 190 3
12 190 6

*Catch samples. t Eight-hour daily composites.

the basis of 24-hour composites. The sewage should be regarded as
weak. The daily average suspended solids for the entire year on the
basis of 8-liour composites gave a value of 173 p.p.m. The average
for the catch samples on days when stone samples were taken was 168
p.p.m. The average suspended solids in the effluent from the plant on
the basis of daily 8-liour composites throughout the yeai \\as 8 p.p.m.
and for catch samples on stone sampling days 9 p.p.m.

Performance of the Primary Clarifier in the Biofilter Plant

When the performance of the primary clarifier in the biofilter plant
is assessed on the basis of p.p.m. B.O.D. in the raw sewage and primary
clarifier effluent, high reductions are obtained because of the dilution
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by the recirculated filter effluent, as is indicated by the values given
below:

BOD. i i
Bedp ekt paey ek
Jan s 52 1.6 77 15
Feb...... 54 1.2 77 1.4
March 64 1.2 66 11
April...... 61 1.0 64 11
May e 67 0.9 53 0.9
66 0.9 53 0.5
JUTY e 73 1.3 54 0.4

The results indicate an increased efficiency of the clarifier during
the warmer months which cannot be directly attributed to the higher
recirculation ratios during this period.

More accurate performance values may be obtained on the basis of
the quantity of B.O.D. entering and leaving the tank. There are two
alternative methods: (1) By adding the pounds of B.O.D. in the raw
sewage to that in the recirculated water and subtracting from this the
pounds of B.O.D. leaving the tank (see sample calculations in appen-
dix). This method is based on the assumption that the primary clari-
fier is serving the function of the secondary clarifier in removing the
impurities from the recirculated water. (2) By subtracting the B.O.D.
contributed by the recirculated water from the total B.O.D. leaving the
primary tank and then by subtracting this value from the pounds of
B.O.D. in the raw sewage. This method gives values of performance
as if the filter effluent was not recirculated. The percentages of re-
moval calculated on the basis of both methods are presented in Figure 5.

The reductions calculated by excluding the load contributed by the
recirculation water are higher than the reductions obtained by total
B.O.D. entering and leaving the primary tank including the recircula-
tion water. By disregarding the removal of the portion of the B.O.D.
contributed by the recirculation it is assumed that effluent from the pri-
mary clarifier still contained the same quantity of B.O.D. contributed
by the recirculation, which is obviously not true. A considerable por-
tion of B.O.D. of the filter effluent is actually removed by the secondary
clarifier. Hence by assuming that none of this B.O.D. was removed
by the primary clarifier, a greater credit is given to the removal from
the raw sewage component than is actually the case. By including the
recirculation in determining the B.O.D. reductions, values correspond-
ing more nearly to actual operating conditions are obtained. Selecting
the proper method of determining the efficiency is difficult, but there is
no question that the trends obtained by either method are similar. The
efficiency is low during the winter and increases to a peak during the
summer, decreasing again to a low value in the winter. Over 40 per
cent reductions are obtained during the period between May and Octo-
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ber by including the B.O.D. contributed by the recirculation. A peak
value of 53 per cent was obtained in August. These values are higher
than are generally obtained in plain sedimentation tanks.

These trends in the removal of B.O.D. by the primary clarifier are
not affected by the strength of sewage, as indicated by the p.p.m. B.O.D.
shown in Figure 5. Neither are the high removals correlated with in-
creased detention time due to variations in the flow of sewage and of the
recirculated water. W ith the exception of the first winter’s operation,

“F.
70

60

50

Figure 5.—Re|ationsh(jgs between the B.0.D. removal. by thdp [primar cIarifl r and the B.o.D.
in raw sewage, detention time, recirculation ratio,”and temperature of the sewage.

there is a correlation between recirculation ratios and percentage ieduc-
tions. A more positive relationship is obtained with the tempeiatuie.
It is of interest to point out that the higher reductions during the
warmer months were obtained despite the decrease in the quantity of
B.O.D. in the recirculated effluent (Figure 6). This fact alone would
tend to decrease the percentage reductions. During the winter mont s
'when the total B.O.D. load entering the primary tank was high, the
reductions were low. Normally, percentage removals increase as the
concentration increases. Concentrations of both sewage and the re-
circulated effluent were low during the period ot high removals.
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Figure 6.—The relationship between the B.O.D. removal in the primary clarifier and the
B.O.D. in the recirculated filter effluent.

The suspended solids removals in the primary clarifier are shown
in Figure 7. The results were calculated by .including and excluding
the recirculated water similar to the method used with B.O.D. removals.
The reductions obtained by disregarding the suspended solids con-
tributed by the recirculated water are higher than those obtained by
taking the total suspended solids entering and leaving the tank. The
removals were generally lower in winter than in summer, but the maxi-
mum difference between these two seasons was not so great as it was
in B.O.D. reduction. The suspended solids removals can be considered
as average for plain sedimentation tanks. The relatively higher
B.O.D. reductions were obtained without an accompanying increase in
suspended solids removals. In fact, at times, the reductions of B.O.D.
were nearly equal to the suspended solids reductions. The latter seem
to be more directly related to the strength of sewage than are the
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Figure 1.—The relationship between suspended solids removal by the primary elarifmr and
the suspended solids in raw sewage and suspended solids in the recirculated filter effluent.

B.O.D. reductions, particularly during December when exceptionally
high removals were accompanied by high suspended solids in the sew-
age. In addition, the removals seem to be generally influenced by the
concentration and total amount of suspended solids in the recirculated
water (Figure 6).

If the higher B.O.D. removals in summer were due to more eihcient
sedimentation as a result of lower density and viscosity of the sewage,
suspended solids removals should be affected similarly. However, sus-
pended solids removals during this period are either equal to or only
slightly higher than B.O.D. removals. The high summer removals of
B.O.D." were not due to an increase in the strength of sewage or an in-
crease in detention time. It appears, therefore, that factors other than
those influencing sedimentation are responsible. The temperature re-
lationship suggests a biological factor. Recirculation of the filter efflu-
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ent inoculates the raw sewage with oxidizing organisms and furnishes
dissolved oxygen, as suggested by Fischer (2). These factors, in con-
junction with high temperature, accelerate the rate of oxidation with
the result that B.O.D. is removed at a relatively greater rate than can
be attributed to the removal of suspended solids by sedimentation. It
is to be expected that the greater the rate of recirculation within certain
limits, the greater will be the tendency to maintain aerobic conditions
throughout the primary tank and hence the greater the beneficial effect.
The counteracting factor will be the decrease in detention time. Evi-
dence already presented shows that, during the summer, percentage
removals of B.O.D. increase with higher recirculation ratios. On the
other hand, it does not appear that the quantity of solids or B.O.D. in
the recirculated water is responsible for the higher removals, since
during the summer the recirculated water contained the least amount
of solids and B.O.D.

In colder months when biological action is retarded, the recircula-
tion of the filter effluent does not result in high removals of B.O.D.
Results indicate that the B.O.D. removals during the winter were
around 30 per cent and the suspended solids removals about 40 to 50
per cent. It appears that B.O.D. removals in excess of that expected
by sedimentation alone are not realized during the winter. The re-
circulation of the filter effluent does not appear to serve a useful pur-
pose during this period. The clarifier acts only as a sedimentation
device and loses the added value as an oxidation device. It may be of
advantage not to recirculate to the primary clarifier during the winter,
saving the cost of pumping. The increased detention time thus ob-
tained may be of greater value in obtaining better sedimentation than
the doubtful effect of recirculatiop during this period.

It further follows that the performance of the clarifier is influenced
by the performance of the filter, and (as shown in the subsequent sec-
tion) the filter in turn is influenced by the performance of the clarifier.
Both are influenced by the same factors, namely, the temperature of the
sewage and the load. When the clarifier is operating under the handi-
cap of lower temperature the return of the filter effluent with high solids
and B.O.D. does not help removals in the clarifier.

The removals of B.O.D. and suspended solids may also be influenced
by the difference in the relative rates of settling of particles in sewage
and in the recirculated water. Only the coarser and settleable portion
of sewage solids contribute to the removals. In the recirculated water
the solids are more uniform and also in a finer state of dispersion than
in the raw sewage. Hence, the greater the quantity of solids and
B.O.D. contributed by the recirculated water, the less the percentage
removals will be. The recirculation of filter effluent may thus have an
adverse or a beneficial influence, depending on the interplay of tempera-
ture and the quantity of material in the recirculated liquid. In the
winter the recirculated effluent contains more material which is difficult
to remove .by sedimentation and the temperature is not favorable for
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biological oxidation; hence, the net effect on the clarifier performance
may be worse than if no recirculation was practiced.

Performance of the Filter and Secondary Clarifier of

the Biofilter Plant »

The performance of the filter and secondary clarifier cannot be as-
sessed on the basis of p.p.m. of B.O.D. or suspended solids applied to
the filter and in the final effluent because it does not take into account

J F M A M J T A S (0] N D J F

Figure 8.—The relationship between the quantity of B.O.D. applied and removed by the filter
and secondary clarifier of the biofilter plant.

the variations in the flow or the p.p.m. B.O.D. and suspended solids in
the recirculated effluent from the secondary clarifier to the filtei.
Should the load contributed by the recirculated water coming from the
primary clarifier be excluded or included in determining the load ap-
plied to the filter? If it is to be included, then it seems logical to in-
clude also the load contributed by the recirculation from the secondary
clarifier to the filter.. This method would include the maximum load
derived from the non-settled portion of the sewage and the recirculated
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flow. On the other hand, it may be argued that the load contributed by
recirculation does not represent the true load and should be excluded.
It then becomes difficult to approximate the portion of the sewage
B.0.D. which passed through the clarifier in the presence of recircula-
tion. In other words, what portion of the B.O.D. in the primary effluent
is represented by sewage and what portion by the recirculated water?
The assumption can be made that none of the B.O.D. contributed by
the recirculation water is removed in the primary clarifier, as was done
in assessing the efficiency of the primary clarifier. This assumption is
obviously not correct and if used as a basis for filter loading would

Figure 9.—The relationship between the B.O.D. in raw sewage, primary clarifier effluent and
recirculated secondary clarifier effluent.

tend to make the values lower. Both methods of expressing filter load-
ings are used in this paper, the limitations of both methods being borne
in mind. Obviously, in assessing the performance of the filter the load
cannot be expressed on the basis of raw sewage.

The pounds B.O.D. applied per acre foot per day on the basis of
primary tank effluent plus the recirculation to the filter, and also on
the basis of the exclusion of all recirculation, are given in Figure 8 in
conjunction with the removals accomplished by the filter and secondary
clarifier. As was to be expected, the load applications excluding the
recirculation are lower than the load applications including the recircu-
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lation but follow the same general trend. They are high during the
first and second winters and low during the summer. The filter loading
expression including the recirculation is influenced by the (1) sewage
flow and strength, (2) performance of the primary clarifier, and (3)
volume and strength of recirculated final effluent. The quantity of
B.O.D. in the raw sewage, primary effluent, and recirculated final efflu-
ent, showed the same seasonal trend (Figure 9). They all decreased
during the summer and increased in the winter. There was, therefore,
a greater difference between the maximum loading in the winter and
minimum loading in the summer when the results included the recircula-
tion than when recirculation was excluded. The load applied to the filter
was greatly influenced by the performance of the primary clarifier.
The combined effect was such that in the summer when the filter was
able to take a greater load, it was receiving a minimum quantity, with
the result that the removals by the filter and the secondary clarifier
decreased (Figure 8). The quantity of B.O.D. in the final effluent, how-
ever, was higher in the winter than in the summer. The percentage re-
movals by the filter and secondary clarifier, calculated on the bases of

total load applied and the load applied exclusive of recirculation, were
as follows:

Includin Excludin Includin Excludin
Recirc qatpn Recirc qatl n RE |rc@at%)n Recirc qat%)n

fer entg fer ent er Cen er Cent

86.5 73.0 87.0 76.5

80.0 63.5 88.0 81.5

82.5 67.5 83.0 715

85.5 76.5 83.0 68.5

900 85.5 85.0 75.5

87.0 78.5 82.0 77.0

JUIY e 86.5 78.0 86.5 83.5

The percentage removals varied from a minimum of 82 to a maxi-
mum of 90 on the basis of total load applied and from a minimum of
63.5 to a maximum of 85.5 when the recirculation is excluded. There
is no marked tendency toward greater efficiency in the summer as there
was in the primary clarifier. The primary clarifier was performing
the maximum amount of work, thus creating an underloaded condition
in the filter. The filter, however, was removing the greater portion of
the load during, the winter when clarifier performance dropped off.

These statements are borne out by the following results in which the
B.O.D. removed by the plant is apportioned between the primary clari-
fier and filtration and sedimentation.

The results are based on the difference in pounds of B.O.D. in the
raw sewage and final effluent, the difference being taken as 100 per cent.
The portion removed by the primary clarifier is calculated on the basis
of B.O.D. leaving the tank, exclusive of the recirculation.



758 SEWAGE WORKS JOURNAL July, 1945

L oL T

(Per éent) . ent) (Per &ent)
29.5 70.5 61.5 38.5
Feb .o 43.5 56.5 61.0 39.0
54.5 45.5 56.5 43.5
April 47.0 53.0 55.0 45.0
May ... 56.0 44.0 385 61.5
55.0 45.0 46.0 54.0
JUIY oo 57.5 42.5 415 58.5

The scatter diagrams of the pounds of B.O.D. applied to the filter
by including- and excluding recirculation, and the quantities removed by
the filter and secondary clarifier, are given in Figure 10. The re-
movals increase with loading, as has been shown by earlier investiga-
tions. The increase may be presented by a straight line.
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Figure 10.— Relationship between B.O.D. applied and removed by the filter
and secondary clarifier.

An attempt was made to evaluate the relative B.O.D. removals ac-
complished by the filter in relation with the secondary clarifier. It was
necessary to exclude the B.O.D. contributed by recirculation. The load
applied to the filter was calculated as previously, namely, by subtract-
ing from the pounds of B.O.D. of raw sewage the pounds of B.O.D. in
the primary effluent minus the B.O.D. of the recirculated filter effluent.
From the amount of B.O.D. in the filter effluent, the quantity contributed
by the recirculation from the final effluent to the filter was also sub-
tracted. The difference between the values thus calculated was taken
to represent the removal by the filter itself. The additional removal
accomplished by the secondary clarifier was similarly calculated. The
results expressed as percentage of B.O.D. load removed, exclusive of
recirculation by each unit, were as follows:
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by Sy gty Roy

(Per Cent) er Cent) (Per Cent) er Cent)
LV DO + 125 85.0 20.3 56.5
Feb.nnnen. 16 61.5 57.0 24.6
March..... + 5.0 725 21.0 50.5
27.0 50.0 9.3 59.5
15.1 59.5 18.3 57.0
23.6 55.0 35.0 42.4
515 27.0 55.0 28.0

It will be seen that the percentage removals by the filter varied
greatly but were, with a few exceptions, very substantial. There- are
no marked seasonal trends in the relative percentage of B.O.D. removed
by the filter. The secondary clarifier removed additional B.O.D., the
magnitude of which depended on the efficiency of the filter. When the
filter removed a small percentage of B.O.D. the bulk of the removal
was accomplished by the secondary clarifier and vice versa. Thus, the
two units supplement each other and assure a consistently high removal.

Jf M A M J ) A S 0O N D J F

Figure 11.—Relationship between suspended solids applied and removed by the
filter and secondary clarifier.

The substantial reductions of the B.O.D. of the sewage in passage
through the filter support the view advanced in the previous papers of
this series that the biofilter is not a mere ‘‘colloider.” If the biofilter
were only a “colloider,” a relatively small portion of the B.O.D. would
be removed by the filter itself and the effluent from this unit would con-
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tain substantially the same quantity of oxidizable material as the ap-
plied sewage, except that it would be changed to an agglomerated form.
The removal by the secondary clarifier would be the result of sedimenta-
tion of the agglomerated particles. Undoubtedly, sedimentation in the
secondary clarifier still plays the major role in B.O.D. removals. The
removal in the filter itself may be the result of oxidation or the adsorp-
tion of the impurities by the film. It appears that at times oxidation
and adsorption more than counterbalance the discharge of solids from
the film. When the removal by the filter is low, either the impurities
are not oxidized or removed by adsorption or the rate of discharge of
solids from the film is accelerated and outweighs the removals.

Suspended solids applied to and removed by the filter and secondary
clarifier including and excluding recirculation are presented in Figure
11. When the recirculation is included, the values for the applied load
and removals are higher than when recirculation is excluded. As in
the case of the B.O.D. results, however, load applications were lower
during the summer. The percentages of suspended solids removed
were as follows:

R lnlﬁrlcuéjllant(r] n Exl?lcu%rtll |rcq P |rc qatl%n

er ent? E . f ent? F

86.0 68.0 87.5 75.0
78.5 55.5 89.5 80.0
83.5 61.5 81.5 60.5
84.5 74.0 87.0 77.0
90.0 85.5 74.0 -

87.5 81.5 78.0 50.5
90.0 83.0 76.0 64.0

In spite of the decreased loading there is a tendency toward in-
creased removal during the warmer period.

In Figure 12, the suspended solids loadings are plotted against re-
movals, inclusive and exclusive of recirculation.

The numbers of coliform organisms and total bacteria were deter-
mined in the primary tank and final sedimentation tank effluents. These
samples were taken only periodically on days when the film samples
were obtained from the beds. The results are calculated as percentage
reductions and show the effect of the passage of the settled sewage over
the beds and through the final settling tanks, excluding chlorination.
A comparison of the percentage reductions obtained by the biofilter and
standard filter is given in Table V. During the first three months re-
ductions of coliform organisms varying from 0 to 77 per cent were ob-
tained in the biofilter; these reductions increased to 88 per cent in April.
From the end of May until the beginning of August, reductions varied
from 90 to 99.9 per cent. Thereafter, the reductions decreased and
fluctuated. Adgain the response of the filter to higher temperature is
shown. The primary function of a filter is not the reduction of the
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Biofilter Standard Filter
Coliform Total Coliform Total.
fraasms (PErELR) praEans (PErEL
64 90 _
Jan. 19 77 45 58 -
FeD. 3o 0 + 19 96 92
Feb. 24 i 50 0 96 93
Mar. 18 74 + 66.5 99 90
April 7 88 10 96 95
April 28 . 99 24 76 48
May 19 e, 99 21 96 96
June 10 99 82 90 96
JUuNe 23 e 90 44 90 90
JULY 22 e, 99.9 54 90 93
AU, 4 e 99.9 99 96 81
Aug. 18 s 76 + 63 99.6 90
88 85 96 93
Oct. 13 oo, 58 0 99 90
99 49 76 87
54 0 — —
Nov 12 .. o 6 9% 03
Jan D 58 70

17, No. 4 BIOFILTER AND STANDARD FILTER. IV
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Figure 12.—Relationship between suspended solids applied and removed by the
filter and secondary clarifier.

Table X.—Bacterial Reductions in the Biofdter and Standard Filter

7(31
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numbers of bacteria; yet, when such striking seasonal effects are pro-
duced, they may be considered as symptomatic of the efficiency of the
biochemical action in the film. It is interesting to note that there was
little correlation between the reduction of coliform organisms and of
total bacteria. The reduction of total bacteria was erratic; at times no
reduction or even actual increases were found, and at other times, sub-
stantial decreases. The question might be raised as to how it is pos-
sible to obtain substantial reductions of coliform organisms with no de-
crease or with an actual increase of total bacteria. The coliform organ-
isms constitute only a small fraction of the total bacteria and a decrease
in the former may not register in the total plate counts. It is further
possible that while sewage organisms such as coliform bacteria are
being removed from the sewage by the film, other organisms inhabiting
the film may be discharged in large numbers. The discharge of organ-
isms may or may not be associated with the discharge of solids. A
comparison of the percentage reduction of total bacteria through the
filter and secondary clarifier with the suspended solids in the final efflu-
ent (Table I1) fails to reveal that the increases in total bacteria were
accompanied by high suspended solids on corresponding dates. The
discharge of bacteria from the filter without a noticeable accompanying
increase in suspended solids is still possible in view of the small size of
the organisms.

The relationship between temperature and reduction in the number
of total bacteria is not so definite as in the case of coliform organism,
but greater and more consistent total bacterial reductions are obtained
in summer than in winter. Allen, Tomlinson and Norton (1) have also
obtained an increase in plate counts in the effluent of a primary filter
of alternating double filters during the colder period, and substantial
decreases during the warmer period. They failed to find a relationship
between the chemical quality (B.O.D. and oxygen consumed) and the
bacterial quality of the effluents.

The reductions of coliform organisms in the standard filter were 90
per cent or higher with three exceptions throughout the period of study.
Similarly, the reductions of total organisms were uniformly high. The
reductions of coliform and total organisms were about in the same order
of magnitude, and a drop in the reduction in one was registered also in
the other. In these respects the standard filter offers a contrast to the
biofilter. Like the evidence obtained from chemical results, the per-
formance of the standard filter is more uniform seasonally. It should
be remembered that this plant was underloaded. The B. coli reductions
obtained in this filter during the warmer months were no higher than
those obtained in the biofilter, but in the latter the bacterial reductions

as well as the chemical quality of the effluent were affected by the lower
temperatures.

Discussion

The evalution of overall filter plant loadings and removals with or
without recirculation offers no difficulties. Removals can be deter-
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mined simply from the concentrations of B.O.D. and suspended solids
in the raw sewage and final effluent. From the flow figures the.loadings
may be calculated and expressed either as pounds per acre foot per day
or as pounds per cubic yard per day. Both methods of expression are
based on unit volume of media and are free from the objections of sur-
face loading expressions (lbs. per acre per day or Ibs. per sq. ft. or
sg. yd. per day). The volume unit acre foot has been used in this paper
in preference to cubic yard in order to eliminate fractional figures.

Difficulties arise, however, in assessing the different plant units
when recirculation is practiced. The main difficulty consists in deter-
mining whether the load contributed by the recirculated liquid should be
considered as a part of the sewage load or should be disregarded. The
argument may be advanced that recirculation is a feature of the process
to bring about certain desired results, similar to the return of activated
sludge, and hence does not constitute an additional load to the units.
This may be a valid argument but does not resolve the difficulties en-
countered in making the proper corrections for the recirculation.

The performance of the primary clarifier unit and of the filter and
secondary clarifier units can obviously not be assessed on the basis of
the concentration of the impurities in the influent and effluent when re-
circulation is practiced. In the plant under study, recirculation was
practiced from the filter effluent to the primary clarifier and from the
secondary clarifier to the filter. The quantity of the impurities (B.O.D.
and suspended solids) in the raw sewage, in the recirculated water and
in the effluents must be known. Then certain assumptions have to be
made. For instance, in the case of the primary clarifier, it can be as-
sumed that all of the impurities contributed by the recirculation are re-
moved or that none of them are removed. Neither assumption is cor-
rect, and the truth lies somewhere in between.

The removal of the impurities contributed by the recirculation in
the primary clarifier is not known. It may be assumed that approxi-
mately the same percentage removal is obtained in the primary clarifier
from the recirculated portion of the filter effluent as in the secondary
clarifier. If the latter information is available, then a correction can
be introduced to permit estimation of the removal of impurities in the
primary clarifier contributed by the recirculation, and the removal of
impurities from the sewage can be determined.

In this paper calculations of performance have been made by com-
pletely excluding and by including the materials contributed by re-
circulating liquids. Although the magnitude of the values obtained by
these two methods is different, the values indicate the same geneial
trend. In the case of filter and secondary clarifier a second correction
must be made if it is desired to exclude the materials contributed by
recirculation from the secondary clarifier to the filter.

It might be said that any attempt to segregate and evaluate the role
played by each unit of a plant employing recirculation in the purifica-
tion of sewage will lead to an artificial, toiced, awkwaid and not neces-
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sarily accurate method of expressing results. The results presented
have demonstrated the interdependence of units and the relation of the
Avhole process to recirculation. A biofilter plant without recirculation
would lose its most essential feature, and once the recirculated water is
mixed with the sewage it is difficult to unscramble the two.

The performance of the biofilter plant as a whole was affected by:
(1) the load variations and (2) the temperature. There were substan-
tial load variations in the incoming sewage. The B.O.D. and suspended
solids in the incoming sewage varied from a maximum of 3,300 pounds
to a minimum of 1,500 pounds per acre foot per day. In addition to
the magnitude of variation, the distribution of load variation is also
important from the standpoint of plant performance. The maximum
load received by the plant occurred during the colder months; thus dur-
ing the summer months when the plant was able to take a greater load,
it received actually less than during the winter, making it difficult to
assess what the plant could do under optimum temperature conditions
at maximum load.

The plant removals followed very closely the load received, with in-
creases and decreases in the load registered on the removals. The ef-
ficiency of removals as measured by the percentage reduction of B.O.D.
ranged from 75 to 93 per cent and of suspended solids from 80 to 93 per
cent, The average B.O.D. reduction during the summer was 89 and
during the winter 83 per cent, with corresponding values for suspended
solids of 91 and 82 per cent. Notwithstanding the lower loads during
the summer, a greater efficiency of removal was obtained. It is reason-
able to expect that even greater reductions could have been obtained if
the maximum loads had occurred during this period.

The performance of the different units was also affected by the load
and the temperature of the sewage. It is natural to expect that the
filter itself, which is dependent for its performance on biological activi-
ties, should be affected by the temperature. However, results pre-
sented indicate that the performance of the primary clarifier is also
similarly affected by the temperature. The latter generalization is
particularly true of B.O.D. removal. While suspended solids removal
in the primary clarifier was affected directly by the suspended solids
concentration of the raw sewage, without definite seasonal trends, the
B.O.D. removals were highest during the summer when the B.O.D. in
the raw sewage was at a minimum. It is significant that during this
period B.O.D. reductions (50 to 60 per cent) were at least equal to sus-
pended solids reductions, whereas in winter the more normal relation-
ship prevailed, with suspended solids reductions higher than B.O.D.
reductions. The results, therefore, do not indicate more efficient sedi-
mentation during the summer as an explanation of this phenomenon.
The high B.O.D. removals in the primary clarifier during the summer
were obtained despite the low B.O.D. in the raw sewage as well as in
the recirculated water. The role played by recirculation appears to
offer an explanation. Under its influence dissolved oxygen is main-
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tamed in the clarifier and the sewage is seeded with aerobic organisms.
Under favorable temperature conditions recirculation results in oxida-
tion, yielding B.O.D. removals higher than would be expected by plain
sedimentation. In the winter this favorable influence is not exerted
and the B.O.D. removals are primarily due to sedimentation only.
Since recirculation does not serve a useful purpose in the winter, it
could safely be eliminated under prevailing conditions. Increased de-
tention time and saving in power cost would result.

The implications of the seasonal performance of the primary clari-
fier are also important. W.ith a greater portion of the B.O.D. removed
by the clarifier, the filter receives less B.O.D. in the summer when it is
able to handle more. In the winter when the biological activities in the
filter are retarded, it receives a greater load even if the sewage flow
and strength remain constant. In the plant under study, the load in
the raw sewage was also lower during the summer and these two factors
made the divergence between summer and winter loadings greater. Of
the total B.O.D. load received by the plant a greater percentage was
removed by the primary clarifier during the summer, but in the winter
a greater percentage was removed by the filter. On the basis of the
load applied, the percentage B.O.D. reduction through the filter and
secondary clarifier did not show a definite summer maximum, as was
true for plant removals as a whole or primary clarifier performance.
Other implications of this phenomenon as they affect the quantity and
the characteristics of the film have been pointed out in the previous
papers of this series. The quantity and the state of oxidation of the
film as revealed by ash- content, B.O.D., etc. have been shown to be af-
fected by temperature and load.

In respect to the relative removals by the filter and secondary clari-
fier it is noteworthy that substantial reductions of B.O.D. are obtained
in the filter itself before sedimentation. If the filter was acting as a
mere “ colloider” the removal of finely divided material from the sew-
age and the discharge of the flocculated material from the film would
keep apace. A short period of storage in the filter itself would not
materially decrease the B.O.D. of the filter effluent over the influent.
The secondary clarifier would be fhe last safeguard to remove these
flocculated materials. In general, this is true, yet the B.O.D. reductions
through the filter indicate storage and at times considerable oxidation
before discharge, corroborating by a different approach the evidence
derived from the study dealing with the biochemical characteristics of
the film.

The quantity of material discharged in the filter effluent also has
an influence on the primary clarifier, since part of the filter effluent is
recirculated through the clarifier. The concentration and the quantity
of B.O.D. in the filter effluent recirculated through the primary clarifier
decrease during the summer; nevertheless better performance results
are obtained in the primary clarifier during the warmer months. It is,
therefore, not the quantity of materials recirculated through the clari-
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fier that effect a greater B.O.I). reduction. Seeding of the sewage with
aerobic organisms from the filter is only one of the factors influencing
the biochemical oxidation in the clarifier, the others being temperature
and dissolved oxygen. The nature of the flora may change and a
smaller quantity of materials in the recirculated water may be more
effective under optimum conditions than a larger quantity which re-
mains inactive under unfavorable conditions.

Bacterial reductions through the filter and secondary clarifier cor-
roborate the evidence obtained by the B.O.D. and suspended solids cri-
teria discussed above. A substantial reduction of coliform organisms
was obtained during the summer as contrasted with small erratic reduc-
tions during the winter. The percentages of total bacteria reduction
were not so great as the percentages of reduction of coliform organisms
and at times there was an actual numerical increase in the final effluent.

The limited results available on the standard filter indicate a uni-
formly low suspended solids and B.O.D. in the final effluent not subject
to seasonal variations. The strength of the sewage, however, was me-
dium to weak. The average yearly suspended solids in the raw sewage
was 173 p.p.m. on the basis of 8-hour daily composites. The B.O.D. in
the final effluent varied from 4 to 14 p.p.m. and the suspended solids
from 3 to 16 p.p.m. The percentage reductions of coliform organisms
and total bacteria were uniformly high and not influenced by seasonal
variations. .

Summary and Conclusions

The performance of the bio filter plant as a whole and of the indi-
vidual units during a 14-month period is evaluated. The study is based
on the results obtained from catch samples of primary tank and final
effluents during the film sampling days and on the complete plant rec-
ords, during the same period, on the basis of daily composites. The
evaluation of the standard filter plant is made on the basis of B.O.D.
values from catch samples of primary tank and final effluents and sus-
pended solids values derived from daily plant records from 8-hour daily
composites.

The average B.O.D. in the raw sewage during the entire period was
212 p.p.m. and suspended solids 230 p.p.m. In the final effluent the
average B.0O.D. was 30 p.p.m. and suspended solids 36 p.p.m. The plant
loading during this period varied from 3,300 to 1,500 pounds of B.O.D.
and suspended solids per acre ft. per day. An average reduction of 86
per cent of B.O.D. and suspended solids was obtained through the plant.

The plant reductions were higher in summer than in winter, whereas
the B.O.D. load in the raw sewage was low in summer and high in
winter.

Calculations in evaluating the performance and loadings of the indi-
vidual units of the biofilter plant by including and excluding the recircu-
lation are given. The merits and drawbacks of each method of calcu-
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lation are discussed. The values obtained by each method, though
var*mg in magnitude, ?we the same general trénds. _

he performance of the primary clarifier Is greatly influenced bsy
the temperature of the |I%Uld, especially In resfpec to B.0.D. removals.
The B.O.D. removals increase to a maximum of 50 to 60 per cent during
the summer with suspended solids removals of nearlﬁ, the same magni-
tude. |n the winter suspended solids removals are igher than B.0.D,
removals.  The high B.O.D. remgvals during the suminer are obtained
in conjunction with" loAver B.O.D, in the raw Sewage and the recirculated
water.”. These observations confirm previous claims that where recircu-
lation is practiced the primary clarifier performs a double function,
namely, sedimentation and oxidation, and' is somewhat comparable to
the aeration tank of an activated sludge plant.  The dissolved. oxygen
and the organisms furnished by the fecirculation are responsible Tor
oxidation. and for B.O.D. removals greater than can be expected b
plain sedimentation. However, suchoxidation is dependent on favor-
able temperature and is negligible during the winter, _

The greater B.O.D. removals by the primary clarifier during the
summer Tesult in a lower Joad on the filter when it’is capable of handlin
a greater load. In the plant under study there was, in addition, a dé-
créase in the raw sewage load durm?_ the’ summer.  The result of these
contributing factors was, that the_efficiency of the secondary treatment
did not show a marked increase in the summer, although the quantity
of |mRur|t_ es in the final effluent was lower. -~ Thus the primary clarifiér
and the filter supplement each other, the latter removing the ?reater
percentage of impurities in winter and the former effecting most of the
removal In summer. ,

In. assessing the relative removals by the filter and the secondary
clarifier, it was found that althou_%h the ‘major portion of the load ap-
Phed_ to the secondary treatment is removed by the secondary clarifier,
he filter itself is not'a mere. “‘colloider ” but af times removes a consid-
erable portion of éhe B.0.D. , ,

Substantial reductions in the numbers of coliform organisms take
place_durin passage of the sewage through the filter and secondary
clarifier, Tnhese requctions are also affected by the temperature, being
higher in summer (90 to 99.9 per cent) than in winter.” The numbers
of total bacteria were at times higher’in the final effluent than in the
mflij_entltolthe f|lter,t%nd at tother times there was little or no reduction,

articularly durjng the winter. =~ .

P Tﬁe sta arJ Hlter produced uniform effluents with low B.0.D, and
suspended solids values throughout the period (5to 15 p.p.m.) and was
not subject to seasonal variations. However, this Plant received weak
to mediym strength sewage_(average suspended solids of 173 EP.p.m. In
8-hour daily composites).” The reductions of coliform and total

isms were Uniformly high during the different seasons.

organ-
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APPENDIX

Sample Calculation No. 1

Removal in the Primary Clarifier

1 Sewage flow mgd ................................................................................................... 185
2. Sewage B. P P 215
3. Sewae B. Do veesseeeses st 3310
4, Reurculaﬂon m% ................................................................................ i 2.9
5 BOD. In recirculation, Ppm ..................................................................... 62
6. BOD. in, recirculation, b 1,505
1. Flow in primary Clarifier.............ousiren 4.7
8. B.O.D. In primary clarifier  effluent, P.p.m ......................................... 102
9. BOD. |n primary clarifier  effluent, b ... 4,050
By Including the Recirculation
(3310 + 1505) - 4050 = 765 Ib. removed
765 -
BT 1 X 100 = 15.8 per cent removed
By Excluding Recirculation
3310 - (4050 - 1505) = 765 Ih. removed
165 X 100 = 23.1 per cent removal
Sample Calculation No. 2
Removal in Filter and Secondary Clarifier
I 3 N 18
2. Recirculation from filter effiuent to p nmarP/ m.g d ................. 29
3. Recirculation from secondary clarifier t0 filter, D.pM.c...everevememmmsensensesnsnsnn 288
4. B.O.D. In recirculation from secondary clar|f|er to f||terp DM 45
5. B.O.D. InTinal eHIUBNE, P.P.M.ccovrsrvrsvirssvnssssssssssssssssssssssssssssssssssssssssssssssssses 3
All'other data as given above
By Including Recirculation
B.Q.D. in primary clarifier effluent, 10............c.vsrmmrimmmmmmmmsmmmmmsmmsmsmssnsimn 4050
B.Q.D. in recircylation from seconda%y clarifier to filter, 10......: oo 1,080
B.O.D. In final eftluent 1.85 X 37 X 8.34, 10.......cccccicvimsiiesessssssssssssssssssssssssssens 6%
(4050 + 1080) —695 = 4435 Ib. removed
4435

4050 + 1080 X 100 = 865

By Excluding Recirculation

Lb. B.?.D. a(g) plied = Ib. B.O.D. in primary effluent —Ib. B.0.D. in recirculation from filter
uent t Prlmary

Lb. B.O.D. applied = 4050 - 1505 = 2545

Lb. B.O.D. in final effluent = 695

2545 —695 = 1850 Ib. removed

1850 X 100 = 73.0 per cent removed
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Research Committee, Section B
Federation of Sewage Works Associations

By II. Heukelekian, Chairman, B. H. Barton, A. E. Berry, F. J.
Brinley, C. H. Coberly, H. E11, V. P. Enloe, A. L. Genter,
G. J. Hopkins, W, P. Hughes, W Q Kehr, K C. Lauster,

G. Martin, G W. Marx, L. J. Murphy, R. S. Phillips,
R. Pomeroy, M. E. Rogers, R. J. Smith, Geo. E.
Symons, P. S. Taylor, S. R. Weibel, J. Wil-
liamson, Jr, W. S. Wise, C. H. Young

R_eﬁresentatlves_ of all the Member Associations were requested to
furnish all of the information they could obtain from the members of
their respective organizations regdrding research and problems requir-
Ing investigation, ~Replies were received from eight groups, An at-
tempt was made this year to bring the listings up to date b}/ eliminating
those projects, which“have been Completed and temporarily or perma-
nentla/ discontinued.  Thus, the Present report includes only new proj-
ects or old projects which are still active.

|. Problems Under Investigation

Eighty-two Ero'ects are reported this year in comparison with %
reported ‘in 1944, “The breakdown under thie various headings for 1944
and 1945 1s as follows :

1944 1945
Sewaqe, ........................................................................ 3b 21
Industrial waste......... 49 46
SEEaM POHULION. .ocvvvvsrvrsrvsrvssrss sovmsrsssssesssssens 5 1
Analytical Methods.........c.vvvmrvee 8

9% 82

The decrease in the total number of projects under mvestltgatlon
durlng the present year is caused by a decrease in the number of prob-
lems Jealing with Sewage. The number of problems dealing with in-
dustrial wastes held firni and represents at present over twice the num-

er fsewagev\})roblems_. The tireakdown f industrial waste projects
or the past'two years 1S as follows:

710
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1944 1945
Sugars and fermentation......, s, 2 3
PADEE WASLES . .vvvvvsrvvssvsssssssssssssssrnsns sessssssssssessnen b 14
TeXtile AN AYES.ovmvrvmvrrmssrmsrmsnns v 7 4
PICKIING HHOUOTS..vvsvvvsvvsssvsssssssssissns eessesssesssesssnn 5 3
ACIH WESEES v vrsvssvssvsssssssssrsnsns - eosesssssssnsnns 4 —
LAUNATY WASEES..vvvrvrsvsvssmssssensnns s 1 1
Ol WASTES ..ot o 5 3
RUDDET WASEES. .o cvmnssssssssnnns 6 4
F00d, CanNing, tANNEIY ..o comssssssssssnns 10 5
EXPIOSIVES o e — 4
MISCEIANEOUS ... — 5

The most |mprf(tant change in trend of research in industrial waste
has been in a strr %mcrease In Rroblems under mvestr ation in the
P Rer waste field IS tendency has_been catalyzed e organiza-
ion of this industry Into the Natronal Council for Strea ImProvement

Tne prominencé displayed gt e mdustrral waste research in gen-
eral has led to the recognition of the need for more adequate methods
for evaluation of the character and effects of these wastes on Streams.
The adaﬁtatron of establishe'd methods 3uch as the B.0.D. and the de-
velgpmett] offnelgver metnods are awaited before great advances can be
made in this fie

[I. Problems Requiring Investigation

Thrrty -five problems were submrtted for which investigators are
neee as compared with grob ems squested last year. ‘Fifteen of

f blems equrrmg mve tigation dedl with in ustrral Waste De-

spit teamotrnt of work done wit tetreatmen\ of textile wastes, It
a pears that there are some unsolved problems still requiring attention
in thrs field.

It 1s not claimed that the report includes a complete list of all the
problems both under mvestrgatron and requrrmg mvestrgatron It
probably represents a fair cross-section of the trends and tendencies in
research actrvrtres at this time. There are undoubtedly a number of
Problems the commrttee was unable to list because of ‘restrictions In
rave and gressure of time. Research activities In qeneral have natu-

rh/ been curtailed considerably during. the war, but there has been a
stimulation of research In connectron |th wastes Produced In certarn
wartime Industrial activities, such as In the manutacture of synthetic
rubber, explosives and pap er. With the cessation of hostilities and a
[eatgrav |IaB|| of mgngower many Ideas that havia heen dormant or
ace mt ?roun other préoccupations will find expressron
_ g/ ypubrcatrofn ter ort erves ausgf ul Rurpose n
Jrg dvance. notice 0 the ms t at are under i vestrgatro

ferent orgianrzatron It ma s It has In seve{ | Ins a{rces

B 0jects Tisteq In te resentr tsev ral sr 8 [0 ems
are eing wor% on srmutaneou an m epen en g fferen
vestigators.  TNIS IS only natura and not n cessarry 0 Jectronahe |f
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No.

10

13

Title of Project

Inventory of sew-
age works.

Septic tanks.

Disposal of septic
tank effluents.

Incineration of
sewage and garbage
from"rural homes.

[nstitutions.

Rainfall, flow- and
purification.

High daily rate fil-
terstgudy. /

High-rate tricklin
filtersg. !

High-rate second-
ary sand filtration of
trickling filter efflu-
ents.

Filter fly control.

Activated sludge.

Rate of solubility
of oxygen from air
bubblés.

Vertical aeration
plate holders.

SEWAGE WORKS JOURNAL

Table |.—Problems Under Investigation

Description

July, 1945

Investigator, Organization

A. Survey of Sewage Research Problems

_Continuing inventory and statis-
ﬂcasl study of sewage ‘works in the

Comparison of usefulness of vari-
ous detention periods.

Determination of saturation points
of fine soils.

Injecting wastes into the feed screw
of a standard furnace stoker.

Basic {)rinciples involved in the
treatment of sewage and waste in in-
stitutions.

Effect of rainfall and flow variation
on suspended solids and B.0.D. re-
moval by primary treatment.

Study to determine advantages ac-
cruing "to practically instantaneous
rain-like distribution over the surface
of high daily rate sewage filters.

Determination of maximum possi-
ble B.0.D. Ioaqu; ratio of loading of
B.0.D. to removal; comParlson of re-
circulation with further treatment on
secondary filter. o

Sand Tiltration of trickling filter
effluents at high rates to find satura-
tion points with (a) continuous rate
and (w, periodic ‘increases and de-
creases inrates.

The control of filter flies with DDT.

Research on causes and cures of
bulking at Sioux Falls, South Dakota,
ﬁlant ue to the presence of packing-

ouse waste. _ _

Work directed toward increasing
the efficiency of air application to ac-
tivated slud?e_._ S

Study of efficiency, distribution and
clogging.

"U.S.P.H.S., Sanitary En-
gineering  Division,  Water
and  Sanit.  Investigations
Sta., Cincinnati, 0.

Mass. Dept, of Pub.
Health, Lawrence, Mass.;
Mass. State College; Mass.
Agr. Exp. Sta.

Mass. Dept, of Pub,
Health, Lawrence Exp. Sta..
Lawrence, Mass.; = Mass,
State College; Mass. Agr.
Exp. Station.

W. E. Howland and Don
E. Bloodgood, Purdue Uni-
veranv, Lafayette, Ind.

N. J. Agr. Exp. Sta., Dept,
of Water and Sewage Re-
search, Rutgers University,
New Brunswick, N. J.

N.J. Agr. Exp. Sta., Dept,
of Water and Sew. Research,
Rutgers Univ., New Bruns-
wick, N.J.

Upper Mississippi Board
of Engineers aided by U.S.P.
H.S. at Neosho, Missouri.

Mass. Dept, of Pub.
Health, Lawrence Exp. Sta.,
Lawrence, Mass.

Mass. Dept, of Pub.
Health, Lawrence Exp. Sta.,
Lawrence, Mass.

Don E. Bloodgood and G.
Erganian at Purdue Uni-

versity.
C.~ N. Sawyer, F. W.
MohIiman and K.'V. Hill.

W. C. Killin, Purdue
Univ., Lafayette, Ind.

L. E. Langdon (Pacific
Flush Tank Co.) at Sanitary
District of Chicago, South-
west plant.
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19

20
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22

2
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25

26
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Table |.—Continued
Title of Project Description Investigator, Organization

Actrvrtﬁ of ac- A study of utilization of activated  Univ. of Wlsconsm Sani-
tivated sl sludge as-relates to Its rrsrng time, ta%Engrneenng ePt

Sludge drgestron Prel |m|na9/ study on Metropolitan

Boston slucige, for proposed disposal - Health, Lawrence Exp. Sta
wors Lawrence, Mass

Supernatantquuor Chemical treatment and thermo- . E. Babbitt and Ming
treatment. philic digestion torr;ether with other Lee, Eng’g. Exp Sta,, Univ:

possrble Mmethods of treatment. of [llinois; Urbana,

Supernatant liquor ~ Study of treatment by vacuum _ C. V. Erickson ﬁPacrflc
treatment. aeratron of digester supernatant Flush Tank Co.) at Cleve

liguor. J Iandh Ohio, and Ann Arbar,
Michi

Digester pre- Study of capacities and efficiencies. _ C. s B. Cox (Pacific Flush

heaters. Tank Co at C@/sta Lake,
Hll an Urbana hampaign,
nois,

Digestion of gar-  To determing by pilot plant tests  David P. Backmeyer, Ma-
age. the volume of gas production pe rion, Indiana, sewage treat-

b)v%un of vo(]atre garbae 3ter|a ment plant
en digested with Sewal

Sludge. Absorptron capacity and removal of N.J Agr. Exp. Sta., Dept.

water from different types of sludges. Water and _Sew, Research,
Cﬁgers Univ., New Bruns-

Wi
Sludge. Effect of phosphates on coagula- r. Exp. Sta, Deg
tion, settling, drﬁestron and dewater- Water and Sew Research,
Ing of sewage sofic Rutgers Univ., New Bruns-

wick, N. J.
B. Survey of Industrial Mrastes Research Problems

Settling anthracite  Study on separation and_removal  Pennsylvania Dept, of
coal dusg of frney coal dust and solids from Health, J ’ R. HoffePt and

breaker wash waters produced In Anthracrte Coal Committeg,

Waste problems of PrY arjatrt%nd%fg%a and improveprac- ~ Mellon_Inst, of Ind. Re-

aste problems 0 u v improv
the iron aFnd steel in- tlca} and econoﬁnca n?et?to{J searc Pittsburgh, Pa.;
dustry. treatment of srpent grckle I uors HodgeforAmencan Iron
prrlrlnarrly for reduction of stream and Steel Industry.

Study of alpha pA stud){ of th? changes in a (? USPH.S, Sanitary En-

TNT wastes. TNT wastes resultin |ntepro glneerlng Division, - Water
tion othhly colored waters and the it.  Investigations
possible treatment procedures for Sta., Cincinnati, O.
such waters.

Effects of TNT 10 t}ermrne hat effects m USPH.S, Sanitary En-
and synthetic rubber and synthetic rub er wasfes and de- glnfennagn Drvrsron ater
Wastes on streams. rrvatlves exert upon various organ- . Clnclltnn tIrtV(e)stlgatlons

Treatment of artil- r[Fo esta[ﬁrsrﬂ methods of treatment L D. Betz,

p{se manufac- and to reduce pollution.
turing wastes.

Phlladelphra, Pa.
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Table |.— Continued

No. Title of Project Description Investigator, Organization
2 S}/nthetic rubber ~ Pilot plant studies on the treat-  U.SP.HS, Sanitary En-
Wastes. ment of synthetic rubber wastes. gineering . Division, . Water

and  Sanit.  Investigations
, Sta., Cincinnati, O.

28 Synthetic rubber. Treatment of wastes from the  Metcalf and Edd)Eg Con-
manufacture of butadjene and sty- sulting Engineers, Boston,
rene, used In the manufacture of syn- - Mass.
thetic rubber. _ _ _

29 Treatment of Development of satisfactory treat- ~ Koppers United Co,, Pitts-

waste waters from ment of butadiene ar'| styrene waste burgh, Pa., and Metcalf and
synthetic rubber waters through removal of oil, reduc- Eddy, Consulting Engineers,

manufacturing. tion of B.O.D. and taste and odors. Boston, Mass. ~
30 Koroseal and Neo-  Defermination of quantities, char- “USPHS, Sanitary En-
prene wastes. acteristics and methods of treatment gineering . Division, = Water

of Koroseal and Neoprene wastes. ~ and  Sanit.  Investigations

_ ~Sta, Cincinnati, O,
31 Effectsof DDT on  To determine the effects of various  U.SP.H.S, Sanitary En-
fresh water. forms and concentrations of DDT gineering . Division, Water
dosages upon fresh water flora and and Sanit.  Investigations

, fauna other than mosquito larvae. Sta,, Cincinnati, O.
32 Cyanide wastes. Treatment of plating wastes con-  Conn. State Water Com-
taining cyanides by means of chlorine. - mission, Hartford, Conn.,
Wesleyan  Univ.,  Middle-

town, ‘Conn.
33 Treatment of cy-  Removal of toxic constituents. M. M. Braidech and G. E.
anide waste. waters Barnes, Cleveland, O.

from electroplating. , _ _
34 Oil field brines. Pilot plant studies on the recovery L Schmidt, Bureau_of
and utilization of oil field brines. Mings, Petroleum Exp. Sta.,
Bartlesville, Okla., In COOP'
eration with Kansas State

_ _ _ Bd. of Health,
35 Treatment of oily  Means of controlling the d|scharge W. H. and L D. Betz,
Wastes. g{regrlrlly oWSﬁtgﬁ thereby reducing Philadelphia, Pa.
3% F|Itﬁat|on re- To reguceoilattached tosuspended L aboratory of the Atlantic
search. matter. Beﬂnmg Ca., Philadelphia,
a,
37 Laundry wastes. _Treatment of laundry wastes by ~ Mass. Dept, of Pub.
high-rate trickling filters. Health, Lawrence Exp. Sta,,
_ . Lawrence, Mass. _
38 Paper pulp. Basic research dealing with wood ~ D. M. Ritter, Univ. of
chemistry and Tignin. Washlnqtvoln Seattle,
39 Paper pulp. Utilizgtion studies of pulp and J. L. cCarth%/ Univ. of
paper mill wastes. Washlrégton Seattle,
40 Paper pulp. Disposal studies of pulp and paper R, G. Tyler, Univ. of
mill wastes. _ Washington,”Seatfle.
41 Waste problems of  Reduction of stream pollution and ~ Mellon Inst, of Ind. Re-
the pulp, paper, and recovery of wastes. search and Nat. Council of
aperhoard indus- Stream Impr. of the Paper,
ries. Pulp and Paperboard Indus-

tries, New York City.
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46
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50
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No. 4

Title of Project

Aeroblc roducpon
Zeast from sulfite
te liquor.

Production of
east from sulfite
E;aper mill waste,

Paper pulp.

De-inking paper
mill wastes.

Treatment of de-
inking wastes.

Paperboard mill
Wastes.

Trickling filter
treatment “of waste
sulfite liquor.

Studies on the
treatment of paper
mill wastes.

Treatment of rag
cooker wastes from
paper mills. _

ecovery and dis-
P_osal of sulfite pulp
lquors.

Treatment of corn
canning wastes.

SURVEY OF RESEARCH PROJECTS

4
Table |.— Continued

Description

Stud;{ includes removal of B.0.D.
from sulfite waste liquor through pro-
duction of yeast protein from the D
sugars and other termentable com-

pounds. :
. Study of means for producing emul-
sions.

Basic studies of fundamental factors
involved In white water treatment.

Treatment of paper mill wastes
from de- |nk|ng processes for discharge
Into waterways.

A study of methods for the treat-
ment of de-inking waste from pulp
and paper mills.

Treatment of wastes from paper-
hoard mills b¥ flocculation and sedi-
mentat|on with and without chem-

Flve ears of study on trickling
filter methads of treating sulfite waste
liquors are bein Og followed U{J and fur-
ther developed™ with existing pilot
plants.

Recovery of stock and reduction of
pollution load.

Reduction in stream pollution.

Contmum study to improve meth-
0ds of recl alr%m %d ehn%natmg Qb-
{ectmnable Pollunonal charactenstlcs
ste sulfite | |qhgrs soda liquors,
e-Inking waters and white water, In-
cud|n effects of pollution on ' the
%non River.
ontinuing study on corn cannmq
waste treatment w?rks consisting Q
screens, mecnanical treatment, s%d
mentation, qh capacl tnckmg
filter, storage agoon and regulate
discharge.

775

Investigator, Organization

A J. Wiley, Sulfite Pulp
Mfgr's. Comm, on Waste
Disposal. At the Inst, of
Pa er Chem|stry, Appleton,

Wisconsin,

H, Beddoes (Pacific Flush
Tank Co, ?]atPFT Testl mg
Lab C |cago I, an

eena |se
A% . Sta., De
of Wate nd Sew. Resear
Rutgers Univ., New Bruns-
wick, N. J.
Conn. State Water Com-
mission, Hartford, Conn.:

Wesleyan  Univ., Middle-
town, Conn.
Gladys Swope, Mellon

Inst, of Ind. Research, Pitts-

urgh, Pa., unger auspices
of at. Council for Stream
Improvement of the Pulp,
Paper and Paperboard Inds.,

Conn State Water Com-
mission, Hartford, Conn.:
Wesleyan Univ., Midle-
town, Conn

J M Holderb
Wiley and H
The ~ Sulfite PuI Mfrs
Comm, on Waste Disposal
and the Natl. Council for
Stream  Improvement  at
Inst, of Paper Chemistry,
Ap}yeton isconsin.

lbrignt and Friel,. Con-
sulting Engineers, Philadel-

hi
p\lﬁl and L. D. Betz,
Chem. Engs Philadelphia,

Pa
Joseph P. Gr% Castanea
Paper Co., Johnsburg, Pa.

Blue Mountam Canneries,
Martinsburg, Pa
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No.
53

%

%

o7

58
5

60

62

63

64

65

66

Title of Project

Sodium nitrate

SEWAGE WOKKS JOURNAL

Table |.—continued
Description

Study of effectivengss of sodium ni-

treatment of cannery  trate and other chemicals in odor. con-
lagoons.

plan

Penicillin waste.

wastes.

Yeast waste.

Food dehydrating

plant waste studies.

6

d

Tannery wastes.

Tannery wastes.

Treatment of mer-

erizer wastes.
Textile wastes.

Textile wastes.

Wool scouring. 1

Chlorine.

Lime.

Biochemical oxy-
en demands of “in-
ustrial wastes.

Ditgestion of yeast
and malt house

trol and, reduction of pollutional
strength in waste storage in lagoons.

Development of physical, chemical
and b|olog!cal methods of treatment
for the Qisposal of spent ferment

lguor. o
Study of volatile acids balance.

Digestion and biological filtration
of spent feViment liquor.

Determination of pollutional char-
acteristics and unit loadings on
treatment systems.

Treatment of tannerY, wastes more
expeciglly for the reduction of sulfides
Inthe final effluent. _
Treatment of calfskin tannery
wastes to meet certain requirements
for_disposal.,
For caustic recovery.

Treatment of textile wastes to mest
certain requirements for disposal. |
_ Treatment by chemical precipita-
tion of wastes from cotton or wool
_dxemrg and finishing and cotton print-
Q. Processes.

reatment of wastes from wool-

scouring _liquors, with recovery of

grease. ~ Treatment to prevent stream M

pollution.
Use of chlorine for the treatment of
certain industrial wastes.

_Fundamental factors in the use of
lime for the treatment of certain in-
dustrial wastes.

A study of the natural rates of bio-
chemical oxidation of some of the new
Industrial wastes.

July, 1945

Investigator, Organization

Wisconsin State Bd. of
Health, and Nat'l, Canners
Assn,, L. F. Warrick, T, F.
Wisniewski and N. H. San-
born at. canning plants in
Wisconsin.

N. J. Agr. Exp. Sta., Dept,
of Water and Sew. Research,
Rutgers Univ., New Bruns-
wick, N. J. B

H. E. Schlenz (Pacific
Flush Tank Go.) at_Crystal
Lake, 111, and Jefferson
Junction, Wis.

N. J. Agr. Exp. Sta., Dept,
of Water and Sew. Research,
Rutgers Univ., New Bruns-
w%k, N.JM_ ssioni. Burd

er Mississippi Boari

of Eﬁgineers ald cP gy USP.

H.S. at plants in Minnesota
and Wisconsin.

of Pub.

Mass. Degt,

Health, Lawrence Exp. Sta.,
Lawrence, Mass.

Metcalf and Edd)é Con-
sulting  Engineers, Boston,
Mass.

W. H. and L. D. Betz,
Philadelphia, Pa.

Metcalf and Eddy, Cons.
Engs., Boston, Mass.

Conn. State Water Com-
mission, Hartford, Conn.;
Wesleyan  Univ.,  Middle-
town, Conn.

Metcalf and Edd>Eg Con-
sulting Engineers, Boston,
ass.

N. J. Agr. Exp. Sta., Dept,
of Water and Sew. Research,
Rutgers Univ., New Bruns-
wick, N. J.

N. J. Agr. Exp. Sta., Dept,
of Water and Sew. Research,
Rutgers Univ., New Bruns-
wick, N. J. _

"US,P.H.S, Sanitary En-
gineering . Division, Water
and  Sanitation Investiga-
tions Sta., Cincinnati, O.
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B.O.D.
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Table |.—Continued
Description

Utilization of B.O.D. determina-
tion for the detection” of |nh|b|t|ng
substances In industrial wastes an
the dilutjons necessary to overcome
such Inhibiting effects.

111

Investigator, Organization

N. J. Agr. Exp. Sta., Dept,
of Water and Sew. Research,
Rutgers Univ., New Bruns-
wick, N. J.

C. Survey of Stream Pollution Research Problems

Experimental_ re-
gerauon of the Flam-
eau River.

_Reservoir

opera-
tion.

Stream pollution.

Fisli life.

_Toxic effects of va-
rous  wastes  on
plankton forms,

Ipfluence of pH
and temperature on
the survival of col)-
form and enteric
athogens when. ex-
0sed to chloramines.

Relative resistance
Of Escherichia Coli
and Eberthella Ty-
phosa 10_chlorine and
chloramines.

Bromination.

Studies on deterg-
ency.

A river popular with sportsmen but
now heavily polluted “with sulfite L
waste liquor is being mechanically
aerated on a commercial scale to ac-
celerate natural removal of B.O.D.
and to increase the D.O. level above
the cr|t|cal pomt for normal existence
of aero |c biol o%cal stream flora and
especially of game fish.

Effect of low flow autimentahon
and other changes resufting from
Ireersrt]esrvmr operation on pollution prob-
Sources of pollution.and conditions
of the major trlbutarles of the Ten-
nessee RIver system.
Effect of phosphorus on fish.

Method for evaluation of toxicity
effect on plankton forms,

Studies have been completed on
etfluen r¥ of chloramines in water dis-
Infectiorl. ~ Report in preparation.

Study completed and

Public Health Reports

{)ubhzhed

A J. WI|6¥_| Id W Gehm
Warrick
|dqe and R G, Tz/er The
Sutfite Pulp Mgr’s. Comm,
on Waste Dlsposa The
Natl. Coungil for_Stream
Impr. W|s State Board of
Heath and the Flambeau
zﬁoer 'Co. at Park Falls,

Wiscansin.

USPHS., Sanitary En-
gingering . Division, Water
and Sanitation  Investiga-
|ons Sta. Clncmnah 0.

R. Scott, Tenn, Valley
Authorlty, Knoxville, Tenn.

G, R. Scott, Tenn. Valley
Authorlty, Knoxwlle Tenn.
of Atlantic_Refining
Co,, Ph| adelphia, Pa.

USPH.S, Sanitary En-

gineering . Division, Water
and  Sanitation Investiga-
tlons Sta., Cincinnatl, O.

USP.H.S, Sanitary En-

gingering Division, Water
and Sanitation  Investiga-
t|ons Sta., Cincinnati, O.

. Survey of Research on Analytical Methods

Development of a reliable methog
for the  determination of small
amounts of bromine.

Deter\mnatlon of the physical and
chemical properties necessary
tﬁr%en he

e that wi produ?eaﬂoo
ent and simple tests for triese prope
ies.

or de- gineering . Division,
minimum v Lées of and
eterg tions Sta., Cincinnati, O.

USPHS., Sanitary En-
gm ering . Djvision, Water
Sanitatjon Investlga

tions Sta., Cincinnati, O,

USP.HS., Sanitary En-
ater
Sanitation, Inyestiga-
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No.
1

8

9

80

8l
82

No.

Title of Project

_Determination  of
dissolved oxygen.

Dissolved ~ oxygen
methods.

Accelerating the
B.O.D. test.

~B.0.D. determina-
tion.

Organic industrial
wastes.
B.O.D.

SEWAGE WORKS JOURNAL

Table | —Continued

Description

A comparison of analytical proce-

dures for the determination of D.O.

In the presence of interfering sub-
stances. . , .
Effect of industrial wastes on dis-

solved oxygen determination.

“An atteth to shorten the incuba-

tion period by the addition of active
biologic material. _
Development of a technique for the
B.0.D. determination suitable to
measure the effect of concentrated
wastes upon a stream. ,
_Determination of the rates of oxida-
tion of various wastes.
~ Effect of certain chemicals found
in industrial wastes on the B.0.D.

July, 1945

Investigator, Organization

USPHS,, Sanitary En-
gingering . Division, Water
and  Sanitatjon  Investiga-
tions Sta., Cincinnati, 0.

N. J. Agr. Exp. Sta., Dept,
of Water and Sew. Research,
Rutgers Univ., New Bruns-
wick, N. J.

D. . E. Bloodgood and G
Erganian, Purdug Univer-
sﬂx}, Laf%yette, Ind.

. R Scott, Tenn. Valley
Authority, Knoxville, Tenn.

G. . R. Scott, Tenn. Valley
AuthonR, Knoxville, Tenn.

N. J. Agr. Exp. Sta., Dept,
of Water and Sew. Resgarch,
Rutgers Univ., New Bruns-
wick, N. J.

Table ”.—Problems Requiring Investigation

Title of Project

Sedimentation.
Sedimentation of
sewage.

Detention periods
of tanks.

Sedimentation  of
sewage.

Characteristics of
awell digested sludge.

Filter efficiency.

Description
A. Sewage

Efficiencies of various types of sedi-
mentation units.

_ Effect of temperature variations in
|Pﬂuents upon ‘the efficiency of set-

tling.

[9evelopment of a_ simple field
method to determing, the actual de-
tention period of settling tanks. .

Study of actual againist theoretica
detention periods for various types 0
settling tanks and correlation” with
settling tank efficiencies.

Derivation of definite standards for
a well digested sewage sludge. basec
on the characteristics of the ‘digested
sludge and not on the relationship o
comg,osnmﬂ of the raw sludge and
the digested. _

The effect of temperature, recircu-
I?Pon and type of sewage on filter
efficiency.

Suggested by

P. W, Ridesel, Minn.
Dept, of Health, Minne-

apolis.
H T EIl N J Stte
Dept, of Health, Trenton".

E. M App N.J State
Dept, of Health, Trenton.

E. M App N.J State
Dept, of Health, Trenton.

D. M. Ditmars, N. J
tSotra]lte Dept, of Health, Tren-

P. W Ridesel, Minn.
De(ﬁt, of Health, Minne-
apolis.
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No. 4

Title of Project

Critical trickling
filter rates.

Retardation of bio-
logical ~ treatment
Processes i sewage
reatment.

Filter fly control.
Sand filters.

After-floeculation
in sand filter efflu-
ents.

Application of
chemicals to sewage.

Purification organ-
isms In  hiological
treatment of sewage
and Industrial wases.

Effective disinfec-
tion of sewage.

Automatic disin-
fection of sewage.

Disinfection of
Sewage.

Recovery of hac-
teriaand fparasmc or-
ganisms from soll

Abattoirs waste
treatment.

SURVEY OF RESEARCH PROJECTS

Table I1.—Continued
Description

Determination of the critical appI|
ﬁltton rates btwe?]n the stan%ia

ter rates an capacity filter t
rates at which neifher the orthodox
nor the high capacity filters function.

What are the retdrding or limiting
factors in biological sewage or waste
treatment procésses?  Are they pos-
sibly toxins or other chemjcal com-
pounds which can be eliminated or
counteracted?

The possible use and effectiveness
of DDT In the control of filter flies.

How will some of the weed killers
work on intermittent sand filters; will
they affect the efficiency of treat-
ment7 What IS the econdmy of thelr
apwcatton

hat 1 the cause of after-floccula-

tion In'sand filter effluents after chem-

ical treatment with alum and how t
can it be remedle(Tj

. Development 0 |mproved solution-

|zmg e%u J)ment for apf lication 0

me_and other chemical§ to sewage.

Effect of waste com osmon and ap-
B lication rates U onft ?es Qr com-

Ingtlon of types of purification or-
ganisms developed, .

Effective chlorination of sewage
along South Jersey Coast I counter-
cte tﬁy high HZA concentran?
P055|b caused by ong Ines
grades and In some Cases allegealy b
infiltration  from sulfide beanng

lStu?i of full automatic control of
chlormng disinfection of sewage witt
variable chlorine demand and vari-
able flows

erlts of breakpoint_chlorination

of sewage for Fffecttve disinfection.

Recovery of pathogenic bacterta or
parasmc orﬂamsmso e?s from a%rt
cultural sofl treated With digested
sewage Sludge.

B. Industrial Wastes

Practical meth(ﬁt for treating waste
waters, from small and medium size
abattoirs.

779

Suggested by

D. M. Ditmars J.
State Dept, of Health, Tren

Ell,

Il. State
Dept, of Health Trenton

D. E. Dreier, Sr. San.
Eng. Illinois State Sani-
tary \Water Board, also D.

." Ditmars, N "1, State
Dept, of Health.

. Ditmars, N. J.
State Dept, of Health, Tren-

D. M. Ditmars, N. J.
State Dept, of Health, Tren-

N. J. State

f Dept of He%lfth Trenton.

H. T, Ell N_J. State
Dept, of Health, Trenton.

D. M Ditmars, N. J.
tState Dept, of Health, Tren-
on

H T, EU N, J State
Dept, of Health, Trenton.

H. IHI] J. State
Dept, of Hea Trenton,
onn. St. Dept, of Health
Hartford, Conn., Bureau of

Sanitary Engtneerlng

H. E. Moses, Pa. Dept, of
Health, Harrisburg, Pa.
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No.
1

©

21

22

23

24

2

2

2

28

P

30

3

32

Title of Project

Acid mine
drainage.

Treatment of
brewery wastes by
activated slud?e.

Textile wastes.

Textile wastes.

Treatment of sew-
age and cotton finish-
|n%plant Wastes.

otton finishing
plant wastes.

Dye house wastes.
Wool wastes.

Tannery wastes.

Paper mill wastes.

Paper mill white
water.

Paper mill wastes.

Disposal of indus-
trial “wastes treat-
ment sludges.

Stabjlization by
lagooning.
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Table |l.— Continued
Description

Methods of control and/or treat-
ment of acid mine drainage. .

The modification of the activated
Sludge process to handle brewery

Wastes. ,
Satisfactory treatment of textile

wastes for |schar?e to streams or

sewage treatment planfs.
DeveloPment of a higher degree of

treatment of textile wastes.

Treatment of combined sewage and
cotton finishing plant wastes. .

Treatment of cotton finishing plant
wastes containing kier liquors on high-
rate trickling filters. _

Development of an economical and
effective " treatment of dye house
Wastes. _

Treatment of Spart|ally degreased
wool scouring wastes.

Determination of results of various
methods of treating tannery wastes to

July, 1945

Suggested by

H  E. Moses, Pa. Dept, of
Health Harrlsbur%, Pa.

R. |, Dept, of Health
Div. of Sanitary Engineer-
|n% Providence.

N. H. Dept, of Health,
Diy. of Chemistry and Sani-
tation, Concord. _

C. L Siepert, Consulting
Sanitary * Engineer, - Camp
Hill, Harrisburg, Pa.

R 1, Dept,_ of Health,
Div. of San. Eng., Provi-
dence.

R. 1, Dept,_of Health,
Div. of San. Eng., Provi-

ence.
H T EIll N J State
Dept, of Health, Trenton.

R. 1. Dept, _of Health,
Div. of San. Eng., Provi-
dence.

Weston and. - Sampson,
Consulting Engineers, Bos-

a Oegree satisfactory for discharge to ton, Mass

streams, _
Treatment of paper mill wastes
from }he r?lanufacture of cigarette
paper from flax straw.
,omparative stud_¥ of efficiencies of
various tyPes of white water save-alls
(plain sedimentation, chemical coag-
ulation, atmospheric flotation, vac-
uum flotation ‘and tray clarifier) to
determine the efficiencies of removal
o7 solicis to permit maximum re-use of
effluent and use of removed solids.
Development of means to overcome
the objections to complete re-use of
all water af box board plants.
Dewatering of sludges on drying
beds, vacyum_filtration, etc., pro-
duced on chemical treatment of vari-
ous ndustrial wastes such as iron,
textile, copper and brass.
Minimum sforage periods, and
B.0.D. and salids reductions effected
by the several progesses acting upon
Wastes stored In ,|mpound|ng areas
(lagoans) for stabilization.

Mass. Degt, of Pub.
Health, Lawrence Exp. Sta.,
Lawrence, Mass.

Pennsﬂvama Dept, of
Health, Harrisburg, Pa.

D. M Ditmars, N. J.
Dept, of Health, Trenton.

Conn. State Water Com-
mission, Hartford, Conn.

P. W. Ridesel, Minn.
Dept, of Health, Minne-
apolis.
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Table |1.—Continued

C. Stream Pollution

No. Title of Project Description Suggested by

No problems reported.

D. Analytical Methods

33 Determination of Filtration method based on differ- C?nn State Dept, of
suspended solids in ence between total solids and dis- Health, Hartford, ~Conn,
sewage effluents.  solved solids as compared to other Bureau of Sanitary Eng-

methods such as Gooch cruuble etc. ?

¥ BOD. of indus- BOD of distillery, pulpmill, can- A W|I Sulfite Pulp
trial wastes. ry wastes, efc. have Iong been of Mfgr's. Comm, on Waste

estronable aceuracy, further  Disposal.
rk shouldbe done to' develop, eval-
uate and stancardize Procedures

% BOMD. of pureor-  Determination of the B.O.D. of EU N_J. State

ganic substanices. Pure organrc substances and estab Dept of Health, Trenton.
ishment” of time-demand  relation-
shipsfor variation of solution strength.

the ma |tude of the problem warrants it. Inherently different |nd|
vid ua ethods of aPproach may lead to_corroboratioh or to entirel
different results.  Atthe same timg, by m%vm such advance notlce un-
necessary duplication may be avoided rogec s contemplated
and attention may be diverted to other Plroblems qually pressm? It
should also help to put the different in estrgators WOrKing on similar
problems i |n closer c ntact with each other for the exchange of mutually
profrtable Ideas.  Furthermore, the report furnishes an dpportunity to
oth er confronted wrth ractical p %blems |g the field to fom unrcate
and qbtain such information as may be Immediately available and useru
for the solution of their problems. The results of Investigations are
often either not published or are published a year or more after the
com etrono the rogect

comnr ing d l1st of projects uPon which investjgation is needed,
the committee Hopes to se ve as a clearing house and an_intermediary
between the person makin %u %esdhon and the available investi-
gator. Such'an arrangeme tcan e either through the committee
or by the interested partres directly.




Industrial Wastes

COORDINATED INDUSTRIAL WASTE RESEARCH *

By Harry W. Gehm

Technical Advisor, National Council for Stream Improvement, Pulp, Paper and
Paperboard Industries, Inc., New Yorlc, N. Y.

In passing from individualized and small group research on manu-
facturing wastes and stream pollution to an jnteﬁrated national pro-
gram, the pulp, paper and paperboard industries have embarked upon
a ploneering experiment, which, if successful, may well hecome the
model for other idustries.  The National Council for Stream Imgrove-
ment which will undertake_ this work is at present supported by, 75 per
cent of this industry and is rapidly expandjng. As the name |mPI|es,
this organization is"concerned Witf stream improvement and, while re-
search ‘will be one of its important functions, it is a means to an end
and not the end itself, Hence, provision has been made to implement
the assemblry of problems, institute research and apply the fruits
thereof to the solution of immediate pollution problems. ~Agreements
whereby emstmg knowledge and successful methods, of waste” handlin
will be shared and applied”have begn Instigated. Adequate financing I
growdfd by an annual budget of $150,000 to which might be adde% an
quivalent “sum now expended in existing regional rokect_s. _These
sums are exclusive of expendityres for work carried on by individual
mills concerning problems peculiar to their plants, _
. Those of us concerned with organizing and getting the Council func-
tioning have found this an involved and fa_scmatm? task. It has been
our IJo to think out and execute a coordinated pfan of action which
would be acceptable to all responsible bodies concerned and show rea-
sonable promise of successful development. We believe that it would
be of interest to this group |10 review_in general the plans worked out
and_now being executéd by tne Council. = o

Perhaps the most important consideration involved in thlsdprogra_m
was to bring together the technically qualified groups involved and in-
terested in Stredm pollution, and to°have them 7agree on courses of ac-
tion whereby they would work together toward solutions to these prob-
lems to mutual adyantage, Despite the existence of some conflicting
Interests, we were firmly of the belief that these were overshadowed hy
common interests, This thesis has apgeared more and moye reason-
a ? 8SJe|atI0nShIPS have developed. ~Groups, which were of necessity
Included, were as follows:

* H -
York &r&s’eggenduaarty ﬁgh@yual Meeting, New York State Sewage Works Association New
782
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1 PuIP paper and paperhoard industries.
2) Pollution control ‘agencies.

3) Resources, conservation and development agencies,
4 Research o?ranrzatrons

b) Other industries

6) Water control bodies.

The method devised to bring these agencies together throughout the
areas of the country where the industry is located involves Seven re-
ﬁmnal committees, consrsArn of repr sen atives of executive and tech-

Ical capacity .empowere s eak or their companies. These men
were selected in such a manner that all products manufactured In the
regron are re resented, as well as each watershed area contarnrn t rs
In ustrY rough meetrngs of these commrttees togeth er wit
Council’s staff and rnterested agencies, a firm foun atron or coopera-
tion has aIready been estab ished and it appears that, in the future, deci-
sIons O’nvo vrn%n proc re leading to ‘stream rmprovement will be
worked out to utual advantage,

It is the function of the regronal commrttees to assemble, wrth the
ald of the Council’s technical “staff, research and gx irence of rn -
vidua ?omPanres In waste treatment, recovery and Utilization. This
material wi Inrovrde data helpful to somemrIIs where Immediate a rﬂnl
cation of suc information can be made. It will also prevent du
tion. of effort and Investment In unsuccessful devices, as well as provjde
the background for the third committee function, which is the assembly
of probléms for the research groups and the desr?natron of priorities
for them.. Assrstance In the latter function will be obtained from
stream control 8encres ?n decisions are reached, it then becomes
the duty of the Council’s staff to provide ways and means of gettting

the

T emu(itrplrcrty of waste and stream problems and the qeographrcal
distribution of the rndustrr demanded that research projects be sgread
throughou{ the countr twa rmmedrateI?/ evjdent, however, that the
Services 0 ama$or er\tarze resea c ofganization were necessarx
which organization wou gursue problems Ot wide Interest to the |
dustry and serve as a contact group wjth other idustries, wherein the
use of certain waste material” might be involved. This organization
would also serve as an advisory agent and assist In assembling

?Jthe SCo%rncrIdwats fortunate Ih] tobtarrtrrng tth]e servrcets of the Mellon
itute. of Indus esearch to act Jn this capacl multi
%eﬁows was establlrshed at this Institution under@he dlrrectron Br
George Beal.. Here a well-rounded technical staff Is berng deve%p
which Is equrBPed with zihemrca and engineerin Iaborat { his
unit will be § elto handle a wide varretn HJ lems, a ex ert(sjdt
organic, physical, sanitary. and engrneerr g chemistry will be nclude
The first assrr{;nment of this %roulp has beendto reivrew Rublrshed Itera-
ture, prior art on the treatment, recovery and utilization of pulp, paper
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and paperboard wastes, with regard to modern technology, and to sub-
mit a series of reports containing summaries of such Work for each
class of wastes, mcluqu recomméndations as to lines of further sEud%.
These reports will, together with the_industry experience and proble

assembly, serve as a hasis for decisions rélating to other research

rojects. , , , ,
P lrhe Council has entered into an agreement with the Institute of
Paper Chemistry regarding maintenance of a complete b|b_||ographr
onpulp and Paper wastes, whereby all such information published will
be available to research groups or a current basis. _

It 15 now well recognized that one important function of a stream is
the Pu_nﬂcatmn of wastes. Streams_are, and will always be, employed
for this purpose, hut it is necessary in so usmg a stream not to_overtax
Its abI|I[[Jy to do this or destroy the'water for thie uses to which it is nor-
mally put.  Upon this basis, the waste loading must be ﬁredl_cated. As
much data concerning the character of stredms and the discharge of
wastes are available and more are forthcoming, the Council has éstab-
I|tsh%d acproiject af Maphattan College under Professor C. J. Velz, Head
of the Ciyvi Engmeermog Departmént, under which such data will be
assembled and_analyzed for the purpose of determining the relative
responsibility for pdllution of the E)ulp and paper industry, municipali-
ties and oth rlnd_Tstrles on the watersheds %oncerned. Vhat degree of
abatement the mills must provide to put these waters in satisfactory
condition for the uses to which they are to be put, if others concernei

dition for th to which they are to be put, if oth i
do their share, will be determined.” The informatign provided by this
work will also assist the research and technical staffs in evaluatirig the
magnityde of usefulness of processes under development.

Regjonal pror{e_cts supported by the Council will be placed on the
basis Of four considerations, which™ are as follows:

1. Concentratjon of particulay product production.

2. Severity of the stream problems. _

3. Facilities of research organizatjons in the region.

4. Facilities of the regional’ mills for assisting in the work.

In some cases these will be placed at university and research labora-
tories and in others at mills, "Particular attention will be paid to adapt-
mg processes, to actual mill conditions and to the improvement of unit
processes and sewering within the mills to reduce waste discharge.
Many of the larger mills have stream, waste and by-product résearch
laboratories. In several instances, (t;roups of the Industry concerned
with common problems have supporied research BFOJECIS_ directed to-
ward finding a solution to these.” Government laboratories have also
embarked on research, alon? related lines. To date, the Council has
establisheq close working refations with these organizations, which will
gggj%lé?tedly go far toward rapidly increasing our knowledge of the
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. As resF_arch becomes ro_ductl}/e _Erovm,on mu%t be made, for its
direct application.  Prosecution of thi§ function 1s the responsibility of
the technical staff. It 1s planned that further gevelopment of processes
forthcoming from the various labgratories will be carried through the
PﬂlIPt, emonstration or full-scale plant development, as |nd|c_ateéi at the
Ills themselves.. Where necessary, assistance will be provided by re-
search organizations employed, b¥, the Council; gen?_ral supervision
c_omln? under the technical advisor’s office.  Offers to finance construc-
tion, of such units have been received from a number. of member com-
Rames. The development departments of several equipment companies
ave expressed Interest in assisting in these projects and will, undoubt-

edly, give valuable aid in the future,

yI‘hge findings 0? tﬁe various research, development and survey groups
will be made “available to_all member industry, through the Council’s
office, and the adoption of particular processes to individual mills will
be a function of the staff and research personnel, General advice and
Information regarding waste problems will also be provided as well as
mill survey services. N . :

During the six months of jts activity, the Council has moved steadily

toward the development of this program and the next year should see
it well under way.



Sewage Works Planning

SANITATION AND TOWN PLANNING *
By James P. MacLaren

Gore and Storrie, Consulting Engineers, Toronto, Ont., Can.

Town planning is among the major subjects receiving consideration
for postwar constryction, ~Many municipalities and communities are
giving serious consideration to Such projects and some are preparing
plans for work to be yndertaken as circumstances warrant after the
war. Town planning is a p%)ular subject, for nat_urallg we like to
think of the elimination of sflum areas ang poor housing condjtions and
W? look forward {o makmg our towns and cities, and countryside gener-
ally, more attractive and Detter places in which to_ live and work. =

[t seems thouqh, that to be sound in our ﬁlannlng, we must maintain
a proper perspective, and undertake only those works that are logical
ang gustlﬁable steps, having in mind thdt Rome wasn't built in a”day
and_that we should proceed"hby putting first things first.

There 15 nothing of more Importance to the &ssential life of a com-
munity than an abundant supgly of good water and adequate sanitation,
It 1s low realized that the good health of the community Is dependent
on these and that among thé numerous public works that' we have come
to associate with modern urban development, none is of more benefit
to the prosperity and growth of a municipality than a good water works
system and a good sewerage savst,em With ade%uate sewage disposal. It
would seem then that the estdblishment of adequate sanitation. should
be one of our first considerations in_ town plannmg._ In addition to
water works and sewerage, good municipal houseke ng and the pro-
t?ctlo_n of health mvi)lve refuse collection and disposal, including street
cleaning and general cleanliness.

Progress in Sanitation— Control

_In reviewing the development that has taken place in Canada in the
field of public sanitation in the past it is_clear that in more recent years
the demand for an abundant supply of “safe” water and for better
sewage treatment and disposal has “increased. Today the importance
of securing.and protecting sources of surface and gfound water sup-
plies by legislation and/or"by purchase to insure an adequate supyoly of
water is realized. In more fecent years.the realization that good sani-
fation is a valuaple asset to the good health of the community has
brought about a different attitude towards the unchecked contamination

. . . . -
Toron%,reﬁcg{/tee%b%tr E[@YequAAnnual Meeting, Canadian Institute on Sewage and Sanitation,
186
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of streams, lakes and shore waters, and against other insanitary prac-
troes It 1S reafrze that. th ea?th o?ﬂ rge lon outsrdet eco mFt)rnrt%/
n In neigh orrneg munrcrga litjes |s as Im ortﬁnt as the_health withi

the community itself. ~Also, 1t 1s realized that the recreational facilities
afforded by our beaches, lakes and rivers, and the fish life contained In
these waters, are valuable assets to the health and livelihood of many
communities and that these benefrts are dep recrated and have in many
cases been destroyed by pollution from sewa e and tra ewaste]

The realization that qur natural waters must be shared by the com-
munity has quite Iogrcally been a contrrbutrng factor to the establish-
ment, In some InstanCes, of water and drainage hoards or other authori-
ties whose duty 1t is to administer and control the supply of water and
disposal of sewaﬁe and waste In the commupity, 1t is'to be hoped that
this tendency will increase as it is a more effective way of safeguardin
the health and rnterests of the community than s likely to result fro
rn ependent action by the municipalities; also, in mang instances joint

“on rovide etter administration and technical direction, and

rove more economical,

mon% our, most notable achievements in this field in Canada has
been the Treation of the Vancouver and Districts Joint Sewerage and
Drarnat[re Board established in 1914 and the G reater Vancouver ater
District established in 1924, A arn In the city o Wrnnr eg and Its
suburban area, primary water s Rply and sewage disposal ae resPec
tively under thefurrs iction_of the Greater Winnipeg Water District
e stablished in 1913 and the Gregter Wrnnro % Sanitary District estah-
isned In 1935; these districts erng adminiStered hy boards for the
benefit of ihe several municipalities all with common terests. In this
province the Windsor Public Utilities Commission supplies water to the
city of Wrndsor and several suburban municipalities, and also has un-
def its administration the matter_of sewatjre isposal. In the Toronto
area we have the Mimico-New Toronto Joint Seweraoe Commr%sron
under whose admrnrstratron sewage from these municipalities, and from
a portion o[t etownsnp Etobicoke, |? treated and |sPosed of

A notable instance 1n this Provrnce 0f c0-0peration hetween munici-
Palrtres worthy of mention Is the arrangement between the municipali-
les of West Lome, Rodney and Dutton"whereby the former supplies or
IS about to supply frlteredwater to the other two munrcr a rtres These
municl aIrtres are small b tbfy work rn t er have b na le to over
come, Or at least lessen, t nancial bst ce that stoo In the way of
otherwise obtaining an adequate wat uro X

There appearsfo be a growrng ee mon(% sanitary engineers
and health uthorities that m ma rnftances S ?r afl n and the a aL
men ollution can be more ogically and etfectively controlled by
zm)cym the control to a catchm (‘f hasin orprarnage arfa 33 has heen

asg rn some Anstancesw ealin %wrth lood controf and conserva-
tion. ran River onservatron OmMIssIon 1s an Instance In this
Provmcedo such auth orr\&/ The Commrssron In addition_to adminis-
ering an operatrng the works for controlling flood waters in the Grand
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River, controls the release of water from the |mpound|ng TeServoirs
thoughout the year as circumstances warrant and thus the ‘situation n
resRect to qilution of the effluents from several sewage treatment plants
along the river is much improved. o

Also worthy of mention as contributing to our thinking in these
matters is the very excellent regort recentlg_ issued dealing ‘with flood
control and conservation in the Ganaraska River watershed:

The creation of these authorities whether they be for water supply,
sewerage, flood control or conservation is tangible evidence that we are
able to"see beyond the narrow limits of municipal boundaries and are
able to enact legislation for the benefit of the commupity. 1t Is to ke
hoped that we will continue to make pro%ress in this field because it Is
a good foundation on which to build sound sanitary practice in a com-
manity. We should continue our efforts to improve legislation in this
direction. For instance, under Section 101 ‘of the Ontario Public
Health Act and subject to the approval of the Provincial Department
of Health, an urban"municipality may construct an intercepting sewer-
through, and a sewage disposal plant’in, an adgommg township munici-
pality’ and if such a system is ‘established then the township has the
right to enter into an agreement with the urban municipality to connect
to"the sewerage system and have the sewage treated at the. disposal
plant, from any area ad{ommg_ the sewa(t;e |srt])_osal lant or intercept-
Ing sewer in connection therewjth in the township. [t would seem rea-
sonable to suggest that the Publjc Health Act should be amended to per-
mit of two of mor munlc_lgalmes amalgam_atlng In ar{omt scheme for
the installation and operafi nofasewa%e dI_SFO al plant, At the pres-
ent time this can onlgl be done by a private bill. Such an amendment tg
the Act would have 4 tendency to reduce the number of sewage disposal
plants and with the larger plants it is gen_erallg found that the efficiency
of the treatment processes is better than in the smaller plants.

Sewerage Planning

Today a good sewera%e system is a recognized necessity. A sane
consciousness that Pood ealth Is a valuable’ municipal asset and de-
pends to a large extent upon good sanitation has been a leading cause
of the willingness of taxpa(}/ers to indorse extensive sewerage under-
takings. . However, it would seem that there is no branch of mupicipal
en meermP In which there has been so much copfusion in the minds of
some people as has been the case when considering and d|scussmg_pro-

osals for sewerage systems and for sewa?e treatment underta mgs.
his 15 due largely to the numerous factors that can influence the ad P
tion of a sewage plan_and the failure on the part of many to_appreciate
that some local condition may be a Powerful determindnt in one case
and of little importance in another. ~ In some cases the course to Pur_s_ue
will be evident and the plan a 3|mP|e one, but in others the complexities
of the problems will require pro onggd and thorough study and sane
thinking before the best plan can be ddopted.
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111 some. cases it will be difficult to determine how far a Plan should
be carrred bﬁyond immediate requirements to allow for extension and
to carte) or t reater VO ume sewa e and storm water that wil| be
contriputed In the future. This proble lg\renerally resolves itself rnto
one ofdetermrnrn how much the prefents uld qe taxed for the ben rt
of the future. some cases |t will be a srmrtae matter to exten
sewa?e scheme as future growth demands in others 1t will be ob vrous
that to, care for future growtn will be %n ex ensrve matter and It rs In
such situations that the decrsrorl)s will icult. ~ Generall y S e\ uvrvq
the engineer 1s not justified in being swa e too far In makin

a ces or re rrements of the future"wheré to do so will place to0 heavy

urden on the ax ayer.

It is exRecte tha in this country there will be few opéaortunrtres
toplan aw oenewcrtyortown In the postwar period an assume
that most of our planning will be confrned t0 schemes within our present
cities and towns, t e purpose of which will be to correct obvious errors
of the past or 10 modernrze c%ndrtrons now exrstrng Other schemes
and probably these will be in the majority, will be for the development
of suburbar areas. All such schemes will involve water works and
sewerage Systems and In a great many cases sewage disposal Iants
When we cons’]der that In Canada today there are only about
nrcrEaIrtres wit sewerage systems rn co trast to about 300wrt water
wor ssystems and of the former onl a bout 115 have sewage freatment

Iants t will be seen that there is amp

a e F? annrng
egard|éss of whether we are planning a new sewerage system or a
water%yor s system or w ether ere are dgealrn with thegextznsron and
correction of systems an plants alread ryn in use our p annrng must. be
based on a thorough study of certain important features and require-
ments that will be found necessary in any case. These include t¢ gi
raphy, methods of disposal of sewage, sources of water supply, rainf
and Tun-off, population—present and robable nature and extent of
Industries, streét plan, geology, suburban areas and regron These

e opportunity ahead for sewer-

items are all 1m rtant dftermrngnts in th% esr&r erag_e ang
water works systems and all must be th orou% yst dred and condidere
before basic design data can be adopted with confidence.

Topography

The topography of an area is an important feature in any town plan-
ning study. “In the matter ofdrarna?e and in the desi nand planning
of sewerage systems topo rIrra hy rs 0 tthreatest importance. A pre-
requisite 10 t e serrou Sy erage sy t]em IS an aCf rate
co tour plan of the area un rcon deratron ? c |rY)]Ians sh (f not

H“ race the area withjn t exrstrn IMIts 0 the unicipality co,n
cere butmust be carried su rcrent eond to determine accuratey
the extenA of the drainage area. Neg ec té) take Into account the
panse and nature of areas tributary,’in a drainage sense, to the ocal
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area under consideration at the time, will generally result in an im-
proper and uneconomic solution of a drainage problem or sewerage
system, as has been the case in many instances in the past.

In a few of our cities and in fewer towns reliable contour maps are
available but even where these exist it will generallg t%e foung that the
must be extended. It must always be borne in mind that surface runoff
has no respect for municipal or’political boundaries and while a town
planning scheme can he confined to an arhitrary area the volume of
drainag® for which storm drains or combined séwers ma¥ have to be
designéd, at the time or ultimately, will be influgnced by the drainage
basin and the physical features of the area contained therein,

Rainfall—Runoff

An important matter for study is that of rainfall and runoff, The
rate of rainfall and the available slopes for the sewers are the factors
that Prlmanl determine the sizes of storm water drains and combln?d
sewers, Unfortunately, many records of precipjtation are of little
value because the}/ do’ not show maximum rate of rainfall in relation
to time. Such Information can onIY, be obtained from recording rain
9augfes_and auge_s of this type are limited to those larger cities Where
ungff is studjed in detail. ~" _

The city of Toronto maintains a number of these gauges from which
a valugblerecord of the freqfuency of downpours of Various intepsjties
IS available over g period of years, Based on a close study of these
records the general pragtice in“this locality Is to demgn the local sewers
for a maximum rainfall rate of 2 Inches an hour, pplym% thereto a
runoff coefficient based on the deq_ree of mgervmusness of The surface
within the areas under consideration. This_coefficient may be as low
as (.2 for park areas, increasing to 0.85.or 0.90 for closely built areas
sych as in the downtown sections of the city. A recent mvesUganon
of residential areas contamml? moderately sized detached dwellings on
lots with frontages of 35 to 40 feet indicated that a coefficient of 0.45
to 0.50 was Justified. _

It is desirable to make up plans of each area showing thereon the
gglnctlgllghetceidareas tributary fo ‘each street and the volume of runoff

Separate and Combined Sewers

Many views h%\_/e heen expressed concerning the relative merits of
separaté and combined sewer systems, but a decision In this respect I
only warranted after having completed a thorough study of the local
conditions, ~ In the maljorlty of situations the adoption of the combined
system will prove the [east costly to constryct and for this reason such
systems are more general, particularly in the larger centers. In some
municipalifies both"combined and seBarate sewers have heen used where
extensive Iow,lymg areas have to be dealt with. In such cases it IS
common practice t0 confine the combined sewers to areas that are suf-
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ficientlv high to allow dlschar?e of storm how without causmg cellars
0 be hooded, separate sewers for sanitary setvage bem% confin dto the
ower elevatjons from WhICh the sewa e tan be.p umg Into the mter-
ceptors or dnectlg to the |s}Josa ors In 5|tuat| ns where sujtable
sL rm water out ts are conveniently close and where slopes are favoy-
le to r%ptd runoff a separate sg tem has the advantage and will in
all probanjlity cost less. From the standpoint of sewag e Treatment ang
Parttcularly In situations where complete treatment Of the sewage Is
ouned it"seems logical to favor the separate system and unquestion-
anly there apRears to be a growing feeling that in the future the sepa-
rate system should be adopted in stich situations unless the construction
costs of the sewers substantially outweigh other considerations.
Unforfunately there have béen a nu ber 0f cases where sewers that
were obvioysly Intended to carry ong sanitary sewage have hecome
overloaded by the addition of roof water and also by the addition of
water from surface drains, If a sewer is designed only for sanitary
sewaPe then connections thereto from roof drains and Surface drains
shou rohibited and the ordinance In respect thereto should be
n%; en rced otherW|se flooding of cellars ang basements ma;i occur
esultant d amage for which the munjcipality may be lagle. 1In
constructm new systems, particularly in the sma Ier ummoalmes It
be found ex edient on account of Tost to agopt the separate s¥stem
co structing the santtar sewers initially and leaving to some Tuture
date the constructton of stornt]sewers
In some town %annmg schemes the tendencB/ seems to be fo favor
wider streets and noulevards and it 1s conceivable that such situations
will influence the selection of the type of sewer.

Other Influences Affecting the Sewerage System

In add|t|on to the factors already dealt with, consideration must be
iven to the layout of streets and to the emstmg main fewers as these

5{ warrant madification of the general plan, Geology Is another
factor that may influence and require modification of a Sewer plan In
the mterests of economy. These and other Iocal conditions are worthy
of study. In some mstances rovision WI|| have to e made for receiv-
mgi an treattgg the sewage from a suburban mumcmaht %mumm
palities, In order to obtain a satisfactory sewerage plan for the whole
area.

Sewage Treatment and Sludge Disposal

TOd% there are numerous rocesses and typ es of(nlants In use. in
tetreat ent of Sewage rangin mF fectiveness from coarse screemng
and plain sedlmentatlon to t e comp icated and elaboiate plants capanl
ofﬂroducmg ighly purified effluents,

t must be reco mzedt atasewaoe treatment Problem resenﬁ two
separaterp ases, one the treatment o thﬁ sewag 0 produce an effluent
suitable for the point of disposal, and the oth&r the"handling and dis-
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posal of the solids removed from the sewage. Both phases will he influ-
enced greatly by local conditions. In evaluating deqrees of treatment
of sewage thie accepted yardsticks are the B.0.D. test and the removal
of suspended solids. Bg welghmP these against the volume of dilution
water and studying the Oxygen bafance, thesanitary engineer can deter-
mine how far treatment must be carried to insure meeting the standards
of control required for the receiving water. _Havm(I; decided upon the
degree of treatment to be attained, Consideration of the processes to be
employed and the type of plant best suited to the local conditions should
be  matter of serious study. _
_The use of chlorine in connection with sewage treatment has ?amed
in favor in recent years; it is used extensively Tor disinfection of efflu-
ents,  Other uses “are for the control of odors, sludge bulking, filter
P_oolmg and as an aid in grease removal. In adaifion to those men-
joned other special apPIJcatlons are reported and there appears to be
eh reat deal of interest in research work %enerally having to do with
the use of chlorine. Even in the case of complete treatment there are
Plants where the effluent is chlorinated, during the symmer months to
educe bacterial contamination as a safequard to bath,lntg beaches. It
egral part of

IS expected that chlorination will continlie to be an in
sewage treatment. _

The handling and final disposal of the solids removed from sewage
has presented nany problems that have heen the subject of much study
and ‘research in recent years. One of the most notable advances has
been that of sludge dégestlon by means of which the solids removed
from the sewage by sedimentation are digested in seJoarate tapks und_Fr
controlled temperature conditions, The digested sludge can be readily
dried on sand beds or mechanically dewatefed on filters without givin
rise to the offensive conditions that made_the handlmP and disposal o
sludge so difficult in the earlier plants. The gas evolved in the diges-
tion process is used for heating the sludge, for heatmg structures and
In a humber of cases is utilized"to develop power. In addition to over-
coming the offensive characteristics of raw sludge, sludge digestion will
be wafranted in the majority of cases on econgmic grounds. _

Much progiress has_been made in mechanical dewatering although in
the smaller plants drﬁmg_on sand beds will generally be more economi-
cal. Elutriation of the digested sludge prior to mechanica dewate_rlng
has cog]e_ Into_favor as bg/ this meanf the mognt of chemical require
to condition the sl_ud(lqe 1S substantially reduced. o
n respect to final disposal of the ‘sludge the general practice is to
haul the dried sludge from. sand b%ds or” mechanical fiJters to areas
‘gngre It can be used for filling or where it can be taken for use on the

here have been many views expressed conceming the final disposal
of sludge on the land and whether or not this practicg is consistent with
modern public health standarps._ The co_nsensua of(? inion, however
seems to recognize the use 0 dlqested air-dried slydge or heat-dried
activated sludge on crop lands. ‘In the case of gardens the feeling is
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that the sludé]% should b spread and spaded in, and should not be used
wh ere raw-edi eve etables are to be grown.
gre recently fre has been some attention to the disposal of di-

geste sludge In the uid state haulrn% It In tanktrucks to farms.  On
conomic grounds disposal In this manper mag be attractive In some
Instances but 1t Is a method that offers likelihood of o Hectronabe odor
and public health hazard. [t is not felt that the pracfice will become
establrshe? except in the case of some small municipalities where suit-
able crop lands or remote disposal areas are available.

Incineration is a recent contribufion to final sludge disposal and in
a numper of cases consideration of jts adoption will be justified. ~Such
cases for the most part will be confined o the larger centers where the
?reat volume of slud%e that must be disposed of presents many prob-
ems in transRortatro drsposal areas and handling that can be elimi-
nated by incineration or rt/ neat-drying. Some advocates of Incinera-
tion cIarm that its adop tro removes the necessrty for sludge digestion.
Incineration of sewage slud eaon% with gbarbage has attracte atten-
tion in some places. ~Also, |gest| % age along with sewage_has
received some attention. These different rooesses and combinations
are mentioned because of their importance to sIudg |soosal and to
emphasize the necessity for studying thorou%hl each particular ro

lem In the light of the Tocal conditions and prevajling practices, In or er
to Isure a é]roper solution o? the prob?em %nd th gdoptron of the best
pIan in all the crrcumstances

In the matter of sewajg ﬁreatment th%re apBears to be Plenty of
opportunity for a arge evelopment In this co ntrt( As pevrousx
mentioned,” only 115 municipa rtres have treatment plants in" operatio
at present and of these about 40 afford primary treatment only.

The selection of the type of treatment plant and the devices and
processes to be employed for treating the sewage and disposjng of the
sludge are matters for considerable study. 1t7is increasingly “evident
that here erI be Preater Insistence on the part of the healthauthorities
or com treatment and that lesser de?rees of treatment will onlg

|n situations where the recelvin Water affords a lar
mea re of ilution and Where nerghborrng unrc alities are not

t ndent on the body of water or stream for their water supply or or
a ing.

Trade Wastes

. Of the many probf]ems in sanrta on with which we must tiea] none
IS S0 gerplexrng as that presente frade wastes The solufion. de-
mands close ¢o-operation etween S nrtary authorities, municipalities
and industry itself. To the credit of many industries let it be sajd that
arge sums of money have been spent in research and in efforts for hh
recove% and utilizatjon of waste, but des Ite abccomrﬁlrs ments in t IS
direction much remains to be done and th e ropl as recfentay been
accentuated by new processes developed to meet demands o
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many cases much can be accomplished bﬁ' treating these wastes at the
source. In some an|C|paI|t|es the authorities have hesitated to jm-
pose restrictions on local industry but where by screening and settling
Wwastes from canneries, meat packing plants, tarineries and” others at the
plants will prevent nuisance in the sewers and will overcome offensive
and costly operation of the municipal sewage treatment plant, it 1s logi-

cal and réasonable to do so.

P ostwar Construction

Many of our present towns and cities have grown up on coastal
waters and on the shores of lakes and along rivers that offer natural
advantages for recreational pursuits, for parks and landscaping but Iin
so many cases the advantages afforded by such blessings have bieen lost
as thesé waters have become polluted.. In this provinCe and elsewhere
In Canada we have instances where cities, towns.and industries continue
to defile and pollute streams, lakes and hordering waters to the great
detriment not only of the immediate communities but also to _req;o_ns
b_orderln% these waters and particularly neighboring municipalities
situated downstream. _ _ _ _ _

It was only natural that our pigneer industries, saw mills, grist
mills, tanneries, woolen mills and pulp mills, sought sites on the_banks
of rivers and consequently communities %rew up dround them, ~Sanita-
tion in_those days had nat become a municipal problem, or.at least not
recognized as stch, and as communities grew and populations became
moré concentrated drajns and sewers wefe constructed here and there
to suit some local need and generally such outlets were carried to the
nearest watercourse, However, in the light of our knowledge of the
art of sanitation and sewage disposal today, there is little justification
for such practices or for withholding remedial measures to correct
them. The sityatiops in some municipalities can he rfctmed at mog-
erate exPense, In others the expense will be considerable, and possigl
In some Instances beyond the caﬁacn of the municipality or communit
to undertake alone. It is to be hoped that in the financial arrangements
B%rrgggtwi%regonstrucnon the necessity for carrying out these works will

S0 lqon% as many municipalities lack adequate water and sewerage
systems and so IonF as the present filthy and insanitary conditions of
many of our natural waters remain, it wifl be difficult to justify expendi-
ture” of public fanps on some of the dubious schemes and” fantastic
projects proposed for postwar construction.



PLANKTON PRODUCTIVITY OF CERTAIN SOUTH
EASTERN WISCONSIN LAKES AS RELATED
TO FERTILIZATION

Il. Productivity
By James B. Lackey

Senior Biologist, United States Public Health Service, Cincinnati, Ohio

Those_unused glants we term weeds, growrng on a tennis court or in
a cotton field, hav ahrg easily recognized nuisance quality.. The sur-
face waters of lakes fréquently’ support a huge crop, of floating or sus-
ended microscopic pIants along’ with occasronal minute anrmals
hese may be weeds as far as therr nursance %ua Ity r& concerned.
defrnrtron such floatrng or suspene orms ar terme plankton; there
|s a stan rng crop of Pan kton in ake Waters at aI trmes and local or
short-lived dense a geegates are usuall re erred {0 as blopms. _ Some
plankton 1 desrrab some blooms ar %hIXOJectronabe Blooms
Usually occur in Jakes that_are reIatrveI I, moderately hard and
shallow. There is some evidence that _blooming is rare except in tem-
Ferate zone lakes, Because of the. abiljty to reproduce quickly, Plank-
on.may develop Into a bloom Wrthrn a fe hours from a ractically in
vrsrble standing crop.  Blgoms ysual Kconsrsto asranr Species.
Plankton plants and animals Iea%t ree t es of existence. . It color-
less, such as animals, bacteria or other fun r ;{)m be hojozoic, (In-
g est solid foodg or sagr ghytre or sapr?zorc ga sor drssolved food
ither organic or Inorgani green, blue-green, brown, yellow orve
greeR red of purple the [ ctrcalu always contain chogp hyll a
Iytrc n habrt ble of vrnp N inorganic foo mong
these | o e ants and anr as the exac nutrrtr? ﬁl re%urrements ar
ver%/ imper ect known. We are also |gnoranto f R cise nature of
Syassocratrons which pccur too frequent to bewrt out significance.
uch imperfect knowledge explains W(,Y lank on looms  have so
ri been a puzzle. It is Unnecessary to Cit te abundant literature
dea ing with it Welch_ (1) sums u t e matter usa rn% there IS ng
srnqle index of pr?ductr r for lakes, and Hutchinso g concludeg
tna rlgeneral clear-cut 0{ %atrens between chemical conditions an
the qualitative composition of t epan kton are not to be expected.
nder these conditions, and wrt rndrngs showing the cosmopolitan
drstrrbutron of mrcr osco Ic P lants and afimals, it is easy to conclude
that almost an% ar?e ho y water contarns all the necessar aterrals
0 sug ort some 0 u ? ically. every Pankton SP rires Therefoje rt
may expected that, It surficient nutrient material be present arge
rowt s will occurt Th ecorrectnjess of this is seen rntthe use of sewa
erma 0 fertilize fish ponds, .in the enrichment o on
eﬁ fish ¥ lhe use of comm%rcra? fertilizer (3 In the [ ge pfankton
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increase_ reported by Juday (4) in Weber Lake, Wisconsin, following
the application of soy beanand cotton seed meal, in the ?reat Increases
of river plankton (5) below cities whose treated or unireated sewage
enters the rivers.

Stnce the obnoxious blooms in the Madison lakes consist of chloro-
phyll contatnln? pIants it mtlght be |nferred that they are at least partly
due to fertilization with P compounds, much as commercial ferti-
lizer of this type is used for. a successful cotfon crop. . Sawyer has
2hfoavgtrt In the ftrst section of this paper that such fertilization 1S mdeed

Table 1.—Physica| and Chemical Characteristics of Certain Southeastern Wisconsin Lakes
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» Madison, Wisconsin, lakes.

Investigation and Findings

Five lakes at Madison and eleven in Southeastern Wisconsin were
studied. Table 1 gives certain Physmal and chemjcal characteristics
jor these lakes and for three rivers used for comparison. Koshkonong
Lake is_considered as a river for it |s vntuall an enlargement of the
Rock River. All of them are of moderate hardness, all dre small, and
only Geneva exceeds 40 feet |n mean dnﬁth Men ofa alone has a large
drainage area. Only three of them onona Waubesa and Kegonsa
recelve large urban drainages, and these last two are the indirect, but
q*nc remptents of urhan ratnage from. Monopa, the distance between

the t ree "being ver short.  The Madison lakes were studied |nten-
sivel y, ut sam les rom the other lakes were taken once monthly, o
less. ~ Therefore, only six sets of samples from each lake are herein con
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sidered. For the Canfrsh River onIy three werqb avardable T ese
were taken i ,July, Adgust, ber Novempe
Chemical anal ses at thei t(rmes showed enough nitrogen and phos-
phorys to support some plankton

Figure 1 shows the number of plankton sEecres present in each of
the 1a es and rivers, 1t varies from /5 |n Lakes Mendota and Nemall-
bin to 146 in Rock Lake, and 158 in_the Rock River. _The largest and

the smallest lakes have the least variety of species. Rock Lake with a

o q
o oW ‘ or
e - ¢ Oy g 3
6 ¢ » ° 2% 00 0
7 H Total No of Species
300 | 1 Totol No. of Occurrences
20C
+001

rel— total ber of soecreiand the total nurgiber of occurrences of all soecres

|sconsrn ree rivers tation gs,. taken from April o
ovem%\Zr are plotte exceptt at there are onﬁ @ r§or t rawtm Jh I-Shv

drainage area of 11 sq. mi. (only three of the lakes have smaller onesg
and exceeded in size by seven other lakes, has the largest number of
soecres Little if any sr%nrfrca ce oan beatache to the mber of so
cles present, and it 1s°highl ro abethat | aIar%er number of sam
had been examined, as m n 0 per cent of the species would have
been found in each lake. The greater number for the rivers |s Iarger
due to tEe current; some sPecres which.in I%kes Woudnormay e oung
ou the ottom are swept_into suspension gthe current In rivers, an
a(ogear In the samples. . This is not invariably true; a few species seem
ec aracterrs&rc of rivers, while afew lake s Recr shave of thus far
been encountered In rivers. Due to the small rp r of samples co[r
sidered herein, it is easy to hote certain species which occurred in only
one of the lakes or rivers. ~ This was true for the following groups:

Blug-green Algag............ 4 species B —— 15 species
A — 2 Species Gr]een Algae 10 species
Heterokontae 2 species Rhizopoda . 0 Species
CryptophyCeat . 2 species FIAgelata. ..ovrvrvvsrvserrveine 4 specles
Cthsophyceae 1 species 0111 12 species
Euglenophyceae. . 12 species
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A few of these may be termed rare orPanlsms but the greater part
g them are common; and would eventualgshave been found In most If
not. all of the waters under study. Somé, however, are probably pe-
culiar to the situation where found. Thus _D|?Iostauron pentagonum
has never heen seen by the writer except in the waters of Monona,
Waubesa_and Kegonsa,” although other workers have recorded it else-
where.  To summarize, however, the list of species is large and does
not Indicate marked differences between the several lakes examined.,
The number of occurrences of single species and of all specigs was
also recorded. Here too there are “many factors to be considered.
Some organisms, for example, would not be found except according to
well defined seasonal behavior, An example is the diatom Diatoma
hiemale, which, as its name indicates, 1S a winter form. It was wide-
spread In its occurrence, but was found only in the April samples, when
the water was still cold. The Cryptophyceae are found at all seasons
of the year, and they likewise weré widespread; but whereas there were
but 12 occurrences of Diatoma liiemale, Cryptomonas erosa occurred
00 times.  With such behavior on the Part of the various species, not
too much dependence can be placed on the number of occurrences of a
smgle species or a group of species, But ynsuitable waters would teng
to Nave less organjSms, hence the chance of finding a species in g small
sample would be less.  There is also a succession; winter species die
out, but new on(is replace them. Figure 1 alsp shows the number of
occurrences of all species in gach lake or river; the rivers have the high-
est numbers, and the three fertilized lakes, Monona, Waubesa and Ke-
0nsa, are next. ActuaIIV the Crawfish River is lower than these three
f%ﬁ;s,itbut it is to be recalled that only half as many samples were taken
If fertilization is successful for all or certain species, then the num-
bers of individuals for all or certain species should increase in Lakes
Monona, Waubesa and Kegonsa. This constitutes the real test of the
ggefsot Ioon. : There are available four different checks on this statement,
WS:

a) Total number of all organisms counted.

b) Total volume of all organisms counted.

¢) The number of blooms occurring in the various situations.
d) The comparative numbers of cértain species.

The total number of all or%ams_ms will not alone suffice, because of
the great divergence in size of varioys ones. Clirysococcusrufescens,
for éxample, is a sphere 5 microns in diameter, while certain Strombidia
may be thought of roughly as spheres 50 microns in diameter. The
volume of the former would be about 65 cubic microns, of the latter
about 65,000 cubic microns, or a thousand times greater.  Even greater
discrepancies occur in regard to the amounts of Microcystis aeruginosa
which may be present. This organlsm forms irreqular clumPs which
may vary from a mass of ten or twenty cells, each dbout 5 microns (2.5
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mlfr.ons to 6.0 microns variation) in diameter, to masses three or four
" Izlmeterszmhdlamt%tert. tal numbers of all plankt ' ted

iqure 2 shows the total numbers of all plankton organisms counted.
Mono%a and Waubesa exceed all other Iakeg ana nvers?althoug% Kosh-
konong (Rock River) virtually equals Waubesa. . Kegonsa 1s lower,
bemq exceeded by the river Stations and by Wingra. However, in
April there was g bloom of the diatom Fragitaria capuchina, a chain-
formin tz_pe, In Kegonsa, and because of the numbers of this the samBIe
was sef aside to count this one species later. ~ This sami)le was lost be-
fore the count was ever made, hut this single bioom would have brought
the total numbers in Kegonsa up to a corisiderably higher figure.

. Figyre 2.—Th?
rivers.~ For each sta
are represented.

The total volume of the orqanlsms tabulated has not been fully
worked out, as it.is a long and aborious process. . Monona, T\aubesa
and Kegonsa seem to have more, of the larger organisms than the other
lakes: such large forms as the diatom Stephanqdiscus astraea, the blue-
green algae Anabaena spiroides and Microcystis aeru?mosa, the Volvo-
cale Pandorina morum, and tne large olive green Iagellate Crypto-
Inonas ovata were more apundant in the samplés fi om these lakes than
the others. Preliminary figures indicate for Monona a volume of apout
five times the highest figuré for ang other lake except Wingra. Wau-
besa and Kegonsa seem™to have about four times as great & volume of

otal number of qrganisms.in samples examined from Wisconsin lakes and
hon, excep? the?: WS |ver,r%psampfes taken from Apri ?o ovemaber
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Blankt,on as any other lake except WlnPra. These are rough figures,
ut will not be Subject to, much modification. o

The third consideration, the numb?r of _blooms occurrl_ng in the
lakes, 1s also difficult to evaluate critically.  There, 1s nq definite crite-
rion as to what _actuall)é constitutes a bloom, and it is easily possible for
blooms to he missed when they last onla/ a day or so. For purposes, of
this work, It was decided that, when an organism reached or exceeded
500 per ml. of raw water, it would be terméd a bloom. Far very small
orqanlsms, as. Chlorella sp., this. might not he noticeable in the” water,
but for organisms such as Ceratium”hirundinella or Pandorina morur
vivid discolorations of the water‘would be evident. Neither would
blooms be noticeable to the layman if they did not produce some nui-
sance. For the various lakes surveyed, some information was obtain-
able as to blooming, by questioning” individuals living adjacent to the
lakes, and by determining whether Copper sulphate tréatment had been
resorted to Or not. Accordln? to this evidence blooming, if it occurred
at all, in the lakes other than the Madison [akes, was negligible.
_According to the samples examined, and using the figure 500 organ-
isms per ml.; the blooms noted in all the lakes were as follows:

Lake No. Blooms Constituent Genera

Como 1 Dinobryon

Delavan.......mrmrnnns 3 Chlamydomonas, Cryptomonas, Rhodomonas

GENBVA.....oovvvverssesssevssensnsssses 5 Fragilaria, Phormidium, Synedra

Nagawicka 1 Fragilaria

NeMaNbIN. ..o 1 Fraallarla_

Oconomowoc 1 Oscillatoria_ .

PEWAUKER. ... 2 Anabaena, Fragilaria

LU0 14 Ankistrodesmus, AS)_hamzomenon, Chlamydomonas,
Cryptomonas, _Dinobryon,  Fragilaria,” Gompho-
sphiaeria, Melosira, Microcystis _

MONON.cvvvvvvvrrvrsrrrsssssrres 10 Ankistrodesmus, Cryptomonias,  Cyclotella, Dictyo-
sphaerium, Fragildria, Phormidium, Scenedesmus

LUTETUL 0T 19 Ankistrodesmus, Chlamydomonas, Cryptomonas, Cy-

clotella, Fragllana Melosira, Navicula Phormidium,
Rhodomanas, Scenedesmus

([T 011 W 2 Anabaena, Chlamydomonas, Cryptomonas Cyclothlla,
Fragilaria, Melosira, Microcystis, Rhodomonas

This list is very instructive, Each of the three fertilized lakes
showed a variety of organisms attaining high numbers in the, course of
the study, whefeas the remaining lakes, excef)t Wingra, did not re-
motely approach these three.  Six of them, including Mendota, did not
have 4 single genus which showed 500 individuals pef ml. in the samples
examined, altfiough in all of the s_amﬁl_es from Mendota, which includes
ma_n;r] more than those reported in this Paper, there were four genera
which attained or exceeded 500 per ml. ou 8 occasions. Wingra is
somewhat of an enlng in its productiveness; there is uo Satisfactory
accounting for It thus far. _ _

In addition to the tendency noted above, it should be mentioned that
Monona, Waubesa and Kegonsa each had a bloom of Microcystis aeru-
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%nosa during the study. This is not showp, becayse the clumps of
icrocystis were relatively few in number, but their large size more
than compensated for courts below 500.

Finally, the evidence for high production in Monona, Waubesa and
Kegonsa 1S found in the numbers of Cryptomonas erosa. This olive
?reen flagellate 1s common, and occurred-‘in all of the lakes and rivers.
n addition it occurs during most of the year. It is found in clean
water, but highly polluted waters are ynfavorable to it. Present data
Indicate that 1ts"maximum occurrence 1S, in the zone downstream from
sewage treatment plants, where mineralization is practically complete,
hut where some traces of organic matter may still' be found” and_Where
there is a B.O.D. range between 1.0 and 4.0 farts per million. Table 2

Table 2.—Numbers of Cryptomonas erosa in Each of the Lakes and Rivers Examined

Cr Tt%%%' nas
Lake or_River YEGU Per Cent Occurrence

100
100
100
100

8
100
100
100
100

8

6/
100
100

100
100

100 _
100 (7 samplin
100 (7 samplin
100 (3samplin

S
S
S

shows the numbers of this one species in all the samples _taan. It is a
suitable organism since Its occurrence was 100 per cent in all but three
of the lakes. The high numbers in Monona, Waubesa and Kegonsa
indicate the fertility Of these three lakes, there bem? almost_two or
three times as many of these flagellates in these three Takes as in Dela-
van while Waubesd had about 33 times as_manY as Pewaukee. Since
Monona, Waubesa and Kegonsa are the highest lakes as to inorganic
nitrogen and Inorganic 8hosphorus content, angl comment seems unnec-
essary, It might'be noted, however, that K shkonon% and Delavan,

also Righ In numbers of this flagellate, are correspondingly high in in-
organic nitrogen_and phosphorus.  Wingra 1s a warmng against Pnucrh

sumgi this reasoning too far, and indicates there are other factors w
should be considered.
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Summary

The facts cited tend to support certain (I;eneral views, 1 All of the
lakes coptain about the, same ‘species of pfankton aI?ae and protozoa,
hence all contain the minimal necessary fertilizing elements. = 2. Even
using samples as small as half a liter or less, the” frequency of occur-
rencé of each species is great for each lake. 3. The actual numbers of
all organisms in any lake is a poor criterion_of production because of
the great discrepancy of organism size. 4. The number of blooms, or
of_hqh peaks of production; for any or all species, appears_to coincide
with the amounts of plant nutrient 'material available. 5. Those lakes
receiving the greatest amounts of nitrogen and phosphorus, and b;i
inferencg other plant nutrients as well, ténd to show the greatest totd
number of orgfanlsms, the largest number of blooms, the greatest vol-
g&ecgsf animals and plants, and the greatest number of any particular

i€s,
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Contributed Discussions

Contributed discussions of paPers presented in rhis sournal A
Invited.  Such discussions will be_considered for Eubhcaﬂon if
sybmitted to the Editor within six months of the distribution
of the 1ssue containing the original article.

DESIGN OF FINAL SETTLING TANKS FOR
ACTIVATED SLUDGE *
A DISCUSSION

By Darwin W. Townsend

Consulting Engineer, Consoer, Townsend and Assoc., Chicago, lllinois

Test results reé)orlhed by Mr. Anderson jn the January, 1945, issue of
This Journal, an ich “In Part reflect findings and ‘observations of
early investigators relative to sludge floe beRavior in final settling
tanks, have been examined with mterest 0 thﬁ ertter As a former
wet nurse to the aerobes at Milwaukee d ur| g| e infancy and growing
Pang eriod of activated sludge process development there, the, writer,
eeling that he ma¥ he ablet offer ﬁomethmg constructive, wishes to
comment somewha ?enera ly upon the authot’s interesting narration

Wecent ob servii ions

at activated s udage settllng chara?tensncs differ materially from
those of the more ordinary sludges of which We have nowled e |s
fairly vrell reco n|zed not alone Xen gineers who part|C|Patde
neering wor utaso by those wno subisequently engaged In design a
oper%nop f %ses of the ?cess
? act that some settling tanks perform more efﬂmentlg than ?th

ers, a fact which by certain of'the aut or3|m lications alg)[pe IS t0e|<:|t
an element of sqeculatlon as to reasons wh hs 1 ue in arg
part fo personal equation factors involving’ (Teqree of conception
and. interpretation displayed by the de3|gner in relation to basically
|nd|%ated necessities, nPn essenti aIs and ﬂs nots.’

It a rouP appraisal of current)(employe designs of all tzpes were
attemptéd, it might well jncorporate tre foll owmg categ rie %
3| ns ‘which ve -emphasize structural econo Iy er-em a5|ze

aaap tat|on those which emphasize nelthe of the foreg 0|0g
9 esiqns re lectin eﬁtempts 0 reconcile basic necessjties an struc-
tural economies, and the broader phase of over-all plant operating

f?‘:'ar% mveshgators at Milwaukee were vitall ?n erned relative to
settling“and conCentrating tendencies of aerated sludge tloe, and also

*Original paper by Norval E. Anderson published in this sournar, 17, 1, 50 (January,
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with the intimately related problems of how best to copform designs
to characteristic settling patterns observed and studied continuously
over a Penod of years, _ _
During those ‘years many forms of sizeable scale tank units were
concelved, constructed and operated, and early in the work, the definite
conclusion became apparent that demgns heretofore adapted to_ other
treatment processes were not adaptable to the practice of activated

sludge. . _

Sgettllng currents observed by Mr. Anderson, particularly the up-
turn and counter variety, dictated to the Milwaukee engineers the wis-
dom of developing designs cakrulated to avgid creating’ such currents.
It is unfortunate, perhaps, that negative findings have been so con-
sistently perpetuated and magnifiedthrough intervening years.

A round concrete tank, 30 feet in djameter with center inflow and
Perlpheral outflow, was constructed at Milwaukee In 1916 and was re-
erred to as the “demonstration” tank.  That the name was well chosen
was proven. in subseguent operation; the demonstration having left
little doupt in the minas of the designers on the question_of errongously
conceived adaptations. In retrospect, it was an amazing demonstra-
tion of how not to attemPt to harness and confine current-conscious floe
frantically but hopelessly seeking a favorable opportunity to rest and
concentrate (we had,hopedl), while at the same time unérringly over-
populating the outgoing efffuent at an alarming rate. = °
. This experiencé was among the first of many surprising introduc-
tions to sludge floe current phenomena, and it IS vividly recalled that
personal reactions thereto were not strictly of the * Hail-fellow-well-
met” variety. It did, however, serve the very useful ?urpose of indi-
cating the necessity. for a more compatible de?ree of understanding
ibneg\r/]vienggtethe two major elements involved, namely, the human and the

If a “rose (I use the term loosely) by another name smel!sdjust
the same,” the ‘sludge flog density currents observed, and studied b
Mr. Anderson, and ™ eatlier by mvestu[]ators at Mijlwaukee, would,
through the similarity of their * wanderfust” tendencies, appear to be
reasonable facsimiles” of one and the same thing. Continued explora-
tor_¥ work with the 30-foot diameter experimental tank, and other trial
units, some of which were of partial glass construction and illuminated
from within, disclosed certain facts which our_forethought had failed
either to anticipate or appraise adequately. For example, the cross
up-turn, and counter currents observed, all of which are functions of
velocity and related to elementary hydraulic Bhenomena, could have
been anticipated without trial, but @ trial was obviously justified to dis-
close the extent to which those currents retarded settling and reduced
tank efficiency. While reduced rates of inflow redyced” disturbances,
because of reduced velocities, the currents were not eliminated nor even
suf[lmenHy m|R|m|zed to rate the favor of the designers toward the prin-
ciples which the tank design incorporated.
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Gravréy drsplacement of ?Iudg? floe aittrrbutable to density, when up-

in Iuenc gexterna o ow velocities occurs in an fssentrally
vertica %d wnwarg djrection, as will be shown ater Suc ateral floe
movement as invariably occurs In t e resence of the applied flow ve-

Iocrtres of continuous settrng respon to rate increase or decrease as

flows admitted are augments d or diminished,

The writer has no erfona rwwledge of any_natural tenden |es in-
herent in concentratrng g when floe rsgfersron aropears to u)nr-
form, which could cause it 10 flow laterally of its own accord. -
anced concentrations of solids, however, functron differently, and have
frequently been observed to cause latera] movement as, the Concentrate
levels off”and expands ateraly Into adjacent zongs of Iesser densrty
due to the momentum imparted grrts greater d ensrnX These observa-
trons mdrcated to theMrI aukee nginéers, as they may also ingicate {0

Anderson through |s srmr [ar observatrons hat 3 central heavily
concentrated point of inlet tend rnﬁ; pyramid solids js far less desrr
able than several inlets of combiried ?reater area whrch accomplish a
wider and less concentrated degree of dispersion, and mrnrmrze d)fy
mrdrng and 1ts effect In creﬁtrng densit cur ents. In the desr N
Milwaukee tanks, the North side tanks, In su se%uent esrgns
ghne dd“et r, the fatter of these two methods has been preferred and

FI)t dta be deduced that the concentrated injet method may produce
undesirable disturbapces in ang tank, var rn in de ?e with the shape
of a tank, but, whether the shape be round rectan ular, octagonal, or
square, muLtrpIe points of mIetgan be ada ed. The form of tank used
may he at the discretion of the esrgnera epend upon his evaluation
of structura factors SP fe and ot Br econgmies.

The writer Js definftely apprehensive of results obtainable in tanks
which farI to take the foregorng rndrcated essentrals Into account. Fig-
ures 1 2 show diagrammatic ad \Btatrons of round, sure and
rectan uar tanki allo which, In the rrtersgu gment, co be con-
forme reasonabtr | to oo ractrce and any"one of \g for a
grven sewage, could be expected fo produce g good standard of effluent
nd_a fres slu ?e of at least 1 er c nt golrds coRcentratroH o hrgher

The most oufstanding example of a design which would appear to
violate nearly all of the hasic_essentials, In t ewrrtersg1 uq ment IS a
rectangular tank to which the flow is admitted at one end and fuent
IS tak?n off a1t the other and, to fur\her add to the chao?1 the sudg
It could quality as such, berng calcu ated to move throughout the Tength
of t eting {0 asrn Ie oint of discharge.

K e Ith nec Stsh ryf ar{pearsfrnI OIe Irgttrtt ofbpresent knowled%e to
epen mar upon thefactors of sludge settleability (Index), and u
d)r d d) floe dispersion In q he setdl d condentratrnpg

zones te xtento teIatterde ending in turn Woon de%ee of disturb-

ance due marnly fo the higher eIocrtres prevailing at axrmum peak
ratei QObservations . of the maximum extent of eX sluol
blanket depth increase at Milwaukee led to the adoption of & 15-foot
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d depth for the tanks, and, except for infrequent insgances of “ bulk-
Ing,” 1t has been LPossmle to majntain clear zones sufficient in depth
to Consistently assure a good quality of effluent. _

In some of the writer’s later designs, where the ratio, of Peak to
average rates of flow was less than at Milwaukee, a depth of 12 feet has
been Used successfully.

ligui

Conener Siypthad

Effluent Discharge

PLAN

‘eratec/ L/guor Inlet Openings~
Mechanicalftid to Sludge Removalnotshown.
Sludge Outlet2jjL

~Effi vir C nnefS-»
\

e PLAN

te Jerated Ltguor Inlet Openings*

Afechon/c iA{d fo Sludge
emovalnot shown

Figure 2.—Square or rectangular tank.

Regarding the question of optimum tank size, it is the writer’s
thougaht that"practical considerations relative to the number of units
desirable for a given plant layout may outweigh those of a strictly tech-
nical character.” Flexibility ‘of operation is important and in & large
plant the unifs may be so sized that with one or more down for repair
simultaneously, anunduly heavy_ load will not be placed upon those re-
maining in service. The writer'is of the further opinion—again refer-
ring tothe Iar?est plants—that facilities such as are advised Trequently
herein for infetting aerated liquor, and for outletting effluent and
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g!,:lurtl:i’&e are rﬂ{agrté%lable and economically feasible without regard neces-
. My Anderso smwardl Posmoned concentng effluent chann %I de-
Sign. for a round tank a{) ars to be a proper a aptat|on an
justify his conception of its d esna bility. he cause of the up-turn an
counter ¢urrents, however, still remains and may be expected to con-
finue t? function as a retarding factorto settmg oIon% as center f ee
15 empoyed In this connect|on the wnter wonders whether Mr. An-
erson, w 0 agﬁ IS t% prefer round tanks to square or rectangul ar
orms, has giv ? {'to interval su merged ripheral inflow™as a
further means of obta ning improved tank pérformance.

Conclusions of the writer favor designs which, eliminate vertical
walls so positioned as to offer surface against which cyrrents of floe

might |mR|n ge.and. be deflected upward and counterwise into clear
zo s, . eg likewise favor low velocity inletting In the interest of
minimizing Cross currents.

Again Teferring to Mr, Anderson’s channel design, it occurs to the
writer that increased overflow, rates, reduced rates of overflow per unit
of channel. or reduced velocity of approach to the channel could be
obtained if cantilever sgpported connecting lengths of reduced ¢ross
section channel were to be extended radially jnward at intervals, from
the concentric channel toward, the center ‘of the fank. At intervals
where such radlal channels might occur, the cantilever main channel
sugrﬁ)orts could be designed as_Suitable extensions for supPortlnq the

h channels.  The permissible length of branch _channels would be
limited, Brobablyb the diameter assymed for the floe dispersion area
of distur anee at t ecen}er of the tﬁ nk.

Bemg X indful of the fact that for anllar degree 0(5 concen-
tration obtainable in 30 minutes |n undisturbed settling, e etention
time requned macontmuous isplacement tank may range from 4 to 5
times that | %ngn aff ords a reminder to emphasize the magnltude of the
extent to which settl mg and concentratln% processes aré retarded b
multi-directional currents present within the tank, the extent of con-
centration W|th|nteun|t e|n measured by the yardstick of the mois-
ture ontent 0f the slu éj%ew rawn

e sensitivit ooile potenUTIltl?s of sludge flge, both concen-
trated and unco centrate as a result of its low Specific ?ravn y and
rela kve¥ low static esmﬁnce are such as tR rendFr It de lcatePf ﬁ
cegn 0 motjon induged by currents, even those of a suy nsmqy
order. Possibly the following may serve to further iflustrate” this

PO E[ollowm the |n|t|al floe d|s?er3|on and velocjty reducmg stages
prevail |nga upon in ettmn aerated (iuor mtoaconémﬁer t“evb) nomena
of coagulation and gravity pre(:lpn tion begin and the following act|V|
ties Pave rgﬂuent y heen ohserved: As the Fownward Ve ocn

accelerates eto IS In reﬁsm size as a result of coagulation, etr?I
Ing reverse |rect|0n |sP acement currents induced, are, while of a
necessarily low order, sufficient in magnjtude to_cause immediately ad-
jacent flog of lesser specific gravity to rise vertically through subistan-
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tial_distances. Such rise continues at progressively decreasing rates
until the iitjally imparted momentum is dissipated ‘and a state “of mo-
mentary equilibfium prevails, after which a secondaryﬁ stage of coagula-
tion and precipitation takes place. As reported by the writer jn “Set-
tling Characteristics of Activated Sludgle, Proceédings, American So-
ciety of Municipal Engmeers (1931), three clearly defined stages of
floe precipitation have been observed to oceur. , _

_ The concentration stages of hottom sludqe deloosn proceed in acgqrd
with logical expectations”and known laws, The floe of greater densities
moving_into the lower zones, thus creating a stratified composite. In
continlious settling, as practiced and as ditferentiated from that above
described, the velgcities of the varioys multi-directional currents resylt-
Ing from aerated liquor mlettln?, and efflyent and sludge outletting, plus
seco_ndar¥ velocities attribytable to _den5|t¥ currents, introduce a com-
plexity o settling retardation velocity factors which obviously are not
susceptible to elimination. The veloCities, however, are susceptible. to
control by designers if they become “low velocity” minded, and incline
toward the seleCtion of shorter travel distances for the essential aerated
liquor and sludge flows, rather t,hfn toward _Ion?er ones.

The foregol ? suggests mulﬂi)e appropriately located effluent take-
off channels instead"of the sm?e ones, frequently and ofttimes erro-
neously. used, and it suggests also the importancé of using more than
one paint of rem_ov%I or seftled sludge. Further desirdble velocity
correction Is obtainable by using larger aerated liquor submerged inlet
openings, apgropnatew positioned Rorizontally and™ vertically’

The reasons for the designs as developed at Milwaukee became
known to the designers prior”to the time of design, and in much the
same manner as they have since become apparent to My. Anderson
through his observations of the activities occurring within the inner
sanctim regions of settling tanks. It is hoped that continued explora-
tory work may tend to stimulate appre(:latlon and more adequate recoP-
nition of fundamentals, which in the past appear to have been notably
|rE)consp|cuous, in many instances, because of their all too frequeri
absence,

Verification, in part, of eaidier findings afforded by Mr. Anderson’s
work, is of pronounced interest, and the writer commends the content
of his paper to the attention of demgners of activated sudge works.
The methods described by the author Tor locating and studying densjty
currents are unique, and’to the best of the writer’s knowledge similar
ones have not been employed elsewhere previously. - Continuéd investi-
gational wark, it is hoped; may indicate to Mr. Anderson, as It has pre-
viously indicated to others, that the currents with which he is concerned
may assume a minor role in tapk efficiency, as improved means for mini-
miZing their importance are developed. , _

. In"closing, occasion is taken to reiterate the following which appears
ina former%aper by the writer.

“It would obviously be difficult to ¢fet up definite settling tank desi?_n factors ap-

Elicable to all s%war\%es and the sludge resulting therefrom, and conservative design as-
umptions must be made In the instanice of each Specific sewage.



THE OPERATOR’S CORNER

OPERATION INFORMATION'EXCHANGE

Nothing gives us greater pleasure than to see the facilities of the Federation
used to advantage. onsequently, we derived considerable satisfaction from the
exchange of letters which took place between Superintendents AValter Sperry of
Aurora; 111, and Ted Lovell of Marshalltown, lowa, after this office had brought
them t%gether for a mutual poolln%_of.experlences n re%ard to metallic corrosion
(see “Tips.and Quips™ column, this issue). Much of the content of the, letters
exchanged is believed to be of sufficient general interest to warrant publication.

“The advancement of fundamental and practical knowledge ..~ is_a pri-
mary function of the Federation, and is so stated in its Constitution. To ac-
comPhsh this objective for the benefit of those engaPed in plant operation, we
must first be advised of the nature_ of specific probjems and, second, we must
have knowledge of instances in which similar problems were met and solved,
WhoIIY or in part. _The first requirement is easy to fulfill—inquiries regardin
troublesome operation problems are welcome at”the headquarters of yolr Fed-
eration and will receive careful attention. The second re(iuwem,ent, e availa-
bility of information leading to the solutions of these problems, is more difficult
but would be less so if those operators who are successful in effecting solutions
would let us hear about them!" Yes, the latter statement is just a roundabout
way of asking again for letters, notes or articles describing practical operation
procedures, whether the problem involved. is major or minor. _

When an inquiry is received, a search_is made for any answers which may he
contained in the pablished literature. Then, an effort™is made to recall indi-
viduals whose experience. might_have included the same problem and the inquiry
IS passed_along. If 1o immediate solution or assistance can be suggested, the
matter might Be publicized in the Journal with a plea for aid or, if 0t sufficient

eneral interest, it might be referred to a Federation committee for study.
Furthermore, when adequate immediate advice cannot be offered, the problem
Is kept “ or(1j tap” for later attention in case something pertinent to it should be
encquntered, - :

i u_r%gadquarter facilities are modest but a real effort is made to help. The
Service” file now recejves about 250 items each year, the mqtumes covenngi
such matters as technical problems, priorities, administrative matters, personng

placement and other things. Some measure of assistance has been given in

neayly every case. , . : , :

[gt ?he_r be no hesitancy about using the central office of the Federatjon as
an oBeratlon information éxchange! There is much to gain and nothing to
lose bv such participation. Please keep in_mind, however, that the exchange
operates in hoth directions—that 1t is a “give and take” proposition. Every-
thing possible will be done here to see that the answers get to the places at which

: |
thev will do the most good! W.oH W

S09
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W. P. B. RELAXES CONSTRUCTION RESTRICTIONS
Order P-141 Revised

By amendments effective May 29, 1945, Order P-141 covering main-
tenance, repair and_operation 0 s,evva%,e Works now permits inCreased
construction of facilities under simplitied conditions. In announcing
the amendments, M. D. Sullivan, Chief of the Sewerage and Sapitation
Section of the Government Division of W. P, B., sumimarizes the revi-
sions as follows (see This Journal, 16, 6, 1250 (November, 1944) for
Order P-141 as previously in force):.

“The principal change in the Qrder relates to the increase from $1,500 to _%25,000 in
the net material cost of ‘Sewerage, jobs, inciuding buildings, Which can be built without
War Production Board authorization. An AA-3 rating and the allotment symbol MRO-
P-141 is assigned for materials for such construction.” Buildings for sewerage systems
were formerly controlled by Order L-41. A revision of that Order eliminates any” refer-
ence to bUI|dIn?S 50, that stich construction can be incorporated under P-141.,

“The AA-1 rating for materials and e%mpment for MRO purposes remains. the same.

“Another important change relates to the exclusion from the definition of inventory,
paragraph %a) (11), of materials to be used for Oplant additions.. On the basis of this
change, we thought it unnecessary to raise the $5,000 inventory limit now In the Order.

In view of the increase to $25,000, Form WPB-3445 fofmerly. required under para-

h ((_R ).(v) is no longer necessary for the types of projects described under

ra 2
. paragrap %9) - : - L
There are a few other minor changes such as_the omission of the provision in para-
graph (q) (1) restnctm% the use of iror or steel pipe in house connections, and the omjs-
Sion in paraPraph (f)(3) (i) of the report when deliveries and withdrawals exceed the
base period Mimits due {0 the majntenance and repair occasioned by acts of public enemy,
sahotage, explosion or by fire or tlood.”

(All inquiries and other correspondence pertinent to sewage works
Brlontle,s should be directed to the attention of Mr. Sullivan in"the War
roduction Board, Washington 25, D. C

==

OPERATION OF SCREENS, GRIT CHAMBERS AND
SEDIMENTATION TANKS *
By R. C. Merz
Screens

First of all, let us consider the function of a bar screen. The pri-
mary purpose of mechanically cleaned bar screens, or hand cleaned bar
screens, is to protect the eduipment which follows the screen in the
treafment process and for that reason it should always precede all other
equipment, jncluding the 9_r|t chamber. Screens, aré necess?rz to pro-
tect pumps from injlry, grit collector equipment from being fotled with

% 13§5resented at Ilinois Sewage Works Short Course, University of Illinois, Urbana, March
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rags, and to prevent cIo |ng of gates siphons, trrcklrng filter nozzles
and other ﬁrtems eremova of § reenrn will Teduce the vol-
umeo un Zscum at settrnp tanks an mini |ze the formation. of
eavg scum rs in digestion fanks. In cases where prechlorination
|p cticed, |t |s essentral that the Iarge solid matter be removed by a
creen since such materrg a]re not rea |upenetratedb chlorine, “In
a few instances, it may oe that a screen teongtre tment unit re-
gurred Where considerable dilution 1s available. and it 1s possible. to
|scharge the raw sewage (directly into the recervrnP stream, screenrng
shoujd Still be resorted t0 in order that the large sofids will be remove
and formation of unsigh Yscum blankets lessened. A third reason for
using the screen I that | be a substrtute for sedrmentatron In
such cases a fine screen IS use or one avrng 0 enrnqs generall
14-inch or less. At the Milwaukee actrvateds d for |nstanc
a battery of fine screens takes the place of the usual primary sedimenta-
tion tanks, These are drum screens having slotted openrngt s Yoo-inch

wide X 2 inches long.  Although their use ¥s not common at present,
fine screens are bej % used fo" some extent instead of prrmar@ tanks
preceding certain high rate filter processes.

Now & word about the hydraulic considerations at a screen chamber,
A screen should be so_designed that it will have ample capacity to pass
t e maximum flow, with the velocity throu the bars not exceeding 2
feet rh)er second. #lfacom |ned flow |s ern% handled, where the péak
storm flow greatly exceeds the peak omestr flow, 1t is safe to design
on the basis of a velocity of 3feet per second,  As soon as velocities rise
above these froures sev%ral th mgs aopen alhnost simultaneously which
can only result in trouble.  Materials whrc ma cog the pumps or
cause some other amaqe will be forced through”the Days; the screen

e W,?'“ Jo plug t oFt?/y and e heqd loss wl |mmedrately hegin to

08S magrput an undug strarn on

the equipment and will be drrecty responsrt% or an unwelcome plant
sur?e as soon as the rac |s cleaned. Fort ?se who have beene er|-
encin anty screening difficulties, or any plant operation dif |c tjes
fraceahle to th e screenin gurpment an Jnvestigation of the velocities
In the screen chamber would be time well spent” |t velocities are too
Igh, they can be controlled throurih the use of wel)rs or haffles, whrch
e er'may be necessary. The minimum velocity 0 tarnrng ahead of a
bar rack’is also important.  The screen channels should bé of such size
that the veIocrtyr the channel does not drop below 1 foot per seriond
at any time and”cause d (oosrtrono grit or of organic solids. ~ 1f veloci-
ties dre known to be too low, it is comparatively easy to narrow the

cha
the plant is served by a hand cleaned bar rack, and flows have in-
Breased to the p Ernt her an unreasonable amount of atlentron must
ﬁrven the rac eep It clean, the srtuatron can be relieved
stalling a Htechanrcall leaned bar scree w |3h will give greate ca
acrtx Prece 0 equrgment IS, read tah e to an existing
channel with practically no changes in the exrstrn structure.
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The approach to the bar rack is worthy of careful consideration.
Too often the sewage is brought into the screen chamber from one side
after which it is supposed to thange course by 90° and flow through the
rack. . The result is a p|I|ng1 up of the debris on one side of the bar rack,
resulting in an unbalanced load on the rack itself as well as the cleaning
rake. The dlsadyantage is purely a mechanical one, but nevertheless
of the type that gives the operator the most trouble. 'Where this condi-
tion exists, the design of a suitable baffle arrangement is suggested
with the aim of directing the flow along a desired course and causing it
to reach the rack with réasonable distribution of the load it is carrying.

The bar rack, of course, performs the actual screening operation,
and the bar spacmg is of prime |mRortance. Those who have a me-
chanically cleaned bar screen, or a hand cleaned rack, very probably
have wished for a different one at one time or another. Those who con-
template the installation of a screen would do well to pay particular
attention to the selection of the rack. _

JIn the case of mechanically cleaned bar screens, a clear opening of
1 inch has been generally used and found to he quite satisfactory.
There is, however; no reason why a smaller opening may not be uséd
If deemed necessary due to any unusual conditions, “A cléar opening of
%-inch Is the narrowest that 1s practical from a hydraulic_standpoint,
since the efficiency of that type of bar rack is ver%/ low, Bar spacing
should be as largé as practical and the thickness of the bar as small as
practical in order to keeQ the efficiency as high as possible, For in-
stance, a rack formed of %-inch bars with 44-inch clear opening has an
efficiency of only 57 per cent. A rack formed of %6-mch bars with a
clear opening of 1 inch has an efficiency of 77 per cent. ~ Although it is
important to"remove all of the large sdlids which would be meurlous to
the equipment or to plant operation, it is equally important fo select a
bar spacing which will keep the amount of screénings to be handled to
a minimuni, and permit the debris of smaller size to pass through for
treatment in the normal plant Process. A L-inch clear opening ade-
quately meets these requirements. The smaller the opening bétween
bars, the qreater W|G’| be the amount of screenings accumulated, and the
greater will be the disposal problem. .

_Grand Island, Nebraska, for example, originally, used a screen hav-
ing 44-inch clear openings. ~ This rack removed from 6 to 8 cubic feet
Per day of a very offensive, slow-draining material that far exceeded
he capacity of thie incinerator and created a definite nuisance. A new
rack having clear openings of 144-inch was installed and the screenmPs
volume imimediately dropped to some 3 cubic feet per day. The mae-
rial drained readily and was, easily incinerated, No trouble with subse-
quent units resulted from this change, and the 3 to 5 cubic feet of screen-
ings which then passed through the rack were handled much more read-
1ly"as sludge than as screenings. _

. The disposal Rroblem IS hot great for those who have screenings
grinders, but if that arrangement does not exist, the screenings must
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g f}errngrulrg Ia% r incinerated, and either method will require a great
A e?/ of sewage screen installations rndrcates that 42 per cent of
all. kn aIIa %ns checkeg were using a rack g rpcr openrngs
1-Inc Penrn etween ars an accumuatr n of a out
cubrc feet of sc eer&rnag ﬁer million allons can he expected, |If the
openrn% IS narrowed down to ap Broxr ate%/ -inch the quantrt accu-
rnu g(um DS |mmedrate to about 11 cubic fee Ber million gallons.
thrsr uction o clear ?enrnd Is carried still further own to o
Inch, which is in the ran e of the fine screen, the accumulation increases
{0 20 cubrc feet per mill ron gallons.

Pse who are olperatrng Iarrf (nlants in all probability have some
sort of protection for mechanically cleaned screens If no |t IS recom-
mended that such protection he provrded for it will greatly lessen the
possrbrlrt%; of damage to the screen. The protection 71s in the form of
a coarse bar rack having openings of from 2 to 4 inches. The amount
of debris accumulated on such a rack IS not great, put It does serve to
keep such materials as brickbats, large heavk/ sticks, and b a ing wire
off the mechanrcaIIX cIeaned screen rac and osave wear and tear or
passible break ow of the unit, A, coarse rack with 2-inch openrn%s
will not accumulate more than 44 cubic foot of debris per milljon gallons
of sewa escreened and the cost of themanual Iabor Incurred by its use
moret P (Ys for the benefit recerved Te rlwaukee bar screen IS
Wi rotec with a coarse rack. In Ifs ear stages of operation, the

Akron, Ohjo, screen was not protected with a rack and the operator
soon found the_ necessity for providing such protection. . This' screen
handles a combrned flow that réaches a maximdm of 130 milljon gallons
Ber a}r urrr]g %torm Eows hhe screen has, been hoPeIesst !)am eQ
y such unusual”objects brought to It as a fence post, an automobile
séat, and aErolrce doR of tremendous size. At such times it was neces-
sary to shut down the screen and remove the material from the rac

by hand.

e of inclination is another design factor whicp should be
consrdereggL ftose wﬁo ma Be contemp gtlﬂ({] ne rnstanatron of a
screen, any rAears of experience have tau ht That the most desirable
an ef?r a anrcallg cleaned screen g6 with the horizontal, An
a}n eto inc natjrono 2 rs(not toclrt ad, but as soton as anythrng steeper

an this is used, operating difficultie e anticipated.

The Inclination IOfr Hgnd cIeaned E] ryrack shou I not exceed 45°
By keerg the angle at 45° or less, a greater rack area will be exposed
to the flow and less frequent cleaning’ will be required. Furthe
action of the flow |tse|f erl tend to push the accumulated debris up the

bars rather than throu
?n mos{ Cases, mucﬁ ftphe foregorng will have been considered py
the consultrn engineer, the manufacturer, or both, It Is UE to the
Perator ever to take the jnstallation as It is andéo make the most
It th rou% A iclous operation. Many operators do_not 8rve Suffi-
cient consideration to the cleaning cycI and to the effect Of proper
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cleaning ou both the treatment plant itself and what may lay ahead of
the treatment plant. For those who have racks requiring’ manual clean-
Ing, it 1S particularly important that a definite routine “be establjshed.
Bar screens which”are manually cleaned are often spasmodically
cleaned inasmuch as the operator’is not in copstant aftendance at the
screen and usually cleans it only two or three fimes a day, whenever he
has the op_portumtg. _Because the cleaning of the hars by hand is not
a very desirable job, it is often ne?Iected and the oPeratlon of the_ plant
Is théreby materially affected. If the bars are allowed to remain un-
cleaned for a considerable Ien?th of time, the sewage is likely to back
ug_m the sewers_and cause the depositign of grit which may give
serious, trouble. Then, when the screen finally iS cleaned, there 1s a

g_e through the Plant, and this spasmodic syrge through
the various ufits of the plant is very likely to disturb théir normal,
smooth operation. If the sewage enters the é)lan,t,from a force main
the situation 1s npt as bad, for Under such a condition it would not be
possible to back the sewage up In the sewers by reason of inadequate
attention to cleanipg. Unless there is sufficient freeboard available,
however, there is danger that an overflow of the screen chamber may
occur, causing considerable unsightliness and possible damage.

In contrast with the operation of manually cleaned screens, the me-
chanically cleaned bar screen can be requlated by aytomatic control to
give accrate, periodic cleanmg and prevent any of the troubles that
would be caused by manually Cleaned screens. "After IenPthy exBen-
mentation with various types of controls, the time clock control"has been
adopted as bemth; the most economical and the most practical. Dual
clocks are furnished, one to Rrowde operation of the screen every 10 or
15 minutes during the day and the other every 30 or 45 minutes durln%
the night when the flows are lower. In combination with the clocks, a
emergency float switch is furnished so that if the s?w ge should rise to
a predetermined maximum level, by reason of a rlasi storm or some
other unusual occurrence, the float would rise and start the screen in
operation regardless of the position of the time clocks in their operatlng
cgcle. After a few days of operatjon of the mechanically cleane
screen, it 1s possible to ‘establish a cleaning cycle which will keelp the
screen clean at all times, usmﬂ a minimum of power. It should, of
course, be barne I mind that the season. of the year greatly influences
the sewage flow, particularly if a_compined sewa%e is peing handled.
In other words, the time clock setting decided upon by the cut and try
m%thod dang some months of the year will not at all be correct for
other months, _ _ ,

Those wha have duplicate units are indeed fortunate, even thou%h
the second unit is nothing more than a hand cleaned rack. Where such
a condition exists, it is véry important to have knowledge of the limiting
capacities and to_know when to place the second unit In operation. BY
knowing the basis of design the oPerator can always adapt his equip-
ment to optimum condifions and get the best out of it. Determine when
to throw the second unit into operation and, even more important, know

noticeahle sur
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when to take one of the units out of operatjon so as to avoid unnecessary
wear of chains, sprockets, and other, movrnfq arts.

Screenrngs disposal s a subéect in itself, but is certainly worthy of
mention heré, Those who do not have grindin e uipment ‘must resort
to either burial or incineration. . Either metho uires extensive han-
dling and hauling of the screenrnr[rs both of w |c are_very. distastetul

operations’. Labor expense Is also a factor of no little “importance.

here are. now two types of screenrn% grrn ers on the market, the
hammermill and the Triturator. A thjrd unjt %hould also be men-
tioned, and that is the Comminutor, That unit, however, Is designed
for operation while submer%ed in the flow of sewage and,is theoretically
a combined screen and grinder, The first two are strictly screenrngs
grinders which. may be combined with existing equipment or usgd
Bqually successfully with a hand cleaned rack. No matter which of the
three may be In use, it s jmportant to check the teeth reﬁularly and kee
them sh rP Cutting efficiency falls off rapidly as the testh become
dull, with the resultt at the materral may not bé ground fine enough to
Rreventcotggrnq pump valves, impellérs, filter nozzles, etc. Alwaﬁ
ave a spare set of teeth on hand and make the change whenever t
teeth show the ”i sign of dullness. The t?eth tha aCfomlolrsh the
reduction.of the solids by actual cuttrnﬁ are of exceptionally high qual-
ity material, and 1t will be found much more, economical to have them
sharbened often than to use them to the point where they become so
blunt that theg/ must be thrown awaR/

Cleanliness is a subject which has been emphasrzed so mugh that
there 1s ljttle npeed to dwell upon it here The ‘handl rng and disp osal
of screenings is one of the most unpleasant taski inCi entaI to plant
operation and unless?reat care 1S exercised, unsightliness ot both equip-

ent and room will afise. The clean and brightogking screen room s
the exception, The screen room Is not usuall %rven the extra effort
necessarP/ to rmpart an air of neatness to the place and this Is lament-
able g ticularly when it would take so IrttIe time each day Get In
the habit of flushrng down the floor and tee%urpment ail Partrcu

arly the rakes, dead plate, and other portions of the screén in direct
contact with the screenings. Most. of th? manufacturers have dope
what they can to help this' matter of cleanliness along by designing full
housings for the scregn, which hide all screenings from View.

The screen room Is %enerally the point at which the sewage is first
release?1 from the sewers. 1t IS here hat any gase are releaSed to the
atmos ere, Inclu rn? the corrosive hydrogen su[o Make certarn
that the, room rs wel ventrlated and"that” painting is done regularly,
usrn%[barntsw ich are surt% to the envrronment

e of the chiet contributors to a messy screen room is the poorly
designed screenrngs can. Very oftep the 'screenings can is anything
that may be available around ‘the plant, There IS uo drarnage no
means 0f handling, and no thought given tq size or weight. Design a
container that meets the needs of the Screen installation.
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Grit Chambers

A grit chamber js a tank or chamber so desq_ned hydraulically that
heavy, Inorganic solids settle to the bottom and Tight, r?anlc solids do
not settle, but flow on throErqh. This might be an” acceptable definition
of an ideal ?rlt_chamber. _Unfortunately, it is impossible or impractical
to construct this ideal grit chamber, s’ established Rractlce IS t0 com-
promise between the idéal and the practical in grit chamber design. It
IS customary to design the grit chamber to Work within_ reasonable
variations 0 ranqe in flow and velocities so that all objectionable grit
is.removed from the flow and the amount of organic material removed
with the grit kept to a minimum._ Certain orgdnic materials have set-
tling characteristics similar to grit, and fine gfit has settling character-
IStics similar to organic materials, with the fesult that a sharp separa-
tion of organic and” inorganic solids is not possible. _

It is evident from the foregoing that the hydraulic efficiency of a %nt

chamber is of prime importance.” It is, therefore, worth while to dis-
cuss those factors which affect its hydraulic design. _
.. Most modern grit chambers have a velocity Controlling device, and
it is important that the operator be familiar with them and’their design,
Those who are at present operatln% grit chambers without means”of
velocit gon.ﬁr.o_l should give thought to“such devices for improvement of
exwtmé acilities. _ _

What part does the ,grlt chamber play in the sewage treatment
plant? A grit chamber i3 ysed for two reasons, to protect the e(i_mp-
ment which” follows and to improve plant operation. Grit is partjcu-
larly abrasive and unless it is removed from the flow, subsequent plant
units will deteriorate much more rapidly. The presence of grit in sew-,
a%e will soon be reflected by the rapid wearing out of pumP valves, Im-
P |lers, and other garts, the wearing out of the shoes on the conveyor
lights, and faulty digester operation. _ _

Those who have old plants, and who are not handling a combined
flow, grobabl% have no grit chambers. Most of these operators have
probably wished for a %nt,chamber and are looking forward to the time
when such a unit can De installed. Present day practjce s to include
a.grit chamber in the plant design, whether or not the flow is to be com-
bifed é_ewage. Grit is certain t0 bespresent In sewaoge, thefamount of it
depending Upon the type of sewage %/stem, the condition of the system,
type of soil, the typés of street surfacing, the efficiency and methods
employed in cleaning the streets, and th2 violence of Storms. For a
plant reatm? a normal domestic sewage, the above factors can be nar-
rowed down o the condition of the sewer system, and the t¥pe of soil.
Infiltratiq hs aIwaXs a, source ?f rit, as are the wastes from many
commercial houses and industrial concemns, _ _

. As has been indicated, a grlt chamber is essentially a hydraulic de-
vice that must be very caretully controlled. The sgttling” ouf of the
grit in the chamber is dependent entirely upon reducing the velocity fo
a value such that the grit will settle out, while the organics will remain
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In_suspension. Past experience indicates that velocities must be main-
tained” between 0.75 and 1.25 feet per second. Velocities higher thap
1.25 teet per second will_cause grit to carry on throu?h the channel,
Velocities lower than 0.75 feet per second will permit the settling qut
of too much organic material. 'Were it not for the fact that a consid-
erable varraHo in flow 15 bound to tl))e experrenced quring the course
of t eda¥ e design_problem would be exceedingly simple. The vari-
atron in Tlow does exist, however, and Partrcular Drecaytions must be
taken to provide a unit or units that will operate as efficiently as pos-
srbIe ove the entire range. in flow.

There is a very definite relationship between the effective water
depth in a grit chamber, the length of the chamber, and the velocity of
the sewage.” No longer is a grit chamber designed on the theory that a
one-minute detention perjod Js desirable, and the Ienﬁth therefore made
60 feet because the velocity is 1 foot per second. Al of the mentioned
factors are now taken into consideration, and they are mentigned here
with the thour{rht that the mrght help the operator to investigate grit
removal facilities in case they are known o be inefficient.

In the first p ace rt 1S necessary to decide just how fine a (Irrrt article
is to be removed.  Most grit ¢ amber desi ns are based on the removal
of all ?rrt t0 50 to 60 mes or particles not less than 0.25 millimeter in
diameter. Experience_ has been that grit finer than this does no rfar
ticular harm when it is permitted to"go on into the treatment plant
proper.  The finer the particle to be removed, the larger will be the grit
chamber, and the greater will be the investment. “All grit particles
have a definjte subsrdrn? velocity and it Is on the basis of this velocit
and the predetermined Tequired”sewage depth, that the length of a grit
chamber. is pase.

A ?rrtc amber is thus theoretrcally desrgned to remove certain Size
Rartrc es, of (Ittlt for a_certain sewagf depth an velocity.  While it 1s
ot gossrble 0 maintain a constant Tlow, a velocity reasonably close, to
the desjred value of 1 foot per second can be mai tarned Een doin
that will ?rve no assurance that onl grrt will settle out ang that or-
ganrcs will carr through the chambér, As the sewage flow droRs
eownorma1 dt rs obvroua thatth sewal epth will d ecreafe As t
sewage depth decreases, the grit channelt en ecomes actually too Iong
an consr erahle material ersettle out that would ot erwrse] reach th
end of the grit chamber before it was read Y to settle to the bottom.
Such materraI erI consrst almost entrre% ghter organics as well as
rner rrt articles. of the sa esettrngec aracteristics.

een pointed out that the velocity can econtrolled near the
esrred rmrt of 1 foot per seﬁon Th ere aie three s c contro rnﬁ
evrces In eneraI Use: () proportiona werr Parsha
lume, anqb % eCam Iator here grit ¢ ambe{ oper tion 1S
nown to be ine frcrentr ma enossrbeto control the velocity through
th euseﬂ gne ?f these devices, af ﬁr the prevrogsly suggested investiga-
tion of hydraulic_characteristics has been made ther words, the
operator should first determine the actual range in flows, the maximum
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effective water depth in the channel, the length of the grit chamber, etc.
It mafv then be found en\lrely go_ssmle to improve operation through the
use of a velocity controlling device. o , N

. A proportional weir is actually a combination weir and orifice, de-
signed to keep the discharge proportional to the head. ~This is accom-
Rhshed by constructing the weir with curved sides. Many authorities
ave advanced formulde for computing the rate of flow throu?_h a pro-
portional weir, all derjved bg/ calculus and all giving essentially. the
same answer. The design and placing, of the weir'is usually supervised
by the consulth enginder of the municipality.

The Parshall flume is another device which might be used for the
control of grit chamber velocity within moderate limits and with a mod-
erate range in flow. This device also affords a very simple means of
measuring the flow with an accuracy comparable to any of the standard
forms of Weirs. ~ Although it takes up very much moré room than does
the proportional weir, it nas the adva_ntaqe that it will withstand a high
degree of submergence without affecting the rate of free-flow discharge.

This means that there is not as much head loss required_when usmlg
the Parshall flume as when us_m% the proportional weir.  The propof-
tional weir must have free discharge, that is, no submergence, at all
times, which means that the total hedd loss to be provided must be equal
to the effective water depth of the grit chamber. In actual practice
free-flow is provided between the minimum and maximum ranges, and
there 15 not much concern about lack of submergence at flows below the
average minimum when hYd_raullc conditions“are, usually upset. |t
should be remembered that this type of control section cannot maintain
a uniform_velocity over a wide range in_ flow, For instance, with a
range in fovy] of 5:1, the minimum Velocity will be approximately 60
per-cent of the maximum.

The third device js the Camp regulator, a patented controller offered
b%/ one of the manufacturers in this field.  I{s use is based on the con-
sfruction of a channel cross section approximating as closely as pos-
sible a trye parahglic shape as determined by formulae derivéd by Mr.
Thomas Camé). The grlnqﬁ]le IS hgdraullca Ia/ sound and excellent re-
sults shogld eobt&am d with prop us%. However, it Is not a device
that can be adapted to all existing chambers.

Multiple channels also enter this Plcture, for they, too, can be used
to control velocity. Almost all plants, except the very small ones, in
which combined flows are treated, are demgned with duplicate channels,
or even a greater number. A much greatér range can then be success-
fully handled, for additional chambgrs can be ‘cut in as the load in-
creases, and cut out as the flow subsides. The operator must, of course,
know the capacity of the grit chambers, be famjliar with their hydraulic
characteristics, and know when to put them in and take them out of

Service.
Another important factor in the successful operation of a grit cham-
ber is the methg(? by which the sewage is broughpt in. A strm%% sweep
r e Sew-

Into the grit chamifer is a prerequisite to good operation. |



Vol. 17, No. 4 SCREENS, GRIT CHAMBERS AND SEDIMENTATION TANKS 819

?e Is brought into the chamber around a bend, the sewaPe will Prle up
afong one wall and short- crrcurtrng is sure to result. I addition to
that,”there will be a zone of quiesCence annq the opposite wall for a
large Rercentage of the length, and considerable organrcs will settle oyt
ovér the area. In the case of a curved aperoach hannel, a srm le di-
viding baftle wall will cause a marked improvement In tank pert ormance
Even If the sewaqe IS brought into_the channel in the proper manner,
and distributed equdlly across'the entire width, operatmg dificulties are
almost certain to be encountered during peak flows where there 1s the
type of equipment that collects the grit and then elevates it up and out
of the sewage to the point of discharge. = The, trouble generally arises
from the fact that the sewage actually dips into the Buckets ‘as they
break th1e surfarle washrn% the grit outand hack into the channel. ~ This
can be effectively combatted by the use of suitaply designed inlet baffles.
grca method. of control 1nvolves the use of an equrlateral haffle in-
sta d with one side parallel to the upcomm% bucket. ~ Tts length should
be about % of the bucket length. The grit thus actually leaves the sew-
r};e at a quiescent zone. The baffle diverts the sewage around the ends
the bucket at hi her velocrty Although there is7still some washmg
out at th everb/ B so the buckets, the amount lost s not appreciabl
and rs prce p by subsequent bucksts.

The need for establrshrng a satrsfacto% cleaning cycle is {ust as im-
portant in connectign wrt the [t c amber as | was WI the bar
screen.  Operation 1s almost awa% done manuagf for_this |s not a
plece otegurpment that can erun y float control rby time clocks be-
cause conditions change s0 much from Flacy to day. ttalﬁsmt]elhqent
operation to produce a grif t at 1S satrs actory for drsPosa on the plant
8r0 nds and about the on y Wa¥ to deferming a sale actor rogtme IS

ecut and try met od. |t equip ments ou DErate 9

ldrly, and_just as inf re ently ssr le Sp as t0 0 tarn the desied
resu ts ear mmm ta]t tis verY abrasrve and that, grrt handlrn%
equipment h as probably the shortest life g/prec% % Rmentr
the plant,  The best g rtcoIIectors on the mark tare pul ts at those
gars which do wear out rapid Xare readily renewable at low cost, but
ven so there 15 no ornt In‘we rm%t em cut sooner than Is necessary,
It will pay to keep a Cloge watc n all parts that are renewable and
replace them as soon %s theay ave outlrved their usefulness and before
of the non-renewable pdrts egm to take the wear intended for the
re ewable parts. In man cases uch renewa le parts, particularly |f
they %re wearing shoes, ae reversio T It will be fo tit that the grit
chamber can be 0 erate mtermrttent during, normal flow condrtrons
but that they should eoPerate contl uousydurrng storm f owsr te
sewers are combined. 1t is essential to be” familir enou h wrt the
characterrstrfcs of the grit ¢ ambgrs to knoiy when to be m cont mtrous
eratron of the equipment, and to anticipate operati % difficulties
rit chamber eﬂurp ent should always be ﬁlaced In confiuous opera-
tion in Pr t andlrn? combined flows whenever a rain. commences.
One of the plants at Atlanta, Ga., is so sensitive to climatic conditions
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that the equipment is now placed in confinuous operatign if the sky just
begins to cloud over, to sa noth_lng of any actual rajn comlnr%; down.
The operators there have gotten into such difficulties by reason of not
starting the equipment soon enough that they just cannot afford to take
any chances. . .

It 1S ver¥ difficult to obtain good performance with manually cleaned
channels.  They must be taken“out of service for cleaning,_which means
that the units remaining in service may be overloaded, - The grit piles
up unevenly in the channel with resultant short-circuiting and poor hy-
draulic coriditions, Organics settle oyt durlng] low flows and there 1s
19 Way of seBaratmg_them from the grit, once they have settled. About
all that can be dong is to clean them often enough so.that the flowing
through area is not reduced ?nough to sgeed up velocities ang caﬁjse the
carry-over of grit.  Controlling devices can, of course, be installed at
thesé chambers the same as at mechanically cleaned chambers, and some
benefit |§ c?rtam to result. . :

Hand cleaned grit chambers are of simple design and lend them-
selves well to the installation of modern, mechanical ?nt removal equip-
ment. There is a wide selection of makes and types o choose from, ang
budget money could not he put to better use. ~ Any manufacturer will
be more than willing to help study the problem”and make a sound
recommendation, _ _ _

On the su Aect of nt_washln?, there is not much to sa?/, at least from
the operational standpoint. Grit washing, and by that is meant wash-
!nq by a separate piece of e(wlpment, has never tieen very popular. It
IS the writer’s opinion that there is no basic need for suc a_Pr,ocedur,e
except in rare cases. It apﬁ)ears that enﬁ]meers are specitying grit
washing. equipment less_ and less and that the trend is toward the Use
ptf e}fdemgn hich permits the cleaning of grit within the grit chamber
itself. . o

Even among engineers, there is wide disagreement as to what the

uality of a washed grit should be. Some engineers have consjdered a
utrescibility of five per cent to be acceptable, whereas others have_in-
sisted that anything over one per cent would be unsatisfactory. The
putrescibility determination on grit itself has little rhyme or réason to
It and there has been no effort on the part of anyong qver the past four
or five years to d_o_anythlnq with the test which wauld increase its value.
Under “the copditions of ‘the test, a washed grit containing a Iarqe
amount of coffee grounds, fruit pits, and grain“would almost” certainly
have a putrescible”matter value of less than one per cent. If that Rar-
ticular grit were allowed to decompose in a damp place, however, where
it would not dry out readllr, there is little doubt but that it would be
very obnoxious and probably cause_gus_t as much complaint as would a
grit of four or five per cent putrescibility. _

It is the writer’s oBmlon that just a5 much can be accomplished b
designing, a grit chamber as hydraulically efficient as possible, and ac-
cepting the product from the ént chamber as a material which is not
beach “sand ‘and which must be disposed of by burning, burying, or
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spreading' on the land where it can dry out without causing offense, as
by using a haphazard, design with a separate washer. ~Experignce
has indicated that a grit waSher can be successfully eliminated ninet
per cent of the time bg using a channel designed correctly and by prop-
erly controlling the vélocity.

Sedimentation Tanks

Any discussion of the operation of sedimentation units must, of
necessity, include both anary and secondary tanks since the Proper
operatidn and control of both types of hasins is so similar, with the ex
ception of the scum remqval problem. These remarks are limited en-
tlre%y to modern, mechanized tanks, _

he purpose of sedimentation is to remove as much as possible of
the solid material carried by the sewage, espe0|all¥ that which will float
or will settle to the tank bottom. In" the case of primary tanks, this
removal of suspended and settleable solids is done for the purpose. of
providing preliminary clarification preceding chemical or oxidation
processes, r It may bé for the purpose of providing partial clarification
Precedlng dlsPosaI_ without further treatment. Secondary tanks have
he duplicate tunction of completing the remqval, insofar as possible, of
the suspended solids, and of serving as a functional part of the sec-
ondar%_treatment process. _ _ ,

While removal. of the floating materials, or scum, is essentially a
function of the primary tank, it must also be considered in conpection
with certain secondar¥_ tanks, such as those which receive the flow di-
rectly from high rate Tilters. = Filters of this nature will, ?t fimes, pro-
duce’a foam and also slough P_s%choda larvae which will float ox the
surface of the final tank and which must be skimmed off if the final tank
IS t0, have good appearance and if the plant effluent is to be the best
obta|HabIe. . : - .

_There are several important design factors which influence sedimen-
tation tank Perf_orman_c__e. These factors include the volumetric ca-
pacity or detention peiliod, the settllng rate ve|00|t¥, the method of
Inlet distribution, thé arrangement of &ffluent take-off, and the sfudge
removal facilities. These factors are usually Og|ven careful consjdera-
tion by the %ngmeers who desw the Elant, and the operator need give
no further thought to them. Where such _confs_ld_eratl n was not glven,
there is likely to"be a settling tank that is inefficient, and 1t is up To the
operator to make the modifications necessahy to bring the tank into pal-
ance. With some of the items enumerated there i considerable lati-
tude, whereas with others there is nothing to be done except to make the

best_of them. . : : : :
_[fﬂe Plrg% item mentioned was the volumetric_capacity, or detention
period. For best efficiency, the detention period of & settling tank
should be maintained within a definite ran%e._ |t the detentign gerlod
IS t00 low, insufficient removals will be obtained, resulting In a load
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increase oil either the subsequent oxidation process or the receiving
water; if too hIPh, septicity may develop within the tank. _
. Asageneral rule, a detention period of more than two hours is not
{ustlﬁed. The slight additional removals obtained for periods longer
han two hours do'not warrant the expense incurred in the construction
and operation of the oversize tank. _ _
Various, state authorities and manufacturers have different ideas
as to the minimum allowable detention periods for any particular appli-
%_atlon. ngagonable minimum detention periods for various applica-
jons would be:

Primary treatment only............... S 2 hours
Primary tank to be followed by trickling filter.........mmmmsnsnnn 2 hours
Primary tank to be followed by activated SIudge. ... 15 hours
Final tank following trickling fIlter............cmmmmsmsmssnsnssessnne 15 hours
Final tank following activated SIUTGE..........evvvrmsmmsrmsrmsrssrssrssrnsnnnns 210 2.5 hours

Qbviously, the detention period of a tank is a fixed value and cannot
be altered by the plant Oﬁerator. He should, however, know the limi-
tations of the settlmF tanks and their influence on the overal] perform-
ance of the plant. If the plant is blessed with multiple units the op-
erator may be able to maintain proper settling conditions by Cutti 8
tanks in and out of service as needed. In «this respect it IS suggeste
that if a tank is taken out of service for any length of time, it should be
kegt filled with clean water or else all equipnient should be liberally
coated with oil or other protective coating o prevent rusting.

The settling rate goes hand in hand with the detention period and,
therefore, there is no more control over it than over the detentjon pe-
riod.  Itis expressed as gDaIIons per St;uare foot per day, and is com-
puted by dividing the flow'by the tank area. Where theré is a plurality
of tanks, and they can be Cut in or out as the seasonal load ma_y{ dé-
mand, the settling rate will vary _accordmgly. Just what constitutes
the proper settling rate for the different types of settling tanks still
seems {0 be a debatable subject, and several rates have beén advocaed
by various authorities. In"general, however, a primary tank settlln?
rate of 1,000 qal. per sq. ft. per day, no matter what thé type of treaf-
ment, is acceptable. In the case of secondary tanks, those used in acti-
vated sludge plants are de3|?ned to have rates of from 800 to 1,000,
those following conventional frickling filters are designed to have rates
from 600 to 1000, and those following hlgh rate filters are designed to
have rates of from 600 to 1,200 gal. per. Sq. ft. per day.

The horizontal velocity of sewa%e in a sedimentation basin generally
does not come in for much consideration, at least during the design
stage, A detention period commensurate with good desmin practice 'Is
usually selected and a length-width ration chosen”which will result in an
economical structure." Where a certain settling rate is desired, it is
used and the corresponding dePpth computed which_ will give the re-
quired volyme and detention. Present dawracn,ce is to limit the for-

ward velocity to something less than 2 feet per minute. In some cases
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the reverse is true, and considerable emphasis is put on the velocity.
This was true of the desrﬁn app roach to the Minneapolis-St. Paul sew-
age treatment _plant. er much experrmentatron ou the part of the
designing engrneers it was decided that 2.4 feet per minute was the
crrtrcal veIocrt?/ on which the, desrgn of the, tanks was to be based,

Cross sectional area was_provided fo give this velocity, and the tanks
were then made of sufficient Ienqth to grve the requrred detention pe-
riod. The velocity in.a sedimentation basin will vary, obvrousv with
a change in flow, and it may also vary hecause of rm%roper baffling or
becausé of wind effect In the latter case, however, the induced move-
ment 1S essentially a surface velocity and is of Iittle importance with
respect to overall'tank performance.” A 20 mile-an-kour wind_ will, foi-
Instance, produce a surface velocrty of 1 foot per second, providing the
tank is of ?ood size and welexposed to the sweep,of the wind, buf this
surface ve ocrtrv extends_very little distance down info the_ tank.

Probably the most important_ design factor influencing tank
formance s th need for proper distribution of the flow across the tank
widh, and rrri t along with that_is the problem of proper distribution
of flow to a plurality of tanks. This is where the operator comes into
the prcture very promrnently and where he ¢an begin to exercrse In-

enuity. the operator has the opportunrtg to observe and study
eta sun raII operating conditions and to determine the nature of
the changes necessary to improve Eerformance Distribution can be
improved, by the use of properly designed feed channels, as well as by
the use of inlet haffles. 1t has been estimated by many authorities that
good baffling will increase tank efficiency by as much as 25 per cent.

Ever operator should be famrlrarwrth the work doneb Su t, Wal-
ter S Fvly orhthe feed .channels Ayrora, ]J.tfopant e de ter-
mined through exhaustive tests t at is four '50-foot

square settlin
tanks as constructed were removing an average of ony er cent o%
the syspended solids. What was particularly drsturhrng as the fact
that the removals varred from this average as much as Pl s 33 to minus
Joer cent. A very careful check by surveyor’s leve o the influent
an effluent weirs showed that the were very ‘much gut of ling, and that
the flow distribution across the tanks, as measyred by current meter
tests, varied from 17 to 33 per cent, the theoretical being 25 per cent.
After_much hard work, mvoIvrng dye studies to detérmine short-
circuiting, laboratory analyses, and many trial imstallations, a suitable
system 0f influent baffhng Was provrde which, to?ether with adjust-
ment of_the weirs, resulted mgnar ed |mJJrovemens In tank perform-
ance. The averaqe removal of suspended solids increased to 60.3 per
cent and the variation from the average was only from plys 5.8 to minus
8 per cent. Further, flow distribdtion was “improved to the point
where all tanks were receiving within 5 per cent of one another, ' The
range, instead of bern? from "17 tg 33 er cent, was then from 225 t0
Fer cent. The vafue of the effort and time M Eg)err put on this
problem s doubly apparent when it is consrdered that ddring certain
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seasons of the_year he got along nicely with just two of the four clari-
fiers in operation. _

Another example of what can be done to improve tank performance
by experimenting with baffles or altering the existing feed channels is
the accomplishment at the Buffalo, N. Y., plant.  There, the percentage
of suspended solids removed was increased appreciably by reduciig
the depth. of the inlet haffles from 8 feet to 2 feet and pefforating them
with equilateral triangular oPenlngs measuring 12 inches on @ side,
spaced qn 24-inch centers.  Although removals in the Buffalg Emmary
tanks still average but 36 per cent; it should be remembered that the
s%wggg S|(s)”(rjglat|vely weak, averaging approximately 187 p.p.m. sus-
d A well deagned settling tank handling a fresh sewage, and havin
an adequate detention peridd of say two fours, should rémove about
per cent of the suspended solids from a weak sewage of less than 100
p.p.m. and not less than 60 per cent from a domestic"sewage containing
approximately 300 p.rﬁ.m._of suspended, matter. If J3erformance data
are far remaved from this range, an mvestl?atlon Into the tank hy-
draulics would be well worth while. Check the tank thorqughly for
short-circuiting, using either a dye such as fluorescein, a salt Solution
or possibly floats. | sm,ﬂ some such scheme as this, or a better one of
your own devising, it wifl be passible to check the actual detention pe-
riod. The actual detention period divided by the theoretical detention
IS generally accePt_ed a3 the efficiency rating of a settling tank. This
ratmfg should certainly be h||ghe_r than 50_£Jer cent if the tank 1s to give
satisfactory results. “If shoft-circuiting is found to be present, a rieed
IS Indicated for study and experimentation with different types of inlet
baffles placed in différent locatjons, or Possml a different type of inlet
itself.. "~ Perhaps the sewage Is fed into the tank squarely against a wood
partition wall which spans the tank, It may be found that this baffle
should he raised, or lowered, or perforated, or louvered. Perhaps the
sewage i brought Into the tank at too high an elevation and should be
made to enter at a lower point. ,

In. addition to working out a system of bafflmﬁ, the operator may
also find that he can do mich to improve the feed channel itself. |f the
sewage enters the tank through a Series of ports, it may be found that
these™ports should either be increased in number or enlarged. If the
sewa(‘;e enters the tank through the Ports in a horizontal direction, it
might he necessary to alter the structure so that the sewage will enter
the” tank throuqh ports located in the bottom of the channel, If the
tanks have an old style feed channel which is of constant width from one
end to the other, undesirable flow characteristics may be corrected . by
filling in the feed channel, to form a tapering channel thus maintaining
a constant velocity and e_qual proportioning“of the flow to all the ports.

Tank performance will be %reatly influenced by the arrangement of
the take-off weirs. The ?reat r the weir length, the lower will be the
rate of take-off and the Tower will be the upward velocities over the
take-off area. Low upward velocities at the effluent end of the tank are
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?hlsy desirable since there is th%n less tendency for the small, tiocculent
of teprnpornt variety to pe carried up and over the effluent weir,
n rrmar ank construction, the practice Tormerly was to Provrde a
Sin eeffluent weir across_the end of the tanks. Engineers today are
recognizing the great benefits to be recejved from.the Use of special weir
Patterns and primary tank take-off weirs are being designed similar tg
hose heretofore designed only for secondary tanks, Welrs constructed
inan H pattern and & U pattern are now in general use, as well as com-
binations of both, [t is now common to eXtend portions of the weir
along the sidewalls ug to % the Iength of the tank itself. When the
settling tanks for the Minneapolis-St PauI sewae treatment Iant
were (esigned, the required length was found feet. They
were actuaIIY constructed that Iong and rncrdentallg/ are strII the Iong
est settlrnlg anks on record. rnce t e over low r te In a rectang [
tank eﬂuast e setting rate gsur ace load rng times the area serve

unit length of weir, t was Im edrate evident that special consrderatron
woul? have to be given to the effluent weir desr%n In_order to e%n
overtlow rate within the generally accepted limits of 50,000 to 200,000
qallons per day per foot”of weif. At the Twin Cities plant, effluent
weirs span the” tanks at distances_of approximately 190, 230, 260, and
290 feet from the Influgnt end. ~This wejr arran?ement rovides an
overflow rate of about 47,000 gallons Rer day per Toot of welr and un-
doubtedly contributes immensely to the very frnegob these tanks are
doing. fs ortion of-the se age IS rtndrawn ver each suc?lessrve
weir, the forward velocity decreases and this condition aids in the set
tIrn? of the very fine materjals, . Operating Rerformance has improved
year after year at the Twrn Crtres plant,"and removals of suspended
soIrd% are now avera rnga bout 76 per cent,

The advice and assistance of a consultrng engfrneer IS necessary If
m)oeratron observations indicate a need for modi rcatron of the outlet

elr system, since the work would constrtute a project of some magni-
tude, Where the constructron of new tan 5 s alJoart ofaptant nlarge-
mentrnrogram IS contemplated, It 15 ive to ma e certarn that the welr
desr? and arrangement recejves ver careu consideration.

%oes without sa rng that proper slud gre] removal tacrlrtres are
Necess Yto Insure good t Per ormance. ere rs much more, how-
ever, to the subject of sIud? emoval than mere avrng good sIud%e
removal facilitiés. Trio offen tt?e operator‘p oo rttle aftention
this 1tem with the resutthat performance Surfers oanaarmrn extent,
It Is necessary to remove the sudgce while 1t | Estr fresh and o KN
often as nece sary 0 prevent septic_action in the settl rng tank. Thrs rs
advrsable as an ald to slu Sqe Ige ?n and to more efficient remova %
sus ende -solids. Rtrc g will evolve gas, and the resulting bu

as th e rise to the surfaCe will disturb” the settled materra and
carr It to esura(ie tua rnherferm with sediment tron of Inco rnﬁ
sewdge.. Further, s dge ischarged into a digester shoujd be as fres
as possible in.order that the digeéstion may start under favorable and
proper conditions. In the case of final tanks following the activated
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Blud%e _;t)rocess, it is even more important to get the sludge out fast
efore it has a chance to deteriorate. _ _ o

. The length of time the e%mpment_operates in settling tanks is tied
in very definitely with the length of time the sludge pump should oper-
ate. xcePt In"rare cases, It Is generally quife uhnecessary to operate
continuously conveyor type sludge removers in rectangular tanks. On
the other hdnd, it is common to ogerate mechanisms in Tound tanks con-
tinugusly since the sludlge must be moved a greater distance before it
finally réaches the center of the tank, and hecalise there is not the _slud%e
stora%e capau% provided with this type of tank that there is with the
recta (Ilular tank.” The sludge removal mechanism should be operated
at leas Ion(I] enou?nh to makesure that any one scraper has traveled the
entire length of the tank bottom, Expérience may dictate that best
operation Tan be obtained b%/ having the equipment make one complete
revolution. Most primary fank sludqe_remoyer_s of the copveyor type
operate at 2 feet per minute, and on this basis it is a simple mattef to
determine the number of minutes required for a complete turnovey, or
2 sweeP of the bottom by any one scraper. It the tank is 80 feet long,
for instance, the conveyor should run for at least 40 minutes.

It 1s good practice to have the equipment in operation at least 15
minutes before the pumping, operation is started. Sludge pumping
should then be continued durm% the time the caonveyor is in operation
until such time as the sludge e?ms to run thin, “All sludge pumﬁs
have, or should have, sampling valves on them sq that the natlre, of the
slud ebequ pumped can be checked. By studying the tank, and vary-
mq e roufine, it will usually be possiblé to withdraw a sludge havirig
at'least 5 per cent solids, andprobably higher.. Mention has been made
of the good removals in suspended Solids being obtained_ at the Twin
Cities ?Iant, and this is also _reflected in the sludge consmtencg which
Is regularly attained there. Sludge Is pumped once each shift, or three
times a day, at this plant and determined efforts to secure a concentrated
sludge have resulted in an average sludge consistency of almost 9 per
cent. This is an average figure and it IS to be noted that this percent-
age has been increasing, even though slightly, over the past four or five
years. It is a definite” indication of what can he accomplished hv dili-
gent operation and study of seftling tank characteristics. Sludge sam-
ples are taken from the’sampling valve, at the pump ever%/ fifteen min-
utes and a known volume weighed. _This is an operation that takes the
o?]erator less than two minutes, yet it serves as an accurate control test,
The operator knows_what the Copstant sludge volume selected should
We|gih If it containg 7 per cent solids and sludge pumping is cantinued
until the weight of a sample indicates that the sludge is runnlnq less
than 7 per cént. As soon as this consistency is reached, the sludge
pumps are shut down and no further sludge is withdrawn until the ngxt
shiff. There are no fixed rules which cdn set down for the operation
of sludge removal mechanisms, or the operation of sludge pumps.

In dddition to the time required for operation of the sludge removal
mechanism and the time required for sludge pump operation, attention
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shoyld als be directed to the pumping rate.  Most sludge pumps, par-
ticularly |? they are of the, pILPngerp_t_%e, can e adjusteg; t(?prg)wd% at
least three different pumping capacities. It is ver% desirable to pump
at the low rate, even thou%h the pump must then e run for a longer
time. A hl%h_ pumpm_%;( rate will not give as dense a sludge as will a
low rate, and is very likely to cause thé formation of channels or cones
In the slgd?e blanket, whierehy the clarifier liquid is withdrawn from
the tank before all the slud%el removed. _

If the sludge blanket is broken and. the sewage breaks through it, the
quantity of liguid in the digester will increase and there will he’a conse-
quent increase in the retufn sludge liquor to the clarifier. The result
will be an overloading of the digester, a cooling of the digester and an
increased load placed upon the plant by reason of the excessive return
of supernaant. _

It is_also very important that there be adequate scum control.
Every effort should be made to provide positive removal of scum from
the tank surface.. In former days, there was no effort made to ohtain
full width sklmmmﬁ of the rectapgular primary tank surface. A clear-
ance of several inches between thé tank walls and the ends of the flight
was common, and scum simply flowed around the_ends of the_ flight™as
it moved on its skimming rup> Where this condition exists, it IS sug-
gested that wood corbels™he installed at the tank surface, bolting them

irectly to the concrete. A clearance of about %-inch 1s ample t0 leave
between the ends of the flights and the corbels without danger of the

scralpers_bmdmg_. _ o
he line leading from the scum box is generally tied in with the raw
sludge line, with proper valves beln% é)rowded, and scum should be re-
moved at the time that sludge is wjthdrawn from the hoRgers,.

Automatic, or semi-automatic skimming devices are now in general
use.  Most of the tanks constructed two or three or more years ago
have the old style concrete trough into which the scum must he moved
by hand, after it has been concentrated near the lip by the sludge re-
moval_mechanism. ~With this_ design, about the only way to gét the
scum into the trough 1S to pull it in by means of wood Paddles or Similar
devices, and to efféct complete removal by creating surface waves which
wash the last particles into the trough” While“some water is_intro-
duced to the scum trough by this procedure, it is usually an insufficient
amount to cause the sctim t0 flow from the troug_h into the sump annrq-
side the tank. The necessary amount of flushing water Is generally
supghed by hose, since the scum trough should be"hosed down at least
once a day. Some concrete scum trotighs are fitted with simple flush-
ing valves which the opei’ator opens whenever he wants to admit settled
sewange to the trough ho flush out the scum.

[T any event, whether skimming is accomplished manually or by me-
chanical ‘means, it IS necessary touse considerable water in transport-
mg the scum out of the tanks and trough._ After the scum is out of the
taitks, however, it may be concentratéd in a separate chamber. The

—
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value_of concentration ligs in the fact that less water will be pumped fo
the digester and there will thus be less loading and cool_mq of that unit.

Scim*js easiest handled when relatively fluid. 1t is inthis condition

when It first rises to the tank surface, and af that time it maY be re-

moved with a minimum of excess water, . If allowed to remain too long

on the surface of the tank, it starts to thicken and solidify and requires

ggnsggglrgble water to transport it. Frequent skimming is therefore
visable.

A recent contribution. to the art of scum handling was the deveIoP-
ment of the revolvm% skimming pipe. _This skimmer insures complete
removal of scum with a minimum of effort on the part of the operator.
It is only necessary to rotate the pipe far enough to induce flow of the
scum info the pipe; taking just enough water to”cause the_ scum to flow
through the pipe into thie scum boX or scum concentration. chamber,
The revolving skimming pipe can be installed equally well in each of
any number of new or existing tanks located side by side and the_scum
made to flow one through thé other, makln% It possible to use just a
single scum hox located at one side of the battery of tanks. The |Elpes
are” s0_constructed, and the arrangement so miade, that independent
operation of anyone of the pipes Is possible. ,

It is obvious from the foregom%_that the proper operation of a
modern sewage plant requires something mare than mere elbow grease.
The operator'must stydy the plant and™be familiar with its faufts and
good pojnts; he must be able to minimize the faults by making changes
in the plant and by intelligent o‘perau_o_n; he must operate thé plant’so
as to take full advantage of the tlexipility and other good features that
have been built into it” The operation budget and present manpower
limitations mag/ Preclude utting the foregomg Su %esuons Into effect
at once. In fact, it 1s bound to be a lofig térm DProgram since each
change in operation or structural design should be baseéd on suPportm%

gﬁgﬁggrsom plant operation records which indicate the need for suc

Be sure that the accumulation of grease and scum on the surface of
the tank is removed at frequent infervals, at least twice a day and
oftener when necessary. A thick scum blanket, extending several
inches below the tank Surface, may Awll release particles to the tank
effluent, A thick accumulation of scum will also tend to hold material
at the surface which would otherwise settle. Keep the scum baffle ahead
of the outlet weir clean, esPemaIIy that portion which is submerged.

If sewage is ente_rmg he tanks over weirs, some solid matter is
bound to accumuylate in the bottom of the feed channels. These deposits
should be periodically stirred up, either by means of a hose or hroom,
so that they will mix with the influent and pass on into the tanks before
they have ‘had a chance to become septic. Where the feed channels
have port holes in them this difficulty will be avoided, althou%h_the port
holgs them?_elves should be cleaned whenever the start of a build-up of
slu L?e or slime 1s noticed. _

nless some of the scrapers on the sludge collectors are equipped
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with squeegees, fine solids and grease will collect on the side walls. In
warm weather this material will rapidly decompose. These solids can
be removed with a stiff brush or a homemade squeegee. After they
have been removed, it is always advisable to wash down the walls thor-
oughly with a hose.

The outlet weirs should also be kept just as clean as possible. This
is one tank appurtenance that should receive daily attention. It is the
one portion of the tank that always comes in for attention whenever
visitors are shown around the plant. Dirty weirs with sludge built up
on them, training long strands of the well-known green slimy material,
cannot help but make a poor impression on the visitor. In addition to
being kept clean, weirs should be maintained at a uniform elevation so
that effluent; withdrawal is at the same rate over their entire length.

At least once a year, and preferably every six or eight months, the
tank should be dewatered so that the sludge removal mechanism can be
inspected. This will afford an opportunity to make any necessary ad-
justments and to determine just what parts seem to be wearing out.
With the long time deliveries now prevalent because of wartime condi-
tions, it is more important than ever to keep a close watch on equipment
and to anticipate repairs at least six months ahead. By placing orders
at least that far in advance, there can be reasonable certainty that the
part needed will be on hand by the time the equipment is in serious need
of repair. Remember that the cost of mechanical equipment was in-
curred in the first place only because its use would improve tank per-
formance, and that all of the component parts should be kept in good
repair and well lubricated. Every operator should have complete in-
structions from the equipment manufacturer as to lubrication and main-
tenance and he should follow these instructions to the letter. If the
instructions or the lubrication chart have been lost, do not hesitate to
write the manufacturer for another set.

BARK FROM THE DAILY LOC

By w alter A. Sperry

Superintendent, Aurora Sanitary District

May 1— Remember the story of the borrowed sewer tap and our philosophy
of borrowing? Willard Pfeifer, our valued assistant (may Allah increase his
race), returned from a visit to his mother-in-law bringing back the tale of a
sign he saw in a store window in Leland, Ill. This sign bore the words, in
large letters, “ Please Bring Back Our Monkey Wrench!”

May 3— Another good lost-manhole-cover suggestion. Our Southeast In-
terceptor runs through a sparsely populated territory with an occasional corn-
field. Last spring, some one actually broke out a piece of a manhole wall to
drain a cornfield! This year we found that children had built a platform in
the bottom of a manhole for a playhouse. The flow is small and mostly
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ground water. Also several Christmas trees were removed. Six or more
manhole covers must be found and replaced in this area yearly.

Our District Engineer, W alter E Deuchler, reading an account of all this
in our report at a recent board meeting, whispered the suggestion that we fill
the crack between the ring and the cover with asphalt. Easy to pry loose
with the proper tools but hard for the youngsters.

May 7— It was a lovely Sunday morning but not for a man stopping at the
Leland Hotel. Found a telephone number on the desk when | came out for
the usual Sunday chores. It was from a man who said he had been sick dur-
ing the night and would we please look for his teeth? He did not realize that
a set of false teeth could not readily travel through six miles of sewers and
negotiate two inverted syphons under Fox River on the way. As a sympa-
thetic courtesy we called to restate more clearly just why we could not pos-
sibly recover his teeth. For the man it meant a soup diet and a trip from
Aurora back to Denver, Colo., to replace them. This was only one of many
such calls that we receive. Seems like the slogan “Don’t pull the string—
there is little that soap and water can’t fix,” would save a lot of grief.

May 10— The gas production at a sewage plant is always a seven-day wonder
to John Citizen. We never did forgive one visitor from Wisconsin who called
on us one Sunday. Our operator-guide began at the screen house and was
showing him the incinerator with its gas burner in full blaze. On being told
that this gas was produced from the sewage, he spat on the floor, pulled his
hat over his ears, said “That is a *!* I* I* | lie!”— then climbed in his car and
drove off!

Today a chicken farmer called to consult us regarding the production of
gas from the chicken manure produced at his place. He had never seen this
plant but had heard about the gas and conceived the bright idea that there
might be considerable salvage value in the 100 pounds or so of manure which
is produced daily by his 3,500 chickens. We explained our gas production
system and warned him that the amount of gas he could expect would not
nearly be worth the cost and labor required to manufacture it by this means.
This is the third or fourth time, in 15 years, that we have had local inquiries
about gas production by farm waste.

May 13— There is always a first time for new and strange phenomena. We
had liked Fred from the first day he was hired; he had been a farmer and
knew how to work. He was quiet, efficient and interested (unusual traits
these days). He enjoyed his job with us and was popular with the other
men.

Then came the surprise. He came in this evening to say that “he just
could not take it any more” and resigned his job. It seems that certain odors
have nauseated him ever since boyhood. No particular odor around the plant
seems responsible for the trouble but the faint odor coming through the sam-
pling hole at the wet well was certain to bother him, especially if he passed
that point on his way outdoors. Because of his husky and healthy appear-
ance we could hardly believe his story but he claimed to have visited a doctor
without obtaining relief, before deciding to quit. Too bad for him— and us!
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From a physiological standpoint, we understand that this trouble may be
caused by two nerve centers in the back of the throat which may be hyper-
sensitive to odors. A sagging stomach that retains food too long may cause
gastric juices to be thrown back to the throat with similar result. This inci-
dent may well cause some interesting speculations about certain individuals
and this whole problem of sewage works odors.

May 17— An interesting oil problem was put up to us when a machine forg-
ing company making steel shells called for help in satisfying a pollution
complaint.

We had never seen a forging machine where hot billets are punched and
squeezed into shape instead of being hammered. The lubricant is a heavy
black crude oil loaded with graphite, which is carried by the cooling water
through a series of 3 deep oil traps with the discharge going to a creek. An
examination of the material, by diluting it with gasoline and centrifuging,
revealed that it contained about 40 per cent water, 5 per cent graphite and
the remainder oil. Under the microscope, the water was shown to be oc-
cluded by the oil as small clear droplets; it was not an emulsion. The oil
trap effluent carried a considerable amount of heavy black oil drops in sus-
pension, causing pollution of the creek.

After considering a skimming tank, with retaining baffles, we found the
right solution to be a straw or hay filter as recommended by the American
Petroleum Institute.* We had thought of excelsior but this became soaked
and slumps down so that it is not effective. A rectangular box of suitable
dimensions, with an inlet designed to equalize the flow, is to be built. Four
cages 6 or 8 inches wide, extending across the box and made with screen wire
sides, are to be fitted in grooves so that each cage may be removed. These
are packed with hay or straw repeatedly as required. The flow passes slowly
through the four cages, the oil being retained by the straw. The device works
surprisingly well.

May 25— Hydrogen sulphide to the sewage works operator is personified by
the little devil with cloven feet, horns and spiked tail of the patent medicine
advertisements. We all know about the failure of the copper parts of
switches and wiring. Today we ran across a new one.

The recording dial of our big 5,000 c.f. per hr. gas meter began to dim
until it finally became difficult to read even with a flashlight. Eventually,
the cause became apparent. The enamel of the dial contains lead, and, in
time, the figures completely “blacked out” due to the action by H2S. After
long last we got a new dial, which was lacquered well before installation as
an additional protection.

June 1— We have always been proud of our caterpillar tractor with the sludge
saddle bags, that was first dreamed up by W. B. Walraven of the Springfield
(Hlinois) Sanitary District. There are only four of them to date. Repairs
during the last five years have been very reasonable. The chains have re-
quired rebushing and new pins but once in that time.

** Disposal of Refinery Wastes. Section 1—Waste Water Containing Oil.” American
Petroleum Institute, 50 East 50th St., New York City (1941). Price $1.00.
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Then we made the discovery that nearly every chain link had two or more
cracks in the corners at the ends. Some were just beginning, some were
long and one was clear through. We were afraid to run it and needed some
sound advice. The tractor maintenance man came to our rescue, assuring us
that such damage was common and could be easily repaired. The tractor was
jacked up so as to rotate the tracks and our local welder gave it a six-months
or more new lease on life by spot welding all the cracks. Meantime, a brand
new chain is in storage. The cracks were caused by wear of the sprockets
and stretch of the chain, which caused the links to pound as they came onto
the sprocket.

June 7— More about oil problems. Frank Olson, Superintendent of the two
plants at Batavia, lllinois, came down today with a furrowed brow. His pri-
mary sludge is oily, the digesters contain a great quantity of mineral oil that
interferes with the supernatant overflow and there is a possibility that his
sand filters are being affected. The digested sludge to the drying beds is un-
usually thick and gummy. In his case, the trouble comes from the discharge
of cutting oil from a shell plant.

The oil is in an alkaline emulsion that cannot be handled either by traps
or by filters. The Petroleum Institute treatise referred to previously in this
column indicates that such an emulsion may be hard to break up. The bul-
letin suggests a long list of reagents that may have to be tried before one is
found that will release the oil. We could not help Frank muchbut if he
finds a solution we will tell about it later.

June 13— Here is Chapter Four of the Paper Mill Story. Regular sampling
and analysis began the week of January 3, 1944, and have been continued to
date. The scheme of sampling was well planned and the weekly accumula-
tion of samples has been regularly exchanged for the empty bottle crate every
Sunday at the fire station.

During the year 1944 the flow of waste liquor has averaged 1.25 million
gallons per week and has carried 1,460 p.p.m. of suspended solids. This
represented a loss of more than 1.38 tons per day or 7.3 tons of pulp per week.
There was one high week of 2.1 million gallons of waste liquor discharge and
another week which showed a high tonnage loss of 16 tons. This was a
disconcerting revelation, quite unsuspected by the mill officials, and consti-
tuted a sizable loss when pulp ready for the paper machine was valued at $30
per ton.

In June, the company’s engineers came out for a conference. They ex-
pressed sincere appreciation for our cooperation and stated that the losses
were much more than had been anticipated. They reported that arrange-
ments were being made to reduce the volume of waste liquor by a scheme of
recirculation and that pulp loss was to be reduced by substitution of a regular
paper mill saveall” for the Oliver filter then used. (To be continued.)

June 15 It was a pleasant variation in the daily routine to appear as guest
lecturer before the chemistry and biology classes at Aurora College and to
talk about “Sanitary Engineering and Public Health.”” The class bell rang
much too soon.
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June 20— More than just lucky is the operator that has access to a good local
machine shop, managed by a man with mechanical gumption. Aurora has
one.

After fifteen years, the shaft and cross arm casting at the head end of the
rake mechanism of our Dorr Detritor became so badly worn on one side, due
to the unbalanced pressure of the heavy tail weight, as to cause a decided
jerking of the rake and misalignment of the machine. It took months of
persuasion to get the machinist to accept the job but it was worth the
trouble. The cross arm is both heavy and unwieldy. After much maneuver-
ing to get the piece in a lathe and four days of hard work, all worn places were
bored out and rebushed. Next time the effort and cost will be much less
because it will only be necessary to replace the bushings.

June 23— Presented the Biology Department of Aurora College with a six-
month fetus. It was in a good state of preservation and they were glad to
get it as a museum item. One or two a year come down.

June 27— One five-gallon bottle of distilled water to the city chemist and
one to the fire department today. This reminds us that, after all, the boys
at Olean, N. Y., did get 31 votes for their distilled water “gadget" and might
at least have been entitled to honorable mention (This Journal, 17, 381
(1945) ). Because we have no gas bills, the Aurora plant shares a lot of its
distilled water with all the city departments— not for cigarettes, to be sure,
but for a lot of friendly good will and cooperation. It pays good dividends.

One day the city chemist had a questionable water analysis— too much
calcium. It was traced to the distilled water and sleuthing eventually ran
the trouble down to a puncture in the worm coil of our still! It was a dif-
ficult repair to make but we did it. Then for a while we were extra cautious
and tested every batch of water distilled with standard soap solution and
wondered why the hardness was so high until we remembered to boil off the
carbon dioxide before testing. Now everyone is happy.

INTERESTING EXTRACTS FROM OPERATION
REPORTS

Conducted by LeRoy W. Van Kleeck

Operators!

Your cooperation, please! Send me direct a copy of your annual
reports as soon as they are prepared—Address : LeRoy W. Van Kleeck,
Connecticut State Department of Health, State Office Building, Hart-
ford, Conn. This will assure prompt extracting in this Section.

And to you operators who have never prepared an annual report,
did you read Pete Wisley’s editorial in the January, 1945, issue, page
99?7 Let’s extract that editorial here and now: .

“I't is our positive opinion that the preparation of an annual report is a definite
responsibility ... an essential duty to the municipality served.
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“Volumes have been written and spoken about the value of operation records with
never a dissenting voice. But when it comes to annual reports, we hazard the guess that
these are prepared in less than ten per cent of all treatment works in existence!

“The busy plant superintendent can waste much time in sifting through daily, weekly
or monthly reports for what may be located quickly in the annual and he will get an
over all picture from the annual summary that is not possible in data representing
shorter periods.

“It is not essential that the annual report be presented as an elaborate printed
brochure, replete with photographs and illustrations, such as is distributed from plants
serving very large cities. A neatly mimeographed report will answer the purpose ad-
mirably and the reproduction cost is almost negligible.

“Through the newspapers the superintendent may achieve the transformation of
his annual technical report into a story that the average citizen will understand. (The
editorial then lists the seven essential elements of a good report.)

“Why not put your plant in the ‘big time’ by preparing your first annual report to
cover the year 1944?”

Why not? The Federation has an “ Operation Reports Commit-
tee” now functioning. This committee in due time will undoubtedly
present aids and guides to operators in the preparation of annual re-
ports. It is also the aim of the Federation through this committee to
present awards for operator’s reports, along the lines of awards now
offered by some of the local sewage works associations.

One immediate aid to operators is the report of the New England
Sewage Works Association committee on * Sewage Plant Records.”
In an appendix of this report the general and detailed data for yearly
reports are listed for all types of plants and for specific plant processes.
The report will be found in This Journal, Vol. 3, No. 1, page 108 (Janu-
ary, 1931).

Another useful guide which includes fixed, operation and mainte-
nance costs is a report by a Federation committee submitted in 1931 to
Mr. C. A. Emerson, Jr., at that time Chairman of the Board of Control.
This report likewise lists the items on which records should be kept.
It was published in This Journal, Vol. 4, No. 1, page 3 (January, 1932).

Of more recent date, and in even greater detail, is the report of the
rating committee of the New York State Sewage Works Association.
In the committee’s revised rating schedule is an outline form of reports
for submission to the rating committee. Operators should guard how-
ever against following too mechanically a set listing of items. Origi-
nality lends interest, readability and increased value to annual reports.
Operators will find the schedule in This Journal, Vol. 11, No. 3, page 524
(May, 1939).

Among the sources of information do not forget this Section. By
a study of these extracts you will obtain ideas on what is wanted by
other operators for comparing and improving the performance of their
plants.

Good luck in your undertaking—ayi looking forward to receiving
your report this year!
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THIRD ANNUAL REPORT OF THE GARY, INDIANA, SANITARY
DISTRICT SEWAGE TREATMENT WORKS FOR 1943 *

By W. W. M athews, Superintendent

General Description

The main Gary sewage treatment plant is an activated sludge, dif-
fused air type, with separate sludge digestion. Garbage grinding
equipment is included as part of the plant. The design is based on a
flow of 40 m.g.d. or 170,000 population. The plant was constructed in
1939-40 at a cost of $1,901,793.57. The plant site covers 52 acres. A
description of the individual treatment units will be found in the previ-
ous extract on this plant.*

General Comments

Aceration demands have been somewhat lower than at similar plants,
air consumption being only 0.41 cubic feet per gallon of sewage treated
for 1943. With a high rate of gas production and a low air require-
ment, it has been possible to operate the Gary plant with low power
costs.

Dried sludge was again available at no cost to persons wishing to
use it as a fertilizer. There was a decrease in yardage removed and
the number of persons obtaining it during the year, which was caused,
we believe, by gasoline rationing. During 1942, which was the first
calendar year in which sludge was available over the entire year, 4,039
persons removed 5,130 cubic yards, while corresponding totals for 1943
were 2,656 and 3,329, respectively.

Summary of Operating Data, Gary Sanitary District (1943)

Item Average
POPUIATION SEIVEA ...t s 100,000
Sewage floW, M. Q.0 ... 215
Cu. ft. air per gal. sewage............ e 0.41
Lbs. B.O.D. removed per 1,000 CU. ft. @il .o 12
Cu. ft. gas produced daily Per Capita......ccoirriniiniinnieee e 1.44
Cu. ft. gas per Ib. solids added. ..o 26
Cu. ft. gas per Ib. volatile solids added......... s 9.5
Screenings, cu. ft. per m.g.....cooeevvieeccrccnennns JETT 0.206
Grit, cu. ft. per m.g SRR 8.73
Lbs. SOIAS reMOVEd PEI M.Q..iiiiiiiiiieieiceiei ettt 2,430
Primary settling Period, NrS. ... 191
Lbs. B.O.D. reMOVEd PEI M. eiiiiiirieiiinieiirisie ettt sttt 1,003
PH TAW SEWAGE ...ttt 1.0
PH SELHIEU SEWAGE ...ttt bbb 11
PH FINAL @FFTUBNT. ..o 13
PH TAW STUAGE ettt bbbttt ?g

PH returned STUAGE .....coviieciei e
*For a previous extract see: This Journal, 16, 3, 637 (May, 1944).
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Summary of Operating Data, Gary Sanitary District (1943)—Continued

Item Average
5-Day, B.O.D., p.p.m.
RAW SEWAGE ..ttt ettt b ettt b bttt bt b 1295
SEILIEA SEBWAGE ... ettt bbb 63.3
Final effluent........cccocociiiiicnnnn. . 9.3
Per cent reduction, raw and final.........ccccooviiiiiiicie e 92.8
Suspended solids, p.p.m.
RAW SBW AT ...ttt ettt bbbt b bbbt bbb bbb 301.6
SEIIEA SEBWAGE ...ttt 954
Final efflUent. ... s 10.3
Per cent reduction, raw and final.........ccccoooriiii e 96.6
Suspended solids in Mixed lQUOT, PP M. 1,353
Sludge INAeX ..o 101.5
Suspended solids in return SIUAge, P.P.M . e 4,532
Per Cent return SIUAGE ..o bbb 325
ALTAtION PO, NS it 3.9
Secondary settling Period, NrS ... e 2.95
Secondary settling period, gals, per sq. ft. daily ..o 734
Total cost of operation, dollars........ccccceeveeennnee. 68,273.95
Cost per m.g., dollars............... 8.70
Cost per capita, dollars.......c.c.ceuveeee 0.056
Cost per 1,000 Ibs. B.O.D. removed, dOHars......cccoiieiiiiiiiiiinecscee e 8.68
Additional Items
Raw sludge* pumped daily, gals... . 128,976
Per cent dry solids in raw sl,udge........ . 5.93
Per cent volatile solids in raW SIUAQE......ccciviiiiriiicicce e 48.02
Sludge gas analysis, per cent
CarboN QIOXIAE ...cvieii s 27.4
O XY GBI etttk b bbbtk R h e b bRt R btk b et r b 0.4
Methane.... 64.1
Hydrogen.. . 4.3
NIEFOGEN .o . 3.9
Hydrogen sulphide, raw (grains per 100CU. Ft.)....cccoorieinniineence e 6.2
Hydrogen sulphide, scrubbed (grains perl00 cu. ft.) ..o 4.48
B LT .U L, Mt 596.43
Grand Calumet river (effluent stream)
Dissolved 0xygen, Up-Stream, P.P.M ..o 3.81
B.O.D., UP-StrEAM, PPl ittt sb e 3.98
Dissolved oxygen, dOWN-Stream, P.P.M ..ot 4.0
B.O.D., dOWN-StrEAM, P. .M ceiiiiiiiiiiiciiiirieie sttt st 3.33
Total SeWage PUMPEA, M .0 7,847.65
Sewage pumped with sludge gas, m.g. 6,999.34
Cost of electric pumping, dollars..... 2,400
Value of gas used for pumping, dollars. . 9,721.47
Total air blown, 1,0007S C.F ..o 2,954,211
Air blown with sludge gas, 1,0007S C.T.....cccooeiiirivririeecsr s 2,883,711
Cost of electric aeration, doHars.......coviiiiiii s 773.24
Value of gas used for aeration, dolars. ... 10,805.60
Total suspended solids removed, Ibs. for year ...19,073,538
Total B.O.D. removed, 1DS. fOr VAT ..ot 7,869,441

*Includes primary and waste activated sludge, plus solids in digester supernatant liquor.
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ANNUAL REPORT ON THE JACKSON, MICHIGAN, SEWAGE
TREATMENT PLANT FOR THE YEAR 1944 *

By A. B. cameron, Superintendent

This is an activated sludge plant employing separate sludge diges-
tion. See a recent extract for a description of the plant units and a
plant diagram.*

General Remarks

The effluent from this plant is uniformly higher in quality than the
receiving body of water (the Grand River), and continues to bring
many favorable comments from visiting sanitary engineers and laymen.
This efficiency is indicated by the continued exceptionally high removal
of suspended solids and biochemical oxygen demand, these removals
being 93 and 97 per cent, respectively.

During the last year, little if any trouble has been encountered in

SUSPENDED SOLIDS REMOVAL

S Hrs 6 Mrs-

/5PP-M To
The GrandP/ver

B.O.D. REMOVAL

1j Hrs- S Mrs- 4PPM To

The GrandP/Ven

Figure 1.—Suspended solids and B.O.D. removals by Jackson, Mich.,,
sewage treatment plant—1944.

* For a previous extract see: This Journal, 16, 5 995 (Sept., 1944).
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keeping the filtros plates free and open. An occasional application of
chlorine into the main air line, or the blowing out of the system by using
additional blower capacity for twenty-four hours, has solved all of these
problems. Results have been so satisfactory that we have not had to
drain the tanks this year for inspections.

The digested sludge drawn to the beds this year was a little thinner
than the previous year. This is accounted for by the manner in which
we have operated these digesters on some experimental work for the
last year. These experiments are nearly completed and will be taken
up in a separate report in the reasonably near future.

During the past year we have again made every effort to maintain
the plant grounds, as we feel them to be a very good investment in
public good will. They are being used more extensively each year and
the grounds will warrant the building and operating of a comfort sta-
tion and wash room in a separate building to be used by the general
public. It is planned to design and build this comfort station during
the coming year. We still had to depend upon high school boys for
ground maintenance this year, and will have to report that this is not
a very satisfactory solution to our labor problem.

Summary of 1944 Operating Data, Jackson, Michigan

Average
Item Average 1939-1943
Connected population 50,000 —
Sewage Flow, M.g.0 ... 8.73 —
Per capita daily, gals.......cccooeiiiiiiiiiie 174
Grit removal, cu. yds. total... 54.1
CU. Tl PEI MLt 46
Analytical data, p.p.m.
Raw sewage:
Suspended solids 211 210
5-day B.O.D 144 147
DiSSOIVEd OXYGEN ..ottt 2.7 15
Ammonia nitrogen 10.9 135
OrganiC NItFOGEN ...ciiiiiiieiciriectce et 7.7 85
OXYGEN CONSUME....ovivriiiiiieiiiierereesi et 48.3 51.1
Final effluent:
Suspended solids 15 16
5-day B.O.D 4 10
Dissolved oxygen 5.2 5.4
AMMONia NItFOGEN ..o 11.1 9.2
Organic nitrogen 25 4.0
Nitrate nitrogen 0.4 4.7
Oxygen consumed 7.6 85
Activated sludge data:
Suspended solids in mixed liquor, p.p.m 2,857 3,240
Per cent of sludge returned 14 17
Sludge index 40 37
Applied air, cu. ft. per gal ... 0.6
Sludge digestion data:
Lbs. dry solids removed Per M.g. ..o 1,634
Wet sludge removed, CU. YOS 24,090

Dry sludge removed, CU. YAS. ..ot 5,395
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Summary of 1944 Operating Data, Jackson, Michigan— Continued
Per cent solids:

Primary SIudge. ..o 55
REtUrn SIUAQe ..o 19
Digested SIUAQE ... 7.4

Per cent volatile solids:

Primary sludge 63
Digested sludge 48
Suspended solids, supernatant, p.p.M....cccovernneinneiennenes 8,952
PH digested SIUAQe. ..o 7.2
Total alkalinity, digested sludge, p.p.M...ccccernriiiiinieiiieiene 3,065
Gas produced, cu. ft. per capita daily......coooviviiiiinicins 0.99
Gas produced, cu. ft. per Ib. volatile solids.........cccoceonniiinnnnns 121
Digested sludge temperature, F.°.....ccooiiniiiinicnee e 91
Dried sludge solids (open beds), per Cent....ceveeierreeiereeeieninens 39
Operation cost, total dOHars......coieincic s 52,681.67
Per m.g. treated .. s 20.56
Per capita YEarTY ..o 2.23*

*Including fixed charges.

1943 ANNUAL REPORT OF THE BELVIDERE, ILLINOIS,
SEWAGE TREATMENT DEPARTMENT *

By Miles Lamb, Superintendent

Description of Plant

A complete description of this plant will be found in the last ab-
stract. In brief, the plant is of the activated sludge type with separate
sludge digestion. It is now treating the design population of 10,000.

History

The plant was placed in operation January 1, 1937. Simultaneously
with this', the sewer service rentals were started. Major plant im-
provements since construction include a digester roof, a 3.0 m.g.d. pro-
pellor pump for the lift station, an extra turn of digester heat coils, and
a new gas boiler with provisions for auxiliary heat in the old boiler.
(Extractor’s note: Many of the smaller plants in the country have
learned the need for two boilers: one for gas and one for coal or oil in
order to insure proper heating of the digestion tanks and buildings in
the winter. Under some circumstances it is practical to use manufac-
tured gas in conjunction with sludge gas in a single boiler.)

The plant grounds have been completely landscaped and bituminous
roadways and parking lots have been constructed. Concrete walks
have been built to give ready access to the various parts of the plant.

In 1942, the control building was remodeled to provide more suitable
working space. During this same year, a lagoon was constructed to
provide a place for the raw sludge while cleaning the digester and to
provide relief for overloaded sludge beds.

*For a previous extract see: This Journal, 11, 5, 897 (Sept., 1939).
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Considerable progress has been made in the construction of a dike
for flood protection. This dike is being built at practically no cost with
waste foundry material and waste dirt from street work. About 75
per cent has been completed.

Administration

The Belvidere sewage treatment works operates under the sewage
revenue bond and service charge law enacted in 1933, and all monies
are derived from this source. The responsibility for the operation and
maintenance together with the collection of the revenue for sewer serv-
ice rests with the sewage treatment department.

Bills are issued quarterly and are payable at the collection office of
the department, which is in the city hall. The amount of the bill is
based on the water consumption. The minimum charge, with the 10
per cent discount allowed for payment before the 20th of the month, is
68 cents per month. For the purpose of billing, the city is divided into
three sections. These sections are billed in rotation. By this method
a steady monthly income is assured. Delinquent bills become a lien on
the property. As of December 31, 1943, delinquent accounts were less
than 2 per cent of total collection. In 1943, the cost of collecting the
revenue was about 6 per cent of the total billings. Collections from
the sewage revenue during the year were $24,704.71, which was suffi-
cient to cover all items of expense.

Digestion Tank

With the exception of a short foaming period, which occurred in
January, the digester operated in a very satisfactory manner during
the year. This foaming was an aftermath of the 1942 cleaning of the
digester, and was described in the 1942 report. The effectiveness of
the work done on the digester and heating equipment during 1942, is
shown by the fact that an average temperature of 92 degrees was main-
tained for the year, and that the temperature in December was 95 de-
grees or about 10 degrees higher than it was formerly possible to
maintain.

Summary of 1973 Operating Data, Beljidere, Illinois

Item Average
Sewage flow, m.g.d 1 05
Per CapIta PEI TAY .ottt bbb 129
POPUIALION SEBIVEU...ciiiiiiieec ettt bbb 10,000

Analytical data:
5-Day B.O.D., p.p.m.

199

2

Per cent reduction 99
Suspended solids, p.p.m.

Raw. ..:.. 233

Final 3

Per cent reduction 98 6
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Summary of 1943 Operting Data, Belvidere, Illinois— Continued

Primary treatment

Average detention period, RrS......ii s 1.14
Secondary treatment
Per cent settleable solids, 30 MINS........cccocviiiiiniiie s 23
Suspended SOHAS, PP M . 564
STUAGE TNUAEX vttt 408
Return sludge, 1,000 g.P.0. ..o s 201
Per cent of return SIUAQE ..o 19
ALration PEriod, NIS.. e 7.6
Dissolved 0xygen, OULIEt, P.P.M i 3.2
Sludge digestion
Lbs. dry solids added, daily ..o 2,420
Gals, sludge added, daily.......... .. 7,060
Per dry solids in sludge added.........cccoeeninicininece e 4.12
Volatile solids in sludge added, per Cent. ... 63.3
TEMPEIATUIE, F .0 e 92
Gas produced, cu. ft. per capita Per day ... 1.78
Cost data
Cost of plant operation, dOHArs........ccocoeiiiiiiic s 8,487.41
Cost of pumping station operation, dollars. .. 1,400.00
Cost of administration, dollars...................... .. 2,447.68
Cost of fixed charges, etc., dollars..... .. 11,849.06
Total expenses for year, dollars................. . 24,184.15
Cost per m.g. (including fixed Charges).....ccoovriniieinnncierees e 63.31
Cost per capita (including fixed charges).....cccocveeenrneens 242

TIPS AND QUIPS

Moments from Montana, when the infant Montana Sewage Works
Association held its First Annual Meeting at Lewistown on April 12-13
.. . the registration of 33 was considered excellent, under the circum-

stances, and was well within the limit set by O. D. T. . . . interruption
of the first afternoon session with the shocking announcement of the
death of President Roosevelt . . . and the pause taken while everyone

present stood in silence and with bowed head, in respect to his memory
. . . the amusing but instructive remarks made by Superintendent K. J.
Winebrenner of Kalispell, who told of his trials and tribulations in put-
ting the Kalispell plant into operation, after it had been left unfinished
by the W. P. A. . . . the timely reminder by A. W. W. A. President
Leonard Thompson of St. Paul, Minn., to the effect that sewage and
water works departments have been remiss in failing to conduct ade-
quate public relations programs . . . the lucid explanation of the man-
power and materials procurement situations by Lt. Col. Gerry Arnold,
U. S. P. H. S. engineer assigned to the Water Division of W. P. B. as
director of such services in the western region . . . and his quip that
“ A priority rating 01l an order for lumber is just a hunting license,”
in emphasis of the critical present supply of that material . . . the visit
to Lewistown’s modern sewage treatment plant, proudly exhibited by
City Engineer Joe Schmidt . . . and the compliments of the Federation



842 SEWAGE WORKS JOURNAL July, 1945

to Herb Foote, Joe Schmidt, Dean W. M. Cobleigh and others for their
efforts in launching so successfully the youngest Member Association
of them all!

Zinc metallizing as a means of combatting corrosion appears to be
attracting considerable interest in sewage works. Upon receipt of an
inquiry from Supt. T. R. Lovell of Marshalltown, lowa, for information
as to the effectiveness of metallic protective coatings as applied to
equipment exposed to sewage, he was promptly referred to Supt. W. A.
Sperry of Aurora, 111, who has tried zinc metallizing on a sludge meter.
The Aurora experience with zinc metallizing is the first which has come
to our attention from a sewage treatment plant.

The following extracts from the ensuing exchange of correspondence
will be of interest to other operators; the first extract is from Mr.
Sperry’s reply to the original inquiry:

“We have long been impressed by the possibility of zinc metallizing in sewage treat-
ment plants because zinc is relatively unaffected by hydrogen sulfide. Further, we have
been interested in Palmer’s experiences at Erie, Pa., as reported in Water Works and
Sewerage, September, 1942, Page 391.

“We undertook recently to rebuild the tipping bucket sludge meter which has been
in use at Aurora for more than 10 years. In the course of this job, we accidentally
learned that a local firm was in a position to furnish the equipment a zinc metallizing
treatment, that is, sprayed zinc. We immediately availed ourselves of the opportunity
and had the sampling tank, hopper, body, cover and tipping bucket of the meter com-
pletely metallized. The zinc was sprayed to an approximate thickness of 0.004 inch,
which is considered a good weight of protective coating. The spray was passed over the
meter repeatedly in various directions so that the zinc is built up of overlapping layers.
The cost was about $30, which is considered reasonable in view of the protection which is
anticipated.

“The sludge meter has been in operation only 3 months since the above work was done
and there has not yet been sufficient time for us to evaluate the protective treatment.
While attending an operators’ meeting not long ago, some doubt was cast on the advisa-
bility of the sprayed application, based on the statement that spraying was likely to leave
porous spots at which moisture might penetrate and instigate rusting behind the zinc.
Note that the objection was not to the use of zinc, but rather to the method of application.
The counter suggestion was that a dipped job would be better because it would result in
a heavy continuous film of zinc that could be built up to any desired thickness. The
procedure in this case would be to clean the metal thoroughly with acid, dip the part into
a saturated solution of ammonium chloride to act as a flux and then plunge it into a bath
of molten zinc. We have performed this operation on certain small items exposed to
weathering, with exceedingly gratifying results, but it is pointed out that the method
could be used on pieces as large as the sludge meter only by someone equipped for the
work.

“We expect to watch carefully our experimental trials of zinc metallizing and con-
sider them as pilot studies for reference at some future time when we might use this
method of protecting the equipment in our primary clarifiers. We are particularly
watchful for any evidence of porosity in the spray job but have been assured by those
who have had considerable experience with this type of coating that porosity is not to be
greatly feared, particularly if care is taken to apply the zinc by successive passes of the
torch and to build it up in overlapping layers. 1 think the method has good possibilities
and have been careful to furnish reasonable details but you will have to use your own
judgment on the application of the method in your plant.”
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Mr. Lovell responded to the above by relating some of his experi-
ences with corrosion at Marshalltown and in the plant at Fort Dodge,
lowa, which he formerly supervised:

“The Marshalltown plant has been in operation 5 years; it comprises separate sludge
digestion and activated sludge units, and handles a sewage which is concentrated by in-
dustrial wastes. The aeration tanks are equipped with Chicago swing diffusers and the
final tanks are equipped with Tow-Bro sludge removal mechanisms. It is in these tanks
that our corrosion is worst. The wrought iron diffuser headers and even the cast iron
feed pipes that are submerged are badly pitted and corroded. The same applies to the
multiple weir troughs and to the Tow-Bro piping, bracing and sludge heads in the final
tanks.

“It is possible, of course, that some of this is due to electrolysis. At Omaha, where
they have similar diffusers, cathodie protection was installed to eliminate the condition,
but at last reports the method was not a success. | have tried cleaning and painting the
equipment but the expense has not been warranted because of the short time the paint
lasts. We must find some way to protect the equipment or will find it necessary to re-
place many parts within two or three years.

“My experiences at the Fort Dodge plant and here have convinced me that zinc or
galvanized equipment stands up about the best. | might mention, however, that we have
a good many stop-gates and guides, proportional weirs, etc., that are made of cast alumi-
num and that to date they show no signs whatever of corrosion or pitting. If | can get
the metallizing equipment, | intend to try some aluminum to see how it compares with
zinc.

“Our sewer department owns a large portable compressor and | feel that we would
be justified in spending about $900 for the metallizing equipment, including the sand
blast equipment which we should have even for painting. We have a good many other
applications for the equipment since this plant is highly mechanized and maintenance has
become our biggest problem.

“We have another problem at our grit removal equipment, floeeulator and primary
tanks in that excessive wear of flight shoes, underwater drive chains, grit buckets, sprock-
ets, underwater bearings, etc., is caused by fine sand which enters the system and plant
due to defective joints in some of the old sewers which lie in quicksand. The sand is so
fine that much of it passes through the grit channels and collects in the flocculators and
primary sludge hoppers. Last year we replaced all underwater drive chains and bear-
ings in the flocculators and rebuilt all of the wearing shoes of the sludge collector flights.
| do not know whether metallizing with an abrasion resistant metal would help or not; |
am rather doubtful on that score.”

Mr. Sperry’s second response reviews corrosion experience and
other experiments with protective coatings at Aurora:

“After reading your interesting letter it seemed that you might possibly profit
further by some additional comments arising out of experience at Aurora. In the first
place, we carried out a 3-year experiment by exposing a large variety of metals to the
presence of moist plant gas to observe the corrosive effect of the sulfur constituent.
This work was done under conditions of known moisture hydrogen sulfide content of the
gas. Careful observation was made of the test pieces and we found, generally speaking,
aluminum, zinc and lead to be unaffected. Unfortunately, we neglected to add tin to the
group, but are firmly of the opinion that tin would take its place among this group.
Iron, in various forms, as cast, malleable, steel and wrought, was possibly affected partly
by reason of sulfur and oxidation. Coppers were severely attacked and the large num-
ber of copper bearing alloys were attacked in rough proportion to the amount of copper
present. We agree with you, therefore, in the suspicion that zinc is generally unaffected
by the sulfur in the sewage. We also are of the opinion that sprayed metal applications
are fairly resistant to abrasion. We hazard this guess based on experiences related to
us by a large local conveyor manufacturing concern, which applied zinc metallizing to
large conveyor belt rollers used in mine work, where the equipment has been subjected
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to severe moisture and wear conditions with a very long and satisfactory history of the
zinc retaining its protective properties, i.e., it did not wear off or give out.

“The specific reason that we have been attracted to metallizing as a protective cover-
ing on underwater clarifier mechanisms is that two of our clarifiers are in use and the
other two lie empty and unused. |If all four clarifiers were continuously in use we doubt
if we would ever bother to apply any paint coating due to the fact that the greases of
the sewage, in the absence of oxygen, are quite completely protective. The destruction
comes from long exposure to moist air. Every time we have applied a paint coat, not
only was it a difficult and unsatisfactory job to prepare the metal due to complicated
construction, but not a vestige of the paint remained after a year. To date, we know
of no paint that will 'stay put.” The most promising treatment for the shut-down period
now appears to be the application of ‘Rust Proof L’ (Texaco product), which is a glori-
fied axle grease. This is messy to apply but is reported to be doing excellent work, and
recently the State Highway Department of Illinois, following exhaustive tests, has
adopted it for bridge structures and other highway equipment.

“One other interesting comment is in connection with our Dorr Detritor mechanism
which has operated for about fourteen years. When we finally had to withdraw it, those
portions of the rake which were continuously submerged in raw sewage were in perfect
condition except for wear on the edge of the rake teeth, and the paint, possibly a baked
enamel, was still intact. Those portions alternately in and out of the raw sewage had
worn to knife edges or had completely rusted out.

“We have long felt that aluminum might have many valuable possibilities as a struc-
tural material, but the sensitiveness of aluminum to alkali might prove a factor and one
would want’knowledge of some long exposure before venturing too far in this direction.”

Mr. Lovell’s last letter refers to the application of metallizing in
British sewage works:

“In your last letter, you refer to your three-year experiment with various types of
metals exposed to moist plant gas. At the Fort Dodge plant the engineers specified
copper flashing, eaves trough and downspouts and then, unfortunately, connected these
downspouts to the bypass sewer. These served quite well as ventilator stacks for the
sewer, with the result that the copper was completely eaten through in less than a year.
Eaves trough and flashing were attacked but to a lesser extent. Similarly, a copper sky-
light frame and ventilator on the sample room between the digesters were completely
ruined in a very short period. At the outlet of the trickling filters, the filter effluent from
a number of filters was combined in manholes ahead of final tanks. These manholes were
equipped with cast iron manhole steps and with cast iron sluice gates for bypass ar-
rangements. This cast iron scaled off and deteriorated in the same manner as steel
normally does under such conditions.

“We also found the same conditions at our primary clarifier mechanisms at Fort
Dodge as you have at Aurora, that is, that the mechanism was protected by the coating
of greases in the sewage except for those parts that became worn from abrasion. We
assumed that this same condition would prevail with reference to the underside of the
floating covers on our sludge digesters. However, after about four years of operation
we made an examination of these covers and found them badly corroded. They consid-
ered metallizing at that time but finally decided to paint following sand blasting. |
don’t know what their experience will be when they find the opportunity to examine
these covers again. | don’t believe this condition is normally experienced with floating
covers, at least | haven’t heard of anyone else who has had this same experience. | feel
that the high sulfate content of the Fort Dodge water may have something to do with
this as the sludge gas at Fort Dodge normally contains anywhere from 150 to 400 grains
of HZX per 100 cu. ft.

“Your reference to ‘Rust Proof L’ is of interest since we received a sample of this
material from Texaco and tried it on our underwater equipment in the aeration tanks.
We found no evidence of it after several months of service. | assumed that the constant
agitation of the mixed liquor would wear it off. For protecting idle equipment such as
you describe it would probably give good service.
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“l have just received a letter from the Metallizing Engineering Company, Inc., 38-14
30th Street, Long Island City 1, N. Y., in reply to an inquiry as to whether they had ever
had an application of their process in sewage plant work. They sent me the subject
matter of an article that is soon to appear in their publication Metco News, which article
has been received from their English representatives. In brief, the article refers to the
metallizing of cast iron sludge trays or containers used in the silica-gel process of sewage
treatment. | am not familiar with this process but from the article | take it that these
trays are submerged. The article states that the trays had been showing extreme cor-
rosion conditions and that in 1937 sewage engineers ran tests on both old and new trays,
metallizing with 0.002 inch, 0.005 inch and 0.010 inch zinc and with galvanizing. It is
added that just before the war the following specification was adopted by these engineers:

1. All new sludge plates should be metallized with 0.005 inch zinc on the inner faces.

2. All used sludge plates should have a minimum of 0.005 inch zinc over the whole
inner surface, but the thickness should be increased up to a maximum of 0.010 inch on
any area which was badly corroded, and any deep local pitting should be roughly filled
with the sprayed zinc.”

Placement of fire extinguishers according to the following sugges-
tions of the Safety Research Institute, Inc., will assure their availability
in time of need:

“Portable fire extinguishers should be placed where they are readily available and
access to them is not likely to be cut off by fire.

“When usedto provide general protection for an area containing normal fire hazards,
extinguishersshould be so placedthat at least one large or two small onescan be reached
by traveling no more than 50 feet from any point in the area. Fewer extinguishers are
required when the fire hazards are light, and more when they are severe.

“Extinguishers may be mounted on columns or walls, with hangers, brackets or
shelves as supports. The tops of easily handled units should not be more than 5feet
from the floor; with heavy units, this distance should not exceed 3% feet.

“Extinguishers should be placed where they can be plainly seen. When they are
wholly or partly concealed, their locations should be marked with conspicuous signs.

“Nothing that might interfere with the accessibility of an extinguisher should be
placed under or near it. All extinguisher locations should be checked at least once a day,
and any obstructions found should be removed immediately.”

Chemist Justin J. Alikonis of the Bloomington-Normal (111.) Sani-
tary District reports an experience that points to a loss of digestion
capacity at Imhoff tanks in which grit may have accumulated over a
period of years.

A persistent case of foaming this spring in all of the four Imhoff
tanks could not be brought under control by the usual remedies of rest
(by removal from service) and pH adjustment. The foaming would
subside during the rest period but resumed within a week after the
tanks were replaced into service.

At the suggestion of District Engineer J. J. Woltmann, one of the
tanks was drained and an explanation of the foaming tendency in the
tanks became evident. This tank was found to contain a surprising
amount of grit and stiff, over-ripe sludge so that the volume of the
sludge compartments was measurably reduced. About 110 cubic yards
of grit and 364 cubic yards of a mixture of grit and ‘‘dead *” sludge, in
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a ratio of approximately 1: 3, were removed from this one tank. The
volume of material removed represented about a third of the effective
sludge storage capacity of the unit.

A case of indigestion brought on by a collection of ““gall stones, ’” as
it were!

A new policy on charges for cleaning sewers which are clogged by
industrial wastes has been adopted by the city of Chicago, according to
an item appearing in The Chicago Tribune of February 26, 1945, as
follows:

“Thomas D. Garry, superintendent of sewers, said the city collected its first bill
yesterday in a new policy of charging industries for the expenses of flushing and scraping
sewers clogged by industrial wastes. The Western Shade Cloth Company, 2141 Jeffer-
son St., paid $173.58 for which it was billed by the city for labor and other costs of
cleaning oily waste from a sewer. Garry and Public Works Commissioner Hewitt said
the city will continue to bill factories responsible for clogged mains. City engineers will
co-operate with the industries, they said, in designing catch basins to prevent clogging.”

Looks like a good way to make industry realize that even a sewer has
some limitations.

“Just like a shot in the arm” is the way C. 0. Baetz of the Repairs
and Utilities Section office at Salt Lake City described his chance meet-
ing at Camp White, Ore., with Capt. S. C. (Sandy) Martin, who is now
located at Camp White and is on leave from the Illinois Department of
Public Health. A long way from home were these two “ Central
Staters.”

Baetz, who was formerly superintendent of the Appleton, Wis., sew-
age treatment plant, tells of an experience encountered in his travels
through the West. It appears that the effluent from a sewage treat-
ment plant serving an army air base in Arizona is used for irrigation
of alfalfa fields. A rancher pasturing cattle in these fields hired a new
hand to attend the herd. At the end of a week, the rancher called on
the cowhand to see how he was getting along and inquired about the
water supply, referring, of course, to the sewage works effluent which
was depended upon for watering the cattle. The cowhand’s response,
“ Say, where does that water come from anyhow? It’s the best darn
water | ever drank!” perturbed the rancher no end, and sent him
forthrightly to the air field in search of an antidote and medical advice.
Apparently, no harm was done except to the rancher’s peace of mind.

And then there was the gentleman from the hills, who is said to have
written to a clay pipe association in response to an advertisement he
had seen. Afterextollingthe virtues of smoking and expressing his
own enjoyment of thehabit, hewanted to know ifhemight not have a
complimentary sample!



Editorial

CONGRESS STUDIES FEDERAL CONTROL OF
STREAM POLLUTION

Despite the many pressing domestic and international questions of
the moment confronting the 79th Congress, a surprising interest is
being evidenced in Federal stream pollution control legislation. The
fact that no less than three House hills and two Senate bills have been
introduced at this writing, all proposing the establishment of Federal
authorities to administer problems of water pollution, demonstrates the
importance of the matter in the minds of our national lawmakers, who
have been considering pollution control legislation for several years.
Had it not been for the war, it is likely that one of the earlier bills would
have become law by this time; it is significant that the problem is one
of the first items of unfinished business to be taken up as peace begins
to brighten the horizon.

All of the bills now under consideration by Congress have essentially
the same objectives, i.e., the establishment of a Federal coordinating
agency to function with state and local bodies in stream pollution inves-
tigations and abatement programs, to facilitate interstate action, to con-
duct research, etc.; and to provide for loans and grants to municipali-
ties for the purpose of planning and constructing works necessary to
abate pollution. There are important differences in the bills, however,
particularly in regard to enforcement authority.

The Barkley-Spence Bill (S. 1037 and H. R. 592) is identical to the
one introduced by Senator Barkley and Congressman Spence in the 78th
Congress and which was endorsed in principle by the Federation Board
of Control in 1944 (This Journal, 1/, 2, 392). The measure invests the
Sanitary Engineering Division of the U. S. Public Health Service with
new duties and responsibilities, and establishes a Water Pollution Ad-
visory Board which would function only to review programs and policy.
No direct Federal enforcement authority is provided by the bill. An
appropriation of $50,000,000 per year is provided for approved loans
and grants-in-aid, the latter being limited to 50 per cent of the total
cost of the project. An additional $1,500,000 per year is appropriated
for distribution among state pollution control agencies to finance inves-
tigations and special studies.

The White and Smith Bills (S. 330 and H. R. 587) provide for a new
Division of Water Pollution Control in the U. S. P. H. S. and for the
creation of a Board of Water Pollution Control in the new division.
The Board is to comprise four sanitary engineers of the U. S. P. H. S.
and one representative of the Office of Chief of Engineers of the War
Department. The bills require the Board to classify all navigable
waters into “ sanitary water districts,” to fix *“standards of purity”
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in each, and provide that action shall be taken by the U. S. District At-
torney to bring about abatement of pollution which violates the **stand-
ards ’—an enforcement provision which is most inflexible and allows no
exercise of discretion. A maximum appropriation of $50,000,000 per
year is authorized for approved loans and grants, with such grants
limited to 33% per cent of the cost of the project. The sum of $700,000
per year is appropriated for distribution among state pollution control
agencies for technical investigations.

The Myers and Mundt Bills (S. 535 and H. B. 519) establish an en-
tirely new Federal agency, designated as the National Board of Water
Pollution Control, to comprise the Surgeon General with certain mem-
bers of the Cabinet and representatives of Congress. For administra-
tion of the Act, the Board is empowered to appoint an operating Com-
mission, which consists of designated representation from seven exist-
ing Federal Bureaus and services engaging in activities associated with
the conservation of natural resources. Enforcement authority similar
to that provided under the White-Smith Bills is invested in the Board
proposed by this legislation but such authority is specifically devised
to supplement action by state pollution control agencies and allows the
Board to exercise discretion in special cases. Loans and grants for the
construction of works needed to abate pollution are authorized upon
recommendation by the Board “in the amounts and under the condi-
tions that may be prescribed by Congress for other public works.”

The U. S. Public Health Service, prominently represented in all of
the above pollution control measures, is intensely interested in the
legislation. The opinions and recommendations of that agency are
contained in the following statement of policy, dated March 13, 1945:

“The general magnitude and importance of the water pollution problem in the United
States, and its relation to the various uses of water and the public health have been well
established. Likewise, the inability of State and local authorities to adequately control
the pollution of interstate waters without the assistance of a central coordinating agency
has been demonstrated over the years.

“It is generally recognized that there is a need for Federal legislation to provide a
stimulus to water pollution abatement activities and the necessary coordination of exist-
ing control authorities.

“The Public Health Service has been engaged for many years in the investigation of
interstate water pollution problems, individually and in cooperation with State and Fed-
eral agencies. This activity has been limited in scope since it has, of necessity, been con-
fined to investigations.

“The Public Health Service is interested in any Federal legislation dealing with the
pollution control of interstate waters which provides for the following items:

1. Provisions for a Federal agency to act as a coordinator and advisor in matters per-
taining to water pollution and its abatement, with authority to carry on investiga-
tions and other activities necessary in developing more efficient methods of treat-
ment of sewage and wastes and in preparing comprehensive water pollution
abatement programs.

2. The authorization for appropriations of funds sufficient in amount to permit the
Federal agency to properly carry on the duties assigned to it.

3. Provision for an advisory board to the agency, the membership of which will in-
clude representatives of Federal agencies officially concerned with uses and control
of water resources which may be affected by pollution.
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4. Permission for States to form interstate compacts for cooperative effort in the
prevention and abatement of pollution of interstate waters.

5. The authorization for appropriation of funds for allocation to States for pro-
motion, investigations and preparation of engineering reports and plans necessary
for the prevention and abatement of water pollution.

6. The authorization for appropriation of funds for grants-in-aid or loans to civil
subdivisions of government and loans to persons for the purpose of constructing
sewage and waste treatment works.

7. Provision for the continuing interest by the Federal authority in the efficient
operation of completed projects to insure that maximum benefits are derived from
improvement works on which Federal funds have been expended.

“The Public Health Service makes no recommendations at this time relative to the
nature or degree of regulatory or enforcement provisions in water pollution control leg-
islation. The decision as to the extent to which the Federal government should be pro-
vided with, and exercise police powers in the control and abatement of water pollution
is a matter primarily of legislative policy to be determined by the Congress.”

The Federation, in acting through its Board of Control on the
Barkley-Spence Bill last year, has approved the general objectives of
Federal pollution control legislation which embodies the retention of
the rights of the state pollution control agencies insofar as possible.
No definite stand has been taken on the important issues of financial
participation and enforcement of abatement through Federal chan-
nels, which issues are at greatest divergence in legislation presently
proposed.

On the question of Federal loans and grants-in-aid, the writer sub-
scribes to the common opinion that pollution abatement projects should
find sufficient financial support on their own merits to be self-liquidating
as financed through independent channels but that in the event that a
broad Federal public works construction program is found essential to
the national economic structure and welfare, such projects should be
among the foremost to receive impetus through Federal subsidy.
There is also a personal feeling that all provisions for loans and grants
might well have been eliminated from this particular legislation, since,
first, they are likely to overshadow the fundamental intents and pur-
poses of the bills and, second, there would appear to be considerable
logic to the provision of Federal public works subsidies in a single,
separate measure covering all of such works, if and when Congress
deems such subsidies to be necessary to the national economy. There
is no fault to be found, however, with the proposals to give financial aid
to state agencies for the conduct of technical studies.

A Federal authority empowered to supplement the enforcement au-
thority of state agencies in effecting pollution abatement is believed to
justify support. There should be a careful integration, however, of
the national and state authorities in their powers to prescribe standards
of stream sanitation and to act against parties responsible for objec-
tionable pollution. Above all, the national agency should be given dis-
cretionary authority, in line with that provided in most state legislation,
so that all regulations may be administered fairly in every case. There
is believed to be merit in a requirement that the Federal authority could
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take enforcement action only when so requested by the state or states
involved.

A third issue at divergence in the legislation now before Congress,
not previously emphasized, is the creation of a new Federal agency to
administer water pollution control, as proposed in the Myers and Mundt
Bills. The writer is strongly of the opinion that such a new agency is
not desirable, for reasons other than the fact that there is already a
surplus of conflicting Federal bureaus. The Division of Sanitary En-
gineering of the Public Health Service is well equipped in staff and
background to assume the additional duties which would be required
of it; the legislation actually merely authorizes an expansion of some
of the functions now carried on by that Division. The Public Health
Service has already contributed heavily to the knowledge and technic
of stream pollution investigations and enjoys the confidence and respecf
of everyone engaged in that work. Furthermore, most state pollution
control activities are conducted by the sanitary engineering personnel
of departments of health and it is only reasonable that the national co-
ordinating agency should be a similar organization. It would be indeed
unfortunate if the experience and understanding of the problem repre-
sented in the Public Health Service were to be sacrificed by the creation
of a new pollution control agency outside of the Service.

Of the three types of legislation now under consideration, it is be-
lieved that the Barkley-Spence Bill, with certain revisions, is best fitted
to pollution control requirements. Amendments have been proposed
which would: (1) provide a more definite state enforcement procedure
in pollution abatement, (2) reduce the amount of Federal grants-in-aid
from 50 to 33% per cent, (3) increase the annual appropriation for loans
and grants-in-aid from $50,000,000 to $100,000,000 per year and (4)
make the Federal appropriation available immediately for planning
purposes.

It is hoped that Congress approaches the Federal pollution control
problem with due exercise of judgment and that a sound, practical and
progressive law will result. It is timely to repeat the recommendation
of the Board of Control that “all individuals and organizations inter-
ested in the elimination of stream pollution communicate their views to
members of the Congress to the end that adequate implementing Fed-
eral laws may be enacted.”

W. H. W.



Federation Affairs

1945 CONVENTION AT TORONTO POSTPONED!

In accordance with the requirements of the War Committee on Con-
ventions of 0. D. T., the Board of Control of the Federation has post-
poned for an indefinite period the annual convention which had been
planned to be held in Toronto, Canada, on October 1-3, 1945. The next
convention of the membership-at-large will take place at Toronto at a
time to be determined by the Board, in compliance with Federal regula-
tions and the Constitution and By-Laws of the Federation.

The regular annual business meetings of the Board of Control, usu-
ally held in conjunction with the convention each year, will be held on
October 17-18, 1945, probably in Chicago. Attendance at these ses-
sions will be restricted to officers, directors and committee chairmen.

Despite the postponement of the 1945 Convention, the technical pro-
gram already in assembly by the Program Committee headed by F. W.
Gilcreas will be brought to the membership-at-large through the me-
dium of Sewage W orks Journal. These papers will appear in issues
of the J ournal beginning with that of September, 1945, which issue has
been designated as the “ Annual Convention Number” as has been cus-
tomary in recent years. Among the outstanding papers comprising the
tentative program are the following:

The Development of the Activated Sludge Process of Sewage Treat-
ment. By Samuel A. Greeley.

Installation and Maintenance of House Sewer Connections. By N.
MacNichol.

Accomplishments and Future Applications of Trickling Filters.
By E. Sherman Chase.

Experiences with Activated Sludge at Toronto. By Wm. Storrie.

Rising of Activated Sludge in Final Settling Tanks. By Claire N.
Sawyer and Leland Bradney.

Conditioning of Supernatant Liquor for Addition to Aeration
Tanks. By L. S. Kraus.

Operating Experiences in the West Middlesex (England) Activated
Sludge Plant. By C. B. Townend.

Disposal of Pickling Liquor. By Richard D. Hoak.

Standards of Stream Sanitation. By Harold W. Streeter.

The complete program as finally arranged by the committee will be
given in the September issue of the Journal.

W. H. Wisely, Executive Secretary
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Conducted by
Gladys Swope

Mellon Institute of Industrial Research,
Pittsburgh 13, Pennsylvania

STREAM POLLUTION IN TENNESSEE

State of Tennessee, Stream Pollution Study Board, Nashville, Tennessee
1943-44
(48 pages, 28 figures)

In 1943 the General Assembly passed a resolution authorizing the Governor to ap-
point a Stream Pollution Study Board. In December of that year a board of seven mem-
bers was appointed, selected to represent municipalities, industries, and the state. It was
felt that such a board could investigate the questions of stream pollution to the interest
of the three groups mentioned.

Tennessee is drained by five river basins; the Cumberland, Tennessee, Mississippi,
Green and Conasauga. The first three were divided into smaller natural drainage basins
for purposes of study. The following table shows the population and area of each major
basin.

) Population ) .
gl SUME o
Rural Urban Rural

Cumberland........cccccceoreene 471,192 223391 694,583 10.450 66.5
TENNESSER...ovrrrvvvrrerriirins 976,072 443760 1,419,832 22.804 62.1
Mississippi 413,009 360,055 773,064 8,127 95.1
Green.......... 24.054 0 24,054 400 60.1
Conasauga 4,308 0 4,308 120 35.9
L1 Y SO 1,888,635 1,027,206 2,915,841 41,961 69.5

Surface waters are used for many purposes and by most of the people of the state.
About 20 per cent of the population are dependent on such waters as a source of domestic
water supply. As for industrial water supplies, about SO per cent of the water used by
industrial plants is obtained from surface supplies. The table at top of page S53 shows
information on public and industrial water supplies in the state.

Fishing and other recreational uses of the waters of the state are of importance.
There are 200 lakes with an area totaling more than 500,000 acres, and some 15,000 miles
of rivers and streams. Commercial fishing may become of importance. In 1943 it is
reported that the commercial value of fish taken from the Wheeler, Wilson and Pickwick
reservoirs in Alabama was in excess of $200,000.

Production of electric power has become of great importance in Tennessee. Stream
pollution adversely affects this industry because of damage to equipment and structures,
and because of depositing of silt in reservoirs.

*1t will be appreciated if Miss Swope is place on the mailing lists for all periodicals,
bulletins, special reports, etc., which might be suitable for abstracting in this Journal. Publi-
cations of publie health departments, stream pollution control agencies, research organizations
and educational institutions are particularly desired.

852
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Cumberland Tennessee Mississippi Green Total
Public Water Supplies
Communities,
Surface Supplies 22 33 | 0 56
Ground Supplies 23 98 52 1 174
Total e, 45 131 53 1 230
Population,
Surface Supplies............. 235,322 354,380 1,503 0 591,205
Ground Supplies............. 35,188 171,006 401,256 1,212 608,662
Total e 270,510 525,386 402,759 1,212 1,199,867
Industrial Water Supplies
Number of Plants........c....... 75 162 41 0 278
Surface Supplies, G.P.D.,
From Munic. System... 2,302,700 8,633,400 0 0 10,936,100
From Private Supply... 26,259,600 149,679,500 0 0 175,939.100
Ground Supplies, G.P.D.,
From Munic. System. .. 147,200 947,500 421,000 0 1,515,800
From Private Supply. .. 306,100 . 7,404,200 34,713,800 0 42,424,100
Total i 29,015,600 166,664,700 35,134,800 0 230,815,100

Note: No municipal or industrial supplies on Cénasauga basin.

River Basin
Municipal Systems
Cumberland Tennessee Mississippi Total
Number of Communities........ccc....... 31 77 34 141
Population of Communities.. 250,483 476,093 396,281 1,122,856
Population Connected.........cccveueuennne 189,240 364,040 382,990 936,220
Type of Treatment
Communities:
NONE. ot 14 41 13 68
Primary ..., 12 33 24 69
Secondary....eveeiennnns 7 7 2 16
Population
No Treatment......ccuene.e. 153,070 285,660 339,260 777,990
Primary Treatment... . 9,720 53,750 42,130 105,600
Secondary Treatment........ 26,450 24,630 1,000 52,080
Industrial Wastes
Number of InduStries......cccovevneee. 63 172 47 282
Population Equivalent........c.......... 235,040 718,350 314.430 1,267,820
Population Equivalent Discharged to
Sewers:
Domestic..... . 164,660 331.200 370,650 866,530
Industrial 232,200 711,180 311,430 1,267,820

Total.. .. T 396,860 1,042,400 682,080 2,121,340
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Surveys of the sources of pollution show a population within the state of 936,270
served by sewerage systems, and an industrial population equivalent of 1,267,820. It is
estimated that these figures are reduced by treatment to 866,530 and 1,254,810, respec-
tively. The industrial equivalent is based on the 5-day B.O.D. determination, using a
factor of 0.168 pounds B.O.D. per capita per day. The table at bottom of page 853 shows
data relative to municipal sewage and industrial wastes.

The preceding table shows 282 industrial plants in the state. These may be divided
into 10 types of industry as shown by the table below. The list is not complete. Most
of the plants built since 1940 and munitions plants are not included because, in general,
data were not available. Wastes from small local industries such as laundries, milk
plants, and others were included as part of the municipal sewage load in the above table.

Type of Industrial Pollution

Estimated Population Equivalent

Type of Industry Number of Plants
For Plants Per Cent
CaNNING .o 38 62,870 5.0
CelluloSe. .o 7 554,800 43.8
Chemical...c.cocoovvvcciiceeecce e 28 34,900 2.8
Meat... 27 149,090 11.8
Milk.... . 62 29,460 2.3
MiINING .o 9 — —
Pulp and Paper.....einnen 6 274,000 21.0
TaANNING .ot 3 . 34,100 2.7
Textile. . e 67 90,800 7.2
Miscellaneous......coeuevvereeieiererieeeeenins 35 37,800 3.0
Totaleieieeececees . .. 282 1,267,820 100.0

Pollution from other states received by Tennessee streams amounts to an estimated
population equivalent of 851,380. This figure is made up of 257,490 from domestic sew-
age and 593,890 from industrial plants. These figures represent the load as discharged
to the streams and do not take into account the natural recovery that takes place before
the streams enter the state.

Estimates of the cost of providing intercepting sewers and treatment works were
prepared. These estimates are based on the assumption that at least primary treatment
would be provided for all communities, plus secondary treatment where stream damage
has been shown on smaller streams.

The need of water pollution control for surface waters in Tennessee is recognized.
The miles of streams in a critical condition at the present time is relatively low com-
pared to the total stream miles in the state. The mileage is great enough, however, to

Estimated Cost of Facilitiesfor Treating Domestic Sewage and Industrial Wastes
in Tennessee

Total Costs in Thousands of Dollars

Drainage Basin

Interceptin Municipal Industrial
Seweprs 9 Trs?;nmtgnt Trg'ii;nmtgnt Total
Cumberland......ccccoevevvevvieinenne 5,700 2,630 290 8,620
Tennessee..... . 15,500 8,850 1,200 25,550
Mississippi 6,670 8,450 90 15,210

Total for State................ 27,870 19,930 1,580 49,380
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cause great economic and enjoyment loss and the pollutional load reaching the streams is
increasing each year.

In order to provide a convenient method of describing the surface waters of the
state a classification based on the minimum acceptable qualities of water for various uses
is proposed. This classification does not fix the condition of the stream or indicate the
desired quality but only describes the quality of the water that existed at the time it was
studied or under calculated conditions. There are four classes proposed, as follows:

Class | Condition.—W aters suitable for public water supplies with minimum
treatment such as chlorination or disinfection with possibly filtration to remove
turbidity. They are preferred for swimming and recreational sites.

Class Il Condition.—Waters in this classification can be treated by normal
filter plant operation to produce satisfactory water supplies. This is the normal
classification of streams in the state that receive surface run-off and distant pollu-
tion. They may be acceptable for swimming if the number of bacteria of the coli-
form group is low. They are suitable for healthy fish life.

Class 111 Condition.-——W aters in this classification can be treated by advanced
treatment methods. They are not desirable as sources of public water supply due to
taste-producing substances and low factor of bacterial safety. They are not con-
sidered safe for swimming and are not desirable for other recreational uses. They
will support fish and other aquatic life but the most desirable types of fish may be
absent.

Class IV Condition.—W aters in this classification are not suitable for public
or industrial supplies. They are not suitable for swimming and will not support
desirable aquatic life.

Additional standards for waters of the first three classifications are shown in the
following table.

Stream Conditions Class I Class ” Class ”I
Appearance:
Oil, floating solids, scum or de-
bris except from natural sources. None None Moderate, local-
ized
COlOr, P.P.M i 20 (desirable) ~ Amount of color Amount of color
Turbidity, p.p.M ., and turbidity and turbidity
which can be which can be
removed with removed economi-
normal equip- cally by advanced
ment by standard methods
practices

5-day B.O.D., p.p.m.

Monthly average. ... 1.0 2.0 4.0
Maximum observation............. 2.0 4.0 0.0
Dissolved Oxygen, p.p.m.
Monthly average ... Above 7.0(a) 6.5 5.5
Minimum observation.....c....... 7.0(a) 5.0 4.0
Coliform Group
Monthly geometric
Average M.P.N. per ml.
SWIMMIiNG .o, 0.5 10 Not approved
W ater supply.eoieeen. 0.5 50 200
PH 6.5-8.6 G.5-8.6 5.0-9.5

(a) Upper layers of stratified lakes and pools.
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The Study Board recommends legislation which will place the responsibility for
water pollution control in a Stream Pollution Control Board. The Control Board should
be composed of the Commissioners of the State Departments of Health, Conservation,
and Agriculture, and two appointive members to represent municipalities and industry.
The administration of the program should be centralized in the State Department of
Public Health. The Board should have the following powers:

1. Power to define what constitutes pollution, with the definition based on the con-
sideration of all phases of water use.

2. Power to promulgate rules and regulations to interpret and facilitate its author-
ized powers and functions.

3. Authority to investigate pollution and to issue orders against those causing pol-
lution, requiring abatement of pollution.

4. Power to seek injunctions when necessary to protect the public interest.

5. Power to review plans of new waste systems and treatment works prior to con-
struction and to require suitable treatment.

6. Control over the maintenance and operation of waste treatment works.

7. Power to order the construction of sewage and waste treatment works.

Note: The report contains a copy of the Bill proposed to authorize the proposed,
stream pollution program, and a general plan of the program.
T. L. Herrick

SOME EXPERIENCES WITH RISING SLUDGE IN HUMUS
TANKS

By L. E. Mountfort
The Surveyor, 104, 65-66 (February 2, 1945)

The phenomenon of rising sludge has been observed at the East Middlesex Main
Drainage Works for several years and various methods have been tried for ridding the
surface of the final settling tanks of the sludge blanket.

The sewage dealt with receives the effluent from the sulfate of ammonia plant of a
gas company which discharges about 60,000 gallons per day of waste or nearly one per
cent of the total sewage flow.

Sewage at the works is treated in sedimentation tanks, percolating filters and humus
tanks following the filters. The filters are six feet deep and are filled with broken
flint gravel in the lower three feet of depth with three feet of metallurgical coke on top of
the gravel. AIll medium is graded three inch to one inch. Sewage is applied to the
filters by self-propelled rectangular travelling distributors.

The humus tanks have a water depth of 26 feet and the ratio of normal flow to tank
surface area is about 8, the units being square feet and hours.

Sludge can accumulate to a depth of 4 to 5 inches on the surface of the humus
tanks.

In the absence of gas effluent the amount of nitric nitrogen in the final effluent
ranges from 30 to 40 p.p.m. When gas effluent is being treated, the final effluent may
contain from 50 to 60 p.p.m. of nitric nitrogen. The amount of nitrous nitrogen does
not vary much and is usually not more than 0.5 p.p.m. The effluent from the filters
and the final effluent from the humus tanks usually are about 60 per cent saturated with
dissolved oxygen.

There appears to be a direct and immediate relation between the presence of gas
effluent and the occurrence of rising sludge. On every occasion where there has been a
cessation of gas effluent discharge, the tank surface has remained reasonably free from
sludge during the whole period, but within 24 hours of the arrival of gas effluent, the
whole surface of the tank is covered with a blanket of sludge.
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The humus tanks are of the hopper bottom type and are not equipped with sludge
withdrawal mechanisms. Experiments were conducted to determine the rate at which
sludge should be drawn from the desludging pipes. It was found that if 5 per cent of
the tank flow was withdrawn through the desludging pipes, there would be no accumu-
lation of sludge on the tank surface. This was a large quantity of sludge and it was
found necessary to provide sludge concentrating tanks for separating the excess water
from the sludge.

K. V. Hin

EFFECT OF SPENT GAS LIQUOR ON COLD SLUDGE
DIGESTION

By A. Sciver and E. H. M. Badger

Gas Journal (London), 242, 520-521 (Oct. 27, 1943)

The Ascot District Gas and Electric Co. petitioned the Windsor District Council for
permission to discharge spent gas liquor into the sanitary sewerage. The Windsor sew-
age treatment works is equipped with cold digesters designed for a population of 9,000
but during the war the District population increased to 13-14,000 and the permission was
refused. Upon appeal to the Ministry of Health, however, the petition was granted
under the following stipulations:

1. Volume discharged in any day of 24 hours not to exceed 2,200 gal.

2. Volume discharged in any hour from 6 A.M. to 10 P.M. not to exceed 120 gal., and in
any hour from 10 P.M. to 6 A.M., 60 gal.

3. The composition of the gas liquor as determined at the point of measurement must
meet the following conditions:

(a) Oxygen absorbed from N/80 acid KMnCb in 4 hrs. at 26.7° C. shall not exceed
12,000 parts per million by weight.
(6) Free ammonia (as NH.,) determined by simple boiling without addition of alkali,
and distilled into standard acid, shall not exceed 400 parts per million.
(c) Sulfide (as S) shall not exceed 100 p.p.m.
(d) Suspended solids shall not exceed 60 p.p.m.
(e) The pH shall not be less than 6 nor more than 10.
(/) Tar and other oils not dissolved by the aqueous liquor shall notexceed 60p.p.m.
4. Temperature of liquor at point of discharge shall not exceed 110° F.
5. Ascot District Gas and Electric Co. shall pay the District Council 25 s. 6d. ($5.10)
per 1,000 gal. of liquor discharged to the sewerage.

The sewage of the community is pumped 4y2 miles to the treatment works and ar-
rives there in a septic condition, and this was one of the reasons for refusing the admis-
sion of the gas liquor in the first place, but, after operation with the liquor for about a
year the following conclusions were drawn:

“Owing to the fact that gas evolution from the sludge digestion tanks could not be
measured for an extended period when no gas liquor was being admitted to the sewers,
it is not possible to draw any rigid conclusions as to the danger or otherwise of this ad-
mission to sludge digestion. It seems evident, however, that in this case, while the flow
of gas liquor was being properly controlled, no adverse effect on cold sludge digestion
was produced.

“With this particular unheated sludge, alkalinity of the digestion process was never
attained, even when the capacity of the digesters was increased by 50 per cent over their
designed capacity.”

Richard D. Hoak
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USE OF SEWAGE FOR AGRICULTURAL PURPOSES

A Directive Issued by the Inspector-General for Water and Energy (Germany), 1942
Kleine-Mitteilungen, 18, 229-230 (1942)

The use of settled sewage for agricultural purposes was widely urged in Germany
during the early years of the war. The method used was spraying the sewage into the
air for distribution (artificial rain). The Inspector-General for Water and Energy
issued a series of directives pertaining to sewer construction, sewage treatment plant
operation, saving of materials and labor, etc. The directive concerning the use of do-
mestic sewage for agricultural purposes contains a number of precautions which may be
of more general interest. The directive was based upon investigations and could be
changed by the Inspector-General when indicated by further studies. The directive,
ordered printed in Kleine Mitteilungen, 18, 229-230, 1942, was substantially as follows:

I. (a) City sewage must be treated by screens, grit chamber and settling tanks with
sufficient detention time. The sludge must be properly treated by digestion, dewatering,
composting or by similar methods. The treated sludge can be used for agricultural
purposes.

(b) For enlargement of treatment works sufficient area must be made available.

Il. The sewage must be delivered as fresh as possible, to prevent loss of fertilizer
value and odors; for small and medium size cities this is always possible, provided no
putrefaction is allowed to take place in the sewers. The sewers should be tested to de-
termine whether putrefaction of sewage takes place and the city authorities notified to
take the necessary measures to prevent putrefaction as much as. possible. To prevent
odor, proper methods must be used, such as aeration, chlorine addition, maintenance of
sufficient velocity, etc.

I1l. Main distribution lines should be enclosed in underground lines; open laterals
should be constructed of concrete.

IV. Pollution of ground water and streams should be prevented.

V. Plants, roads, highways/railroads, etc., must under no circumstances be troubled
with odors; fruit and vegetable gardens should not be touched by sewage sprays. There-
fore, between the above named structures, etc., and the sewage plants a sufficiently wide
protection strip must be constructed. During strong winds no spraying with sewage
should be practiced.

V1. No artificial rain system can be used in the neighborhood of water works; if
close together, report and obtain advice.

VII. Flooding practice shall be in co-operation with the Food Administration
Service; the last flooding must be completed one week before harvest.

V1Il. Potatoes must not be flooded after blooming. Land for vegetables receive
sewage only on base soil. During growth, irrigation must be with fresh water.

IX. Sewage and sludge which may contain anthrax spores (tanneries or hair spin-
ning) must not be discharged into municipal sewage used for agricultural purposes.

W illem Rudolfs

ROLE OF PROTOZOA IN THE AEROBIC PURIFICATION
OF SEWAGE

By S. C. Piltai and V. Subrahmanyan

Nature, 154, 179-180 (August 5, 1944)

The protozoan Epistylis sp. was isolated from the mucilaginous masses adhering to
the aeration tanks by repeatedly centrifuging and washing. It was inoculated into
sterilized decoction of fecal matter and aerated. After the sludge was built up, a careful
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selection of cells was made. This operation was repeated a number of times until the
associated bacteria were eliminated and the medium consisted exclusively of protozoa.
They were at least as active in purifying sewage as the normal activated sludge. Con-
ditions affecting the life and activity of the protozoa also affect the efficiency of purifica-
tion. When protozoa are killed or inactivated by heating (50° C.-), partial sterilization
(methylene blue and acridine yellow) chronomous larvae and fermenting yeasts, sludge
formation and clarification is nil. Wherever purification is proceeding satisfactorily,
protozoa are active. If the protozoa are dead or encysted there is no purification. It
is concluded that aerobic purification of sewage is essentially due to the protozoan ac-
tivity. Bacteria play only a secondary part.

H. Heukelekian

SEWAGE BACTERIA BED FAUNA IN ITS NATURAL
SETTING

By LI. Lloyd

Nature, 154, 397 (September 23, 1944)

Bacteria beds are a very favorable environment for insects. It is well aerated and
supplied with food. It is protected from temperature extremes. The insect fauna is char-
acterized by a small number of successful species which are found in great numbers. In
eight years of trapping on the Knostrop beds at Leeds, out of one hundred different
species 99.7 per cent belonged to six species, namely, Metriocnemus longitarsus, M. hir-
ticolis, Spaniotoma minima, S. peremis, Psychoda alternata and P. severnii. The en-
chytraeid worm, humbricillus lineatus, is also very abundant in the Knostrop beds.
Achorutes viaticus and Spathiophora hydromyzena are the only other insects recorded as
prevalent. A similar fauna was located in a mud flat which is waterlogged but rarely
flooded.

Il. Heukelekian

HISTORY OF STREAM POLLUTION IN INDIANA

By Thurman B. Rice

Monthly Bulletin, Indiana State Board of Health, 47, 9 (Sept., 1943)

A review of stream pollution problems, legislation and abatement progress,in
Indiana.
Paul D. Haney

DUTIES OF THE NEW STREAM POLLUTION CONTROL
BOARD

By Thurman B. Rice

Monthly Bulletin, Indiana State Board of Health, 47, 202-203 (Sept., 1943)

The bipartisan control board was authorized by legislative action in 1943 and will
begin the study of pollution problems with a view toward working out plans for stream
pollution abatement in the postwar period.

Paul D. Haney
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CLEAR WATER AHEAD

By Josepij L. Quinn, Jr.

Monthly Bulletin, Indiana State Board of Health, 47, 204 (Sept., 1943)

Planning for stream pollution abatement in the postwar period should be undertaken
now and should be carried to the point of having complete plans and specifications pre-

pared. .
Paxil . Haney

PROGRESS OF SEWAGE TREATMENT AND STREAM
POLLUTION ABATEMENT

By Martin A. Milling

Monthly Bulletin, Indiana State Board of Health, 47, 205 (Sept., 1943)

The first sewage treatment plants in Indiana were built in 1903. These were septic
tanks and are still in use. By 1920 there were only eight plants, but in 1943 there were
126 sewage and industrial waste treatment plants. The 81 municipal plants cost
$17,000,000. The cost of treatment plants (interceptors not included) has averaged $15
per capita. Operating costs have averaged about $0.80 per capita per year. The aver-
age operating cost per million gallons for cities undex; 30,000 has been about $25. At
several of the larger plants the cost is $10 per million gallons.

Paul p. Haney

STREAM POLLUTION

By G. G. Fassnacht

Monthly Bulletin, Indiana State Board of Health, 47, 206 (Sept., 1943)

Stream pollution is caused by human and industrial wastes. The amount of pollu-
tion permissible in a stream depends upon the size of the stream and the use to which it
is put. The amount of pollution contributed by a given waste depends upon the strength
of the waste and its volume. Streams may be grossly polluted without being loaded with
typhoid germs, and convei-sely streams which appear clear, bright and sparkling may
contain pathogenic organisms.

Paul p. Haney

A CHALLENGE—THE ABATEMENT OF STREAM POLLUTION

By Joseph L. Quinn, Jr.

Monthly Bulletin, Indiana State Board of Health, 47, 114-117 (May, 1944)

A stream pollution control board was established by an act of the Indiana legislature
in 1943 and the citizens of the state are becoming more stream pollution conscious.
Stream pollution abatement has the active support of numerous organizations throughout
the state. Stream pollution problems in Indiana involve damage to water supplies,
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animal and aquatic life and the loss of recreational values. The problems are varied in
scope and in the requirements of treatment.

About 1,127,640 people or 59.7 per cent of Indiana’s urban population are being
eserved by sewage treatment plants at present. It is estimated that 81 Indiana munici-
palities have spent approximately $17,000,000 for sewage treatment alone and will spend
$28,000,000 more. At the present time approvals have been issued by the Indiana State
Board of Health and the Stream Pollution Control Board on 18 completed and 19 pre-
liminary sets of plans and specifications for municipal sewage treatment plants. In
addition four engineering reports have been accepted. Efforts are concentrated on each
drainage basin as a unit. The Control Board has formulated and adopted a set of
minimum standards for the determination of what qualities and properties of water shall
constitute a polluted condition. |Its philosophy is based upon the consideration that
there is a fair economic balance between the cost of treatment and the benefits received be-
yond which it is not reasonable to expend money for treatment.

A map of the state shows sources of pollution and degree of treatment.

Paul D. Haney

REPORT OF STREAM POLLUTION IN THE ST. JOSEPH
RIVER BASIN

By Robert W. H eider

Monthly Bulletin, Indiana State Board of Health, 47, 136-137 (May, 1944)

The St. Joseph River’s headwaters are in Southern Michigan and it flows southwest-
erly through Indiana and then back through Michigan, finally discharging into Lake
Michigan.

There are 31 municipalities in the Indiana portion of the basin and their population
is 204,146. There are four municipal sewage treatment plants which treat the sewage
from only about 10 per cent of the population. Industrial wastes are contributed by the
milk, meat, brewery, metal, pulp, paper, rubber, textile and canning industries.

Ground water supplies are abundant in the basin and there are no surface water
supplies. The availability of ground water probably is one reason why so little has been
done to abate the pollution of this river.

Paul p. Haney

STREAM POLLUTION FROM THE STANDPOINT OF FISH LIFE

By Hugh A. Barnhardt

Monthly Bulletin, Indiana State Board of Health, 47, 131, 142 (June, 1944)

Sewage is harmful to fish life when it is first introduced into a stream and for some
distance downstream because of oxygen depletion. On the "White River this harmful
effect wis noted for forty miles below the source of pollution. Below this point micro-
scopic plant and animal growth became abnormally abundant and persisted at a high
level for 60 or 70 miles. The growth of microscopic organisms, which serve as fish food,
was stimulated by the sewage. To this extent the sewage was beneficial to fish life.
However, the limited beneficial effect should not be permitted to overshadow the harmful
effect and sound conservation practice should be directed toward the elimination of the

discharge of untreated sewage into streams.
Paul D. Haney
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EFFECT OF POLLUTION ON WATER TREATMENT

By C. K. Calvert

Monthly Bulletin, Indiana State Board of Health, 47, 155, 161 (July, 1944)

The pollution of surface water consists mainly of industrial waste and domestic
sewage, and if the water supply intake is located on a stream near the point of contami-
nation, grave interference is experienced in the process of water purification. Water
containing an undue amount of organic matter is very difficult to coagulate and has a
high chlorine demand. Industrial wastes containing iron, manganese and hardness
producing compounds add to the difficulty of water treatment. Pollution may also stim-
ulate the growth of microscopic organisms which produce offensive tastes and odors
difficult to remove at the water treatment plant.

All pollution, whether from trade waste or domestic sewage, interferes with water
purification methods in direct proportion to its extent.

Paul p. Haney

THE EFFECT OF STREAM POLLUTION ON AGRICULTURAL
PURSUITS

By Charles M. Dawson

Monthly Bulletin, Indiana State Board of Health, 47, 185 (August, 1944)

The greatest source of stream pollution in Indiana is industrial wastes. Manufac-
turing plants, mines, etc., have contributed to stream pollution, some unconsciously,
others as a matter of convenience and economy. Business as a whole cannot be indicted
because successful business operation is as necessary to the economy and progress of the
state as are fish in the streams to the conservationist and the grazing cattle to the farmer.
Any solution to the problem of stream pollution must be as fair to business as it is to the
farmer and the conservationist. There must be a common meeting ground. Co-operation
of all interests concerned is the key to successful stream pollution abatement.

Paul D. Haney

STREAM POLLUTION IN THE LOWER WABASH RIVER BASIN

By Eobert W. Heider

Monthly Bulletin, Indiana State Board of Health, 47, 186-187 (August, 1944)

This basin extends southward from Clinton along Indiana’s west boundary to the
Patoka River basin and includes the White River drainage area below the confluence of
that river’s East and West Forks. There are 32 cities and towns in the Indiana portion
of the basin with populations over 300. The total population of these communities was
117,525 in 1940. Only two cities having a total population of 5,600 provide sewage
treatment. Pulp, paper, meat, milk, distillery, brewery, creosote, coke, canning, and
mining industries contribute to the pollution problem.

Seventy-two per cent of the population in this basin is served by surface water sup-
plies. Sewage and industrial waste treatment at Terre Haute is of prime importance
because wastes from this city enter the stream above the Vincennes water supply intake.

Paul D. Haney
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STREAM POLLUTION AND PROPOSED SOLUTIONS TO IT

By Richard Lieber

Monthly Bulletin, Indiana State Board of Health, 47, 209 (September, 1944)

Stream pollution abatement cannot be attained by passing laws or ordinances. To
solve the problem in a fair and sensible way, a properly organized stream hygiene
bureau should be created which could devote its efforts to scientific study of ways and
means of locating and removing the sources of pollution.

Paur D. H aney

STREAM POLLUTION IN THE KANKAKEE RIVER BASIN

By Robert W. Heider

Monthly Bulletin, Indiana State Board of Health, 47, 210-211 (September, 1944)

The headwaters of the Kankakee River are located in St. Joseph County, Indiana.
The river flows southwesterly and ultimately joins the Des Plaines River in Illinois. The
total population of the 37 cities and towns in the Indiana portion of the basin is 52,798
and only one municipality (pop. 14,000) provides sewage treatment. There are no
public water supplies taken from the river in Indiana. Pollution by industrial wastes
is not extensive. Milk plants are the major contributors. The Indiana State Board of
Health and the Stream Pollution Control Board strongly recommend that plans for
treatment facilities be prepared now so that construction work can start as soon as labor
and materials are available.

Paul D. Haney

LICENSING WATER AND SEWAGE PLANT OPERATORS

By Ralph B. Wiltey

Monthly Bulletin, Indiana State Board of Health, 47, 248 (October, 1944)

A suitable licensing law should provide for the appointment of a competent board
composed of men of recognized experience in the field and free from political domina-
tion. The licensing board should have the power to classify the water supplies and sew-
age treatment plants of the State on the basis of the qualifications necessary in the
responsible operating personnel of each plant, to examine applicants, to issue licenses,
to publish lists of qualified personnel, to force compliance with the law, to formulate
rules for rating each plant, and to revoke licenses when necessary. The board should
not have the power to dictate to municipal officials as to the appointment of particular
operators. Operators should be chosen from a published list of licensees. It would not
be necessary to license all employees. Only those in responsible charge need be li-
censed. Such a law would protect the public, municipal officials, and competent plant

operators.
Paul D. Haney

STREAM POLLUTION IN THE EAST FORK WHITE RIVER
BASIN

By Robert W. H eider

Monthly Bulletin, Indiana State Board of Health, 47, 243-244 (October, 1944)

The East Fork White River Basin is located in the southern half of Indiana and has
an area of about 4,460 square miles. The total population of the 54 cities in the basin
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is 144,915. Sewage treatment plants at eight cities serve a total population of 44,700
or about 31 per cent of the population. The milk, metal, paper, pulp, meat, tannery,
textile, creosote, and canning industries contribute industrial wastes. Public surface
water supplies serve a total population of 63,530 and stream pollution creates important
water treatment problems. Sewage and industrial treatment facilities should be planned
now so that construction work can be undertaken as soon as possible.

Paul p. Haney

THE HISTORY AND LEGAL BACKGROUND OF STREAM
POLLUTION CONTROL IN INDIANA

By Robert Hollowell, Jr.

Monthly Bulletin, Indiana State Board of Health, 48, 280 (December, 1944)

Pollution control has been influenced by the social and economic conditions of the
times. The results of a number of court decisions have been contradictory, but may be
reconciled upon the broad proposition that the court at the time was seeking what it
thought was the best for the general welfare. In the latter part of the last century
the general welfare required a city to have a sewage system and at that time it was a
matter of necessity that it be discharged into a stream. With the development of sew-
age treatment processes, which are scientifically sound and economically possible, the
rule of necessity disappears. Therefore, a case with similar facts at the present time can
consistently be determined in favor of pollution abatement by the application of the same
rules of law.

A number of court decisions are cited.

Paul D. Haney

STREAM POLLUTION IN THE UPPER WABASH RIVER BASIN

By Robert W. Heider

Monthly Bulletin, Indiana State Board of Health, 48, 285 (December, 1944)

The upper Wabash River Basin has an area of about 10,000 square miles. There
are 154 cities in the basin with populations over 300. The total population of the 154
cities is 335,092. Sewage treatment plants provide complete treatment at twelve cities
having a combined population of 116,950. Primary treatment only is provided at two
cities having a total population of 3,500. Thirty-seven cities over 1,000 population do
not provide municipal sewage treatment.

Surface water supplies serve a total population of 29,834.

Milk, meat, metal, pulp, paper, brewery, textile, canning, explosives, and mining in-
dustries contribute industrial wastes to the streams in the basin.

The Indiana State Board of Health and the Stream Pollution Control Board urge
that plans for pollution abatement be made now so that the construction phase of the
abatement program will not be delayed when labor and materials are again available.

Paul p. Haney
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P.F.T. ROTARY DISTRIBUTORS PROVIDE IT

The P.F.T. Spreader Jets pictured below are one of the features by
means of which P.F.T. developed the rotary distributor into a most effi-
cient method of spreading the effluent uniformly on the filter bed and
with maximum utilization of the filtering area. These jets provide for
quick starting and even distribution of the liquor over the entire bed, as
shown above. The clear opening jet action is supplemented by a de-
flecting action which spreads the stream of liquid after it has left the
orifice. The spreader jets are made of highly durable corrosion-
resistant bronze forgings.

P.F.T. Rotary Distributors assure a constant flow, with ample passages
for the movement of the effluent. The flow from the arms provides
properly timed rotation of the unit for even distribution. Large grease-
packed bearings carry the radial and thrust loads.

Among the hundreds of P.F.T. Rotary Distributors in service are over
130 at military and ordnance projects.

Write for Rotary Distributor Bulletin No. 213.

P.F.T. Spreader Jets

4141 HAVINSWOOD AVINUC, CHICAGO

W YORK CHARLOTTE, M.
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SEWAGE TREATMENT EQUIPMENT EXCLUSIVELY SINCE 1893
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Lithographed on stone by Edward A. Wilson

When requirements call for large diameter cast iron
pipe and fittings the pipe buyer has more than ordinary
reason to value long experience in pipe design on the
part of the producer. A large part of the large diameter
cast iron pipe installed in this country during the past
45 years was manufactured in

one of our several plants. With

this background of long and var-

ied experience, our technical U -S
staffs offer their services in help- C a S t | r 0 n

ing to solve pipe design problems.

| w m'] 4

U.S. PIPE & FOUNDRY CO.
General Oflice»: Burlington, I\. ]

Plants and Salas Offices thronf'haut
the V. S. A,
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NORTON POROUS PLATES
For Activated Sludge Sewage Plants

P UBLIC works planners who see beyond today are looking to

Norton Porous Plates and Tubes as the modern medium for
tomorrow's activated sludge sewage plants. For Norton Porous
Mediums are the pioneers in the field of fused alumina diffusers.
Norton engineers exercise the closest control over such essential
qualities as permeability, porosity, pore size and wet pressure
loss. The diffusion of air is the primary requirement of activated
sludge sewage systems and Norton Porous Mediums perform this
service with maximum efficiency and minimum operating costs

over a long period of time.

NORTON COMPANY - Worcester 6, Mass.

Norton Porous MediuHS
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FIGURE 58C
~varRec (jApproved
PRESSURE RELIEF &
VACUUM BREAKER
VALVE WITH FLAME
ARRESTER

I nstatted on digester and
gas holder domes, it affords
emergency pressure relief and
prevents flame entrance from
atmospheric disturbances.
Equipped with extensible
flame arresting element for
easy inspection and mainte-
nance. Pure aluminum con-
struction—noncorrosive.

The "VAREC” Engineering
Department and Laboratories
are always ready to collaborate
with you at your command.
Ask foryour copy of "VAREC™"
Sewage Gas Control and Safety
Devices Catalog and Hand-
book No. S-3.

* _-*20,

FIAME TRAP ASSEMBLIES

MANHOLE COVERS

PRESSURE REGULATORS

FLAME ARRESTERS

SEWAGE WORKS JOURNAL

COITROL S & M jC . CBS
SRFII.V, EFFICIENTLY,

mid Eionomicauv..

“VAREC” AppI’OVEd Sewage Gas Control and
Safety Devices are an integral part of the modem
sewage treatment in handling toxic and combustible
gases, safely and economically. Hundreds of service
installations, backed up by engineering and labora-
tory tests, have made “VAREC” Equipment stand-
ard by Sanitation Engineers everywhere.

THE VAPOR RECOVERY SYSTEMS COMPANY
Compton, California

Branch Offices—Stocks carried at:
NEW YORK, N. Y. - TULSA, OKLA. -
NEW ORLEANS, LA. —

HOUSTON, TEX.
Agencies Everywhere

c++ Approved PR O

HNMIIVt WASTE GAS

MANOMETERS PRESSURE REGULATORS ~ HANDHOLE COVERS BURNERS DRIP-TRAP  ASSEMBLIES

OO0 O -
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The “sentence” of the Royer Sludge
Disintegrator which has entered the
Eastern State Penitentiary of Pennsyl-
vania will be a long stretch. Some
Royers have served for 20 years and
more without having to be “put in soli-
tary.”

The sludge fertilizer produced by this
Royer is used on the institutional lawns,
flower beds and victory gardens, in which
the staff and the inmates take great pride.

Sewage sludge is too valuable to waste
by burial or incineration. Sludge cake
as it comes from the drying beds is not
suitable for fertilizer; but the Royer
makes it so. Itshreds the sludge to pea
size, removes trash, aerates and further
dries it, discharging onto pile or truck an
effective ready-to-use fertilizer, which
is increasing food crops in every part
of the nation, and in some cases pro-
viding sewage works with substantial
revenue. Many sewage plants sell their
output to city park boards.

Send for Bulletin 643 showing the
twelve models—electric motor, gasoline
engine and belt-to-tractor driven.

Royer Sludge Disintegrator of the type
furnished the Eastern State Penitentiary
Of Pennsylvania—Model “NSB-2”, motor
driven, capacity 3 to 6 cubic yards of sludge
per hour. |Institutional rules prohibit
showing an operating view of this Royer.
One of the same model, shown below, is at
work at a municipal sewage disposalplant.
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GIVES YOU THE
ANSWERS TO
PUMP
ENGINEERING
PROBLEMS

A timely contribution to the pump industry—416 pages of factual data
just when vital postwar problems require authentic facts, sound ex-
perience and advanced engineering practice.

Here, under one cover, are hundreds of handy tables and diagrams
you need every day. Revised, improved and new data governing the
correct layout and installation of sewage, drainage, processing, heating
systems, etc. Describes clearly and exactly the way to do the job right.

Indispensable to Executives,
Iytoffu‘:vec.f:ys(:iry[{e{:::da;: ;Zcrh':;g Engineers, Plant Managers,
dulgence. The unprecedented demand ~ Maintenance Men, etc. Sent free

temporarily exceeded the manpower in response to requests on busi
for handling— but all requests received p q
to date are being filled in rotation. ness letterheads.

ECONOMY PUMPS, INC.

HAMILTON, OHIO + U. S. A.

FOR OVER THIRTY YEARS MAKING BETTER PUMPS Do MORE



EMCO Sewage Gas Meters and

When making decisions, facts are often more
important than judgment. The figures result-
ing from accurate measurement are essential
facts to the proper management of every
sewage disposal plant.

Meters answer such ever-occurring questions as:

o AR LD
i s e e o

"How ma UbIC eet ost
ue nergIrgtlhe cos%n gppurcaha%deqévﬁ)wea a

BMXOSludge Gas Meters and PITTS-
BURGH-EMPIRE Hot and Cold Water
Mtarsprovide treatment plant management
withthe necessary tools for efficient operat-
irgcontrol. They embody the best in de-
dgn thought, material, and workmanship.
Mckin a complete range of sizes and types
frevery operator’s requirement. Write for
illstrated literature.

METER CO.

Los Angeles Boston

PITTSBURGH EQUITABLE

MERCO NORDSTROM VALVE CO.
M ain Offices, PITTSBURGH, PA. Seattle Buffalo
New York

Alata  Houston

Boodyn  Pittsburgh

®'«So Kansas City Tulsa
National Meter Division, Brooklyn, N. Y.

San Francisco

EMCO SEWAGE
GAS METERS

PITTSBURGH-EM PI RE
idlatFR METERS

NORDSTROM
JlittsU cated t

VALVES

PROVIDE POSITIVE FLOW LINE CONTROL

A great majority of the large sew-
age treatment plants built during
the immediate pre-war period are
Nordstrom Valve controlled. The
engineers who specified them and
operators with daily experience
for guidance are most enthusiastic
over their performance.

The swing to Nordstrom Valves
came through demonstrated su-
perior performance. Nordstrom
Lubricated Plug Valves are leak-
resistant— they always open or
close easily. Their patented de-
sign nullifies the affects of cor-
rosion or erosion.
Nordstroms will
outlive the average
valve several times
over. Apply Nord-
stroms to your valve
problems and SdVE.

Nordstrom Valve

NORDSTROM
LUBRICATED VALVES
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© U000 DffwS

JAT POINT i
Fattack

These surfaces— and many others at
every sewa%e plant — are constantly ex-
Posed to the destructive effect of” acid
umes, moisture and direct contact with
sewage. The attack of these disintegrat-
ing forces on unprotected metal and con-
créte can be both costly and a serious
handicap under today’s program of war
economy.

To prevent such inroads of corrosion
and djsintegration, Bitumastic No. so is
your_ best means of defense, For Bitu-
mastic No. so, a unique, thick, coal-tar
base coating, easily applied cold by any-
one, prolongs the life of sewa?,e struc-
tures and equipment. It gives lasting pro-
tection against corrosion.

Bitmuastic No. so is immediately avail-
able from Wailes Dove-Hermiston or your
local distributor. Detailed information
is contained in the descriptive folder,
"Bitumastic No. 50,” Which will be sent
on request.

AERATION TANKS

CHANNEL COVER
SUPPORTS

CLARIFIER TANKS
CONDUITS

FERRIC CHLORIDE
TANKS

FILTER BEDS

FLOCCULATOR
STRUCTURES

FLOOR GRATINGS
FOUNDATION WALLS
GRIT CHANNELS
SEDIMENTATION TANKS

SLUDGE AND GREASE
PIPE LINES

SLUDGE MIXING TANKS
STEEL WEIRS

SLUDGE DIGESTION
TANKS

SUMPS
TIDE GATES
VENTURI FLUMES

UUNIIES Dove-Herimstdii

C 0] R P 0] R A

I 0] N

WESTFIELD, NEW JERSEY

New York e« Philadelphia < Cleveland « Chicago m Houston e Tulsa « Miami = San Francisco = Los Angeles
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full pipe area — straight through plugs

Fet r 11 of pipe line “bottlenecks” ONCE and
or with Q,CG ROUND PORT full
Pipe Area Lubricated Plug Valves! De-
signed specifically for handling the heavi-
est, most difficult ladipgs, he v Ive h[

open becomes dll exaCFgon |nua 10n 0 F]e
PIPE —and there can be no velocity, area,
direction or cross-section changes of the
lading. No abrasive action at the valve —

long lifa.
The Q.C,f. ROUND PORT is available
in sizes V2 to 8" and is a specialty in the

CLC.T line of full pipe area rectangular
port valves. Merely a minimum amount of
lubricant is needed when installed and for
servicing. In addition, the lubricant acts as
a plastic head gasket, hence no auxiliary
packing is required. Go-devils, swabs or
other cleaning agents that will pass the

pipe itself, will pass thru this round port
valve. CLCf: valves may be quickly dis-
mantled and re-assembled. Design prob-
lems on both new and replacement Work
are simplified because the Q,G€ R
PORT may be installed IN ny posl |0n —
and no special tools are needed. Available
in wrench spur or worm gear types.
Representatives in principal cities carry
adequate warehouse stock for quick deliv-
ery. Send for Catalog No. 3-J-

L|qU|ds bearlng solids in

RRM or S|m|Iar sollds are easily
controlled. There are no
1UTC pockets in which the ladin
LINIO may lodge — power an

pumping costs are reduced.

AMERICAN CAR AND FOUNDRY COMPANY

Valve Department

30 CHURCH STREET,

NEW YORK 8, N. Y.
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Why notPUT YOUR SEWAGE TREATMENT PLANT IN
GOOD CONDITION right noWITH

Showing CLOW CAST IRON flanged pipe and fittings
installed in Filtration and Incinerator Plant of the Sewage
Treatment Works for Minneapolis-St. Paul Sanitary District.

From stocks on hand, we can furnish CAST IRON PIPE—sizes 3 to 12 inches
in 18 foot lengths—with same outside diameters as steel pipe. You can cut,
thread, and fit this pipe RIGHT ON THE JOB. Use it to replace other kinds
of pipe which may have corroded to the point of failure.

CAST IRON PIPE centrifugally cast to meet Federal Specifications
WW-P-421 is also available with bell and spigot, flanged (in lengths up to 18
feet), or mechanical joint—sizes 3 to 24 inches in 18 foot lengths—along with a
complete line of CAST IRON FITTINGS for each type of joint.

JAMES B. CLOW &E SONS NATIONAL CAST IRON PIPE
201-299 N. Taiman Avenue (A Division of James B. Clow <S Sons)
CHICAGO 12, ILL. BIRMINGHAM 2, ALA.
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DIRECTORY OF ENGINEERS

(Continued on pages 36 and 37)

ALBRIGHT & FRIEL, INC.

Consulting Engineers

WATER, SEWAGE AND INDUSTRIAL
WASTE PROBLEMS

Charles B. Burdick Louis R. Howson

Donald H. Maxwell

ALVORD, BURDICK & HOWSON

AIRFIELDS, REFUSE INCINERATORS Engineers
AND POWER PLANTS W ater Works, Water Purification,
INDUSTRIAL BUILDINGS Flood Relief, Sewerage, Sewalg
CITY PLANNING VALUATIONS Disposal, Dralnage Appraisals,
REPORTS LABORATORY L. Power Generation
1530 LOCUST ST. PHILADELPHIA 3 Civic Opera Building Chicago
B LACK VEATCH

Consultlng Engineers
4706 Broadway, Kansas City, M

B‘O’v agHlan eWa\galuaI |B galsalgc%ﬁrlrsl
E. B. Black N. T. Veatch. Jr.
F. M. Vbatch J. F. Brown

CLINTON, L. BOGERT
Consultmg Engineer

Water Supply and Treatment
Sewerage and Sewage Treatment

634 Madison Avenue
New York 33, New York

Frg' ing aa
erB-(?nn 11-Smith- aldwm imantjé-Mc rc;%bll

Consulting Engineers since 1897

W aterworks, Light and Power,
Sewerage, Reports, Designs,
Appraisals, Rate Investigations.

Kaaiai City 2, Mo. 107 We»t Linwood Blvd.

THE CHESTER ENGINEERS
Campbell Davis & Bankson

! tiza%p8¥egﬁrﬁgﬁ{f'%'°“ R

catiorts, In a
eports aluations andvFS e%
210 Ptatt;urg%y Spaaqdusky

BLUEPRINT NOW / With the Aid of These Outstanding Consultants

R. E. Lawrence

Wl S

A. P. Learned H. F. Ldtz

E. L. Filbt

BUCK, SEIFERT AND JOST
Consulting Engineers
(FORMERLY NICHOLAS S. HILL ASSOCIATES)
Spea%z \;n SiY erag Wn Izﬁgcea“[f)Jlnsposal

BtfoRs an
Chemical and Biological Laboratorles

112 East 19th Street New York, N. Y.

THOMAS R. CAMP

Consulting Enginesr

ter \Works Water Tr mept
werae an d n

Resea (i) r[!& PO astes
e

6 Beacon St. Boston 8, Mass.

CONSOER, TOWNSEND & ASSOCIATES

Water Supgla/ Sewerage—Flood Con-
trol & Drainage—Bri Ses—Ornamen
tal Street Lighting— avm? Light
and Power Plants. “Appraisals

Chicago Time» Bldg., 211 W. Wacker Drive
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DIRECTORY OF ENGINEERS

(Continued from preceding page)

DE LEUW, CATHER & COMPANY

W ater Supply Sewerage
Railroads Highways
Grade Separations— Bridges— Subways
Local Transportation

Investigations — Reports — Appraisals
Plans and Supervision of Construction

et B8 O wachiGHoR €

FAY, SPOFFORD & THORNDIKE
ENGlNESERs
Chables M, Spofford
ohn &y r rroll A. Farwell
on owman alph W. Horne

W ater Supply and Distribution— Drainage
Sewerage and Sewage Treatment—Airports

Investigations and Reports
Designs o Valuations
Supervision of ConstrucNon

ew York

Boston

GANNETT FLEMING CORDDRY AND CARPENTER, INC.
HAERNB&R?,,QE@%EthgNIA,
i Preparation of X
POST WAR REPORTS AND PLANS

.. M. GLACE
Consulting Sanitary Engineer

Sewerage and Sewage Treatment
W ater Supply and Purification
Industrial Wastes Disposal

Design, Construction, and Supervision of
Operation

22 S. 22nd St. Harrisburg, Penna.

GREELEY & HANSEN
Engineers
Samdel A. Greeley Paul Hansen

aul E. Langdon Kenneth v. Hill
homas h.nﬁiles Samuel {\1/1 Clarke

W ater Supgly, W ater Purification,
Sewerage, Sewage Treatment, Flood
Control, Drainage, Refuse Disposal

6 N. Michigan Ave., Chicago

JONES & HENRY

Formerly H. P. Jones & Co,
Harvey p. Jones Thomas B. Henry

Consulting Engineers

W ater Supply, Water Purification, Sewer-
age, Sewage Treatment, Garbage, Indus-

trial Waste Disposal, Valuations.
Toledo Trust Bldg. Toledo 4, Ohio

BLUEPRINT NOW/ With the

WILLIAM A. GOFF
Consulting Engineer

Private and Municipal Engineering
Sewerage, Sewage Disposal
W ater Supply and Treatment
Garbage, Refuse, Industrial Wastes
Design, Supervision, Valuations, Reports

Broad St. Station Bldg., Philadelphia

HAVENS AND EMERSON
Consulting Engineers

W. L. Havens C. A. Emerson
A. A. Burger F. C. Tolles F. W. Jones

W ater, Sewage, Garbage, Industrial
W astes, Valuations.—Laboratories
L?ader Bldg. Woolworth Eldg.
Cleveland 1 New York 7

Aid of These Outstanding Consultants
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KEIS & HOLROYD

Consultinq Engineers
Formerlg,So omon & Keis
ince 1906

Water Supply and Purification, Sewerage and
Sewage Treatment, Garbage and Refuse
Disposal and Incineration, Industrial

Buildings.
TROY, N. Y.

METCALF & EDDY
Engineers
Water, Sewage, Drainage, Refuse and

Industrial’ Wastes® Problems

Laboratory Airfield Valuations
irrieldas

Statler Building
Boston 16

ROBERT T. REGESTER
Consulting Engineer
Sewerage— Sewage Treatment

W ater Works— Industrial Wastes
Flood Control—Fire Protection

Advisory Service, Reports and Designs
Baltimo[e Life Bu(J'Iding
Baltimore, Md.

STANLEY ENGINEERING COMPANY

Sewerage— W aterworks
Drainage— Flood Control
Electric Power—Airports

FT. LAUDERDALE, FLA.

MORRIS KNOWLES, Inc.
Engineers

W ater Supply and Purification, Sewer-
age and Sewage Disposal, Valuations,
Laboratory, City Planning.

1312 Park Bldg. Pittsburgh 22, Pa.

MALCOLM PIRNIE
ngineer

Sewerage, Sewage Disposal,
W ater Supply, Treatment,
Reports, Plans, Estimates,
Supervision and Operations
Valuation and Rates.

25 W. 43rd St.  New York 18,N. Y.

RUSSELL and AXON
Consulting Engineers
oeg'ﬁ'il iaunslsseolr|1, Jr. JOhnF.C'EEr\ll\tlcehnagredr

Sewerage, Sewage Disposal, Water Sup-

ply, Water Purification, Power Plants,
Appraisals, Rate Investigations, Reports,
Plans, Specifications.

6635 Delmar Blvd. University City 5 Mo.

WHITMAN, REQUARDT & ASSOCIATES
Engineers—Consultants
Civil—Sanitary—Structural
Mechanical—Electrical

37

Reports, Plans, Supervision, Appraisals

1304 St. Paul Street Baltimore 2, Maryland

Central State Bank Building
Mnscatlne, 1a.

CONSULTING ENGINEERS!

Ifyou specialise in sewage and industrial waste treatment works,
your professional card should be here!

Regular rate of $8.00 per 1/12-page insertion_includes
co%mplrlmentar$y su scrllpﬁo to tﬁe JOURNAL.

Federation of Sewage Works Associations, 325 Illinois Bldg., Champaign, III.

BLUEPRINT n o w / With the Aid of These Outstanding Consultants
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sewer Cleaning

THE MODERN WAY
with  FLEXIBLES

CLEAN MORE PIPE PER DAY.
Make work easy foryourmen. Equip
your crew with a set of Flexibles and
eliminate the time consuming, hot,
unsanitary part ofthe work. Athree-
men crew can clean 2000 ft. per day
with a set of Flexibles.

Learn how Flexibles re-
duce the number of re-
quired dig-ups; read about
Flexible modern pipe
cleaning methods — write
for illustrated booklet
showing modern pipe-
cleaningtoolsand methods.

FLEXIBLE SEWER-ROD EQUIPMENT CO.

9059 VENICE BOULEVARD LOS ANGELES, CALIFORNIA
401 BROADWAY, NEW YORK, N. Y. - PICKWICK BLDG.. KANSAS CITY. MO.

INCINERATION ENGINEERS

nicHois EncniEERINC &
RESERREH EORPORRTIOR

60 WALL TOWER NEW YORK, N. Y.

Consultants < Designers e Constructors

WANTED

A man well trained in bacteriology (Ph.D. preferred) and
with considerable chemical training; experience in field
of surface-active agents, detergents and foods desirable.

FROZEN FOOD FOUNDATION, INC., P.O. Box 1332, Syracuse, N. Y.
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ACCELO-FILTER FOR
SEWAGE TREATMENT

Increases biological treatment efficiency without
necessitating any increase in size of either primary

or final sedimentation tanks. Ask for Bulletin 6200.

INFILCO

INCORPORATED
325 W. 25TH PLACE, CHICAGO 16, ILL.

YOUR PACKING WORRIES ARE OVER
When You Pack Your Sludge-Sewage Pumps With

'ﬁﬂrefnl..mPHi@ MABBS RAWHIDE PACKING
S *

v

B

i  PREVENTS WEAR AND CUTTING OF SHAFTS
M + 1S ANTI-FRICTIONAL—SAVES POWER

|« il « WATER IS ITS BEST LUBRICANT
A ynﬁﬁ‘hhml " + LASTS MUCH LONGER

5 A PROMPT SHIPMENT OF ANY SIZE

MABBS HYDRAULIC PACKING CO.
K W 431 S. DEARBORN ST. Incorporated 1892 CHICAGO 5, ILL.

When Writing Advertisers
Please Mention
SEWAGE WORKS JOURNAL
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MRS

WATER/AND SEWAGE WORKS

U

BUILDERS-P

Since September, 1927 when this De Laval
motor-driven geared compressor was placed
in service in the City of Houston Sewage
Treatment Plant, it has operated better than
99 per cent of the time, without ever requiring
repairs or overhauling.

Such operation is typical of De Laval depend-
ability. De Laval water works pumps in-
stalled more than thirty years ago still give
excellent service. m-so

de LAVAL

STEAM TURBINE COMPANY «TRENTON 2, N. J.

OF TIMELY

A NEW BULLETIN
IMPORTANCE

ENGINEERS. SUPERINTENDENTS, OPERATORS

Just off the press, this entirely rewritten edi-
tion of our popular bulletin “Measurement,
Control and Chemical Treatment of Sewage
and Sludge,” has been prepared for engi-
neers and others engaged on sewage treat-
ment problems for both large and small
communities. It contains many pages of
interesting and valuable information .. . fully
illustrated . .. describes new types of indi-
cating, recording and integrating flow instru-
ments devised by Builders engineers for con-
nection to such primary units as Venturi
Tubes, Orifices, Kennison Nozzles, Parshall
Flumes and Conveyor Scales. Useful refer-
ence diagrams are also included. W rite to-
day for your copy of Bulletin 287A. Ad-
dress Builders-Providence, Inc. (Division of
Builders Iron Foundry), 28 Codding St.,
Providence 1, R. I.

m eéf
ROVIDENTCE

« our Sixtieth Year-

Serving America

Doing The Things We Know Best

Builders of
GARBAGE
DISPOSAL
SHREDDERS
for Battleships,
Merchant
Marine
and
Municipal
Plants

SANITARY ENGINEERS

Send for Fact* on Latest

Gruendler Sewage Shredders
for Municipal Sewage Plant*

For disintegration of Rag Stock, Garbage,

Floatables, and Fibrous Material» with out

Choke Down so as to pas» Screen B«r—
Select a GRUENDLER SHREDDER.

GRUENDLER

CRUSHER & PULVERIZER CO.
2929 N. Market St. St. Louis 6, Mo.
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do your plans call for a volumetric feeder?

Sfiecifo

AN OMEGA UNIVERSAL

These rugged,

de-

pendable volumet-
ric feeders will feed:

Alum
Ferrisul
Ferrifloc

Ferrous
Sulphate

Lime
Soda Ash
Carbon
Clay, etc.

Dissolving chambers of

Other OMEGA Products

Gravimetric Feeders
Solution Feeders

proper capacity are fur- Lime Slaking Equipment
nished for rate of feed Mechanical Agitators

specified.

SU icew 3/

OMEGA MACHINE CO.
(Division of Builders Iron Foundry)

85 CODDING ST., PROVIDENCE 1, R. I.

AERO-FILTERS

Why not incorporate

the Aero-filter in your

Post War Sewage

Plants ? ®
It embodies the fea-

tures of all other types

plus better momentary
distribution.

SPIRAFLO
CLARIFIER

N Do you want improved
clarification, including
excellent skimming and
oil removal ?

Write for information.

LAKESIDE ENGINEERING
CORPORATION
222 West Adams Street, Chicago 6, 111

Bucket Elevators
Laboratory Stirrers

w rite for descriptive bulletins

NEW LaMOTTE H-C CHLORINE
COMPARATOR

(For High Chlorine Concentrations—
1.07t0 200 ppm. and above)

A special Chlorine Unit designed for
uses where a high residual of 1.0 ppm.
or more of chlorine is maintained.
Price, complete with instructions, $12.50.

The H-C Chlorine Comparator is one
of a complete new line of LaMotte
Chlorine Units. Embodies latest ap-
proved developments such as control of
color development, pH, etc., along with
a new series of interchangeable 15 mm.
chlorine color standards embracing the
entire useful range. The new LaMotte
Chlorine Comparators can be furnished
with reagents for performing the o-toli-
dine arsenite test at small extra cost.
Write for descriptive booklet.

LaMOTTE CHEMICAL PRODUCTS CO.

Dept. SW .
Towson u Baltimore, Md.
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This new publication describing
meters for sewage, industrial
wastes, sludge and irrigation
water should be part of your
file on flow measurement. Ask
for Bulletin 62.

FEATURES of
BAILEY OPEN CHANNEL METERS

1. Low Cost

2. Easy to Install

3. Easy to Maintain

4. Retain Accuracy

5. Self-Cleaning

6. Adjustable Capacities

7. Indicate, Record and Integrate

8. Totalize Multiple Flows

9. Rate of Flow and Ratio Controls

10. Simple Chemical Feed Controls
BAILEY METER COMPANY
1066 IVAN HOE ROAD . CLEVELAND 10, OHIO

Meters and Controls for Sewage and Water

VENTURI TUBES, FLUMES, WEIRS, NOZZLES, ORIFICES = DIRECT MECHANICAL AND REMOTELY
LOCATED REGISTERS = AIR-OPERATED, ELECTRONIC AND ELECTRIC CONTROLS.
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Photo shows 3 “R-C” Multi-Capacity
Blowers. Capacities of each unit
583/1166/1750 c.f.m., at 6 to 7 Ibs.
pressure.

The Roots-Connersville Multi-Capacity Blower is one of the most
effective means of obtaining an air supply flexible and adequate
enough to meet varying conditions.

The blower chamber is divided into two sections of different widths.
Each represents a separate,rotary positive blower, but for €CON0OMY,
COITIEHC'[HGSS, and CONVENIENCE, both sets of impellers are as-
sembled in one case and carried on the same shaft and bearings.

When the two bypass valves are closed, the capacity of both sec-
tions is delivered into the line. With either one of the valves open,
that section is by-passed to the suction without compression. This
by-passing takes negligible power—only 1% to 2% of the total.
Thus, with one unit, driven by one constant speed motor, it is pos-
sible to obtain at high economy three different capacities. Let us
figure on your post-war requirements.

ROOTS-CONNERSVILLE BLOWER CORPORATION

ONE OF THE DRESSER INDUSTRIES
507 Wellman Avenue, Connersville, Indiana

WRITE FOR BULLETIN 23-B-12

., BLOWERS

%
fPOUTECHNIKI]
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acts fast to end It

Adequate facilities for the chlorination of sewage
ahead of the plant and at the plant, provide a fast-
acting defense against odor emergencies caused by
hydrogen sulphide and other products of decomposi-
tion in hot weather.

The flow of sewage is a variable factor, both in
guantity and character, but chlorination is so flexible
a process that it can readily be adapted to meet the
conditions satisfactorily.

If there is a hot weather problem at your sewage
plant, consult the nearest W&T representative for
recommendations on the type of W&T Chlorinator
best suited to meet your requirements.

"The Only Safe Sewage is a Sterilized Sewage*

WALLACE & TIERNAN
COMPANY, INC.

MANUFACTURERS OF CHLORINE AND AMMONIA CONTROL APPARATUS

NEWARK |, NEW JERSEY . REPRESENTED IN PRINCIPAL CITIES
SA-170S



