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DORR CLARIFIERS

...for every size and  type of sew age plant

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

^  P E R F O R M A N C E  O F  ^  

D O R R  C L A R IF IE R S

1. L o w  M a in te n a n ce  Cost. Many 
Dorr Round Clarifiers have been 
in continuous operation for fifteen 
to twenty years without repairs.

2. N o  Su b m e rg e d  bearings are used 
thus avoiding wear.

3. C en tra l D r ive  with the entire 
rugged mechanism is mounted on a 
rigid centerpier of steel or concrete.

■■RESEARCH

A .  O n  Su sp end ed  S o lid s— A t D e n 
v er , C o lo , from  Ju n e  1943 to  Ju n e  
1944 (12 m o n th s) D o rr C la rifiers p r e 
c e d ed  by F lo c cu la tio n  w ith o u t c h e m 
ica ls rem o v ed  7 4 .3 %  o f S uspended  
S o lid s  an d  4 6 .5 %  o f  5 -day  B. O . D. 
(M onth ly  R ep o rts ).
B. O n  Settleable S o l id s — A t B attle  
C re e k , M ich , from  Ja n . 1938 to  D ec. 
1942 (5 y ea rs) D o rr C larifiers r e 
m oved 9 7 .7 %  o f  th e  S e ttle ab le  S o l
id s . (A n n u al R ep o rts).
A t b o th  p lan ts . D igester S u p e rn a ta n t 
is re tu rn e d  to  th e  C larifiers.

y

4. S ip h o n  Feed insures low velocity 
feed with uniform distribution.

5. N o  S h u t -d o w n s  because replace
ment of worn submerged parts is not 
a factor in Dorr Round Clarifiers.

6. Scum  Effective ly Co llected  and
automatically removed from tank.

7. P o s it iv e  S lu d g e  T h ic ke n in g  by the
rabbling effect of slowly revolving 
short rakes squeezing out entrained 
water while thickening the solids.

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

8. S tu rd y  D e s ig n , well proportioned 
and pleasing in appearance.

9. A d e q u a te  E n g in e e rin g  Service  to
inspect, adjust and supervise ini
tial operation.

•

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

NEARLY A TON

G e n era l view  of L in k -B elt S ludge C o llec to r an d  C hem ical Slow 
M ix er in s ta lla tio n  a t  B each  & A rth u r P a p e r  Co., M odena , P a .

L INK -BEL T  
SLUD GE  C O L LE CT O R  

R E C O V E R S  9 0 %  OF S O L ID S  
F R O M  " W H I T E  W A T E R "

Pictured here is an installation at Beach & 
Arthur Paper Co., Modena, Pa.; one of several mills 
similarly equipped by Link-Belt, along the his
toric Brandywine Creek. 450,000 gallons of waste 
water are handled at the Modena plant each 24 
hours, from which 1800 lbs. of pulp are recovered.

State laws which prohibit discharging factory 
wastes into streams, point attention to the need 
for the efficient Link-Belt Straightline sludge col
lectors, scum skimmers and slow mixers. Many 
industries find this equipment enables them to 
conform to legal requirements and at the same 
time recover valuable solids, otherwise unavoid
ably lost in waste water.

S ettlin g  T a n k  for th e  se ttling  of coagu lated  w astes; show ing o n e  flight, 
chain , sp rocket and  shaft of L -B  S ludge C ollector; R o to -line  scum  skim 
m er; baffle b oard  an d  tro u g h s for run-off of tre a te d  w aste w a te r. W a te i 
level low ered  to  show  eq u ipm en t.

Sludge collectors and slow mixers are part of 
a comprehensive line of conveying, screening, pow
er transmission and preparation equipment, engi
neered and built by Link-Belt Company.

L I N K - B E L T  C O M P A N Y ,  C hicago 9,

M ixing  T a n k  for coagu lation  of chem icals an d  w aste ; co n ta in s  o n e  L-B  
slow  m ixer.

In d ian ap o lis  6 , P h ila d e lp h ia  40 , A tlan ta , D a llas  1, M inneapo lis 5, S an  F rancisco  24,
Los A ngeles 3 3 , S e a tt le  4 , 
T o ro n to  8. Offices in  P rin c i
p a l C ities. 102I6A^ M A T E R IA L S  HANDLING AND CONVEYOR EQUIPMENT ^

J u " f e ! a f k ded ly  t f f i l  L I  N  K "  B  E  L T
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Y ou  can
s t a r t  r i g h t  h e r e . , :

_  a d v a n t c i g e s
« t i t s  m o n e y - s a v i n g  ^ ¿ isp0 saiplant.

t O  C O U n t  i t S  sewage lo a d  a _  . nt. The smc
B E G IN N IN G  at ^ te le®  g X  are T o a d e d  H ig h  f lo w  e°®  tVlis asbt

D v e ^ , ! c k s ° . .c o o ù n u
o n t o  t h e  t r u c k s  • •  • ^  u e n c h  . .  • a n d
its ra p id  assemby long yelrs of
lasting t^roUSl e  Sewer Pipe mak*S_

t a g e s :  .1 T r a n s i t e ’ s l i g h t
Fast *ns*ollatio • dUng m o r eweight means e a s t «  l o n g  13 - f o o t

p ip e  P e r  “ ¿  “ h e  n u m b e r  o f  j o i n t s
• ^ h e l i n e  s P ^ d  u p  assem bly-
in  the line, s p  Transite

s e w a g e  load at the ^  ^  ̂
H ig h  f lo w  c o e Î V s asbesto s-cem en t

interior surface o dy permits th e
pipe (n=-() l0 ) 1 . q or flatter grades
¿ o f  smâllet P costs.
with lower tr _ outside, in-

c«,rT ,o,r ;K '™ ^ °“8h'.TMir,side, and all tke ’ composition, its
Re’s asbestos-cern s tr u c tu r e  and
h o m o g e n e o u s ,  u  in a high
lo w  free-lim e content^e^i^tan ce .
degree of cor Transite Sewer

Further detai ^  ^  giveu in 
Pipe for g «  ' J Q Transite Pres
B ro ch u re  ¿ A  m a in s , in T R - U  -
sure Pipe j 0hns-Manville,^ ¿ U n f s p e e d  ^"assembly. J r o c ^  ^  22

in  the line, T r a n s i t e  Sewer ronies, write jo i y

•*r y-SSSSJ  ■ *rs *“ «is" New
3 £ 3 £ *  -  d° "” ~  ...

j o h n S - M a ^ s n t  p r e s s u r e  p ip e  

t r a n s i t e  s e w e r  p h *  ■ * " ' ■  «-*

f o r  g r a v i t y  l i " e s

f o r  f o r c e  m a in s
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1 — Pre lim inary  Settling 
Tank.

2 —  A e ra t ion  com partment*

3  —  Recirculation of m ixed
liquor to aeration  cone.

4  —  Load ing  Funnels to final
c la r ific a tion  c o m p a rt 
ment.

5 —  Clarified effluent.

6  —  Return activated sludge.

7  —  W aste activated sludge

for activated

AERATION AND FINAL SETTLING  

IN ON E CON CRETE STRUCTURE

answ er to the se w a g e  p rob lem  of 

small communities— does the job econom i

ca lly  with minimum attention.

Concrete tank has central ae ra tion  sec

tion and  triangu la r corner settling com 

partments. N o  steel ba ffle s to rust and 

collapse.

"S p ira lf lo ” aeration  cone revolves at rel

ative ly  slow  sp eed  —  m eans low  pow e r cost. 

N o  possib ility o f short circuiting to the clar-

ifier compartments. N o  an gu la r openings.

M ix e d  liquor m oves to the settling com 

partm ents b y  m eans o f lo a d in g  funnels 

and  pipes. Excess activated s ludge  is re 

turned to the p rim ary  tan k— an exclusive 

design.

A d e q u a te  velocity is m aintained at all 

times b y  "S p ira lf lo "  m ovem ent to p revent 

s lud ge  deposit  on tank bottom.

Send  fo r new "A e r if ie r” bulletin 6 6 5 0 .

Y e o m a n s  Brothers  C o m p a n y
1411 N O R T H  D A Y T O N  STREET • C H I C A G O  22, I L L I N O I S

Please  send me your Bulletin 6650 . 

N a m e ________________________________

^ 7  A d d re ss__

C om p o ny_
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C o r  e f f ic ie n t  s e p a r a t io n  
"■ OF S O L ID S ...

Grit Chambers, constructed according to 
Standard Rex design principles, achieve 
highest efficiency through the use of prop
erly proportioned channels of adequate 
liquid depth. Such chambers provide im
portant control of velocity and distri
bution over the entire range in flow.

There is a type of Rex Grit Collector 
available to meet any set of conditions. 
And all types have incorporated in their 
design an exclusive recirculation feature 
that allows improperly separated mate
rials, resulting from unbalanced condi
tions at low flows, to be returned to

the channel during normal flows for 
resettling.

All Rex Grit Equipment is designed to 
meet the severe abrasive conditions pres
ent in this service. Rex Corrosion-Resist
ant Z-Metal Chain Belt is used on all 
equipment. Hardened, renewable wear
ing shoes are provided for scrapers and 
buckets. Sprockets are of Rex Temperim. 
Submerged bearings are patented self
aligning type with liberal bearing areas.

For complete information, write Chain 
Belt Company, 1606 W. Bruce St., Mil
waukee 4, Wisconsin.

TYPE M l— For Sm a ll F lo w s in  S h a l lo w  C han ne ls. Th is R e x  Grit Equ ipm ent is su itab le  for p e a k  f lo w s up  to 3  5 0 0  

g.p.m . per channel. It is lim ited  to app lica t io n s w h e re  bottom  o f  chann e l is  le s s  than  5 feet b e lo w  o pe ra tin g  

floor. Steel sc rape rs m ounted  on  R e x  Z -M e ta l C h a in  Belt c o n ve y  settled so l id s  a lo n g  the tank bottom  a nd  

an  inc lined  deck for d e live ry  into can s o r w hee lba rrow . Recircu lation  is effected b y  rep lac in g  can  w ith  chute
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U S X  G R I T  E Q U I P M E N T

t
TYPE  M E — For M e d iu m  F lo w s in Sh a llo w  C h a n n e ls— suitab le 

for f lo w s from  1,400  g.p.m. to 17 ,500  g.p.m. per s in g le  unit. 

V -sh ap e d  buckets, m ounted on  R e x  Z -M eta l C ha in  Belt, 

travel a lo n g  the tank bottom a nd  c o n ve y  the settled material 

tow ard  the influent end  of the channel, w he re  they e levate  

the material to su itab le  he ight a b o ve  operating  floor for d is -  

cha rge  into cans. Stirring scrapers are  interspersed between 

buckets to agitate settled so lid s. Buckets can  be equ ipped  w ith  

perforated fa lse  bottom s to d ra in  so lid s before d ischarge .

' t
TYPE M E — For M e d iu m  F lo w s in Deep  C hanne ls, operation 

a s  described  a b o ve  except that buckets e levate  material h ig ’i 

e no u g h  for d isch a rge  into a sto rage  hopper se rved  b y  screw  

c on veyo r m a k in g  u n lo a d in g  to truck possib le . Recirculation 

is effected b y  op e n in g  slide  gate in conveyor trough.

C H A I N  B E L T  C O M P A N Y  O F  M I L W A U K E E
M e m b e r  o f  t h e  W a t e r  a n d  S e w a g e  W o r k s  M a n u f a c t u r e r s  A s s o c  / o f  i o n .  I n c .

t
G R IT  W A SH ER . Th is Rex  W asher is recom m ended  w hen  an 

extrem ely c lose  separa tion  of putrescible  o rgan ic s from  in 

o rgan ic  material is required. It consists o f a narrow , w edge- 

shaped  tank in w h ich  a propeller-type agitator is mounted. 

The size  and  sh a p e  of tank a nd  a rrangem ent of outlet w e ir 

a nd  baffles m ake  c lose  ve loc ity  control possib le . C on tinuou s 

rec irculating flow  is m a in ta ined  w ith in  the tank at correct 

ve lo c ity— preventing sed im entation  of undesirab le  o rgan ic s 

— yet a llo w in g  sed im entation  of the desired  grit particles. 

Putrescibles are flu shed  out over the effluent w e ir a nd  coarse  

particles settle to bottom of the tank. Inc lined sp ira l con veyo r 

rem ove s so lid s from  tank, dew aters and  delivers them  to 

desired  point a b o ve  operating  floor. A l l  so lid s-b ea r in g  liqu id  

flow s (several times) through  venturi section that h ou se s  

the propeller. Th is m ean s that so lid s are actua lly  scrubbed  to 

a ssu re  separation  of o rgan ic s from  grit particles.
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CLC/T
LUBRICATED PLUG VALVES

perform m any services in

SEWAGE DISPOSAL PLANTS

Q . C  f  Lubricated  P lug  Valves hand ling  sludge in  p u m p  
house at C ity o f  N e w  York-Jamaica sewage disposal plant.

•  Air lines to diffuser plates in the sedi
mentation tank influent channels.

•  Suction and discharge sides of raw sludge 
pumps.

•  A ll sludge, supernatant, and overflow 
lines at the digestion tanks.

•  Hot water circulating lines at the diges
tion tanks.

•  Sludge and water lines at the elutriation 
tanks.

•  Elutriation pumps.
•  Filter sludge feed tank draws.
•  Sludge sampling cocks.
•  Sludge gas valves in the gas control 

house.
•  Gas shut off valves in the boiler room.

A MERI CAN CAR AND FOUNDRY C O M P A NY
Valve Department 

30 Church St., New York 8, N.Y.

M O D E R N I Z E
YOUR SEWAGE DISPOSAL PLANT 

WITH Q,C,f: 

LUBRICATED PLUG VALVES

We con supply new plug volves with 

Ihe some foce-to-foce dimensions os 

existing gate volves now In use.

No added expense Is Involved In re

vamping of piping or positioning of 

pumps, motors, or other Installations.

W rite fo r catalogue 3 (SJ)
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READY TO BESET IN PLACE
w hen delivered  to  th e  job . 

W eath ers tr ip p in g  and  o p e ra t
ing m echanism  are b u il t in to  

a lum inum  w indow s. T hey  need no p ro 
tec tiv e  pain tin g  to  safeguard  aga in st 

ru s tin g  o r ro ttin g .

HANDLING IS EAST
because o f th e  ligh t w eight of 
a lum inum  w indow s, and  th e ir  
u n it co n stru c tio n . E rec tio n  goes 
fas t, app rec iab ly  c u t tin g  y o u r c o n s tru c 

tion  costs.

SIMPLY L IN E  THEM UP
a n c h o r  in  p la c e ,  a n d  
th e y ’re ready  for ca lk ing  
an d  glazing. A lum inum  
w indow s w ork sm ooth ly , 

and th e y ’re easy to  keep  th a t  w ay.

WINDOWS OF ALCOA ALUMINUM
are nea t and  a t tra c tiv e . T h e ir   ̂
narrow  m eta l sections m ake m ost 
efficient use o f w indow openings, 
giving m axim um  glass areas.T hey  
are  su ited  to  any  ty p e  o f arch itec tu re .

l i

Windows of Alcoa Aluminum will be made by leading 
window manufacturers. Consider them fo r your future new 
buildings and for replacements. Aluminum Company 
of America, 2111 Gulf Building, Pittsburgh 19, Penna.

a l u m i n u m
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STANDARD

SLUICE GATES
Are  Des igned  for 
Quick Installation

Chapman Standard Sluice Gates may be installed 
quickly and easily, as their interchangeable stems 
and couplings require no match-marking.

Before you go to the expense of ordering special 
equipment, be sure tô investigate the Chapman 
Standard Line. You can usually find just what you 
want.

Chapman can also give you any type of operating 
control you may desire . . . manual, hydraulic 
cylinder, or Motor Unit. W e’ll gladly send you a 
copy of Chapman’s Sluice Gate Handbook which 
gives complete information, dimensions and 
specifications — write us for it today.

THE CHAPMAN VALVE MFG. CO.
I ND IAN ORCHARD, MASSACHUSETTS
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The FOURTH Everdur Well Screen 

installed for the City of Elkhart...

N i n e  y e a r s  a g o  the Layne-North- 
ern Company, Mishawaka, Indi

ana, installed tw o w ells for the City of 
Elkhart . . . using w ell screens made of 
Everdur*. Because of the high strength  
and corrosion resistance of this copper- 
silicon alloy, these tw o w ells have 
shown no appreciable drop in water 
yield, although w ells w ith screens of 
other materials became clogged in a 
relatively short time.

Two m ore w ells subsequently in 
stalled by Layne-Northern were there
fore equipped with Everdur. The snap
shot above shows the latest installation, 
with an Everdur w ell screen ready to  
be lowered into position. Standing by 
are Mr. Richard B. Corns (left), W ater
works Superintendent, and his assist
ant, Mr. Swartz.

The performance o f these Everdur 
w ell screens is typical o f the service 
rendered by sewage treatment and 
waterworks equipm ent made o f this 
tough, corrosion-resistant alloy . . .  in
stallations of w hich are still in service 
after 18 years. For more information, 
write for publication E - l l  and E-6.
«Rcs .  U. s .  P at. Oft. i6209A

3 8 "  d ia m e te r  w e ll screen  fa b r ic a te d  o f  
E ve rd u r  1010 sheet, . 2 0 3 "  th ick ne ss a n d  
w e ld e d  w ith  E ve rd u r  rod. Fourth  in s ta l
la tion  m a d e  fo r  the C it y  o f  E lkh art, b y  
L a yn e -N o rth e rn  C o m p a n y ,  M ish a w a k a ,  
Ind ., affiliate o f  L a y n e  & B o w le r,  Inc.,  
M e m p h is,  Tenn.

A- # £A fi/e s u & v i
COPPER-SILICON ALLOY 

THE AMERICAN BRASS COMPANY
General Offices: W aterbury 88, Conn.

Sub sid ia ry  of A n a co n d a  Copper M in in g  C om pany  
In  C anada :  A n a c o n d a  A m e r ic a n  B r a s s  L t d ., 

N e w  T o ro n to , O nt.
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FOR INCREASING 

TREATM ENT EFFICIENCY 

AND SAVING LABOR

COMMINUTORS eliminate screen
ing nuisance in sewage plants 
by screening and cutting sew 
age solids under water — No 
handling — No disposal — Pre
vent pump clogging by cutting 
up sewage solids before they 
are handled by the pumps — 
Easily adapted to existing in
stallations—Over 1200 installed.

C om m inu to rs e lim in a te  s c re e n in g  n u is a n c e , an d  
p u m p  c lo g g in g . E asily  a d a p te d  to an y  ty p e  and  
size of s e w a g e  p la n t o r p u m p in g  s ta tio n .

W IDE B A N D  A IR  D IFFU SIO N  S Y S 
TEM  with Swing Diffusers af
fords maximum operating effic 
iency and requires minimum 
labor for diffuser cleaning, as 
compared with all other sys
tems—Diffuser tubes accessible 
from tank walk — Adaptable to 
existing aeration tanks — Over 
100 plants equipped.

F L U SH -K L E EN  Clog-Proof sewage 
Pumps eliminate labor required 
for cleaning clogged pumps — 
Solids do not pass through 
pump impeller — Over 3000 in
stalled.

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

WOLTRAM STREET C H IC A G O  1 8 ,  IL L IN O IS

Flush K lw »n .S c ru -P « lle ,. Plunqsr. 
Horizontal And Vertical Non-Clogs. 
Water Seal Pumping Units. Samplers.

W id e  B and A ir D iffusion  S y stem  w ith  S w in g  
D iffu sers  co m b in e  im p ro v e d  tre a tm e n t e ffic iency  
an d  a c c e ss ib ili ty  to  d iffu se r  tu b e s .

Swing Diflusers. Stationary Dilluvers. 
Mechanical Aerators. Combination 
A erator-C larifiers. Com minulora.

F lush-K leen  S ew a g e  P u m p s  a re  C log-Proof b e 
c a u se  so lid s  a re  re ta in e d  in  th e  s tra in e r  a n d  
f lu sh e d  ou t th ro u g h  th e  d isc h a rg e .
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S u p p o rted  by  cab les an d  b rack e ts  a t ta c h e d  to  a  ra ilro a d  b rid g e , A R M C O  
P ip e  p rov ides  safe  passag e  fo r san ita ry  sew age. T h e  sp an  is 1 700  fee t 
lo n g  a n d  1 0 0  fe e t above  th e  rive r. In s ta lla tio n  tim e  w as on ly  14  days.

when se w ag e
"TAKES  W IN G S”
you need th i s  pipe

An aerial gravity line was indicated as 
the best means of transporting sewage 
across this river and into the main trunk 
sewer. And the engineers selected ARMCO 
Asbestos-Bonded Pipe for these impor
tant reasons . . .

This sturdy, corrugated pipe has ample 
beam strength for aerial suspension. Cor
rugated coupling bands join long indi
vidual sections — assure a tight joint as 
strong as the pipe itself. There are fewer 
joints to connect and, thanks to the light 
weight of Armco Pipe, even the longest 
lengths are easy to handle and install. 
Temperature changes are no problem be
cause Armco Pipe absorbs expansion and 
contraction without special fittings.

For severely corrosive conditions, a full

bituminous coating is tightly bonded to 
the base metal. Erosion is checked by a 
thick bituminous pavement that makes 
the bottom last as long as the top.

Underground, as well as in the air, you 
will find that ARMCO Asbestos-Bonded 
Pipe can solve many of your most vexing 
sewer problems. It withstands destructive 
vibration under highways and railroads, 
spans unstable or wet foundations, and 
can be placed in the deepest trenches. 
Where necessary this time-proved pipe 
can be jacked under busy streets without 
disturbing pavement or traffic. Write for 
specific job data as well as the Armco 
Sewer Book. Armco D rainage & Metal 
Products, Inc., and Associated Com
panies, 1335 Curtis St., Middletown, Ohio.

ARMCO
A S B E S T O S - B O N D E D  S E W E R  P I P E
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THE 

R U B B E R I Z E D  

PROTECTION SUIT 

and  
HOSE M ASK

Specially adapted to the requirements 
of sewage plant service, this M.S.A. 
protective com bination  keeps the 
wearer dry when w orking in sewer 
water; supplies fresh outside air for 
safety in cleaning tanks and sewers.

W orn with the M.S.A. Combination 
Hose Mask, the liquid and gas-proof 
M.S.A. Rubberized Protection suit 
consists of a suit and hood—available 
separately—made of heavily rubber
ized, black, double-texture material, 
hand doubled, stitched, cemented and 
strapped at all seams, and then vul
canized to assure waterproofness. The 
gloves, and boots are permanently 
attached to the suit. Available in Small, 
Medium, and Large sizes.

Hand-operated blower supplies out
side air to Hose Mask wearer, 

through 150 feet of hose.

M I N E  S A F E T Y  A P P L I A N C E S  C O M P A N Y
BRADDO CK, THOMAS & M EADE S T R EET S  PITTSB U R G H  8, PA.

District Representatives in Principal Cities

In Canada: MINE SAFETY APPLIANCES COMPANY OF CANADA, LIMITED
T O R O N T O , M O N T R E A L , V A N C O U V E R , C A L G A R Y , N EW  G L A SG O W , N . S .
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CASE HISTORY No. 7

W a te r  S o f te n in g  P la n t ,  F re m o n t ,  O hio

A SOFTENING PLANT
“The City of Fremont, Ohio, located on 

the Sandusky River in North Central Ohio, in 
the year of 1928 designed and built a water 
softening plant to handle 3,000,000 gallons of 
water per day. The plant was planned to 
soften and purify the very flashy Sandusky 
river water, with a turbidity reaching 3,000 
p.p.m. and hardness up to 660 p.p.m.

* ,
ft*/ /

Wm. H. Schneider, Supt. & Chemist, 
Water Filtration Plant, 

Fremont, Ohio

As the city grew and the de-

“The plant was of a conventional de
sign, employing Lime and Soda Ash for soften
ing and Alum for coagulation. Trouble was 
encountered in forming a satisfactory floe in the 
colder months, especially with high turbidities., 
mand increased, it was necessary to find a remedy for this condition, and after 
running laboratory tests indications were that an iron salt would give better 
results. An old feeder was converted so as to make it possible to run a plant 
scale test, using FERRI-FLOC.

“The conclusions reached from this plant test prompted our purchasing 
new feeding equipment suitable for feeding FERRI-FLOC. As a result of this 
change, we have secured a more satisfactory finished water throughout the 
entire year.

Our thanks to the Technical Staff of the Tennessee Corporation for
their assistance in solving our problem.”

(Signed) W m . H. S c h n e i d e r

T E N N E S S E E  C O R P O R A T I O N
M a n u f a c t u r e r s  o f  F e r r i - F l o c

A t la n t a ,  G e o r g ia  L o c k la n d , O h io



CARTER
MIXING EQUIPMENT
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Illustration at left 
s h o w s  f l o c c u l a t i o n  
tanks at Hackensack, 
N. J. Sewage treatment 
plant. The horizontal 
paddle type CARTER 
units used at this in
stallation are designed  
to handle a maximum  
flow of 6 M GD.

To achieve efficient results, mechanical mixing equip
ment for water or sewage treating must be designed and 
constructed to withstand the unusually severe conditions 
of continuous operation in liquids containing a high 
chemical content.

CARTER mechanisms furnished for this service have 
more than proven their ability. A typical installation 
furnished in 1939 for example, has compiled the im
pressive record of seven consecutive years of twenty- 
four hour operation.

W R IT E  F O R  B U L L E T IN  N O . 4501

RALPH B.CARTER COMPANY
Main Office: HACKENSACK, N. J. NewYork Office: 53 PARK PL., NEW YORK 7, N.Y.
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SPEEDS *  *  
SLUDGE 
DRYING

i ® * »
©

General Chemical Alum speeds sludge dewatering 
and drying on sand beds . .  . capacity of beds may be 
doubled, even tripled... quick removal lessens chance 
of odor nuisance... reduced volume of cake decreases 
cost of removal. Sewage works operators the nation 
over count on the benefits obtained from Alum treat
ment throughout the year.

Why not learn what General Chemical Alum will 
do in your plant too? Full information may be ob
tained quickly from the nearest General Chemical 
Sales and Technical Service Office listed below.

W e ll cracked slu dge  bed shortly  

after A lu m inu m  Su lfate  treatment.

G E N E R A L  C H E M I C A L  C O M P A N Y
40 R E C T O R  S T R E E T , N E W  Y O R K  6, N . Y .

Sales a nd  T ech n ica l Service O ffices:  A tla n ta  • B a ltim o re  • B oston  
B rid g e p o rt (C o n n .)  • B uffalo  • C h a rlo tte  ( N . C .)  •  C h icago  
C leveland  • D enver • D e tro it • H o u sto n  • K an sas  C ity  • Los 
A ngeles • M in n ea p o lis  • N ew  Y ork • P h ila d e lp h ia  • P ittsb u rg h  
P rov idence  (R . I ) • San F rancisco  • S ea ttle  • S t. Louis

t \ v v ^ l c a  * W enatchee & Y akim a (W ash .)
I n  W i s c o n s i n :  G en era l C hem ica l W isc o n sin  C o rp o ra tio n , 

M ilw au k ee , W is .
In  C a n a d a : T he  N ic h o ls  C hem ica l C om pany, L im ite d  

M on trea l . Toronto  . V ancouve r
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B U I L D E R S - P R O Y I D E N C E
Builders of Metering Equipment 

for America's Finest Sewage Plants

Builders Sew age W orks E quipm ent

V en tu r i T ubes • T ype  M and  F lo -W atch  In stru m en ts  

F ilte r C on tro lle rs  and Gauges • Flo-G agc •  M aster 

C o n tro lle rs  • K ennison N ozzles •  C hronoflo  T e le 

m e te r s  • Propeloflo m e te r s  • B u ild e rs -C h ro n o flo  

C onveyor Scale.

T housands o f in sta lla tion s, la rg e  a n d  sm all, 

dem o n stra te  B uilders leadersh ip  in  

a h ig h ly  sp ec ia lized  field.

D e s i g n e d  s p e c i f i c a l l y  fo r  sewage w o rk s . Builders eq u ip m en t is an  in tegral 

p a r t  o f  A m erica ’s m ost efficient and  u p - to -d a te  p lan ts . T h e  u n u su a lly  large 

pe rcen tag e  o f  repeat business f ro m  satisfied cu sto m ers  is p ro o f th a t  this 

specialized eq u ip m en t pays d iv idends in  low er o p e ra tin g  and  m ain ten an ce  costs. 

Builders research , based on  the  recom m endations o f  o p e ra tin g  and  co n su ltin g  

engineers, has developed superior m ete rin g  eq u ip m en t fo r  better  sewage p lan ts . 

F o r B u lle tins and  com ple te  in fo rm a tio n  address B u ilders-P rovidencc, In c ., 

(D iv is io n  o f Builders I ro n  F o u n d ry )  2 8  C odd ing  S tree t, P rov idence 1, R . I.

LANCASTER. PA.

BUILDERS
B U I L D E R S - P R O V I D E N C E
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C A S T  I R O N  
P I P E

S E R V E S  FOR C E N T U R I E S

A c a s t  ir o n  m a in ,  p ro p er ly  la id ,  c o m e s  
a s c lo s e  to  p e r m a n e n t  c o n s t r u c t io n  as  
c a n  b e  p r e d ic te d  in  a  c h a n g in g  w orld . 
S in c e  i t s  u s e f u l  l i f e  is  m e a s u r e d  by  
c e n t u r ie s  i t  n e e d  n e v e r  b e  r e p la c e d  ex 
c e p t  a s  a la r g e r  m a in  is  r e q u ir e d  b y  
p o p u la t io n  g r o w th , a n d  n e e d  n e v e r  b e  
a b a n d o n e d  s h o u ld  t h e  l in e  b e  r e 
r o u te d  b e c a u s e  o f  s h i f t in g  p o p id a t io n .  
I t  w ill  se rv e  o u t  i t s  f u l l  sp a n  in  t h e  
o r ig in a l lo c a t io n  o r  e ls e w h e r e . A n d  
w h e n  i t  is  j u s t  s e t t l in g  d o w n  to  th e  
p r im e  o f  l i f e ,  t h e  b o n d s  is s u e d  t o  p ay  
fo r  t h e  in s t a l la t io n  w ill  h a v e  lo n g  s in c e  
b e e n  r e t ir e d  a n d  f o r g o t te n .  C a s t  Ir o n  
P ip e  R e se a r c h  A s s o c ia t io n , T . F . W o lfe ,  
E n g in e e r , 122 S . M ic h ig a n  A v e ., C h i
c a g o  3.
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Sewage W orks

EXPERIM ENTS W IT H  DDT IN FILTER  
FLY CONTROL

B y W illiam C. B rothers

First Lieutenant, Sanitary Corps, Camp Fannin, Texas

For many years investigations have 
been made of the fauna and flora re
sponsible for the biological activity oc
curring in rock filters of sewage trea t
ment plants. A compilation of avail
able information relative to these com
plex processes reveals a paucity of un
derstanding of them. Before all of 
these activities may be properly corre
lated it is necessary to divide the gen
eral picture into a series of component 
parts which may be investigated indi
vidually. This paper is an attem pt 
to contribute from an entomological 
standpoint to the knowledge of those 
members of the insect family Psycho- 
didae which are involved in the proc
esses occurring in a trickling filter.

These Psychoda, commonly referred 
to as “ filter flies,”  are usually consid
ered only as a nuisance but occasion
ally filter fly larvae may develop in 
sufficient quantity to cause clogging of 
the bed. In  addition, when these fly 
larvae are excessively numerous they 
deplete the fungus growth essential to 
efficient filter operation.

This condition existed in the Aero- 
filters of the Camp Fannin, Texas, sew
age treatm ent plant during the greater 
part of 1944. The situation became 
such that not only was practically all 
growth consumed from the rocks but 
the -filter bed and pipe lines became 
clogged. The methods currently used 
for controlling these fly larvae were: 
(1 ) application of caustic soda to the 
filter, (2) addition of copper sulfate to 
the sewage and (3) flooding the beds 
at regular intervals. The latter trea t

ment was the one most commonly used 
and was probably the most effective but 
it also had certain undesirable effects. 
I t  was noted that each flooding served 
in reducing the fly population only 
tem porarily and actually contributed to 
the removal or in jury  of the remaining 
filter growth. As a consequence, each 
flooding was followed by a short period 
of lowered plant efficiency.

In  1945 an attem pt was made to find 
a control method more convenient in 
application and less detrimental to ef
ficient operation than the usually pre
scribed flooding. To this end the new 
insecticide (dichlorodiphenyl-trichloro- 
ethane) usually referred to as “ D D T ” 
was utilized. This report presents the 
information obtained in experiments 
conducted with DDT between April 2, 
1945 and October 8, 1945.

Properties of DDT
Commercial DDT is a white crystal

line substance practically insoluble in 
water bu t soluble in most organic 
solvents. Prelim inary experimental 
work with DDT insecticides indicated 
that this poison produces a delayed 
toxic reaction upon the insect nervous 
system. DDT thus differs from most 
insecticides because the “ knockdown” 
and death of the insect is more rapid 
where agents such as pyrethrins and 
rotenone are used. W ith most insects 
death does not follow instantly after 
contact with DDT but ranges from a 
few minutes to several hours. During 
this period the typical reaction is for 
the insect to have rather violent nerv

181
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ous spasms or tremors for short periods 
of time and then partially  recover for 
a few moments. This procedure is re
peated until the tremors become prac
tically incessant, a condition which is 
followed by death. Thus, after contact 
with DDT, there usually follows a 
period often ranging up to several 
hours before death when the co-ordina
tion of the insect is im paired to such an 
extent that it is not as destructive as 
usual. Since death does not always 
occur immediately afte r contact with 
the DDT, bu t is frequently delayed 
considerably, this presents a ra ther 
radical conception of insecticide re
action.

W hile DDT has proved to be ex
trem ely efficient when used against 
adult flies, thus fa r the use of DDT in 
the control of fly larvae in sludge beds 
and p it latrines has given ra ther poor 
results. Some entomologists a ttribu te 
this to the fact tha t the nervous sys
tems of these larvae are not too well 
developed, so th a t the toxicity of the 
DDT is reduced accordingly. Because 
of these apparently  poor results on fly 
larvae it was not known what effect 
the DDT would have on Psychoda 
larvae in the filters.

Since DDT is so highly toxic to many 
insects, considerable discussion arose as 
to the desirability of its use by hu
mans. I t  is the belief of the author 
that to a certain extent its danger has 
been over-emphasized. D uring the 
past two years he has been almost con
stantly  in contact with it and has had 
many individuals under his supervision 
also using DDT daily. Ordinary pre
cautions are taken not to have DDT in 
oil solutions or emulsions in contact 
with the skin for prolonged periods, 
but even at this late period no harmful 
effects have been noted on any indi
vidual. I t  is believed by the author 
that no plant operator should fear 
using DDT routinely if he does not 
permit it to remain in contact with his 
skin for long periods of time, and does 
not constantly inhale it.

Since DDT is not soluble in water it 
was decided that DDT in emulsified 
form would be most appropriate for 
application at trickling filters. Use of 
an emulsion would facilitate a more 
even distribution of the toxic agent 
throughout the entire volume of sew
age than  would a non-soluble powder, 
or an oil solution which might have a 
tendency to remain on the top of the 
water. In  addition, it was felt that an 
emulsion would have less harm ful ef
fects on filter growth than would an 
oil solution.

Preliminary Considerations
The sewage treatm ent p lant at Camp 

Fannin, Texas, is of a type common to 
the municipal field. I t  consists of two 
standard  Imhoff tanks, two Halverson- 
Smith type Aero-filters with reaction 
type distributors, followed by two final 
clarifiers. The sewage flows by gravity 
through the plant. The sludge from 
the clarifiers is returned to the Imhoff 
tanks. Approxim ately 25 per cent of 
the final effluent is recirculated through 
the filters.

The highly toxic nature of DDT de
manded that careful consideration be 
given to its use because of possible 
deleterious effects which would de
crease the efficiency of the treatm ent 
plant. No information was available 
showing the action of DDT on the adult 
and larval forms of filter flies or on 
the filter growth, nor was information 
available to indicate what dosage of 
DDT might be needed to accomplish 
larval eradication. Prim e considera
tion also had to be given to the possi
bility that the DDT and chemicals such 
as diluents or emulsifiers m ight reduce 
the efficiency of the plant to such an 
extent that their use would be prohibi
tive. In  order to discover the answer 
to some of these unknown factors the 
tests were planned to be conservative 
and safe until more data were obtained.

th e  first series of experiments was 
performed on small areas of filters with 
a comparatively high dosage of DDT,
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the strength of DDT being governed 
by the total flow of sewage over the 
area to be treated. When this did not 
adversely affect the filter growth or the 
operation of the plant, it was felt safe 
to expand the treatm ent by application 
of a weak concentration of DDT to an 
entire filter, and then increase the 
dosage in accordance with the results 
obtained.

Characteristics of Filter Flies
Any control measure of necessity had 

to be governed by the characteristics 
of the filter flies. This resulted in a 
close examination of the physical fea
tures and habits of the existing larvae.

Present in the filters were two species 
of filter flies, namely Psychoda alter- 
nata Say and Telmatoscopus albipunc- 
tatus (W ill). The former is the 
smaller of the two and in general is 
pale gray in color. Its  larvae also are 
pale in color and are found in the well- 
known coarse grayish colored material 
resembling wet paper, which adheres

closely to the filter media and is diffi
cult to remove. As the larvae and 
pupae within this material develop and 
increase in numbers, the paper-like ma
terial gradually displaces the filter 
growth on the affected stone. Un
molested larval development will soon 
allow the larvae to denude the filter 
media of all growth up to the filter sur
face, at which point an algal growth 
occurs tha t apparently resists the in
vading action of the larvae. Holes 
have been dug in the filter media to a 
depth of 2y2 feet and the presence of 
this paper-like material containing 
larvae was confirmed. I t  was noted 
that quite often as larval development 
progressed, the paper-like material ap
peared to advance with the larvae into 
the filter growth around the perimeter 
of a stone, leaving a patch in the center 
bare except for the presence of the 
adult flies. This condition is clearly il
lustrated in Figure 1.

The adults of T. albipunctatus are 
larger in size than those of P. alternata

F IG U R E  1.— Trickling filter stone show ing infestation by adult filter flies.
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and are considerably darker in color. 
The general appearance is somewhat 
of a speckled bine or dark gray color. 
The larvae of this species differ from 
those of P. alternata both as to size, 
color, hardiness, and motility. In  gen
eral the larvae of T. albipunctatus are 
slightly larger in size, are of a dark 
brown coloration bordering on black, 
are extremely tongh and hard to kill, 
and are very active. These are not 
found in the paper-like substance com
mon to P. alternata. A few larvae will 
appear on a stone and as they develop 
all of the filter growth will be eaten off, 
leaving the rock entirely bare. F igure 
2 illustrates this condition, the white 
portions being those areas affected by 
the larvae and the darker areas being 
unaffected. The numerical increases 
evident Avith T . albipunctatus larvae 
were both rapid  and extensive. W ith
in a very short period of time they 
Avould be present in a large area and 
Avould completely fill all interstices.

This is partially  illustrated in Figure
2. In  contrast to those of P. alternata, 
the larvae of T. albipunctatus will 
progress to the surface of the filter 
where they will even consume the algal 
growth. F igure 3 demonstrates this, 
the light areas being the result of this 
larval action. This discussion also em
phasizes the degree to which filter flies 
had invaded the trickling filters at 
Camp Fannin.

Experimental Criteria
The determination of the results of 

any tests attem pting to control filter 
flies presented a rather unique prob
lem, the reason being that no precise 
information could be found in the lit
erature which \\7ould serve as an accu
rate criterion. I t  Avas felt that any 
Avork done on a filter should be evalu
ated in accordance with any reduction 
in larval density, the adult population 
as seen on the area outside of the filters 
and, finally, the efficiency of the filter

ing stones denuded of grow th liy^ filter^ flv^ frvae  V  Camp F annin> T exas, sh
foreground. V Wter fly larvae' N o t« h« v y  infestations of larva,
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F IG U R E  3.— Portion of filter surface, Camp Fannin, T exas, show ing absence of grow th  
in som e areas caused by filter fly larvae.

as reflected specifically in the biochemi
cal oxygen demand reductions. Ac
cordingly, the overall results of this 
work were based on larval density with
in the filter, adult density outside of 
the filter rocks, and the biochemical 
oxygen demand as determined before 
and after treatment.

Larval Density
The absence of information relative 

to an accurate method of determining 
larval density necessitated the develop
ment of an entirely new method. As 
the larval characteristics and habits of 
the two species of filter flies varied so 
greatly, the problem was made still 
more complex.

P. alternata larvae, as illustrated in 
Figure 1, adhere closely to the filter 
media and are difficult to remove, 
whereas those of T. albipunctatus, illus
trated  in Figure 2, are not encased in 
any closely adhering material. In  ad
dition to this, it was noted that the 
two species were present on adjacent

stones in many instances, so it would 
be impossible to pick an area that con
tained one species and then pick an
other area containing the other. Had 
both species been easy to remove, it 
would have been feasible to take a 
known quantity of filter media, wash 
off the larvae, and then devise a practi
cal method of larval counting. Be
cause this was impossible, a method was 
employed to compensate for the differ
ence in larval characteristics but it was 
not as accurate as would be desired. 
This procedure should be refined or a 
completely new one developed by other 
workers. For the purpose of this work, 
however, it gave a sufficiently true pic
ture of the gross increases and de
creases evident in the larval popula
tion.

The theory followed was that any 
given weight of filter growth contain
ing T. albipunctatus larvae and of the 
paper-like material containing P. alter
nata larvae should contain a definite 
number of larvae. Therefore, ten
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samples, each containing two grams of 
filter growth containing both T. albi- 
punctatus larvae and the paper-like 
m aterial containing P. alternata, were 
scraped from  the filter media with a 
knife. By diluting this m aterial with 
clear water and very carefully count
ing the number of larvae in each 
sample, an average number of larvae 
per gram was determined. An effort 
was made to remove only the larvae 
but a small amount of filter growth was 
always present in the samples as the 
two could not be completely separated. 
In  order to check the accuracy of the 
ten individual samples, one final 
sample containing five grams of filter 
growth m aterial containing both spe
cies of larvae was taken and the indi
vidual larvae counted as before. This 
final five gram sample, by coincidence, 
contained exactly the same average 
number of larvae per gram tha t the 
two-gram samples had contained. I t  
was felt th a t the average number of 
larvae per gram throughout the filter 
would not vary greatly from tha t de
term ined from the samples counted. 
Table I presents the data obtained 
from the individual samples and it will 
be noted from this information th a t an 
average of 301 larvae per gram was 
established.

A fter determining the average num 
ber of larvae per gram of material, the 
question arose as to what uniform sys
tem of taking samples would be most 
accurate. Because of the obvious lack 
of uniform ity in the size of the filter 
media, it was not practical to take one 
cubic foot of media and scrape all the 
larvae off for counting, as some of these 
eubic-foot samples would contain nu
merous small stones and others would 
contain just a few large ones. The 
system finally adopted is also subject to 
errors from that cause, but is believed 
to be fairly  representative when con
sidered over a period of time.

A wooden frame one foot square was 
constructed. This square was placed 
on the surface of the filter and the

TABLE 1.—Larval Sam ples Counted to D e
termine Average Number of Larvae 

per Gram *

S am ple N um ber W t. of S am ple 
(gr.) T o ta  ) L a rvae

1 2 404
2 2 387
3 2 781
4 2 743
5 2 423
6 2 614
7 2 513
8 2 977
9 2 720

10 2 466

Totals 20 6028

Average larvae per gram =  301

Sample No. 11 5 grams 1507

Average larvae per gram =  301

* Larval determinations made between April 
10, 1945 and April 20, 1945.

stones within it were scraped free of 
larvae. The depth to which the scrap
ing continued was determined by the 
presence of algal growth. In  other 
words, all filter media within this 
square which contained any alga] 
growth was removed and the larvae 
scraped off and weighed, the resultant 
larval weight being used to determine 
the total number of larvae within the 
given area. I t  was realized that some 
sections of the filter would have many 
small, closely compacted stones, where
as other areas would have a few large 
pieces. In  the closely compacted sec
tions the sunlight would not penetrate 
to more than an average depth of 3 to 
4 in., but in the sections containing 
large stone the light penetration be
tween the rocks would reach 6 to 8 in. 
Since it was usually found that many 
small stones would contain as many 
larvae as a few big ones, this system, 
when considered over a long period of 
time and over a large area, would com
pensate so that the overall averages 
vould be about equal. Consequently,
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the following method was used in mak
ing larval determinations for this 
study :

Place the one-foot square frame on 
the surface, scrape the larvae from all 
stone inside the frame into a can (the 
weight of which had been predeter
mined), continue the scraping down 
to the depth at which no algal growth 
was evident, then weigh the larvae and 
determine the total number present 
from the data obtained earlier on the 
small two-gram samples. Thus, one of 
the methods of evaluating the result 
of treatment was established.

A dult F ly Density
In  order to determine the density of 

adult flies in the areas adjacent to and 
outside of the filters, a standard New 
Jersey-style light trap  was used. This 
trap  was placed at the pump house, 
which is located 50 ft. below the two 
filters, in a position equidistant from 
each. The small lights at the pump 
house were turned off in order not to 
render competition to the trap. The 
large flood lights in the area could not 
be turned off, however, a factor which 
was constant every night and for prac
tical purposes did not deter from the 
value of information obtained through 
use of the light trap. Since both spe
cies of filter flies were phototropic and 
the light factors remained constant, it 
was felt that any gross increases or 
reductions in adult density would be 
critically revealed when examined over 
a long period of time. No effort was 
made to determine the density of each 
species because of the difficulty in sepa
rating them from a collection.

Filter Efficiency
The th ird  means used for the evalu

ation of results from the DDT trea t
ment was a study of the biochemical 
oxygen demand removal by the filter. 
Since there were apparently no foreign 
factors except the DDT and its allied 
chemicals which could either favorably 
or adversely affect the B.O.D. reduc

tion, it was felt that a comparison of 
B.O.D. values before and after the fil
ters were treated would serve as an 
additional criterion for the tests.

Summarizing, the three methods em
ployed for determining the results 
w ere: larval density as checked within 
a one-foot square frame, adult fly den
sity as reflected in light trap  measure
ments, and the biochemical oxygen de
mand reduction in the flow applied to 
the filter.

Larval Control Experiments 
Conducted on Selected 

Filter Areas
Test Methods

Considering the lack of information 
relative to the effect which DDT might 
have on a filter, it was felt that ex
treme caution should be exercised at 
the beginning. To prevent any serious 
damage, only a small portion of each 
filter was selected for treatment. In 
this way it was possible to trea t a 
limited area with an unusually heavy 
dosage and to observe the effects with
out the risk of incapacitating an entire 
filter.

The distributing arms on the filter 
distributor (Figure 3) have the nozzles 
arranged so that in most instances the 
effluent from no two nozzles will fall 
in exactly the same place. There is 
usually a certain small amount of over
lapping, however, or else a small 
amount of sewage from one nozzle will 
splash over onto the discharge area 
from the adjacent one. In  first tests 
conducted, an attem pt was made to 
select areas in which this overlapping 
or splashing was nonexistent or mini
mized to such a degree as to be negli
gible. Since the sewage flow through 
each nozzle could be computed quickly, 
it was thus possible to treat this known 
quantity of sewage at any desired rate.

The dispensing apparatus consisted 
of a 5-gal. can equipped with a house
hold gas burner needle valve. This 
drip can was mounted on the distribu
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F IG U R E  4.— Drip can m ounted for feed of D D T  em ulsion in experim ents involving
selected areas.

to r in such a m anner that all discharge 
from it would fall directly into the sew
age being ejected from a given nozzle. 
This is illustrated in Figure 4. In  a 
few cases the overlapping from another 
nozzle was so great that one of the 
nozzles had to be turned slightly. 
Sometimes rust prevented the nozzle 
from being turned to the desired posi
tion and it was necessary to adjust it 
so that its discharge fell in exactly the 
same place as that from the nozzle to be 
used in the treatment.

All DDT dosage rates are expressed 
in parts per million based on the total 
flow of sewage over the area under ob
servation.

The material used in all tests was 
an emulsion containing DDT dissolved 
in Xylene, with Triton X-100 acting as 
the emulsifying agent. A stock solu
tion containing 20 per cent DDT, 60 
per cent Xylene, and 20 per cent Tri
ton X-100 was employed. By dilution 
with water, this stock emulsion was

brought to the desired strength. P re
vious experience with a DDT-Xylene- 
Triton emulsion had revealed that 
great difficulty is encountered in accu
rately dispensing small amounts of a 
highly concentrated emulsion through 
the orifices of most valves, consequently 
no tests were conducted with an emul
sion stronger than 5 per cent DDT.

To check the effect of the treatm ent 
on larvae, a t least two samples were 
always taken with the one-foot square 
frame within the treated  area, with 
two similar additional samples being 
taken at random in an untreated  sec
tion of the filter to serve as a control. 
No samples were taken less than 24 
hours after treatm ent because the DDT 
was ra ther slow in obtaining a kill of 
the larvae. In  addition to these 
samples, which presented definite fig
ures on larval density, another manner 
of observing gross results was em
ployed. This consisted in digging a 
hole 2 ft. deep in the selected area
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prior to treatm ent and subsequent to 
treatm ent and making observations 
concerning any visible effects or 
changes that had occurred.

Since the preliminary tests were 
made only on small selected areas there 
was obviously no noticeable effect on 
the total adult population. For these 
tests, therefore, no data are included 
from the light trap  collections.

Results
Test Number 1

A circumscribed area located in the 
center of a filter at the standpipe was 
selected for the first best. Because of 
the staggered arrangement of the noz
zles on the distributing arms, the sew
age from only one orifice was dis
charged over this selected area, pro
ducing a zone 4 ft. 6 in. wide from the 
standpipe. This area was delineated 
by a wire marker.

In order to obtain two samples 
within the treated area, one of the

checking frames was placed on the 
outer perimeter and the other 1 ft. 
from the standpipe. This one was al
ways kept at least 1 ft. from the stand
pipe because very little sewage dis
charged right next to this pipe. F ig 
ure 5 illustrates this arrangement. 
Each day the two squares were moved 
to the next adjoining area, as indicated 
by the dotted lines in Figure 5. Be
cause of the size of the area the bound
aries of the two check squares did not 
overlap, bu t had at least a 1-ft. un
disturbed area between them. Sixteen 
days were required before the outer 
square returned to its original starting 
point and 15 days before the inner had 
returned to its starting point. I t  was 
noticed that by the time one cycle had 
been completed the filter growth had 
returned and resumed the normal ap
pearance seen before treatment. For a 
control, two samples were obtained at 
random each day from the untreated 
portions of the filter.

F IG U R E  5.— Location of treated areas in T est No. 1.
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The first test was attempted at a very 
high dosage to obtain information rela
tive to any deleterious effect the chemi
cals might have on the filter growth as 
well as their effect on larvae. This test 
was conducted simultaneously on both 
filters so that the replication might 
nullify  any unusual reduction in one 
filter from natural causes.

The anticipated DDT dosage rate 
was 3 p.p.m., based on an average sew
age flow of 7.1 g.p.m. through each noz
zle. Unfortunately, the valves were 
inaccurate and the actual quantities of 
1 per cent emulsion applied over the 24- 
hour period were 13.2 and 8.3 quarts, 
thus giving an actual dosage of 3.3 
p.p.m. on one filter and 2.1 p.p.m. on 
the other. This necessitated a duplica
tion of this test a t a la ter date.

The results of this test are sum
marized in Table 2. I t  will be noted 
th a t in both tests a greater larval re
duction occurred in the inner areas 
than  in the outer portion of the zone. 
Two conditions probably reduced the 
effectiveness in the outer sections. I t  
was noted that during periods of ex
trem ely high flow a small amount of

sewage from the next distal nozzle 
would splash over onto the treated 
area, thus causing a certain amount of 
dilution. In  addition, since the imme
diately adjacent area contained an ex
trem ely heavy larval population it is 
possible th a t there was larval migra
tion into the treated  zone during the 
three-week period subsequent to treat
ment. E ither of these factors could be 
sufficient to reduce the apparent ef
fectiveness in the outer treated area.

These data also do not show that of 
the larvae counted in these tests, many 
dead ones were mixed among the live 
ones. In  fact, on several of the checks, 
the ratio of dead larvae was as high as 
90 per cent. Since there was no way 
to separate the two they were all 
counted, as it was believed that the 
dead larvae would soon disintegrate 
and wash out. Because of this the ac
tual percentage reduction in live larvae 
would have been greater had it been 
possible to separate the dead ones.

Table 2 also reveals tha t there was 
an average larval decrease of from 12.6 
per cent to 20.3 per cent in all of the 
untreated  areas due to some natural

TABLE 2.— Results of T est No. 1

L a rv a l C oun ts

P rio r to  T re a tm e n t

N um ber
of

C hecks

A verage
P er

C heck

A fter T re a tm e n t

N u m b er
of

C hecks

A verage
P er

Check

%  R e
du c tio n

O bservations

Inner treated area. . . .  
Outer treated area. . . 
Untreated check area. 
Untreated check area.

Test 14.—3.3 p.p.m.*

11 13,671 11 2,772 79.7
11 12,256 11 11,315 7.6
11 20,615 11 19,660 4.6
11 26,031 11 21,105 18.9

Effective 32 days 
Effective 29 days

Inner treated area. . . .  
Outer treated area. . . 
Untreated check area. 
Untreated check area.

T est IB — 2.1 p.p.m.*

11 17,359 11 3,456 80.0
11 2,990 11 1,798 39.9
11 32,141 11 28,006 12.8
11 36,317 11 26,509 27.2

Effective 31 days 
Effective 28 days

* 24-hour dosage period.
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cause. This reduction was slight com
pared to the 80 per cent average reduc
tion evident in the inner treated zones.

P rior to treatment, a hole 2 ft. deep 
was dug within the areas to be treated 
in both filters. I t  was observed that all 
interstices were absolutely filled with 
healthy larvae. Three days after com
pletion of the treatm ent additional 
holes were dug in undisturbed areas 
within the zones. At this time it was 
noted that not a single larva was seen 
down to a depth of 18 in., and from 
this point on down to the bottom only 
a very few were observed.

Five days after the treatm ent the 
filter growth had resumed a normal ap
pearance and quality in the small areas 
under observation.

As stated earlier, no larval reduction 
was seen for 24 hours after treatment. 
There was a very sharp and marked

reduction 72 hours after the applica
tion and this condition persisted for 
approximately 30 days. The resump
tion of larval breeding was as striking 
as had been its decrease and within 
three days time the larval population 
had again reached the pre-treatment 
level. I t  was considered that these 
dosages gave adequate control for four 
to five weeks.

As would be expected, no measurable 
effect on B.O.D. removal resulted from 
DDT dosage of only a small area of 
the filter, consequently these data are 
not included in Table 2.

Test Number 2
The anticipated dosage for Test No. 

1 had been 3 p.p.m. but, as stated ear
lier, the inaccuracies of the needle 
valve orifices resulted in actual dosage 
rates of 3.3 and 2.1 p.p.m., respectively.
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Test No. 2 was conducted to give a 
duplication of these dosages.

F or this test the area selected was 
immediately adjacent to the wire 
m arker used in Test No. 1. Two sam
ples were taken each time within the 
treated area. Figure 6 shows the man
ner in which the square check areas 
were moved. By the time one square 
had moved to the point from which the 
other had started, all filter and larval 
growth had returned to the normal con
dition observed in untreated  areas.

Two distributor arm nozzles dis
charged sewage over the area involved 
in this test. The drip  can was located 
in such a m anner tha t all of the DDT 
emulsion would discharge into the sew
age from one nozzle. Accordingly, the 
dosage rate was doubled so that in ef
fect the output from two nozzles was 
treated, b u t each at the dosage desired 
for the test.

In  order to insure accuracy, a man 
constantly checked the two drip  cans 
during the 24-hour period that the 1 
per cent emulsion was added. To 
achieve the desired dosage of 3 p.p.m.

and 2 p.p.m. a total of 24 quarts of 
emulsion was added to the selected area 
in one filter and 16 quarts to the other.

The data for this test are summarized 
in Table 3. Here it will be seen that 
in the filter area treated at 3.0 p.p.m. 
the larval reduction averaged 94.2 per 
cent for the 20-day period. The larval 
recovery after this time was so gradual 
that actually several more days could 
be included among the days counted. 
Since the untreated sections of both 
filters had an increasing larval density, 
the noted reductions could not be at
tribu ted  to natural causes.

In  the filter treated at 2.0 p.p.m. the 
larval reduction was practically negli
gible for this test, although it had been 
excellent on the previous one. At no 
time afte r this treatm ent did the larval 
density decrease sufficiently to warrant 
its consideration as good control.

The same interference factors ap
plied to this test as to Test No. 1, viz. 
(1 ) a splashing from adjacent nozzles 
during high flows and (2 ) possible 
larval migration into the treated area 
from the adjoining untreated rocks.

TABLE 3.—R esults of Test No. 2

L a rv a l C oun ts

P rio r to  T re a tm e n t A fte r T re a tm e n t
O bservations

N u m b er
of

C hecks

A verage
P er

C heck

N um ber
of

C hecks

A verage
P er

C heck

%  R e
d uc tion

T est 2 4 -—3.0 p .p .m .*

Treated area No. 1 ......... 10 10,062 8 836 94.2 Perfect control for
Treated area N o. 2 ........... 10 5,090 8 37 more than 20

U ntreated check ................ 10 25,840 8 33,927 + 3 8 .3

days

Untreated check................ 10 20,401 8 30,025

Treated area N o. 1. 
Treated area No. 2.

Untreated check. . . 
Untreated check. . .

Test 2B — 2.0 p.p.m.*

10 9,948 8 10,562
10 13,283 8 8,923

10 21,097 8 24,881
10 23,066 8 27,229

16.1

+  17.1

Poor control

* 24-hour dosage period.
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Prior to treatm ent holes 2 ft. deep 
were dug in the areas to be treated in 
both filters and it was noted tha t all 
crevices in both filters were filled with 
the mixed larvae of P. alternata and T. 
albipunctatus. Three days after the 
treatm ent additional holes were dug in 
undisturbed areas of the two treated 
sections. A t this time no live larvae 
and practically no dead ones were seen 
in the area treated at 3.0 p.p.m., but 
in the filter area treated at 2.0 p.p.m. 
there was only a very slight larval re
duction and none of the larvae seen 
were visibly affected by the DDT.

Five days after treatm ent the filter 
growth in the 3.0 p.p.m.-treated area 
had returned to normal and was re
ported as being very good. In  the area 
treated at 2.0 p.p.m., however, there 
was practically no filter growth as the 
larvae were still present and had kept 
the media bare.

A comparison of the B.O.D. data on 
samples taken prior to and after trea t
ment again showed that no measurable 
effect on B.O.D. removal resulted from 
the DDT dosage of only a small area 
of the filter.

Test Number 3
The two previous tests had indicated 

that DDT dosages of 2.0 p.p.m. and 3.0 
p.p.m. did not have any deleterious 
effect on the filter growth. These do
sages had resulted in an appreciable 
larval reduction, particularly at 3 
p.p.m. In  view of this, the next test 
was instituted to determine the effec
tiveness of a still lower dosage when 
applied to a larger area. Consequently, 
this test was conducted at a dosage rate 
of 1.0 p.p.m.

The area selected was at the distal 
end of the distributor arms, which was 
the region immediately adjacent to the 
outside filter wall. Since there were 
twelve nozzles discharging over this 
area the dosage was computed so that 
the DDT emulsion would be equiva
lent to a strength of 1.0 p.p.m. for each 
of the twelve nozzles. A drip can was

then placed over the outlet from one 
nozzle, as seen in Figure 4, and the 
emulsion for all twelve nozzles was dis
charged through it. This was equiva
lent to treating the 7.1-g.p.m. output 
from each of the twelve nozzles at a 
rate of 1.0 p.p.m.

The manner of checking larval sam
ples within these treated areas was 
similar to that used in Test No. 2. One 
square area was started on one side of 
the filter and the other was started 
from a point on the opposite side of 
the filter. The peripheral distance was 
so great that a check square never ap
proached the point from which the 
other had s ta rted ; thus there was no 
time at which the -sampling was ob
tained from previously scraped media.

The material used was a 1 per cent 
emulsion, added over a 24-hour period. 
A total of 48.7 quarts of emulsion was 
added to the treated area.

Table 4 shows that in Test No. 3A  
there was only a 3.2 per cent overall 
larval reduction during the period of 
the test. Actually there was a notice
able larval reduction on the fifth day 
after treatm ent but within three days 
time the larval density had returned to 
normal. The 69.6 per cent average re
duction in Test No. 3B was adequate 
for consideration as good control for 
13 days subsequent to treatment.

No visible change occurred in the 
filter growth after Test No. 3A  but the 
growth in the filter used in Test No. 
3B improved markedly by the fifth day 
subsequent to treatment. This im
proved condition persisted until the 
larval density caused the filter media 
to become denuded approximately 15 
days after treatment.

This test was subject to the same lim
iting factors noted in the two previous 
tests, viz., migration of larvae from 
untreated areas into the treated sec
tions and splashing of sewage onto the 
treated area from adjacent untreated 
nozzles. Despite these factors the con
trol in one filter was adequate bu t there
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TABLE 4.—R esults of T est No. 3

M a rch , 1946

L a rv a l C oun ts

P rio r to  T re a tm e n t

N um ber
of

C hecks

A verage
Per

C heck

A fter T re a tm e n t

%  R e
d u c tio nN um ber A verage

of Per
Checks C heck

Observations

T e s t  3 A — 1.0 p .p .m .*

Treated area no. 1 ............ 9 9,557 6 10,419
Treated area no. 2 ............ 9 25,731 6 23,723

Untreated check................ 9 22,391 6 29,558
Untreated check ................ 9 24,180 6 29,829

T est SB-—1.0 p.p.m.*

Treated area No. 1 ........... 9 29 ,103 6 8,152
Treated area N o. 2 ........... 9 26,878 6 8,859

Untreated check ................ 9 27,252 6 47,814
Untreated check ................ 9 19,916 6 37,650

3.2

+ 2 7 .5

N o t effective

69.6

+ 8 1 .2

Effective 13 days

* 24-hour dosage period.

was only a negligible control evidenced 
in the other treated  area.

Larval Control Experiments Involv
ing Entire Filter Area

Based upon the results of the first 
three tests, it was decided to dose an 
entire filter with DDT emulsion. The 
previous tests had established to a de
gree the effect which high dosages of 
DDT would have on the larvae of both 
P. alternata  Say and T. albipunctatus 
(W ill), as well as upon the filter 
growth, so the following tests were 
begun a t relatively low dosages.

The method employed was to com
pute the amount of DDT emulsion re
quired to give the desired dosage for a 
24-hour period. This material was 
then added to the influent of a filter 
at the headbox. In  this manner it was 
possible to trea t one entire filter and 
use the other as a control check. This 
would eliminate any possible migration 
of larvae from an untreated section of

a filter onto the treated area and 
would also prevent any untreated sew
age from splashing over onto the 
treated areas.

The operational procedures for an 
Aero-filter are well known to all plant 
operators. In  the Camp Fannin plant 
approximately one-fourth of the sew
age passing through the final clarifiers 
is returned to the filters. All DDT 
dosages were computed on the basis of 
this total sewage flow over a filter. It 
can be seen tha t after the DDT emul
sion was initially added, approximately 
one-fourth of it was possibly returned 
to the filter with the recirculated clari- 
fier effluent. W ithin a period of a few 
hours time, however, the continuous 
addition of raw sewage would cause 
this small amount of DDT to be diluted 
to the point of being negligible.

For these tests a 5 per cent DDT- 
Triton-Xylene emulsion was used, the 
addition being made at the influent 
headbox for each filter.
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Results

Test Number 4
The object of this test was to de

termine if the amount of DDT emul
sion required for a 24-hour treatm ent 
could be added to a filter in a “ batch” 
dose and still result in larval control. 
This test was conducted at a 0.25-p.p.m. 
dosage, this being the anticipated mini
mum dosage necessary for larval kill.

The total average daily flow to one 
filter during the preceding month had 
been 946,000 g.p.d., which would re
quire 4.73 gallons of 5 per cent emul
sion if added over a 24-hour period. 
This amount of emulsion was taken to 
the influent headbox of a filter and 
poured in all at one time. When sub
sequent larval checks revealed that all 
effects from the treatm ent had disap
peared, the test was repeated on the 
other filter, with the first one now be
ing used as a control check to see if any 
unusual reductions might appear from

natural causes. I t  is obvious that the 
period in which the DDT remained in 
contact with any larvae was extremely 
short because the continuous addition 
of sewage over the filter tended to wash 
the emulsion through. I t  was esti
mated that the m ajority of the DDT 
was in contact with the larvae from 5 
to 15 minutes at the most.

The data for this test are presented 
in Table 5, where the “ Treated A rea”  
represents random samples taken from 
the treated filter and the “ Untreated 
A rea”  refers to random samples from 
the control filter.

P rior to treatm ent a hole was dug 2 
ft. deep in the filter to be dosed. I t  
was noted that practically every crev
ice between the stone was filled with 
larvae. Seven days after treatm ent 
another 2-ft. hole was dug in an un
disturbed part of the filter and no lar
val reduction whatsoever could be seen, 
the tremendous density still extending 
to the very bottom of the hole. Later

TABLE 5.—R esults of T est No. 4. Entire Filter Dosed

Larval Counts Adult Fly Countsf Ave. 5-Day B.O.D.
(p.p.m.)*

Prior
to

Treat
ment,
Ave.
per

Check1

After
Treat
ment,
Ave.
per

Check1

%
Re
duc
tion

Prior
to

Treat
ment,
Ave.
per

Night1

After
Treat
ment,
Ave.
per

Night1

%
Re
duc
tion

Prior
to

Treat
ment,
Ave.
per

Brick

After
Treat
ment,
Ave.
per

Brick

%
Re
duc
tion

Filter
In

fluent

Filter
Ef

fluent

%
Re
duc
tion

Observations

Test 4A*

Treated 
Area No. 1 
Area No. 2

29,387
27,305

29,759
26,573 0.6 23,391 23,433 +0.1 15 25 +66.6 62 76 +22.5 Not effective for the 

7-day period.

Untreated 
Area No. 1 
Area No. 2

21,230
17,729

30,765
33,295 +64.4

Test 4 B*

Treated 
Area No. 1 
Area No. 2

30,765
33,129

26,133
28,931 13.8 23,433 15,737 37.1 5 1 80.0 62 53 14.5 Poor control for 

7-day period.

Untreated 
Area No. 1 
Area No. 2

29,759
26,573

41,407
33,872 +33.6

* 0.25 p.p.m. with 12.7 m.g.a.d. flow-batch dosage, 
f Standard N . J. style light trap operated 10 hours per night.
1 Each check based on six samples.
2 Each check based on three samples.
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when the other filter was treated at the 
same dosage, exactly the same observa
tions were made prior to treatm ent and 
six days after treatment, and again no 
larval reduction whatsoever was evi
dent.

It can be noted from Table 5 that in 
one filter there was a negligible larval 
reduction of 0.6 per cent; however, in 
the second filter, also treated at 0.25 
p.p.m. in the same manner, an overall 
reduction of 13.8 per cent resulted. 
For both of these tests there was a very 
substantial larval increase in the un
treated check areas, thus ruling out the 
possibility that natural factors had 
caused the reductions after treatment.

Table 5 also indicates that after the 
first test the adult density as deter
mined by the nearby light trap  in
creased 0.1 per cent but during the 6- 
day period after the second filter was 
treated a 37.1 per cent decrease was 
obtained. Similiarly, the number of 
adults seen on the bricks of the filter 
wall increased 66.6 per cent during the 
first test but decreased 80.0 per cent 
during the last test.

The 5-day B.O.D. determinations on 
the filter influent and effluent revealed 
an average increase of 22.5 per cent 
for the first test, but the fact that there 
was a 14.5 per cent reduction during 
the second test would indicate that 
causes other than the DDT could have 
been in effect during the first trial.

Test Number 5
Because of the poor larval control 

obtained from the 0.25-p.p.m. “ batch” 
dosages of Tests 4A and 4B, it was 
felt desirable to attempt a test with 
this same dosage but using a longer 
contact period. Tests 5A and 571 were 
conducted at the 0.25-p.p.m. dosage 
rate, with the emulsion being applied 
over a 24-hour period.

Again all additions were made at the 
influent headbox to the filters, the drip 
can previously described being used 
for dispensing the emulsion. A total 
of 4.75 gallons of 5 per cent emulsion

was added, this being computed from 
an average daily flow of 946,000 g.p.d. 
to each filter.

The results obtained are summar
ized in Table 6, where the “ Treated 
A reas”  represent random samples 
taken from the treated filter and the 
“ U ntreated A reas”  refer to random 
samples from the control filter. It will 
be observed that in Test No. 5A the 
overall larval reduction amounted to
59.7 per cent, but in Test No. 5B there 
was a 49.0 per cent larval increase. 
Since the general trend was upward 
during the period of both of these 
tests, the reason for the larval control 
failure is not known. I t  was con
sidered significant, however, that in 
one filter the larval kill was much 
greater than any obtained when the 
emnlsion was added in a batch dosing.

Two-foot deep holes dug in the filters 
prior to and after treatm ent revealed 
that in Test No. 5A there was a larval 
reduction of approximately 50 per cent 
down to the 2-ft. level, an indication 
that the DDT can give a kill at a 
reasonable depth below the surface.

After both tests the adult density 
increases of 92.0 per cent and 41.8 per 
cent as determined by light trap  col
lections indicated that the 0.25 p.p.m. 
dosage had not as yet affected the 
adult population. Observations on the 
filter wall revealed that there was a 
98 per cent decrease after the first 
test and a 33.3 per cent increase after 
the second. This dosage rate was 
therefore considered inadequate for 
proper adult control.

The effect which the two tests had on 
the filter effluent B.O.D. is considered 
interesting. It is noted that in Test 
No. 5A there was a ra ther negligible 
decrease, indicating no unfavorable ac
tion. Test No. 5B, on the other hand, 
presented a 20.8 per cent increase in 
the 5-day B.O.D. for the filter involved. 
As this was somewhat unfavorable, a 
check was made to see if any unusual 
action had occurred in the untreated 
filter used as a control for this test.
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TABLE 6.— R esults of Test No. 5. Entire Filter Dosed

Larval Counts Adult Fly Countst Ave. 5-Day B.O.D. 
(p.pjn.)2

Prior
to

Treat
ment,
Ave.
per

Check1

After
Treat
ment,
Ave.
per

Check1

Re
duc
tion

Prior
to

Treat
ment,
Ave.
per

Night1

After
Treat
ment.
Ave.
per

Night1

%
Re
duc
tion

Prior
to

Treat
ment.
Ave.
per

Brick

After
Treat
ment,
Ave.
per

Brick

%
Re
duc
tion

Filter
In

fluent

Filter
Ef

fluent

%
Re
duc
tion

Observations

Test 5.4*

Treated 
Area No. 1 
Area No. 2

41,407
33,872

17.006
14,277 59.7 15,737 30,229 +92.0 5 1/10 98.0 04 60 62 Effective 8 days.

Untreated 
Area No. 1 
Area No. 2

26.133
28.931

38,733
34,504 +33.0

Text 5B*

Treated 
Area No. 1 
Area No. 2

3S.277
36,034

65.587
45.192 +49.0 30,229 42.891 +41.8 75 100 +33.3 48 58 +20.8 No control for 

7 days.

Untreated 
Area No. 1 
Area No. 2

24.049
16.073

22.304
21.606 +9.4

* 0.25 p.p.m. w ith 12.7 m .g.a.d. flow— 24-hour dosage, 
t  Standard X . J. style light trap operated 10 hours per night.
1 Each check based on six samples.
2 Each check based on three samples.

Examination of the plant operator’s 
records revealed that during this same 
period the B.O.D. in the untreated 
filter effluent increased 14 per cent, a 
fact suggesting that the emulsion was 
not altogether responsible for the re
duction in B.O.D. removal.

Again no damage was evident on the 
filter growth, filter media, or efficiency 
of the p lant as a whole.

Test  Num ber  6

The information derived from Tests 
Xo. 4 and 5 suggested that the degree 
of larval kill might be dependent upon 
the length of time the DDT was in 
contact with the larvae, as well as upon 
the strength of the emulsion. Test Xo. 
6 was performed to cheek the validity 
of that hypothesis.

The dosage rate for Test Xo. 6 was 
established at 0.5 p.p.m., with a 30- 
minute contact period. The method of 
application was to take the amount of 
emulsion tha t would be required for a

24-hour treatm ent and pour it all into 
the influent headhox of a filter. As 
soon as any of the white emulsion be
gan to appear in the nozzle discharge 
on the filter all sewage flow into that 
filter was cut off and the emulsion thus 
allowed to trickle slowly through the 
filter without being washed out.

Since all sewage flow into this filter 
was cut off for 30 minutes, the DDT 
could theoretically he in contact with 
larvae during all of that time. Actu
ally, however, there were many larvae 
in protected places on the under sur
face of rocks which would not come in 
contact with the DDT unless they 
crawled out to exposed positions. At 
the completion of this 30-minute period 
the normal sewage flow was diverted 
back into tha t filter.

A total of 9.5 gallons of 5 per cent 
emulsion was added to the influent of 
each filter, this amount being based on 
the average daily flow of 946.000 g.p.d. 
per filter. One filter was treated and
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the other used as a control. When 
the normal larval density had returned 
in the treated filter the other one was 
then treated. This system was adopted 
both to provide a control for the treated 
filter as well as to prevent the possibil
ity of any harmful effects on the B.O.D. 
removal from upsetting the efficiency 
of the plant.

When Test No. 6 A  was conducted it 
was noticed that there was no appreci
able larval reduction for four days, de
spite the fact tha t literally hundreds 
of dead larvae were seen 24 hours after 
treatment. Since the subsequent reduc

tions showed the somewhat “ spotty” 
larval condition characteristic of all 
the tests, the actual daily larval counts 
are presented in Table No. 7 as a typi
cal example of these tests. When it 
is remembered that 1,000 larvae rep
resent ju st slightly over 3 grams of 
material and th a t these larvae came 
from many stones in a one-square foot 
area, the degree of control can be ap
preciated.

From  a knowledge of undesirable 
larval densities and daily observations 
in the filter, it was felt that the de
layed control began on August 11 and

TABLE 7.—Larval Counts in T est No. 6A

D ate T re a ted T rea ted U n trea ted U n trea ted
(1945) A rea N o. 1 A rea N o. 2 C heck  A rea C heck A rea

Before D D T  application

August 1 74,558 63,872 35,638 30,281
August 2 64,565 34,856 15,592 39,040
August 3 91,444 47,558 13,425 11,197
August 4 55,866 49,725 14,418 16,826
August 6 41,508 29,950 32,448 10,686

D D T  applied from 10:30 a . m . to 11:00 a . m . on August 6

August 7 49,785 18,903 28,023 30,281
August 8 26,519 22,786 34,344 1,926
August 9 23,779 37,535 12,160 20,197
August 10 21,943 32,659 56,227 10,114
August 11 10,816 2,950 24,833 9,993
August 13 8,548 7,375 18,722 23,779
August 14 1,415 2,619 22,063 25,525
August 15 8,037 1,716 40,846 34,013
August 16 1,445 903 38,709 14,267
August 17 843 933 30,521 35,669
August 18 1,746 1,656 33,832 13,425
August 20 0 0 20,889 31,485
August 21 
August 22

0
0

692
3,341

18,120
24,261

22,033
17,217August 23 0 0 32,659 28,896August 24 3,161 0 34,766 9,331August 25 0 0 27,542 21,281August 28 0 0 15,712 17,940August 30 3,221 602 18,180 25,374September 1 

September 4
0

2,707
0

4,726
21,070
42,772

28^866
25,766September 5 5,027 2,739 30,100 22,816September 6 

September 7 
September 8 
September 10 
September 11

5,388
692

5,809
1,054

24,140

8,468
9,722

12,793
16,043
20,137

34,013
17,518
26,488
27,421
45,692

35^970
25,615
46,324
30,100
32,237
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was term inated by September 8. Con
sequently, in computing the larval re
duction, the figures between these dates 
were used.

Several interesting observations were 
made during the 30-minute treatm ent 
periods. In  both filters it was noted 
that many adults and larvae of both 
P. alternata and T. albipunctatus 
which were near the surface became 
violently active and died within 20 
minutes time. The death of some 
larvae was attributed partially  to their 
crawling into the sunlight and drying 
out, but this would not have affected 
the adults. Twenty minutes after the 
DDT had first come in contact with 
them, those larvae of both species which 
were as much as one foot under the sur
face had become violently agitated, dis
playing constant movement with trem 
ors that were not seen in the larvae 
from an untreated filter, and many 
were dead. As soon as the sewage flow 
was again diverted onto the filters, ob
servations made a t the clarifier influent 
revealed tremendous masses of larvae 
and pupae, many being dead and many 
being still alive. I t  was believed that 
the emulsion had affected the larvae 
and caused them to release their hold 
on the rocks, thus allowing them to be 
washed out. This condition was so 
much more pronounced in a treated 
filter than in an untreated one that it 
was believed to be indicative of the 
effect of the emulsion on larvae.

The complete data for Tests 6A  and 
6B  will be found in Table 8, where the 
“ Treated A rea”  represents random 
samples taken from the treated filter 
and the “ Untreated A rea” refers to 
random samples from the control filter. 
I t  will be noted that in Test No. 6A  
the average larval reduction was 95.4 
per cent, the light trap  reduction of 
adults was 66.5 per cent and the num
ber of adults on the filter walls de
creased 96.6 per cent. In  Test No. 6J3 
the average larval reduction was 44.3 
per cent, the light trap  collection in
creased 50.8 per cent, and the number

of adults on the filter wall decreased 
60 per cent. These figures were clearly 
indicative of good larval control, bu t 
revealed that this larval reduction had 
not m aterially reduced the total adult 
population by the end of the test.

Holes dug down 2y2 ft. in the treated 
filters prior to treatm ent revealed that 
there was absolutely no filter growth 
and all crevasses were filled with 
larvae. Approximately four-fifths of 
all larvae had disappeared a week after 
treatm ent and most of the few remain
ing ones were dead.

Five days after the filters were 
treated it was noticed that a filter 
growth was appearing. P rior to these 
treatments there had been absolutely 
none, the media being either completely 
bare or covered with larvae. By the 
eighth day after treatm ent the filter 
growth had become very good and all 
media had at least a thin covering. 
Definitely no damage had occurred as 
a result of the DDT.

I t  is noted in Table 8 that there was 
a 13.7 per cent increase in the filter 
effluent B.O.D. in Test No. 6A. This 
undesirable increase was expected due 
to operational procedures in the plant. 
One week after that filter had been 
treated, all sludge from the clarifier 
was pumped back over that filter. Im 
mediately the B.O.D. increased in this 
filter and remained high for the week 
that this practice was in operation. As 
soon as the operator discontinued 
pumping this sludge back to the filter, 
the B.O.D. returned to normal. That 
one week’s increase, however, was suf
ficient to upset the average for this 
test.

In  reviewing these two tests it will 
be seen that the average larval reduc
tions were 95.2 per cent and 44.3 per 
cent. The adult density as reflected in 
light trap  collections decreased 66.5 
per cent during the first test but in
creased 50.8 per cent after the second. 
The number of adults seen on the filter 
walls decreased 96.6 per cent and 60.0 
per cent.
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No deleterious effects from the DDT 
were revealed by the B.O.D. samples of 
the filter influent and effluent. The 
filter growth improved considerably 
approximately 6 days after the filters 
were treated.

Adult Fly Control by Sprayed 
Residues on Resting 

Surfaces
In  the early spring of 1945 consider

able annoyance was being encountered 
at the treatm ent plant by adult filter 
flies. The plant operators urgently re
quested and insisted upon immediate 
attempts to alleviate the almost un
bearable condition. Since the author 
had just been assigned to Camp F an 
nin, it was impossible to obtain the 
desired pretreatm ent data on the first 
test. Certain observations and results 
were obtained, however, which were 
considered noteworthy.

A standard N. J. style light trap  was 
placed at the pulnp house, located equi
distant from the two filters, to obtain 
the numerical density of the flies after 
treatment. The operation hours were 
from 7 :00 p . m .  until 7 :00 a . m . ,  daily. 
I t  was felt that if the spraying of adult 
resting places was a very effective 
means of control, the light trap  data 
obtained after treatm ent would reflect 
to some extent the degree of control.

In  addition to this, observations were 
made prior to treatm ent as to the aver
age number of adults seen resting on 
the first two courses of brick above 
the water line on the filter wall. This 
was compared to the same observations 
made after treatment. Obviously, this 
method was subject to errors due to 
climatic conditions but, nevertheless, 
gross differences could be noted.

A th ird  means of determining the 
long-range value of sprayed residues 
was by observation of the larval den
sity within the filters subsequent to 
treatment. I t  was believed that if the 
adults were returning to the filter beds 
to oviposit there would be a substantial 
reduction in the larval population after

a reasonable period of time. In  this 
respect it was also unfortunate tha t for 
the first test no pretreatm ent data 
could be obtained, but the larval densi
ties determined three weeks after the 
residues had been sprayed were note
worthy and interesting.

All exposed surfaces of the following 
units were trea ted : filter walls, effluent 
and inspection wells for both filters, 
pump house, raw sewage influent head- 
box, and the meter house. These con
stituted practically every available sur
face upon which adults could rest. 
The total surface area sprayed was 
4,373 sq. ft.

A total of 15 gallons of 5 per cent 
DDT in kerosene was deposited on 
these surfaces with an ordinary five- 
gallon knapsack sprayer commonly 
used in mosquito control work. The 
rate of application was therefore 645 
mg. of DDT per sq. ft. of surface area. 
Previous work done by the author and 
other entomologists had indicated that 
a dosage rate of 300 mg. per sq. ft. is 
ample for the control of adult house 
flies and mosquitoes, but this unusually 
heavy application was made to abate 
the filter fly nuisance.

The data for the daily light trap  col
lections and larval sampling will he 
found in Table 9. I t  was interesting 
to note that for the 40-day period after 
DDT was applied to the resting sur
faces, a daily average of 6,113 adults 
were collected from the light trap.

The effect which lowered tempera
tures and relatively high winds had on 
the adult collections can be clearly 
noted in Table 9. W arm er weather 
with calm nights no doubt would have 
raised the average adult density 
considerably.

Three weeks after treatm ent the 
larval population was so high as to be 
considered uncontrolled, a condition 
also persistent through the 40-day pe
riod. The th irty  samples taken in each 
filter during that period presented 
averages of 23,041 and 35,814 larvae 
per cheek.
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TABLE 9.—Effect of DDT-Sprayed R esidues on Adults and Larvae. 
Surfaces Treated April 2, 1945

D ate
(1945)

T o ta l A dults* M in . D a ily  T e m p era tu re  
(° F .)

A ve. L a rv ae  P e r  C heck f

F ilte r  N o. 1 F ilte r  N o. 2

April 3 7,600 54 — —
April 4 110 44— W indy — —
April 5 0 30— Windy — —

April 6 0 32— Windy — —

April 7 0 36 — —

April 8 6,000 42 — —

April 9 11,100 54— Windy — —
April 10 5 61— W indy — —
April 11 250 66 — —
April 12 4,275 57 — —
April 13 7,125 72 — —
April 14 1,900 70— W indy — —
April 15 1,900 66—W indy — —
April 16 200 48—W indy — —
April 17 321 44—W indy — —
April 18 2,130 48—Windy — —
April 19 4,750 50 —  • —
April 20 21,850 56 — —
April 21 15,200 60 — —
April 22 4,000 58 — —
April 23 4,540 55 — —
April 24 19,950 56—Windy 15,366 45,426
April 25 50 48—Windy 17,081 27,571
April 26 2,850 46—W indy 25,540 30,356
April 27 1,900 50—Windy 27,331 42,049
April 28 9,025 56 25,494 34,028
April 29 5,000 48
April 30 5,450 44 31,108 55,474
May 1 8,075 61
May 2 16,150 58— Windy 15,050 46,429
May 3 475 52— Windy 28,745 24,501
May 4 23 40—W indy 16,435 37,098
May 5 1,425 42— W indy 20,212 27,045
M ay 6 9,950 52— Windy
May 7 10,000 58—Windy 17,879 28,716
May 8 239 52— Windy 24,065 37,805
May 9 11,875 62 20,242 36,210
May 10 29,450 63— Rain 36,632 30,566
May 11 475 62— Rain 24,441 33,938
May 12 19,000 86

* Light trap operated from 7:00 p . m . to 7:00 a . m . 

punctatus in approximately equal numbers.
t  Based on two samples each day from each filter.

This includes both P . altérnala and T. albi-

Whereas the light trap  collections 
and larval samples revealed that the 
excessively heavy sprayed residues did 
not eliminate or substantially reduce 
the total fly population, the picture 
presented by counting the average 
number of adults resting on the filter 
wall was entirely different. The aver
age of four adults per brick prior to

treatm ent was reduced to an average 
°f Vio per brick eight days after trea t
ment. As the weather was comparable 
for the two tests, it seems possible that 
the solution had exerted a slight 
repellency.

Since the larval experiments were 
being conducted during the remainder 
of the summer and the light trap  data
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used in tha t work, this sprayed residue 
test could not be repeated until fall. 
This same experiment was a t tha t time 
duplicated, however, using exactly the 
same amount of DDT solution, applied 
in the same manner to the same sur

faces. In  this connection it should be 
noted that there undoubtedly were 
many DDT crystals still present on the 
surfaces from the first test. This would 
result in a DDT deposit greater than 
645 mg. per sq. ft.

TABLE 10.— Effect of DDT-Sprayed R esidues on Adults and Larvae

D ate T o ta l A dults* M in. D aily  T em p era tu re
Ave. L a rvae  P e r C h eck t

(1945) (° F .)
F ilte r  N o. 1 F ilte r  N o. 2 %

Before Treatment

September 11 14,500 69 22,138 _
September 12 14,000 64 3,492 —
September 13 30 66 23,869 —
September 14 76 44 33,727 —
September 15 7 43 27,461 —
September 16 20 47 — —
September 17 27 56 18,944 —
September 18 53 50 41,583 —
September 19 475 50 30,883 —
September 20 7,600 66 27,827 —
September 21 19,000 70 32,944 —
September 22 28,500 70 32,192 —
September 23 20,000 68 — —
September 24 19,900 67 28,467 —
September 25 29,450 72 38,829

After Treatment— All Surfaces Sprayed with D D T  at 645 mg. per sq. ft.

September 26 19,000 65 — _ _

September 27 15,200 66 38,299 16,299
September 28 20,900 64 51,937 21,416
September 29 256 66
September 30 255 62
October 1 250 58 34,178 23,447
October 2 475 58 49,304 16,766
October 3 3 52 45,526 21,491
October 4 7 58 32,914 23,207
October 5 14 59 — —
October 6 122 68 40,906 24,862
October 7 22,325 60 — —
October 8 22,300 60 46,188 17,518
October 9 66 46 — —

October 10 — 42 51,712 32,132
October 11 11 42 36,015 33,452
October 12 10 42 47,829 40,830
October 13 11 44 38,769 32,402
October 14 22 46 — —
October 15 27 54 46,173 24,983
October 16 23 41 46,504 37,098
October 17 30 39 33,907 36,752

* Light trap operated from 7:00 p . m . until 7:00 a . m . Both P. altérnala and T. albipunctatus 
in approximately equal numbers.

f Based on two samples each day from each filter, 
j Filter No. 2 was under effect of larval control test until Sept. 26.
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In  Table 10 it will be noted that 
three days after the resting surfaces 
were sprayed there was a sharp de
crease in adult density outside of the 
filters, due apparently to the DDT. 
Despite this, however, there was an 
average daily collection of 4,824 adults 
for the 3-week period following the ap
plication. This decrease was followed 
by a rather marked lowering of the 
temperature, a factor which had af
fected densities during the previous 
adult and larval tests. I t  was interest
ing to note the sharp adult increase evi
dent after the rise in temperature on 
October 6. Since low temperatures are 
unfavorable for the collection of large 
numbers of adult filter flies, it was felt 
that consideration should be given to 
this in analyzing the results of the test.

Military duties prevented daily 
larval sampling but, as seen in Table 
10, th irty  samples were taken in -each 
filter during a 3-week period follow
ing the treatment. The averages of 
42,677 and 26,843 larvae obtained in 
the 3-week period after treatment, suf
fice to show the complete lack of larval 
control.

During this test observations re
vealed literally thousands of dead and 
affected larvae on the ground sur
rounding the filter walls. In  warm 
and favorable weather undoubtedly 
many adults would live long enough to 
invade the pump house. When all 
factors from both tests were weighed 
carefully it was the belief of the author 
that the degree of adult filter fly con
trol obtained from sprayed residues 
was not sufficient to prevent annoyance 
from these insects during periods of 
warm weather. In  fact, the unusually 
heavy dosage applied on the first test 
did not itself afford more than a negli
gible amount of relief from them.

Both tests clearly showed tha t larval 
reduction or eradication was not ac
complished by depositing DDT on 
adult resting surfaces. Close study of 
the habits and characteristics of filter 
flies led to the conclusion that many

adults remain in the filter bed during 
their life span and oviposit there with
out ever m igrating to the open air.

If  this is true, sprayed residues on 
adult resting areas would naturally 
never be able to eliminate the problem 
completely because the m ajority of the 
adults hatching in a filter would never 
come in contact with the DDT but 
would continue to reproduce beneath 
the stone. Since the filter flies are 
phototropic, many of those hatching 
near the filter surface would be at
tracted to the lights of the pump house 
during favorable weather, thus ac
counting for the influx which caused 
annoyance.

Summary and Conclusions

Larval control experiments conduc
ted on selected areas of filter bed were 
limited by the deposition of the DDT in 
relatively narrow strips, the dilution of 
this m aterial during high flows by 
splashing of untreated sewage from ad
joining nozzles, and the possible migra
tion into the treated zones by larvae 
from the adjacent untreated bed. De
spite these considerations the following 
results were obtained in the applica
tion of a 1 per cent DDT emulsion by 
means of a drip can, to selected areas 
of filter bed over a 24-hour period, for 
control of the larvae of P. alternata 
and T. albipunctatus:

1. A 3.3 p.p.m. dosage accomplished 
an average larval reduction of 45.7 per 
cent, whereas a 3.0 p.p.m. dosage effec
ted a 94.2 per cent average larval re
duction. Both dosages were considered 
adequate for effective control.

2. Dosages' of 2.1 p.p.m. and 2.0 
p.p.m. resulted in average larval de
creases of 74.1 per cent in one filter and 
16.1 per cent in the other. Rather poor 
control was therefore indicated.

3. Two tests with an application rate 
of 1.0 p.p.m. disclosed only 3.2 per cent 
and 69.6 per cent larval reductions. 
The length of the effective periods for 
this dosage was slightly over one week,
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which rendered it inadequate for prop
er control.

4. Dosages ranging from 1.0 p.p.m. 
to 3.3 p.p.m. of DDT did not adversely 
affect the filter growth in the small 
areas involved in these tests but actu
ally improved this growth by eliminat
ing the excess larvae.

5. A comparison of the 5-day B.O.D. 
samples taken from the filter influent 
and effluent disclosed no ill effects at
tributable to the application of DDT 
and its allied chemicals to selected 
areas of the filter bed.

Larval control experiments involv
ing entire filter bed areas were free 
from the undesirable limiting factors 
present in the previous tests, therefore 
the data obtained were considered more 
informative and reliable. All trea t
ments were accomplished by the addi
tion of a 5 per cent DDT emulsion to 
the influent headbox of the filters, with 
the following results being obtained:

1. The application in a batch dosage 
at a rate of 0.25 p.p.m. presented neg
ligible larval reductions of 0.6 per 
cent in one filter and 13.8 per cent in 
the other, both of which were con
sidered inadequate for control. Holes 
2 ft. deep in both filters revealed. no 
larval reduction at that depth. I t  
should be recalled, however, that the 
DDT applied in this manner probably 
was in contact with the exposed larvae 
for not more than a very few minutes. 
The alternate treatm ent of the two 
filters did not give clear-cut indica
tions of desirable adult reductions.

2. The application of DDT at this 
same rate of 0.25 p.p.m., but added to 
an entire filter over a 24-hour period, 
gave an average larval reduction of
59.7 per cent in one test. This was 
offset by a 49.0 per cent increase when 
repeated on the other filter. For both 
24-hour tests 50 per cent larval de
creases were noted at a depth of 2 feet 
in the filter beds. I t  was considered 
significant, however, that the larval 
kill was much greater than any ob
tained when the emulsion was added

in a batch method. This indicated that 
possibly the length of contact period 
influenced the degree of larval kill. 
Again the alternate treatm ent of the 
filters did not favorably affect the adult 
populations.

3. Effective control was obtained 
when a DDT dosage of 0.5 p.p.m. was 
applied in a batch dose and the sew
age flow diverted so as to allow the 
DDT to trickle slowly through the fil
ters for a 30-minute period. Larval 
reductions of 95.4 per cent and 44.3 
per cent were obtained in the two 
tests, with an 80 per cent overall de
crease at a depth of 2 ft. in the filter 
bed. W ithin 20 minutes of the applica
tion a very substantial initial kill had 
been obtained on both adults and 
larvae of P. alternata and T. albipunc- 
tatus. This dosage with its 30-minute 
contact period gave effective larval con
trol for approximately th irty  days, and 
resulted in such adult filter fly reduc
tions as to w arrant its consideration as 
an adequate control measure.

Several general observations relat
ing to this phase of the work should be 
mentioned at this point as they have 
a direct bearing on the solution of the 
filter fly problem.

As noted in the tables, there was a 
general upward trend in the larval 
densities of untreated fdters. Because 
of this it is felt that the favorable re
sults obtained from the treatments 
were produced by the DDT and not by 
some unknown natural causes.

No difference could be seen in the 
speed or completeness with which the 
DDT reduced the larval population of' 
P. alternata Say and T. albipunctatus 
(W ill). This indicated that their sus
ceptibility to DDT is approximately 
equal, so control measures directed 
against one need not be especially al
tered to control the other.

I t  was not known whether the lethal 
action of the DDT was due to toxicity 
to the insect’s nervous system or wheth
er it acted as an intestinal poison. The 
methods of application employed in
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these tests would possibly indicate, 
however, that death was caused by the 
DDT acting as a contact poison. In 
this respect attention is invited to the 
fact that the length of the contact 
period had a definite effect upon the 
mortality rate. When a dosage of 0.25 
p.p.m. was applied in a batch dose 
practically no control was evidenced 
but when the same amount of emulsion 
was added over a 24-hour period an 
appreciable reduction occurred. Also, 
when a 0.5 p.p.m. dosage was employed 
with a 30-minute contact period, a large 
number of both adults and larvae were 
seen to be dead and dying a half-hour 
after this contact with the DDT. Thus, 
it appears that the degree of kill could 
be increased considerably by extending 
the contact period to perhaps two 
hours.

During no test was damage ever 
produced upon the filter growth, but 
quite definite improvements were seen 
in all tests. DDT appears to be specific 
for insects and its activity in these ex
periments indicated that it was not a 
fungicide. Although there are many 
other solvents and emulsifiers which 
can be used to good advantage, it is 
possible that certain ones might in 
themselves prove to be fungicides, a 
fact which would emphasize the need 
for caution in any attempted large 
scale work.

Throughout this work no deleterious 
effects attributable to the DDT and its 
allied chemicals were evident in the 
5-day B.O.D. samples taken from the 
filter influent and effluent. I t  is be
lieved by the author that considerably 
higher dosages of this material could 
be used before the efficiency of the 
filter would be impaired.

The experiments conducted to de
termine the value for adult control of 
DDT-sprayed residues on resting sur
faces disclosed several interesting 
facts. Although complete p re trea t
ment data could not be secured, the 
figures obtained after the application 
of 645 mg. DDT per sq. ft. indicated

that poor adult control was accom
plished with this method. D uring the 
40-day period following the first test, 
a daily average light trap  collection of 
6,113 adults was obtained, with a daily 
average of 4,824 for the 3-week period 
following the second test. During 
both of these tests there were many 
days of lowered tem perature, which 
condition would limit the number of 
adults subject to collection.

Observations made as to the number 
of adult flies resting on the bricks of 
the filter wall would indicate that ex
cellent adult control had been obtained. 
Since the light trap  collections defi
nitely revealed th a t considerable adults 
were not only present, but flying at 
night, the value of relying upon a count 
of adults seen resting on a surface was 
questioned.

The application of sprayed residues 
on adult resting surfaces did not elimi
nate or m aterially reduce the larval
population within the filter beds.
Thirty samples were taken in each 
filter during the 40-day period follow
ing the first test, with the average
number of larvae per check being
29,427. In  the 3-week period follow
ing the second test th irty  samples were 
again taken in each filter and the aver
age number of larvae per sample re
mained high, this time being 24,760. 
These figures clearly indicated the com
plete lack of larval control accom
plished by the treatment.

I t  is believed by the writer that the 
reduction or elimination of adults 
which are outside of the filter beds 
will not effect any appreciable larval 
control. The basis for this assumption 
lies in the fact that during the course 
of this study it was noted that thou
sands of adults were always found 
present even at a depth of 2 ft. in the 
filter media. I t  is believed that many, 
if not the m ajority, of these adult filter 
flies remain within the bed during their 
entire life span and oviposit there 
without ever leaving the filter. Thus 
many would never come in contact with
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the sprayed residue of DDT. Also it 
is questionable how many Psychoda 
adults will re tu rn  to the filter beds 
after they have once left.

The materials and methods of appli
cation employed both in the treatm ent 
of an entire filter for larval control 
and in the deposition of sprayed resi
dues of DDT for adult control of P. 
alternate/, and T. albipunctatus were 
such that these procedures can be easily 
and quickly performed by any plant 
operator.

For the benefit of any operators 
who might desire to utilize this method 
of controlling filter flies, the following 
suggestions are offered as an aid in 
preparing the emulsion and applying 
it to a filter:

1. Obtain an open container which 
will hold 10 gal. of solution. Mark the 
10-gal. point by scratching the con
tainer or using a non-soluble paint (to 
prevent the Xylene from removing the 
mark).

2. Place 17 lb. of commercially pure 
DDT in the container and add 6 gal. 
of Xylene. S tir until all the DDT is 
dissolved. This may require 30 min
utes or more. Then add 8% quarts of 
Triton (or any other good emulsifying 
agent), and stir well for 10 or 15 
minutes. Add enough Xylene to this 
mixture to bring the total amount of 
solution up to the 10-gal. mark on the 
container. This solution will then con
tain 20 per cent DDT, 20 per cent 
Triton and 60 per cent Xylene. As the 
Xylene evaporates rapidly, this ma
terial should not be left uncovered for 
long periods of time, and should be 
stored in tightly closed containers.

3. Dilute this 20 per cent DDT stock 
solution to 5 per cent by adding three 
parts of water to one part of stock solu
tion. The resultant product will be 
milky in appearance.

4. Compute the amount of DDT (by 
-weight) required to trea t the actual 
sewage flowing through the plant. I t  
is suggested that for practical work 
this dosage be such that one part of 
DDT is applied to one million parts 
of sewage. For example, on the experi
ments described in this work, 19 gal. 
of 5 per cent emulsion would have been 
needed to trea t the sewage flow of
946,000 g.p.d. at a rate of one part per 
million. (E ditor’s Note—See editorial 
on page 330 of this issue.)

5. I t  is fu rther suggested tha t the 
5 per cent emulsion be taken to the in
fluent headbox (dosing tank) of a filter 
and poured in. As soon as the milky 
emulsion begins to appear in the nozzle 
outlet, slowly begin to cut off the sew
age flow so that by the time all of the 
emulsion has drained from the pipes 
no untreated sewage will flow over the 
bed. I t  is recommended that the DDT 
emulsion be allowed to trickle through 
the filter for one hour before any un
treated sewage is turned back onto the 
bed.
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CONTROL OF TRICKLING FIL T ER  FLIES W IT H  DDT

By J ohn A. Carollo

H eadm an, F erguson  ¿r Carollo, E n gin eers, P hoenix , A r is .

The sewage works operator has 
known for many years that man-made 
‘ ‘ improvements ’ ’ often create new prob
lems sometimes more difficult to solve 
than those responsible for the improve
ments. One of these unsolved prob
lems has been the “ filter fly”  that has 
shown its appreciation of m an’s works 
by multiplying in tremendous numbers 
around sewage treatment plants and, 
more especially, in that ideal habitat, 
the trickling filter. Many control 
methods for this unwelcome guest have 
been tried in the past th irty  years. 
None has proven more than partially 
successful. The most practical method, 
where feasible, has been flooding of the 
filter, but at the cost of temporarily 
lowered filter efficiency.

The success of DDT [2,2-bis (p- 
chlorophenvl) 1 ,1 ,1 -trichloroethane] for 
the control of lice, house flies and mos
quitoes by the armed forces following 
the experimental work by the D epart
ment of Agriculture, Bureau of Ento
mology and Plant Quarantine at Or
lando, Florida, naturally led to at
tempts to apply this substance in the 
control of the “ filter flv”  at sewage 
treatment plants.

There are many flies that breed and 
live in and around sewage filters in 
relatively large numbers but those that 
have come to be called “ filter flies”  be
long to the Order Dipt era; Family 
Psychodidae (Moth-Flies). The family 
includes at least six genera, Phleboto- 
mus, Sycorax, Maruina, Pericoma, Tel- 
mat oscopus and Psychoda. The last 
three named are the ones of interest to 
a sewage works operator and, of these, 
the last two are the most common. Del 
Rosario lists 24 American species as 
belonging to the genus Psychoda, and

48 synonyms that have been given to 
these species in the literature.

There is considerable confusion in 
generic and specific names for the Psy
chodidae because entomologists have 
not devoted much study to the family 
until comparatively recently. The only 
reason for pointing out the large num
ber of species is that they vary in their 
resistance to DDT and when work on 
this family is reported, the species, or 
at least the genus, should be mentioned.

0 . A. Johannsen’s keys deal with 
larvae of American species and A. L. 
Tonnoir’s 1940 publication is limited 
to British species of the Psychodidae 
family so that F. del Rosario’s work as 
published in the 1936 Philippine Jour
nal of Science remains the most useful 
paper available on the American 
species.

The two most common “ filter flies” 
are P. alternat a Say and P. alb i punc
tata W illiston {Tehnat oscopus albi- 
punctatus Edw ards). P. alternate is 
lighter in color, smaller, less hairy and 
the wings more “ roof-shaped” than P. 
albipunctatus. They exist concur
rently in filters, but usually, one or the 
other continues to be much more nu
merous in any particu lar filter for long 
periods of time. P. albipunctatus 
thrived from A pril to October, 1945, 
at the Intrenchm ent Creek sewage 
treatm ent plant, A tlanta, Georgia, and 
P. alternate, inhabited the filters in 
enormous num ber during the same pe
riod at the South River sewage trea t
ment plant, A tlanta, Georgia.

Laboratory Work
Rearing Psychoda Flies

Both species were grown in the 
F ourth  Service Command Medical

208
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Laboratory, F o rt McPherson, Georgia. 
The first attem pts to rear Psychodidae 
in the laboratory failed. When larvae 
were taken from the filter and placed 
in petri dishes in distilled water, tap 
water, tap  water plus yeast, tap  water 
plus dog food, tap water plus scrapings 
from filter rock or filter influent, prac
tically all the larvae died within sev
eral days. The larvae placed in filter 
influent, however, died much sooner 
than in the other media. Placing small 
stones from a trickling filter and only 
a small amount of water in the dishes 
was more successful. The most success
ful method discovered, however, was 
placing the larvae in animal jars con
taining about y1G in. of filter stone 
washings in which clumps of muslin 
cloth were partially submerged. W ater

of placing a 10 X  10 in. glass plate, 
coated on both sides with DDT at any 
desired dosage, in a large cage contain
ing Psychoda flies. The flies were ob
served through cleared X-ray film that 
formed two sides of the cage. This 
method was not satisfactory because 
flies sometimes would not contact the 
coated glass plate immediately. The 
second method was to place the flies in 
a dismountable glass box, 10 in. on a 
side. Each interior side of the box was 
coated with DDT. “ Knockdown tim e” 
was the time in minutes from the inser
tion of a Psychoda until it fell and was 
unable to co-ordinate sufficiently to fly. 
Death always followed a ‘ ‘ knockdown ’ ’ 
though movements continued for some
time thereafter. The results of these 
trials are shown in Table 1.

TABLE 1.—Per Cent Knockdown of D D T  on Adult Psychodidae  Flies
(Rate of application of D D T  =  1/5 lb. per acre)

T im e of E xposure in M inu tes

11 12 13 14 15 16 23 24 28 29 30 31 35 39 49 58 62 75 85 90

A edes aegyp ti (1 h o u r* ) .. 
P . a lb ip u n c ta tu s  (1 hour*) 
P. a l te rn a ta  (1 h o u r* ). . . .  
P. a l te rn a ta  (4  h o u rs* )..  . 
P . a l te rn a ta  (24 h o u rs* )..  
P . a l te rn a ta  (48 h o u rs* )..

10

10

30

20

100

50
30

70
60

100
100

10 40 60 80

20 40 70

90 100

100

20 30 50 90 100

* Time since contact surface was treated.

lost by evaporation was replaced tvith 
tap water and small amounts of yeast 
and ground dog food were added from 
time to time. The larvae pupated in 
the muslin. A few filter stones pro
truding well above the liquid surface 
formed sites for adult resting and 
breeding areas. The jars were covered 
with gauze to prevent the escape of 
adults. In  this way we reared a num
ber of generations of both P. alternata 
and P. albipunctatus.

Laboratory Tests
DDT was tried  against both reared 

and captured adults in the laboratory. 
Tests for adult kill were performed in 
two ways. The first method consisted

I t  is evident that the adult P. albi- 
punctatus is much more resistant to 
DDT than P. alternata and that a DDT 
coated surface gradually loses its abil
ity to kill these flies.

Tests for larval kill were performed 
by placing the larvae in petri dishes 
containing muslin clumps and a known 
concentration of DDT in filter stone 
washings. Controls containing no DDT 
hut Triton and Xylene and controls 
free from all three substances were run  
concurrently. Twenty larvae were 
placed in each of five petri dishes for 
each test plus the two control dishes. 
Table 2 presents the average results of 
these tests.
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TABLE 2.—Effect of DD T on 
Psychodidae  Larvae

Species
P .P .M . in  T a p  W a ter of Per C en t 

K ill 
48 

H oursD D T Tricon X ylene

P . a ltérna la .......... 0.1 0.1 0.3 40
P . a lterna ta .......... 1.0 1.0 3.0 100
P . a lterna ta .......... 5.0 5.0 15.0 100
P . a lterna ta ........... 10.0 10.0 30.0 100
P . a lterna ta ........... 20.0 20.0 60.0 100
P . a lterna ta .......... 50.0 50.0 150.0 100
P . a lterna ta ........... 0.0 50.0 150.0 10
P . a lterna ta ........... 0.0 0.0 0.0 0
P . a lb ip u n c ta tu s .. 0.1 0.1 0.3 0
P . a lb ipuncta tus. 1.0 1.0 3.0 30
P . a lb ipuncta tus.. 5.0 5.0 15.0 100
P . a lb ipuncta tus.. 10.0 10.0 30.0 100
P . a lb ipuncta tus.. 20.0 20.0 60.0 100
P . a lb ipuncta tus.. 50.0 50.0 150.0 100
P . a lb ip u n c ta tu s .. 0.0 50.0 150.0 0
P . a lb ip u n c ta tu s .. 0.0 0.0 0.0 0

From the above table it is evident that 
DDT will kill the larvae of both P. 
alternata and P. albipunctatus. The 
latter, as was noted in the adult stage, 
is more resistant to DDT.

Field Tests
Spraying DDT on Surface of Filter

The control of psychodid flies was 
attempted at the South River sewage 
treatment plant, Atlanta, Georgia, by 
spraying 5 per cent DDT in kerosene 
on the walls and the surrounding grass 
of four 175-ft. rotary type trickling 
filters. The DDT was applied at the 
rate of 30 lb. per acre. Many adult 
flies were killed but the flies continued 
to emerge and breed in enormous num
bers in the filters.

The surface of the filters in addition 
to the walls and surrounding grass 
were then sprayed at the rate of 30 lb. 
of DDT per acre and the filters rested 
for 2 hours. Many flies and larvae 
were killed but myriads of flies con
tinued to leave the filter. Flooding, 
four days after the DDT application, 
brought wheelbarrow loads of live 
larvae and pupae to the surface. This 
procedure has been repeated several 
times. The kerosene solution evidently

did not penetrate beneath the surface 
layer of rock and then was washed 
through the filter too quickly to pro
duce lasting results.

Em ulsifying DDT in F ilter Influent

The city of A tlanta constructed a 
30-in. diameter 6-ft. deep filter next to 
one of the large fixed spray trickling 
filter units at its Intrenchm ent Creek 
plant. Sewage from one of the fixed 
nozzles was piped to a small ro tary  dis
tributor mounted over the model filter. 
Stones from the plant filter were used 
in the experimental filter and it soon 
ripened. P. albipunctatus larvae be
came abundant in about 10 days.

DDT, as a Triton-Xylene emulsion, 
was applied to this filter for 24 hours 
at the rate of 1.0 p.p.m. based upon the 
24-hr. flow. B ut because of mechanical 
limitations the DDT was actually ap
plied for about 30 seconds at the begin
ning of each filter dosing cycle. The 
average strength per application was 
probably in the neighborhood of 30 
p.p.m. The filter therefore received a 
shot of DDT for 30 seconds at the be
ginning of each dosing cycle through
out the 24-hr. period.

The results were remarkable. The 
filter, which at the beginning of treat
ment contained millions of psychodid 
larvae, contained only 50 larvae at the 
end of the treatm ent. Four days later 
no large larvae were found but some 
immature stages began to appear. This 
appearance of young larvae three to 
four days after treatm ent, was noted 
upon the second tria l of this method. 
Psychodid larvae again became abun
dant w ithin 15 days after the trea t
ment.

The th ird  treatm ent consisted of two 
24-hr. applications at 1.0 p.p.m. of 
DDT with a 3-day interval between 
applications. All larvae were killed 
and did not again appear for five days. 
If  it is remembered that within five feet 
of the experimental filter psychodid 
flies were breeding prolifically in the
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standard filters and that the adults had 
free access to the experimental filter, 
the re-infestation of the experimental 
filter in a relatively short time is easily 
understood.

Algae on the surface of the filter rock 
faded somewhat for a day or two after 
each application of the DDT-Triton- 
Xylene emulsion but soon recovered. 
Snails became more abundant after 
each treatment. Sewage filter bacteria 
are not killed by DDT in concentra
tions up to 100 p.p.m. Triton at 1,000 
p.p.m. kills these bacteria when grown 
on Tryptose-phosphate agar and they 
are somewhat inhibited at 100 p.p.m. 
of Triton.

Conclusions
1. DDT applied at the rate of y5 lb. 

per acre under laboratory conditions 
will kill adult psychodid flies.

2. DDT applied at the rate of 1.0 to
5.0 p.p.m. will kill filter fly larvae.

3. DDT applied at the rate of 30 lb. 
per acre over the surface of trickling

filter will not m aterially reduce the 
psychodid larvae population.

4. DDT applied as a Triton-Xylene 
emulsion to the influent of a trickling 
filter will control psychodid larvae and 
therefore the adults. The amount tha t 
was successful was 1.0 p.p.m. based on 
the total 24-hr. flow but was actually 
applied at a greater concentration at 
the beginning of each dosing cycle.
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SLUDGE DISPOSAL PRACTICES AT DETROIT *

B y Clarence W. H ubbell

H ubbell, B oth  and Clarlc, Inc., Consulting E ngineers, D e tro it, M ichigan

Sludge disposal is the enigma of 
sewage treatment.

Every engineer interested in health 
and sanitation problems knows that 
sewage can be collected and treated to 
any extent needed to meet modern re
quirements for health, recreation, and 
safe living. No two cases are alike, and 
in each case the degree and type of 
treatment given are determined by the 
local conditions to he met, sometimes 
modified by the ability of the benefitted 
parties to pay the cost.

The liquid effluent from a treatm ent 
plant must of necessity be discharged 
into a waterway or lake, or into the 
ocean itself. By tria l and error, we 
have come to know that our rivers are 
limited in their capacity to assimilate 
sewage pollution. The plight of the 
city of Chester, Pa., located on the 
Delaware River, is a good example (1). 
Los Angeles, where raw sewage is 
pumped directly into the ocean, is seri
ously considering remedial measures to 
insure the continued purity  of its a t
tractive beaches.

The disposal of sewage sludges, 
which sometimes include garbage, pre
sents, if anything, a more difficult 
problem than that of the liquid effluent. 
We have long outgrown the ancient 
customs of using human wastes for di
rect fertilization of crops, as still prac
ticed in parts of China. To come 
nearer home, some of our own cities 
still maintain noisome dumps which 
everybody avoids if possible; some 
have gone into the business of manu
facturing fertilizers; and some, like 
Detroit, believe in purification by fire, 
and burn their sludge. In  short, the

* P resen ted  a t  T w e lfth  A nnual M eeting , 
C anad ian  In s t i tu te  on Sew age an d  S a n ita t io n ’ 
W indsor, O nt., N ovem ber 5, 1945.

question of what to do with residual 
sludges is about the most serious prob
lem connected with the whole field of 
sewage treatm ent.

Instead of attem pting to give a pre
tentious resume of the various methods 
practiced by many cities, it is the pur
pose of this paper to concentrate on 
what Detroit has done with its particu
lar sludge disposal problem.

Detroit was made conscious of her 
problem something over th irty  years 
ago, when the United States and Great 
B ritain entered into a treaty  agreement 
that neither should pollute boundary 
waters to the detrim ent of the other. 
This led to an intensive study of the 
pollution of the D etroit River which 
brought home to the city the fact that 
she was not only the greatest offender 
but also the greatest sufferer from the 
huge volume of pollution discharged 
directly into the river from her homes 
and factories. Detroit at tha t time was 
just beginning to suffer from growing 
pains of expansion which, in the next 
few years, made it necessary to spend 
over $40,000,000 for sewers alone to 
prevent flooding of basements.

World W ar I intervened and was fol
lowed by postwar prosperity which 
added fu rther to the problems of a rap
idly growing city. In  1925, the plans 
recommended by the consulting engi
neers employed by the city involved 
the construction of a plant located 
downriver beyond the city limits. 
There were serious objections to this 
location, which resulted in legislation 
prohibiting the construction of such a 
plant by any m unicipality outside its 
own boundaries except with the con
sent of the m unicipality encroached 
upon. The plans had to be revised, but 
then the depression of the early 30’s
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interfered with the financing and ac
complishment of the project. Finally, 
in 1939, after more than th irty  years of 
effort, Detroit succeeded in completing 
and putting  into service an up-to-date 
sewage treatm ent plant suitable for its 
needs.

This plant, now in operation for the 
past five years, is one of the w orld’s 
largest, both as to population served 
and the amount of sewage treated (2).

To summarize briefly the description 
of this plant which has appeared in the 
form of articles by the writer and oth
ers (3), the design is for an ultimate 
population of 4,000,000, and an esti
mated average flow of 175 gal. per 
capita per day. The interceptors 
bringing sewage to the plant have a 
capacity of 1,292 m.g.d. which is equiv
alent to a maximum flow of 324 gal. 
per capita per day. The treatm ent 
consists essentially of plain sedimenta
tion, sludge incineration, and chlorina
tion of the effluent. This degree of 
treatm ent was recommended by the 
consulting engineers and approved by 
the Michigan State Board of Health 
as adequate to meet the present situ
ation, both as to local need and treaty  
obligations. The units installed to ac
complish sedimentation and incinera
tion are of sufficient capacity to treat 
the sewage from a population of 2,400,- 
000, which capacity it was assumed 
would be reached by 1950, when addi
tional units could be added. The pres
ent population served (1945) is esti

mated at approximately 2,200,000. 
For the year ended June 30, 1945, the 
average flow of sewage entering the 
plant was 315 m.g.d. with a maximum 
day of 472 m.g.

The plant also includes one experi
mental digestion tank and one elutri- 
ation tank with a design capacity for a 
population of 500,000, or one-eighth of 
the ultim ate plant capacity.

The usefulness of elutriation under 
existing conditions has been seriously 
questioned. A careful 3-month test 
ending September 8, 1944, resulted in 
an actual increase in operating costs 
without any reduction in the chemicals 
requ ired ; and so fa r as could be deter
mined, no corresponding benefit. The 
use of the unit as an elutriation tank 
has been discontinued. The tank is 
advantageously used, however, for mix
ing raw and digested sludge prior to 
filtration of sludge. The digestion unit 
has proved very satisfactory, not for 
complete digestion of sludge but for 
the production of gas, for which p u r
pose it is fed sludge at the rate of th irty  
tons of volatile solids per day from 
which it produces 20,000 cu. ft. of gas 
per hr., having a heat value of 650
B.T.U. per cu. ft. The partially  di
gested sludge from this unit, mixed 
with the raw sludge from the sedimen
tation tanks together with the grit and 
scum, forms a satisfactory filter cake 
which burns well in the incinerators.

Table 1 shows the annual amount of 
sludge fed to the incinerators and the

TABLE 1.—Incineration Data. Years Ended June 30

Y ear
W et Solids

Tons 
D ry  Solids

P er C en t 
V olatile

P e r C en t 
Ash

T ons
Ash

A sh (%  of 
w et solids)

Tons %  M oist.

1941 ■V / __: __ 55,071 53.3 46.7 25,703 —

1942 164,787 67.9 52,927 55.4 44.6 23,600 14.3
1943 164,414 68.9 51,169 54.7 45.3 23,169 14.1
1944 202,840 68.8 63,388 58.6 41.4 26,261 12.9
1945 167,488 66.3 56,431 58.5 41.5 23,400 13.9

T o ta l __ — 278,986 — — 122,133 —

A verag e — — 55,797 .55.1 43.9 24,427 13.8
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resulting ash for the period of the five 
years during which the plant has been 
in operation.

The dry ash produced is normally 
about 14 per cent of the total wet 
sludge cake sent to the multiple hearth 
incinerators. The ash is sluiced into 
a lagoon. There are two of these la
goons, which are used alternately. 
Each lagoon has sufficient capacity to 
hold approximately one y ea r’s produc
tion of ash. As soon as one lagoon is 
full, it is permitted to dry for a time, 
and a contract is then let for removing 
the ash to the nearest available dump. 
Steam shovels and trucks are used for 
this purpose. Four such contracts 
have been let since the plant was placed 
in operation, and one lagoon is now

ready for letting the fifth contract 
which will cost about $40,000. The 
total expenditure of $184,000 in five 
years to dispose of a total of 122,133 
tons of ash averages $1.51 per dry  ton.

Eventually, dumping grounds for
2,000 tons a month may become diffi
cult to find within reasonable hauling 
distance and some other method of dis
posal may be necessary. I f  necessary, 
ash can be disposed of by barge, in 
Lake Erie, without in ju ry  to health 
and at a cost somewhat less than is 
involved by the present method. This, 
however, is not looked upon with favor 
and will be avoided if possible.

The most hopeful development, look
ing to the fu ture disposal of ash, is in 
the use of this m aterial for manufac-

TABLE 2.— Summary of Operation Data, Detroit Sewage Treatment Plant, for 
Year Ended June 30, 1944

Y ear
O peration  Item  1943-44

Sew age p u m ped , to ta l  fo r y ear
(m .g .) ..................................   119,751

P e r  d a y  (m .g .) .................................... 327
R a in fa ll, to ta l  fo r y e a r  ( in .) .............  29.37
E le c tric  pow er, to ta l  used

( 1 0 0 k w .h r . ) ..................................  182,593
P u rc h ased  (100 kw . h r . ) ................  169,800
G en era ted  (100 kw . h r . ) ................. 12,793
U sed  fo r p u m p in g  sew age

( 1 0 0 k w .h r . ) .............................. 137,797
K w . h r. p e r  m .g . p u m p e d   115

A ux iliary  pow er (100 kw . h r .) . . 44,796
Screenings rem oved  (to n s w e t ) . . . .  1,289

M o is tu re  ( % ) .....................................  79.9
V olatile  (%  of d ry  so lid s )   78.5

G r it  rem oved  ( to n s w e t ) .................... 14,428
M o is tu re  ( % ) .....................................  49.4
V olatile  (%  of d ry  s o lid s )   38.3

S kim m ings rem o v ed  ( to n s w e t) . . . .  594
M o istu re  ( % ) ...................................... 34.9
V olatile  (%  of d ry  so lid s )   90.1

P rim a ry  se d im e n ta tio n  d e te n tio n
p e rio d  (h r.)  . ...............................  1.51

S u spended  solids rem oved
(to n s d r y ) ......................................... 53,797

V olatile  ( % ) .......................   78.8
Sludge to  d iges te rs (1,000 g a l . )   31,845

D ry  solids ( to n s ) ...............................  12 229
Solids ( % ) ............................................  ’ 9 1
V olatile ( % )   65 8

D igested  sludge w ith d raw n
(1,000 g a l . ) ......................................  31,510

D ry  so lid s ............................................. 9 Iqq
Solids ( % ) ............................................ ’ 6 g
V olatile ( % )   54 3

Y ear
O pera tion  I te m  1943-44

D ig e s te r  g as p ro d u c tio n
(1,000 cu. f t . ) ..................................  115,149

C u. f t .  p e r  lb . v o la tile  a d d e d . . .  7.2
S ludge to  v a c u u m  filte rs

(1,000 g a l . ) .......................................  141,006
S olids ( % ) .............................................  8.7
V ola tile  ( % ) .........................................  64.1
C o n d itio n in g  chem icals :

C aO  ( % ) ...........................................  7.6
F e C l3( % ) ........................................... 2.2

F i l te r  r a te  (lbs. p e r  sq . f t .  p e r  h r .)  6.1
S ludge cake  so lid s ( % ) ....................  30.3

V o la tile  ( % ) ..................................... 59.7
In c in e ra to r  feed  ( to n s  w e t c a k e ) . . .  202,840

D ry  so lid s ( to n s ) ................................  63,388
V olatile  so lid s ( to n s ) ........................  37,127
F e e d  r a te  (w et to n s  p e r  h r . p e r

u n i t ) ..................................................... 8.9
F u e l oil p e r  w e t to n  b u rn e d  (gal.) 0.19

C h lo r in a tio n  ( to n s  a p p l ie d ) ...............  3 ,914
C h lo rin e  d e m a n d  ( p .p .m .) ............. 7.35
D o sag e  ( p .p .m .)  .........................  7.85
D e m a n d  sa tis f ie d  ( % ) .....................  106.8

A n a ly tic a l d a ta :
S u sp en d e d  so lids, in f lu e n t

(p .p .m .) .........................................  222
E fflu e n t ( p .p .m .) ..............   113
R e m o v a l ( % ) ..................................  49.3

5 -D a y  B .O .D ., in f lu e n t ( p .p .m .) . 116
E fflu e n t ( p .p .m .) ...........................  71
R e m o v a l ( % ) ..................................  38.8
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turing  purposes. I t  contains some 17 
per cent calcium, together with alumi
num and other chemicals which are of 
value in m anufacturing. One experi
ment along this line has been made in 
connection with a nearby cement plant, 
which resulted in the production of a 
tria l output of 1,500 barrels of cement. 
In  this particular experiment, the ash 
contained too much organic m atter due 
to the fact that the grit from grit 
chambers had been by-passed without 
incineration. This defect could be 
remedied easily; and the outlook is 
favorable for the profitable disposal 
of ash in the future.

An operation summary of the sewage 
treatm ent plant, as compiled for the 
year 1943-44, is given in Table 2.

F or the same fiscal year ended June 
30, 1944, the operating expense, exclu
sive of depreciation, totalled $1,082,- 
220.14, as shown in detail in Table 3.

A t Detroit, incineration of sludge 
has been satisfactory. The sludge has 
practically burned itself, requiring 
only 0.19 gallons of oil per wet to n ; it

TABLE 3.— Cost Data, Detroit Sewage 
Treatment Plant, Year Ended 

June 30, 1944

G en era l p l a n t ................................
P u m p in g  s ta t io n ..........................
R a c k  a n d  g r i t ................................
S e d im e n ta t io n ...............................
C h lo r in a tio n ..................................
D ig es tio n  a n d  é lu tr ia tio n  (net)
F il t ra t io n  a n d  c h e m ic a l............
In c in e ra tio n  a n d  a sh  h an d lin g
B oiler p l a n t ....................................
In te rc e p to r s  a n d  re g u la to rs . . .
U n a llo c a te d ....................................
G e n e ra l a d m in is t r a t io n ............

T o ta l  o p e ra tin g  e x p e n se  $1 ,082 ,220 .14

has been reduced from a troublesome, 
noisome material to an innocuous ash; 
it has been reduced in volume by about 
86 per cent. For a plant the size of 
D etro it’s, however, the disposal of the 
ash, prim arily due to the amount, is 
still a m ajor operation, though minor 
in comparison to the problem that 
would be involved if it were necessary 
to dispose of the sludge without 
incineration.

$ 114,638.14 
143,657.75 
34,753.50 
44,265.12 

170,334.49 
6 ,530 .26  

150,517.94 
282,870.46 

39,627 .48  
2 ,360.66 

57,362.31 
35,302.03
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DISCUSSION

B y L. V. Garrity

A s s is ta n t General S u perin ten den t, D ep a rtm en t o f  W a te r S u pp ly , D e tro it, M ichigan

Mr. Hubbell made brief reference to 
the use of sewage sludge as a fertilizer, 
to the fact that we have questioned the 
usefulness of the élutriation process 
under Detroit conditions and to our 
researches in the use of the incinerator 
ash as a raw m aterial for the manufac
ture of portland cement. I t  is believed 
that these subjects may be of sufficient 
interest to w arrant development to the 
limits of this discussion.

Sludge Disposal as Fertilizer

We are faced with the ever recurring 
question, from members of the profes
sion and from the laity, of why the 
sewage sludge cannot be disposed of as 
fertilizer. In  our answers to these 
questions, we attem pt to point out that 
there are several im portant require
ments that sewage sludge must meet to 
be considered as suitable m aterial for
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fertilizer. To be applicable as fe rti
lizer, the sludge should contain certain 
components, in suitable proportions 
and essential to plant growth, it must 
be free from constituents detrim ental 
to consumer’s health and to plant 
growth, and it should have a texture 
that lends itself readily to blending 
with the soil. Of the many elements 
drawn from the soil for p lant growth, 
some are replaced by the processes of 
nature. The elements of nitrogen, 
phosphorus and potassium, however, 
essentia] to all p lant growth, are drawn 
upon so heavily that they must be re
placed through fertilization if the land 
is continually worked. These three ele
ments must be present, in proper pro
portions, in any m aterial before it 
should be considered as a fertilizer or 
fertilizer filler, on a competitive 
market.

The desirable amounts and propor
tions of the three essential elements 
may be arrived at by comparison of 
the analysis of the sludge with that of 
successful commercial fertilizers used 
on the soils in the areas which will pro
vide the probable markets. Much can 
be determined, also, from actual field 
tests.

A typical analysis of the filter cake 
produced at the Detroit plant follows:

P e r  cent
C on stitu en t b y  w t.

T o ta l n i t r o g e n ................................................  1.66
A vailab le  p hosphoric  a c i d ........................  1.71
W a te r  so luble  p o t a s h .................................. 0.11
In so lu b le  m a te r ia l ......................................  16.80
C alcium  oxide ................................................  12.00
G rease co n ten t (e th e r  so lub le) ............... 18.00
O xides o f iro n  an d  a l u m i n a ...................  11.00

In  comparison, one activated sludge 
fertilizer produced on a commercial 
scale contains, from the latest analysis 
available to the writer, between 6 and 
7 per cent ammonia (NH S) and about
2.5 per cent of available phosphates 
(P 20 5) with a moisture content of less 
than 7 per cent. The ether soluble 
m atter (grease) in this product will 
run  in the neighborhood of 6 per cent

as compared with 18 per cent in  the 
Detroit sludge cake. The sludge cake 
from the filters at our p lan t is quite 
fibrous and has a relatively high sand 
content, which characteristics detract 
fu rther from its potential fertilizer 
value.

I t  is difficult to establish, generally, 
the amount and proportions of the de
sirable components fertilizers should 
contain because of the wide differences 
in the requirements of the various 
crops and because the nature of soil 
varies so widely. The most conclusive 
test of the fertilizing value of a given 
m aterial for any crop is perhaps af
forded by experimental cultures on 
various types of typical soils in the 
potential area in which the fertilizer 
may be economically marketed. Small 
scale cultural experiments at the plant 
site, in sandy soil, have indicated that 
there may be a slight increase in the 
yield of corn when the ground is ferti
lized or conditioned with filter cake. 
The results obtained thus far, however, 
are not conclusive, and there are some 
indications th a t the use of the cake 
tends to make the ground impervious.

From  the foregoing considerations it 
is concluded that the raw sludge cake 
produced at the Detroit plant fails to 
meet the essential chemical and physi
cal requirements of a desirable ferti
lizer or filler, and because of the pres
ent state of knowledge (or lack of 
knowledge) of the viability of some of 
the sewage borne organisms, we would 
not recommend its use for that pur
pose, particularly  for root crops.

Perhaps in the fu tu re  it may be 
necessary to refine the present proc
esses by the addition of secondary 
treatm ent, and if tha t occurs it is pos
sible that we may produce a sludge 
which may be economically utilized as 
a safe fertilizer or fertilizer filler. In 
the meantime, as Mr. Hubbell pointed 
out in his paper, we are confronted 
with the problem of the disposal of al
most 200,000 tons of unstable wet solids 
each year. From  experience to date
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at the Detroit plant, it has been con
cluded that the safest and most eco
nomical operation will obtain if the 
sludge from the sedimentation tanks is 
filtered and then incinerated, without 
intermediate digestion to any degree.

Digestion and Elutriation
As Mr. Hubbell stated, the present 

plant includes one digester with two 
élutriation tanks designed to serve one- 
eighth of the ultimate planned ca
pacity. The digester has been oper
ated continuously since 1941, and the 
sludge therefrom mixed, without élutri
ation, with the raw sludge from the 
sedimentation tanks and the mixture 
has been vacuum filtered, after condi
tioning with both ferric chloride and 
lime, and then incinerated. The gas 
produced has been used to operate a 
240 kw. gas engine-generator and as 
fuel to fire the plant heating boilers.

Elutriation of the digested sludge 
was abandoned, after a test of three 
months in duration demonstrated that 
the process increased rather than de
creased our operating costs. The di
gested sludge, during the period of the 
test, averaged 7.32 per cent solids and
49.8 per cent volatile. A total of 5,- 
691,400 gal. of sludge, containing 1,890 
tons of dry solids, was removed from 
the digesters and elutriated during the 
test run. Of this total 1,690 tons were 
filtered, indicating a solids loss in 
the élutriation wash water of 200 tons, 
or 10.6 per cent. As these solids are 
principally soluble and collodial mate
rial it would he expected that the filtra
tion process should benefit by the re
moval. This was not the case.

During the test run the digested 
sludge was elutriated by operating the 
two tanks in series with two volumes 
of wash water used to one volume of 
sludge. The sludge was washed twice, 
using the spent wash water from one 
tank for the initial wash, after which 
the sludge was transferred to the sec
ond tank and again washed with two 
volumes of fresh city water.

The filter cake produced over the en
tire test period was much darker in 
color and thinner than that normally 
produced. It was spongy and would 
not strip and discharge well from the 
filters and the filter production rates, 
therefore, were only 45 per cent of 
those obtained in normal practice. The 
chemical and water costs increased the 
average cost of conditioning almost 50 
per cent. No attem pt has been made 
to evaluate further additional costs in
volved in the élutriation operation. I t  
was found necessary, however, to have 
additional personnel in attendance at 
the élutriation tanks while the system 
was operated. F ilter cloth life was ma
terially lowered when in the elutriated 
sludge service and when ferric chloride 
alone was used for conditioning.

Our experience indicates that, for 
Detroit conditions, it is safer and more 
economical to reduce the raw sludge to 
a stable ash by incineration and, there
fore, our present plans do not contem
plate the addition of more digesters, 
but rather improvements in incinerator 
performance, reclamation of heat, and 
utilization of the incinerator ash.

Proposed Improvements to 
Incineration Facilities

The filter cake normally produced at 
the Detroit plant has a moisture con
tent just under 70 per cent, and about 
60 per cent of the solid content is com
bustible. The combustible portion has 
the relatively high heat value of about 
11,500 B.T.Ù. per lb.

We have incinerated as much as 500 
tons of this cake in 24 hours. With 
that load there is a total heat release 
in 24 hours of approximately 2,070,- 
000,000 B.T.U., or the equivalent of 
that obtained from burning about 80 
tons of coal per day, of the quality we 
are nowr receiving at our various plants. 
This sludge cake normally sustains 
combustion without auxiliary fuel and 
the 0.19 gal. of fuel oil per* wet ton, 
cited in Mr. H ubbell’s paper, is con
sumed mostly in the Avarming periods
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of no production, when units are taken 
out or placed into service, and when 
the fires get out of control.

When the incinerators are fed at the 
rate of 500 tons per day there are nor
mally about 700,000 pounds of water to 
be evaporated daily from the wet feed. 
In  this and with the heat absorbed by 
the water of combustion and in  super
heating all of the steam to the gas out
let temperatures, approximately 58 per 
cent of the total heat release is re
quired. Another 19 per cent is lost 
through absorption by the d ry  gases, 
radiation, and in the ash, leaving a po
tential waste heat recovery of about 23 
per cent of the total.

We have in preparation plans for 
the fu rth er improvement of the pres
ent incinerators, as well as plans for a 
different type of incinerator with waste 
heat recovery equipment. I t  is pro
posed to drive turbo-generator equip
ment with steam produced from the 
recovered heat. The plans contemplate 
tha t the installation may be made when 
the wet solids load reaches a ra te of 720 
tons per day. At that time, it is con
servatively estimated that about 1,000 
kw. can be produced from the waste 
heat and, with the 240 kw. production 
of the presently installed sewage gas 
engine-generator set, the total generat
ing capacity will lie between 1,200 and 
1,300 kw. I t  is estimated th a t with a 
favorable power exchange arrangem ent 
with the m unicipally owned Public 
Lighting Commission, it will then be 
possible to produce 75 per cent of the 
electrical energy requirements at the 
sewage plant.

Ash Disposal
The ash from the incinerators is 

stable and presently is in demand for 
fill material. A typical analysis of the 
dry ash follows : Per cent

by w t.
V o la tile  an d  com bined  H „ 0 ......................   8.0
S ilica  (S iO ,)  ................................................... 50.0
I ro n  an d  a lu m in a  (R 20 3) ........................... 23.0
C alcium  O xide (C aO )  ...............................  15.0
M agnesium  O xide (M g O ) ...........................  2.0
P h o sp h a te s  ( P ,0 . )  .........................................  2.0

As Mr. Hubbell pointed out, it may 
eventually be difficult to find dump 
sites for the large quantities produced. 
For this reason, and in our constant 
search for means of reducing operating 
expenses, we have explored several pos
sibilities of ash utilization.

The most encouraging possibility to 
date is the use of the ash as a raw mate
rial in the m anufacture of portland 
cement. In  1940, a large scale experi
ment was conducted in one of the large 
cement mills in Detroit, in which 660,- 
000 lb. of incinerator ash, taken from 
the lagoons, was used as raw material 
for the m anufacture of portland ce
ment. The ash was mixed with other 
raw materials and the average amount 
used was about 3 per cent of the total. 
A total of 34,500 bbl. of clinker was 
produced from which some 1,500 bbl. 
of cement were ground, meeting all the 
requirements of the standard specifica
tions, and sold to the trade.

Several things were learned relative 
to the use of the ash for this purpose, 
as a result of this experiment, the most 
im portant of which were: (1) the ne
cessity for holding down the organic 
m atter in the ash and (2) the desira
bility of m aintaining a ratio of silica 
to the iron and alumina content of be
tween two and three, and preferably 
around three.

At the time the experiment was in 
progress, utilizing the plant facilities 
as designed, as much as 50 per cent of 
the g rit received a t the plant was 
sluiced directly and without incinera
tion to the ash lagoon. This procedure 
was necessary because the plant as de
signed made no provision for leveling 
off the g rit load to the incinerators and 
in time of storms the full amount of 
g rit received, if taken to the incinera
tors, would have smothered the fires.

O rdinarily the grit received at the 
plant contains about 30 per cent or
ganic matter. This additional organic 
m atter in the ash raises the water re
quirement when mixed in the slurry
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and. thereby increases the coal con
sumption in the cement kiln. This de
tracts from its desirability as a raw 
m aterial for cement manufacture.

Plans were made to correct this con
dition by providing a grit storage hop
per, from which the grit may he fed by 
screw conveyors at the proper rate to 
the incinerators, where it will be 
burned and free of the undesirable or
ganic matter. These plans were in ter
rupted by the war and the resultant 
lack of necessary material, bu t we are 
now in a position to proceed with the

installation. W ith the control offered 
through the grit storage bin installa
tion it is believed we may also be able 
to m aintain the optimum silica to iron- 
alumina ratio.

In  closing, it is to be emphasized that 
this discussion is limited only to the 
operation of the Detroit sewage trea t
ment and, as everyone concerned with 
sewage treatm ent knows, our findings 
under Detroit conditions may not be 
indicative of what may be expected in 
the similar treatm ent of sewage in 
other communities.

DISCUSSION

B y R. A. Greene

Chem ist, Sew age T rea tm en t P la n t, Jack.•son, M ichigan

I t  has been said many times that if 
the solution to the problem of sludge 
disposal could be found, the major 
headache in the whole field of sewage 
treatm ent would be solved. This is 
probably true in the m ajority of 
plants, bu t it is also noted tha t in some 
plants sludge disposal is a lesser prob
lem than in others. This might be due 
to a more advantageous location or to 
better facilities provided a t some 
plants.

Plants tfiat are not bothered particu
larly with the sludge disposal problem 
are the few that take the raw sludge 
by barge to sea and dump it. Another 
fortunate group, also relatively small, 
includes the plants having ample la
goon capacity for all of their digested 
sludge. In  both the above cases dis
posal of the sludge provides little trou
ble in so fa r as plant operation is con
cerned and the expense involved is con
siderably less than in the greater num
ber of plants in which additional han
dling of sludge is required before final 
disposal is accomplished.

The problem is also considerably les
sened if there is a place available for 
disposition of the processed sludge. I f

there is a ready sale for the sludge 
either from drying beds or from 
vacuum filters, it will do away with in
cineration and disposal of the ash con
tent. Use of the sludge for fill p u r
poses also eliminates the incineration 
problem.

Plants that have to process (digest, 
vacuum filter, dry on beds) the sludge 
are the ones that have the most diffi
culties. I t  is in these plants, and most 
plants fall in this category, that the 
disposal of the sludge is most likely to 
affect the operation of the plant as a 
whole. Where the raw sludge is 
dumped at sea and where there are la
goons to receive the digested sludge, 
there are not strict requirements as to 
the quality of the sludge. But where 
the sludge is vacuum filtered or dried 
on beds, the sludge should have those 
qualities which make it most economi
cally processed. Consequently, in most 
plants digestion is the step in the proc
essing of sludge for disposal around 
which many of the troubles arise.

Lack of digester capacity is often 
found, and in such cases a poor drain
ing or poor filtering sludge is un
avoidable. A poor supernatant or no
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supernatant at all is produced, which 
more often than not deteriorates the 
quality of the plant effluent. This is 
especially true if the plant includes sec
ondary treatm ent by activated sludge. 
Complete treatm ent plants tha t have 
3 cu. ft. or less of digester capacity per 
capita are almost always deficient in 
this element. This has probably been 
caused partly  by the inconsistencies in 
computation and expression of digester 
loadings. The statement of digester 
loading in pounds of solids per cubic 
foot of digester capacity per month is 
a term that is often m isleading; no one 
would expect to digest the same amount 
of raw solids per unit volume and time 
with a volatile content of 70 per cent 
as with a volatile content of 60 per 
cent. I t  is suggested tha t a more accu
rate statement of digester capacity 
would be in pounds of volatile solids 
added per cubic foot of digester capac
ity per month, and that the best expres
sion of digester accomplishment is in 
pounds of volatile solids digested per 
cubic foot per month. The latter would 
be a measure of the actual amount of 
solids destroyed in a given length of 
time per un it of volume. Data in these 
units would provide a much better basis 
of comparison with other plants.

Experience a t Jackson, Michigan, 
over a long period of time has been that 
not much more than 0.5 pounds of vola
tile solids can be digested per cubic 
foot of total digester capacity per 
month and still produce a fa ir super
natant. This is when the digesters are 
operated at 85° F. At higher loadings 
the sludge from the digester will not 
concentrate satisfactorily and will not 
dewater well on the drying beds. A t 
this loading the concentration of the 
digested sludge is about equal to that 
of the raw sludge pumped into the di
gester. I t  seems that such a concentra
tion of the digested sludge should be 
the minimum and in most cases a con
centration exceeding that should be 
attained.

I t  has been known for some time that 
very rapid digestion would occur at 
thermophilic tem peratures, bu t the di
gested sludge had always been difficult 
to dewater. Multi-stage digestion with 
only the prim ary digester being heated 
to thermophilic tem peratures produces 
a sludge th a t can be readily dewatered. 
The second stage and also the third 
stage, if available, need not be heated 
at all. There may be some physical 
change that takes place when raw 
sludge is heated to thermophilic tem
peratures and kept there until it is 
completely digested. Even though the 
sludge was concentrated and low in 
volatile content, the dewatering quali
ties were poor. The drop in tempera
ture through the second and third 
stages restores this quality to a great 
extent. Certainly a well digested ther
mophilic sludge will dewater better 
than an incompletely digested mesophi- 
lic sludge. By using multi-stage ther
mophilic digestion, about 1.6 times as 
much volatile solids may be digested 
as with mesophilic digestion and still 
produce a good filtering sludge.

The use of thermophilic digestion as 
an aid to those plants lacking in di
gester capacity would be limited. 
Thermophilic digestion requires about 
twice the quantity  of heat as does me
sophilic digestion at 85° F., so there 
would have to be sufficient gas or waste 
heat available. Thermophilic digestion 
is also more difficult to operate; a quick 
change in tem perature of five to ten de
grees can completely upset the diges
tion process. The above mentioned 
drawbacks would lim it its use to me
dium sized and large plants.

W hether the lack of digester capacity 
be remedied by use of thermophilic di
gestion or by an increase in digester 
capacity, the production of a sludge 
that dewaters readily would help in 
many plants to overcome the sludge 
disposal problem.



INCINERATION OF FIN E SCREENINGS AT 
NIAGARA FALLS, N. Y.

B y E dward J. Smith

S u perin ten den t, Sew age T rea tm en t P la n t, N iagara  F alls, N . Y .

The established and formerly satis
factory method of operating the screen
ings incineration process at Niagara 
Falls was seriously upset by changed 
conditions deriving from wartime in
dustrial activities and, consequently, 
it has been necessary to reyise operat
ing procedures and equipment to meet 
the new requirements. These improve
ments were made following a long pe
riod of experimentation and have re
sulted in a successful solution to the 
problem.

The Niagara Falls sewage has always 
been largely of industrial origin, there 
being in 1940 about 12 volumes of in
dustrial wastes to one of domestic sew
age. W artime activities nearly dou
bled the volume of industrial wastes 
and the tribu tary  population has in
creased about one-third since 1940.

the war period was to create intermit- 
<tent odors of obnoxious character dur
ing the incineration process. I t  is be
lieved that the change in the quality 
of the sewage, brought about by the in
creased flows of industrial origin, was 
mainly responsible for the difficulty.

Original Method of Screenings 
Incineration

Sewage treatm ent at Niagara Falls 
consists of fine screening with disc 
screens followed by chlorination of the 
screened sewage. The screenings are 
disposed of by incineration.

The original plans included facilities 
for the dehydration of the screenings 
before incineration, but the dehydra
tion process was omitted due to failure 
of the contractor to furnish adequate 
equipment. Provision was made, how-

TABLE 1.—Effect of Wartime Activities on Sewage Flow *

Y ear

A ve. Susp. 
Solids in 

P la n t In fluen t 
(p .p .m .)

P ercen tage  Increase O ver 1940

Flow s to  P la n t D ry  Solids

T o ta l
D om estic
Sewage

Ind .
W astes

D om estic
Sewage

Ind .
W astes

1940 245 ___ — — — —

1941 295 12.5 29.5 12.5 11.3 11.4
1942 311 27.2 30.1 27.2 20.8 21.4
1943 313 39.5 62.0 39.5 46.3 45.6
1944 477 33.3 42.0 33.3 102.5 97.5
1945 369 25.0 64.0 25.0 87.5 81.5

* B ased  on  d ry  w e a th e r  flow p erio d s of M a y  to  S ep tem b er, inclusive, of each  y e a r .

Table 1 presents data illustrating the 
increased volume and suspended m at
ter content of the sewage.

The effect of this overload early in
* P re se n te d  a t  m ee tin g  o f W este rn  Section, 

N ew  Y o rk  S ta te  Sew age W orks A ssn., held  a t  
E a s t  A u ro ra , N . Y ., S ep tem ber, 1945.

ever, for the installation of the de
hydration process at such time as it 
might prove necessary. Until recently, 
therefore, the screenings were incin
erated in a wet state as removed from 
the screens and, as would be expected, 
auxiliary fuel was required to effect

221
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incineration since there was not suf
ficient fuel value in the wet screenings 
to evaporate the 85 per cent moisture 
content. The additional fuel is in the 
form of coal or fuel oil, bu t coal is used 
whenever possible because it is the most 
economical.

The burning of wet screenings, with 
incidental evaporation of large amounts 
of moisture, may appear to be unduly 
expensive at first thought. Careful 
analysis, however, of the increased wet 
screenings incineration cost as com
pared to the savings in equipment, ma
terials, and labor effected by the omis
sion of the dehydration equipment in
dicated the former procedure to be 
most economical. This analysis was 
based upon fuel and labor price levels 
that existed before the war.

Another item leading to the original 
adoption of incineration of the screen
ings in a wet state was the fact that 
burning tem peratures in the incinera
tors could be reduced to a minimum 
without danger of odor nuisances as 
a result of such low tem perature 
operation.

I t  became evident in the summer of 
1942, when numerous complaints of 
obnoxious odors were received, that 
modifications were necessary in the in
cineration process. A series of experi
ments and tests were begun immedi
ately to investigate the cause of the 
odors and to determine a remedy.

There are two types of odors result
ing from incineration in this plant. 
One is the distinct chemical or metallic 
type of odor that is prevalent through
out the city as it comes directly from 
the stacks of the industrial plants or 
from their processes of m anufacture. 
Trade -wastes from these industries are 
removed by the fine screens at the 
sewage treatm ent p lant and, when in
cinerated, they produce the same 
odors as are emitted from the indus
tria l plants themselves. These odors, 
while not pleasant, prevail generally 
through the city and it is not possible

to eliminate them at the screenings 
incinerator.

The second type of odor derives from 
the burning of the organic m atter in 
the screenings. This organic matter is 
of both industrial and domestic origin 
bu t the odors produced in burning it 
are about similar to those resulting 
from the incineration of ordinary do
mestic sewage sludge.

Effect of Increased Temperature
The incinerator used a t Niagara 

Falls is of the vertical multi-hearth 
type with d rafts arranged in such a 
m anner as to perform  the evaporating 
and burning functions bu t not to sub
ject the exhaust gases to the high tem
peratures essential to eliminate organic 
odors.

I t  was prom ptly determined by ex
periment tha t organic odors were elimi
nated from the stack gases if the ex
haust gases were subjected to tempera
tures from 1,600 to 1,800° F. following 
the evaporation and burning processes. 
For immediate relief, therefore, the ex
haust gas circulation system was re
arranged in so fa r as it could be with
out disturbing incineration efficiency, 
and tem peratures were increased to the 
above range.

This method of operation proved to 
be very expensive because of the in
creased requirem ent for auxiliary fuel 
to m aintain the high temperatures. 
Both coal and oil were necessary war 
items and, upon occasion, were not 
available a t all. There was also an ap
preciable advance in the price of both 
fuels.

In  order'to  reduce fuel requirements 
to a minimum, tem peratures sufficient 
to control the organic odors were main
tained only when necessary during the 
hours that the odors might be most ob
jectionable. The attem pt to carry vari
able tem peratures a t the incinerators 
resulted in expansion and contraction 
of the brick hearths and they soon 
showed distinct signs of permanent 
damage.
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The above complications in incinera
tor operation and the inability to ob
tain  positive control of odors at all 
times clearly indicated that more rad i
cal changes were required. I t  was then 
decided to install the screenings de
hydration facilities and to make rad i
cal changes in the incinerator so as to 
effect a complete solution to the prob
lem. A t the same time, it was decided 
to incorporate other improvements in 
regard to the waste heat boiler, feeding 
and storage of sludge and in the con
veyance equipment.

Development of Improvements
The decision to install dehydration 

equipment was based on the following 
reasons, listed in their order of im
portance :

(1) To make it possible to control 
odors completely, which could not 
otherwise be done unless the incinera
tor was entirely rebuilt.

(2) To effect economy in auxiliary 
fuel requirements.

(3) To conserve critical war supplies 
of coal and fuel oil.

(4) To utilize the waste heat boiler 
for heating of the building, without 
the use of auxiliary fuel.

(5) To make it possible to maintain 
a constant high tem perature in the in
cinerators, without undue use of auxili
ary fuel, in order to eliminate damage 
to the structure from expansion and 
contraction.

Considerable time was spent in the 
selection of the dehydration equipment. 
Inspection trips were made to several 
cities throughout the country and the 
merits of the various types of equip
ment thus observed were studied with 
the special requirements and limita
tions of the Niagara Falls problems in 
mind. The equipment finally selected 
was a sludge press having a capacity 
of 2,600 lb. of dehydrated sludge per 
hour. This same type of unit has been 
in service at Milwaukee for a number 
of years and is said to have given satis
factory results. Conditions at Mil

waukee are quite similar to those pre
vailing at N iagara Falls. The sim
plicity, low maintenance cost and ease 
of operation of the equipment were 
other factors that lead to its selection.

The other improvements (Figure 1) 
which were planned to be made to ex
isting facilities at the same time the 
dehydration equipment was installed, 
were intended to accomplish the 
following :

(1) The provision of better dis
charge facilities at the large wet screen
ings storage tanks was expected to 
make possible the use of these tanks to 
advantage. These storage units, each 
having a capacity of 1,400 cu. ft., are 
a part of the original plant bu t they 
were not usable on account of design 
deficiencies.

(2) Conversion of the present con
veying equipment in such a manner as 
to make it possible to eject pneumati
cally the dehydrated screenings to 
either incinerator.

(3) The provision of better feeding 
facilities from the small dry sludge 
storage tanks to the incinerator. This 
change includes the improved provision 
for discharge of wet screenings from 
these tanks when they might be used 
for storage purposes. There is one of 
these 700-cu. ft. tanks serving each 
incinerator.

(4) The rebuilding of the incinerator 
so as to omit three evaporating hearths 
and thus reduce, maintenance costs on 
plows and rabble arms by one-third.

(5) The elimination of the bucket 
elevator now used for feeding sludge 
from the dry storage tank to the in
cinerator, made possible by the above 
change, effects a further reduction in 
maintenance costs.

(6) The installation of a small coal 
pocket of measured capacity and a feed 
device that would make it possible to 
fuel the incinerator constantly at a 
very low rate, thus eliminating tem
perature variations resulting from in
term ittent discharges of coal a t high 
rates.
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(7) Revamping of the drafts and ex
haust gas passages in the incinerator 
for the accomplishment of better tem
perature control, odor elimination, im
proved utilization of the waste heat 
boiler and general improvement of 
efficiency.

The equipment was finally ordered in 
January , 1944, after a long delay occa
sioned by priorities. Due also to war 
conditions, delivery was not made until 
11 months had elapsed. Installation 
was performed entirely by regular 
plant mechanics. Parts of dismantled 
items of equipment were utilized 
throughout the job wherever possible.

Provisions for Future Needs
Care was taken to install equipment 

that not only would be sufficient for 
present needs bu t that would fit in with 
about any future condition, even to a 
complete restoration of the former 
method of operation. One complete 
incineration unit has not been changed. 
This can, of course, be equipped simi
larly to the revised unit or it can be 
used as a spare incinerator in case it 
becomes necessary to remove the re
built unit from service.

At present there is no standby de
hydration equipm ent; the equipment 
selected, however, is very simple. 
There is now liberal available storage 
for both wet and dry sludge and there 
should be ample time to make even 
quite extended repairs without having 
to revert to the original system of op
eration. There are, moreover, several 
other operation procedures and com
binations that can be resorted to in 
emergency. I f  other dewatering units 
are to be added they can be of larger 
or smaller capacity.

Present Method of Operation
Each shift operates the dehydrating 

equipment and dewaters the material 
accumulated during the previous shift. 
This, if possible, is retained in the 
ejector pots and not stored in the large 
storage tank. The wet screenings are

still likely to arch and lodge in the 
large storage tanks, and remedial meas
ures have not yet been worked out 
entirely.

The screenings are discharged from 
the ejector pot into the large tank and 
pass slowly through the sludge press. 
From the sludge press, after dehydra
tion, the cake is elevated by the pneu
matic system to the dry sludge storage 
tank that feeds the incinerator. Each 
storage tank has a screw feed with stir
ring paddles to preclude any arching 
of the tank contents. The screw feed 
and conveyor are equipped with an 
adjustable drive and deliver the mate
rial to the proper point.

The incinerator is charged at a slow 
rate in order to avoid disturbance of 
the heat balance in the incinerator be
tween the several hearths. The de
hydrated cake is almost dry enough to 
burn  without the use of auxiliary fuel. 
The sludge burning cycle, however, 
covers less than one-half of the total 
shift so that coal must be fed in small 
amounts at least to m aintain tempera
tures and to keep the fires intact. 
Auxiliary coal is fed from the storage 
bunkers at a constant rate, consistent 
with the requirements of the incinera
tion process.

There was a waste heat boiler fu r
nished with the original equipment and 
this boiler was expected to furnish the 
heat for the building in winter. This 
was a successful installation provided 
that the incinerator was operated at 
very high temperature, but this in
volved a high consumption of coal and 
was too expensive. In  order to cut 
down on the auxiliary fuel and to run 
the incinerators at lower temperatures, 
the waste heat boiler was disconnected 
and converted to an ordinary boiler 
fired with coal and entirely separate 
from the incinerator system. This ac
complished the purpose at a saving of 
considerable coal, but a waste heat 
boiler is not adapted to efficient service 
as an individually fired unit.

The original provision for circula



226 SEWAGE WOEKS JO UBNAL March, 1946

tion through the incinerator was never 
right as fa r as odor control was con
cerned. I t  was the intent of the manu
facturer to effect evaporation by pas
sage of the hot gases from the burning 
hearths over the evaporating hearths in 
such a manner as to utilize heat from 
combustion to assist in the evaporation. 
By so doing, however, the gases lost 
their heat and then were partly  re
heated and mixed with other spent 
gases, which passed through the waste 
heat boiler (when used as such) and 
then up the stack.

W ithout going into too much detail 
concerning the various circulation 
paths of the hot gases in their functions 
of evaporating and incineration, it is 
sufficient to state that while the gases 
might at certain points in their circula
tion attain the tem perature required 
for the destruction of organic odors, 
there always was a part of the dis
charged gases that contained evapo
rated vapor. This was the funda
mental weakness of this particular in
cinerator that had to be overcome be
fore positive control of odors could be 
achieved.

W ith the new revisions the entire 
evaporating function of the incinerator 
was eliminated. The hot gases are now 
circulated in such a manner that, after 
burning at the critical temperature 
necessary, they are not allowed to per
form any evaporating functions before 
exit to the stack and must pass over the 
hot hearths, thus insuring perfect elimi
nation of organic odors as fa r as pos
sibly can be done.

While it is expensive and costly to 
raise the gases to this tem perature by 
use of auxiliary fuel, for at least six 
months in the year such fuel is not 
wasted, since it can be credited to 
building heat. Thus, in the modified 
path of circulation of gases, the waste 
heat boiler is now located between the 
hot hearths and stack. The stack is 
sufficiently large to furnish the re
quired draft, no m atter how low the 
temperature of the gases entering the

stack, as long as only one incinerator 
is being used.

Dehydration Results
Data representing the moisture con

tent of the screenings, after dewatering 
in the filter press, are presented in Ta
ble 2. The initial moisture content of

TA B LE 2 .— P e r  C e n t M o is tu re  in  P re ssed  
S c re e n in g s , M a y  to  A u g u s t, 1945

Day of 
Month May June July August

1 60.2 59.6 69.8 57.6
2 56.2 57.2 65.0 57.0
3 61.8 57.8 59.0 59.2
4 55.4 56.8 60.6 58.6
5 57.4 55.8 56.4 70.2
6 65.8 56.8 62.6 70.2

7 65.4 57.4 62.6 63.6
8 56.2 56.4 — 64.4
9 55.8 54.0 — 58.6

10 54.8 63.2 — 58.6
11 62.6 58.4 — 66.0
12 57.2 52.4 — 68.0

13 61.0 53.6 _ 67.8
14 62.8 56.6 — 48.8
15 57.6 45.0 — 62.6
16 64.8 — 61.4 72.2
17 53.0 — - 58.4 60.4
18 52.0 58.4 56.6 58.2

19 54.0 59.6 62.2 59.6
20 62.8 66.6 56.4 70.6
21 61.6 66.0 61.2 59.6
22 61.4 56.6 59.4 61.6
23 57.4 50.8 67.6 61.6
24 52.8 58.6 61.6 65.6

25 53.4 62.6 62.6 58.8
26 58.4 60.0 60.6 60.2
27 64.0 61.2 57.6 74.0
28 68.4 60.6 56.0 61.4
29 56.4 57.2 66.0 56.4
30 58.4 64.0 66.6 60.8
31 62.6 — 59.8 64.0

Average 59.1 58.0 61.3 62.5

the wet screenings as delivered to the 
press averaged about 85 per cent, rang
ing from 82 to 88 per cent. The indi
cated reduction of the moisture content 
from 85 to 60 per cent represents a 
percentage removal of water from the 
screenings of 73.5 per cent.
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The data contained in Table 2 cover 
only the summer period of May to Au
gust, 1945. I t  is in these summer 
months that the odor problem is most 
critical.

Economies Effected
The cost of fuel for use in the Ni

agara Falls plant is a relatively minor 
item, amounting to only about 5 per 
cent of the total operation expense. By 
converting the gallonage of fuel oil 
used in 'the period November 1, 1939, to 
October 31, 1944, to the equivalent ton
nage of coal, and adding this value to 
the actual tonnage of coal also used in 
the same 5-year period, it is determined 
that the average daily rate of coal con
sumption prior to the changes reported 
here was 2.86 tons. The present rate 
of feeding coal to the incinerators is 
2.25 tons per day, an indicated reduc
tion of 0.61 ton per day or 21.3 per 
cent. Auxiliary fuel consumption at 
this time is about the same as it was 
in the early years of operation when 
loadings were much lighter.

Although it is too early to. furnish 
precise data, it is believed that mainte
nance requirements of the equipment 
now in use will be appreciably less than 
previously. I t  has already been men
tioned that the present uniform incin
erator temperatures will lengthen the 
life of the linings, which will be a 
heavy replacement item when the time 
comes. The new rabble installations 
are simplified and will involve less ex

pense for labor and repair parts. The 
bucket elevators, now dismantled, were 
a source of expense for replacement 
parts and required a good deal of the 
mechanic’s time that now may be em
ployed to advantage on other work.

The labor needed to operate the 
sludge press is no more than was re
quired to feed the wet screenings for
merly. This operation, once completed, 
releases the men for duty elsewhere.

Conclusions
I t  is too early to tabulate completely 

all of the benefits and savings that 
should result from the plant improve
ments and revised operation proce
dures. I t  will be evident that continu
ing maintenance costs and long term 
expenses for renewal of equipment are 
involved in addition to fuel and labor 
costs. Observations to date indicate 
clearly, however, that the following 
aims have been realized:

1. The odor problem has been solved 
in highly satisfactory fashion without 
increasing operation expenses.

2. General operation of the plant has 
been vastly improved, both in efficiency 
and economy.

3. The present solution of the prob
lem has entailed a moderate outlay and 
the plant changes made may be readily 
incorporated into an ultimate program 
to be carried out at a later date when 
cost and labor conditions are more 
favorable.



THE DETERMINATION OF SUSPENDED SOLIDS 
IN SEWAGE

By R. S. Y oung and A. Liebowitz
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The accurate determination of sus
pended solids is a very important oper
ation in sewage works practice, since 
frequently by government regulations 
final effluents must not contain more 
than 30 p.p.m. of suspended m atter as 
discharged into streams or otherwise re
leased from the sewage treatm ent plant. 
In  addition, the measurement of sus
pended m atter is usually required regu
larly as an indication of changes in the 
characteristics of the sewage, of the 
load imposed on percolating filters, and 
of the efficiency of sedimentation or 
flocculating processes throughout the 
various operations of sewage purifica
tion. In  standard references on water 
and sewage (1, 2, 3) the determination 
of suspended solids is carried out by 
filtering a measured volume through a 
Gooch crucible with suction, followed 
by drying and weighing the crucible in 
the usual manner.

The filtration of many types of sew
age effluents by this procedure is an ex
ceedingly time-consuming operation. 
The colloidal or semi-colloidal nature 
of part of the suspended m atter results 
in rapid clogging of the asbestos mat in 
the crucible, and strong suction seems 
to merely aggravate the condition. De
creasing the thickness of the mat from 
the recommended 2 to 3 mm. allows 
more of the finer particles to pass 
through the filter and gives an in
creasingly turbid filtrate.

Some determinations of suspended 
solids in effluents from Imhoff tanks 
receiving sewage from a large native 
compound at Rhokana Corporation, 
Nkana, Northern Rhodesia, prompted 
the writers to try  modifications of ex
isting procedures. These effluents ap
peared to be particularly difficult to

filter, probably owing to their high 
carbohydrate content derived from the 
predominantly maize diet of the Afri
can.

I t  was hoped that a centrifuge could 
be used to effect a separation of the 
effluent into a large volume of clear, 
rapid filtering liquid and a very small 
quantity of solids which would require 
a minimum of wash water in transfer
ring from the centrifuge vessel to the 
Gooch crucible. Centrifuging, how
ever, at speeds up to 2,000 r.p.m. with 
a precipitating force exceeding 1,000 
times that of gravity, failed to give any 
observable decrease in turbidity  of the 
sample. I t  is possible that a super 
centrifuge would have given a satisfac
tory separation, but this equipment is 
rarely available in sewage works lab
oratories.

The addition of a reagent to induce 
flocculation of the effluent, and hence 
speedier filtration, is fraught with 
many difficulties. In  the first place 
such a reagent must be water-soluble 
and have no effect, either by direct 
chemical action or by an alteration in 
the pH of the liquid, on the effluent. 
For instance, the addition of aluminum 
sulfate to an alkaline or neutral solu
tion, with the resultant precipitation 
of aluminum hydroxide, would increase 
the suspended solids of the effluent. 
Secondly, the addition of a neutral salt 
or other water-soluble substance having 
an electrical charge opposite in sign to 
that of the fine particles is not effective 
in flocculating effluents, owing to their 
complex nature and the presence of 
protective colloids like soaps and 
starches.

A ttention was then directed to filtra
tion in a Gooch crucible and a number

228
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of variations in suction, depth of as
bestos mat, use of sintered glass 
crucibles, etc., were attempted. The 
procedure finally developed, which dis
pensed with both asbestos and suction, 
is given below. I t  is believed that this 
method may be applied successfully for 
the filtration of other obstinate solu
tions than effluents.

Suggested Procedure
Prepare a Gooch crucible in the cus

tomary manner, using slight suction, 
with a 6- to 8-mm. layer of best quality 
filter paper pulp. Dry at 105° C. and 
weigh. Place a short length of rubber 
tubing provided with a pinchcock over 
the end of the stem of a 75-mm. diam
eter long-stemmed glass funnel. Fill 
the funnel about ^ - fu ll  of water and 
place the Gooch crucible in the funnel. 
Carefully pour filter paper pulp 
around the space between crucible and 
funnel, being careful to avoid spilling 
any pulp into the crucible. This can 
be done by temporarily fitting a stop
per in the Gooch crucible.

Drain out a portion of the water, by 
opening the pinchcock at the bottom 
of the stem, each time more pulp is 
added until a good layer is present. 
Tamp the pulp with a glass rod into a 
continuous, compact layer between the 
crucible and the funnel. W ater must 
not drain below the bottom of the cru
cible, otherwise air is admitted and the 
continuous water layer between cru
cible and funnel stem, on which the 
rapidity  of the filtration process de
pends, is broken.

Remove the rubber tubing and pinch
cock from the funnel stem. If  the 
paper pulp has been properly packed 
around the crucible, water will drip 
slowly from the funnel and an airtight 
column will be maintained. Place the 
funnel eontaihing the Gooch in an or
dinary funnel stand and filter the 
effluent through the crucible in the 
usual manner. Wash off any adhering 
paper pulp from the outside of the

crucible, dry at 150° C., and weigh. 
Before filtering the effluent pass about 
25 ml. of distilled water through the 
crucible to allow the filter paper to re
sume its original bulky pulped form. 
I f  the first few milliliters of the filtered 
effluent come through turbid, refilter.

Discussion
I t  has been found that this procedure 

gives excellent results in both clarity 
of filtrate and rapidity of filtration for 
suspended solids in effluents which were 
formerly exceedingly troublesome. For 
instance, 100 ml. of the Imhoff tank 
effluents, referred to above, could be 
filtered clear in this way in 45 minutes 
compared with 8 hours required when 
using asbestos in a Gooch crucible with 
suction. I t  appears that there are two 
factors responsible for this improve
ment. The large volume of paper pulp 
probably provides a better filtering 
medium than a thin dense pad of as
bestos, which rapidly becomes choked 
with a relatively impervious layer of 
fine suspended solids. The very gentle 
downward pull induced by the un
broken column of water in the funnel 
does not bind the fine particles of the 
effluent into a tight mass on the paper 
pulp. That the latter is an important 
factor is shown by poor filtration se
cured when ordinary suction, even at a 
very low rate, is applied to a Gooch 
crucible provided witli a thick layer of 
paper pulp in place of the conventional 
asbestos mat.

In  the procedure given for suspended 
solids by some authorities (2) it is indi
cated that a slight turbidity may be 
found after filtration of certain efflu
ents, but this is disregarded on the 
assumption that such finely divided 
suspended m atter will not settle within 
a reasonable time after its discharge 
into a stream. We believe that a ne
glect to obtain a clear filtrate may lead 
to wide variations in values for sus
pended solids obtained by different 
workers on the same sample. I t  should
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be recalled that precipitation of the 
finely divided particles of an effluent 
may occur shortly after its discharge 
into a stream, through the influence of 
many factors such as changes in pH, 
composition of the water, trade wastes, 
etc. Even a slight turbidity  in a fil
tered effluent may exceed the low limit 
of 30 p.p.m. suspended m atter insisted 
upon by some regulatory bodies. We 
believe that the procedure outlined

above will enable clear filtrates to be 
obtained in a reasonable time.

Summary
A modified technic for the filtration 

of suspended solids in sewage effluents 
is described. This procedure has 
proved very satisfactory for obtaining 
clear filtrates from an exceptionally 
difficult effluent in much less time than 
was formerly required for this deter
mination.
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We have tried the paper pulp 
method suggested by Messrs. Young 
and Liebowitz, using 50 ml. of mixed 
activated sludge liquor (90 mg. of 
sludge on the m at), and find that the 
material will filter easily in less than 
15 min. using a 25-ml. Gooch crucible. 
The success of the method seems to be 
due to two factors: (1) the “ fluffing 
u p ” of the mat before starting  the 
filtration and (2) the use of a very 
mild vacuum, i.e., a 6- to 8-in. negative 
head of water in the stem of the funnel.

There are two disadvantages to the 
proposed method: (1) the determ ina
tion of volatile m atter in the filtered 
solids is difficult and (2) the technic 
described of m atting the crucible into 
the funnel is time-consuming. This 
latter difficulty, however, is easily over
come. Instead of the funnel, place a

* C hairm an , F .S .W .A . C om m ittee on Stand
ard M ethods o f Sew age A nalysis.

glass tube about 6 or 10 in. long in a 
No. 5 rubber stopper and attach to the 
rubber stopper a piece of 118 by 4-mm. 
rubber hose, into which the base of the 
Gooch crucible fits snugly. At the 
bottom of the glass tube a short piece 
of rubber tubing with a stopcock is 
fitted and operated as described by the 
authors. The length of the glass tube 
can be varied to secure the amount of 
suction desirable for the particular ma
terial being filtered.

The poor quality of the asbestos 
presently available for Gooch deter
minations has made the filtration of 
sewage and sewage effluents a problem. 
We have found tha t the asbestos must 
be washed free of “ fines”  until the 
usual mat, when wet, draws a vacuum 
of about 6 in. of mercury under our 
conditions. The asbestos requires from 
2 to 10 washings by decantation to re
move the “ fines”  which clog the pores 
of the mat.
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An action by the government delegat
ing the exclusive right to a particular 
group of individuals to perform a spe
cific activity, by a process such as 
licensing or certification, involves a 
fundamental rule of life and restriction 
of freedom that may not properly be 
lightly undertaken. For by the very 
act of licensing, the use of full govern
mental authority is at least implied in 
denying to the remaining individuals 
the right to make a living in the p ar
ticular field concerned. I t  may very 
properly be asked by what right and 
for what purpose the authority of gov
ernment may be so invoked to limit 
the action of individuals. The argu
ment that the lot of the individual so 
licensed will be improved by such gov
ernmental action is poor justification 
indeed for such limitation of individual 
freedom. Only in so fa r as this action 
can be shown to protect the public in
terest can there be any justification for 
such interference by the government in 
the life and activity of the individual.

So, if licensing or certification of 
operators of sewage treatm ent works is 
a proper activity of government, then 
it may properly be done only if 
certification will in one way or another 
clearly benefit or protect the public in
terest. This criterion would appear to 
make mandatory a showing that by the 
procedure, the public interest is better 
protected by reason of improved pollu
tion control, by better protection of 
public property, by elimination of con
ditions of nuisance, and by obtaining 
the optimum return  in service per unit 
of expenditure of public funds.

* P re se n te d  a t  T w e lfth  A n n u a l C onvention, 
T he C a n ad ian  I n s t i tu te  on Sew age a n d  S a n i
ta tio n , he ld  a t  W in d so r, O nt., C anada, on  N o 
vem ber 5 -6 , 1945.

Justification for Licensing
I t  cannot be shown that licensing will 

of itself insure, unfailingly, that all of 
these criteria will be fully realized. 
For at best, licensing can only reason
ably insure that the holder has the 
capacity to do the work involved, and 
less accurately, that he has the dispo
sition to do the work, but cannot guar
antee that he will actually perform. 
I t  can be shown however, that indivi
duals unqualified by knowledge, tra in 
ing, aptitude, and experience, will fail 
to operate facilities in a manner which 
will secure optimum performance. I t  
can be shown that incompetence, what
ever the cause, will result in increased 
depreciation of equipment. I t  can be 
shown that neglect, whether occasioned 
by indifference or ignorance, will result 
in creation of a public nuisance at a 
facility intended for public protection. 
I t  can be shown that intelligent ap
praisal of available facilities will point 
the way to securing maximum perfor
mance from these facilities, and direct 
the way toward appropriate correction 
of existing limitations. I t  can be 
shown that replacement of skilled and 
experienced personnel with men in
adequately trained and with limited or 
no experience in the field will result 
disadvantageously to the public in ter
est. So it would seem that the case for 
exercise of the authority vested by the 
people in their government can be sus
tained in this instance.

The Licensing Authority
Accepting that premise, how then 

should this authority be exercised? In 
one form or another, the people have 
generally expressed their determina
tion to have streams and public water
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courses protected from pollution, and 
to have the liquid wastes of the com
munities properly collected, treated, 
and disposed of in a satisfactory man
ner. They have, in a variety of forms, 
delegated authority to certain govern
mental agencies for execution of this 
policy. This in many instances, takes 
the form of requiring that plans for 
collection and disposition of such 
wastes receive the sanction of some 
specific agency, most often a health or
ganization. It seems logical, therefore, 
that whatever agency is charged with 
this duty and responsibility might well 
be the agent through which this addi
tional and complementary function of 
government should be exercised. This 
is not exclusively an interest of govern
ment representing the public, however. 
The individual or the group of indivi
duals who are to be so licensed have, 
properly enough, a specific and per
sonal interest in the execution of such 
policies. So it is quite proper that they 
too have a voice and opportunity for 
action in the administration of such a 
plan. The employers of the licensed 
individuals, the cities and villages, 
might properly claim that they too a r e . 
directly concerned, for the licensed in
dividual becomes, finally, one of their 
employees, whose salary they must pay 
and upon whose competence they must 
rely, and for whose actions they are re
sponsible. So it might well be that in 
one form or another, recognition should 
be given to these three interests in 
adopting any plan of licensing or cer
tification.

Licensing in Michigan
Responsibility for the control and 

supervision of sewage treatm ent works 
at a state level in Michigan has been 
vested in the State Commissioner of 
Health since the passage of Act 98, 
P.A. 1913. No specific authority was 
written into this act giving the com
missioner power to certify or license 
sewage treatment plant operators. I t  
was felt, however, that the general

health laws of the state, together with 
the specific authority  granted in this 
Act were broad enough to sanction 
such procedure. A fter a committee 
representing the Michigan Sewage 
Works Association had investigated the 
m atter and it had been given considera
tion by the association for several 
years, a resolution requesting the com
missioner to adopt such a plan was 
unanimously adopted. Rules and regu
lations covering a certification plan 
were then prepared and adopted by 
the State Advisory Council of Health 
as required by law. The m atter was 
also discussed with the Michigan Muni
cipal League before the rules and regu
lations were adopted.

A fter the plan had been put into 
effect for several years, the question of 
the validity of the regulation was 
raised in connection with the certifica
tion of an operator for one of our 
municipalities. The Attorney Gener
a l’s advice was sought and his formal 
opinion stated that authority for such 
certification or licensing could not be 
inferred, and in the absence of specific 
authorization by statute, the regulation 
in question was not, in his opinion, en
forceable. In  view of that opinion and 
pending action by the legislature dele
gating such specific power to the Com
missioner of Health, tha t portion of the 
regulations making certification man
datory was abandoned and a plan of 
voluntary certification was adopted. 
This plan provides for a Board of Ex
aminers, a t least one of whom shall be 
an operator. No fees are charged for 
examination. The place and time of 
examinations are not fixed and in prac
tice have been given simultaneously 
at three locations most convenient for 
the operators. No examinations have 
been held during the war. Provision 
is made for revocation of a certificate, 
after a hearing, for the practice of 
fraud or deception in the examination, 
or for negligence in the discharge of 
duty.
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Classification of Plants

Under this plan, the plants in the 
state are subdivided into four classifica
tions designated by the letters “ A ,”  
“ B ,”  “ C,”  or “ D .”  The classifica
tions are made by the Board according 
to population served, type of plant, 
character of sewage treated, and the 
use and nature of the body of water 
receiving the effluent. Plants serving
40,000 or over are designated as Class
A, between 10,000 and 40,000 as Class
B, between 2,000 and 10,000 as Class 
C and less than 2,000 as Class D. 
Plants below Class A in population 
served may be classified in a higher 
group by reason of having special fea
tures of design or characteristics more 
difficult to operate than is usually 
found in plants of smaller size, or by 
reason of particular stream conditions 
or combinations thereof. Plants in
cluding mechanical devices and meth
ods of treatm ent such as aerators, re
circulating filters, and chemical pre
cipitation, are classified not lower than 
Class B, except where populations less 
than 2,000 are served. Corresponding 
certificates are recommended for a per
son who demonstrates to the satisfac
tion of the Board that he possesses the 
necessary “ knowledge, skill, training, 
and personal characteristics to satis
factorily operate”  plants of that classi
fication or lower, except that no certifi
cates are issued in the Class D group.

Examinations

The examinations for determining 
the qualifications of an applicant for 
certification are divided into four 
major sections:

1. The educational qualifications of 
the applicant.

2. The experience qualifications of 
the applicant.

3. The personal characteristics of the 
applicant.

4. The technical knowledge of the 
applicant on the general subject 
of sewage treatm ent plant opera
tion in any or all of its phases.

Applicants are required to submit 
statements of their educational and ex
perience qualifications and the« names 
of four character references. A candi
date must attain  a minimum grade of 
at least 60 in each part of the examina
tion and a weighted average grade of 
70 in the four sections to become eli
gible for certification. This weighted 
grade is calculated by adding 10 per 
cent of the grade in Section 1, 30 per
cent of the grade in Section 2, 10 per
cent of the grade in Section 3 and 50
per cent of the grade in Section 4.

In  determining the rating for an ap
plicant’s education and experience 
qualifications, a schedule was worked 
out as follows:

SCHEDULE FOR DIVISION I—EDUCATIONAL QUALIFICATIONS
(Total credit may not exceed 100)

B A S IC  G R A D E

[Credit awarded for one item only, not additive with other items in basic grade schedule)

C lass A C lass B C lass C

10 30 50
G ra d u a tio n  fro m  h ig h  sc h o o l........................................................................... 40 60 70
C ollege— S a n ita ry  E n g in e e rin g  g r a d u a te ................................................... 90 90 90
C ollege— G ra d u a te  eng in eerin g  o th e r  th a n  s a n i ta r y ............................. 80 85 85
C ollege— G ra d u a te , o th e r  th a n  en g in e e r in g .............................................. 70 80 80



234 SEWAGE WORKS JOURNAL March, 1946

A D D IT IO N A L
('Credit additive to basic grade credit)

A d v an ce d  deg ree  in  s a n i ta ry  e n g in e e r in g ......................... .......................... 10 10 10
S h o rt cou rse  w ork  in  sew age t r e a tm e n t ....................................................... 10 20 30
O th e r  w ork  (co rrespondence  courses, u n c o m p le te d  h ig h  school a n d

college course, t r a d e  schools, sp e c ia l courses, e tc . C re d it  a s
d e te rm in e d  b y  B o a rd ) .....................................................................................

SCHEDULE FOR DIVISION II—EXPERIENCE QUALIFICATIONS
(Total credit may not exceed 100. Credit awarded for any single item from any single group 

may be added to credits awarded for items in other groups in determining total but not more than one 
item in a single group may be used.)

G R O U P  A

C lass A C lass B Class C

1. R esp o n sib le  charge  of o p e ra tio n  o f C lass A  p la n t  fo r  tw o  y e a r s . . 
F o r  e ach  y e a r  of 8  a d d it io n a l  y e a rs  a d d ...............................................

60
X 5  =

80
X 2  =

80
X 2  =

2. L ess th a n  tw o  y e a rs  in  resp o n sib le  ch arg e  C lass  A p la n t ,  o r  su b 
o rd in a te  b u t  p o sitio n  req u ir in g  som e re sp o n s ib ility , d ire c tio n  
o f o th e rs , som e te c h n ic a l know ledge, o r  re sp o n s ib le  ch arg e
C lass B  p la n t  fo r  tw o  y e a r s ....................................................................

F o r  each  y e a r  of 3  a d d it io n a l  y e a rs  a d d ...............................................
30 

X 1 5  =
60 

X 1 2  =
70

X 5  =

T o ta l ..........................................................................................................

3. P o s itio n  of m in o r  re sp o n s ib ility  a t  C lass  A  o r  B  p la n t  in v o lv in g  
on ly  ex ecu tio n  of d ire c tio n s  g iv en  b y  o th e rs , o r resp o n s ib le
c h arg e  C lass C  p la n t ,  fo r  tw o  y e a r s .................................................

F o r  each  y e a r  of 3 a d d it io n a l  y e a rs  a d d ...............................................

O<M
IIlOX 30 

X 2 0  =
60 

X 10  =

T o ta l ...................................................................................................

G R O U P  B

1. R esp o n sib le  p o sitio n  in  en g in ee rin g  design  of sew age t r e a tm e n t
w o rk s fo r  five y e a r s ..........................................................

F o r  e ach  y e a r  of 4  a d d it io n a l  y e a rs  a d d ............................
40

X 5  =
60

X 5  =
70

X 5  =

T o ta l ...............................................................

2. S u b o rd in a te  p o sitio n  in  en g in ee rin g  des ign  re q u ir in g  te c h n ic a l 
know ledge of a r t  of sew age t r e a tm e n t  fo r  tw o  y e a r s . .

F o r  e ach  y e a r  of 3 a d d it io n a l  y e a rs  a d d .......................
15

X 5  =
30 

X 1 0  =
60

x i o =

T o ta l ...................................................

G R O U P  C

C lass A C lass B Class C

1. R e sp o n sib le  ch a rg e  of o p e ra t io n  of w a te r  p u rif ic a tio n  p la n t  fo r 
a t  le a s t  3 y e a r s .................................... 25 30 50

2. P o sitio n  of re sp o n s ib ility  in v o lv in g  d ire c tio n  of o th e rs  in  fields 
o th e r  th a n  sew age t r e a tm e n t  fo r  5 y e a r s ......................................... 20 30 50
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G R O U P  D

1. E m p lo y m e n t w ith  S ta te  o r  F e d e ra l D e p a r tm e n ts  of S a n ita ry  
E n g in e e rin g  o n  a s s ig n m e n t re la tin g  to  m u n ic ip a l w a te r  p u r i
fica tio n , sew age t r e a tm e n t ,  s tre a m  p o llu tio n  in v es tig a tio n s , 
e tc ., fo r  tw o  y e a r s ....................................................................................... 20 

X 1 0  =
60

X 8  =
70

X 5  =F o r  each  y e a r  of 5 a d d it io n a l  y e a rs  a d d ...............................................

T o ta l .........................................................................................................

2. T e c h n ic a l p o sitio n s  w ith  m a n u fa c tu re rs  of sew age t r e a tm e n t  
p la n t  eq u ip m e n t, re q u irin g  know ledge of design , processes 
a n d  p ro ced u res in  sew age t r e a tm e n t  w ork  for five y e a r s ......... 60 80 80

3. R e sea rch  w ork  in  sew age t r e a tm e n t  o r in d u s tr ia l  w astes .
(C re d it to  be  d e te rm in e d  b y  B o a rd ) ................................................. — — —

G R O U P  E

U n lis ted  ac tiv itie s . (C re d it to  be d e te rm in e d  b y  B o a r d ) ................ — — —

Experience in the use of this schedule 
indicates that it is reasonably satisfac
tory and appears to give a fairly  accu
rate representation of an applicant’s 
qualifications.

The w ritten examination occupies a 
day’s time. A typical examination em
braces a list of 50 “ true and false” 
type questions which cover a wide 
range of items. Probably this is the 
most effective way of covering a wide 
range of knowledge in a short time. 
In  an attem pt to compensate for a 
grade an applicant might attain  by 
the law of chance, a credit of one point 
is given for a correct answer, a point 
is deducted for an incorrect answer, 
and a grade of zero is given for no 
answer. A second. group of 25 ques
tions is of the form requiring the ap
plicant to fill in blanks with a few 
words, generally not more than three 
and frequently only one. This also 
affords a rapid method of measuring 
the applicant’s general knowledge of 
the field. A th ird  group of questions 
is of the problem and essay type and 
is designed to determine the applicant’s 
knowledge of plant processes, operat
ing procedures, methods of calcula
tions, and so on. Some latitude is al
lowed in these questions by the use of

optional selection, to give the applicant 
an opportunity to take advantage of 
special knowledge of a particular type 
of plant and to avoid penalizing him 
for not possessing detailed information 
about a process with which he may not 
have had opportunity or occasion to be
come acquainted. This is particularly 
true in the lower group classification. 
These questions are also weighted so 
that the applicant has full knowledge 
of the relative importance given each 
question.

All applicants are given every oppor
tunity  to become fully acquainted with 
the nature of examinations. When 
available, copies of previous examina
tions have been given out upon request. 
Reference to texts has not been per
mitted in the past. Slide rule calcula
tions have been accepted, although in 
questions involving calculations, it is 
required that the calculations be shown. 
Reasonable latitude in grading is al
lowed where common practice in the 
topic question varies.

All papers are graded individually 
by each member of the Board and the 
final grade determined by averaging 
the values given by the individual 
examiners.
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Evaluation o f  Personal Qualifications

The evaluation of an applicant’s per
sonality and character is probably the 
most inaccurate and unsatisfactory 
phase of the examination, for to evalu
ate properly the statements of refer
ences given, the examining hoard would 
first need to evaluate the individual 
making the statement, which is of 
course impossible. From  the state
ments actually received in reference to 
previous applicants, it would seem that, 
collectively, they are a most exception
ally high grade group, certainly fa r 
above the standard which would be at
tained by a similar number of actual 
operators selected at random, whose 
qualifications are personally known to 
the Board. Nevertheless, judging from 
the w rite r’s experience with a good 
many operators covering a long period 
of time, these personal qualifications— 
the integrity, the loyalty, the resource
fulness. the perseverance, the diplo
macy, the energy, the thought habits— 
are worth infinitely more than an abil
ity  to do certain mathematical exer
cises. or the acquisition of several key 
bits of information, or even possession 
of a good understanding of the art of 
sewage treatment. Certainly some a t
tempt at weighing these characteristics 
is in order. Recognizing the inherent 
difficulty of measuring an individual’s 
aptitude, knowledge, and ability by 
any form of examination, short of ac
tual trial, the system described seems 
to have worked with reasonable accu
racy and satisfaction. Criticisms that 
the examinations are too difficult or too 
easy seem to be ra ther well propor
tioned, with the first objection out
numbering the second, as would be 
expected.

Scope of Program

In  Michigan, the effort has been di
rected toward certifying the super
intendent or person in actual operating 
charge of a plant, although certificates 
of competency are issued to others.

This practice is open to criticism par
ticularly in larger plants where a con
siderable measure of responsibility 
rests with several individuals, for ex
ample, foremen or assistant super
intendents in charge of various shifts, 
or in a few cases, where individuals 
may be in charge of operation of cer
tain  plant functions, such as the indi
vidual in charge of chlorination, or 
sludge incineration, or prim ary sedi
mentation. I t  might well he that some 
provision should be made for certify
ing these men.

Another debatable procedure is the 
ra ther fundam ental one of certifying 
or licensing by plant classes, as de
scribed above. From  experience, it is 
known that there are operators giving 
perfectly satisfactory performances in 
a plant with which they have become 
thoroughly acquainted, perhaps in a 
rule-of-thumh way or perhaps by work
ing under previous administrations, 
who do not possess and would find it 
most difficult to acquire knowledge to 
qualify them for certification in the 
general class in which their plant lies. 
Nevertheless, they are competent in 
their individual plants and are entitled 
to recognition, and perhaps, in a quali
fied way, to whatever benefits such a 
plan offers to the individual. Possibly 
certifying individuals to specific plants 
might offer a solution to this phase of 
the problem, yet it would undoubtedly 
be more difficult to administer.

Conclusion

I t  is interesting to note how nearly 
past procedure in Michigan parallels 
the recent recommendations of the 
F.SAY.A. Committee on Qualifications 
of Sewage Treatm ent P lan t Operators. 
Very little  change would be required 
in our basic procedures to bring them 
into complete conformity with these 
recommendations.

I t  seems probable that there will be 
a material increase in the number of
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plants operating, once the decks are 
cleared for construction in the postwar 
era. Many existing plants are due for 
enlargements and alterations, and some 
are badly in need of better operation. 
Standards of performance seem likely 
to 'be raised. All of these things point 
to the need for more and better opera

tors, for in the last analysis it is upon 
the plant operators that dependence 
for adequate pollution control must 
finally rest. Licensing or certification 
can only be justified as it serves to 
improve the competency of that profes
sion and gives to the public the protec
tion and service to which it is entitled.



SEWAGE PUMPING STATIONS *

B y W. S. Lea

C onsulting E ngineer, M ontreal, Quebec, Canada

Both the design and the operation of 
sewage pumping stations are governed 
by a number of factors, among which 
may be mentioned:

1. W hether the sewerage system is 
separate or combined;

2. W hether the sewers are laid on 
self-cleansing slopes for dry 
weather flow or, in the case of a 
combined system, for storm water 
flow only ;

3. The character of manufacturing 
wastes and whether such wastes 
constitute a small or large propor
tion of the dry weather flow;

4. Whether the discharge is to a 
sewage treatm ent plant or di
rectly into a body of water and, 
if the latter, whether or not it is 
permissible to discharge any solids 
the pumps can handle or if solids 
of obvious sewage origin must be 
comminuted or shredded;

5. W hether the head is high or low 
and the degree to which the head 
varies;

6. Whether the station is automati
cally controlled or is constantly 
attended.

I t  is scarcely necessary to state that 
the factors listed above can be consid
erably extended, particularly to meet 
special conditions.

This paper will be confined mainly 
to a discussion of the pumps and p ip
ing used in sewage lift stations; no 
reference will be made to prime movers 
or standby equipment and limited re f
erence will be made to details of station 
design. I t  is fu rther proposed to deal 
only with comparatively small installa

* P re se n te d  a t  12 th  A n n u a l C onvention , 
C a nad ian  I n s t i tu te  on Sew age a n d  S a n ita t io n , 
W indsor, O nt., C anada, N ovem ber 5 -6 , 1945.

tions serving a population of say 25,000 
or less, bu t most of the comments will 
probably apply quite as well to plants 
of much greater capacity. I t  will be 
assumed th a t the territo ry  served by 
the station is drained by a combined 
system of sewers; also th a t operators 
are in attendance and that the pumps 
are motor driven.

Suction W ell
Where three or more pumps may be 

running together most of the time, 
some attention should be given to the 
design of the junction between the sup
ply sewer and the suction well.

I f  the sewer natu ra lly  joins the well 
more or less at righ t angles, and at or 
near its center, the approach channel 
should be gradually flared out on both 
sides and train ing walls installed to 
direct the flow toward each suction, to 
the end that the load may be more equi
tably shared by each unit. This is 
somewhat more easily achieved if all 
the pumps are of the same capacity.

When the sewer joins the well at one 
end, whether or not on its longitudinal 
axis, the problem is much more difficult 
of solution. I t  is the w rite r’s opinion, 
however, th a t with several units in
volved, proper distribution of the flow 
to the pumps can be more satisfactorily 
attained by continuing the inlet sewer 
alongside the well with a branch to 
each suction.

I t  is believed to be somewhat better, 
where the sewer joins the suction well 
at or near one end, to locate the dry 
weather flow pumps at this end, the 
storm w ater pumps being installed in 
the other end of the suction well on the 
more or less direct line of the sewer. 
The whole well can be divided by a low 
wall between the small and large



Vol. 18, No. 2 SEWAGE PUM PING  STATIONS 239

pumps and a gate provided which 
would he kept closed during dry 
weather and opened when the flow ex
ceeds the capacity of the dry weather 
pumps. The latter units could be shut 
down during the storm and the flow 
handled by the large pumps only, p ar
ticularly during the spring when con
siderable silt may be contained in the 
sewage. The gate could be automati
cally controlled but that is hardly nec
essary with operators in attendance.

I t  is desirable to keep the suction 
well clean. To this end, slotted pipes 
can he provided around the walls just 
above the highest possible water level 
in the well, into which water under 
pressure can be supplied to flush down 
the walls. I t  may he advisable also to 
provide for hosing the suction well 
floor between the suction pipes to pre
vent an objectionable accumulation of 
solids there. I t  is also a good idea to 
install a fan for changing the air in 
the suction well when the operator 
must enter it. The fan is also useful 
for changing the air when objection
able odors develop due to washing of 
the walls or flushing out of accumula
tions of solids.

Horizontal vs. Vertical Pumps
I t  is very desirable bu t not impera

tive so to locate the pumps that they 
will be self-priming at least a t the 
higher sewage levels in the suction well. 
W ith a dry pump pit alongside the 
well, this can be accomplished by using 
either horizontal or vertical units, ir 
respective of the range of the level in 
the well.

Although small horizontal units are 
cheaper than vertical, and more con
venient to service, this is a situation 
where vertical units are believed well 
worth considering. They can be ac
commodated in a smaller pump p i t ; the 
motor gets better ventilation and per
haps better attention when located at 
ground floor level; there is always some 
risk of inundation of the motors of 
horizontal units when installed at the

bottom of the pit, due to accidental 
flooding.

In  comparing vertical and horizontal 
pumps, it may be pointed out that 
where there is a suction lift, it is the 
same over the whole face of vertical 
pump impellers, but increases from the 
bottom to the top of the impellers of 
horizontal pumps. This is probably of 
minor importance but it is certainly 
not an advantage in favor of the latter.

The w riter has been responsible for 
the design of one or two small plants 
with submerged vertical pumps, the 
motors being installed on the floor 
above. These are cheap self-priming 
installations but are not considered en
tirely satisfactory.

In  two other designs, horizontal 
pumps were placed on the floor over 
the suction well. This is also less ex
pensive than installing the pumps in 
a dry well alongside the suction well 
and is, of course, permissible only when 
the supply sewer is not laid very deep. 
There are, however, several disadvan
tages to this arrangement. In  the first 
place, priming facilities must be pro
vided and there is usually some trouble 
from objectionable odors on the oper
ating floor. Moreover, there may he 
some risk eventually of the floor being 
flooded by surge from the supply 
sewers, due to sudden failure of power.

Presumably, if the drainage area 
tribu tary  to the plant is completely 
sewered and built up, it should be prac
ticable to determine the surge fairly  
closely. But granting this, and it is 
a great deal to take for granted, how 
can one be sure about the fu ture with 
probable changes in the character of 
the watershed and in the arrangement 
of the trunk  sewers ?

Raising the pump room floor, thereby 
increasing the suction lift, is not al
ways a satisfactory solution. I t  has 
been the w riter’s experience tha t trou
ble with pumps due to pitting, noise 
or vibration is usually associated with 
comparatively high suction lifts.

As already intimated, where the sue-
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tion lift is too high to locate the pumps 
at ground floor level, vertical units set 
in a separate dry p it with their motors 
on the ground floor are preferred over 
horizontal pumps. Horizontal units 
can he used but they require a larger 
pit and ventilation is not as good. The 
pumps should preferably be set low 
enough to be self-priming at the higher 
permissible levels in the suction well. 
If  the pumps and piping will drain 
back into the well at about the lowest 
level therein, so much the better. A 
sump should be provided in the pump 
room floor into which all leaks and 
drips are piped. The sump can best 
be cleared by a small sump pump or, 
as second choice, by a small pipe from 
the suction of the main pumps.

Provision for Pumping Tests
If  economically feasible, provision 

should be made in the design of the 
station for measurement of flow. A 
constant record of pumpage data is 
indeed valuable and, in addition, the 
metering facilities are useful for the 
determination of capacities and over all 
efficiencies of the pumps when installed 
and periodically thereafter. In  low 
head plants, a Y-notch or other type 
of weir will suffice; where the head is 
high, a venturi meter is best. I f  a 
meter is used, it should be of a type 
that is conveniently maintained, as 
grease or other foreign m atter may in
terfere with its operation. There is no 
better way to check the service being 
given by pumps than by measurement 
of capacity and by occasional efficiency 
tests.

As it is usually difficult to maintain 
a constant head during tests, a series 
should be run at different heads to per
mit plotting of at least p a rt of the 
head-capacity characteristic. Where it 
desired to run for some time at con
stant head, this can be closely attained 
by providing for the re turn  of p art of 
the discharge to the suction well, con
trolled either by hand or by a float 
operated valve, or in low head plants,

by a hinged weir. In  most layouts it is 
easier to conduct such a test during a 
moderate rain.

Sewage Pumps
The pumps themselves are, of course, 

of prim ary importance. The first sew
age pumps in the w rite r’s experience 
were of the open impeller type and not 
only were they low in efficiency, but 
they were subject to very frequent 
clogging when handling unscreened 
sewage. These pumps were vastly im
proved so fa r as the elimination of clog
ging was concerned when the client had 
new impellers cast with fewer vanes 
and they worked fairly  well with 
screens having openings of 2y2 in. 
ahead of them.

Montreal has been pumping sewage 
for a lifetime at several plants, and 
the sewage from the downtown manu
facturing districts is difficult to handle. 
The w riter has had quite a lot to do 
with Montreal sewers and has learned 
a good deal about pumping sewage 
from Mr. F rank  Dowd, -who had charge 
of the old open impeller pumps in these 
stations. Mr. Dowd practically rebuilt 
these pumps and, old-fashioned as they 
were, eventually made them practically 
non-clogging when handling unscreened 
sewage.

F ifteen or twenty years ago, the in
stallation of one 20-in. and three 14-in. 
Woods trash pumps, or pumps of this 
type, was recommended. I t  is con
sidered tha t these pumps have done a 
satisfactory job handling unscreened 
sewage. The rated capacity of the 
20-in. un it is 40 c.f.s. at 25 ft. and, al
though it has done well in the inter
m ittent service required of it, the ve
locity head is really excessive.

The city has since that time installed 
many pumps of this type for comfort 
stations and subways.

There is considerable doubt in the 
mind of the writer as to the best way 
of handling some features of pump 
specifications. A t any rate, the usual 
characteristics are requested when
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pumping clear water. These charac
teristics apply also when pumping 
storm water and closely enough when 
pumping sewage of any kind so long 
as no clogging occurs.

Although a high efficiency is desira
ble it is, of course, not nearly so impor
tan t as reasonable freedom from clog
ging, because the first duty of the plant 
is to give continuous service. I t  is dif
ficult to define freedom from clogging 
in a specification at all definitely, be
cause the pump m anufacturer natu
rally expects full information on the 
character of the sewage before he will 
guarantee uninterrupted service. The 
w rite r’s practice is to supply prospec
tive bidders with full particulars of the 
contributing system of sewers and of 
the tribu tary  area and all that is 
known about the sewage.

The bidders are required to give, in 
effect, a guarantee of the pex-formance 
of the pump with respect to freedom 
from clogging in terms of the number 
of cloggings during the first year’s 
service. The clogging must be suffi
ciently serious that the pump must be 
opened up to correct it. There is also 
a clause covering rejection if the fre
quency of clogging is excessive during 
the first two months.

One can, of course, make a pretty  
good guess at what the pump will do 
from a careful examination of the de
tails of its design. Usually records are 
available of pumps in service under 
somewhat equivalent conditions and it 
is best, if there is doubt, to check in 
detail on such operating installations.

Be sure to examine the tribu tary  
area carefully because there is a great 
difference in the character of sewage 
from different areas sewered on the 
combined plan. As for sewage from 
purely residential areas compared with 
that from some m anufacturing dis
tricts, they differ so vastly from the 
point of view of pumping that it seems 
scarcely in order to apply the same 
name to them.

Single suction pumps are preferable

for comparatively small capacities be
cause of the larger passages through 
the pumps.

As to wearing rings, the writer in
sists on plain rings set in finished re
cesses in the casing. The clean pres
sure water supply is piped to small 
channels cored out of the casing be
hind the stationary rings, and when 
the pressure is turned on the water 
passes through one or more small holes 
in the stationary ring to clear the space 
between the stationary and moving 
rings. The water should be turned on 
when starting up, occasionally while 
running, and for several minutes after 
shutting down. Such flushing water 
supply should not involve a cross con
nection with any drinking water sup
ply.

The efficiency of some open impeller 
pumps is surprising, at least when they 
are new. The pumps referred to have 
bronze impellers with their edges run
ning close to smooth bronze side plates. 
In such pumps it is possible that 
stringy materials and other solids are 
thrown against the side plates and cut 
up there by the edges of the vanes. 
The good efficiency is no doubt due to 
the very close clearances between the 
edges of the impeller and the side 
plates, which reduces the slip, and to 
the low friction at the smooth side 
plates. The side plates, moreover, are 
replaceable and therefore a good idea 
where the sewage carries considerable 
silt.

Some less im portant details of pump 
specifications follow:

1. Impellers should be machined 
smooth on the outside, and where inac
cessible for machining, made smooth 
by filing or otherwise. Bronze impel
lers are usually best but cast iron im
pellers often give good service.

2. Shaft sleeves may be of bronze or 
stainless steel.

3. Where exposed to the sewage, a 
cast iron stationary sleeve should be
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installed to keep stringy m aterial from 
wrapping around the shaft.

4. Exterior of bearing shells should 
be ground to fit the bearing brackets 
or pedestals.

5. Large handhole plates should be 
required to permit inspection of the 
interior of the pump and to permit 
cleaning at the suction and at the im
peller if and when required. These 
access ports are rarely large enough or 
placed to the best advantage.

6. The pump bearing pads should be 
machined to rest on machined surfaces 
on the bedplate.

7. S tarting screws should be pro
vided to break the casing from its seat, 
at least when the pumps are fairly 
large.

8. The seats of bolt heads, nuts and 
washers should be machined.

9. Nuts used in ordinary dismant
ling should be hexagonal and machine 
finished.

10. The pump casing should be able 
to withstand at least 150 per cent of 
the shutoff pressure of the pump.

Suction and Discharge Piping
I t  is desirable to carry the suction 

pipes down as close to the floor of the 
well as possible without creating un
reasonable entrance losses. Obviously, 
the longer the periphery of the suction 
inlet, the closer it can be to the floor. 
A bell mouth is the best way to accom
plish this end.

Where neither screens, comminutors, 
nor shredders are used ahead of the 
pumps, however, or Where screens of 
fairly coarse openings (2y2 in. or 
more) are adopted, some provision 
should be made to minimize the risk of 
long, partially  waterlogged sticks be
ing carried into and up the suction, 
possibly to damage the impeller. Such 
a risk is, of course, not great but the 
writer has known of a 48-in. and a 54- 
in. pump being damaged in this way.

Whether or not the pumps are self
priming, foot valves should not be

used. For that m atter, the fewer the 
valves the better. Where valves must 
be used, it may be worth while to tap 
the bottom of them for pressure water 
pipe connections to clean out the recess 
for the seats if and when required. The 
same provision can be adopted for 
swing check valves.

There is some advantage to allowing 
sewage to run back through the pump 
for a short time when it stops. Where 
the discharge line is short, and the head 
low, this can quite often be arranged 
by installing a so-called siphonic dis
charge. That is to say, by installing 
the discharge pipes with their crowns 
above the high water level of the re
ceiving conduit or body of water but 
with the actual discharge openings be
low the low water level. To prevent 
back siphonage, a solenoid operated 
valve is installed on the crown of each 
discharge, which valve is electrically 
opened when the power is shut off the 
pump, and closed when it is turned on. 
Soon after stopping, the pump will re
verse its direction of rotation for a 
short time, which helps to clear the im
peller, particularly  if of the open type, 
of such things as rags. This arrange
ment has been found quite worth while, 
particularly in automatic stations. Ob
viously, the design of the arrangement 
should insure against too high a re
versal speed.

Where for any reason check valves 
are necessary or desirable on the dis
charge of each pump, and there is an 
operator in attendance, the same 
scheme can be adopted by providing a 
hand operated gate on a by-pass around 
the check.

The w riter has always used discharge 
pipes of such a size that the velocity is 
high enough to keep the crowns clear 
of air, expanding gradually at the pipe 
outlets to recover most of the velocity 
head. The pipe crowns can be posi
tively kept free from air, of course, by 
connecting them to a tank freed by an 
automatic air pump.

When the pumps are connected to a
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common discharge and where horizon
tal units are set on a floor over the 
suction well, piping losses may be mini
mized by using bottom suction, side 
discharge pumps with their shafts at 
45 degrees to the longitudinal axis of 
the room. The main discharge line can 
be laid on the floor against the wall and 
each pump discharge run straight into 
it at 45 degrees. This affords plenty 
of room to expand gradually the indi
vidual discharges before the junctions, 
and permits the use of 45-degree bends 
and Y branches instead of elbows and 
tees.

Where horizontal units are used in 
a chamber alongside the suction well, 
if end suction, side discharge pumps 
are adopted, their discharge piping can 
be arranged in the same way, and their 
suctions run straight through the wall 
into the well. This of course, necessi
tates a walkway over the suctions with 
steps to the floor between the units.

The piping of many vertical units can, 
of course, be arranged in the same way 
as for horizontal units.

The writer has been informed, on 
what is believed to be good authority, 
that where an elbow has to be placed 
immediately on the pump discharge, 
and it is desired to increase the pipe 
size, the loss will be less if the elbow is 
kept the same size as the pump nozzle 
and an increaser used, instead of em
ploying an increasing elbow to dispense 
with the increaser.

A pump should not be fixed in its 
permanent position before the flanged 
joints on the suction and discharge 
nozzles have been made up. This pre
caution should be observed because 
otherwise careless pipe fitters may 
spring the casing enough to bind the 
shaft, in attem pting to bring piping 
into alignment. This admonition does 
not apply, of course, if a Dresser or 
Victaulic coupling intervenes.
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The anticipated increased volume of 
research literature as a result of the 
termination of the war in 1945 is 
naturally  not yet reflected in this re
view. The number of references has 
remained surprisingly constant in re
cent years.

The large numbers of papers dealing 
with construction during the earlier 
war years have been replaced by opera
tion reports, while-papers and reports 
on basic research have continued to be 
published to a limited extent. Al
though considerable discussion has 
taken place regarding diseases caused 
by sewage, the number of papers pub
lished does not reflect many studies.

The effect of war production plants 
discharging large volumes of wastes to 
the receiving waters and sewage trea t
ment processes remained noticeable. 
The greatly increased industrial ac
tivities, together with a general relax
ation of enforcement agencies, has left 
the streams in a generally poorer con
dition than before the war. These con
ditions are well recognized by offi
cials and the public a t large. This is 
indicated by the large number of new 
and revised stream pollution laws in
troduced into the federal and state 
legislatures. A survey shows tha t new 
legislation and changes in enforcement 
acts or changes in rules and regula
tions to tighten up existing laws, were 
introduced in 38 states during 1945. 
Similar activities and considerable dis
cussion took place in England, reflect
ing the attitude in that country. P er
haps one of the most significant de

velopments has been the awakening of 
industries in connection with stream 
pollution. Co-operation between vari
ous industries to solve common prob
lems, special programs to abate pollu
tion, the recognition of needed research 
in many instances, and the working 
together with enforcement agencies 
ra ther than against them, should 
eventually result in cleaner streams. 
During the year an unusually large 
number of papers pertaining to stream 
pollution were published, particularly 
surveys of streams.

The simple sedimentation of sewage 
solids still requires basic work. Sev
eral papers have appeared which sum
marize existing knowledge and empha
size the effect of turbulence encoun
tered in various types of tanks.

Studies on standard and high rate 
filters include work on the flora and 
fauna present and comparisons of the 
biochemical and biological character
istics of such filters. In  general, it ap
pears that the organisms responsible 
for purification and the biochemical 
changes taking place during purifica
tion are of the same type, no matter 
whether the purification occurs in a 
stream, standard or high rate filters 
or activated sludge process, but that 
the numbers of organisms and their 
activities are modified by changing the 
environmental conditions. Changes in 
environmental conditions in tu rn  affect 
the degree and rate of purification. 
The remarkable renewal of interest in 
biological treatm ent processes will un
doubtedly result in further progress.

244
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The published results indicate the di
rection these improvements will take 
within the next few years.

More information on the prevalence 
and numbers of organisms in high rate 
filters, as compared with standard fil
ters and those occurring in activated 
sludge, have aided in obtaining a 
clearer picture of the complex phe
nomena involved. Descriptions of op
eration and results obtained by the 
activated sludge process serve as an 
aid to operators.

The renewed interest in biological 
treatment has forced chemical trea t
ment still further into the background. 
The studies reported are prim arily in 
connection with operation. Although 
mechanization of sewage treatm ent 
processes continues, apparently there 
will be no radical changes in the im
mediate postwar era. Mechanization of 
treatment plants is not a question of 
short-time development, but is brought 
about gradually and depends frequent
ly upon trends in treatm ent as well 
as upon new processes and variations 
of existing processes. Nevertheless, im
provements which may not be con
sidered radical changes continue to ap
pear.

Papers on sludge digestion have been 
concerned mainly with operation. The 
investigations of benefits and disad
vantages of thermophilic digestion on 
a plant scale are of interest, particu
larly to existing overloaded plants. 
Methods of obtaining supernatant 
liquor of good quality and special trea t
ment of supernatant liquor continue to 
be of interest.

Sludge treatm ent other than by 
digestion has followed previous proce
dures. No information has been pub
lished showing that sludge condition
ing other than by chemicals and élutri
ation are to be expected in the near 
future. There seems to be a trend to
wards simplified sludge disposal and a 
renewed interest in disposal of sludge 
together with garbage.

Chlorination for disinfection, odor

control, reduction of B.O.D. and, to a 
limited extent, for process control, has 
been continued. No studies on basic 
principles and specialized applications 
have been noted. I t  is understood that 
before long a series of fundamental 
studies will be undertaken by various 
laboratories.

The treatm ent and disposal of in
dustrial wastes remains of paramount 
importance. The population equiva
lent of pollution caused by industrial 
wastes has rapidly increased, without 
equivalent progress in treatment. Sev
eral very good and illustrative papers 
have appeared during the year, indi
cating progress, but much research 
and experimentation remains to be 
done before the problem is solved. The 
various trade organizations, by spon
soring research and co-operating with 
governmental bodies, can be important 
factors in the solution, provided the in
terest of these trade organizations is 
maintained in solving the pollution 
problems for which the industries are 
responsible.

Analytical procedures for the ex
amination of sewage and industrial 
wastes are im portant for determining 
the efficiency of treatm ent processes 
and enforcement of the laws. The new 
edition of “ Standard Methods,” which 
is to appear in 1946, will undoubtedly 
aid the laboratory worker. There is, 
however, a continuing need for im
proved and simplified methods to be 
used by plant operators and a need for 
workable methods in connection with 
various industrial wastes. The papers 
published during the year are princi
pally concerned with modifications of 
existing methods. The development of 
micro-analytical methods for sewage 
analysis is of interest to research 
workers.

In  presenting the annual review, the 
Research Committee wishes to call a t
tention to the fact that the review is 
not a complete enumeration of all 
papers published during the year on 
the subject, but a more or less critical
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review of the science and progress of 
the art. The committee welcomes com
ments, criticisms and suggestions for 
improvement of the review.

General

Sewage and Disease

A residual of 0.4 to 0.5 p.p.m. of 
chlorine after 10 min. of contact was 
insufficient to inactivate certain strains 
of poliomyelitis virus according to 
Trask, Melnick and W enner (207).

Some risks of transmission of dis
ease during treatment, disposal and 
utilization of sewage, sewage effluent 
and sewage sludge are discussed by 
Wilson (223) in a comprehensive re
view. Organisms which may be found 
in sewage and sludge are those causing 
cholera, typhoid, Bilharzia, intestinal 
parasitic flat worms, hookworms, amoe
bic dysentery and poliomyelitis. The 
author draws the following conclusions:
(1) Pathogenic micro-organisms and 
eggs and larvae of parasites survive in 
sewage and sludge but do not multiply 
because of the unfavorable conditions,
(2) A progressive diminution of all 
forms of bacteria takes place in sew
age with increasing degree of trea t
ment, (3) There is a concentration of 
all types of bacteria, eggs and ova of 
parasites in the sludge. (4) The 
danger of pathogenic bacteria and ani
mal parasites is in proportion to the 
numbers present in the original sew
age. The author considers irrigation 
with raw or settled sewage objection
able and not permissible on crops used 
for human and animal consumption.

Stokes, Jones and Miles (193) un
dertook experimental work to deter
mine the viability of certain patho
genic bacteria during drying and 
digestion of sludge. B ad. paratypho- 
sum B  and B ad . typhi murium, were 
artifically added to sludges in great 
numbers. When added to sludge and 
applied to experimental sand drying 
beds the latter organisms could be re
covered after 180 days. During the

digestion of fresh solids with ripe 
sludge the same organism could be re
covered up to 45 days.

Biology of Trickling Filters
Tomlinson and Stride (204) enu

merate the different species of fly popu
lation trapped from the filters at sev
eral plants in England. Psychoda was 
the most prevalent followed by Spanio- 
toma. The seasonal succession of the 
various flies is given. The numbers 
of Psychoda as well as the quantity of 
film increased with filter loading. 
More Psychoda emerged from the 
coarser sized filter media than from 
the finer media. Fewer Psychoda 
emerged from alternating double fil
ters than from a single filter.

Lloyd (138) gave a comprehensive 
and critical review of the information 
available on the role, incidence, ecology 
and types of animal life in sewage 
purification processes, with particular 
emphasis on trickling filters and the 
activated sludge process. The same 
author (139) states th a t trickling fil
ters are a very favorable environment 
for insects due to the abundant air and 
food supply. The insect fauna is char
acterized by a great number of a rela
tively few species which colonize the 
bed successfully. Out of one hundred 
different species encountered 99.7 per 
cent belong to six species.

Role of Micro-organisms in Floe For
mation and Sewage Purification
H ardin  (85) states that certain 

flagellates have the ability to flocculate 
various bacteria when grown in culture 
media. W atson (221) suggested a pos
sible mechanism for such flocculation as 
brought about by protozoa. He stated 
that in the case of a certain ciliate, 
mucus is produced to which bacteria 
adhere before being digested. The 
mucus, not being diffusible, remains in 
the neighborhood of the ciliate and the 
increase in the viscosity of the medium 
causes the entanglement and floccula
tion of bacteria.
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Pillai and Subrahmanyan (166) iso
lated the protozoan Epistylis  from 
aeration tanks and purified it free of 
bacteria. When introduced into sterile 
medium and aerated, it was at least as 
active in purifying sewage as normal 
activated sludge. They concluded that 
aerobic purification of sewage is essen
tially due to the protozoan activity and 
that bacteria play only a secondary 
part.

Viehl (213) conducted laboratory ex
periments on the purification of sew
age under aerobic and anaerobic con
ditions. His findings are in line with 
similar studies reported earlier; name
ly, that when the surface is exposed 
the B.O.D. reduction is faster and 
hydrogen sulfide production is less than 
in closed bottles. Septic sewage 
should, therefore, not be placed on 
biological filters.

Sewer Corrosion
Hammerton (84) emphasized the 

role played by the chemical character
istics of water in relation to sewer 
corrosion. He classified water with less 
than 300 p.p.m. sulfate as one of low 
risk of sulfate attack and water con
taining 1,000 p.p.m. or more of high 
risk. He further reviews and discusses 
the remedial and preventive measures 
such as control of hydrogen sulfide pro
duction, surface coatings and ventila
tion.

Pomeroy (168) discusses corrosion 
problems of iron when exposed to sew
age and other liquids containing dis
solved sulfides. He gives analyses of 
the corrosion products which show a 
high percentage of iron and sulfur, the 
former being in excess, indicating that 
not all the iron is present as sulfide 
but that some of it is present as oxide. 
The corrosion products are bulky and 
hard. Iron structures in sedimentation 
and sludge digestion tanks are subject 
to corrosion by sulfides, as are sewer 
outfall pipes of iron carrying septic 
sewage.

Several reasons are advanced for

sewer ventilation by Pomeroy (167), 
which might be summarized: (1) to 
eliminate lethal or explosive gases from 
the atmosphere, (2) to reduce cor
rosion, (3) to prevent escape of odors. 
The author states that while ventilation 
is not a cure-all, it has a broader field 
of usefulness than is generally realized.

Parker (163) isolated a bacterium, 
which he named Thiobacillus concretiv- 
orus, from the corrosion products of 
concrete exposed to atmospheres con
taining hydrogen sulfide. This organ
ism is similar to Thiobacillus thiooxi- 
dans. I t  is an autotrophic organism, 
capable of deriving its energy from 
the oxidation of sulfur and utilizing 
carbon dioxide as a source of struc
tural carbon. I t  produces sulfuric 
acid in culture medium in high con
centration (10 per cent). I t  does not, 
however, utilize hydrogen sulfide. The 
activity of this organism would explain 
the production of sulfuric acid in the 
corrosion process provided free sulfur 
is first formed from hydrogen sulfide. 
In  a second paper (164) the author 
undertook painstaking laboratory proof 
of the part played by Thiobacillus con- 
cretivorus in pure culture in the cor
rosion of concrete. An atmosphere of 
water vapor, H 2S and ammonia was 
aspirated over an inoculated cement 
block. A fter six weeks’ exposure to 
this atmosphere the inoculated block 
began to show signs of corrosion and 
about 75 per cent of the hydrogen sul
fide supplied was removed and sulfates 
were formed. The initial conversion 
of hydrogen sulfide to sulfur may be 
non-biological.

Analytical Procedures
The Ninth Edition of “ Standard 

Methods for the Examination of W ater 
and Sewage’’ is nearing the publica
tion stage. A summary of recom
mended changes by the committees, 
which was edited by Norton and Sy
mons, appears in a current issue of the 
American Public Health Association 
Journal (145). The changes consist
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of simplification in the arrangement 
and presentation of subject m atter as 
well as the deletion of old and the 
adoption of new methods.

In  the field of disinfection, Halli- 
n an ’s (82) ortho-tolidine-arsenite test 
for differentiating among a free chlo
rine, chloraminę and false residual was 
confirmed and modified. Gilcreas and 
Hallinan (76) and Gilcreas (75) pre
sent supplementary data on the ortho- 
tolidine-arsenite (O.T.A.) test in con
junction with the regular ortho-tolidine 
(O.T.) test. A weak solution of sodi
um arsenite is added fifteen seconds 
after the addition of ortho-tolidine, to 
destroy chloraminę compounds. The 
ortho-tolidine color is therefore caused 
by the free or active chlorine and the 
interference due to manganese or ni
trite. A second sample is first treated 
with sodium arsenite to destroy all free 
or combined chlorine before ortho- 
tolidine is added. Any ortho-tolidine 
color in the second test is a blank or a 
measure of the amount of interference. 
The first, or flash test, minus the blank, 
is the true or active residual chlorine. 
I f  a th ird  ortho-tolidine test is made 
without sodium arsenite, the subtrac
tion of the active chlorine residual and 
interferences will yield the “ chlora
minę”  residual. Hirsch (104) simpli
fies the procedure by determining a 
flash (15-sec.) reading and a 5-min. 
ortho-tolidine reading of the inter
ference plus active chlorine, and the 
interference plus active chlorine plus 
combined chlorine, respectively. The 
amount of interference is determined 
separately, using double strength sodi
um arsenite prior to ortho-tolidine. 
The magnitude of the interference was 
suggested as being of value in judging 
the quality of sewage plant effluents.

In studying the application of oxi
dation potential measurements in de
termining the concentration of germi- 
cidally active chlorine in water, Chang 
(47) concluded that although consis
tent and characteristic potentials were 
frequently observed at the cysticidal

point for gaseous chlorine and chlora- 
mines in tap water, irregular potentials 
were usually obtained in raw water. 
Evaluation of the significance of the 
oxidation potential of a chlorinated 
raw water was not attem pted in view 
of the complicated oxidation-reduction 
systems that exist, the uncertainty of 
the reversibility of these systems, and 
the presence of dissolved oxygen.

In  a S tandard Methods Committee 
report, Mallmann (141) reviewed the 
developments in bacteriological meth
ods and techniques. Streptococcus fe- 
calis was detected on a new medium 
found to be specific for these organ
isms. A fu rther evaluation of E. C. 
medium for coliform organisms was 
also reported.

Nielson (160) reviewed the develop
ment and predicted greater use of elec
tronic instrum entation for measure
ment and control in water supply and 
sewage treatm ent. The Symposium on 
Analytical Colorimetry and Photom
etry, presented at the 47th Annual 
Meeting of the American Society of 
Testing Materials, has been published 
in booklet form (75 pages), and is 
available at $1.00 per copy (4). A 
Klett-Summerson photometer was used 
by Noll (161) for the determination 
of n itrate  in boiler water by Brucine 
reagent. A calibration chart was pre
pared from brucine-treated solutions 
containing 0 to 10 p.p.m. n itrate nitro
gen. The light source passed through 
a 470 millimicron color filter, then 
through a 13-mm. diameter test tube 
containing the brucine-nitrate blue 
color, onto the photocell. The Brucine 
reagent appeared stable for months. 
The brucine-nitrate color developed 
rapidly and remained stable for over 
an hour, and the presence of high 
concentrations of soluble boiler water 
ions did not interfere. The method 
was accurate to approximately 0.1 
p.p.m. n itrate  nitrogen. A photo-elec
tric photometer was also used by Ad
ams and St. John (2) for the colori
metric determination of potassium as
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chloroplatinate. The method was re
liable and convenient. A precision of 
2 per cent was obtained with samples 
containing 0.2 mg. of potassium or 
more.

By increasing the quantity of iodide 
in the Winkler method for determining 
dissolved oxygen, Pomeroy and Kirsch- 
man (169) claimed diminished in ter
ference due to organic matter, reduced 
loss of iodine vapor, and a sharper 
starch-iodide end-point. They recom
mend that the hydroxide-iodide solu
tion, which is usually 12.5 N in alkali 
and 0.9 N in iodide, be replaced by one 
which is 10 N in sodium hydroxide 
and 6 N in sodium iodide. Additional 
data is desirable to (a) justify the in
creased cost of reagents for the in
creased accuracy achieved and (b) 
clarify the extent of iodide decomposi
tion when concentrated sulfuric acid 
is added to the iodide enriched sample 
prior to titration.

In  the benzidine method of sulfate 
analysis, the factors governing occlu
sion and incomplete precipitation have 
been investigated by McKittrick and 
Schmidt (148). A procedure has been 
developed that gives results correct to 
within 0.5 per cent when 2.5 to 10 
p.p.m. sulfate ions are precipitated.

A referee committee on Standard 
Methods of Sewage Analysis for the 
determination of grease reported (89) 
on a comparative study of three current 
procedures. Each procedure had cer
tain advantages and disadvantages over 
the others. The referee committee de
fined grease as, “ that material which 
is extracted from an acidified sample 
of sewage by petroleum ether (b.p. 40°
C. to 60° C.) when using the standard 
procedure as outlined by the commit
tee.”  The standard procedure as 
agreed on by the committee is given 
in detail and consists of the refrigera
tion method combined with a wet ex
traction of the filtrate, if necessary.

Hirsch (103) modified the aluminum 
dish method for determining the sus
pended solids in aeration tank liquor

by omitting the dish. The tared weight 
of a previously dried paper filter is re
corded on the bottom of the paper. A 
sample of aeration liquor is filtered, 
the paper peeled off, dried, and 
weighed. The weight and the subtrac
tion of the tare weight are recorded on 
the underside of the filter paper while 
only the result in p.p.m. need be re
corded on a data sheet.

An empirical index for determining 
the efficiency of prim ary sedimentation 
consisting of the sum of the p.p.m. of 
suspended solids in the prim ary tank 
effluent and the percentage of sus
pended solids remaining in the effluent, 
was reported as being of value by 
Doman (55). An index below 110 was 
considered satisfactory in most cases.

Dawson and Jenkins (53) developed 
nficro-analytical methods for the ex
amination of sewage. Techniques are 
described for ammonia, nitrite, and n i
trate nitrogen, phosphorous, dissolved 
oxygen and B.O.D. Glass stoppered 
bottles, having a capacity of 3 to 4 
ml., were used for D.O. and B.O.D. 
determinations. This interesting ap
plication was discussed by Hatfield 
(53) who indicated the difficulty of 
obtaining micro-representative samples 
on such a heterogeneous material as 
sewage.

The water flea, Daphnia magna, was 
proposed by Anderson (5) as a con
venient and reliable test organism for 
determining toxicity thresholds of vari
ous substances found in industrial 
wastes. The cultivation of the animals 
and the test procedures are described 
in detail.

ZoBell and Brown (230) have found 
that toluene, cresols, thymol, carbon bi
sulfide and ethyl ether are not de
pendable for the chemical preservation 
of water samples. One-half per cent of 
either chloroform or phenol, or 0.25 per 
cent of formic acid were satisfactory, 
although a mixture of 0.5 per cent each 
of chloroform and phenol was pre
ferred. Acidifying the water to pH
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1.5 prevented the activity of most or
ganisms.

McBride and Preston (146) used a 
device for vacuum sampling .liquids 
and suspensions. A bottle or flask 
stopper was fitted with a T-tube. A 
pinch clamp was placed on the side 
tube used for evacuating the bottle 
while a greased ground glass stopper 
closed the delivery tube. A number of 
bottles were tied to a pole and lowered 
to the proper depth. The glass stop
pers on the delivery tubes were re
moved by pulling short lengths of 
string attached to a common string.

Sedimentation
Of the comparatively large number 

of papers presented on sedimentation 
during the past year, a considerable 
number were reviews and summaries 
of previous work. Among the best of 
these were those of Tark (196) and 
Merz (149) on design and operation, 
respectively.

On new developments in the field, the 
papers of Camp (44) (45), Anderson 
(7), and Howland (109) were among 
the best. Camp (45) presented a sum
mary of the known principles of sedi
mentation essential to the development 
of design theory. His paper is divided 
into ten parts, as follows: (1) settling 
velocities of individual particles; (2) 
nature of settling processes in water 
and sewage treatm ent; (3) settling 
analyses of suspensions; (4) clarifica
tion theory for an ideal basin—a. ‘ ‘ For 
any given discharge, the removal is a 
function of the surface area and is in 
dependent of the depth of the basin.” 
b. “ The concentration of suspended 
m atter a t any cross-section in the set
tling zone increases with the depth be
low the surface, and decreases with the 
proximity of the cross-section to the 
outlet end of the basin” ; (5) tractive 
force and bedload movement; (6) 
effects of turbulence on sedimentation;
(7) flocculent suspensions—in which 

the author concludes that the additional 
flocculation caused by turbulence in

the tanks may speed up the settling to 
a greater extent than turbulent mixing 
retards it and th a t increased removal 
should be expected from tanks with 
higher velocities than are commonly 
used; (8) overflow rate, detention pe
riod, velocity, and tank dimensions; 
(9) short circuiting and stability.

The author presents a tentative de
sign for a settling tank based upon the 
principles developed in his paper. It 
is of the multiple tray  type. For final 
settling tanks in the activated sludge 
process he recommends the elimination 
of the dividing wall between aeration 
tank and settling basin.

Anderson (7) describes certain “ den
sity curren ts”  found in the final set
tling tanks of activated sludge plants 
where the mixed liquid from the aera
tion tanks, when introduced in the 
settling tank, drops to the bottom 
because of its greater density, flows 
along the bottom just above the sludge 
blanket and is deflected upward by the 
opposite end wall, thereby inducing a 
counter current in the upper levels 
back towards the influent end. All at
tempts to prevent this current by the 
use of baffles were fruitless. I t  was, 
therefore, decided tha t the customary 
method of placing the effluent weirs at 
the fa r end of the tanks is unwise, as 
in this position they are directly in the 
path of this density current. I t  is 
suggested tha t they be placed further 
forward towards the influent end. It 
is the au th o r’s opinion th a t the over
flow rate for such weirs should not ex
ceed 20,000 g.p.d. per ft. of weir. In 
reference to depth he suggests that, in 
general, (a) for circular tanks with 
central inlet, the radius should not ex
ceed about five times the side water 
depth; (b) for rectangular tanks the 
flow length should not exceed about 
seven times the depth; and (c) the 
depth below the effluent weirs should 
be not less than ten feet or twelve 
feet, depending on whether the weirs 
are located forward or a t the upturn 
of the density current, respectively.
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In  reference to inlet design, the mixed 
liquor should be introduced as gently 
or at as low a velocity as possible to 
minimize density currents, and in ref
erence to sludge outlets, they should 
be so located at the inlet end to avoid 
moving sludge any greater distance 
than necessary along the bottom. Gould 
(78) in discussing Anderson’s article 
claims that sludge outlets should be at 
the outlet end of the tank since there 
is a prevailing current in the sludge 
blanket along the bottom towards the 
outlet end. Townsend (206) in a later 
discussion, recommends multiple inlets 
and outlets for both liquid and sludge 
to reduce density currents.

Howland (109) gives formulas and 
charts for simplifying the procedure of 
designing a venturi flume for control
ling velocities in grit chambers, as 
proposed by Bushee (42).

Vokes and Jenkins (214) modified 
one of the upward flow sedimentation 
tanks for settling activated sludge with 
central inlet and peripheral discharge 
to allow the flow to enter horizontally 
at an angle to cause rotation. The 
effluent from the modified tank con
tained more suspended solids than 
from the upward flow tank.

Pôpel (170) states that in continuous 
flow settling tanks surface loadings 
should not exceed 2.2 to 2.5 meters per 
hr. Convection currents do not ma
terially affect clarification and kinetic 
energy should be destroyed as much as 
possible.

Chemical and Mechanical Treatment
Studies on the use of chemicals in 

treating sewage continue. Gehm (68) 
reports that the coagulation of sewage 
with ferric chloride is not materially 
affected by the addition of digester 
supernatant liquor of good quality. 
Liquors from partly  digested sludge 
and fresh solids increase the coagu
lant demand considerably when added 
to the sewage. Effluent from sewage 
treated by ferric chloride coagulation 
contains the smallest amount of iron

when the optimum clarification is ob
tained. The treatm ent of various types 
of sewage to complete clarification with 
ferric chloride or ferric chloride and 
lime reduces the chlorine demand to 
about one-third that of the raw sewage. 
A ferric chloride-acid treatm ent results 
in a reduction of the chlorine demand 
of about one-fourth.

Keys and Travaini (124), confronted 
with an overloaded activated sludge 
plant at Phoenix, Ariz., made 258 tests 
over a 7-month period to determine the 
effect of chemicals in reducing the con
centration of the raw sewage. They 
estimated that if the laboratory results 
could be duplicated in the plant that 
16 m.g.d. of sewage could be treated in 
the plant formerly treating 12 m.g.d. 
These investigators further report on 
methods of producing coagulating 
chemicals in the sewage treatm ent 
plant.

Gehm’s (69) work on the chemical 
treatm ent of soapy waste waters may 
be helpful to sewage treatm ent plant 
operators who are troubled with ex
cessive amounts of soapy wastes. The 
experiments show that treatm ent with 
sea water, spent zeolite softener re
agent and mixtures of calcium and 
magnesium salts resulted in a high de
gree of clarification and in the forma
tion of a curdled sludge.

Kozma (128) reports on the use of 
ferric sulfates at the Jo in t Meeting 
sewage treatm ent plant, Rutherford, 
N. J . I t  was found that the ferric 
sulfates used are more economical than 
liquid ferric chloride or alum, which 
were previously used at this plant.

F riel (65) reports that he believes 
that the development of a sewage trea t
ment plant providing a maximum flexi
bility of operational control and usage 
in a combination of chemical and bio
logical processes offers many possibili
ties in the solution of sewage treatment 
problems which have requirements 
based on highly variable composition 
of sewage to be treated.



252 SEWAGE WORKS JOURNAL March, 1446

Biological Filters
Heukelekian (98) (99) (100) (101) 

has reported on studies comparing the 
biochemical and biological characteris
tics of a biofilter and a standard filter. 
Both filters harbored much smaller 
quantities of biological film during the 
summer and vertical distribution was 
fairly  uniform. In  the winter, maxi
mum accumulation of film in the stand
ard filter was in the top layer while in 
the biofilter it was at the 2-ft. level, 
with a minimum in the top layer. 
Seasonal range of biological film in the 
standard filter was from 8 to 12 lb. 
(dry basis) per cu. yd. of stone and in 
the biofilter it was from 5.5 to 11 lb. 
Film  accumulation on the biofilter was 
stated to be related to the B.O.D. and 
suspended solids loading, but in one 
experimental period, application of the 
entire flow to one filter did not ma
terially increase the accumulation. In 
sect larvae were present in almost equal 
numbers in the biofilter regardless of 
season. A marked seasonal difference 
occurred in the standard filter. Analy
ses for ash, B.O.D., grease and nitro
gen indicate the biofilter film to have 
a greater stability with depth. The 
nitrogen content of the biofilter film 
was highest, corresponding to a pro
tein content of from 45 to 50 per cent. 
Temperature and loading were found 
to be predominant factors in determ in
ing the biochemical character of films. 
Sludge collected from the secondary 
clarifier of the biofilter was less stable 
than films from the lower levels, indi
cating that a part of the sludge came 
from sloughings from the higher levels. 
The numbers of ciliates, flagellates and 
rhizopods were practically the same for 
both filters. The biofilter acts as an 
oxidation device as well as a “ colloid- 
e r .”  The biofilter gave a variable out
put of nitrites and nitrates, with great
est production in summer. N itrifying 
organisms were found to be present in 
the biofilter film at all times, regardless 
of oxidized nitrogen concentration in

the final effluent. Film  from the top 
two feet of both filters had the highest 
n itrify ing capacity as determined by 
aeration tests with sewage for 24 hours. 
These findings support the view that 
n itrify ing  organisms are not adversely 
affected by carbonaceous oxidation and 
can exist where the B.O.D. of the film 
is high, provided th a t aerobic condi
tions prevail. The biofilter produces 
a higher ratio of n itrites to nitrates 
than does the standard filter, which 
indicates tha t the n itrate  formers are 
less firmly established in the former. 
The difference between the standard 
and biofilter is quantitative rather 
than qualitative. P rim ary tanks were 
found to act as oxidative devices, in 
accordance with previous reports, when 
the filter effluent was being recirculated 
through them and when the tempera
tures were favorable. Bacterial re
movals in the biofilter system were 
quite variable. Good removals of coli- 
form organisms were common, but total 
counts in the final effluent often ex
ceeded total counts in the prim ary tank 
effluent, particularly  in the winter. 
The biofilter showed much greater sea
sonal variation in percentage of B.O.D. 
and suspended solids removals.

Additional reports on the use of 
alternating double filters come from 
England. Mills and Calvert (152) re
port on the conversion of standard fil
ters to an alternating double filtration 
system to handle an increased loading 
of camp sewage and laundry waste at 
a considerable savings in capital in
vestment. Results of operation were 
entirely satisfactory; B.O.D. was re
duced from 325 to 4.5 p.p.m. and oxy
gen consumed from 57 to 9 p.p.m.

H unter (111) presents information 
on the operation of enclosed aerated 
filters during acceptance tests. The 
filters were 18 ft. deep, provided with 
forced downward ventilation, equipped 
with rotary distributors and designed 
for application of 388 gal. per cu. yd. 
per day, approximately 3 times the rate 
of application on standard filters at the
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same location. Considerable ponding 
of the aerated filters resulted. Coarser 
rock was substituted in the filters but 
ponding still persisted. During 1942, 
seven tons of fungus growths were 
manually removed from the surface, 
and 4.5 tons in 1943. During the latter 
year, 2.23 times as much sewage was 
treated per unit volume of rock on the 
aerated filters as on the standard open 
filters; B.O.D. removals were 82.2 and 
73.9 per cent, respectively, of the ap
plied loading. The filter was accepted 
despite the ponding difficulties.

Mills (150) reports results of studies 
of the operation of the alternating 
double filtration system and of the 
single stage filter, as conducted at B ir
mingham, England, during the past 
four years. The single stage filter was 
operated at rates varying from 58 to 
80 gal. per cu. yd. per day, which rep
resented the maximum it was capable 
of handling. The rates of application 
on the alternating double filtration 
units increased from 160 gal. per cu. 
yd. per day during the first year to 
240 to 250 gal. The filters were alter
nated once a week during the first two 
years and once a day during the last 
two years. The quality of the effluent 
from the alternating double filters at 
four times the rate was equal to that 
from single filtration.

The case for continuous filtration 
with recirculation of part of the efflu
ent receives little support from the re
port of-Mills (151). His results are 
partially negated by a number of fac
tors : (1) A filter considered unfit for 
single and alternating double filtration 
studies was used; (2) The top 2.5 
ft. of bed consisted of %-in. round 
gravel; (3) The bed was 6.25 ft. deep 
and (4) A recirculation ratio of 1: 1 
was used. Some ponding occurred dur
ing the winter. Despite these handi
caps, when loadings as great as 250 
gal. per cu. yd. per day were applied, 
an effluent was obtained which was su
perior to that given by the primary 
filter of the double filter system but

poorer than that given by the double 
and single filters. Loadings on the 
double and single filters were 210 and 
60 to 80 gal. per cu. yd. per day re
spectively.

Taylor (197) reported on experi
ences in winter operation of covered 
and uncovered sewage filters at Air 
Force training schools in Saskatchewan 
and Manitoba. Open filters were found 
to slough during sub-zero weather and 
lose all effectiveness until spring 
weather when higher temperatures 
allowed restoration of the biological 
film on the rocks. In  covered filters 
the rock tem perature was sufficiently 
high to insure maintenance of reason
able purification at all times. Covered 
beds with continuous flow were found 
to m aintain a rock temperature about 
8 deg. F. higher than corresponding 
beds with interm ittent flow.

Edmondson and Goodrich (58) re
ported on the use of a “ cyclo-nitrify- 
ing” filter to provide tertiary  trea t
ment for part of the effluent of a 
bio-aeration plant. The filter effluent 
normally contained in excess of 20 
p.p.m. of oxidized nitrogen and when 
mixed with the primary tank effluent 
in equal volumes to form the bio-aera- 
tion tank influent, resulted in 
overcoming bulking and in general im
provement of effluent quality, as meas
ured by O.A., B.O.D. and stability 
tests. Their data indicate that from 
0.15 to 0.21 lb. of oxidized nitrogen can 
be produced per cu. yd. of filter media 
per day and that the production is in
fluenced little by rate of application 
over the range of 800 to 1,400 gal. per 
cu. yd. per day. Oxidized nitrogen was 
produced at approximately 10 per cent 
of its cost in the form of sodium ni
trate.

Hurley (114) discusses the applica
tion of the various types of filters and 
filter systems. Veatch (211) reviews 
the experience the Army has had with 
various installations of filters.

Halvorson and Smith (83) presented 
a scheme of sewage treatm ent in which
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preliminary sedimentation ahead of 
biological filtration is eliminated.

Patents
Process patents have been issued to 

Levine (137) for a two-stage filter 
system with settling tanks following 
both stages and recirculation from both 
tanks to the prim ary settling tank, and 
to Montgomery and Livingston (156) 
for a method of purifying sewage by 
downward percolation through a sub
merged aerated filter bed.

Activated Sludge

Theory
In  order to obtain a more accurate 

count of the bacterial population of 
activated sludge floe, Allen (3) broke 
up the floe by passing it through an 
homgenizer. From 11 to 100 times as 
many bacteria were found in the homo
genized sludge as in the raw sewage. 
A maximum of 2,200 million bacteria 
per ml. was obtained on nutrien t agar 
from homogenized sludge. The study 
indicated that the total number of bac
teria increased during the aeration of 
sewage and even after floe was formed, 
a large number of bacteria remained in 
the supernatant liquor. When more 
sewage was added to this floe and the 
mixture aerated, the bacterial count 
again increased, but in this ease the 
bacteria were rapidly associated with 
the floe leaving fewer in the super
natan t liquor. All species of bacteria 
isolated were rod forms. Most of them 
were gram negative, non spore forming 
and had no action on sugars. Accord
ing to Keefer (122), laboratory experi
ments indicate tha t sewage containing 
large quantities of grease can be oxi
dized by batch operated- activated 
sludge.

Operation
Edwards (59) has reviewed acti

vated sludge operating practice and 
Greeley (80) has discussed the develop
ment of the process. Greeley suggests

as conventional loadings with domestic 
sewage:

(1) 25 to 30 lb. B.O.D. applied per
1.000 cu. ft. of aeration tank 
capacity per day.

(2) 1 to 2 lb. B.O.D. added per
1.000 cu. ft. air supplied.

Imhoff (115) in 1943 estimated a suit
able loading for German plants to be 
31 lb. of B.O.D. per day per 1,000 cu. 
ft. of aeration tank capacity.

Dr'eier (57) has given an excellent 
summary of operating experience from 
29 mechanical activated sludge plants.

The use of porous diffuser tubes has 
been discussed by Koe (177). He stated 
that the advantages of tube diffusers 
a r e : greater contact volume, longer de
tention period of air because of the 
lower air velocities, better tank circu
lation and elimination of the center 
core. The decreased head required, 
which amounts to about 2 ft., may save 
7 to 10 per cent on blower power.

An excellent report has been pre
sented by Townend (205) on the op
eration of the Mogden activated sludge 
plant, E ng land ’s largest, for the 10- 
year period 1936-45. W ith an average 
flow of 72 m.g.d. the aeration period in
cluding reaeration was 7.5 hours and 
the air consumption 0.97 cu. ft. per gal. 
or 717 cu. ft. per lb. of B.O.D. re
moved. The aeration tank solids aver
aged 2,400 p.p.m. Even during the 
war years, the p lant effluent was ex
cellent and averaged 8.3 p.p.m. B.O.D. 
and 7.0 p.p.m. suspended solids for the 
10-year period. The diffuser plates, 
which have a permeability of 45 to 50, 
are fastened into cast iron boxes and 
air applied through a galvanized iron 
pipe. A fter three years, a sudden in
crease in the air pressure of 1—2 p.s.i. 
occurred. An investigation showed 
that the plate clogging was caused by 
an accuimdation of rust from  the boxes 
and the pipe and from some soot. The 
boxes were sand blasted and sprayed 
with zinc. The plates were burned at
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800 to 900° C. and the permeability 
was brought back to the original value.

Setter and Edwards (189), in lab
oratory experiments, found that mod
erately clogged diffuser plates may he 
cleaned in place by treatment with 
chromic-sulfuric acid or caustic soda 
followed by air blowing of the dry 
plates. When plates were badly 
clogged at top and bottom, vacuum ap
plied with a water wash to the top of 
caustic treated plates followed by blow
ing the dried plates at a pressure of 2 
p.s.i. for 5 to 18 hr. was successful in 
restoring the permeability. The vac
uum water wash removed the sandy 
material from the top of the plate and 
the air blew out or redistributed the 
clogging material at the bottom.

Mann (142) reported that at the 
Ley Creek, Syracuse plant, a larger 
flow was treated and less air was re
quired when the aeration tank solids 
were reduced from 3,000 to 4,000 p.p.m. 
to 1,500 to 1,800 p.p.m. and the aver
age aeration period was decreased from
6.6 to 4.4 hours. The effluent was as 
good or better than before and the 
activated sludge process appeared to 
stand industrial waste shocks better 
and to recover sooner.

The principles of modified sewage 
aeration or high-rate activated sludge 
have been applied on full plant scale 
at the New York Jamaica sewage trea t
ment plant since October, 1943. Ac
cording to Setter, Carpenter and 
Winslow (192) raw sewage without 
presettling was aerated for either 2.0 
to 2.5 or 4 to 5 hours, and settled for 
three hours. The aeration solids aver
aged 375 p.p.m. and the air consump
tion for aeration 0.34 cu. ft. per gal. 
of sewage. Irrespective of the con
centration of aeration tank solids, 70 
per cent of the B.O.D. and 83 per cent 
of the suspended solids were removed 
with 2.0 to 2.5 hours aeration and more 
than 75 per cent of the B.O.D. and 85 
per cent of the suspended solids were 
removed with 4 to 5 hours aeration.

The excess sludge averaged 5.85 per 
cent solids.

Shapiro and Hogan (191) found at 
the New York Bowery Bay plant that 
with modified sewage aeration, the air 
ratios were reduced to 0.39 cu. ft. per 
gal. sewage or to about 2/3 of the pre
vious air requirements needed with 
conventional activated sludge. With 
an average aerator suspended solids of 
500 p.p.m. and a 2.5-hour aeration pe
riod, more than 85 per cent of the 
B.O.D. and suspended solids were re
moved.

Sludge Bulking
The control of sludge bulking con

tinues to hold the interest of operators. 
At San Antonio, Berg (32) avoids 
bulking by returning activated sludge 
solids to the aeration tanks in the ratio 
of 10 parts by weight of returned 
sludge solids to 1 part of incoming 
sewage solids and by applying air at 
a rate of 900 cu. ft. per lb. of B.O.D. 
of prim ary effluent. Careful control of 
the volume of digester supernatant re
turned to the clarifiers is also impor
tant. Kraus (129) found that a well 
oxidized digested sludge added to the 
re turn  sludge would control bulking at 
Peoria. To oxidize the digested sludge 
it was mixed with activated sludge and 
aerated until all the sludge was con
verted to activated sludge and much of 
the nitrogen was changed to nitrates. 
This method of treatm ent made the 
disposal of digester supernatant vei'y 
simple, and permitted greater loadings 
to the aeration and final settling tanks.

Experience at some army camps has 
added more information on the control 
of bulking with chlorine. A fter other 
methods failed, Kin (125) found that 
the application of 10 to 16 p.p.m. of 
chlorine based on the return  sludge 
flow eliminated bulking at a plant in 
one of the southern camps in ten days. 
A t the time of the chlorine treatment, 
the concentration of solids in the re
tu rn  sludge flow was only 700 p.p.m. 
Tapleshay (195), from data obtained
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from a number of plants, found that 
continuous chlorination of either re
tu rn  sludge or aeration tank effluent 
improved the sludge index but that 
less chlorine was required when it was 
applied to the return  sludge. He ob
served that the dosage of chlorine is 
a function of the sludge index and the 
dry weight of solids in the return  
sludge. The concentration of grease in 
the re tu rn  sludge, which varied from
4.8 to 29.9 per cent, did not seem to 
have any effect on the sludge index.

In  a mechanical aeration plant at 
Greece, N. Y., Denise (54) eliminated 
bulking by aerating the settled sewage 
before addition of the re tu rn  sludge. 
Other changes in operation made at the 
same time may have assisted in elimi
nating bulking.

Rising Sludge

I t  seems to be well established .that 
the rising of sludge in final settling 
tanks is caused by the buoyancy of gas
eous nitrogen formed by the reduction 
of nitrites or nitrates. Brandon and 
Grindley (39) reported that a concen
tration of 50 to 60 p.p.m. of ammonium 
nitrate caused rising of sludge in lab
oratory experiments, and smaller con
centrations produced rising sludge on 
plant scale tests. They suggest that 
the liberation of gases could be pre
vented by the addition of substances 
which inhibit bacterial action. Sawyer 
and Bradney (186) found that sub
stances inhibiting nitrifying and deni
trifying organisms also caused poor 
B.O.D. and organic nitrogen removals 
and therefore produced unsatisfactory 
effluents. According to Lockett (140) 
rising sludge can be prevented by 
eliminating short circuiting in aeration 
tanks and by promptly withdrawing 
sludge from the final tanks. I t  is also 
necessary to apply air a t rates high 
enough to insure constant and thorough 
mixing (7 to 12 cu. ft. per hr. per sq. 
ft. of tank surface) and to provide an 
aeration period long enough to pro

duce an average of 8 to 12 p.p.m. of 
n itrate nitrogen in the effluent.

Design
As a result of his work in “ density 

currents,”  which are the gravity flows 
produced in one fluid by another fluid 
of slightly greater density seeking a 
lower level, Anderson (7) has set up 
certain design values for secondary set
tling tanks. He believes that the load
ing should average about 900 to 1,000 
gal. of aeration tank effluent per sq. 
ft. per day with a maximum of 1,600 
to 1,800 gal. per sq. ft. per day. The 
detention period should be 1.7 to 2.6 
hr. depending on the depth. For cir
cular tanks with center inlet, the radius 
should not exceed 5 times the sidewall 
depth. For rectangular tanks where 
the inlet velocity is more easily re
duced, the flow length should not ex
ceed 7 times the depth. In  general, the 
depth below the effluent weirs should 
not be less than 10 ft. and the inlet 
velocity as low as possible without de
pendence on baffles. The weir loading 
rate should not exceed 20,000 g.p.d. 
per ft. of weir even when the weirs 
are placed away from the upturn of 
density currents. A t customary sur
face ratings, the size of circular tanks 
with center feed and peripheral efflu
ent weirs is limited to a maximum diam
eter of 80 ft. but larger tank sizes are 
possible by providing effluent troughs 
carried on brackets away from the wall. 
Anderson prefers the sludge with
drawal sump at the inlet end, based on 
experiments in which the sump was so 
placed. Gould (78), from compara
tive studies of sludge withdraw al point 
locations, prefers to have the sludge 
withdrawal sump at the effluent end 
of the tank.

Chlorination
The advantages of chlorinating sew

age for disinfection, for the control of 
odors and septicity, and for reduction 
of B.O.D., have received general rec
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ognition. The specialized applications 
of chlorine have developed slowly be
cause only limited research has been 
performed to determine the basic re
actions involved. I t  is encouraging to 
note that more investigations of re
search nature have been made in this 
field during the past year.

Chlorination Applications

Single unit tank cars are used to 
supply chlorine at the Detroit sewage 
treatment plant, and an automatic de
vice has been developed to indicate 
when a car is empty. Liquid chlorine 
discharges from the tank car through 
a 150-lb. chlorine cylinder which is 
mounted on a scale. When no more 
chlorine remains in the car, the chlo
rine is next removed from the cylinder 
and the resulting loss in weight on the 
scale sounds an alarm. Many other 
safety precautions have been taken at 
this plant (27).

Careful control of chlorine dosage at 
the Buffalo sewage treatm ent plant has 
resulted in improved disinfection de
spite both an increase in sewage flow 
and a reduction in total chlorine ap
plied. The average chlorine applica
tion at this plant is 2.45 tons per day 
(19).

In the works proposed for the Boston 
sewage treatment plant at Nut Island, 
where preaeration, chlorination, and 
sedimentation are to be provided, Ken- 
nison (123) mentions that an existing 
building will be converted to use for 
chlorine storage rooms and chlorinating 
equipment.

Chlorination for Disinfection

The Interstate Sanitation Commis
sion has conducted studies (22) to de
termine the chlorine contact period in 
those sewage works which discharge 
effluents requiring disinfection. By ap
plying fluorescent dye at the point of 
chlorine application, the actual time of 
contact before sewage reaches the re
ceiving water W’as determined, indi

cating the proper holding time of chlo
rinated samples.

Study of an epidemic of infective 
hepatitis, which occurred in a large 
summer camp and affected 350 of 572 
persons, indicated the causative virus 
of this disease to be waterborne. The 
source of contamination appears to 
have been infective sewage from a cess
pool near the camp well. A study by 
Neefe, Stokes, Baty, and Reinhold (159) 
employed human volunteers and proved 
that ordinary chlorination did not in
activate the virus but that superchlo
rination beyond the break-point to pro
vide a chlorine residual of 15 p.p.m. 
after 30 min. contact would do so.

The cercariae of Schistosoma can be 
rendered non-motile by chlorine doses 
of 0.5 to 1.25 p.p.m., and can be ren
dered non-infective by a chlorine dose 
of 1.25 p.p.m. acting for 4 min. or by 
a dose of 0.44 p.p.m. acting for 18 min., 
according to a study by Gonzalez, 
Biaggi, and Leon (77).

While chlorine dioxide may be of no 
present interest in the treatm ent of 
sewage, its growing application in the 
water works field should be recorded. 
Studies by McCarthy (147) show this 
material to be more affected by organic 
m atter than is chlorine and, conse
quently, a given concentration is less 
effective for disinfection.

Chlorination for Control of Odors
Chlorine continues to play an im

portant role in odor control (26). The 
trickling filter influent at Flint, Mich., 
is treated with a chlorine dose equal to 
one-half of the chlorine demand. A 
dose of 2.0 p.p.m. is applied in up- 
sewer chlorination at Atchison, Kan., to 
overcome the effects of industrial waste. 
At Rutherford, N. J., both raw sewage 
and filter influent are chlorinated.

At Rockville Centre, N. Y., the use 
of prechlorination at pumping stations 
controls odors and prevents septicity 
in sewage delivered to the modified ac
tivated sludge plant, as described by 
Andersen (6). The clarified effluent is
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chlorinated to maintain a residual of
2.0 p.p.m., residual chlorine tests being 
made every hour. Princeton, N. J., ob
tains not only odor control but im
proved coagulation and digestion as 
well through the application of iron 
chloride produced from chlorine and 
scrap iron (25).

Chase (48) includes prechlorination 
as a remedy for offensive odors pro
duced by trickling filters receiving 
septic sewage. Doman (56) notes that 
a t the Old Greenwich, Conn., plant 
supernatant liquor is settled in sepa
rate units and then is returned to the 
prim ary settling tanks without deleteri
ous effect, hut such re turn  does increase 
the chlorine demand.

Chlorination in Activated Sludge
Treatment
Dreier (57) describes the use of chlo

rine for control of bulking in mechani
cal activated sludge sewage treatm ent 
plants at Batavia, 111., Bucyrus, Ohio, 
Great Lakes, 111., and Radnor-Haver- 
ford, Pa. A t Great Lakes, chlorination 
of re turn  sludge is started at the first 
evidence of impending bulking, using 
a dose of 4 p.p.m. based on the flow of 
raw sewage. Bulking is reported to oc
cur frequently a t Radnor-Haverford 
but excellent control is accomplished 
by chlorination of the re tu rn  sludge 
using a dosage of 10 p.p.m. based on 
the re turn  sludge flow.

Prechlorination and preaeration are 
employed at Greenville, S. C., to im
prove scum collection (24). In  dis
cussing the findings of Eliassen and 
Schulhoff (6D) tha t at Army sewage 
treatm ent plants the inclusion of chlo
rine in preaeration accomplished no in
creased removal of grease by subse
quent processes, Mahlie points out that 
grease received at municipal sewage 
treatm ent plants differs in composition 
from that at Army plants.

In  reporting on the operation of the 
Jackson, Mich., activated sludge sew
age treatm ent plant, Cameron (43) 
states that during the last year little

if any trouble has been encountered in 
keeping diffuser 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 24 hr., has solved 
this problem.

Chlorination in Industrial Waste
Treatment
Friel and W iest (66) report on 

eighteen months of operation of an in
dustrial waste treatm ent p lant utilizing 
chlorination to destroy cyanides. Chlo
rine apparently reacts to form cyano
gen chloride which quickly hydrolyzes 
to non-toxic ammonia and carbon diox
ide. This process was developed by 
laboratory study and the results of 
p lant scale operation are highly satis
factory.

In  Connecticut, as described by Wise 
(225), wastes from a textile plant dis
charging dyeing and finishing wastes 
through an equalization and controlled 
flow system are satisfactorily handled 
at a municipal sewage treatm ent plant. 
Chlorine demand of the various wastes 
at the mill ranged from 8 p.p.m. to 
3,200 p.p.m. Domestic sewage flow 
averaged 16 m.g.d. and textile wastes 
0.9 m.g.d. The chlorine demand of 
textile wastes as discharged averaged 
2,060 lb., but the chlorine demand of 
mixed textile wastes and domestic sew
age averaged only 1,300 lb.

Superchlorination continues in use 
as a method for the pretreatm ent of 
packinghouse wastes at Austin, Minn. 
Hill (102) reports that the process in
cludes plain sedimentation, the applica
tion of chlorine (3,500 to 4,500 lb. of 
chlorine per day to a flow of about 1.8 
m.g.d.) and sedimentation. This treat
ment precipitates a large percentage of 
the protein material and subsequent 
chemical flocculation at the municipal 
sewage treatm ent p lant accomplishes 
only a small additional improvement. 
Combined packinghouse and domestic 
wastes are treated on trickling filters.

Gehm (70) reports the chlorine de
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mand of paper pulp wastes to be in the 
range of strong domestic sewage (10 
to 20 p.p.m .) and that chlorination to 
provide a residual of 0.2 p.p.m. re
duces the B. coli count to less than 1 
per ml. Lagooning was resorted to 
(133) for disposal of industrial wastes 
containing considerable oil at a Lock- 
port, N. Y., industrial p lant and odor 
was controlled effectively with sodium 
hypochlorite. According to F riel (65), 
prechlorination of sewage usually ac
complishes a considerable reduction in 
the dose of coagulant required for 
chemical treatm ent plants.

Chlorination Research
Griffin and Chamberlin (81) investi

gated the effect of heavy doses of chlo
rine on sewage, using samples from one 
plant where raw, settled, aerated, and 
activated sludge effluents were avail
able. Laboratory tests wei’e made 
using chlorine doses up to 400 p.p.m. 
in order to determine the changes re
sulting from break-point chlorination 
and the existence. of free available 
chlorine residuals. The ratio of chlo
rine to ammonia at the break-point in 
sewage is of the same order as that 
found in water chlorination, i.e. 10: 1. 
Ammonia is destroyed progressively 
from the first appearance of a chlorine 
residual until the break-point is reached, 
and thereafter it completely disap
pears. Albuminoid nitrogen is not ap
preciably affected by the amounts of 
chlorine used in this study. All ap
preciable reductions in B.O.D. take 
place ahead of the break-point and the 
greatest reductions per pound of chlo
rine applied occurs at the first appear
ance of a chlorine residual.

The control of sludge index by chlo
rination of return  sludge was accom
plished by Tapleshay (195) at three 
Army sewage treatment plants. For 
these plants he has devised a mathe
matical relationship as a basis to de
termine the dosage of chlorine to apply 
to a bulked sludge. He reports that 
this principle (the proper chlorine

dose is a function of the sludge index 
and the dry solids in the return sludge) 
has been employed at several activated 
sludge plants treating municipal sew
age and that the results have, in almost 
all cases, corroborated the original 
findings.

Kin (125) has found chlorination 
of return  sludge at the Camp Butner, 
N. C., activated sludge plant to consti
tute a successful corrective for bulking. 
A dose of 10 p.p.m., based on return 
sludge flow, for ten days and at a re
duced rate for another ten days was 
employed. Threatened bulking is now 
checked by repeating the treatment.

A fter determining that the rising of 
activated sludge can be correlated with 
the presence of nitrites and/or nitrates, 
Sawyer and Bradney (186) studied the 
effect of chlorination to control n itri
fication. In laboratory studies, three 
feeding experiments were run in which 
return  sludge was chlorinated before 
each feeding, using doses of 4, 7, and 
10 p.p.m. The results show that both 
nitrite and nitrate formation were in
hibited by this treatm ent and some 
denitrification resulted. High organic 
nitrogen and B.O.D. values of the 
treated sludge, however, led the au
thors to the conclusion that the purify
ing ability of the activated sludge had 
been seriously impaired. The results 
cited do show marked increases in 
effluent B.O.D., but they also show 
that a considerably longer period of 
time elapsed before rising of the 
sludge occurred.

Gehm (68) has investigated certain 
factors affecting chemical treatm ent of 
sewage and reports laboratory studies 
showing that coagulation with ferric 
chloride reduces chlorine demand an 
average of 67 per cent ; with ferric 
chloride and lime (pH  9.0) the average 
reduction was 61 per cent ; with ferric 
chloride and sulfuric acid (pH  4.0) the 
average reduction was 25 per cent; 
settling without added chemicals re
duced chlorine demand 36 per cent. He 
also studied the reductions in B.O.D.
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accomplished by chlorinating sewage 
effluents after chemical coagulation: 
the B.O.D. of sewage coagulated with 
ferric chloride was fu rther reduced 7.6 
per cen t; that of sewage coagulated 
with ferric chloride and lime was re
duced 13.2 per cen t; ferric chloride and 
acid effected a reduction of 14.6 per 
cent.

Chang (47) reports great difficulty 
in applying the oxidation potential 
method of determining germicidally 
active chlorine in water, and the evalu
ation of potential measurements on 
sewage would appear almost impossible.

Sludge D igestion
Research

In  their investigations of the bene
fits and disadvantages of rapid diges
tion of sewage sludge in the thermo
philic tem perature range, Fischer and 
Greene (64) report on plant scale in
vestigations at Jackson, Mich., the 
tests conducted at Aurora in 1931 are 
first summarized. These tests made it 
evident that sludge heating methods 
other than by conventional hot water 
coils would be necessary in order to 
m aintain thermophilic temperatures.

In  the Jackson, Mich., tests stage di
gestion of raw prim ary and waste acti
vated sludges was involved. Stage 
digestion evidently helped to classify 
the higher volatile m atter in the p ri
m ary tank. At approximately the 
same density of the mesophilic and 
thermophilic digested sludges about 1.6 
times the maximum mesophilic loading 
•was obtained in the thermophilic sys
tem. The most satisfactory range for 
prim ary thermophilic tank operation 
appears to be 125° to 130° F. This 
makes the heat requirements for ther
mophilic digestion about double those 
for mesophilic operation. The experi
ences encountered in heating the di
gester by means of contact type heaters 
and live steam are described.

Ridenour, Backus and Sherron (175) 
report on laboratory investigations of

the effects of polvsnlfide treated case 
hardening, copper and zinc plating 
solutions on sludge digestion. The rate 
and quantity  of gas produced by diges
tion were used as indexes of industrial 
waste toxicity. The data submitted in
dicate that a m aterial concentration of 
each waste could be tolerated by the 
sludge digestion process before impair
ing digestion. A definite tolerance for 
sodium cyanide has to be built up in 
digestion. Because the basic constitu
ent of each waste was calcium poly
sulfide, all wastes increased the H 2S 
content of the digestion gas.

In  South Africa the demand for 
formalin increased as the importation 
decreased during the war. A serious 
shortage of this im portant chemical re
sulted. Following the original sugges
tion of Wilson (17) to use the methane 
in digestion gas as a raw material for 
the production of formaldehyde, the 
city of Johannesburg and the Depart
ment of Commerce and Industries of 
South Africa set about conducting 
plant scale experiments with such an 
end in view. The production of form
aldehyde (IIC H O ) from methane 
(CH 4) by direct oxidation produces 
inconsequential quantities of the for
mer. Consequently the methane was 
first converted to methyl alcohol which 
was dehydrated to produce formalde
hyde.

Tank Design
Velzy (212) ably sketches the prob

lems involved in handling sludge from 
the time it leaves the settling tanks 
until it enters and leaves digestion. 
He lays needed emphasis on designing 
digestion tanks to keep the accumu
lating top scum moist.

Sludge Pumping
Yeomans (228) describes a better 

method of pumping sludges in a diges
tion system by means of a sludge ejec
tor (old fashioned air displacement 
pump or monte jus) operated by diges
tion gas under the constant pressure
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provided by any standard pressure 
storage gas holder.

Imhoff Tanks
According to Daniels (52) “ The Im 

hoff tank had the misfortune to be born 
long before the principles of sludge 
digestion were known and, as a result, 
probably the m ajority of them was 
underdesigned as to sludge capacity.” 
The author of this didactic treatise 
deals with the various factors influenc
ing capacities and relationships which 
should prevail in the design of such 
tanks.

Operation
Samson (183) reports on the use of 

four fixed cover type digesters devoted 
to single stage operation at moderate 
temperature ranges. The author con
siders the most valuable feature of the 
4-year old installation to be the pro
vision of sampling cocks at 1-ft. in
tervals throughout the entire depth of 
each tank. Another valuable feature 
of the installation is the provision of 
power driven scum breakers and sludge 
stirring mechanisms. In  order to 
thicken the raw sludge before pumping 
to digestion tanks it is held in the 
primary tanks for two days. The 
thickened raw sludge entering diges
tion has a relatively low volatile con
tent, which probably accounts for the 
expressed preference for single stage 
digestion at this plant a t Tonawanda, 
N. Y.

Barton (29) describes an interesting 
list of experiences and observations in 
operating the 75,000 cu. ft. digestion 
tank and auxiliary equipment at F ind
lay, Ohio. Ground garbage is treated 
with the sewage flow at this plant.

Townend (205) contributes an in
formative account of ten year’s prac
tice in sludge digestion and gas utiliza
tion at the Mogden Works of the West 
Middlesex Main Drainage project 
which is the largest complete treatment 
plant outside the United States and

which serves over a million of the 
Greater London suburban population.

The entire output of mixed prim ary 
sludge waste activated sludge, and 
sludge from storm water tanks (480,000 
U. S. gal. daily) passes through diges
tion, with the first and second stages 
seven miles apart. The supply of di
gestion gas for power purposes made 
a most valuable contribution to the 
conservation of national resources, sav
ing over 1,500,000 U. S. gal. yearly in 
fuel oil which, if imported, would have 
cost about $300,000. In  a decade of 
operation, the digestion and power 
p lant have shown no failure of any 
kind. In  regard to power require
ments the power plant is entirely self 
supporting, with no outside power re
serve. I t  has been more completely 
trustworthy than the public power 
supply.

Of the ten engines installed (550 
b.p.h. each on gas) 8 run  on the di
gestion gas and 2 are reserved for fuel
oil. Six drive turbo-compressors and 
4 are coupled to D.C. generators. 
Some gas is used for motor vehicle 
fuel.

Theory and Operation
Langford (135) presents a brief 

treatise on general theory and practical 
operation of digestion tanks. The 
round table discussion on operating 
temperatures in digestion tanks is con
cluded in Sewage Works Engineering 
( 2 0 ).

Supernatant
Realizing the prime importance of 

producing rapid and effective separa
tion of supernatant liquor from di
gested solids in the operation of diges
tion tanks, Rudolfs and Fontenelli 
(181) report on results obtained in 
laboratory experiments and in the op
eration of digestion tanks in three sew
age treatm ent plants.

The volumes of supernatant which 
could be obtained from stored fresh 
solids, ripe sludge and digestion mix
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tures were determined from laboratory 
experiments. The quantities of super
natan t liquor produced from raw 
sludge, single- and two-stage digestion 
were determined from plant operation. 
The percentage of separation of liquor 
was higher in actual plant operation 
than in laboratory equipment. In the 
plants investigated the digestion tem
peratures were maintained a t 82° to 
84° F. The various factors influencing 
the production of supernatant and its 
separation from suspended solids are 
systematically listed.

Thé various factors and problems 
involved in the production, .treatm ent 
and disposal of digester supernatant 
are also presented by Erickson (62). 
Some factors affecting the volume of 
supernatant are outlined and, in order 
to use the term “ supernatant liquor” 
significantly, an attem pt is made to 
give it existing sense in some definition 
by a process of elimination.

I t  is logically claimed that the super
natan t liquor problem is comparatively 
recent and has apparently developed 
with the advent of separate sludge di
gestion. I t  was not so much of a prob
lem with Imhoff tanks. The author 
argues tha t a continuous removal of 
liquor at a low rate of flow from mod
ern separate sludge digestion tanks will 
simulate conditions under which a good 
quality of liquor is slowly displaced 
from Imhoff tanks. The equipment 
suggested for this purpose was pre
viously described by Schlenz (187) and 
reviewed in This J ournal.

Various methods of treating  digester 
supernatant are described, and the ex
perimental results obtained at Cleve
land, Ohio, Camp Shelby, Miss., and 
Geneva, 111., by the use of atomized 
aeration and settling are graphically 
shown.

Chamberlain (46) discusses the fore
going paper, the three characteristics 
of strong digester supernatant inimical 
to its easy disposal (B.O.D., suspended 
solids, and septifying ability), and 
lays emphasis on the immediate oxygen

demand (5-min. B.O.D.) of this liquor 
and its satisfaction. The types of treat
ment used to satisfy this demand and 
to remove suspended solids a t Bucyrus, 
Ohio, and Geneva, 111., are described.

The serious supernatant problem at 
Scott Field, 111., was solved in an un
usual m anner according to Tharp 
(199), i.e., by elim inating the super
natant. The digestion tem perature was 
raised from 90° to 102° F. to accelerate 
digestion and the schedule of pumping 
to digestion and withdrawals of sludge 
from same were changed to eliminate 
supernatant and any necessity for find
ing a definition for it.

Notwithstanding the foregoing, the 
most novel method of dealing with the 
problematic liability of poor super
natant has been disclosed in Peoria, 111. 
Reference to this interesting subject 
has been taken elsewhere in this review 
under the heading of Activated Sludge. 
However, it deserves cross reference 
here in reviewing literature on the sub
ject of supernatant liquor.

K raus (129) has evidently converted 
the inimical liability of supernatant in
to a remarkably effective asset in acti
vated sludge treatm ent. I f  his dis
closures are confirmed elsewhere, he 
will have demonstrated the spirit of 
real invention by converting treatment 
enemies into allies of value in solving 
two problems simultaneously, i.e., that 
of controlling the bulking of activated 
sludge and that of supernatant treat
ment. A t Peoria he has developed a 
method of controlling the sludge index 
in sludge activation by the application 
of digested sludge or digester super
natan t that has been properly seeded 
with activated sludge.

Digester Gas Hazards
Langford (134) presents a construc

tive discussion of the im portant subject 
of “ Safety Considerations in the De
sign of Gas Utilization Facilities.”  As 
the subject title indicates the author 
considers the hazards resulting from 
the production, use and wasting of di
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gester gas and the reduction of these 
hazards to men and plant structures 
by the proper design and installation 
of all equipment having anything to 
do with the production, storage, dis
tribution and utilization of this gas.

For the safe distribution and utiliza
tion of digester gas the constant in
surance of keeping the gas under posi
tive pressure is of fundamental im
portance. The importance of proper 
ventilation of plant structures and the 
control of the various methods of ven
tilation are stressed. Finally, from the 
standpoint of safe practice in design, 
installation, and utilization of the gas, 
general specifications are discussed rel
ative to practically all structures, 
equipment and piping from the diges
tion tanks to boilers and chimneys.

In spite of safety considerations, 
occasional explosions of digestion gas 
take place. The conditions which led 
to such an explosion at the treatment 
plant of Monroe, Michigan, are de
scribed in Sewage Works Engineering 
(18). Building walls were displaced 
and some equipment was damaged. 
The plant operator suffered from shock 
but was not seriously injured.
Gas Utilization 

Boehm (34) describes the novel 
Worthington gas engine equipped to be 
readily shifted from the use of digester 
gas to the use of fuel oil or to any 
combination of the two without inter
rupting the load. The first installation 
of this engine was made a t the New 
York Tallman’s Island plant.
Gas Holders 

Seven years after putting a 50-ft. 
diameter spherical gas holder into serv
ice at Green Bay, Wis., it was cut out of 
service and thoroughly inspected. M ar
tin (144) states that due to the pro
tective coating of paint and oil it had 
thoroughly resisted rust and corrosion.
Digestion Tank Repair 

Urban (209) tells of solving a prob
lem involving the replacement, in a 6- 
in. drain line from a floating cover di

gester, of a flanged valve when there 
was no other valve on the line. I t  was 
done without either adm itting air into 
the digester or the loss of sludge from 
the same.

Patents
The following U. S. patents relating 

to digestion were issued in 1944 and 
1945 to: (1) Schlenz and Cox (188) on 
a method of treating supernatant liq
uor from a digestion tank by means of 
aeration, sedimentation and returning 
the settled solids to digestion and the 
clarified liquid to sewage trea tm ent; (2) 
Branzell (40) et at on a continuous two- 
stage digestion tank for fibrous ma
teria l; (3) P ia tt (165) for arrange
ments for removing digestion gases 
from a two compartment digestion sys
tem, without disturbing the tank con
ten t; (4) Evans and Gutman (63) cov
ering a plurality of rectangularly 
formed digestion chambers and (5) 
Burgett (41) for a septic tank con
structed of molded cementitious ma
terials.

Sludge Disposal
Arm y and Navy Plants

Greeley (79) calls attention to the 
hundreds of sewage treatm ent plants 
built by the Army and Navy during 
the past three years and urges that 
their operating experience be sum
marized for application to municipal 
projects. There appears to be a trend, 
he says, toward simplifying sludge dis
posal. Dumping wet sludge in the 
ocean and lagooning are examples of 
this. The author also notes a desire by 
some municipal authorities to dispose 
of garbage and sludge together. The 
location of high temperature refuse in
cinerators at sewage treatm ent plants 
is one satisfactory method of accom
plishing this.

Elutriated Sludge Plant Design
Trends in elutriation plant design 

are outlined by Genter (74). In  sew
age treatm ent vacuum filters are now 
being used to serve about 14,000,000
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persons. The plants involving short 
circuiting all fresh solids to the filters 
and heat driers or incinerators without 
the benefits of digestion serve some
what over 6,000,000 population. About 
22 per cent of this population is served 
by the w orld’s largest existing filter 
installation at the Southwest plant in 
Chicago. The advocates of sludge di
gestion, with and without élutriation, 
have installed filters to serve almost 
8,000,000 population. This service is 
about evenly divided between élutria
tion and non-elutriation. The latter is 
best represented by Cleveland, Ohio, 
and Buffalo, N. Y. The dozen or so 
illustrations involving élutriation serve 
slightly over 4,000,000. The largest of 
these installations are at Baltimore, 
Md., and the D istrict of Columbia, each 
serving about a million population.

Chemistry, says Genter, has come to 
play an im portant role in the economics 
of mechanical dewatering and the proc
essing of sludge prior to filtration. The 
most efficient chemical is ferric chlo
ride. The dose requirements vary 
greatly. Measured in terms of domes
tic sewage sludge dosed and filtered 
per 1,000 persons daily, the most ex
pensive are both the fresh waste acti
vated sludges of high volatile content 
and the th in  digested sludges derived 
therefrom ; namely, from 11 to 12 lb. 
of ferric chloride. The least expensive 
are the heavy, highly mineralized, well

improves filter yields while materially 
reducing the chemical requirements.

Genter (73) has developed an equa
tion for computing the coagulant de
mand of sludges for filtration as fol
lows : X  — I.O8Y1 +  1.61 0 where X  is 
total chemical dose, 1 \  is the percent
age of alkalinity in the sludge solids 
and r 2 is the ratio of volatile matter 
to ash in the sludge.

Hubbel (110) and G arritv  (67) state 
that elutriation has not proven success
ful in Detroit. I t  is to be hoped that 
details of the methods of operation and 
of the actual results obtained will be 
forthcoming to reveal why the experi
ence at Detroit is at variance with other 
reported results. One digestion tank 
is used for partia l digestion and gas 
production. The partially  digested 
sludge mixed with raw sludge, grit and 
scum is filtered on vacuum filters to 
70 per cent moisture and fed to the 
incinerators. The ash is sluiced to 
lagoons. The ash yield is 2.000 tons 
a month and methods other than la- 
gooning, such as barging or cement 
production, are being considered. 
About 0.19 gal. of fuel oil per unit ton 
burned is used mostly in warming up 
periods.

Vacuum Filter Areas Required
Zack (229) gives in Table 1 the 

vacuum filter areas required for the 
sludges listed.

T A B L E  1.— V acuum  F ilter A reas R equired for V arious Slu d ges

T y p e  o f  Sludge Conditioning Chemicals Sq. F t. per 
1 ,0 0 0  P e rs o n s

U n d ig e s te d  a c tiv a te d  sludge A lum inum  s u lfa te 40.0
U n d ig es ted  a c tiv a te d  sludge F e r r ic  ch loride 3.5
R aw  p la in -se ttle d  sludge L im e and  f e r r ic  ch lo ride 1.0
C h e m ica lly -p rec ip ita ted  raw  sludge L im e a n d  f e r r ic  ch lo ride 2.0 to  3.0
D ig ested  e lu tr ia te d  p r im a ry  sludge F e rr ic  ch lo ride 0.6
D ig ested  e lu tr ia te d  sludge fro m F e rr ic  ch loride 1.1

com plete  t r e a tm e n t

elutriated digested sludges requiring 
about 1 lb. ferric chloride per 1,000 
persons daily. Between these dosing 
extremes lie the other variations. In 
stallations using sludge digestion and 
elutriation have demonstrated that it

Lse of Ferric Chloride as Conditioner 
for Sludge Beds
Halvorson and Smith (83) describe 

seven existing small sewage treatm ent 
plants which can be housed in a single 
building where screenings from a 14-
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mesh self-cleaning fine screen and raw 
humus sludge from a tile media Aero- 
filter are treated with ferric chloride 
and dewatered on enclosed sludge beds 
of sand in 4 to 6 hr. Less than 2 lb. 
of chemical is used per 100 gal. of 
sludge and only 20 sec. of flash mixing 
is required. The purpose of the proc
ess is to reduce the discharge of B.O.D. 
and nitrogen in the plant effluent by 
eliminating digestion and, therefore, 
the need of supernatant liquor return 
to the raw sewage. Other advantages 
of doubtful value are mentioned.

Use of Alum  to Hasten Sludge Drying
Thompson (201) at Stratford, Conn., 

following the example of Sperry at 
Aurora, used alum at a cost of about 
$8 per 70,000 gal. of sludge to hasten 
dewatering on open sludge beds. The 
reduction in water content of the 
sludge in 24 hr. has been nearly twice 
as great for treated sludge as for un
treated sludge. The treated sludge 
dries in less than one-half the time 
required for untreated sludge, and the 
dried residue is thinner, lighter in 
weight and, therefore, more easily re
moved. Odors have been reduced and a 
greatly overloaded Imhoff tank plant 
has been kept in fairly good operating 
condition pending contemplated alter
ations and additions in the postwar 
era.

Use of Refuse Incinerator Heat for
Sludge Drying
Yan Kleeck (210) gives favorable 

comment to the use of waste refuse in
cinerator heat at Stamford, Conn., for 
drying an elutriated digested primary 
sludge. In  an article w ritten for op
erators describing and discussing the 
common drying processes, the impor
tant role of sludge conditioning proc
esses prior to dewatering is emphasized.

Fertilizer
Investigations in England during 

the war for production and estimation 
of value of manure from sewage

sludges with and without composting 
with refuse have been pursued. Bould
(37) describes a method of composting 
town refuse with fresh sewage sludge 
in cells furnished with drain pipes or 
filter bed tiles, the purpose of which is 
to furnish ventilation and aeration to 
the pile during fermentation, which 
raises the temperature to 65° C. within 
a week. W ithin 3 weeks the compost 
was free of obnoxious odors. The 
depth of the pile was 4.5 ft. In  order 
to minimize the losses of organic m at
ter and nitrogen during the fermenta
tion, it is recommended that the aerobic 
stage should be limited to 2 weeks fol
lowed by 1 to 2 months of the partially 
anaerobic stage. Best results were ob
tained with refuse-sludge ratios of 1 : 
1 on a wet basis or 20 : 1 on a dry basis. 
In  spite of the increase of ammonia 
nitrogen during the fermentation, ni
trogen immobilization takes place when 
the mature compost is added to the 
soil.

Crowther (51) reported the results 
obtained from the application of sew
age sludge on potatoes, barley and man
golds. Comparisons were made of 
sludges and farm yard manure supple
mented with commercial fertilizers. 
The sludges used were: (a) prim ary 
digested sludge dried on sand beds and 
(b) digested prim ary and excess acti
vated sludge dried on sand beds. The 
prim ary digested sludge failed to in
crease the yield with any combination 
of fertilizers while the digested p ri
mary and excess activated sludge in
creased the yield under all conditions 
but not to the same extent as farm yard 
manure with similar combination of 
fertilizers.

Müller (157) conducted experiments 
with raw and digested sludge treated 
in various ways.

To control fly breeding in raw sludge 
during drying in open beds at Cairo, 
Egypt, (220) the sludge is dried in 
thin layers. Before the hatched larvae 
pupate and after the first layer is 
dried, another layer of liquid sludge
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is spread over it. When a bed is nearly 
full by repeated “ flooding”  action, a 
layer of sand is spread over the top and 
flooded with settled sewage.

M echanical Equipm ent

Many m anufacturers of sewage 
works equipment (21) stress a report 
of a survey by the W ater and the Sew
age Works M anufacturers Association 
which led to the conclusion that “ no 
radically new equipment or processes 
(are) being planned for immediate 
postwar m arketing.”  Nevertheless, 
there is repeated reference in the litera
ture to mechanical equipment in de
scriptive articles of sewage treatm ent 
plant design. For example, attention 
is directed to an article by Riddick 
(174) describing the design of a plant 
for the treatm ent of wartime industrial 
waste, in which the importance of me
chanical equipment is emphasized. 
That mechanical equipment is not con
fined to large plants is emphasized by 
Bell (30) in an article on the design of 
small plants. Marston (143) points 
out that ‘ ‘ certain operations about sew
age treatm ent plants can be handled 
with better results and at the same 
time avoid unpleasant manual labor.”  
He emphasizes his remarks by calling 
attention to mechanical equipment used 
in cleaning grit chambers, removing 
sludge from sedimentation tanks and in 
in the handling of sludge, in the aera
tion of sewage, and in settling tank de
sign.

In  a staff article in Sewage Works 
Engineering (21) much space is given 
to m anufacturers of sewage works 
equipment for the description of their 
products and to predict things to come. 
A result is a comprehensive review of 
up-to-date products. Among the prod
ucts and equipment described a r e : 
“ package”  sewage treatm ent plants 
for small installations; electrical con
trols and equipment providing greater 
safety in gas-filled chambers and to 
protect other electrical equipment from

overload; a new 1 ‘ adjustable-multiple- 
venturi-flume-distributing baffle ’ ’ to dis
tribute the flow of water or sewage into 
rectangular settling basins; a floccu- 
lator which has no underw ater bear
ings, chains, or moving drives, with 
favorable power consumption, called a 
Walking Beam Flocculator; Duracite, 
a resin-cement “ resistant to most in
organic acids, organic acids, alkalies of 
any degree of concentration, oils and 
solvents, with high compressive and 
tensile strength, and tem perature range 
between 350° and 375° F .;  improve
ments in Infilco grit removal mecha
nisms, the development of an improved 
hydraulic skimmer, and the advantage 
if direct recirculation in high-capacity 
biological treatm ent; a synthetic-resin 
paint known as Resoweld Paint, for 
protection against corrosion; prefabri
cated concrete pipe in longer lengths 
with rubber gaskets to furnish a high 
degree of water-tightness in joints. In
creased use of aluminum in sewage 
works is predicted.

In  discussing trends, Camp (44) 
states: “ I t  is possible to note present 
trends and to prophesy by projecting 
these trends into the future. Unfortu
nately the trends in some quarters are 
contradictory to those in others. There 
is lack of agreement as to what consti
tutes the best basis for the design of 
settling tanks. . . . Too much empha
sis must not be placed upon mechanical 
equipment to the neglect of the sedi
mentation process itself. . . . There is 
a trend towards the use of longer and 
narrower tanks for final settling in the 
activated sludge process. . . . Progress 
will continue to be made by the manu
facturers of sludge removal and skim
ming equipment in the direction of re
ducing the weight of the equipment 
and prolonging its useful life. As a 
result of the advances in metallurgy 
brought about by the war, there will 
doubtless be many new steel alloys 
available to provide durable wearing 
surfaces and minimize corrosion. I t  is 
also probable that there will be wider
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use of non-ferrous metals. More effec
tive protective coatings, particularly 
some resulting from the use of plastics 
are also likely to be available for me
chanical equipment. Better electrical 
equipment and a wider variety of speed 
reducers will also be available.”

Pôpel (171) reports experiments on 
mechanical flocculation which lead to 
the conclusion that mechanical equip
ment is efficient in every respect in 
sedimentation and coagulation, except 
possibly that the floes are fragile and 
disintegrate when the velocity exceeds 
13 f.p.s. Anderson (21), through his 
revelation of the existence of “ density 
currents” in settling tanks lias con
tributed much to the design of inlet and 
outlet equipment therefore. For ex
ample, he states : ‘ ‘ that for effluent weirs 
located away from the upturn  of the 
density currents, the overflow rate 
should not exceed 20,000 g.p.d. per ft. 
of weir; and for weirs located within 
the upturn zone the rate should not 
exceed 15,000 g.p.d. per f t .”

Greeley (79) points out that the past 
three years have given opportunity for 
experience in high-rate trickling filters, 
sewage ponds, unheated sludge diges
tion tanks, sludge lagoons, and sani
tary fills. In  sludge disposal the trend 
is towards digestion and the production 
of gas for power and heating. The 
combined disposal of garbage with sew
age is focusing attention on grinders 
for central station installation and on 
home waste-foocl grinders.

Langford (134) describes equipment 
connected with the safe collection, stor
age, and distribution of gas. This 
equipment includes boilers, gas piping, 
meters, traps, pressure regulators, 
waste gas reliefs, flame traps, flame 
cells, pressure gages, waste gas burn
ers, explosion reliefs, gas holders, pres- 
sure-vacuum reliefs, lightning arresters, 
digestion tanks, and explosion-proof 
electrical equipment.

Richardson (173) has described a 
new development in sludge metering 
characterized by the continuous injec

tion of water into a venturi tube and 
its connections.

Zack (229) predicts that the trend 
during the past 20 years toward mech
anization of sludge disposal processes 
will become more pronounced in the 
postwar period. Gen ter (74) describes 
equipment used in sludge élutriation 
and describes experience in the con
ditioning of sludge which has made 
possible smaller conditioning tanks and 
piping in vacuum filters.

Outside of the field of sewage trea t
ment, Bogert (35) reports a prediction 
that solid volute propellors will be pre
ferred to open impellers ; flexible shaft
ing will be used in vertical pumps, and 
flexible couplings on horizontal pumps ; 
variable speed drive will be attained 
by either variable speed motors or vari
able reduction gears. There will be 
more extensive use of close-coupled, 
vertical type pumps in well ventilated 
dry wells. Recent developments in 
sewage pumps include the close-coupled 
type of horizontal installation, where 
pump and motor are built into the same 
frame, resulting in considerable saving 
of space requirements and simple shaft 
alignment.

In  the field of construction, Bennett 
(31) describes various types of sewer 
trenching machines. Cohn (50) con
cludes his series of articles on the main
tenance of sewage works equipment. 
Among the Buyers Guides in the field 
of sewage equipment may be included 
those published by Water Works and 
Sewerage in the June issue and by 
Water and Sewage in the Ju ly  issue.

Industrial W astes
Disposal of industrial wastes as a 

national problem has been of interest 
in 1945 both in the U. S. and Great 
Britain, with rather divergent policies 
resulting. In  the U. S. there has been 
emphasis on the function of the trade 
organization as a research agency, with 
co-operative support by governmental 
bodies, whereas in England the Min
istry of Health supervises the research
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ancl may now try  to apply the 1937 
Act (Drainage of Trade Premises), 
tem porarily shelved during the war. 
Nothing similar to this Act has been 
under consideration in Congress, al
though both the M undt and Spence 
Bills provide loans for construction of 
new treatm ent plants for industrial 
wastes, but do not set up any method 
for levying operating charges on in
dustry.

A very surprising innovation in E ng
land has been proposed by Hurley 
(113) who is dissatisfied with the 1937 
Act and suggests that all industries 
contribute to a national fund in pro
portion to the cost of disposing of their 
wastes in local sewage treatm ent works 
by prim ary, intermediate or complete 
treatm ent and that the Government 
then reimburse the local sewage author
ity, with rebate to the industry if the 
wastes are pretreated at the factory. 
Thus there would be no shopping 
around for the best deal in the case of 
new industries and there would be no 
discrimination in dealings with all in
dustries tribu tary  to certain sewage 
treatm ent works. The scheme would 
require a committee of experts, who 
would fix the rates, but local authorities 
would administer the Act and make 
necessary tests. So far, this is only a 
suggestion, but it is evident that the 
1937 Act needs revision and this 
scheme may offer an improvement.

In  Los Angeles, Knowlton (127) sug
gested a schedule of excess charges for 
treatm ent by activated sludge of vari
ous types of wastes, based on volume, 
B.O.D. and suspended solids. This is 
similar to the scheme proposed by vari
ous other cities, including Chicago and 
Buffalo. Mohlman (153) called atten
tion to the wide variation in rate of 
losses from various plants inside the 
same industry and deprecated the ten
dency to form trade research groups 
rather than to install waste treatm ent 
plants. On the other hand Hoak (107) 
reaffirmed the efficiency of modern in
dustry and stated that trade associa

tions and research fellowships repre
sent, in part, the discharge of the obli
gation that industry owes to play an 
equitable p art in the reduction of pol
lution. Gehm (71) also stresses the ad
vantages of the integrated national pro
gram of the pulp and paper industry 
and states that research is to be “ im
plemented by the solution of immedi
ate pollution problems.”  There is re
newed activity in waste disposal 
reported by Trehler (208) in the dairy 
industry, a new committee has been 
organized by the chemical manufactur
ers, and the tanners, textile industry, 
petroleum industry and iron and steel 
m anufacturers are more active recently 
in the field of waste disposal.

Packinghouse Wastes
Hill (102) reported the problems in 

handling packinghouse wastes at Sioux 
Palls, S. D., and Austin, Minn., where 
the pollution loads from industry are 
from two to five times as great as the 
human sewage load. The use of wash
able prim ary and high-capacity inter
mediate trickling filters has helped 
greatly in reducing excessive strength 
of clarified wastes. F inal treatment 
by activated sludge has encountered 
difficulty because of rising sludge in
duced by the high nitrogen content of 
the waste. This is a common problem 
where packinghouse wastes are treated 
in an activated sludge plant. Bragstad
(38) reviewed the legal and financial 
affairs between the packer and city at 
Sioux Falls. The State Supreme 
Court held that a long-term contract 
between the two was void but did not 
order the wastes removed from the 
treatm ent plant.

Food Wastes
Canning of peas, corn and tomatoes 

produces the largest tonnage of wastes 
in the canned vegetable industry. San
born (184) reviewed the present status 
of salvage or disposal of wastes from 
these crops. Dry solids such as vines, 
husks and skins are used for feed;
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tomato pomace was dried and sold for 
$35 per ton in 1944 compared with $21 
in 1941. Greater recovery may be 
stimulated when drying units are avail
able.

Citrus canning wastes are a problem 
in Florida, as reported by Ingols (116). 
Feed is made from grapefruit rinds 
but the press liquor contains as much 
as 10 per cent solids and its disposal is 
difficult and is being studied in a pilot 
plant. Disposal of more dilute canning 
wastes is usually accomplished by di
lution in lakes, lagooning or sand fil
tration.

Lagoons have been used for many 
years for disposal of cannery wastes 
but they are usually odorous. Use of 
sodium nitrate to satisfy part of the 
B.O.D. will prevent or minimize odors. 
A study of lagoons and the use of 
sodium nitrate was made under the 
auspices of the National Canners As
sociation, as reported by W arrick, et al 
(218). The wastes should be screened 
through a 40-mesh screen, and treated 
with sufficient sodium nitrate to satisfy 
20 per cent of the 5-day B.O.D. The 
depth should not be greater than 5 ft. 
and the volume should allow for 125 
per cent of the seasonal volume of 
waste produced. Ryan (182) states 
that Sanborn conducted tests in 1940 
near Rochester, N. Y., and the results 
led to the use of 10 tons of sodium 
nitrate in a pea-waste lagoon in 1944, 
added in July. Tha B.O.D. rose from 
750 p.p.m. on Ju ly  31 to 1,440 p.p.m. 
on August 10, later declining to 210 
p.p.m. on September 2 and 57 p.p.m. at 
the end of October. The freezing of 
corn cannery wastes held in shallow 
lagoons through the winter has been 
reported (176) to result in considerable 
stabilization of the separated solids be
fore the next warm season.

In England (118) disposal of waste 
waters from dehydration of potatoes, 
carrots and cabbages has not been much 
of a problem. The wastes from 40 tons 
of potatoes per day have a popula
tion equivalent of 12,000. Wastes are

screened or settled and discharged to 
sewers. The sludge is bulky, gelatin
ous and putrefactive.

A foreign problem, the disposal of 
wastes from processing the coffee bean 
in El Salvador, was discussed by W ard 
(216). The green bean is partially 
fermented in order to remove the pulp 
and skin that enclose the coffee bean. 
The pulp and wash waters from the 
fermentation basins have a high B.O.D., 
equivalent to a population of 4,000 for 
a plant of moderate size processing
100,000 lb. of coffee “ cherries”  per day. 
At present the pulp is buried and 
liquid wastes lagooned, which is satis
factory in isolated areas. Chemical 
treatm ent results in only about 25 per 
cent reduction of B.O.D., consequent
ly pilot plant studies of biological fil
tration are being made in co-operation 
with the Office of the Co-ordinator of 
Inter-American Affairs.

Fermentation Wastes

Rudolfs (180) discussed the trea t
ment of wastes from fermentation proc
esses, pointing out that they are usually 
fairly free from suspended solids but 
of high soluble strength, thus requiring 
dilution by recirculation or pretreat
ment before aerobic biological trea t
ment. Anaerobic treatment, with col
lection and use of gas, appears promis
ing as installed at the yeast plant in 
Pekin, 111., of the S tandard Brands 
Corporation. Sometimes nitrogen or 
phosphorus must be added to these 
highly carbonaceous wastes, to obtain 
good biological oxidation.

Mohlman (154) reported the B.O.D. 
(5-day) to nitrogen ratios of various 
types of wastes surveyed in Chicago. 
The ratio varied from 6 to 1 for sew
age to 8 to 1 for packinghouse wastes, 
18 to 1 for fermentation, 35 to 1 for 
milk products, and 70 to 1 for laun
dries and vegetable oil-processing in
dustries. Principles of recovery of 
wastes inside the plant were discussed, 
with several specific examples.
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Boruff and W einer (36) traced the 
progress in recovery of distillery solids 
from the old days when still residues 
were only screened before discharge, to 
the modern plant developed at Hiram 
W alker, Inc., Peoria, where 800,000
g.p.d. of “ stillage” with a B.O.D. of
15,000 to 18,000 p.p.m. is screened, 
centrifuged and dried to produce about 
150 tons per day of “ distillers’ dried 
grains with solubles”  worth around $ 2 0  

to $30 per ton.

Pulp and Paper
Lagooning k raft mill wastes for 15 

or 2 0  days results in a large reduction 
in the B.O.D. of the discharged efflu
ent (72). A Texas mill settles the 
liquors in a small basin, followed by a 
2 0 -day storage lagoon.

F iber losses have been minimized at 
a Pennsylvania paper mill by alum 
treatment, with vacuum filtration of 
the sludge, which is used in a board 
mill.

A small p lant for production of al
cohol from sulfite liquor has been in 
operation at Bellingham, Wash. Other
wise, the sulfite waste problem shows 
little alleviation.

Petroleum Wastes
The waste problems of the petroleum 

industry were outlined by H art (8 6 ), 
including oil-field brines and refinery 
losses. In  the latter, emulsions pre
vent efficient separation of oil by flota
tion but these emulsions can nearly al
ways be broken by liming and heating 
to 160° F. (if the volume is low) or 
by use of chemicals tested in the lab
oratory.

Weston (222) presented a more de
tailed picture of petroleum wastes, in
cluding 137 references and estimates 
of cost of producing certain results. 
He claims tha t large complete refiner
ies may be expected to have 0.5 to 3.0 
per cent of their crude oil escape to 
the sewer, bu t that with the A PI sep
arators it is possible to recover well 
over 95 per cent of the oil. Where

the effluent must contain only 5 to 10 
p.p.m. or less, chemicals will have to 
be used for breaking emulsions, lead
ing to excessive costs. W aste caustic 
solutions are highly obnoxious but of 
low volume. They can be treated on 
biological filters if not too odorous be
cause of mercaptans. Phenols must 
be extracted. Acid sludge is usually 
treated to recover H 2SO4 .

Chemicals and Non-Ferrous Metal
Wastes
The Dow plant (172) for biological 

oxidation of phenolic wastes has been 
expanded by construction of 40 acres 
of holding ponds and a small activated 
sludge plant. Strong phenolic wastes 
average 1.25 m.g.d. and contain 600 
p.p.m. phenol. They are discharged to 
ponds having a capacity of 42 m.g., 
thence diluted with weak wastes and 
fed to the trickling filters a t 30 to 50 
p.p.m. phenol. The four filters are 142 
ft. in diameter each and 9.75 ft. deep. 
The activated sludge plant includes 
three mechanical aerators each 24 ft. 
square and 15 ft. deep, followed by a 
final settling tank, from which sludge 
is returned. The overall removal of 
phenol averages 98 per cent.

In  Connecticut Wise (225) reports 
brass and copper wastes of most im
portance. Most of the losses are in 
the wash waters, containing about 105 
p.p.m. sulfuric acid, 24 p.p.m. copper, 
2 0  p.p.m. zinc and 2 0  p.p.m. chromium. 
Recovery processes are expensive be
cause of the dilute character of the 
waste. Textile, oil and plating wastes 
are also im portant. A later paper 
(224) gives details on methods and 
costs of recovering metals by lime pre
cipitation, estimated to cost 4 . 2  cents 
per lb. of metal recovered; second, use 
of electrolytic methods; and third, use 
of synthetic resins. These studies are 
to be continued. Studies are also be
ing made of pickling liquor recovery 
and removal of cyanides from plating 
room wastes. The latter has been ac
complished by the use of chlorine at
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an aircraft factory, in a plant designed 
by Friel and W iest (66). The cyanide 
forms cyanogen chloride, CNC1, which 
quickly decomposes to harmless am
monium carbonate in the presence of 
hydroxide alkalinity. Batch treatm ent 
was considered most practical, in wood
en tanks with 20 to 30 min. retention.

Oeming (162) has reviewed the 
status of waste disposal in Michigan, 
covering magnesium chloride brines, 
phenols, cyanides, oil wastes, paper, 
beet sugar and other wastes.

Wastes from TNT shell-loading 
plants were studied by Ruchhoft (179). 
Soil absorption and activated carbon 
treatment were the most promising pro
cedures. Large doses of carbon are 
needed, from 17 to 50 grains per gal.

Pickling Liquors
Iron or steel pickling liquors are 

most generally treated with lime for 
neutralization of the free acid and pre
cipitation of the ferrous sulfate. Hoak 
and Hodge (108) showed that it is 
cheaper to use limestone to neutralize 
the acid, and lime to a pH  of 9.0 to 
precipitate the iron. Dolomitic lime
stones are unsatisfactory.

A further review of the pickle liquor 
problem has been prepared by Hoak 
(105). The low value of and limited 
market for recovered ferrous or ferric 
sulfates do not offer much hope for 
salvage, in spite of the many processes 
proposed.

Stream Pollution
Abatement and Control

There was an increase in the number 
of papers discussing stream pollution 
during 1945, all of which served toward 
the education of the public to a greater 
recognition of the problem. The in
crease in tastes and odors from indus
trial wastes due to war industries in 
the public water supplies along the 
Ohio River has created tremendous in
terest in the problem. According to 
Todd (202) the present pollution of 
the Ohio River at Wheeling, W. Va., is

such tha t the water is unfit for a 
public supply. The fact that one paper 
entitled “ Our Dead and Dying Riv
e rs” (88) from American City was re
printed in Readers Digest is perhaps 
indicative of renewed interest. This 
was the first non-technical discussion 
of the problem to reach the public in a 
popular national magazine.

LeBosquet (136) on the basis of the 
Ohio River Pollution Study discussed 
the work of the states and interstate 
commissions on pollution abatement 
along with the problems of education 
and financing of abatement programs. 
Hoak (106) (179) maintained tha t the 
national economy is based upon the 
effective use of streams and that the 
stream should be considered a chemical 
and biological treatm ent p lant that 
works satisfactorily as long as it is not 
overloaded. Murdock (158), review
ing P u rd y ’s early work, discussed the 
operation of the H untington F la t in 
the Potomac River as an efficient waste 
disposal plant. Adams (1) pointed 
out that half of the population of the 
state of Michigan is dependent upon 
surface waters as a source of public 
water supply, and also that these waters 
serve the major industrial plants, pro
vide sport and commercial fishing and 
support game and wildlife. Conse
quently, although the stream can sup
ply the oxygen required by the pollu
tion if the load is not too great, pollu
tion control is necessary to prevent 
impairment of the usefulness of sur
face waters.

Although the Tennessee valley con
tains relatively clean streams compared 
to other regions, Jones and Wolman 
(119) discuss the stream pollution and 
public health problems in relation to 
the changes caused by the construction 
of nine dams on the Tennessee and 
point out that in general the sanitary 
quality of the lake waters has been 
improved by impoundage. Chase (49) 
discussed the types of wastes and their 
effect on rivers and on water treatm ent 
plants, and cited the Androscoggin as
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a specific example of a grossly polluted 
stream. K ittrell (126) presented a 
lucid discussion of pollution studies 
and pointed out tha t objections to pol
lution abatement can be eliminated if 
a well-planned educational program 
follows a thorough investigation of pol
lution in the area.

The co-operation between Wisconsin 
industries and the state agencies in 
abating stream pollution was reported 
by W arrick (217). No fixed standards 
are used but each stream is considered 
as a special problem depending upon 
its uses.

The history of stream pollution con
trol in Pennsylvania was reviewed by 
Stewart (192), who pointed out that 
the Act of 1937, upon which the Board 
bases its activities, goes far beyond the 
original Act of 1905. The 1937 Act 
provides for equal control over the 
discharge of trade wastes and includes 
additional features on stream life. The 
Board proposes that all sewage shall 
receive a minimum of prim ary trea t
ment and that industrial wastes are to 
be treated to an equivalent degree. 
Stewart concluded by saying that the 
people have the right to clean streams 
and quoted a Pennsylvania court de
cision upholding the right of the people 
to have the streams, from which they 
draw their water supply, free from 
pollution. In  carrying out the abate
ment program the Pennsylvania State 
Sanitary W ater Board has ordered 
nearly 300 communities and 102 in
dustrial companies to make plans im
mediately for sewage treatm ent works 
(9) (28). This includes 60 communi
ties on the Schuylkill River (8). In 
cidentally, the State of Pennsylvania 
has signed three compact agreements 
for pollution abatement with other 
state groups during the year.

According to Pipe Progress (14) the 
stream pollution due to salt water from 
oil fields has been reduced by injection 
wells to the Woodbine sands in the 
East Texas field.

Symons (194) briefly discussed the

development of pollution abatement 
programs and reviewed cost estimates 
of such programs from three sources. 
He stated that the striking of an eco
nomic balance between the extent of 
abatement and the capacity of a re
ceiving watercourse and the develop
ment of the program on a regional or 
drainage basin basis are im portant con
siderations. Berry (33) also briefly re
viewed pollution abatement programs, 
including Pennsylvania’s and the In
terstate Sanitation D istrict plan involv
ing the expenditure of $120,000,000.

Wisely (226) editorially reviewed 
the im portant service that state agen
cies are giving to insure the proper 
consideration of stream pollution abate
ment in postwar planning. He men
tioned outstanding work in this field 
with limited staffs in a number of states 
and the valuable research studies being 
made on various localized problems to
ward the abatement of pollution by 
industrial wastes.

The progress th a t has been made by 
the Interstate Sanitation Commission 
in the past seven years in reducing the 
pollution of the waters of Long Island 
Sound and New York H arbor was re
viewed in Public Works (16). In  1937 
practically all of the 1,000 m.g.d. of the 
wastes discharged failed to meet the 
requirement while in 1944, 430 m.g.d. 
or 35 per cent met the requirement. 
The compact between the three states 
establishes standards based on the re
moval of solids and coliform organ
isms. Of the 70 plants in the district, 
50 now comply with these standards.

The agreement on a plan to construct 
a $17,500,000 sewage collection and 
treatm ent system for Hamilton County 
(C incinnati), Ohio, and the action of 
Louisville, Ivy., in making application 
for federal aid in the design of a 
$7,000,000 treatm ent plant, as reported 
by Engineering News-Record (11), in
dicated that progress may be expected 
in pollution abatement on the Ohio 
River.
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Abatement and Control Legislation

Walker (215) reviewed and summar
ized the many British laws relating to 
the pollution of rivers and streams 
from the Prescription Act of 1832 to 
the Public Health Act, 1936, and De
fense Regulations, 1939.

The Minnesota legislature enacted a 
water pollution control act and estab
lished a W ater Pollution Control Com
mission (12). The duties of the 
new commission include adm inistra
tion of pollution laws, investigation of 
pollution in waters of the state, estab
lishment of pollution standards, estab
lishment of orders requiring discon
tinuance of discharges, approval of 
plans for sewage works and issuance 
of permits for discharge of sewage and 
industrial wastes.

The Interstate Commission on the 
Potomac (10) went on record that a 
valley authority was unnecessary to end 
the Potomac River pollution, set up 
four classes of minimum water quality 
classifications (which must be adopted 
by each signatory state) and adopted 
two resolutions. One of these was to 
ask the federal government for aid in 
evaluating the extent of pollution and 
determining the best abatement pro
cedure. The second resolution asked 
that the federal government assist the 
various interstate river basin commis
sions upon request by making studies 
and surveys, that the federal govern
ment finance construction projects that 
cannot reasonably be constructed by 
the states, and that a program for the 
solution of all river basin problems in
cluding pollution, flood control, soil 
conservation etc. be encouraged and 
initiated by the interstate compact 
method. In  contrast to the above stand 
for federal financial aid Jordan (120) 
considered “ the adoption of the grants 
in aid principle even for this worthy 
purpose, as a permanent part of na
tional policy, not related to unemploy
ment relief, is in the judgment of the 
author just as improper as the other

intrusions of federal funds into local 
and regional problems. ’ ’ Jordan stated, 
however, that there are serious in ter
state stream pollution problems which, 
if not abated on the local or regional 
level, will inevitably, in the public in
terest, be handled at the national level. 
On the recommendation of Wolman, 
the Executive Committee of the Ameri
can W ater Works Association (23) en
dorsed the Spence and Barkley 
(HR592 and S1037) pollution control 
bills with the exception of sections 5, 
6 and 7. These sections would estab
lish grants in aid to political subdivi
sions and also to persons and industrial 
establishments. The AWWA especi
ally endorsed those portions of these 
bills which call for USPHS investiga
tions and studies of pollution abate
ment and waste treatm ent in co-opera
tion with states making such requests, 
and also endorsed the publication of 
findings from technical studies and of 
reports and recommendations growing 
out of such investigations. Wisely 
(227) reviewed briefly the provisions 
of the three types of anti-pollution 
legislation now before Congress and 
concluded that the Spence and Barkley 
bills, with certain revisions, are best 
fitted to pollution control requirements.

Bacteriology and Biology
Sandholzer and Quimby (185) re

ported favorably on a new alkyl sulfate 
medium which inhibits gram positive 
bacteria and permits the gram negative 
forms to reduce nitrates. The detec
tion of nitrites in the sample after 8 to 
48 hr. incubation constitutes a pre
sumptive test for the coliform group. 
As the comparative study by these 
authors included only 100 samples, a 
great deal more work must be done be
fore this test is tru ly  evaluated. H unt
er, P atty  and McKinley (112) also re
ported a simplified method for coliform 
bacteria which depends upon 24-hr. 
sample enrichment in tryptose medium 
followed by confirmation in the BGLB 
medium. Comparative results of this
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method and the standard procedure on 
764 water samples appeared very prom
ising.

The impounding of the TVA reser
voirs has increased plankton produc
tivity. Kruse (130) described the 
practical plankton counting procedures 
used on these reservoirs and 33 preva
lent plankton species. Monie (155) 
described a practical determ ination of 
the correct dosage of copper sulfate to 
control various species of algae under 
different conditions which has had one 
y ea r’s trial. This test depends upon a 
color reaction with phenolphthalein 
after the water samples have been 
stirred for ^  hr. with varying tria l 
doses of copper sulfate.

The methods used by the Wisconsin 
committee on the chemical treatm ent of 
lakes and streams to control micro-or
ganisms and aquatic vegetation were 
described by W arrick, et al (219). The 
committee’s fish studies indicated that 
the toxic doses of copper sulfate re
corded in the literature for various 
species of fish hold only for very soft 
water. H ard waters removed copper 
by precipitation and under these con
ditions the toxic doses for large mouth 
bass increased to 80 to 160 p.p.m. The 
study indicated that arsenicals were 
preferred for the control of rotted 
weeds.

A 12-month survey of three Madison, 
Wis., lakes by Lackey and Sawyer 
(132) indicated that sewage effluents 
were the major contributors of inor
ganic nitrogen and phosphorus. One 
of these lakes (Waubesa) received 77 
and 89 per cent, respectively, of these 
elements from the Madison sewage 
treatm ent plant effluent. The three 
lakes received from 73 to 422 lb. of in
organic nitrogen per acre per year and 
converted 46 to 51 per cent of this to 
organic forms. The concentration of 
the inorganic nitrogen in the surface 
waters was related to biological ac
tivity and algal blooming was shown 
to reduce inorganic nitrogen. Lakes 
in this region which do not receive

sewage pollution to any extent do not 
produce troublesome blooms of blue- 
green algae. I t  was concluded that the 
Madison lakes would stop producing 
troublesome blooms in the absence of 
sewage pollution. In  a second paper, 
these authors (131) reported that all 
of these lakes contained about the same 
species of plankton algae and protozoa, 
and that the number of organisms was 
a poor criterion of production because 
of discrepancy in organism size. The 
number of blooms or peaks of produc
tion for any and all species coincided 
with the quantities of p lant nutrient 
m aterial available.

Ellis (61) classified the components 
of trade wastes tha t are inimical to fish 
and related life into suspensoids, which 
smother bottom biota, organic matter 
contributing B.O.D. compounds affect
ing pH, salines and specific toxic ma
terials. He reviewed the characteristic 
action of each group on fish and dis
cussed means for correction.

H art, Doudoroff and Greenbank (87) 
presented a manual designed to fill the 
need for clearly defined biological 
methods of evaluating toxicity of in
dustrial wastes and chemicals to especi
ally recommended fresh water fishes. 
The methods have been standardized 
and reduced to comparatively simple 
procedures that should be usable by in
dependent investigators anywhere. The 
authors stated th a t the results of all 
standard evaluations may not be strict
ly comparable. Therefore, a more 
strictly standardized experimental test 
is proposed which provides for greater 
comparability and which is called a 
reference evaluation. A reference eval
uation is one performed on any one of 
a limited variety of teleost fishes 
designated as reference test animals, at 
an experimental tem perature which is 
within the limited reference tempera
ture range, and with experimental 
water which conforms with certain re
quirements and is designated reference 
water. The toxicity evaluation is based 
upon the median tolerance limit, wdiich
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is the concentration of the substance 
at which 50 per cent of the test ani
mals survive for a given test period, 
usually 24 hr. This manual is a volume 
of over 300 pages and includes a com
prehensive discussion of the problems 
and procedures for standard and refer
ence toxicity tests in twenty sections 
and twelve appendices. The sources, 
kinds, identification, size, acclimatiza
tion and fitness of test animals are 
adequately discussed as well as stock 
ponds and tanks, water supply, dis
solved oxygen and carbon dioxide ten
sion, temperatures, properties and pre
liminary examination of substances to 
be tested, and the performance, evalua
tion, reporting and use of toxicity tests. 
This volume should be of immense 
value to all of those interested in 
studying the effects of pollution in 
streams on fish life.

Chemistry
Todt (203) recommended determina

tion of phosphate, n itrate and ammonia 
for estimating the degree of pollution 
of a stream by domestic sewage. The 
value of phosphate as a criterion of 
pollution in streams has not been ex
tensively studied. Pomeroy and Kirsch- 
man (169) showed that the in terfer
ence due to organic m atter in the 
Winkler determination for dissolved 
oxygen can be reduced by increasing 
the iodide concentration in the alkaline 
iodide solution. They proposed that 
the iodide concentration in this solu
tion be increased from 0.9 N to 6 N. 
This seems desirable for raw sewage 
examinations but does not seem neces
sary for stream studies. Kaye and 
Weiner (121) contributed a modified 
semi-micro Kjeldahl nitrogen proce
dure which it may he desirable to use 
in stream pollution studies. Thomas 
(200) studied the self-purification of 
sewage polluted water flowing through 
an 80-meter channel.

Ruchhoft and Meckler (178) contribu
ted a spectrophotometric procedure for 
determining the concentrations of both

unmodified alpha TNT and colored 
TNT in ditches and streams receiving 
wastes from TNT loading plants. 
Ruchhoft, LeBosquet and Meckler 
(179) reported that the conversion of 
alpha TNT to the colored form is the 
principal reaction which takes place 
when alpha TNT wastes are discharged 
into surface waters. D uring this 
conversion there is a slow reduction of 
the total TNT (25 to 35 per cent in 
80 days). Neither alpha nor the col
ored derivative of TNT is attacked bio
chemically and concentrations above 
one p.p.m. have a retarding effect on 
biochemical oxidation in polluted wa
ters. Consequently, no reduction of 
the alpha or colored TNT is obtained 
by natural purification in streams. The 
manual of H art, Doudoroff and Green- 
bank (87) reviewed earlier also con
tains a section on the chemical con
ditioning and modification of water and 
a rather complete review on methods 
for the determination of dissolved 
oxygen.

Standards
The condition of the Mississippi 

River was determined by the examina
tion of 905 river samples per year at 
the Minneapolis-St. Paul Sanitary Dis
tric t laboratory (15) and the detention 
period in the settling tanks was ad
justed between 0.8 hours and 1.4 hours 
according to the requirements needed 
to maintain satisfactory sanitary con
ditions in the river. Murdock (158) 
reviewed the classification of streams 
on the basis of quality standards that 
are intended only as a means of de
scribing streams during a survey.

Surveys
The Tennessee Stream Pollution 

Study Board published a report (198) 
designed to provide members of the 
Tennessee General Assembly with the 
information needed to enact legislation 
to control the pollution of Tennessee 
streams. Thirty-three per cent of a
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total population of 2,915,841 is con
nected to sewers and 100 m.g. of sew
age is discharged to the streams each 
day. The industrial wastes discharged 
each day have a population equivalent 
of 1.35 times the pollution contributed 
by domestic sewage. Sewage treatm ent 
at present reduces the domestic sewage 
load about 7.4 per cent and the indus
tria l waste load about 1.0 per cent. 
More than 11 per cent of the streams 
of the state are moderately to seriously 
polluted.

Heider reported on stream pollution 
surveys of a number of Indiana streams. 
His report on the lower Wabash (90) 
indicated that this stream ranks lowest 
in regard to the extent of sewage trea t
ment in comparison with 13 other river 
basins in the state. Sewage and in
dustrial waste treatm ent at Terre 
H aute is urgently needed because of the 
serious public health hazard imposed on 
the Vincennes water supply. On the 
upper Wabash, Heider (97) reported 
that 14 municipalities comprising 36 
per cent of the population of towns 
and cities over 300 trea t their sewage. 
In  the lower Minor Ohio River Basin 
(91) only 5 per cent of the sewage re
ceived treatment. On the other hand 
73 per cent of the population in cities 
is served with surface water supplies. 
The Indiana state pollution control

agencies have urged tha t plans for 
treatm ent facilities on this basin be 
prepared. Heider also discussed the 
problem on the Maumee (92) the 
W hitewater (93), the Blue (94) the 
Muscatatuck (95) and the Patoka (96) 
where 73, 49, 36, 27 and 15 per cent 
respectively of the municipal popula
tions are served with sewage treatment.

The general introductory report on 
the Potomac River Basin (117) re
viewed the historical development and 
discussed the population distribution, 
the natural resources and the pollution 
problems of the basin. Sewage from 
a population of 1,520,000 is discharged 
into the system at a rate of 153 m.g.d. 
A t present sewage treatm ent facilities 
reduce the sewage load to that of 
1,000,000 people. Industrial wastes are 
contributed by 98 industries. Forty- 
eight of these trea t 32 m.g.d. in some 
manner before discharge, while 50 
plants contribute 20 m.g.d. untreated. 
The industrial wastes discharged have 
a population equivalent of 495,000. In 
addition the Potomac system receives
172,000 lbs. of sulfuric acid per day 
from mine drainage and 196,000 cu. 
yd. of silt annually. There are three 
problem areas namely, the Washington 
metropolitan area, an area partly  cov
ering the great valley and an area 
along the North branch of the Potomac.
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Stream Pollution

STREAM SANITATION

B y G. K. S cott

Senior Sanitary Engineer, Health and Safe ty  Departm ent, Tennessee Valley Authority

As man enters a virgin territory, he 
finds four basic resources available for 
his uses. A ir and the su n ’s energy he 
can use without changing or depleting 
the supply. The other two—land and 
water—must be changed as his civiliza
tion develops because his progress is 
dependent upon the values drawn from 
these two resources. This discussion is 
concerned with the values of water to 
this development.

Mention of the word ‘ ‘ water ’ ’ engen
ders a wide variety of mental pictures. 
Ju s t now, inspired by a discussion of 
stream pollution, the picture might be 
of a foul, grossly polluted stream, teem
ing with pathogenic organisms. Later 
in the year, during vacation time, the 
picture might be a glass of cool, spark
ling water, a swimming pool, a place 
in which to fish, or to be used for other 
recreational purposes. A t other times, 
depending upon one’s current interest, 
it might represent power, transporta
tion, or any one of the other uses to 
which water can be put. The writer 
hopes to present a somewhat different 
picture which, perhaps, might illus
tra te  the over-all value of water.

Blood, carrying materials necessary 
for the growth .and natural functions 
of living tissues, is forced by the heart 
through arteries and minute capillaries 
to all sections of the body. Here, the 
cells remove these materials and return  
to the blood the waste products of their 
metabolism. The blood then carries 
these wastes through the veins to the 
heart where it is again pumped, this 
time going to the lungs and other or
gans where the wastes are removed and

the blood prepared for its next cycle 
through the system. I t  is easy to ap
preciate the delicate balance of condi
tions which must be maintained within 
this medium if life is to continue.

Comparable to this function of the 
blood is the role played by water in 
our civilization. For instance, water 
from a pure mountain stream is 
pumped through a c ity ’s arterial mains 
and eventually reaches each house and 
industry through small service connec
tions. Here the water performs its 
necessary function and eventually 
leaves through the sewer system, to 
reach again the stream  from which it 
originally came. But, as the water 
leaves the homes and industries, it car
ries with it the waste products of the 
metabolism or activity of the commu
nity. As these wastes enter the stream, 
natural forces are brought into play 
which, if given sufficient time, will re
move or stabilize these pollutants. 
When this is accomplished, the water 
is again ready for use by a downstream 
community, and it may undergo nu
merous other such cycles before it 
finally reaches the ocean. I f  these pol
lutants are not removed, the communi
ties downstream must search elsewhere 
for a suitable water supply. I f  they 
fail, they will be unable to realize their 
full potentialities in the developing 
economy, and it appears that failure on 
the p art of a community to keep in 
step with progress results in retrogres
sion. W ater, therefore, is a necessity, 
and it must be considered a valuable 
resource or even a com m unity’s life 
blood. I t  should be protected and uti
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lized wisely for the optimum develop
ment of our civilization.

In the early period of our history, 
when cities were small and sparsely 
located, the streams with their natural 
purification forces did a remarkably 
good job in serving us but, as the cities 
grew in size and industrial centers be
came more frequent, the load on the 
streams at times became too great for 
them to carry. A sufficient amount of 
time was not available for the purifica
tion of the waste materials and the 
streams lost their natural appearance 
and cleanliness. These conditions were 
reflected in the morbidity and mortal
ity records of the downstream cities. 
Water-borne epidemics were experi
enced which retarded the growth of 
cities and sometimes threatened even 
to destroy them.

But civilization would not permit an 
interruption of its progress. By means 
of developing sciences and engineering 
skills, it was found that the water could 
be purified and rendered potable by 
slow sand filtration. Rapid sand filtra
tion, a more efficient method of puri
fication, was later perfected when the 
pollution became too great for slow 
sand filtration; and eventually dis
infection and all the methods now in 
use in a modern purification plant for 
the production of a clear, tasteless and 
odorless, as well as a bacteria free 
water, were developed to meet the 
growing demands.

Such methods, however, are not pre
ventive measures, in that they do not 
lighten the load carried by the stream, 
but are remedial measures designed to 
prepare the water for its next cycle. 
As such they constitute a vital, though 
in many cases a most expensive step in 
the utilization of this natural resource. 
In some instances even the modern 
filter plant is unable to process the 
water to the degree necessary for the 
safety of the community. As this fact 
was realized, science and engineering 
skills created our present methods of 
sewage treatment. Such plants re

move a portion of the polluting mate
rial from the sewage leaving a commu
nity, thereby lightening the load on the 
natural forces of purification operat
ing in the streams. This technique has 
now developed to the extent that do
mestic sewage can be discharged into 
the streams in a state of purity  com
parable to that of natural surface 
water. At the present time the over-all 
process of purification of our water 
supplies, or the preservation of this 
natural resource, consists of three com
plex steps—sewage treatment, natural 
purification, and finally the applica
tion of the methods used in modern 
water filtration plants. The first and 
th ird  of these steps are man-made ef
forts to assist nature in maintaining 
the conditions necessary for his 
progress.

For continuing progress it is essen
tial that these three steps be so de
signed as to permit the most economical 
and effective use of this valuable re
source. While methods have been de
veloped for the treatm ent of domestic 
sewage to the extent that in most cases 
the natural forces of the receiving 
streams are readily able to prepare the 
water for the th ird  step, in many cases 
municipalities have failed to realize 
their responsibility in treating their 
sewage. Also, comparable progress has 
not been made in developing methods 
for the treatm ent of industrial wastes 
and, in most instances, industrial 
wastes are discharged without modifi
cation into the receiving stream. As a 
result, many of our streams have be
come open sewers, so grossly polluted 
that they are unsuitable for use as 
water supplies or recreational purposes, 
and will not support desirable aquatic 
life.

I f  the necessity for a balanced utili
zation of the three steps can be ac
cepted, the question might be raised as 
to the extent of treatm ent required to 
maintain this balance. A general an
swer to such a question would be with
out meaning because each case offers
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a separate problem. Its solution will 
depend, among other things, upon the 
amount of water for dilution purposes 
and the uses to which the water is put 
by downstream users. Some of these 
uses are as follows : public and indus
tria l water supplies; methods of dis
posal for sewage and industrial waste; 
recreation ; fish life ; navigation ; power ; 
irrigation ; low flow regulation and 
general impoundage ; and livestock 
watering.

The need for m aintaining streams 
suitable for public water supplies has 
already been outlined. Closely allied 
to this use is the use of water for indus
tria l processes. Modern methods of 
water purification are used to remove 
pollutional materials in order to meet 
the requirements for industrial uses. 
In  many cases, these requirements are 
more rigid than those considered neces
sary for domestic purposes. These 
treatm ent processes cost money, and in 
many cases the characteristics of the 

•water supplies have been im portant 
factors in the location of industrial 
plants.

I t  must be realized that waterways 
must be used for the disposal of sewage 
and industrial wastes, bu t it is essen
tial that the total load of pollution 
should be kept low enough so that the 
stream can recover and be able to re
ceive additional wastes without the cre
ation of serious conditions. This 
should be done even though no water 
supplies are taken from the stream. 
Property  rights, as well as the other 
uses of the stream, can be seriously 
affected by foul conditions.

We are becoming a fast living peo
ple, and complete relaxation at peri
odic intervals is essential for the pres
ervation of our health. Recreational 
areas centered around streams and 
bodies of water are among places 
where such rest can be obtained. 
Streams im properly used for the dis
posal of sewage or industrial wastes 
are neither safe nor satisfactory for 
such uses. The Tennessee Valley is be

coming conscious of its value as a rec
reational area; the State Department 
of Conservation estimates tha t in 1941 
Tennessee received over $104,000,000 
from recreational travelers.

The development of a balanced aqua
tic life requires fairly  clean water. 
Pish must depend upon an aquatic 
environment for life and must adjust 
themselves to the varying conditions 
in the streams or perish. Some of the 
conditions resulting from pollution, to 
which they cannot adjust, are the pres
ence of acids, alkalies, and toxic ma
terials in lethal concentrations, the ab
sence of oxygen and food, and the de
struction of spawning grounds. It is 
impossible to measure the value of 
sport fishing in Tennessee in mone
tary  terms. I t  is popular because in 
1943, 116,900 resident hunting and fish
ing licenses were sold, and in 1941, be
fore war restrictions, over 13,000 non
resident licenses were bought.

The next two uses—navigation and 
power—can be seriously affected by 
corrosion of submerged structures if 
the water contains significant amounts 
of acid. Irrigation, also, can be seri
ously affected by acid waters. Where 
irrigation is practiced, the use of pol
luted waters on certain crops is pro
hibited because of the hazard to public 
health.

Stream flow regulation can be affec
ted by pollution. In  some cases, the 
requirements of dilution for down
stream pollution may be im portant fac
tors in the operation of the system.

While the effect of pollution in sur
face waters on their use for watering 
livestock may not appear to be of much 
importance, it is actually a serious 
problem. In  recent years, the courts 
have been full of lawsuits in which 
considerable amounts have been award
ed for damages caused by polluting 
materials carried by streams used for 
such purposes.

The value of water and the need for 
its conservation have been appreciated 
in the Tennessee Valley for a con
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siderable period of time, as is evidenced 
by the regulations that have been 
passed from time to time to control the 
amount of pollution reaching the 
streams. These regulations have never 
proved adequate and, in 1935, the 
health officers of the seven Valley 
states requested the Authority to col
laborate in a study of the conditions of 
the streams and to determine the 
sources and characteristics of the pollu- 
tional material. This work began in 
the spring of 1936 and consisted of 
rather extensive studies of the Tennes
see River and its main tributaries, 
along with a comprehensive survey of 
all of the industries which discharged 
liquid wastes. The work was carried 
out in co-operation with the states and 
with the U. S. Public Health Service.

The original investigations were fact 
finding in nature, and it was intended 
that the results were to be used in the 
preparation of regulations that would 
permit more effective control of pollu
tion. By 1943, however, it was realized 
that legislation alone would not be 
sufficient. Regulations controlling pol
lution will be necessary, but adminis
tration is recognized as of much more 
importance than the regulations them
selves. I t  was also realized that de
partments other than the health de
partments were very much concerned 
with the conservation of this resource 
and would be able to contribute valu
able assistance to the program. The 
program should be a co-operative one 
in which the departments of conserva
tion, planning, and agriculture could 
join with the health department in an 
effort to assist municipalities and in
dustry in solving their individual prob
lems.

With this in mind, an understanding 
was reached with the state of Tennessee 
in which the interested departments of 
the Authority would collaborate with 
the state departments in determining 
the exact needs in the Valley and in

outlining fa ir policies under which the 
program could be carried out in order 
to meet these requirements. Later, 
a similar understanding was estab
lished with the state of North Carolina, 
and it is hoped that these principles 
can be made Valley wide in the near 
future.

Ju st recently the state has passed 
legislation for the control of pollution 
in Tennessee. The measure is pat
terned very closely after the legislation 
now in force in the State of Wisconsin, 
which has had remarkable success in 
cooperating with industry in the con
trol of pollution in that state. I t  is 
believed that with wise administration 
of this legislation satisfactory reduc
tions can be obtained in existing pol
lution, and adequate control can be 
maintained for future needs.

The following paragraph from the 
report Stream Pollution in Tennessee, 
prepared by the Stream Pollution 
Study Board and submitted to the 
legislature in support of the bill, illus
trates the importance of surface waters 
in this state :

“ Surface waters are used for many 
purposes and by most of the people in 
the State and, insofar as possible, the 
streams should be maintained in con
ditions suitable for these uses. In  most 
cases, the value of these uses cannot 
be stated in exact terms but, without 
surface waters in a usable condition, 
it is known that progress in Tennessee 
would be retarded and eventually 
cease. The important uses of surface 
waters include their use for public and 
industrial water supplies, fish and 
other aquatic life, recreation, agricul
ture, power, esthetic values, navigation, 
and sewage and waste disposal. All 
of these uses are important, and there 
is no reason why the surface waters 
of Tennessee cannot be used for all of 
these purposes if a sound, reasonable 
approach to the problem of surface 
water pollution is taken.”



THE OPERATOR S CORNER
CONSTRUCTIVE PUBLICITY IN PUBLIC RELATIONS
Publicity, the best medium by which 

the public may be informed of the ex
istence and activities of the sewage 
works department, is an im portant tool 
in developing public relations. There 
is more than one kind of publicity, 
however, and it is ju st as necessary to 
avoid cause for newspaper stories con
cerning odor nuisances, fish destruction 
and damage suits resulting from neg
ligent operation as it is to create a 
basis for favorable articles. The wrong 
kind of publicity represents public re
lations in reverse.

There is too often a false modesty 
about notifying the local newspaper of 
happenings that may reflect credit to 
operation and administrative person
nel. To keep such information from 
the public is actually unfair, for the 
taxpayer is entitled to know what goes 
on in the governmental services he 
pays for.

The fundam ental step in securing 
constructive publicity is to make con
tacts with local newspaper people, p a r
ticularly the reporter who has muni
cipal affairs as his “ beat,”  and to make 
them acquainted with the facilities you 
have and what you do with them. 
M aintain these contacts and keep them 
on a friendly basis; a good story be
comes better when written by a report
er who is a personal acquaintance. Do 
not hesitate to phone in an item that 
has news value; the newspaper people 
will prepare the article on the basis of 
their judgm ent as to the space it ju sti
fies.

These are a few of the things that 
may be developed into news item s:

1. P lan t or sewer system improve
ments that increase efficiency or reduce 
costs.

2. F inancial developments, such as 
bond retirem ent payments.

3. Inspections by state engineers. If 
the first fundam ental of public rela
tions is fulfilled—a job well done—the 
inspection report, when received, 
should make a particularly  good story.

4. Annual operation reports. A half- 
hour with the newsman will enable him 
to extract items of news value, such as 
operation costs, stream conditions, 
plant efficiencies, etc., and to restate 
them in non-technical language for 
public consumption.

5. Visitors who may be well known 
or from distant places. A reporter 
will frequently welcome the oppor
tunity  to interview such persons.

6. P ictures taken during a flood, af
ter a heavy snow fall, of the flower 
garden or showing such an unusual 
scene as an ice covered, nozzle type 
trickling filter—all have news value. 
At Bloomington, 111., an enterprising 
photographer considered the plant 
grounds so attractive tha t he repro
duced color scenes in the form of post 
cards.

7. Personal items regarding depart
ment employees and officials. News of 
honors and awards, participation and 
attendance at technical meetings, etc., 
is particularly  sought by reporters.

There will be other specialized source 
material for good publicity from time 
to time and such possibilities should 
always be utilized. Newsmen them
selves may create opportunities, as in 
an instance in our own experience. A 
local reporter, while covering a story 
on a flood a t the plant, became inter
ested in the facilities by which sewage 
and outlet stream flows were measured. 
Thereafter, each time a rainfall of un



Vol. 18, No. 2 MECHANICAL SCREENS, GRIT CHAMBERS, CLARIFIERS 289

usual intensity occurred, 'statistics on 
stream and sewage flows (credited to 
the sanitary district as source) became 
just as much a part of his article as 
the data from the weather bureau.

All this can be done without the de
partment head being placed in the 
position of appearing to be seeking- 
personal “ glory.” The publicity must 
be of the constructive type that em
phasizes the service being rendered by 
the sewage works, it must have real 
news value and it should be well timed. 
One or two newspaper pieces a month

will suffice to keep the public properly 
informed and reminded of department 
activities. The press agent’s axiom 
that “ I t  does not m atter whether the 
news is good or bad—just so you get 
your name in the p ap er!”  does not 
apply here.

Publicity is the lever by which pub
lic opinion is moved. Use it properly 
and it will elevate sanitation functions 
to their proper position in the public 
eye as an important community serv
ice.

W. H. W.

OPERATION OF MECHANICAL SCREENS, GRIT 
CHAMBERS AND CLARIFIERS *

B y  W . A. D arby

Eastern Manager,  Sanitary  Engineering Division, The Dorr Company, N ew  Yorlc, N . Y.

“ Good housekeeping” is important 
at any sewage treatm ent plant. Clean
liness is particularly important at the 
bar screens and grit chambers, which 
are generally the most offensive units 
of all. Liberal use of flushing hoses 
and routine cleaning schedules pay 
dividends. Even if the screens and 
grit chambers are kept in as clean a 
condition as possible, they are not too 
sightly; extra care and effort is re
quired at these units.

Functions
Bar screens are installed for the re

moval of coarse bulky solids that may 
be organic or inorganic and grit cham
bers are provided for the removal of 
heavy silt and sand that is usually in
organic. These units should be con
sidered more in the nature of protec
tive devices for subsequent units than 
as treatment units in themselves. 
Their main functions are to remove 
materials which, if left in the sewage,

* Presented at Lecture-Laboratory Course 
on Sewage Treatment and Disposal, sponsored 
by the Pennsylvania Sewage Works Assn. at 
St. Joseph’s College, Philadelphia, Pa., on 
April 25, 1945.

would cause operating difficulties later 
in other parts of the plant. The actual 
amount of material removed from the 
sewage by these units will be small 
compared to the removal by the plant 
as a whole. The bar screens will re
move about 2 to 3 cu. ft. of wet mate
rial per million gallons, and the grit 
chambers will average about 1.0 to 2.0 
cu. ft. of wet sand per m.g. These re
movals may be expected when treating 
an average domestic sewage from a 
separate sewer-system.

Bar Screens
The length of time and schedule of 

operation of mechanically cleaned bar 
screens is usually controlled by auto
matic devices. One type of device is a 
differential float control tha t is actu
ated by the loss of head through the 
bar rack. This differential is generally 
set for 2 to 3 in. When this loss is ob
tained, the screen is automatically 
started and continues to operate until 
the screen is clean. A limit switch is 
provided that will stop the cleaning 
device at any predetermined point. A 
switch for Hand-Off-Automatic control 
is provided.
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Another type of control used with 
bar screens is an automatic time clock. 
This clock normally has a day and 
night schedule and may be set for a 
desired num ber of minutes operation 
out of each hour. E ither the length of 
time per operation or the num ber of 
operations per hour is greater for the 
daytime setting than the night setting. 
When time clocks are used, a maximum 
water level float switch is also used to 
protect the screen chamber in case the 
screen becomes blinded due to sudden 
surges and the time setting would not 
automatically sta rt the screen cleaner. 
Limit switches are also provided with 
this type of control to stop the screen 
cleaning mechanism at any predeter
mined point. A Hand-Off-Automatic 
switch is also normally furnished with 
this type of control.

Grit Chambers
The grit chamber equipment is nor

mally furnished with simple magnetic 
starters and possibly push button con
trols. Continuous operation is safest, 
bu t the size of the plant, ra te of dis
charge of sand to the plant, etc., are 
factors governing continuous or in ter
m ittent operation.

The work of these units is not p a r
ticularly spectacular, bu t is the most 
rugged p art of the work done at a 
plant. Their work is similar to tha t of 
the guards on a football or basketball 
team ; they are not usually in the lime
light, bu t the team is not continually 
successful without good guards. The 
same is true of the p art played by the 
bar screens and grit chambers in 
guarding the rest of the plant.

Primary Clarifiers

The clarifiers have for their main 
purpose the removal of settleable solids. 
The floating scum usually removed 
from the surface of these tanks is sec
ondary in importance to the settled 
solids removed from the bottom.

The m ajor work in a plant, in so far 
as the removal of solids is concerned, 
is done by the clarifiers. In  a primary 
treatm ent plant, the amount of solids 
removed by the clarifiers, compared to 
the over all p lant removal, will be 90 
per cent or more of the total. Conse
quently, the operation of the clarifiers 
should be watched very closely to make 
sure tha t they are operating at maxi
mum efficiency.

Sludge should be removed from the 
clarifiers in as fresh and thick a condi
tion as possible. No hard and fast rule 
can be given for removal of the sludge, 
as the frequency of removal, method, 
etc., will be determined by the flow 
sheet of the plant, character of the raw 
sewage, including tem perature, fresh
ness, volatile content of the solids, etc. 
In  some cases it may be satisfactory to 
pump sludge from the clarifiers once 
or twice a day, whereas in other cases 
more frequent pum ping is necessary to 
prevent staleness or septic action in the 
clarifiers, and at the same time main
tain a thick underflow from the units.

The following comparisons show', for 
a given weight of d ry  solids, the dif
ferent volumes of sludges produced at 
different concentrations of solids in a 
prim ary and also a complete treatment 
plant :

Assumed: Flow of 1 m.g.d. raw  sewage.
Sewage with 250 p.p.m. suspended solids, equivalent to 2,083 lbs. dry 

solids daily.
W et sludge at 63 lbs. per cu. ft.
P rim ary treatm ent—60% removal of suspended solids =  1,249 lbs. 

solids per day.
Complete treatm ent—95% removal of suspended solids =  1,979 lbs. 

solids per day.



Example I — Primary Treatment
5% solids in sludge =  24,980 lbs. wet sludge =  395 eu. ft.
5% solids in sludge =  15,612 lbs. wet sludge =  248 eu. ft.
Excess Avater =  9,368 lbs. =  147 cu. ft.

Thus, there is 60 per cent more water pumped with sludge containing 5 per
cent solids than Avith sludge at 8 per cent solids.
Example I I —Complete Treatment

3% solids in mixed sludges =  65,967 lbs. Avet sludge =  1,047 cu. ft.
5% solids in mixed sludges =  39,580 lbs. wet sludge =  628 cu. ft.
Excess water =  26,387 lbs. =  419 cu. ft.
Thus, there is 67 per cent more water pumped A v ith  sludge containing 3 per

cent solids than A v ith  sludge at 5 per cent solids.
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It is apparent from the above that it 
is necessary to watch closely the sludge 
pumping operation. A small differ
ence in the percentage of solids in the 
sludge pumped to the digesters may 
have an appreciable effect on the effi
ciency of operation. Concentrated 
sludge will result in longer detention 
time for the solids in the digesters and, 
therefore, a better digested sludge, less 
digester supernatant returned for re
treatment, better digester supernatant 
liquor, and less heat required for rais
ing the temperature of a raw sludge 
to that of the digesters.

Removal of scum from the surface 
of the clarifiers, where it is not done 
mechanically, will be a m atter of 
judgment. The scum should never 
be allowed to build up to such depth 
that it will be carried underneath the 
scum baffle and out into the effluent. 
After scum from the clarifiers has been 
pumped to the digesters, raw sludge 
should be pumped through the line to 
flush out the greasy material. Although 
it may not entirely prevent building up 
of grease in sludge lines, this sequence 
of scum and sludge pumping Avill assist 
in keeping the lines clear.

Special automatic controls are not 
normally furnished for clarifier units. 
A simple starter is usually furnished 
with a push button near each unit. 
For best operation the clarifier mechan
isms should be run  continuously. Con
tinuous operation will provide for

greater removal of suspended solids, 
thicker sludge, and less floating sludge. 
The last point is due to the fact that 
Avith the mechanism operating, the gas 
bubbles formed in the first stages of 
septic action will be broken and will 
not be allowed to build up to the ex
tent that islands of sludge are floated 
to the surface.

Maintenance of equipment may be 
considered a part of operation. A ser
ies of articles published in several is
sues of Sewage Works Engineering in 
1943 dealt with equipment mainte
nance in sewage treatm ent plants dur
ing Avar times. Detailed maintenance 
information submitted by several of the 
m anufacturers of sewage treatm ent 
plant equipment was used as a basic 
for the data assembled and presented 
by Morris M. Cohn in this series. A 
review of these articles is recommended 
to those who seek specific maintenance 
information.

Conclusion
B ar screens, grit chamber mechan

isms, and clarifiers are usually fu r
nished by companies having experi
enced field service men. When the 
equipment is first pu t into operation, 
these men are generally present a t the 
p lant and it is then that the operator 
should receive thorough instructions in 
the operation and maintenance of the 
equipment. Operating and mainte-
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nance instructions, in printed form, are 
also furnished by the equipment manu
facturers for fu ture reference. These 
should always be kept a t the plant in 
some place of easy access and not re
moved by the general contractor or 
filed in the city hall. By following these 
recommendations in detail, the best

service and the longest life can be ob
tained from the equipment.

In  these days of overload plants, 
understaffed personnel and, in many 
cases, old equipment, it is up to the 
operator to obtain the best operation 
possible from what he has, and to make 
it last.

SEWAGE CHLORINATION—REASONS 
AND RESULTS *

B y H arry A. F aber

Research Chemist, The Chlorine Institu te , Inc., N ew  YorTc, N . Y.

An understanding of the principles 
involved in sewage chlorination will 
enable those using the process to apply 
it in particular treatm ent plants with 
maximum efficiency and economy. It 
is the purpose of this paper, first, to re
view some of the chemistry and bac
teriology of the reactions which occur 
when sewage is chlorinated and, second, 
to illustrate how these fundamental 
principles may be used to improve 
plant operation.

Chlorine is applied to sewage in 
order to accomplish one or more of 
three well established purposes: dis
infection, B.O.D. reduction, or the con
trol of odors and septicity. Other 
specialized applications of chlorine in 
sewage treatm ent include control of 
activated sludge bulking, correction of 
trickling filter pooling, thickening of 
sludge, and removal of grease.

Chlorination for Disinfection
The first of these purposes, chlorina

tion to kill bacteria present in sewage 
effluents, was the earliest and is still 
the most im portant reason for sewage 
chlorination. This is because treated 
sewage ultim ately flows into running 
streams. When such streams are used

* Presented at Lecture-Laboratory Course 
on Sewage Treatment and Disposal, sponsored 
by the Pennsylvania Sewage Works Assn. at 
St. Joseph’s College, Philadelphia, Pa., on 
May 16, 1945.

for municipal water supplies, for pub
lic bathing places, or for the growing 
of shellfish, it is undesirable that they 
be polluted with bacteria which may 
produce disease.

The processes of screening, sedimen
tation, and biological treatm ent are ex
tremely im portant in removing settle- 
able and suspended solids from sewage, 
but they alone do not insure the 
elimination or destruction of patho
genic bacteria. The excrement of hu
mans contains millions of bacteria. 
Many of these are dead cells, many of 
these are harmless types of bacteria, 
but many, too, may be bacteria capable 
of producing diseases such as typhoid 
fever. The living bacteria in raw sew
age generally average from many 
thousand to several million per cubic 
centimeter of sewage.

In  studying the use of chlorine for 
disinfection of sewage there are two 
points to consider: the action of chlor
ine in killing bacteria, and the action 
of chlorine on other substances in the 
sewage. The exact m anner in whicli 
chlorine acts to destroy the normal 
life processes of bacteria has not, as 
yet, been explained. This is probably 
because several physical and chemical 
processes are involved in the death of 
bacteria. Like all animal and vege
table cells, bacteria are permeable to 
water. That is, water and materials 
in solution are able to penetrate the
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cell wall and be absorbed by the proto
plasm. Since chlorine liberates nascent 
oxygen from water, it was early as
sumed that this nascent oxygen oxi
dized the bacterial cells and destroyed 
them. Nascent oxygen is formed th u s :

Cl2 +  H 20  =  HC1 +  HCIO 
HCIO =  HC1 +  0

Many years ago it was suggested this 
theory could account for only a part 
of the killing which takes place, and 
it was shown that chlorine compounds 
—not capable of liberating nascent 
oxygen—possessed an equally toxic 
effect. In  recent years the destruction 
of bacteria by chlorine has been re
garded as a process in which chlorine 
actually combines chemically with the 
protein constituents of the protoplasm, 
killing the organism either by the for
mation of poisonous compounds or by 
actual coagulation and precipitation of 
the proteins.

The presence of suspended organic 
matter and solids in sewage interferes 
with the killing action of chlorine. Ac
tually, a very small fraction of the 
added chlorine is used directly in de
stroying bacteria, since the largest por
tion is taken up in reacting with other 
substances. The organic matter, by ab
sorbing large amounts of chlorine, may 
leave too little available for disinfec
tion. If the bacterial cells are im
bedded in organic m atter they will be 
protected from the chlorine because it 
will be difficult for chlorine to pene
trate the organic matter. Another 
very important interference with dis
infection efficiency is the presence of 
reducing substances in sewage. Ma
terials such as hydrogen sulfide will 
actually neutralize the chlorine and 
thus decrease its killing power.

When chlorine reacts with organic 
matter, chlorine substitution products 
such as chloramines or chloro-proteins 
are formed. These compounds either 
possess delayed or slow-acting disin
fectant properties or are at least made 
unfit for bacterial food. Some killing

of bacteria may be due to these chloro- 
products, but they alone cannot pro
duce complete or dependable killing of 
bacteria. Only by providing excess 
chlorine over that required by the or
ganic and reducing substances in sew
age can the death of bacteria be in
sured.

When chlorine is added to sewage 
it reacts rapidly with the various or
ganic materials, the reducing substances 
and bacteria. The amount of chlorine 
that will be required to satisfy the de
mand of these substances in sewage 
a n d . leave a slight excess amount is 
called the chlorine demand. The chlor
ine demand of sewage will increase as 
the sewage changes from fresh to stale 
or septic, because sulfur compounds 
are decomposed by the action of bac
teria with the liberation of hydrogen 
sulfide. The presence of hydrogen sul
fide in sewage greatly increases the 
chlorine demand, since action between 
chlorine and hydrogen sulfide is a rapid 
one in which sulfur is precipitated.

Because of the numerous and rapid re
actions which take place between chlor
ine and substances in sewage other than 
bacteria it is obvious that this chlorine 
demand must be satisfied and an ex
cess amount of chlorine must be present 
in order to effect prompt killing of 
bacteria. This excess amount of chlor
ine is termed residual chlorine. When 
residual chlorine is present during the 
contact period provided, disinfection of 
most sewages may be expected to be 
complete.

From recent work it appears that 
the settleable parts of sewage require 
about 30 per cent of the chlorine de
mand, the non-settleable and finely sus
pended solids require about 40 per cent 
of the demand, and the soluble ma
terials require about 30 per cent. 
Thorough and rapid mixing of chlorine 
and sewage is im portant to insure best 
utilization of the chlorine.

I t  has been found most desirable to 
specify chlorine dosage on the basis of 
the amount required to produce a defi
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nite excess or residual. The test for 
residual chlorine can be easily per
formed in a few minutes, and will show 
immediately whether the sewage, what
ever its chlorine demand, is being ade
quately chlorinated.

The disinfection or contact period is 
the length of time between the instant 
at which chlorine is applied to the 
sewage and the time when the residual 
chlorine is measured. During this time 
chlorine combines with reducing sub
stances, organic matter, and bacteria. 
I f  the contact period is at least 15 to 
30 minutes, and residual chlorine is 
present at the end of this time, there is 
reasonable assurance that sufficient 
chlorine has been added to kill patho
genic bacteria.

Sewage does not have the same chlor
ine demand during all of the 24 hours 
of the day, during each day of the 
week, or during the various seasons of 
the year. The m ajor cause of varia
tion in demand is the change in con
centration of organic m atter in the 
sewage with the time of day or with 
the day of the week. Temperature is 
another factor, and its effect is noted 
by changes in chlorine demand at vari
ous times of the year. The demand of 
both raw and treated sewage shows 
variations from such causes and, of 
course, the application of chlorine 
must be varied in accordance with the 
changes in volume or flow of sewage.

In order to insure an ample excess 
or residual chlorine at all times to dis
infect the sewage properly, the test 
for residual chlorine should always be 
made at the time when the sewage 
effluent is the strongest, or when it 
requires the largest dose for treatment. 
By making a series of residual chlorine 
tests to determine when the sewage has 
its greatest chlorine demand, the time 
of maximum dose requirement may be 
determined. Then, such a test should 
be made at the same time each day. A t 
most plants the demand will be great
est during the forenoon. D uring the

later p a rt of the day the chlorine de
mand will probably decrease to a con
siderable extent. I t  will then be pos
sible to decrease the chlorine applica
tion and still m aintain the desired 
residual for the weaker sewage.

Chlorine application could be 
changed frequently by manual control 
each hour or regularly by an auto
matic chlorinator and, while this con
trol would result in the greatest econ
omy of chlorine, in a small plant this 
would be expensive and impractical. 
Determining the maximum chlorine de
mand and rate of flow during each 
period, setting the chlorine rate at 8
A.M., 4 P.M., and midnight will give 
about the maximum efficiency of plant 
operation. W hen the p lant must be 
run  by one operator, the chlorine dose 
may be set in the morning to insure an 
adequate residual at the time of great
est chlorine demand during the day 
and set again when he leaves in the 
afternoon for that dose which will be 
required to insure an ample residual 
at the time of greatest chlorine demand 
during the night.

O c c a s io n a l  bacteriological tests 
should be made to determine, both be
fore and after chlorination, the number 
of bacteria in the sewage. This will 
indicate the number of per cent of the 
bacteria which are killed by chlorina
tion. Furtherm ore, the types of bac
teria may be determined. But such a 
study requires time, special experience 
and equipment, and is unnecessary for 
routine p lan t operation. The residual 
chlorine determ ination shows within a 
few minutes whether or not the dose of 
chlorine is adequate to maintain the 
required residual. In  general, the resi
dual specified is based on the par
ticular treatm ent p lant conditions, and 
various state health departments re
quire that residuals ranging from 0.2 
p.p.m. to 1.0 p.p.m. chlorine be main
tained after contact periods of from 
15 to 30 minutes.



Vol. 18, No. 2 SEW AGE C H LO R IN A TIO N 295

Reduction of Biochemical Oxygen 
Demand

When the recommended procedure 
for sewage chlorination is followed, not 
only will the desired bacterial reductions 
be obtained, but a marked reduction in 
oxygen demand of the effluent will be 
accomplished. A fter sewage effluent is 
discharged to a stream that has a dis
solved oxygen content higher than that 
of the sewage effluent, further purifica
tion of the sewage by aerobic bacteria 
takes place. But this depletes the dis
solved oxygen content of the stream 
because aerobic bacteria are those types 
requiring oxygen for their life process. 
So much oxygen may be required that 
the amount in the stream may be seri
ously depleted. I f  the oxygen supply 
of a stream is low, objectionable fungus 
growths may occur and fish may be 
killed.

If the B.O.D. of a sewage is reduced 
by chlorination, less load or pollution 
is contributed to the receiving stream. 
It appears that the organic materials 
in the sewage that serve as food for 
bacteria and would be acted upon with 
the removel of oxygen from the stream 
become unsuitable for food after chlor
ination. In  fact, these organic chloro- 
compounds are toxic to bacteria and 
are not reduced with the utilization of 
oxygen, or are very slowly made avail
able for food.

Chlorination to t h e  recommended 
point produces a reduction in oxygen 
demand of the effluent of from 15 to 35 
per cent. The reduction is roughly 
proportional to the quantity of chlorine 
absorbed by the sewage. F or 42 
samples of different sewages studied, 
the 5-day B.O.D. reduction was 2.4 
p.p.m. for each 1 p.p.m. chlorine added. 
When sewage was very stale the aver
age reduction of B.O.D. was 2.6 p.p.m. 
for each 1 p.p.m. chlorine added. The 
application of chlorine for reduction of 
B.O.D. is of particular advantage to 
primary treatm ent plants, since the 
usual 30 per cent B.O.D. reduction may 
be increased to as much as 50 per cent 
when the effluent is chlorinated.

If the oxygen supply of a stream 
receiving sewage is greatly depleted, 
anaerobic growths will occur. That is, 
bacteria Avhich grow in the absence of 
air will break down food materials in 
the sewage with the production of sep
tic conditions or foul decomposition 
odors. When the oxygen demand of 
the sewage effluent is reduced by chlor
ination these anaerobic conditions may 
be prevented. Normal reaeration of 
the stream may then occur and the 
added sewage will not impose too great 
a load and consequent pollution. Even 
when a plant is well operated, the re
ceiving stream may be of inadequate 
capacity during hot summer months 
and periods of low rainfall to produce 
a satisfactory effluent. R iparian own
ers have been successful in a number of 
stream pollution suits and chlorination 
may be an economical emergency meas
ure for maintaining proper stream con
ditions.

Odor Control by Chlorination
Domestic sewage which is fresh and 

contains some dissolved oxygen does 
not have an offensive odor, but when 
it becomes old or stale through the 
accumulation of sewage solids or be
cause of long flows, decomposition sets 
in. Hydrogen sulfide (H 2S) is the 
most important odor produced as a re
sult of such decomposition. At low 
temperatures, or when the sewage is 
diluted by rainfall, there may be a 
little or no production of hydrogen sul
fide.

The conditions that favor hydrogen 
sulfide production a re : high tempera
ture of the sewage, long flows and 
solids deposition in sewers, the pres
ence of sulfates and of certain indus
tria l wastes in the sewage. Under 
favorable conditions, sulfur-splitting 
bacteria decompose sulfates and other 
sulfur compounds and release hydro
gen sulfide gas. The addition of chlor
ine to produce the residual desired for 
disinfection will suppress or prevent 
the action of the sulfur-splitting bac
teria and will react with hydrogen sul
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fide already produced to precipitate 
the sulfur. The precipitated sulfur is 
no longer volatile or odorous but may 
be present in such an amount as to add 
to the tu rbidity  of the sewage, th u s :

I I2S +  Cl2 =2IIC1 +  8

If  chlorine is to be added merely for 
the purpose of preventing hydrogen 
sulfide odors, it is usually unnecessary 
to add sufficient chlorine to satisfy com
pletely the chlorine demand and pro
duce a residual. The odor reduction is 
approximately in proportion to the 
chlorine added. In  case sufficient 
chlorine to secure a residual is not 
carried through the plant, however, it 
will be necessary to add a second dose 
of chlorine to the plant effluent to in
sure disinfection. Theoretically, 2 
p.p.m. of chlorine are required to com
bine with 1 p.p.m. of hydrogen sulfide, 
but in actual plant experience con
siderably more than this quantity will 
be required. From two to five times 
the theoretical amount is generally 
necessary. This is because chlorine is 
rapidly reacting with the organic m at
ter and bacteria present at the same 
time it is being reduced by the hydro
gen sulfide. Therefore, since the addi
tional chlorine is used for disinfection 
and B.O.D. reduction it is not wasted.

When chlorine is applied for odor 
control, it is generally applied as the 
raw sewage enters the treatm ent plant. 
By this procedure the settling tanks 
are maintained in a fresher condition, 
odors are reduced or eliminated, effec
tive chlorine contact time is obtained, 
and final disinfection is simplified. In 
most plants less chlorine is required by 
this procedure than by chlorination 
for disinfection alone. The chlorina
tion of sewage as it enters the plant 
may not be enough treatm ent to control 
odors, and it may be more desirable to 
chlorinate the sewage in the sewers 
some distance ahead of the plant. Even 
less chlorine might be required by this 
method because less is required to pre
vent the action of sulfur-splitting bac
teria than to precipitate the sulfur

after hydrogen sulfide has been pro
duced.

Other Uses for Chlorine
In  the operation of trickling filter 

plants, it sometimes becomes necessary 
to remove growths which may clog the 
surface of the filters and result in pool
ing. The application of chlorine or 
hypochlorites to pooled filters has been 
proven a successful control measure in 
a number of plants. Loosening and re
moval of surface growths has generally 
been accomplished by the application 
of a heavy dose of chlorine in the 
effluent discharged to the filters for a 
period of several days. A t the same 
time this may loosen and remove the 
growths in the distributing system.

If  the interstices between the filter 
stones are clogged by an accumulation 
of solids or grease the passage of air is 
reduced and the filter will not function 
properly. Adequate prelim inary treat
ment will prevent such an accumula
tion, bu t chlorine may be necessary to 
loosen accumulated deposits and main
tain the filter in a clean condition. The 
wTeight of opinion indicates that with 
reasonable dosing the effect of chlorine 
on nitrification produced in sprinkling 
filters is not harmful. In  certain cases 
it is held to be beneficial but it is pos
sible that the improvements noted may 
be due to the removal of scum or clog
ging m aterial to perm it better aeration. 
The chlorination of sewage applied to 
sprinkling filters has apparently some 
value as a means of controlling filter 
flies. The effect is greatest on the 
larvae, and the increase of adult flies 
is thereby prevented. Some observers 
have noted the reduction of odors 
prevalent at trickling filters when chlo
rine is applied.

In the operation of activated sludge 
treatm ent plants, the bulking of sludge 
in final settling tanks frequently re
sults in the discharge of a tu rb id  efflu
ent. The application of chlorine, gen
erally to the re tu rn  sludge, has been 
proven a successful control measure in 
a number of plants. Improvement in



Vol. 18, No. 2 O PER A TIO N  OF M EC H A N IC A L E Q U IP M E N T 297

the settling characteristics of the re
turn sludge and of the mixed liquor 
may result within a few days after 
starting chlorine treatment and chlo
rination may be required only in ter
mittently for this purpose.

Sufficient experience has been ob
tained with this application to show 
that the continuous treatm ent of return 
sludge, with a relatively small dose of 
chlorine, should be started as soon as 
the first stages of bulking appear. Not 
all types of bulking activated sludge 
can be corrected by chlorination, but 
that caused by the excessive growth of 
fungus types of organisms in sludge— 
which is a prevalent type-—has fre
quently been corrected by this method 
of treatment. I t  appears that the chlo
rine dose must be adequate to restrict 
the development of fungus organisms, 
but not so heavy as to destroy other 
biological growths. Some activated 
sludge treatment plants now employ 
return sludge chlorination successfully 
as a routine part of treatment.

In the operation of sludge thicken
ing units, for concentrating waste acti
vated sludge prior to digestion, the 
sludge often proves difficult to settle. 
Chlorination of the supernatant liquor, 
or carefully controlled chlorination of 
the sludge itself, has been adopted in 
several installations as an im portant 
aid to settling. Poor settling is gener
ally due to biological action which pro
duces gas bubbles in sufficient quantity 
to keep sludge particles dispersed.

When biological action is reduced by 
chlorination, the sludge is perm itted to 
settle in a quiescent state and more 
concentrated solids can be withdrawn 
to digesters.

In  the operation of activated sludge 
treatm ent plants, poor aeration may be 
caused by the presence of abnormally 
large concentrations of grease in the 
raw sewage. While a large proportion 
of grease is always removed with settle- 
able solids in the prim ary settling 
units, it has been found in some trea t
ment plants that prechlorination in 
conjunction with preaeration results in 
a considerably improved removal of 
grease in prim ary settling. When the 
amount of grease carried into aeration 
units is decreased, a re tu rn  sludge 
lower in grease content and having a 
greater oxidizing ability is produced.

These additional uses of chlorine in 
sewage treatm ent are thus seen to be 
especially applicable to improving the 
operation of overloaded plants. Chlo
rination may be employed as an inte
gral part of plant operation for dis
infection, for B.O.D. reduction, or for 
controlling odors and septicity; it may 
be employed for specialized purposes 
in conjunction with biological trea t
ment processes. Among all other meth
ods of sewage treatment, chlorine is 
peculiarly suited to oxidizing, steriliz
ing, controlling odors, retarding de
composition, and coagulating protein 
matter. These characteristics should 
be utilized in plant operation.

OPERATION AND MAINTENANCE OF 
MECHANICAL EQUIPM ENT *

B y  S t a n l e y  E. K a p p e

D istrict Engineer, Chicago Pump Co., Washington, D. C.

The municipal sewage works of today 
is highly mechanized in comparison

* Presented on May 23, 1945, at Leeture- 
Laboratory Course on Sewage Treatment and 
Disposal, sponsored by the Pennsylvania Sew
age Works Assn. at St. Joseph’s College, 
Philadelphia, Pa.

with those in the not too distant past. 
This mechanization has brought new 
and greater responsibilities to operat
ing staffs and crews. The writer does 
not agree, however, with the view in 
some quarters that the average sewage



298 SEW AGE W ORKS JO U R N A L M arch, 3946

treatm ent plant is becoming too highly 
mechanized and too complicated for the 
type of operators available.

There is a heavy investment of pub
lic funds in sewage treatm ent plants 
and sewerage systems. The operator 
has a great financial responsibility— 
the protection of this original invest
ment while holding maintenance and 
repair costs to a minimum. W hat can 
the operator do to prevent failures and 
keep maintenance and repair costs at 
a minimum? The first answer is for 
him to become intimately familiar with 
all the equipment in his plant and with 
the conditions under which it must 
function.

The operator should study thor
oughly the instruction books furnished 
with the equipment. I f  any of these 
manuals are not at hand, copies will 
be gladly furnished upon request of 
the m anufacturers. The instruction 
books will provide basic maintenance 
information, both in regard to con
struction features of the equipment and 
in the theory of operation. The oper
ator should become fam iliar enough 
with the equipment so that he can tell 
at a glance whether or not it is func
tioning properly.

Unfortunately, most of us do not 
take time to familiarize ourselves A v i th  

equipment. We wait until an emer
gency arises and learn the hard way.

Reputable and reliable m anufactu
rers through field investigations, re
search laboratory studies and improve
ments in technique of manufacture, try  
to furnish equipment tha t is depend
able, accurate, long-lived and trouble- 
free. The consulting engineer and 
contractor should see tha t the equip
ment is properly installed. Thorough 
inspection during construction and in
stallation is very im portant and elimi
nates fau lty  operation when the equip
ment is placed in service. Many trou
ble jobs and costly repairs can be 
traced to poor installation. The oper
ator should co-operate by seeing that 
the equipment is given proper care.

If  something goes wrong, give the de
signing engineer and m anufacture an 
opportunity to offer suggestions and 
help correct the troublesome condition. 
Most consulting engineers and manu
facturers are agreeable and will go out 
of their way to help correct trouble 
jobs.

Proper care and attention means 
good housekeeping. I t  is easier to keep 
equipment clean and in repair than it 
is to make emergency repairs Avhere 

everything is covered with grease, dirt 
or sludge and where the various parts 
are rusted together.

Inspection
The operator’s work begins and ends 

with thorough inspection, as frequently 
as the service requires. Although 
equipment is designed for automatic 
operation, its maintenance is not. A 
small amount of regular manual atten
tion A vili help m aintain operation at 
peak efficiency and keep maintenance 
costs down.

A complete record of inspection and 
servicing should be made on cards or 
forms suitable for the purposes re
quired and kept on file. Each operator 
should report on equipment during 
each shift, thus enabling immediate 
maintenance if necessary. The fre
quency of inspection and degree of 
thoroughness will vary  with the loca
tion of the equipment and the nature 
of the service. The schedule should be 
elastic and adapted to the needs of each 
plant. I t  cannot be over-emphasized 
that a complete understanding of the 
mechanism is essential for proper in
spection, care and maintenance. If 
cuts, drawings and instruction bulle
tins showing and describing the Avork- 
ing parts of each individual piece of 
equipment have not been furnished, 
the operator should write to the manu
facturer for them. Keep up to date a 
regular inspection and maintenance 
schedule. A t all times, know the con
dition of the equipment and correct
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immediately any weaknesses before 
further trouble develops.

In general, any item of sewage works 
equipment will comprise the following 
component parts: (1) the driver, usu
ally an electric motor, (2) the electrical 
controls, (3) the bearings (ball, roller 
or sleeve type), (4) the power trans
mission device such as shaft, belt or 
gears, and (5) the driven unit, which 
may be a pump, sludge collector, 
blower, etc. Only the fundamentals 
of maintenance at these component 
parts will be discussed in this paper.

Electric Motors
Three-phase, squirrel cage motors are 

most often used in sewage plants. 
These motors require very little atten
tion. Under average operating condi
tions, the grease with which the bear
ing housings of the motors are packed 
before leaving the factory is sufficient 
to last approximately one year. Too 
much grease causes bearing trouble due 
to excessive friction or damage to the 
motor windings because of excess 
grease deposits on the insulation.

Horizontal motor bearing housings 
are equipped with a fitting for adding 
grease and another for expelling grease 
through a relief plug when the bearing 
becomes full, thus preventing overload
ing. Grease should be added to motors 
while they are running. Allow the 
motor to run long enough after adding 
grease to permit the rotating parts to 
expel any excess grease before replac
ing the relief plug. This is important.

Vertical motors also have pressure 
relief plugs, but due to the design of 
vertical motors the location of the plug 
is not very effective. For this reason, 
the manufacturers recommend that 
grease be added sparingly when using 
a pressure gun and strongly urge that 
the motor be disassembled and the 
housing repacked with the proper 
amount of grease to assure effective 
lubrication.

Many motors have been damaged by 
overgreasing. In  order to minimize

this trouble, the motor m anufacturers 
are now constructing motors with pre
lubricated sealed ball bearings and 
bearing housing without grease fittings. 
The prelubricated ball bearings in gen
eral purpose motors have proved, ac
cording to the manufacturers, that they 
can operate continuously for five years 
without greasing. Thus, one of the 
m ajor items of induction motor mainte
nance, periodic lubrication, has been 
reduced to one grease packing job in 
five years and overgreasing and grease 
seepage into windings has been elimi
nated.

Motors located in damp locations 
such as underground pump stations 
have been damaged seriously by exces
sive condensation. So has the control 
equipment. In  such locations the best 
cure seems to be the installation of a 
small blower tha t will have adequate 
capacity to change the air as often as 
is necessary to prevent condensation. 
Gravity ventilation by means of pipe 
openings is frequently inadequate.

I t  is good practice to blow out with 
dry compressed air, a t pressures not 
exceeding 80 p.s.i., dust, d irt and other 
accumulations from motor windings. 
The frequency of such cleaning will de
pend on the location and type of motor.

Motors should not be started and 
stopped too frequently. The starting 
current of a motor is generally several 
times its full load current and these 
starting  currents will store up heat in 
the windings. A similar condition is 
created in overloaded motors. The ex
cess heating in the windings will bake 
out the insulation, causing it to become 
dry and brittle and eventually flake 
off and cause failure.

Where motors are installed in hot 
locations, some authorities feel that 
consideration should be given to the use 
of oversize motors. These motors 
would not use any more current, would 
work below maximum capacity and 
would be less likely to overheat.

I f  a motor is ever submerged in 
water, the bearings should be immedi



300 SEW AGE W ORKS JO U R N A L M arch, 1946

ately removed, and dried to prevent 
them from rusting and the motor 
should be sent to the repair shop for 
a thorough cleaning and to be baked 
out before it is returned to service.

Regardless of the type of motor used, 
perform the following each w eek:

1. See that the shaft is free of oil 
and grease from bearings.

2. I f  oil is used, check oil level in 
bearings.

3. S tart motor and see that it is 
brought up to speed in normal 
time and rotates in correct direc
tion.

4. Examine commutator and brushes.
5. Inspect for tightness all wiring 

connections.
6. Keep the interior and exterior of 

the motor free from moisture, oil 
and dirt.

Every six m onths:

1. Drain, wash out and renew oil in 
sleeve bearings.

2. Check grease in ball or roller 
bearings.

Once a year clean out and renew 
grease in ball or roller bearing hous
ings and, if necessary, clean motors 
thoroughly.

Electrical Control Equipment

Practically every motor is protected 
by a fused main line switch and an 
across-the-line type starter. In  addi
tion, the service may require float 
switches and other automatic devices 
to s ta rt and stop the motors, and ma
nual s ta rt and stop switches for operat
ing convenience. The control fuses and 
thermal units used should comply with 
NEC or local code recommendations. 
The fuses and thermal units are gener
ally rated at not more than 125 per 
cent of the name plate limit.

The fused mainline switch and 
starter protects the motor against 
“ burn  o u t”  from short circuits, 
grounding, high inrush of starting  cur

rent, overload, phase failure, low volt
age and high voltage. When new 
motors are installed, the size of the 
heating element in the s ta rte r should 
be checked against curren t require
ments of the motor. A starter with 
an oversize heating element or with a 
“ ju m p er” around the element gives 
no protection.

If  a starter cuts out frequently for 
no apparent reason, check its location. 
Perhaps it is located too close to a 
radiator or some other outside source of 
heat that is causing the trouble. In 
such cases the m anufacturers recom
mend the use of the next size unit.

About every six months trip  the 
starters m anually with a piece of dry 
wood to make sure th a t the tripping 
element is not corroded and that the 
motor has protection. See that all 
clearances are normal and that the 
parts work freely. I f  the contact 
points are pitted, worn or are arcing, 
the tips should be renewed or filed 
smooth and treated  with vasoline and 
then adjusted and lined up properly. 
Contacts that arc will become seriously 
pitted and the high starting  current 
may burn  out the motor if the faulty 
points cause the motor to sta rt and stop 
too frequently.

I f  the starter trips out, find the cause 
and correct it before the starter is reset. 
Suggested procedure for locating the 
tro u b le :

1. Check the driven un it to make 
sure that it i s ' operating freely 
and tha t there is no binding or 
obstruction.

2. Check wiring and control for 
loose connections.

3. See whether contact points are 
pitted, worn or are arcing.

4. I f  motor is of brush type, check 
brushes for sticking or for spark
ing while motor is running or 
starting.

5. Check ra ting  of fuses and ther
mal unit.
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6. Check whether the fuse and ther
mal unit location is affected by 
exposure to an outside heat condi
tion such as the gas burner, rays 
of the sun and other sources.

The switchboard should be inspected 
frequently and kept clean. Vibration 
may cause loose terminal connections 
when they are least suspected. The in
sulators should be wiped clean to pre
vent flashover to the ground.

Dirty contacts are costly power con
sumers. An operator of a 0.5-m.g.d. 
plant, after cleaning thoroughly all 
contacts, fuses and fuse holders, was 
surprised to find a reduction in the 
power bill of $25 per month there
after.

Motors and controls will give the best 
service if they are maintained in a dry 
environment, free from corrosive gases 
such as hydrogen sulphide, the common 
enemy in sewage works.

F loat Sw itches

Float switches deserve more atten
tion than they are generally given. 
Floats that hang unprotected by a 
guide pipe or other means are apt to 
be moved sideways by the motion of 
the incoming sewage, causing the chain 
or rod to bind or to bend and become 
inoperative.

If the float operates inside of a pipe, 
grease will in time coat the inside of 
the pipe and the float, and stick the 
float in a position that will either keep 
the pump running continuously or in 
an off position until the trouble is dis
covered. The damage that may be 
caused by floats sticking is obvious. 
Such a condition can be minimized b y :

1. Installing a pressure flushing con
nection in the top of the float pipe so 
that the pipe can be thoroughly flushed 
as frequently as may be necessary, 
preferably by a circular motion im
parted to the sewage in the guide pipe. 
In some installations a permanent con
nection has been made between the 
float guide pipe and the vent on dis

charge side of the pump. The connec
tion to the float pipe is made on a tan
gent to induce a strong circular motion 
to the water in the float guide pipe. 
The connection should be made above 
or at the maximum level in the wet 
well.

2. By scraping the grease off the float 
and guide pipe at least once a week and 
removing the scrapings entirely from 
the float guide pipe enclosure.

3. By dripping fresh water continu
ously into the float guide pipe enclo
sure. This should be done without cre
ating a cross connection.

4. By replacing the float guide pipe 
with an open enclosure or cage made 
of three or four 1-in. pipes.

5. If the automatic switch is of the 
electrode type, by keeping the electrode 
free of grease and by seeing that the 
leads are well insulated against ground
ing. If the float switch is of the 
mercury type, the mercury tubes 
should be held tightly in place. If an 
inspection reveals that the tubes are 
turning black, it may be an indication 
of air leakage and the tubes should be 
renewed.

Bearings

Bearing troubles may be caused by 
abrasive material coming in contact 
with the bearing surfaces, by water or 
moisture causing the bearings to rust, 
and by misalignment.

'Misalignment is one of the main 
causes and may result from poor in
stallation, settling of the foundation, 
or damage caused during shipment of 
the equipment. It is therefore im
portant to check the alignment fre
quently.

During construction, equipment is 
often stored without any protection 
from grit or water. At this time grit 
or water often gets into the bearing 
housing and later the bearings fail. 
Contractors are cautioned continuously 
but a visit to a job will often reveal 
equipment of ball bearing construction
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not properly protected or under water. 
The contractor, however, is not the 
only offender. Too many pump sta
tions have been inspected where the 
ball bearings on vertical sewage pumps 
were submerged because the operator 
failed to remove water accumulating 
in the dry  basin housing the pumps. 
F o r this reason, automatic sump 
pumps are preferred for drainage in
stead of connections to sewage pump 
suctions tha t require manual atten
tion.

To determine the quietness of bear
ing operation, place the ear against 
a screw driver or a length of metal 
rod, one end of which is firmly pressed 
against the bearing housing. I f  a 
rumbling or unevenness is noticed it 
may be due to d irt ; a whistling sound, 
to improper lubrication. A noisy bear
ing is a warning that- should be heeded 
without delay. Replacement should be 
effected before other components be
come seriously damaged.

Bearing Lubrication

The principles involved in the lubri
cation of ball bearings differ radically 
from the fundamentals governing in 
the case of plain or sleeve bearings.

In  a sleeve bearing the load is sup
ported by an oil film and the main
tenance of this film under varying 
speeds, loads and tem peratures is the 
deciding factor in the selection of the 
type of lubricant used, as well as the 
method by which it is to be applied.

In  the case of a ball bearing, the 
high un it pressures existing between 
the balls and races when under load 
definitely prevent the formation of an 
unbroken oil film and the load is, there
fore, directly supported by the balls 
and races, which are in metal-to-metal 
rolling contact. Since the contact be
tween the balls and their separators 
cause a sliding rather than rolling fric
tion, lubrication is required at these 
points. The chief duties of a ball 
bearing lubricant are, therefore:

1. To provide a tenuous lubricating 
film between balls and separator 
pockets.

2. To dissipate heat caused by de
formation of load-carrying mem
bers, and separator.

3. To prevent rust or corrosion of 
the bearing parts.

4. To aid in protecting the bearing 
against dirt, water, acid fumes 
or foreign m atter of any kind.

Oil is the most efficient bearing 
lubricant. Oil lubrication is, however, 
desirable only with high operating 
speeds, subnormal or abnormal tem
peratures, and installations involving 
a single lubricant for the bearings as 
well as other mechanical parts of the 
equipment.

Grease is most generally used for 
ball bearings operating at normal tem
peratures and where splashing and 
leakage of the lubricant must be pre
vented. I t  has the advantage of offer
ing maximum protection against the 
entrance of foreign materials into the 
bearings.

Failure of grease lubrication can 
only occur fro m :

1. Rapid evaporation or oxidation 
of the lubricant due to high op
erating tem peratures and inade
quate quantity  present.

2. Too large a space around the bear
ing, allowing grease to be thrown 
fa r away from the rotating parts.

3. Loss of grease, due to closure 
not retaining it.

As experience has shown that many 
greases increase considerably in volume 
under the churning action of the bear
ing parts, it is very im portant that 
the housing and bearing be packed not 
more than one-half to two-thirds full. 
This will allow the grease, under op
erating conditions, to expand without 
building up pressure enough to force 
it out of the bearing housing.

I f  oil lubrication is used and the 
oil becomes dirty, it should be drained
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and the bearing flushed with mineral 
seal oil and again drained before new 
oil is applied.

Greases satisfactory for anti-friction 
bearings are broadly divided into two 
classes: those having a soda soap base 
and those with a lime soap base.

At temperatures between 32° and 
115° F., a properly made lime soap 
base grease is usually satisfactory. 
Above a temperature of 115° F. the 
lime soap grease when operated for 
any length of time is unsuitable as the 
oil will separate from the base and the 
residue is detrimental to the bearings.

For higher temperatures, a soda 
base grease should be used.

If grease is used and it cakes or be
comes dirty, flushing with mineral seal 
oil may not be sufficient to remove the 
old deposit. In  such cases, if a soda 
soap base grease is used, flush with a 
hot oil-water emulsion. During this 
cleaning, rotate the bearing. In  case 
a lime soap base grease is used, a more 
drastic cleaning is necessary. Some 
types of liquid cleaners (containing 
petroleum solvents), which will not 
attack steel and which when mixed 
with water will readily emulsify, 
should be used for such conditions. 
For flushing, the m anufacturers of 
bearings recommend a hot oil-water 
emulsion followed by an oil flushing. 
The housing should then be filled with 
the proper amount of new grease.

No set rule on bearing lubrication 
fits all installations. If  in doubt, play 
safe. Change the lubricant before it 
is too dirty.

Too much oil will not hurt sleeve 
bearings, but too much grease will 
cause friction and heat in ball bear
ings. The main function of grease is 
to protect the steel elements against 
corrosion and not friction. Check the 
bearing temperatures with a thermom
eter at least once a month.

The wear at sleeve bearings should 
be checked every three months. Gen
erally allow 0.002 in. clearance plus 
0.001 in. for each inch of shaft diam

eter. This is im portant on motors of 
all types to prevent occurrence of an 
unbalanced air gap between rotor and 
stator in order to m aintain efficiency 
and to prevent damage should both 
these parts come in contact.

When cleaning around equipment, 
the hose should not be directed against 
the bearing housing. Floor sweepings 
and water may be forced into the bear
ing housing.

Power Transmission Equipment

Shear Pins
These pins are installed to protect 

such -equipment as plunger pumps, 
sludge collectors, etc., from serious me
chanical damage, just as fuses protect 
motors.

Make sure that the shear pin is not 
too big. Every few months remove the 
shear pin and rotate the driver shaft a 
few minutes without rotating the 
driven unit shaft, to make sure that the 
couplings are free on the shaft, and 
then replace the pin. There are many 
cases on record where the operator 
failed to follow such advice until the 
flights were ripped apart by stones 
thrown into the settling tanks by chil
dren or when a squeegee was left be
tween the flights. Check all shear pins 
and make sure that the couplings are 
not frozen.

Misalignment
The alignment between the driver 

and driven elements of any piece of 
equipment should be checked at fre
quent intervals. Misalignment has 
caused many burned out bearings and 
motors, sprung or broken shafts, dam
aged gears, and more rapid wear and 
tear of equipment than is normal. The 
original installation might have been 
satisfactory, but foundations will settle, 
bases will warp and bearings will wear. 
Misalignment might also be caused by 
the shifting of a slightly unbalanced 
motor or because the motor or driven 
unit was not fastened properly to the 
base plate.
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In  guarding against misalignment 
see that the flexible couplings are per
fectly aligned and that they are kept 
that way. Keep in mind that although 
flexible couplings between a driver and 
driven unit are designed to permit and 
to withstand misalignment, the bear
ings of the equipment are not designed 
to carry misalignment. Flexible coup
lings are used to allow easy assembly 
of equipment but they must be lined 
just as tru ly  as rigid couplings.

I f  couplings are furnished on equip
ment where leather is likely to be at
tacked by mildew and other fungus 
growths, flexible couplings designed so 
that the leather is in compression and 
not tension, should be used. Other
wise, all metal flexible couplings or 
other similar couplings should be used.

In past years, vertical pump installa
tions were equipped almost entirely 
with solid shafting between motor and 
pump. This type of shafting requires 
proper alignment at all times. In  re
cent years, the solid shafting has been 
replaced with flexible tubular shafting, 
similar to the tubular drive shaft and 
universal joint used in automobiles. 
This shafting is designed to permit 
angular misalignment and is fa r su
perior to solid shafting. Many trouble
some existing solid shafting jobs are 
today being replaced with flexible type 
shafting.

I f  the H-beams carrying the in ter
mediate bearing are not heavy enough, 
rigidity can be improved by filling the 
upper portion with concrete.

Grit Chamber Mechanisms
Grit chambers are designed to settle 

and remove the most troublesome form 
of sewage solids. Do not allow the grit 
to accumulate to the point tha t the col
lectors become seriously overloaded. 
This condition is allowed to occur too 
often.

The grit chamber should be given 
very close attention because on its 
effectiveness depends the protection of 
pumps, sludge collectors, digester mech

anisms, etc. from costly wear and tear. 
If  it is not given proper attention, 
there will be clogged sludge lines, par
ticularly at the foot of vertical sections 
of sludge piping and at check valve 
bodies, and a digester full of a gritty 
mixture that will not flow to the sludge 
beds but must be removed manually.

Where there are mechanical grit col
lectors, examine all wearing parts at 
frequent intervals. I f  excessive wear 
is taking place, find and correct the 
cause. I f  such wear is not due to mis
alignment or other abnormal condition, 
consideration should be given to weld
ing stellite or some other similar hard 
material to the vulnerable parts.

Comminutors
Next in importance to the grit cham

ber is the bar screen or the comminu- 
tor. The grit chamber protects the 
plant equipment from gritty  material 
whereas the screen or comminutor gives 
protection from clogging material and 
rags that so often cause sludge collector 
chains to jum p sprocket wheels. This 
discussion will refer only to comminu
tors.

The comminutor is a cutting and 
screening machine. The equipment is 
ruggedly built to w ithstand the heavy 
duty imposed but its cutting edges will, 
however, wear and become dull. For 
this reason, the cutting parts (combs, 
cutters, and shear bars) are all re
placeable. Dull cutting parts should 
be replaced as soon as possible or 
sharpened in the case of the cutters. 
Do not allow a few worn cutters or a 
worn comb or shear bar to shorten the 
useful life of the other parts.

The coarse m aterial is quickly and 
economically disposed of when the cut
ters, combs and shear bars are sharp. 
When these replaceable parts are 
allowed to become dull, however, the 
coarse m aterial is not quickly cut, but 
is slowly shredded and torn apart.

The life of the replaceable cutting 
parts depends on the amount of abra
sive m atter in the sewage and upon the
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operator. To increase that life, where 
possible, the comminutor should he in
stalled on the downstream side of grit 
chambers. I f  a grit chamber is not pro
vided ahead of the comminutor, the op
erator should dewater the comminutor 
basin and remove any stones, tram p 
material and grit that may accumu
late. The frequency of cleaning de
pends on the characteristics of the 
sewer system and can be best deter
mined by experience.

When the comminutor basin is de
watered, clean the comb, inspect the 
cutting edges and replace any section 
that may be badly chipped or damaged. 
Examine each cutting tooth and re
place those that are dull. Inspect the 
shear bars. Replace any shear bar 
that may have a groove deeper than 
0.02 in. worn across its face. Inspect 
the basin seal. Replace it if it be
comes worn or damaged enough to 
allow rags to pass or wedge between 
the basin and the drum. The basin 
seal will wear rapidly if the comminu
tor is operated dry. When operating 
the comminutor without sewage, run a 
stream of water from a hose on the 
basin seal.

To obtain the most satisfactory cut
ting, the comminutor should be oper
ated continuously. Continuous opera
tion also requires the least power.

Pumping Equipment
Centrifugal pumps of the horizontal 

dry pit type, vertical dry pit type or 
vertical submerged type, equipped with 
the so-called non-clog type impeller, are 
generally used for pumping raw sew
age, primary and final effluents, secon
dary tank sludges, and for recircula
tion. Pumps having a propellor type 
impeller are also used for recirculation 
on some high capacity filter plants.

Centrifugal pumps have also been 
used to pump prim ary sludge, digested 
sludge and chemical sludge, bu t they 
are generally not recommended for 
these services. Plunger pumps and 
specially designed centrifugal pumps

are best suited for pumping these 
sludges. The scru-peller pump, a spe
cially designed centrifugal pump, has 
been used for pumping raw sewage. 
A number of such installations were 
made since 1934 in outlying pumping 
stations where a non-clogging installa
tion was required.

A centrifugal pump consists essenti
ally of only one moving part, an im
peller rotating in a casing. The im
peller is supported on a shaft that is in 
tu rn  supported by a thrust bearing and 
one guide bearing in vertical dry pit 
and horizontal type pumps and two or 
more guide bearings in submerged type 
pumps, depending on the depth of the 
wet well.

Vertical dry p it type pumps are con
structed almost exactly the same as 
horizontal pumps. The bearings are 
generally of the ball type. Scru-peller 
pumps are fundamentally the same as 
horizontal centrifugal pumps, except 
that a stellited screw, stellited cutting 
bars, and a stellited cutting ring are 
mounted on the suction side of the im
peller for cutting up the solids before 
they reach the impeller.

Submerged type pumps are con
structed differently from dry p it pumps 
in that the thrust bearing, of ball bear
ing construction, is generally located 
above the motor floor level where it will 
be free from floor drainage and sweep
ings and in that the pump casing, guide 
bearings and shafting are extended in
to the wet well. Ball bearings cannot 
be used for guide or intermediate bear
ings because the sewage would soon 
cause them to rust. For this reason, 
submerged type pumps are built with 
sleeve type guide bearings of bronze or 
stainless steel.

Lubrication
Lubricate the ball bearings on verti

cal pumps equipped with grease fittings 
about once a month, using a high qual
ity lime-base grease with a consistency 
comparable to grade No. 0. On such 
pumps the grease line generally enters
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the housing just above the bearing so 
tha t the excess grease will lay on top 
of the bearing and gradually work 
down into it. The bearings, like those 
on motors, should be taken out, cleaned 
and repacked with grease about once a 
year.

Steady or intermediate guide bear
ings can be greased with the same 
grease as used for the pump bearings. 
These bearings ordinarily need greas
ing only once in three to four months.

Horizontal pumps are generally con
structed with an oil reservoir in the 
bearing housing. Keep the oil level 
ju st below the overflow point of the 
filling cup when the pump is idle. I f  
the oil reservoir is kept full, the oil 
will splash out. A good medium grade 
neutral, mineral engine oil of SAE 20 
or 30 viscosity is generally used.

On some pumps the oil passes 
through a wick filter before it reaches 
the reservoir. This filter should be re
newed at least once a year. Likewise, 
the bearing housing should be drained, 
flushed and refilled with new oil at 
least once a year.

I f  the th rust bearing on submerged 
type pumps is grease fitted, lubricate 
with the same grease used for vertical 
pumps. I f  it is equipped with an oil 
cup, refill the cup about once or twice 
a week with a good medium grade of 
neutral, m ineral engine oil, SAE vis
cosity No. 30 or 40. The guide bear
ings are generally lubricated with a 
light lime-base grease with a consist
ency comparable to No. 00. I t  is ad
visable to grease the lower sleeve bear
ing daily to protect it and the shaft 
from g r i t ; it should be greased at least 
once a week and the other guide bear
ings about once a month.

Stuffing Box Maintenance
The dry p it type horizontal and ver

tical pumps are constructed with stuff
ing boxes to prevent sewage from leak
ing out around the shaft or air leaking 
into the pump. The submerged type 
pump depends on the snug fitting of

the lower sleeve bearing and a felt 
washer or seal of some kind to prevent 
leakage around the shaft.

Depending on the type and condition 
of the impeller, a wide range in pres
sure there may be developed on the 
back side of the impeller. Most non
clog impellers produce a pressure at 
the stuffing box from 70 to 90 per cent 
of the pumping head. F or this reason, 
the stuffing box on dry  p it type pumps 
and the lower sleeve bearing on sub
merged type pumps are subject at all 
times to damage from grit. The stuff
ing box or packing gland of a dry 
basin pump and the lower sleeve bear
ing on the wet well type pump require 
more maintenance than any other part 
of the pump and may cause the most 
trouble if these points are not given 
proper attention.

The pressure on the stuffing box or 
packing gland can be reduced by con
necting the pump air vent to a pipe 
line which will continuously discharge 
into the wet well or some other suit
able place while the pump is in serv
ice. This connection will also remove 
and reduce the amount of grit that 
otherwise might be forced into the 
packing. This idea is being adopted 
by a t least one m anufacturer for appli
cation to submerged type pumps to pro
tect and reduce grit damage at sleeve 
bearings.

Since the packing in the stuffing box 
rubs against the shaft, it is just as im
portant that it be lubricated as the 
bearings. In  pumps handling clear 
water, the packing is lubricated inter
nally with the water pumped, but sew
age contains grit and therefore cannot 
be used for lubrication.

Grease is used but seldom with com
plete success because some grit invari
ably works back into the grease, im
beds into the packing and forms a fine 
abrasive cloth which soon wears out the 
packing and shaft sleeve. An external 
supply of water for the seal is the most 
satisfactory lubricant.

I f  a grease seal is used, and the head
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does not exceed about 20 ft., the seal 
should be fitted with a spring loaded 
pressure type grease cup. Grease 
should be forced through the packing 
daily at a rate of one oz. per day. If  
the head is greater than 20 ft., spring 
loaded pressure grease cups are not too 
effective. In  such cases a hand type 
grease gun should be used and the 
grease should be applied daily.

If a water seal is used the pressure 
should be greater than the shutoff head 
of the pump. This pressure may be 
secured by a float controlled tank lo
cated at the highest point of the build
ing or with the aid of a small pump. 
This water pressure should never be 
obtained by a direct connection with 
the drinking supply because a cross 
connection would be created. The life 
of the packing and shaft sleeve depend 
almost entirely upon the effectiveness 
of the grease or water seal. There 
should be a slight leakage of water 
from the packing box when the pump 
is running to keep the packing cool.

Never tighten a gland more than 
necessary. Finger tight should be 
ample, otherwise excessive pressure 
will cause the shaft sleeve to wear 
rapidly and the tight packing will act 
as a brake band and increase the load 
on the motor.

If the stuffing box leaks excessively, 
remove the packing and examine the 
shaft sleeve. If the shaft sleeve is 
badly grooved or scored, it should be 
replaced or repaired immediately. 
Otherwise, the stuffing box will con
tinue to leak excessively and, regard
less of the frequency of repacking, the 
packing life will be too short.

If the packing becomes worn, re
move it entirely and clean out the 
stuffing box thoroughly. I t  is bad 
practice to use part new and part old 
packing. When repacking, it is im
portant to see that the first two layers 
are properly in place before more is 
added. Otherwise, the bottom layer 
may be forced in unevenly and may 
leave a pocket for grit to collect. The

packing should be installed with butt 
joints, staggered around the shaft.

Packing of Pumps
No single packing can be flatly rec

ommended. The type of packing that 
should be used depends o n : (1) varia
tions in operating methods, (2) opera
ting conditions, (3) operating require
ments, and (4) the operator. There are 
many different kinds of packing. Those 
commonly used for sewage a re : (1) 
metallic, (2) semi-metallic, (3) soft as
bestos impregnated with graphite, and 
(4) leather.

Bearing to bearing surfaces require 
some cooling agent as oil, grease or 
water. Packing containing rubber is 
not recommended because it will ex
pand when in contact with sewage.

Soft asbestos, impregnated with 
graphite, is the most generally used 
packing, particularly in centrifugal 
and plunger type pumps. I t  is par
ticularly recommended where grease or 
water seals are not provided. Metallic 
or semi-metallic packing should be 
used only where water or grease seals 
are used.

Lubrication of the packing does 
three things: (1) increases efficiency 
and reduces friction to a minimum (2) 
prolongs the packing life, and (3) con
trols leakage without undue gland 
pressure.

A generous supply of lubricant 
should be applied to the packing when 
it is being installed. Thereafter, the 
lubricant can be applied by a hand 
pressure grease gun if grease is the 
lubricant. The ideal way is to use a 
forced feed lubricator applying a small 
but continuous amount of grease at a 
constant pressure.

Wearing Bings
Some sewage pumps are provided 

with wearing rings on the impeller only 
and some have a second ring on the 
pump suction plate. Grit will often 
get between the wearing rings and the 
impeller proper or suction plate and



308 SEW AGE W ORKS JO U R N A L M arch, 1946

soon causes wear to the extent that 
the wearing ring tears loose with a 
terrific impact.

On sewage pumps the trend is to 
eliminate wearing rings, which are 
generally of a soft material such as 
bronze, and to rebuild periodically the 
worn parts by spray welding with a 
hard material which has longer life 
and gives less trouble than the wearing 
ring.

If pumps are equipped with wearing 
rings, never allow them to run dry. 
W ater is a lubricant and cooling agent 
between rings and casing. Examine 
wearing rings at regular intervals. 
The clearance between the bottom of 
the wearing ring on the impeller and 
suction plate on sewage pumps is about
0.015 to 0.020 in. The diametrical 
clearance is 0.005 to 0.008 in. on each 
side on cold liquid service and about
0.010 to 0.012 in. on hot liquid service. 
If  the clearance becomes as much as
0.010 in. on cold service and 0.015 in. 
on hot service, it is cheaper to replace 
or rebuild the clearances than pay for 
power lost in leakage or recirculation 
within the pump.

Check the piping on the suction and 
discharge sides of the pumps. Make 
sure tha t the weight of this piping is 
not placing an excessive strain  on the 
pump and distorting the casing. I f  it 
is, misalignment troubles, can be ex
pected, with rapid wear of the wearing 
rings due to metal to metal rubbing 
and binding.

W earing rings will wear more rap id 
ly if the impeller is not properly bal
anced before shipment or if the rag, 
solid load, or operation is such as to 
unbalance the impeller while the pump 
is in service. Operating conditions 
that cause undue vibration should be 
avoided.

Plunger Pumps
The modern plunger pump is gen

erally used for pumping raw and di
gested sludges. Because of its positive 
displacement characteristics, it will

pump mixtures of sludge sewage gas 
and air equally as well as liquids.

Like all reciprocating pumps, these 
units must be packed to prevent leak
age between the piston and cylinder. 
This packing is one of the most fre
quent causes of trouble. I f  the pack
ing is too soft, too loose, or improperly 
placed, sludge will leak out and dirty 
the pump room. If  the pump has a 
suction lift, and the packing is in a 
poor condition, enough air may be 
sucked through the packing to prevent 
the pump from priming. I f  the pack
ing is too tight, scored pistons and 
broken shear pins may result.

Opinions differ as to the most satis
factory type of packing. Generally a 
square, twisted, graphite impregnated 
asbestos packing is the best, particu
larly if the piston is ground smooth. 
In operation, a liberal use of a fairly 
heavy cylinder oil around the packing 
will prolong the life of the pump and 
the packing and make it possible to 
keep the packing tight enough to re
duce leakage to a minimum. I t  is con
sidered good practice to add some oil 
to the packing each pum ping day.

Before a plunger pump is operated 
after new packing has been installed or 
after it has been idle for a length of 
time, all nuts on the packing gland 
should be loosened and the pump 
should be run  with the gate valves 
closed and with the check valve covers 
open to “ break in ” the packing. The 
nuts on the packing gland should then 
be carefully tightened so that the pack
ing is uniform ly compressed around 
the piston. New packing should never 
be added to the top of old packing for 
the same reasons mentioned in the dis
cussion on centrifugal pumps.

The ball valves should be examined 
occasionally and if they are worn one- 
half inch from the original diameter, 
they should be renewed because other
wise they are likely to jam  in the valve 
chamber or valve seat. I f  the valve 
seats show extensive wear they should 
be renewed. Under normal conditions
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the pillow block needs to be greased 
only at 6-montli intervals. The oil 
cup on top of the connecting rod should 
always contain some oil.

The pounding noise made by plunger 
pumps is sometimes objectionable. 
This pounding is due to the reversal 
stresses caused by stopping and s ta rt
ing the flow of sludge in the pipe line 
at each stroke of the pump. The noise 
can often be minimized by reducing 
the pump stroke or by installing air 
chambers on the discharge and suction 
sides of the pump. To be of any value, 
the air chambers should be large and 
should be located as close to the pump 
valves as possible. A periodic check 
should be made to see that there is an 
air cushion in the air chambers and 
that they are not tilled with the liquid 
being pumped.

In some cases pounding has been 
eliminated by placing an air snifter 
valve on the suction side of the pump. 
This does a good job but it is not rec
ommended. Such a valve will admit 
at each stroke a small amount of air 
with the sludge and where the dis
charge is to a digester it is possible to 
pump in enough air to create an ex
plosive mixture.

Pump Operation H ints
1. Never throttle the pump by clos

ing a suction line gate valve. The 
turbulence created may cause

• serious vibration and cavitation 
and thus damage the pump.

2. Never run  a pump longer than 
necessary with the discharge valve 
closed, especially if wearing rings 
are used in the pump. The re
circulation taking place within 
the pump may loosen the wearing 
ring and cause it to jam the im
peller. Also, power is converted 
into friction—overheating the wa
ter to an extent that expansion 
of the metals may cause metal to 
metal rubbing and binding.

Furtherm ore, the grit in the 
sewage may increase the clear

ances between the impeller and 
casing and thus seriously reduce 
pumping capacity and non
clogging ability.

3. If  the pump is in operation and 
the discharge gate valve is closed, 
open it slowly.

4. Closing the discharge gate valve 
before stopping the pump is occa
sionally advisable to prevent pipe 
strains or water hammer effects. 
This, of course, applies to hand 
operated units only.

5. When shutting the pump down 
for a protracted period, the mo
tor disconnect switch should be 
opened, all valves on suction, dis
charge and water seal lines shut 
tight and the pump completely 
drained of water by removal of 
vent and drain until all the water 
has been removed. This will pro
tect the pump against sedimenta
tion and freezing. I t  is also a 
good policy at this time to inspect 
the pump and bearings thor
oughly so that all necessary servic
ing may be done during the in
active period.

Pump Troubles

If  the pump is not delivering enough 
water, the causes may be: (1) air leak
age in suction piping, (2) suction 
piping air-bound, (3) air leakage in 
stuffing box, (4) impeller partially  or 
completely clogged, (5) wrong direc
tion of rotation, (6) suction inlet not 
insufficiently immersed, or (7) solids 
content in excess of pump design 
characteristics.

I f  the pump works for a while and 
the capacity decreases, check the fol
lowing :

1. Incomplete prim ing because of a 
poor piping arrangement on the 
suction side of the pump, contain
ing high points at which air or 
gases may accumulate. Incom
plete priming may also occur on 
pumps which have a turned down
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suction elbow and a discharge noz
zle on the bottom of the pump 
casing in a horizontal position. 
I f  such a pump is operated under 
suction lift conditions, it may be 
impossible to eliminate all of the 
air from the upper half of the 
pump easing.

2. A ir leaks in suction piping or 
stuffing boxes if pump has a suc
tion lift and not a positive suction 
head.

3. A ir or gases in the liquid being 
pumped in an amount greater 
than the pump can force out of 
the discharge.

I f  there are clogging difficulties, be 
sure that oversize m aterial is not reach
ing the pump or the piping leading to 
the pump. Besides the other factors 
mentioned previously, keep the follow
ing conditions conducive to clogging in 
m in d :

1. The rolling action of sewage solids 
and other foreign m aterial in se
wers causes balls or wads of mate
rial to form, which may clog the 
pump if not removed or cut up 
by such protective devices as 
screens and comminutors.

2. Under certain conditions, the cen
trifugal force of pumps will cause 
spiral rotation in suction lines. 
This spiral flow has been known 
to cause stringy m aterial and 
other solids to enmesh and form 
a rope of solids, which upon 
reaching the pump, clogged the 
impeller.

3. Circular wet wells designed to 
cause circular flow to keep the 
solids in suspension have been 
known to develop grease balls 
which clogged pump suction 
lines. Where such clogging oc
curred, the circular flow condi
tion was eliminated by installing 
baffles.

4. Deposition may occur in dead 
spots formed in wet wells due to 
the location of the inlet sewer. At

times this deposition will break 
loose and cause clogging difficul
ties. This condition can be cor
rected by placing baffles to elimi
nate the dead spots.

5. Sludge collectors repeatedly tu rn 
ing over and pushing sludge to 
the sludge hopper have been 
known to gather wads of coarse 
m aterial of sufficient size to clog 
suction lines. W here this condi
tion occurs, it may be found nec
essary either to run  the collectors 
more frequently  or to increase the 
slope toward the sludge hopper so 
that the sludge will be moved and 
not merely tu rned  over and over.

6. I f  a b ar screen is not cleaned as 
often as necessary, the velocity 
through the reduced screening 
area will soon reach 3 f.p.s., which 
will unwind rags and pull them 
through the screen.

7. The screen chamber may be lo
cated too close to a sewer that is 
discharging with a free fall so as 
to force all bu t the largest mate
rial through the screen.

8. Cleaning the bar screen with a 
hose stream forces all the material 
through the screen chamber. This 
is not good practice.

9. Perhaps the clogging is in the 
check valve. Check valves in
stalled in vertical positions on 
pump discharge lines have been 
jammed by grit and solids packed 
tightly  against the check valve 
by surges when the pump stops. 
This clogging is not caused by 
the pump. If  the check valve 
were in a horizontal position, it 
would not be possible for the grit 
to jam it because the grit and 
solids would be flushed out when 
the pump starts.

Some operators faced with vertical 
check valves have made provisions to 
blow off the discharge lines into the 
wet well, thus to remove the grit peri
odically before it can form an obstruc
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tion at the valve. Other operators have 
provided flushing connections.

Conditions causing clogging, if lo
cated, should be corrected as soon as 
possible because clogging is expensive 
in labor, time and in the damage that 
may be caused by flooding.

Sludge Collection Equipment
Sludge collector mechanisms include 

motors, gears, bearings, flights, chains 
and other items. This equipment, like 
any other and perhaps more so than 
some, requires especially careful super
vision of installation. If  the equip
ment has been poorly installed, and not 
aligned properly, costly wear and tear 
may be expected. Misalignment will 
cause excessive wear of sprockets, 
chains, wearing shoes and will engen
der motor troubles.

Chains should be kept tight at all 
times to prevent flights from chattering 
and causing excessive, uneven wear of 
wearing shoes and supporting rails. 
All bolts on attachment links and wear
ing shoes should be kept tight. W ear
ing shoes should be replaced when 
necessary to prevent flights from drag
ging on the bottom of the tank. I f  the 
shoes wear too rapidly, consideration 
should be given to the use of stellite 
or some other similar hard alloy.

Excessive slack should be removed 
from the chain either by means of the 
take-up screws, where they are pro
vided, or by removing links from the 
chain. Care should be taken to see that 
the same adjustment is made to both 
chains. Both take-up screws in the 
same tank should be given the same 
number of turns and the shaft should 
be kept square with the center line of 
the collector. Where links are removed 
from the chain, they should be taken 
from points in the chain exactly oppo
site each other, and the same number 
of links removed from each strand.

If the equipment is going to be out 
of service for any length of time and 
the tank dewatered, the m anufacturer’s 
recommendation regarding removal and

storage of flights and chains should be 
followed.

I f  the sludge collectors do not move 
forward but tu rn  the sludge over and 
over before it reaches the sludge hop
pers, thus causing balls or wads of 
coarse material to form, try  to effect 
correction by changing the frequency 
and duration of operation. I f  this does 
not correct the trouble, it may be cor
rected by increasing the slope of the 
tank bottom.

In  time, the teeth on the drive 
sprocket will wear round. This wear 
will be more rapid if there is misalign
ment. Most operators merely put the 
chains back on the sprocket each time 
the chain jumps off and hesitate to re
place the worn sprocket until they are 
compelled to because the replacement 
of this part is no easy task. The equip
ment must be completely dismantled 
and realigned to do so. At New Haven, 
Conn., Supt. Chas. Copley has solved 
this problem by replacing the solid 
sprockets with split construction type 
sprocket drives.

Rotary Distributors
A t a filter with stationary nozzles, 

one clogged nozzle means only a small 
area taken out of service. A t a rotary 
distributor, the area taken out of serv
ice by a clogged nozzle is much greater. 
The nozzles should be kept clean.

Foreign clogging materials should be 
removed as often as is necessary. I f  
the nozzles are not kept clean, the load 
imposed on the reduced filter area will 
reduce the effectiveness of treatment. 
The distributor arms should be flushed 
out daily.

The arms of the distributor should 
be level and the center column kept 
plumb. A djust the turnbuckles on the 
guys and stays to compensate for ex
pansion and contraction due to tem
perature changes.

If  ice tends to form on the outer 
edges of the filter during winter opera
tion, every effort should be made to 
prevent interference with the move



312 SEW AGE W ORKS JO U R N A L M arch, 1946

ment of the ro tary  distributor, not only 
to secure distribution of the sewage 
over the entire filter, bu t also because 
it might unbalance the adjustm ent of 
the distributor arms and center column.

Air Diffusers
In  plants using compressed air d if

fusers, proper and adequate air filters 
should be provided to clean the air and 
eliminate clogging on the inside of the 
tubes. The filters should be cleaned 
when the loss through the filter in
creases 0.5 in. of water or as often as 
is required. Otherwise the tubes or 
plates will clog and the increased 
blower pressure will m aterially in
crease power costs.

Where swing diffusers are used, 
swing the tubes above the sewage when 
the blowers are shut down. This pro
cedure will reduce outside tube clog
ging. P icture a coarse diffuser tube as 
a medium full of small tube openings. 
When air is being discharged from the 
inside to the outside; the air prevents 
the liquid and solids from entering 
the diffuser pores. As soon as the air 
is shut off, the hydrostatic head forces 
the sewage and solids which it contains 
through the small openings into the 
diffuser media and into the submerged 
air lines. When the blower is again 
put in service, the compressed air will 
force the w ater and most of the solids 
back into the tank. A portion of the 
solids, however, will be retained some
where in the diffuser pores and will re
strict the air passages. I t  is evident 
that too frequent blower shut-downs

will increase clogging of diffusers and 
make it necessary to clean them more 
often.

Periodically, lift the swing diffuser 
out of the tank with the air “  on. ”  The 
air will blow off any clogging material 
on the outside of the tubes. Further 
improvement can be secured by hosing 
the tubes with water under pressure; 
the hose should be directed at an angle 
to prevent solids from being forced 
into the tubes.

Spare Parts and Special Tools
Generally when a p lan t is turned 

over to an operator, he finds that he 
has been given a very great responsi
bility, b u t th a t no tools were provided 
to maintain the equipment in good 
condition. When trouble occurs, the 
operator may have to borrow tools from 
his own car or from some kind neighbor 
until he can get the municipal officials 
to approve funds for the procurement 
of tools.

A similar situation exists as to spare 
repair parts and paint for keeping up 
the appearance of the plant. A reason
able supply of essential spare parts 
for all equipment shonld be available 
at all times, as should any special tools 
that may be required. W ithout them, 
it is impossible to repair and maintain 
equipment properly. M anufacturers 
will gladly furnish a list of spare parts 
that should be kept on hand.

Specifications on new work should 
require the contractor to furnish spare 
parts and any special tools recom
mended by the m anufacturer.

B A R K  FR O M  T H E  D A IL Y  LO G

B y W alter A. Sperry

Superintendent, Aurora ( Illinois) Sanitary D istrict

Sunday A fternoon, Decem ber 16—  M r. George Th o n , our new  engineer-
John C h arles Tho m as has ju st su n g trained trustee and your Logger
the last note o f “ T h e  O pen R o ad ” clim bed  into the fa ith fu l Dodge one
and that is the them e of th is log. Friday m orn in g late in O ctober and
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for three days enjoyed the th rill of 
open road travel. It was one of our 
few adventures beyond the c ity  lim 
its since the w ar and was a d e lig h t
ful and stim u la tin g  experience that 
every operator should enjoy o ccasio n 
ally. Renewed friendsh ips, exchange 
of ideas, com parison of m ethods and 
the learning o f new  tr ick s  all a ct as 
vitam ins do on the body, to challenge 
our own w ays of w orkin g.

C iin to n , Iowa

About noon we arrived at C lin to n , 
Iowa, and called on Mr. Robert Kerr, 
C h ief Engineer and Mr. R. C . Boyd, 
Service M anager of the C lim a x  E n g i
neering Com pany. A u ro ra  bought in 
1936 the first  C lim a x  engines ever 
sold for sewage w orks service. T h is  
was our first  opp ortu nity to see these 
engines in the m akin g  and our recep
tion was m ost cordial. W e  spent an 
hour cram m ed w ith  interest going 
about the p lant w here we saw  a new 
line of single  h orizonta l cylinder, 
heavy flyw heel engines of 4 0  to 50
h.p., su rp ris in gly  rugged and easy to 
start.

W e also exam ined a new type of 
plow that is expected to be m anu
factured by the thousands. T h e  
plow is mounted on a rugged fram e 
w ith a 12- to 14-in. steel screw  
some 4 ft. long and driven by a tra c
tor power ta ke-o ff. It  “ s t irs ” the 
soil but does not turn the sod under 
as w ith  the com m on share plow. 
Such equipm ent is part of the new 
soil conservation program  and should 
interest every operator since his co n 
tribution of sludge for fe rt iliz e r  is 
also an im portant part of th is same 
program.

W e  dined w ith  our hosts in the 
company canteen and started w est 
again.

Cedar Rapids, Iowa

W e  arrived in Cedar Rapids by late 
afternoon and found Supt. J. C . M c-

In tyre  in a reflective  mood, looking 
over the rail into his pum p room pit. 
H e had ju st lately returned from  se rv
ice in the A le u tia n  Islands and his 
face appeared st ill flushed from  the 
7 2 °  below  zero tem perature he had 
experienced there, although he said 
it seemed colder, at tim es, in Iowa. 
W e  spent a crowded hour of ta lk in g  
and p lan t inspection. T h e  Cedar 
Rapids p lant is financed by a sewer 
rental plan in co-operation w ith  the 
c ity  w ater departm ent, supplem ented 
by in du stria l w aste fees based upon 
volum es of flo w  and B .O .D . strengths.

O f especial interest here w as the 
respon sib ility  of the sewerage depart
m ent for pum ping storm  w ater to 
avoid flooded basem ent damage in 
the dow ntow n d istric ts  and the pre
treatm ent p lant for h and ling  p a ck 
inghouse wastes. W e  p articu larly  
envied Supt. M cIn tyre  his “ 4 -p ly ” 
fa c ilit ie s  for dew atering digested 
sludge. T h e  p lant offers a choice  of 
lagooning, sludge d ryin g beds, O liver 
filte r  equipm ent and a B ird ce n tri
fuge— w hat more could one ask? 
Besides all this, the c ity  garbage in 
cinerator is next door g iv in g  him  the 
opp ortu nity to burn surplus sludge.

T h e  chem ical engineering w orks to 
be found in m any sm all Iowa c ities is 
am azing. T h e  key to it is K in g  Corn, 
w ho firs t  does his part to fatten the 
cattle  for the meat p ack in g  plants. 
T h e  rest of the corn goes d irect to 
chem ical processing. T h e  result is 
that large volum es of industria l 
w astes are produced and these, in 
turn, give  rise to com plicated sewage 
treatm ent plants. V e ry  high gas pro
d uction is com m on in these p lan ts; 
the Fort Dodge plant, for instance, 
was said to sell enough gas produced 
cu rrent back to the local u t ility  that 
the revenue received is more than 
equal to the entire operating cost. 
Gas production at Cedar Rapids is 
about 3 cu. ft. per capita per day; at 
M arshalltow n it is about 4  c.f.
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M arshalltow n, Iowa

W e  reached M arsh alltow n, the 
real ob jective  o f our travels, about 
s ix  in the even in g and found co m 
fortab le  rooms reserved for us at the 
T a ll Corn  H otel. Saturday m orning 
we shook hands for the f irs t  tim e 
w ith  Supt. T . R. Lovell w ith  w hom  
we had corresponded at length co n 
ce rn in g  the protection of exposed 
iron and steel in sew age w o rks by 
m e ta lliz in g  w ith  z in c . W h ile  the 
A u ro ra  p lant w as probably the f irst 
one in the U. S. in w h ich  experim ents 
w ere made on the e ffectiven ess of 
z in c  coatings, Supt. Lovell w as the 
f irs t  man in our fie ld  to invest in 
com plete equipm ent to m eta llize  his 
entire  p lant. W e  stayed t ill h igh 
noon and Lovell w as more than ge n 
erous in the tim e and e ffo rt neces
sary to dem onstrate for us the entire 
process.

Due to the w ash in g  out o f an en 
tire  section  o f W . P. A . b u ilt  in te r
ceptor d u rin g  a flood period, the 
p lan t w as forced to sh u t dow n for

several w eeks. D u rin g  th is outage, 
w h ich  M r. Lo ve ll foresaw , the m etal
liz in g  protection  w as applied  to most 
of the underw ater a ir p ip in g  o f the 
activated  sludge tanks. Th e se  pipes 
co n sist o f th in  steel tubes ab out 4  in. 
in d iam eter and som e 10 or 12 ft. 
long. A l l  o f them  w ere b adly pitted 
and there w as no im m in en t possi
b ility  o f replacem ent.

T h e  m e ta lliz in g  equ ip m en t of M ar
sh allto w n  co n sists o f a su p p ly  of 
z in c  w ire, ta n ks o f acetylene and 
oxygen gas, the specia l m eta lliz in g  
gun and air com pressor equipm ent 
to su p p ly  about 100 cu. ft. of free 
a ir per m in. at 8 0  to 100 p.s.i. In 
ad dition , there is a su p p ly  of several 
tons o f crushed f l in t  or ch ert— called 
‘‘Jo p lin  c h a t” — th at is used for sand 
b lasting. O rd in a ry  sand is m uch too 
sm ooth for th is purpose and the 
sharp edged f lin t , screened to 8 - or 
10-m esh s ize , m ay be used several 
tim es before losing its effectiveness.

G en era lly  sp e akin g , the parts to 
be m eta llized  m ust be dism antled

F IG U R E  1.— Sandblasting m etal equipment parts prior to zinc m etallizing at the 
Fort D odge, la ., sew age treatm ent plant.
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F IG U R E  2.— Application of zinc protective coating to m etal equipment parts
at Fort D odge, la .

and cleaned by sand b lastin g  in a 
special room set aside for th is p u r
pose. The  operator m ust be am ply 
protected by a special hood, heavy 
gloves and an outside source of 
air for breathing (F igu re  1 ). Th e  
enamel b rick  and w in do w  panes of 
this room were com pletely frosted 
from the fly in g  sand. In an e ight- 
hour w orking day the sanding of the 
pieces requires about five  hours to 
three hours for their m eta lliz in g . 
The pieces m ust be com pletely 
cleaned to a v irg in  metal state. 
Great care is taken, after clean ing, 
not to touch the pieces w ith  the bare 
hands or other so ilin g  con tacts be
fore applying the z in c. T h e  sand 
blasting accounts for fu lly  h a lf the 
cost of the w ork and more than h a lf 
the time.

The m anipulation o f the m e ta lliz 
ing gun is not d if f ic u lt  (F igu re  2 ) .  
About one th ird  of the z in c  is lost 
to the air w h ile  spraying and a co at
ing of 0 .003  to 0 .0 0 4  in. of z in c  is 
applied per pass of the gun over the 
work. Four passes o f the gun is co n 

sidered to add a z in c  th ickn ess of 
0 .0 1 2  in., believed to be good for 20  
years o f protection. Supt. Lovell 
states, however, that the cost so far 
has been h igher than antic ipated  and 
am ounts to ap proxim ately 42^ per 
sq. ft. e xclu sive  of the cost o f labor 
and the orig inal equipm ent in vest
m ent. He fu rther states the cost of 
the b lastin g  sand to be over h a lf th is 
figure. Because of th is high cost he 
seems in clined  to reduce the th ic k 
ness of the z in c  applied to the e q u iv
alent of a ten-year protection. T h is  
cost m ay be fu rth er reduced by c lean 
ing and coating  the T o w -B ro  equip
m ent in the secondary se ttlin g  tanks 
in place by using a canvas covering 
— w eather perm itting.

N eedless to say, we spent a most 
in stru ctive  m orning and noon came 
all too soon. In fairness to Mr. 
Lo vell, fu rther details should be re
served for inclusion  in the paper he 
plans to w rite. W e  are greatly in 
debted to him  for the m any co u r
tesies and valuable  in form ation  se 
cured d u rin g  our v is it.
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A n  am u sin g experience resulted 
from  the same flood that dam aged 
the interceptor in connection  w ith  
the w ash in g  out of the sludge lagoon 
at the plant. Th o u san d s of cu b ic  
yards of sludge, loaded w ith  p u m pkin  
seeds from  a local cannery, w ere de
posited on neigh borin g  farm  lands. 
Instead of a hearty " th a n k  yo u ” for 
the g if t  of a generous and va luable  
layer o f rich  earth, the p lant received 
fu ll blam e for the rank grow th of 
p u m p kin  vines that resulted!

Iowa C ity , Iowa

A b o u t four in the afternoon of 
Satu rday w e drove into Iowa C ity , 
easily  located the p lan t and received 
a hearty w elcom e from  Supt. M ott. 
Believe it or not, we found him  not 
on ly s itt in g  down but a ctu a lly  read
ing the A u ro ra  A n n u a l Report!

A fte r  a b rief ch at w e called  up 
Prof. Earl W aterm an  for an exchange 
of greetings but he w as ju st ready 
to leave for a sew age w o rks m eeting 
and could  not get out to the plant.

W h ile  w a lk in g  about the p lant we 
w ere interested to observe on the 
filte r  w a lls  the heaviest sw arm  of 
psychoda flies  th at we have ever seen. 
T h e y  seem to be a special problem  at 
th is plant.

W h ile  lookin g  at the sludge beds 
we entered upon a d iscu ssion  o f weed 
control and Supt. M ott gave us an 
e xce llen t idea. H e uses a h igh 
w heeled garden push p low  w ith  two 
w in ged  scraper blades to keep weeds 
sheared o ff w h ile  they are sm all. W e  
have since  tried it at A u ro ra  and it 
w orks. Som e m onths ago th is h int 
w ould  have saved us an im m ense 
am ount of e ffort.

Davenport, Iowa

Sunday m orn in g w e called  at the 
D avenport p lant, signed the v is ito r ’s

register and w alke d  about w ith  the 
operator on duty. It  w as too early 
to d istu rb  Supt. J. L. Strelow , whom 
we w ould  have like d  to meet. The 
p lan t and grounds w ere sp ic and span. 
Mr. T h o n  and I w ere m uch surprised 
and pleased to fin d  an exact copy of 
the A u ro ra  t ip p in g  b u cke t sludge 
m eter [T h is  Journal, 6, 7 9 7  (July, 
1 9 3 4 ) ] ,  b u ilt  to som ew h at smaller 
d im ensions and p laced in the sludge 
p um p ing room betw een the two di
gesters.

Rock Island, Illino is

W e  crossed the M ississip p i River 
on a b eau tifu l new  toll bridge and 
soon found the R o ck  Island  plant 
A ll  the doors w ere locked except one 
W e  entered, w a lke d  dow n a d ark stair
w ay and found a ligh t sw itch  which, 
w hen snapped on, startled  the operator 
on d u ty  con sid erab ly. H e proved to 
be good natured, how ever, and did a 
fin e  job of sh o w in g  us about. We 
hesitated to ca ll Supt. C arl Durkee 
for w e w ere an xio u s to get home and 
rem em bered how  long sew age works 
men can ta lk.

T h is  p lan t w as esp ecia lly  impres
sive to us because of its substantial 
co n stru ctio n  of hard burned brick 
w ith  Bedford lim estone trim  and the 
a ttractive  enam eled b rick  w alls in
side. F ifty  years from  now th is plant 
w ill look durab le  and clean cu t and 
very little  p a in tin g  w ill be required. 
A n o th e r h igh spot of interest at Rock 
Island  is the large, ligh t and airy 
pum p room w ith  its com plem ent of 
n ine engines and th eir accessories.

W e  arrived  hom e early in the a f
ternoon, arm ed w ith  tw o large boxes 
of can dy to p a c ify  our better halves. 
So ended a m ost in stru ctive  and 
w o rth w h ile  trip.



INTERESTING EXTRACTS FROM OPERATION 
REPORTS

Co n d u c t e d  b y  L e R oy  W . V a n  K l eec k

The question for each man to settle is not what he would do 
i f  he had means, time, influence and educational advantages, 
but what he will do with the things he has.

— Hamilton W right Mabie

Fourth O peration Report on the Sew age Treatm ent and Garbage 
Disposal P lant of Marion, Indiana, for the Year 1944*

B y  D a vid  B a c k m e y e r , Superintendent
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Collection of Garbage
The disposal of garbage by grinding 

and digestion with sewage sludge has 
probably provoked more comment and 
inquiry from sources outside Marion 
than any other single treatm ent opera
tion. The collection of the garbage, 
which is supervised by the sewage 
works superintendent, has at the same 
time caused more headaches in the past 
year than would ordinarily be encoun
tered in three of four normal years. 
With labor conditions as they are at 
the present time, it is extremely diffi
cult to maintain an uninterrupted 
schedule of garbage collections for any 
reasonable length of time. The total 
amount of garbage collected in Marion 
is far below that collected in the aver
age city of comparable size. Only in 
the month of August did the monthly 
production of garbage reach the 200- 
ton mark. This amount of garbage 
should be collected every month in the 
year if the total production is to reach 
the figure set by other cities.

Handling Garbage
Many improvements have been made 

in the method of handling the garbage 
after it reaches the treatm ent plant. 
Our experience seems to indicate that 
the ground garbage can be put in the 
sludge digesters in a more profitable 
manner by keeping it in a separate 
well and not mixing it with the sewage

* For previous extracts see This Journal, 14, 
722 (May, 1942) and 16, 1,000 (Sept., 1944).

flow. The single piston plunger pump 
installed at the plant is used for the 
transfer of the garbage from the well 
to the digestion tanks. Several changes 
have been made in the design of the 
garbage well bottom since the well was 
first constructed, and all of the kinks 
have not yet been removed.

Gas Produced by Garbage
The gas recovered from the garbage 

is valuable as a fuel when used in the 
plant gas engines. Our data would 
indicate that 260 lb. of volatile material 
from a ton of greeu ground garbage 
should produce 2,600 cu. ft. of gas 
when properly digested with sewage 
sludge. This volume of gas has an 
aproximate value of one dollar when 
used as fuel. The garbage department 
is reimbursed at the rate of $1.00 per 
ton for the garbage delivered at the 
sewage treatm ent plant. Laboratory 
scale research work is being continued 
in an effort to determine what propor
tion of the gas generated should be 
credited to garbage solids, and what 
proportion to sewage solids.

Increased Air Requirements from 
Canning Wastes

During September and October the 
local Birdseye-Snider Division of Gen
eral Foods packed a record crop of 
tomatoes. More than 11 m.g. of waste 
from this plant was metered during 
one six-weeks period. For the first 
time since the plant was first put in 
operation four years ago, the aeration
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air volume from the two gas engine 
driven blowers had to be augmented by 
a th ird  blower unit which is electric 
motor driven. This condition was a 
direct result of the high oxygen de
mand of the tomato canning waste. 
Except during the two-month canning 
season, two blowers give sufficient air 
for the remainder of the summer load,

and one blower unit supplies the air 
during the winter months.

Liquid Sludge Disposal
The disposal of the liquid sludge as 

fertilizer by trucking to farm  land in 
the vicinity of the treatm ent plant has 
been carried 011 for more than a year. 
A total of 6,641 truck loads repre-

TABLE 1.— Summary of 1944 Operating Data, Marion, Indiana

I te m  A verage

Sewage flow, m .g.d.................................  4.32
Estim ated population served,

persons'...................................................  26,700
Compressed air data:

Cu. ft. air per gal. sewage for
aeration.............................................  0.77

Pounds B.O.D. removed per 1,000
eu. ft. a ir ..........................................  1.18

Cu. ft. air per lb. B.O.D. removed 887 
Per cent of air from sewage g a s . . 85.2

Physical data:
Digester temperature, 0 F .:

Prim ary............................................. 97.0
Secondary......................................... 85.0

pH:
Raw sew age..................................... 7.9
Plant effluent..................................  7.7

Detention, hrs.:
Primary tan k s................................  1.69
Final tanks....................................... 2.61

Digester gas:
Cu. ft. per capita per d a y ............... 1.97
Per cent total power from g a s . . . .  74.6

Raw primary sludge data:
Thousand gals, pumped, total for

year ..................................................... 9,192.3
Solids (dry), per cen t........................ 5.61
Volatile dry solids, per cen t  54.3

Grit removed from sewage and gar
bage, cu. ft., yr.................................... 3,925.0

Suspended solids data :
Raw sewage, p.p.m ............................  229.0
Primary effluent, p.p.m ....................  107.0
Final effluent, p.p.m .......................... 11.0
Per cent removal:

Primary tan k s................................. 52.0
Over a l l .............................................  95.2

B.O.D. data:
Raw sewage, p.p.m ............................  172.0
Primary effluent, p.p.m ....................  119.0
Final effluent, p.p.m ..........................  12.0
Per cent removal:

Primary tan k s................................  31.0
O v era ll.............................................. 92.9

Mississinewa river above plant, 
p.p.m ................................................... 5.0

I te m  Average

Mississinewa river below plant,
p.p.m ...................................................  7.0

Activated sludge data :
Detention, hrs............................  4.19
Mohlman index...................................  57.0
Suspended solids, p.p.m ...................  3,220.0
Flow in m.g.d. of return slu d g e ... 1.22
Per cent of raw sewage flow (re

turn sludge).....................................  28.7
Suspended solids in return sludge,

p.p.m ...................................................  12,385.0
Ash in return sludge, per c e n t . . . .  43.1

Digested sludge data:
1,000 gals, removed, year ............  6,831.2
D ry solids, per cen t.................. 4.75
No. of truck loads hauled, y e a r ... 6,641.0
Tons dry solids removed, year. . . 1,311.6
Labor cost of sludge removal,

y ea r ............................................ $3,276.84
Truck fuel and maintenance cost,

year ...................................................  $ 826.20
Revenue from sludge sale, y e a r .. .  $ 949.80

Garbage disposal data:
Thousand gals, ground garbage

pumped, year..................................  685.1
Solids, per cen t...................................  4.43
Volatile solids, per cen t...................  86.6
Thousand lbs. volatile solids di

gested, yea r ...................................... 2,427.1
Cu. ft. gas per lb. volatile so lids* .. 8.04
Tons green garbage, year ................  1,049.6
Thousand cu. ft. gas from garbage,

yea r .....................................................  1,702.0
Per cent of total gas from garbage 8.9 

Treatment costs data, dollars:
Cost per m .g.........................................  17.91
Cost per capita per m onth   0.086
Cost per 1,000 lb. B .O .D . removed 14.13
Payroll for year ................................... 18,314.75
Materials and maintenance for

year .....................................................  4,787.76
1944 budget for treatment, new equip

ment and construction, billing, etc. 
but excluding principal paym ents 
and interest on bonds, dollars  50,724.00

* Includes sewage volatile solids.
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senting 6,831,000 gal. of liquid were 
hauled in the twelve-month period cov
ered by this report. Many farm orders 
cannot be filled because of limited de

livery facilities, but it is hoped that 
some time in the near fu ture the proper 
government officials will give us a 
release for another truck.

Annual Report of the Buffalo Sew er A uthority for 1943-1944 *

The Buffalo Sewer Authority, a pub
lic benefit corporation, was created by 
an Act of the Legislature passed in the 
spring of 1935. To it was delegated 
the responsibility for providing an 
effectual means of relieving the Niagara 
River and other tribu tary  streams 
from pollution by sewage and wastes. 
The Authority has accepted and dis
charged its responsibility in full con
formity with the intent and spirit of 
the mandate of the New York State 
Department of Health to discontinue 
pollution of the Niagara River.

Report on the Sewage Treatment 
Works

B y  J o h n  W. J o h n s o n ,

Works Superintendent 
Pumping

Inspection of the wet wells indicated 
that the concrete mats and deflectors 
installed to fill worn spots beneath the 
suction of the main pumps were giving 
good service. At the same time it was 
discovered that timber baffles in the 
channel throat on one side had elimi
nated the settlement of grit deposited 
at the rear of the well, but had caused 
a deposit to form under the suction 
bells of the idle pumps. The structure 
was dismantled and relocated, and fu r
ther studies will be made of this prob
lem.

Primary Sewage Treatment
Transfer of skimmings or scum and 

its final disposal has always been a 
major operating problem. Lines and 
pumps which handle this material sel

* For previous extracts see This Journal, 11, 
6, 1,083 (Nov., 1939); 14, 2, 455 (March, 
(1942); 13, 3, 592 (May, 1941) ; 16, 6, 1,239 
(Nov., 1944).

dom work a t rated capacity and in
cinerating units do not efficiently con
sume it. For a time during early 
spring all skimmings were raked by 
hand from scum boxes at the clarifiers 
into portable carts. The skimmings 
wheeled to an outside hearth were 
readily incinerated. W ith the advent 
of warmer weather the oils and greases 
became more fluid causing spillage in 
transportation and difficulty in reten
tion on the grates of the incinerating 
hearth. Because of these hindrances 
and due to the fact that about two 
tons were removed each day, the pro j
ect was temporarily abandoned.

Disinfection

Chlorine was added to the sewage 
based on the determination of hourly 
demands. Close co-operation was effec
ted between the chlorine station and 
the final effluent station to maintain 
0.1 p.p.m. residual. Dosage averaged 
4,280 pounds per day with a total of 
1,567,650 lbs. of chlorine being added 
to the flow for the current year. The 
daily presumptive coliform bacterial 
kill averaged 97.9 per cent, which was 
equal to the six-year average. (Ab
stractor’s note: Reporting bacterial re
sults by the percentage kill is frequent
ly misleading. Later in the report it 
is stated that complete chlorination is 
not attempted during the period of 
storm flows and for comparative p u r
poses the dry weather average data 
for bacterial content were calculated 
to show the relationship to the over 
all average. The calculations, it is 
stated, showed the raw sewage to have 
a content of 112,000 per ml. during 
such periods, whereas that of the efflu
ent averaged 1,500 per ml., resulting 
in an average kill of 98.7 per cent. I t
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can readily be seen that while the per 
cent of kill is high there are still sub
stantial numbers of coliforms still pres
ent in the effluent. For conditions in 
the Niagara River this count may be 
perfectly acceptable but is far, for ex
ample, from the standard of the In ter
state Sanitation Commission of New 
York, New Jersey and Connecticut, 
which allows not over 1 coliform per 
ml. in more than 50 per cent of the 
bacterial samples collected.)

E arly  in the year experimental work 
with the potential cell and recording 
apparatus for the measurement of 
chlorine demands of sewage was in ter
rupted. F urther refinement in the 
unit must be made before work can be 
resumed.

Control of Scum in Digestion Tanks
Monthly sludge inventories indicated 

a range in scum solids varying from 
60 to 80 per cent by weight, averaging 
at times 20 per cent dry solids and 70 
per cent volatile matter. During peri
ods when dry solids concentration was 
high, recirculation of supernatant 
liquor was used to break dowTn the 
deep mass, facilitating removal of the 
material, improving the digestion pro
cess and increasing the rate of gas 
production. In  a fu rther effort to di
gest this accumulation, which averaged 
12 ft. in depth, quantities of ammoni
um sulphate were fed into one tank. 
A fter the introduction of this chemical, 
containing 25 per cent available am
monia, there was a noticeable increase 
in tank activity and gas production 
within a short time. I t  was also pos
sible to withdraw top m aterial more 
readily than with recirculation alone. 
Additions of this chemical were made 
in small amounts compared to the total 
tank contents. This was done to pre
vent any overflow of the active m ater
ial. Later in the year the volume of 
scum was greatly reduced by the abil
ity to increase the load to the sludge 
incinerators, and further additions 
of ammonium sulphate were withheld

until such time as the grease may be
come stiffened again.

Additional Comments on Sludge Dis
posal
Benefits derived from revision of the 

raw sludge inlet line and provision of 
a larger gas take-off line in one of the 
digestion tanks last year warranted 
similar changes to the others. During 
the current year a second tank was 
emptied to a point where all of the 
sludge, supernatant liquor, heating 
coils and gas lines were exposed. This 
time, because the m aterial remaining 
in the lower part of the tank was soft, 
it was not possible to vrork from float 
stages on the surface. Suspended 
working platform s had to be erected 
but, fortunately, no work was neces
sary on the heating coils, which made 
this installation less extensive than be
fore. The original 4-in. gas line was 
left in place and was connected to the 
recirculating equipment. This was 
done to provide an integral and pro
tected system, which does not exist in 
the exposed exterior riser and hoses 
used to carry supernatant liquor into 
the domes of the digesters. It has 
been found that raw sludge at the full 
pumping rate can now be taken by 
either one of these tanks and metered 
gas production from them is double 
that of the other two tanks, which 
have not as yet been revised.

During an interim  of periodic in
spection, the wood roof deck of one of 
the floating covers began to disinte
grate. Although the planking is un
treated, this was perplexing as the 
other three roofs were sound. Tem
porary repair and support to the weak
ened members were made until materi
als can be secured that will be resistant 
to the humid conditions prevailing be
tween the steel bottom and the decking 
above. Louvered ventilators were im
mediately provided for use during the 
warmer months to aid in relief of this 
condition.

Dictated by safety requirements, the
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flame and moisture traps on the gas 
supply lines and the pressure-vacuum 
relief valves at the gas domes were 
cleaned and adjusted twice during the 
year. For a time the pressure release 
on the latter was reduced so that the 
weight of the covers might aid in sub
mergence of top sludge, but it was 
found that higher pressure under the 
cover gave greater assistance in the re
moval of the material.

Disposal of sludge was scheduled ac
cording to the results obtained from 
monthly sludge inventories made on the 
digestion tanks.

Emphasis on raising the volume of 
scum to be incinerated caused increased 
use of conditioning chemicals, as much 
of the lime was lost to the grease p ar
ticles in the sludge cake. Near the 
end of the year the supply of pre-war 
filter cloths purchased in 1941 became 
depleted. Several new cloths . subse
quently used, which were purchased 
last year and were available only in 
lighter weight Canton flannel, had a 
much shorter life. This one item alone 
increased the cost of operation of this 
department several hundred dollars. 
Two of the bucket elevators, which 
carry digested sludge to the condition
ing tanks, were rebuilt. By eliminat
ing two sharp bends on the return 
travel of the buckets and by shortening 
the total length of the conveyor, greater 
speed was provided and a longer oper
ating life insured.

The lower sections of the tile-lined 
cyclones of one unit were renewed 
after having operated 24 months with 
a minimum of repair. This service, 
compared with the operating life of 
three months for steel plate liners, has 
proved the worth of the tile.

Endeavoring to find an outlet for 
the sludge, contact was made in the 
local fertilizer market and as a conse
quence 50 tons of dried sludge were 
drawn off the furnace surge bins, 
bagged and sold to a local fertilizer 
company. The material was used as a 
filler in a standard type of commercial

fertilizer. F inal report as to the value 
of this addition has not yet been 
obtained.

Report on Activities of the 
Laboratory

B y  G eorge F. F y n n , Chief Chemist 

Sludge Digestion Tank Inventories
For the purpose of calculating sludge 

loadings and to schedule incinerator 
operations, an inventory of the sludge 
digestion tanks was made each month. 
This work involved sampling at 2-ft. 
intervals throughout the depth of each 
tank, and laboratory analyses were 
conducted on composites for solids and 
volatile m atter content, pH, and vola
tile acids. Due to the accumulation of 
scum encountered a revision to the sam
pler was made by constructing a bullet- 
shaped piece of steel, which might be 
attached to the sampler for added 
weight when abnormal conditions were 
experienced. The efficacy of this addi
tion has been notable especially during 
the winter months.

The industrial waste program was 
furthered during the year by analyz
ing the discharge from several con
cerns. This work was conducted in co
operation with the Engineering Divi
sion, which scheduled the programs of 
sampling. Grab samples were collected 
by the division and, if preliminary tests 
indicated a condition which should be 
given further study, a sampling proce
dure was inaugurated to cover the pe
riod of operation in the plant under 
investigation. Analyses were made to 
determine concentrations of suspended 
solids and chlorine demand for com
parison with the average strengths of 
the sewage as received at the treatment 
plant. During the year the laboratory 
conducted analyses on the wastes of 
various industrial establishments in
cluding tanneries, rubber reclamation 
plants, breweries, a gas company, sev
eral meat packing plants, a milk and 
dairy products concern and several in
dustrial and household laundries.
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TABLE 2.— Summary of 1944 Operating Data, Buffalo, New York

I te m  A verage

Sewage flow, m .g.d...............................  136.0
Population served, approx................  590,400
Analytical data:

Suspended solids, raw sewage,
p.p.m ............................................ 207.0

Lbs. per cap...................................  0.39
Grit free, p.p.m ............................  199.0
Effluent, p.p.m .............................. 121.0
Per cent rem oval.........................  41.4

Settleable solids:
Influent, p.p.m.............................. 93.0
Per cent removal by settling

tan k s............................................ 48.7
pH of raw sew age............................  7.1
B .O .D .:

Raw, p.p.m ..................................... 136.0
Effluent, p.p.m .............................. 101.0
Per cent rem oval.........................  25.7

Chlorine demand:
Raw, p.p.m ....................................  5.0
Supernatant liquor, p .p .m .. . . .  324.0
Total demand, p.p.m .................  5.43

Presumptive Coliform bacteria:
Raw, 1,000 per ml.......................  105.0
Effluent, 1,000 per m l................  2.18
Per cent k ill..................................  97.9

Grit:
Cu. ft. per m.g..................................  2.45
Per cent dry solids.........................  54.5
Per cent volatile so lids........................ 41.8

Raw sludge:
Per cent dry solids.................................  7.3

Among other problems that de
manded the attention of the staff were 
studies of the grease content of the 
sewage and sludge, a consideration of 
the suitability of the ground water at 
one location for possible use as plant 
water, the fertilizer value of the di
gested sludge from the nitrogen, phos
phorus and potash content, the effect of 
ammonium sulphate additions on the 
digestion tanks, and the possibility of 
the utilization of a waste lime slurry 
for conditioning.

Report of the Sewers Department

By Carl L. H owell, Supt. of Sewers 

Operation of Sewer Patrol
Regular inspection of siphons, in ter

cepting and overflow chambers and 
manholes, and other appurtenances has

I te m  Average

Per cent volatile so lid s................... 64.2
p H .......................................................... 6.3

Sludge digestion tank operation:
Digested sludge:

Per cent dry so lid s......................  8.7
Per cent volatile so lid s..............  59.3

Supernatant liquor:
Per cent dry so lid s...................... 3.3
Per cent volatile so lid s..............  53.6
p H .....................................................  7.0

Tank temperatures, ° F .................  94.0
Gas production:

1.000 cu. ft. per d a y ................... 472.3
Per cent C 0 2.................................  35.3
Cu. ft. per cap  0 79

Incineration of sludge:
Sludge cake:

W et tons per d a y ........................  81.0
Per cent dry solids......................  36.4
Per cent volatile so lid s..............  50.3

Ash:
1.000 lbs. dry solids per d a y . . 23.4
Per cent volatile m atter   4.3

Per cent C aO .....................................  9.74
Per cent FeCU................................... 2.05

T otal miles sewer, June 30, 1944. . 759.03
Employees in sewage treatm ent

w orks....................................................  127
Cost of operation of plant, dollars. 409,351.64 
Cost of operation per m.g. treated,

dollars................................................... 8.23

been continued by the Sewer Patrol, 
consisting of three men with an ade
quately equipped truck. There are 
now 244 such points of inspection in 
addition to 16 gauging stations in 
trunk sewers. A total of 7,274 such 
inspections have been made during the 
past year. In  these inspections, con
nections to the intercepting system 
have been found completely stopped 
on 285 occasions, with sewage overflow
ing the weirs to the overflow outlet, and 
on 56 occasions connections have been 
found partia lly  clogged. On many 
other occasions points of interception 
have been found to have small accumu
lations of debris which, if not removed, 
would have caused fu rther accumula
tion and eventually clogged the connec
tions. W herever possible, all connec
tions of the above character have been
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cleaned and kept in good working con
dition by the Sewer Patrol. (A b 
stractor’s note: This cleaning and in
spection of sewer appurtenances de
serves much more than passing notice. 
Many communities, especially the 
smaller cities and towns, fail to pro
vide men or funds for such work with 
the result that stoppages occur at the 
most inopportune times, lawsuits some
times are instituted against the com
munity, and in particular the overflow 
of raw sewage occurs during dry 
weather flow when all sewage should be 
reaching the treatm ent plant. In  view 
of the funds appropriated and the ef
fort expended for the treatm ent of sew
age, it is illogical that all the sewage 
that should reach a sewage treatm ent 
plant for treatm ent does not do so be
cause of inadequate supervision of 
overflow chambers and sewers. Con
gratulations, Buffalo, for setting this 
good example!)

During the year, 1,017 sewers with 
a total aggregate length of 745,217 
lineal feet have been cleaned. The 
sewer cleaning cost was 7.1 cents per 
lineal foot. Of interest is the fact that 
throughout the city are some sewers 
which have never been cleaned and 
upon inspection year after year con
tinue to remain in the best condition.

Industrial Wastes Survey

The making of special charges for 
treatment of industrial wastes of un
duly high concentrations, which cause 
increased treatment expense, has now 
become an established practice with the 
Authority. These special charges, 
which are for the purpose of reim burs
ing the Authority only for the cost of 
chlorine consumption and of chemicals 
and power used for the disposal of 
solids in excess of normal sewage re
quirements, are determined from the

adopted rate formula set forth in the 
annual report for the previous fiscal 
year (see This Journal, 16, 6, 1,239 
(Nov., 1944)).

Special charges are now regularly 
being made to a number of concerns 
whose wastes are particularly strong. 
The types of industry in which these 
concerns are engaged are rubber re
claiming, tanning, slaughtering, indus
trial laundering, etc. The cost of 
cleaning certain sewers is being di
rectly assessed against two concerns 
whose wastes continue to cause block
ages in these sewers.

Considerable work has been done 
during the past year toward determin
ing the effect upon the chlorine demand 
and suspended solids content of wastes 
from rubber reclaiming processes when 
diluted with normal sewage. A de
crease in chlorine demand and an in
crease in suspended solids has been 
noted. Studies of laundry wastes have 
indicated a marked difference in 
strength of wastes from those places 
laundering industrial garments and 
cloths and those devoted exclusively to 
laundering domestic articles. The 
wastes of launderies devoted to domes
tic work have not appeared of sufficient 
concentration to w arrant speeial 
charges. Studies have been continued 
of the wastes from breweries with indi
cations that such wastes are not exces
sively strong.

Efforts have been continued during 
this year to restrict the entrance of oil 
and grease into the sewer system. 
Where oils and greases have appeared 
in sewers, the concerns believed to be 
responsible for the same have been con
tacted and have in general readily 
agreed to co-operate in this effort. The 
accumulation of grease in certain 
sewers has continued, however, to be 
a major problem.
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TABLE 3.— Summary of 1944 Operating Data for Gary Sanitary D istict 
M ain Sewage Treatment Plant, Gary, Indiana

I te m  A verage

Population served, estim ated. . .  100,000
Sewage pumped, m.g. total for

y ea r .................................................  6,892
Average daily sewage pumpage,

m .g...................................................  18.83
Suspended solids removed, lbs.

for year ..........................................  18,173,772
5-D ay B.O .D . removed, lbs. for

yea r .................................................  9,734,489
Gas production, cu. ft. for y e a r .. 56,502,200 
Average daily gas production,

cu. f t ................................................  154,378
Value of gas used, dollars  22,661.08
Air blown, million cu. ft. for year 3,195.72
Reduction in suspended solids,

per cen t.......................................... 98.4
Reduction in 5-day B .O .D ., per

c en t.................................................  96.4
T otal cost of operation, dollars

for year ...................................... 80,230.71
Cost per m .g................................. 11.64
Cost per capita...........................  0.80
Cost per 1,000 lbs. B .O.D. re

m oved ........................................  8.24
Per cent of sewage pumped with

sludge gas, year ..........................  88.08
Cu. ft. air used per gal. sewage

treated............................................ 0.48
Per cent air blown with sludge

g a s ...................................................  99.97
Lbs. B.O.D. removed per 1,000

cu. ft. a ir .......................................  1.40
Cu. ft. gas produced per c a p ita .. 1.54
Gas produced per lb. solids added 3.1
Gas produced per lb. volatile

solids added .................................  6.2
Screenings removed in cu. ft. per

m .g...................................................  0.24
Grit removed in  cu. ft. per m .g .. .  8.99
Lbs. solids removed daily, dry

basis .......................... 49,655
Lbs. solids removed per m .g .. . . 2,782
Settling period in hrs.....................  2.18
Lbs. B .O .D . removed daily.........  26,597
Lbs. B.O.D. removed per m .g ... 1,412
pH:

Raw sew age.................................  7.0
Final effluent...............................  7.3
Raw sludge................................... 6.9
Return sludge.............................. 7.2

B.O .D ., 5-day:
Raw sewage, p.p.m ....................  175.55
Settled sewage, p.p.m ...............  83.78
Per cent reduction by settling 52.22
Final effluent, p.p.m .................. 6.29
Per cent reduction, over a l l . . . 96.42

Suspended solids:
Raw sewage, p.p.m ....................  321.22

I te m  A verage

Settled sewage, p.p.m ................ 108.26
Per cent reduction by settling 66.29
Final effluent, p.p.m ..................  5.13
Per cent reduction, over a l l . . . 98.40

Aeration data:
Suspended solids, mixed liquor,

p.p.m ......................................  1,221
Sludge ind ex................................. 78.1
Suspended solids, return sludge,

p.p.m ...........................................  4,203
Per cent return sludge  34.66
Aeration period, hrs...................  4.68
Secondary settling period, hrs. 3.34
Secondary area loading, gals.

per sq. ft ....................................  666
*Raw sludge pumped, gals, daily 139,736 
*Raw sludge dry solids, per cent 5.04
*Raw sludge dry volatile solids,

p e r ce n t ..........................................  51.51
Gas analysis!:

Carbon dioxide, per cen t  28.3
Oxygen, per c en t........................  0.1
Methane, per cen t.....................  65.2
Hydrogen, per cen t...................  5.2
Nitrogen, per c en t.....................  1.4
Hydrogen sulphide, raw, grains

per 100 cu. f t ............................ 5.32
Hydrogen sulphide, scrubbed,

grains per 100 cu. ft ..............  4.04
Gross heat value, B .T .U   674.1

Digested sludge:
Per cent dry solids, all digesters 5.64
Per cent volatile solids, all di

gesters ........................................  44.2
Drawn to drying beds, gals.,

to ta l  .............................. 8,776,585
Dried sludge cake produced,

total to n s ............................ 4,685.75
pH digested w et sludge  7.0
Average number of beds filled

per m onth ................................. 15.35
Bacterial analysis:

T otal bacteria per ml.:
Raw sew age.............................  762,000
Final effluent ............ 41,200

B. Coli, M .P .N . per 100 ml.:
Raw sew age.............................  2,400,000
Final effluent........................... 96,000

Grand Calumet River Survey:
Dissolved oxygen, p .p .m .:

i  mile upstream ....................  4.53
|  mile downstream ............... 4.65
1 r miles downstream   4.83

5-D ay B.O .D ., p.p.m.:
i  mile upstream ....................  4.14
4 mile downstream ............... 4.26
1J miles downstream   3.12

* Mixture of primary and waste activated sludge, plus solids in supernatant liquor, 
t  Averages of one sample per month.



Vol. 18, No. 2 T IP S  AND Q U IPS 325

Fourth Annual Report on the Gary, Indiana, Sew age Treatm ent
W orks for 1944

B y  W . W . M a t h e w s , S u p t*

This plant is an activated sludge, 
diffused air type with separate sludge 
digestion. Garbage grinding equip
ment is included as part of the plant 
but has not been used to date. The de
sign is based on a flow of 40 m.g.d. and

170,000 population. The plant was 
placed in operation on August 23, 1940.

Table 3 is a summary of 1944 operat
ing data. Additional comments on 
1944 operations will be found in This 
Journal, 17, 5, 1,064 (S ep t, 1945).

TIPS AND QUIPS
Columned at Columbus during the 

Nineteenth Annual Meeting of the Ohio 
Conference on Sewage Treatment on 
October 31 and November 1, 1945 . . .  a 
better than average registration of 90 
. . . a program distinguished by the 
spontaneity, technical caliber and spir- 
itedness of the discussion from the floor 
. . . the instructive and entertaining 
narrative of the experiences and ob
servations of Lt. Col. F. D. Stewart 
during his service in the Sanitary 
Corps of the army, while stationed in 
Iran . . . and the interesting recitation 
by E. E. Smith (back at Lima after 
military service) of his observations of 
sewage works practices in Ita ly  . . . the 
paper on synthetic rubber wastes by
C. C. Ruchhoft, who displayed sam
ples of the wastes and created an ol
factory atmosphere of unquestioned 
authenticity . . . the illustrated lec
ture given by Dr. A. J . Fischer in 
which he revealed the stark and com
plete destruction wrought upon Ger
many during the war, as observed by 
Dr. Fischer during his 3-month tour of 
inspection last summer . . . the unveil
ing of the mind of an acknowledged 
politician in the banquet address of 
State Senator Roscoe R. W alcutt of 
Ohio, whose remarks were punctuated 
by frequent gems of humor . . . the en
joyable assignment of presenting the

* For previous extracts see This Journal, 
16, 3, 637 (May, 1944) ; 17, 5, 1064 (S ep t,
1945).

Federation’s 1945 Kenneth Allen 
Award to F. II. W aring, Chief Engi
neer of the Ohio State Department of 
Health . . . and Mr. W aring’s revela
tion of the pollution abatement activity 
of his office, the effectiveness of which 
is proved by Ohio’s hundred million 
dollar backlog of sewage works con
struction in the design stage . . . the 
threatened imposition of the old Ohio 
Conference rule that any member who 
errs in his use of sewage works term i
nology is fined one dime per violation 
. . . which is indicative of the desire 
of this group to achieve perfection . . . 
and the conviction at the end of the 
meeting that “ Buckeye Sludge” will 
bulk and foam only rarely so long as 
the valves are manipulated by these 
indomitable operators!

Unusual indeed is the sewage trea t
ment plant at Richmond, In d , where 
hard working Ed Ross superintends. 
Located in a beautiful natural setting, 
advantage is taken of the rough topog
raphy to utilize the 30-odd feet of head 
to supplement air application at the 
activated sludge units. The aeration 
tanks are in three sections with a dif
ference of about 15 ft. between the 
water surface elevations; “ Aero-mix” 
aerators are utilized in the second and 
third sections to augment the diffused 
air supply to the extent of about 700 
cu. ft. of air per minute. The plant



326 SEW AGE W ORKS JO U R N A L M arch, 1946

has no raw sludge pumps, sludge dis
charge from the sedimentation tanks 
to the digesters being by gravity-—an
other unusual feature.

The operation problems of principal 
concern at the moment are manpower 
and chrome plating wastes. Supt. Ross 
is anticipating the day tha t he will 
have sufficient men to catch up on 
painting and other general m ainte
nance work. In  the meantime, he finds 
occasional diversion in the periodic 
batches of chrome wastes that tu rn  the 
activated sludge to a light yellow color 
and cause the floes to break up and 
lose their density. No trouble during 
the “ C orner’s ” visit, however; the 
sludge index was about 75, according 
to the pulchritudinous Mrs. Miller, 
plant chemist.

And, as the crowning item of indi
viduality of this plant, it is the first 
one in our experience to boast a fire
place in the superintendent’s office!

Charted at Charlotte a t the time of 
the 25th Annual Jo in t Conference of 
the North Carolina Sewage Works 
Assn. and North Carolina Section, 
A. W. W. A. on November 5-7, 1945 
. . . about 300 registrants—not good, 
but very good! . . . the snappy and 
punctual job of presiding turned in by 
Chairman E. M. Johnson at all techni
cal sessions and by J . R. Purser at the 
banquet . . . the down-to-earth round 
table discussions on sewage works prob
lems, ably led by S. R. Kin and D. 
York . . .  an impressive demonstration 
of southern hospitality in the general 
conduct of the meeting as arranged by 
G. S. Rawlins, J . L. Greenlee, J . R. 
Purser, W. E. Vest, H. F. Davis and 
numerous others . . . the opportunity to 
visit and compare notes with dynamic 
H arry  Jordan, Secretary of A. W. 
W. A. . . . the verbal and visual trip  
to Brazil with Dr. H. G. Baity, who 
headed some of the recent work of the 
Institu te of Inter-American Affairs in 
that nation—a presentation that was

on a par in photographic technic, lan
guage and subject m atter with the of
ferings of the best geographical publi
cations . . . enhanced by the paper 
given by Col. H. B. Gotaas, President 
of the Institu te  of Inter-American Af
fairs, in which he described the work 
of that agency in promoting environ
mental sanitation in eighteen Latin- 
American nations . . . the designation 
by the N. C. S. W. A. of Col. Gotaas 
as the recipient of the 1946 Kenneth 
Allen Award . . . the technical papers 
by Capus W aynick of North Carolina 
and R. D. F arre ll of Tennessee, from 
which it was evident that these two 
states are on the high road and in high 
gear in the initiation of sound, practi
cal pollution abatement programs . . . 
the brief bu t instructive tour of the 
Sugar Creek and Irw in Creek sewage 
treatm ent plants at Charlotte, where 
a good practical job is being performed 
by 17-year-old plants that are heavily 
overloaded . . . and then back home via 
the airways, with a stop-over in Wash
ington, to conclude a most pleasant and 
profitable t r i p !

A stop at Decatur, 111., at dusk one 
dark November day found Supt. W. D. 
Hatfield poring over tabulations of 
operating data. And his time was be
ing well spent, for the Decatur plant 
is one that receives and handles a heavy 
flow of tricky industrial wastes in units 
that are loaded far beyond conven
tional limits. The main plant com
prises g rit chambers, Imhoff tanks, ac
tivated sludge units and trickling fil
ters. At the time of visit the settled 
sewage flow was being divided between 
the two secondary treatm ent processes 
—only one of several flow sequences 
that is possible in the layout.

Imhoff tanks loaded at rates of 1.5 
to 3.5 lb. solids per cu. ft. per month, 
filter loadings from 400 to 875 lb. per 
acre-ft. daily, final settling rates up to 
3,300 gal. per sq. ft. per day—these 
are characteristic of the burden ini-
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posed by starch m anufacturing and 
metal plating wastes and others. As 
regards the unusual digestion efficiency 
of the Imhoff tanks, it is significant 
that the raw sewage tem perature is 85° 
to 90° F.

The starch wastes are the major 
problem and their control involves a 
striking story of the practical applica
tion of laboratory data in the achieve
ment of close co-operation between in
dustry and municipality. A separate 
hourly grab sample of raw sewage is 
taken at the times the portions are col
lected that make up the daily com
posite. The first laboratory operation 
is to make an oxygen consumed deter
mination on the composite and if the 
result is low the grab samples are dis
carded because it has been established 
that the starch wastes are of normal 
character. If  the oxygen consumed 
result on the composite is high, chlorine 
demand, oxygen consumed and a sim
ple sugar test are determined on each 
hourly grab sample.

The starch m anufacturing losses are 
either in the form of general process 
water or of a specific waste having a 
high sugar content. The process water 
has a high chlorine demand and B.O.D. 
while the sugar losses have a high oxy
gen consumed, low B.O.D. and little, if 
any, chlorine demand. Thus, the sugar 
waste does not affect the plant loading 
as reflected by population equivalent 
but does have a marked influence on 
the activated sludge. Quick and con
venient pH determinations, made by 
use of a glass electrode, were formerly 
indicative of process water loss when 
in the low range. This has been nulli
fied as a control, however, by metal 
plating wastes contained in the sewage 
in recent years.

The above procedure gives a rapid 
picture of the content of the flow re
ceived during the previous day. A 
telephone call to the chemist at the 
starch plant informs him of the nature 
and approximate time of any losses so 
that he may trace and eliminate the

source. The industry values the serv
ice because it assists them in achieving 
maximum production efficiency by re
ducing waste.

A secondary advantage of the pre
liminary spot tests is that they serve 
as a guide in the selection of B.O.D. 
dilutions. This is quite helpful at De
catur because of the wide daily 
variation.

Operators of other plants receiving 
wastes from nickel plating processes 
may be interested to know that concen
trations of nickel as high as 50 p.p.m. 
in the raw sewage have not been detri
mental to the sewage treatm ent meth
ods employed at Decatur.

Atoms from Atlanta, where the 
Georgia W ater and Sewage Assn. held 
its Fourteenth Annual Meeting on De
cember 4, 1945 . . . with 138 regis
trants, a satisfactory figure considering 
that this was just a one-day meeting, 
hurriedly arranged . . . the address of 
welcome by President Blake R. Van 
Leer of Georgia Tech in which he (1) 
admonished operation administrators 
to emphasize public relations functions 
if they expect to secure public appreci
ation of their efforts and (2) pointed 
out the association’s great responsibil
ity toward the advancement of public 
health in Georgia, as a prerequisite to 
the industrial development of the state 
. . . the remark by President Grady 
Wylds, in his pleasing Georgia drawl, 
as he introduced State Sanitary Engi
neer W. H. W ier: “ Fifteen years ago 
we operators looked upon these state 
engineers as we would a ‘ revenuer ’ ; to
day we welcome them because we know 
they come to help u s” . . . one of the 
best “ B lueprint Now”  talks we have as 
yet heard, by W. H. W ier . . . the 
discussion on the chlorination paper by 
N. S. Chamberlain that went right on 
through the luncheon hour . . . and 
then was revived later in the day . . . 
the extra-curricular dinner that was ar
ranged so that we could get better
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acquainted with 34 leaders in sanita
tion in Georgia . . . and the tale, told 
during the ensuing “ story hour,”  of 
the youthful burglars who robbed the 
home of A tlantan W. J. Houston of 
several items, including a copy of the 
F ederation’s book Modern Sewage Dis
posal. When apprehended and ques
tioned as to why this precious tome 
(now out of p rin t) was taken, one of 
the erran t boys said that he “ thought 
its was a mystery sto ry”  . . . which 
conclusion has more than a little foun
dation in fa c t! . . .  as well as the n ar
rative by Consulting Engineer L. R. 
Singleton about the interm ittent sand 
filter plant he designed during the 
Florida boom for the municipality of 
Haines City, where only a small frac
tion of the design population was real
ized and none of the sewage that has 
been received for treatm ent has ever 
been discharged at the plant outlet as 
effluent! . . . the unbounded courtesy 
and favors extended by Georgians G. 
K. F rith , Van P. Enloe, M. B. Nixon, 
Henry Knapp and many others, who 
put a true southern accent upon their 
hospitality . . . and, throughout, the 
apparent observation that the Georgia 
W ater and Sewage Assn. may not be 
the largest, but is certainly one of the 
strongest units of the Federation!

A visit to three of the five sewage 
treatm ent plants serving A tlanta and 
environs made the “ C orner’s ” trip  to 
that beautiful city complete. The ad
ministrative set-up here is similar to 
that of a sanitary district in that the 
A tlanta plants serve seven adjacent 
smaller municipalities. An unusual 
note is that the 800-mile sewage collec
tion system has only one pumping sta
tion—and that is a tem porary one. 
M. B. Nixon, City Engineer of Sew
age, is in charge of all collection and 
treatm ent works.

The first stop was at the R. M. Clay
ton plant, where the genial V. P. 
Enloe functions as superintendent.

This 42-m.g.d. p lan t is of the separate 
sludge digestion type and is equipped 
for chemical treatm ent when outlet 
stream conditions are critical. I t  has 
not been necessary to apply chemicals 
since the plant was built in 1938, when 
it replaced what were said to be the 
first Imhoff tanks constructed in the 
U. S. (1911).

The old Clayton p lant also lays 
claim to being the first sewage treat
ment plant in the U. S. in which sew
age gas (collected a t the Imhoff tank 
gas vents) was utilized for fuel. Dur
ing the time tha t Chas. C. Hommon, 
now of Columbus, Ohio, was superin
tendent, this gas was used for lighting 
the p lant grounds, for cooking in the 
superin tendent’s house and for labora
tory purposes. The old gasometer used 
for storage at that time has been kept 
for exhibit as an historical item.

The plant is located adjacent to the 
c ity ’s raw water pumping station on 
the Chattahoochee River, and the ex
cess digester gas is piped across for use 
in the water works boilers. This ex
cess flow of gas amounts to 200,000 to 
250,000 cu. ft. per day and is equiv
alent in fuel value to about 6 tons of 
coal daily.

An interesting application of com- 
minutors as separate screenings grind
ers has been incorporated into the Clay
ton plant. Screenings are removed 
from the sewage by mechanically 
cleaned screens and the screenings 
dropped into a trough, whence they 
are flushed by a continuous flow of 
river water to a 15-in. comminutor 
where they are shreaded and returned 
to the sewage. Thus, two 15-in. com- 
minutors (one of them a standby unit) 
suffice to grind the screenings from a 
sewage flow of 30 m.g.d.

A t the top of a hill near the plant, 
overlooking the junction of Peachtree 
Cr. with the Chattahoochee, are some 
of the original breastworks used by the 
Army of the South in its gallant de
fense of A tlanta during the Civil War. 
Historic soil, indeed!
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The attractive South River plant, 
giving complete treatment by separate 
sludge digestion and trickling filters 
to 6 m.g.d., was the next stop. Two 
tiny Continental truck engines, alter
nately operated, generate all the power 
required here. Considerable trouble 
has been experienced by scum forma
tion in the digesters as a result of 
grease and fiber contained in the wastes 
from a tributary wool scouring plant. 
Co-operative work with the industry 
has eliminated much of the trouble but 
the heavy scum accumulation in both 
digesters has had to be removed manu
ally—no small project! Of interest 
here was the original idea (to us, at 
least) of Supt. Henry Knapp in re
gard to the wearing surfaces of the 
flight shoes of the grit collectors. The 
use of built-up rubber pads made from 
old automobile tires instead of the 
metal shoes has reduced the frequency 
of required attention to less than half, 
has reduced wear on the rails and has 
eliminated the purchase of replacement 
shoes. The scheme has been applied to 
the grit chamber equipment of all other 
Atlanta plants.

The final stop on the tour was the 
Intrenchment Creek plant, also super
intended by Mr. Knapp. This plant 
was rebuilt in 1938 by conversion of 
the old Imhoff tanks (installed in 1911 
as the first in the U. S., with those in 
the old Clayton plant) to separate sedi

mentation units, construction of addi
tional trickling filters dosed by spray 
nozzles, installation of a circular final 
sedimentation tank with peripheral 
magnetite filter, and other improve
ments. A flow of 14 m.g.d. is received.

The automatic backwashing equip
ment of the magnetite filter was inop
erative during the visit because of the 
difficulty of securing certain electrical 
repair parts. The magnetite was in 
place and in service as a filter, however, 
the practice being to by-pass the tank 
for three hours each week while the 
sand is washed manually.

Of particular interest here was the 
pilot plant used during the experi
ments by John A. Carollo on the effi
cacy of DDT in the control of psychoda 
flies, which work is reported elsewhere 
in this issue.

Except for minor control tests, all 
of the laboratory work for the Atlanta 
plants is done at the Clayton works 
under the supervision of Chemist W. 
Norris Harris.

Reconversion Short Story :

“ Blueprint Now”
produced the

plans.
Now labor

must provide the
hands !



Editorials

F I L T E R  F L Y  C O N T R O L  B Y  D D T

Since the day tha t the fame of DDT 
as an insecticide emerged from the en
veloping cloak of m ilitary secrecy, op
erators of trickling filter plants have 
been avidly awaiting information as to 
the efficacy of this wondrous substance 
in controlling that vexatious varmint 
and pestiferous invader of eyes, ears, 
nose and throat—Psychoda, the un
wanted filter fly. I t  is with consider
able satisfaction that we present in this 
issue the results of two basic and con
clusive studies in which DDT was tried 
and proven as a control measure. 
Trickling filter operators (and, per
haps, some neighbors to such plants) 
are indebted to Capt. Carollo and Lt. 
Brothers and to the Sanitary Corps of 
the Army for the practical research re
ported here.

Although the two investigations were 
conducted independently in plants dis
tan tly  located from each other, there is 
excellent agreement in the findings. 
Both workers arrive at the conclusion 
that DDT treatm ent is most effective 
when directed at the larvae, the chemi
cal being applied with the sewage flow; 
control of the flies in the adult stage 
by application of the DDT to contact 
surfaces was found to be incomplete. 
There is some divergence of opinion of 
the authors as to the effective dosage 
of DDT when it is applied to the entire 
sewage flow for 24-hour periods but, in 
both cases, these studies were limited 
to small filter areas and should be sup
plemented by further plant scale work.

The batch method of application 
suggested by Lt. B rothers appears to 
have m erit as an efficient and positive 
procedure. A ttention is directed to the 
fact, however, that the recommended 
dosage of DDT (1 p.p.m.) is based on 
the total daily flow of sewage to the

filter, whereas the actual application 
rate is much higher in the batch pro
cedure. F or example, if the sewage is 
allowed to flow to the filter for, say, 
15 minutes after the batch of DDT 
emulsion is dumped, and is then shut 
off to allow for the contact period, the 
actual rate of application would be 
greater than 100 p.p.m. I t  is suggested 
that the batch dosage might better have 
been stated in terms of filter volume 
than in terms of sewage flow, e.g., as 
pounds of DDT (in 5 per cent emul
sion) per acre-foot of filter volume. 
On this basis, an application of about 
15 lb. of DDT per acre-foot would be 
equivalent to the 1 p.p.m. dosage as 
computed by Lt. Brothers.

Neither of the papers refer to the 
costs involved. On the basis of ap
proximate current prices, with DDT 
at 50 cents per lb., Xylene at $1.10 
per gal. and Triton X-100 at $9 per 
gal., the cost of applying 1 p.p.m. of 
DDT to 1,000,000 gal. of sewage for 
24 hours would be about $36. A 
flow of 1 m.g.d. would be the normal 
rate of application to a standard filter 
of about 0.5 acre in area. The effec
tive period of a DDT dosage of 1 
p.p.m. applied for 24 hours is some
what indefinite but should be at least 
15 days. The cost of a batch dosage of 
DDT, as recommended by Lt. Brothers, 
applied to a 6-ft. deep filter of 0.5 
acre area would be about $93, but 
such a treatm ent is shown to be effec
tive for 30 days. These cost estimates 
are conservatively high and it is quite 
likely that the un it prices of the ingre
dients of the emulsion will become 
much more favorable as time passes.

The work of Capt. Carollo, an en
gineer, and Lt. Brothers, an entomolo
gist, recalls attention to the great range
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of scientific interest that is represented 
in the art of sewage treatment. Prob
lems of entomological character are 
sufficiently common and perplexing in 
the sanitary engineering field in gen
eral to suggest that more attention 
should be invited from specialists in 
entomology. The Army Sanitary Corps 
recognized this fact during W orld W ar 
II and profited greatly thereby.

These studies show definitely that 
DDT has promise as a positive control 
of the filter fly problem and it is hoped 
that further plant scale work will pro
ceed from the excellent experimental 
foundation that has been laid by Lt. 
Brothers and Capt. Carollo. Elimina
tion of the need of provision for flood
ing of trickling filters would remove

design complications and reduce con
struction costs; the flooding procedure 
is in itself most objectionable from an 
operation standpoint and will be glad
ly dismissed from standard practice at 
the first opportunity. Before DDT can 
be accepted as the final answer, how
ever, there must be certainty that the 
dosages used will not be hazardous to 
aquatic life or to downstream users of 
outlet watercourses. The costs in
volved may also be a deterrent but it is 
believed that this factor is of only 
temporary significance.

Then too, there are already rumors 
that even more efficient insecticidal 
chemicals than DDT are on the way. 
Mr. Psychoda, your future is indeed 
dubious!

FED ERA L POLICY ON PUBLIC WORKS

One of the most important obstacles 
confronted by municipal officials in 
their planning of public works has been 
the lack of a definite Federal policy as 
to Federal subsidization of such con
struction. The following extracts from 
President Trum an’s “ Message on the 
State of the Union,”  presented to Con
gress on January  21, are pertinent:

“ In  re s u m in g  p u b lic  w o rk s  c o n s t ru c t io n ,  i t  is  
desirab le  to  p ro c e e d  o n ly  a t  a  m o d e r a te  r a te ,  
since d em an d  f o r  p r iv a te  c o n s t r u c t io n  w il l  be  
ab n o rm ally  h ig h  f o r  so m e tim e . O u r  p u b lic  
w orks p ro g ra m  s h o u ld  be t im e d  to  r e a c h  i t s  
peak a f t e r  d e m a n d  fo r  p r iv a te  c o n s t r u c t io n  h a s  
begun to  t a p e r  off. M e a n w h ile , h o w e v e r , p la n s  
should  be p re p a re d  if  w e a r e  to  a c t  p ro m p t ly  
w hen th e  p r e s e n t  e x t r a o r d in a r y  p r iv a te  d e m a n d  
begins to  r u n  o u t. . . .

“ S ta te  a n d  lo c a l g o v e rn m e n ts  a ls o  h a v e  a n  
e s sen tia l ro le  to  p la y  in  a  n a t io n a l  p u b lic  w o rk s  
p rog ram . In  m y m e ssag e  o f  S e p te m b e r  6, 1945 , 
I recom m ended  t h a t  th e  C o n g re s s  v o te  s u ch  
g ra n ts  to  S ta t e  a n d  lo c a l g o v e rn m e n ts  a s  w ill 
in su re  t h a t  e a ch  le v e l o f g o v e rn m e n t m a k e s  i t s  
p ro p er c o n tr ib u t io n  to  a  b a la n c e d  p u b lic  c o n 
s tru c t io n  p ro g ra m . S p ec ifica lly , th e  F e d e r a l  G o v 
e rn m en t s h o u ld  a id  S ta t e  a n d  lo c a l g o v e rn m e n ts  
in p la n n in g  th e i r  o w n  p u b lic  w o rk s  p ro g ra m s , in  
u n d e r ta k in g  su ch  p r o je c ts  r e l a te d  to  F e d e r a l  p r o 
g ram s o f re g io n a l d e v e lo p m e n t, a n d  in  c o n s t r u c t 
ing  such  p u b lic  w o rk s  a s  a r e  n e c e s s a ry  to  c a r r y  
o u t th e  v a r io u s  p o lic ie s  o f th e  F e d e ra l  G o v e rn 
m ent.

“E a r ly  in  1945 th e  C o n g re ss  m a d e  a v a i la b le  
ad v a n ces  to  S ta t e  a n d  lo c a l g o v e rn m e n ts  f o r  
p la n n in g  p u b lic  w o rk s  p r o je c ts  a n d  r e c e n tly  m a d e  
ad d itio n a l p r o v is io n  to  c o n t in u e  th e se  a d v a n c e s  
th ro u g h  th e  fisca l y e a r  1946 . I  b e liev e  t h a t

f u r t h e r  a p p r o p r i a t io n s  w ill  be n e e d e d  f o r  th e  
sa m e  p u rp o s e  f o r  th e  f isca l y e a r  1947 . . . .  I t  
(C o n g re s s )  i s  n o w  c o n s id e r in g  le g is la tio n  w h ic h  
w o u ld  e x p a n d  F e d e r a l g r a n ts  a n d  lo a n s  in  s e v e r a l 
o th e r  fie ld s , in c lu d in g  c o n s tr u c t io n  o f  a ir p o r ts ,  
h o s p ita l  a n d  h e a l th  c e n te r s ,  h o u s in g , w a te r  p o l lu 
t io n  c o n tr o l fa c i l i t ie s ,  a n d  e d u c a tio n a l p la n t  
fa c i l i t ie s .  I  h o p e  t h a t  e a r ly  a c t io n  w il l  be ta k e n  
to  a u th o r iz e  th e s e  F e d e r a l  p ro g ra m s .

" W i th  r e s p e c t to  p u b lic  w o r k s  o f  s t r i c t l y  loca l 
im p o r ta n c e ,  S ta t e  a n d  loca l g o v e r n m e n ts  s h o u ld  
p ro c e e d  w i t h o u t  F e d e ra l a s s is ta n c e  e x c e p t  in  
p la n n in g .  T h is  r u le  s h o u ld  be s u b je c t  to  re v ie w  
w h e n  a n d  i f  th e  p ro s p e c t  o f h ig h ly  a d v e rs e  g e n 
e r a l  e c o n o m ic  d e v e lo p m e n t w a r r a n t s  i t .  . . . O u r  
lo n g - ru n  o b je c tiv e  i s  to  a c h ie v e  a  p r o g ra m  o f  
d i r e c t  F e d e r a l  a n d  F e d e ra l ly  a s s is te d  p u b lic  
w o rk s  w h ic h  is  p la n n e d  in  a d v a n c e  a n d  s y n 
c h ro n iz e d  w i th  b u s in e s s  c o n d itio n s . . . .”

The key to the present situation as 
it applies to Federal financial aid to 
municipal sewage works projects is in 
the two sentences above that we have 
italicized for emphasis. The final an
swer depends upon the action of Con
gress on the Federal pollution control 
legislation now under consideration; if 
this legislation fails of enactment, or if 
the loan and grant provisions are de
leted before passage, municipal sewage 
works projects will be among those “ of 
strictly local importance”  to which the 
President makes reference in the last 
paragraph of the quotation.

W. H. W.
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CANADIAN IN ST IT U T E  ON SEW AGE A N D  SA N ITA TIO N

T w elfth  Annual C onvention  

W indsor, Canada, N ovem ber 5-6, 1945

The Twelfth Annual Convention of 
the Canadian Institu te on Sewage 
and Sanitation was held November 5 
and 6, 1945, at the Prince Edward 
Hotel, Windsor, Ontario. Registration 
reached 300, slightly less than last 
year but a more representative figure.

The meeting was called to order 
by President R. J . Desmarais at 10 :00 
a . m .  for the first contribution, which 
was a discussion guided by Nicol Mac- 
Nicol on “ Construction and Mainte
nance of Private Drain Connections.”  
O ther papers presented in this session 
were: “ Sludge Disposal Practices,”  by 
Clarence W. Hubbell, Consulting E n 
gineer, Detroit, Mich., with discussions 
by R. A. Greene, Chemist of the Jack
son, Michigan, sewage treatm ent plant, 
and L. Y. Garrity, Asst. Supt., Dept, 
of W ater Supply, Detroit, Mich. ; 
“ Sewage Pum ping S tations,”  by W. 
S. Lea, Consulting Engineer, Mon
treal; “ Certification of W ater and 
Sewage P lan t O perators,”  by W. P. 
Shephard, Chief of the Division of 
Sewerage and Sewage Treatment, Mich
igan Departm ent of Health ; and a dis
cussion guided by W. L. M cFaul on 
‘ ‘ Personnel Problems in Municipal Ad
m inistration. ’ ’

Immediately following the Presi
d en t’s Reception and Banquet, Dr. A. 
E. Berry presented the F ederation’s 
Membership Award, a $100 Series E.

Victory Bond, to B. F . Lamson, St. 
Catharines, Chairman of the Member
ship Promotion Committee, who re
ceived the award on behalf of the In
stitute, which recorded an increase of 
72 members and boosted its position in 
the Federation from sixth to fourth 
largest Member Association in size. 
The entertainm ent that followed was 
under the auspices of the Canadian 
Sanitation Equipm ent Association.

The Tuesday business session was 
opened with a report by Secretary- 
Treasurer Berry. Officers elected to 
serve during 1945-46 were:
President: H. S. Nicklin, Guelph
Vice-President: Nicol MacNicol, For

rest Hill
Trustees: C. G. R. Armstrong, Wind

sor; G. H. Richards, Brantford; 
David Jack, K ingston; T. M. S. 
Kingston, Chatham

P .S .W .A . Director: Stanley Shupe, 
Kitchener
A t the luncheon an interesting and 

informative address on the construction 
of the Alaska highway was given by 
J. Lance Rumble of General Motors of 
Canada, Limited.

The meeting was concluded with an 
inspection trip  to the Detroit sewage 
treatm ent plant.

A. E. B e r r y ,  

Secretary-Treasurer
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GEORGIA W ATER AND SEW AGE ASSOCIATION

Fourteenth Annual M eeting  

Atlanta, Ga., Decem ber 4, 1945

The Fourteenth Annual Meeting of 
the Georgia W ater and Sewage Associ
ation was held at the Georgia School 
of Technology, Atlanta, on December 
4, 1945. The Georgia Departm ent of 
Public Health was a co-sponsor of the 
meeting with the association and the 
college. The program was limited to 
one day only, instead of the 3-day 
short course ordinarily held, because 
of the hotel situation in Atlanta. Total 
registration was 138.

Col. Blake R. Van Leer, President of 
the Georgia School of Technology, wel
comed the association with a brief ad
dress in which he urged water and 
sewage works personnel to give addi
tional emphasis to public relations ac
tivities, toward the end that they may 
assume positions of leadership in their 
communities. He pointed out that such 
leadership in public health functions 
was of utmost importance in Georgia 
because the high incidence of disease 
in the state has been a strong deterrent 
to economic development. In respond
ing, association President Grady Wylds 
acknowledged the sponsorship and co
operation of the state and school offi
cials in advancing the interests of the 
association and pointed to the technical 
advancement and improved relation
ship between state and municipal offi
cials as evidence of the value of the 
annual meetings.

In his address “ The W ater Works 
and Sewerage We W ant—and Will 
Have,’’ W. H. Weir, Chief Engineer 
of the Georgia Department of Public 
Health, outlined the individual steps 
essential to the development of water 
and sewage facilities and discussed 
each step in detail. He submitted a 
general check list for the guidance of 
those concerned with immediate and 
future planning. In  discussion of Mr. 
W eir’s remarks, H. S. Sanders of the 
Atlanta office of the Federal Works

Agency described the provisions made 
for loans to municipalities for public 
works planning under the Reconversion 
Act and outlined the details of pro
cedure in filing of applications.

N. S. Chamberlain of Wallace and 
Tierman Company, Inc., spoke on 
“ Chlorination of W ater and Sewage,”  
discussing in detail the newer concepts 
of chlorine residual and the differenti
ation between free available chlorine, 
chloramine residual and false color in 
the orthotolidine reaction. There was 
intense interest in this topic and a long 
and informative discussion followed.

In the afternoon, the subject “ Pres
ent Trends in the Sewage Works 
F ie ld” was presented by W. H. Wisely, 
Executive Secretary-Editor of the Fed
eration of Sewage Works Associations. 
Mr. Wisely referred to the influence of 
the war on administrative and techni
cal progress in the field and urged that 
the experience gained during the pub
lic works boom of the 1930’s be drawn 
upon for guidance in the impending 
period of unprecedented activity in 
stream pollution abatement and con
trol.

The technical session closed with 
open forums on water and sewage 
works operation problems, Messrs. N. 
M. D eJarnette and G. R. F rith  of the 
State Department of Health serving as 
leaders of the respective discussions.

At the annual business meeting, the 
following officers were elected to serve 
for 1945-46 :
President: W. D. Bryant, Griffin 
First Vice-President: Comer Turley, 

Lindale
Second Vice-President : B. L. Coburn, 

Fitzgerald 
Secretary-Treasurer: Van P. Enloe, 

A tlanta
V a n  P. E n l o e ,  

Secretary-Treasurer
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NO RTH  CAROLINA SEW AGE W ORKS ASSOCIATIO N

T w en ty-F ifth  A nnual M eeting  

Charlotte, N. C., N ovem ber 5-7, 1945

The 25th Annual Jo in t Conference 
of the North Carolina Sewage Works 
Association and North Carolina Sec
tion of A. W. W. A. was held at the 
Hotel Charlotte, Charlotte, N. C., on 
November 5-7, 1945. Total registra
tion was about 300.

W ith Chairman E. M. Johnson pre
siding, a diversified technical program 
was offered on November 6 and 7 after 
the conference opened with an informal 
smoker on the evening of November 5. 
Two round table discussion periods 
were provided, during which water 
works and sewage works problems were 
considered in separate groups with R. 
E. Stiemke of Raleigh and H. E. 
Thompson of Chapel Hill leading the 
water works sessions and S. R. Kin of 
Camp B utner and D. Y. Brannock of 
Rocky Mount presiding over the sewage 
works discussions. A panel discussion 
on “ Immediate Postwar Problems”  in 
eluded presentations by Secretary H.
E. Jordan of A. W. W. A. on “ Disposal 
of Surplus W ar P ro p erty ” ; W. W. 
Brush, Editor of Water Works E ngi
neering, and L. H. Enslow, Editor of 
Water and Sewage Works, who spoke 
on the postwar situation in general, 
and by W. IT. Wisely, Executive Secre
tary  of P. S. W. A., who discussed 
“ Training of Operation Personnel.”

At the banquet on November 6, 
announcements were made of the 1945 
Kenneth Allen Award of F. S. W. A. to 
Col. Harold Benedict Gotaas and of the 
George W. Fuller Award of A. W. W. 
A. to James W iliford Kellogg, Asst. Di
rector, North Carolina State Labora
tory of Hygiene. The accompanying 
citations were read by W. H. Wisely 
and H. E. Jordan, representing the re
spective national organizations. The 
feature of the banquet program was 
the address and pictorial presentation 
by Prof. II. G. Baity of the Univei’sity

of North Carolina in which he de
scribed the work of the Institu te of 
Inter-American Affairs in developing 
public health and sanitation facilities 
in Brazil.

Vice-President W. R. LaDue of A. 
W. W. A. was the speaker a t the lunch
eon on November 7, when the national 
officers of A. W. W. A. and F. S. W. A. 
in attendance at this meeting were 
honored. Mr. LaDue spoke of the cur
rent problems facing the water and 
sewage works fields and stressed the 
importance of public relations activity 
in each community.

Officers elected at the business meet
ing on November 6 w ere:

Chairman: L. I. Lassiter, Wilmington 
Vice-Chairman: J . A. English, Salis

bury
Secretary-Treasurer: Geo. S. Moore, 

Albermarle
F.S.W .A . Director: Geo. S. Rawlins, 

Charlotte

The following papers were included 
in the technical program :

“ Cleaning of Cast Iron W ater Mains,” 
by J . L. Greenlee, Asst. Supt., Char
lotte W ater Dept.

“ Plans for Developing the Division of 
Sanitary Engineering of the North 
Carolina State Board of H ealth ,” by 
J . M. Ja rre tt, Director 

“ Prelim inary Work on Fluorescence of 
Drinking W ater as Evidence of Sew
age Pollution,”  by Miss Ruth Mc
Lean N. C. State Laboratory of Hy
giene.

“ Prelim inary Report on North Caro
lina P lan for Fluorine Investigation 
and Control in W ater Supplies,”  by 
L. G. Maddry, Sr., N. C. State Lab
oratory of Hygiene
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“ Modern Trends in the Sewage Works 
F ield,”  by W. H. Wisely, Executive 
Secretary, F . S. W. A.

“ Advantages of Cement Linings for 
Cast Iron P ipe ,” by Thos. F. Wolfe, 
Chief Engr., Cast Iron Pipe Research 
Assn.

“ Chlorination Terminology,” by A. E. 
Griffin, Technical Service Div., W al
lace and Tiernan Co., Inc.

“ Co-operative Health and Sanitation

in the Americas, ’ ’ by Col. Harold B. 
Gotaas, President, Inst, of Inter- 
American Affairs 

“ Stream Pollution Control in North 
Carolina,”  by Capus Waynick, Mem
ber N. C. State Stream Sanitation 
and Conservation Committee 

“ Stream Pollution Control in Tennes
see,”  by R. D. Farrell, Director, Div. 
of Sanitary Engineering, Tennessee 
Dept, of Public Health

NORTH DAKOTA W ATER AND SEW AGE WORKS 
CONFERENCE

Seventeenth Annual Convention 

Fargo, N . D., Novem ber 8-9, 1945

The 17th Annual Convention of the 
North Dakota W ater and Sewage 
Works Conference was held November 
8 and 9, 1945, at the Gardner Hotel, 
Fargo, North Dakota, with 125 mem
bers and guests attending. President 
Floyd Pinney of Fargo presided.

Following the opening business ses
sion on Thursday morning, Col. George 
Toman, Consulting Engineer, Mandan, 
North Dakota, had his paper “ Observa
tions of E ngland’s W ater and Sewage 
Systems” read by Mr. K. Piper.

During the afternoon and the next 
morning, the following papers of in
terest to the sewage works field were 
presented:

Mr. John B. Kleven, Sewage Works 
Superintendent, Grand Forks, North 
Dakota, discussed the design and opera
tion of clarifiers.

“ Future W ater Developments in 
North Dakota” was discussed by Lewis 
T. Orlady, Member of the North Da
kota W ater Conservation Commission, 
in which he brought out clearly the 
water needs of the State, not only from 
the point of water supply but sewage 
disposal as well.

Major Glen Hopkins, Sanitary Engi
neer, U. S. Public Health Service, Kan
sas City, Missouri, discussed the U. S.

Public Health Service Sanitation F a
cilities Survey, which is now being con
ducted.

Professor A. M. Cooley, University 
of North Dakota, Grand Forks, pre
sented a paper on “ Phenol Limits in 
Sludge Digestion,”  covering the re
search work done in this field at the 
University. A pilot plant for the pro
duction of hydrogen from liguite coal 
discharged phenol concentrations into 
the Grand Forks municipal sewer, caus
ing difficulties in operating the diges
ters at the sewage treatment plant and 
resulting in the necessity of the above 
research work.

“ Planning W ater and Sewage Sys
tems”  was discussed by Mr. L. W. Bur
dick, Consulting Engineer, Lium and 
Burdick, Grand Forks, in which he cov
ered in considerable detail the ground 
work necessary for any municipality 
that contemplates water and sewage 
improvements.

The noon luncheon on November 9, 
followed by the business session at 
which it was recommended that the 
election of a director to the Federation 
representing the Dakota Section be left 
to the South Dakota W ater and Sew
age Works Conference.
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Officers elected by the North Dakota 
W ater and Sewage Works Conference 
for 1946 w ere: President, S. K. Svenke- 
son, M inot; Vice-President, John E lev
en, Grand Forks; Secretary-Treasurer, 
J . H. Svore, Bism arck; Directors, H ar

ley Qnam, L isbon; R. J . Lockner, 
Cooperstown; George Toman, Mandan; 
and M. 0 . Thomas, Minneapolis, Min
nesota.

J e r o m e  H. S v o r e ,  
Secretary-Treasurer

OKLAHOM A W ATER A ND SEW ERAGE CO NFERENCE

1945 Annual M eeting  

Norm an, O klahom a, Novem ber 1-3, 1945

The annual meeting of the Oklahoma 
W ater and Sewerage Conference was 
held November 1, 2 and 3, 1945, at Nor
man, Oklahoma, with 40 members and 
guests attending. President F rank  S. 
Taylor presided.

A fter an address of welcome by Hon. 
Verne Thronton, Mayor of Norman, the 
first day was dedicated to the following 
papers pertaining to the water works 
field: “ The Importance of Survey and 
Testing for New and Established Well 
W ater Supplies,” by E. W. Reed, E n 
gineer with the U. S. Geological Survey 
at Norman, in which he indicated that 
extensive study should be made before 
try ing to locate productive water wells; 
“ Potential Value of Surface W aters of 
Oklahoma for Industrial and Municipal 
Supplies,”  by Clarence Burch, Direc
tor of the Division of W ater Resources 
of the Oklahoma Planning and Re
sources B oard; “ Laying out the W ater 
D istribution System ,” by M. E lbert 
Mills, Professor of Civil Engineering 
at the University of Oklahoma; “ W a
ter Supply in the Navy,” by Lt. C. M. 
Roberts, N. A. T. T. S., gave an in ter
esting insight to m ilitary water prob
lems; and “ Relationship of U. S. P ub
lic H ealth Service with the Municipal 
W ater Supplies,”  by C. H. Atkins, 
U. S. P. II. S. Sanitary Engineer of 
Kansas City. The d ay ’s program 
ended with moving pictures from the 
Oklahoma University Extension Li
b rary  which were shown at a dinner

held in the Woodruff Room of the 
Union Building.

The F riday  program  was opened 
with the paper “ Unaccounted for Wa
te r ,” by C. E. Bretz, Consulting Engi
neer with V. V. Long and Company at 
Oklahoma City, followed by “ The 
Transform ation of H ydraulic Energy,” 
by Edw ard R. Stapley, Acting Dean of 
the Engineering School at Oklahoma 
A. & M. College at Stillwater.

The paper “ Fresh W ater Algae” 
was presented by Glen C. Couch, Pro
fessor of P lan t Sciences at the Univer
sity of Oklahoma, and Dr. M. E. Grif
fith, Sanitary Engineer, U. S. P. H. S., 
followed by “ Army Sewage Treat
m ent,” by Kenneth Cash, P lan t Super
visor of the F o rt Sill sewage treatment 
plant. The session ended with a de
scription of the Norman sewage treat
ment plant by Tony Morrow, Plant 
Operator.

Inspection trips were made to the 
South Base, Norman Naval A ir Techni
cal Training Station and the water and 
sewage treatm ent plants of Norman in 
the afternoon of the second day of the 
conference.

The Saturday morning program in
cluded the papers “ Fundam ental Wa
ter Chem istry” by Dr. 0 . M. Smith. 
Professor of Chemical Engineering, 
Oklahoma A. & M. College; “ The Im
portance of Sanitation in Society,” 
by Dr. Gertrude Nielson, Cleveland 
County Health D epartm ent; “ Person
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nel Supervision Training,”  by Perry 
Norris, State Supervisor of the Okla
homa State Department of Education; 
and “ Cross Connections,” by J. H. 
Highfill, City Chemist of Muskogee, 
with demonstrations by Ralph DeYore, 
Superintendent of the Norman W ater 
Department.

Officers elected to serve during 1946 
were:

President: Cecil Harrison, Enid
Vice-President: Ralph DeYore, Norman
Secretary-Treasurer: H. J . Darcey, 

Oklahoma City
Director: Edward R. Stapley, Still

water

H. J . D a r c e y ,  

Secretary-Treasurer

SOUTH DAKOTA W ATER AND SEW AGE WORKS 
CONFERENCE

E leventh Annual M eeting  

M itchell, South Dakota, Decem ber 7, 1945

The Eleventh Annual Meeting of the 
South Dakota W ater and Sewage 
Works Conference was held at the Law
ler Hotel in Mitchell, South Dakota, 
on December 6-7, 1945. There was a 
total of 75 members and guests in 
attendance.

In the absence of President M. J. 
Hoy the meeting was called to order 
by W. F. Cochrane for the address of 
welcome and the technical program. 
The conference was welcomed to Mit
chell by Judge F red  D. Shandorf.

The first contribution on the pro
gram was a message from the American 
Waterworks Association by Leonard N. 
Thompson, President.

Technical papers presented in the 
program were as follows:

“ Recent Developments at the Sioux 
Falls Sewage Treatment P lan t,” by 
Leland Bradney, Supt.

“ The Rapid City Sewer Extension 
Program ,” by V. L. Rugg of the of
fice of Ju lian  Stavens, Consulting 
Engineer.

“ Notes on the Design and Operation 
of Small Sewage Treatment P lan ts,” 
by Jerome H. Svore, formerly Di

rector, Division of Sanitary Engi
neering, North Dakota State Dept, 
of Health.

“ Surplus Property Utilization,”  Ma
jor Glen J . Hopkins, D istrict 7, U. S. 
P. H. S., Kansas City, Mo. (pre
sented by Capt. C. H. Atkins).

A t the business meeting, the confer
ence acted to endorse H.R. 4070 and S. 
1462 as the most desirable type of 
Federal pollution control legislation 
now before Congress. The Secretary 
was directed to so inform all members 
of Congress presently concerned with 
this legislation.

The following officers were elected to 
serve during the year 1945-46 :

President: John W. Emberg 
Vice-President: Andrew A. Helgeson 
Secretary-Treasurer: Quintin B. Graves 
Directors: Don Wessel, Mobridge;

Howard Connolly, W all; C. J . Hol- 
born, Mitchell; Leo Ney, Madison; 
P. S. Steffenson, Aberdeen; Leland 
Bradney, Sioux Falls 

Federation Director: Quintin B. Graves

Q u in t in  B. G r a v e s ,
Secretary-Treasurer



338 SEW AGE W ORKS JO U R N A L M arch, 1946

MEMBER ASSOCIATION MEETINGS
New Jersey Sewage Works Association

Montana Sewage Works Association

Arizona Sewage and W ater Works Association 
New England Sewage Works Association

Pacific Northwest Sewage Works Association

Florida Sewage Works Association 
Central States Sewage Works Association

Ohio Conference on Sewage Treatment

Stacy-Trent Hotel, 
Trenton, N. J. 
Finlen Hotel, 
Butte, Mont. 
Tuscon, Ariz. 

Hotel Pickwick Arms, 
Greenwich, Conn. 
Gearhart Hotel, 
Gearhart, Ore. 

Gainsville, Fla. 
Purdue University, 

Lafayette, Ind. 
Hotel Mayflower, 

Akron, Ohio

March 20-22

April 12-13

April 
May 17

May 22

June 5-8 
June 13-14

June 20-21



Reviews and Abstracts*
Conducted by 

G l a d y s  S w o p e  

Mellon Institute of Industrial Research, 
Pittsburgh 13, Pennsylvania

TNT Wastes from Shell-loading Plants— 
Color Reactions and Disposal Proce
dures. By C. C. R u ch h o ft, M. LeBos- 
q u e t , J r., and W ill ia m  G. M eckler. 
Ind. Eng. Chem., 37, 937-43 (October, 
1945).
The problem of disposing of the waste 

waters from TNT melting kettles arose at 
several shell-loading plants. The waste is 
neutral, and contains a-TNT up to 100 
p.p.m. and may contain up to 2 p.p.m. 
nitrotoluene sulfonates. Water containing 
5 p.p.m. of TNT will kill fish and is con
sidered unfit for human consumption.

The fact that TNT solutions in drainage 
ditches at shell-loading plants was red, 
while fresh TNT solutions are uncolored 
suggested that the waste was reacting or 
decomposing. This study, which was made 
to assist in the safe and economical disposal 
of the waste, was begun by studying the 
factors which cause the solution to develop 
a red color.

The intensity of the color produced in 
dilute solutions of a-TNT in natural waters 
is dependent on the following factors: con
centration of TNT, concentration of normal 
carbonate or alkaline constituents of the 
water which raise the pH, temperature, and 
light conditions. The colored complex 
seems more stable than the a-TNT, and it 
is difficult to reverse the reaction, once the 
colored complex is formed. All water 
samples containing colored TNT must be 
examined for TNT in both forms. a-TNT 
solutions in tap waters of low alkalinity or 
polluted waters will remain uncolored for 
100 days and longer in the dark at 20° C. 
a-TNT solutions in distilled water can be 
exposed to sunlight for long periods with 
the formation of only a trace of colored

complex and without other decomposition. 
With relatively pure or polluted surface 
waters, from 40 to 55 per cent of a-TNT is 
converted to the colored form in 80 days 
at ordinary temperatures in intermittent 
sunlight. The percentage of colored TNT 
formed can be increased to 90 per cent or 
more in one day or less by increasing the 
alkaline constituents of the water and/or 
the temperature.

The conversion of a-TNT to the colored 
form is considered the principal reaction 
during prolonged storage of TNT solutions. 
During this reduction, however, there is a 
slow reduction of total TNT which depends 
to a large extent upon carbonate concentra
tion or pH and light conditions. In the 
surface and polluted water samples tested, 
65 to 75 per cent of the original TNT re
mained in one form or the other after 80 
days in intermittent sunlight. In water 
containing 300 to 1,000 p.p.m. of normal 
carbonate 53 to 55 per cent of the TNT 
remained (largely in the colored form) 
after 36 days in intermittent sunlight. 
This decomposition reaction is considered 
too slow for practical application.

Concentrations of a-TNT above 1.0 p.p.m. 
have a retarding effect on the biochemical 
oxidation of sewage. There is little bio
chemical removal of TNT as the result of 
biochemical oxidation in dilute sewage. 
Colored TNT was equally as inhibitive as 
a-TNT to normal biochemical oxidation of 
organic matter during the carbonaceous 
stage. The study of colored TNT wastes 
indicated that no reduction of the color can 
be expected by natural biochemical oxida
tion in streams.

Raw domestic sewage at pH values of 
7.2 to 7.8 removed concentrations of a-TNT

* It will be appreciated if  Miss Swope is furnished all periodicals, bulletins, special reports, 
etc., which might be suitable for abstracting in T h i s  J o u r n a l . Publications of public health 
departments, stream pollution control agencies, research organizations and educational insti- 
tions are particularly desired.
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up to about 35 p.p.m. from solution in a 
24-hour period. The quantity of TNT re
moved seems to depend upon the suspended 
organic matter in the sewage. The rate of 
anaerobic digestion of sewage solids is de
creased considerably by the TNT absorbed. 
I t  was more difficult to remove colored TNT 
from solution during primary treatment of 
sewage than a-TNT.

Even with concentrations of ct-TNT as 
low as 30 p.p.m. in sewage, activated sludge 
treatment requires aeration periods up to 24 
hr. for 90 per cent removal of both TNT 
and B.O.D. Although colored TNT did not 
inhibit the process as much as alpha, it was 
not removed so readily.

Filtration experiments indicated that a 
black garden soil was best for removing 
TNT. Such soils might be expected to re
move a total amount of TNT up to about 
0.1 per cent of their weight. Colored TNT 
is removed more effectively by all soils than 
a-TNT. Alkalinizing the waste slightly 
with soda ash to convert the TNT to the 
colored form is advantageous for soil per
colation. As the absorption capacity of 
the soil becomes exhausted, fresh water re
moved some of the absorbent TNT.

Dosing and mixing activated carbon into 
the waste were more effective in removing 
TNT than filtration through carbon. a-TNT 
was removed from solution more readily 
than the colored derivative. A satisfactory 
chemical treatment of TNT from shell-load
ing plants would involve holding the TNT 
in the alpha form, followed by treatment 
with activated carbon to remove it from 
solution. In practice the carbon may 
easily be mixed with the waste by a 15-30 
minute contact period in a diffused air 
aeration tank. The carbon-treated waste 
would not have to be filtered but could be 
passed through a plain tank with a 24-hr. 
detention period, or into settling ponds of 
still larger capacity. Settling in this 
manner would remove 97 per cent of the 
carbon from the waste. The small amount 
of carbon lost in this manner would not 
be objectionable. The settled carbon 
sludge could be periodically removed from 
the settling basin for disposal on burning 
grounds. This procedure is considered 
practical for the volumes of waste dis
charged from shell-loading plants.

R ich a r d  D. H oak

Treatment and Disposal of Waste Waters 
from Paper Mills. By  B. A. Southgate.
The Paper Maker and British Paper
Trade Journal, 109, TS 43^46 (June,
1945); 110, TS 1-3 (July, 1945).

These two papers, the one in July being 
a continuation of the one in June, are valu
able to the industrialist who may not be 
aware of the various methods of sewage 
treatment and of its application to indus
trial waste treatment.

Dr. Southgate devotes about one-half of 
his first paper to a resume of the polluting 
effects of waste waters and to the general 
method of treating industrial waste 
waters. In this latter section, he takes up 
the various methods of sewage treatment 
such as sedimentation, chemical treatment, 
anaerobic digestion, activated sludge, and 
percolating filters, and considers where 
each of these processes may be applied to 
certain types of industrial wastes.

The chief pollutants of industrial wastes 
are (1) those which are toxic to fish life,
(2) those which dejilete the oxygen in the 
stream to which they are discharged, and
(3) those which, when discharged into a 
stream, make it impossible to use the 
water of the stream as a source of water 
supply, (4) those which deposit large 
quantities of suspended matter on a bed 
of a stream, (5) those which cause growth 
of “sewage fungus” on a stream, and (6) 
those which cause discoloration and froth
ing in a stream.

“The chief polluting effects from the 
discharge of waste waters from paper mills 
are due to (1) organic matter, (2) sus
pended matter, and (3) alkali arising from 
the washing of the digested raw mate
rial. . .

The Royal Commission on Sewage Dis
posal in 1915 recommended that such waste 
waters should be treated to yield a liquid 
containing not more than 60 p.p.m. of sus
pended solids. In some parts of Great 
Britain, a more exacting standard is re
quired : suspended matter not to exceed 
30 p.p.m., biochemical oxygen demand 
(B.O.D.) not over 20 p.p.m.

In  an industrial waste problem it is ad
visable to make a thorough survey of the 
various processes and of the volume and 
composition of the waste waters to which 
they give rise. Certain of these liquids 
can be treated more advantageously and
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cheaply when separated from the others. 
The author cites various examples to bring 
out this point. He suggests also the possi
bility of re-using some waste waters. All 
possible means of reducing the volume of 
polluting materials should be taken and 
then study the best method of treatment.

Under the heading, “Methods of Treat
ment of Waste Waters from Paper Mills,” 
the sub-headings are:

Character of Waste Waters 
Re-use and Recovery of Soda from 

Washing Waters 
Re-use of Back Water 
Treatment of Mixed Waste Waters

“The paper industry is one in which con
ditions and methods of operations differ 
considerably from mill to mill, and there 
are corresponding variations in the volume 
and character of the waste waters dis
charged. . .

During the war, straw and wood were 
substituted for esparto (used generally in 
England). The Water Pollution Research 
Laboratory investigated one mill in 1944 
in which they were allowed to quote fig
ures :

“At this mill, in 1944, the weight of raw 
materials used per day was about 9 tons 
of straw, TY2 tons of wood, 1*4 tons of 
rags, making a total of about 18 tons. 
Straw and wood, after digestion, were 
washed once with hot water, which was then 
mixed with the spent lye for evaporation. 
Subsequent washings with cold water were 
discharged with the waste waters. None of 
the spent lye or washings from the diges
tion of rags with caustic soda was evapo

rated. The waste waters could be divided 
into three groups:

(a) Spent liquors and washings from 
digestion of rags, and cold washings from 
straw and wood. The total volume of these 
liquids was about 18,000 gal. per day. 
The mixed liquor contained nearly one per 
cent of alkali (as Na.CO,), and had an 
average B.O.D. of about 4,600 p.p.m. . . .

(b) Waste waters mainly from potchers 
and concentrators. . . Volume about
100,000 gal. per day, substantially neutral 
and had an average B.O.D. of 250 p.p.m.

(c) “Waste waters from paper-making 
machines. These liquids were neutral or 
slightly alkaline in reaction and had a
B.O.D. of from 30-190 p.p.m.; the volume 
was large (about 6,000-19,000 gal. per 
hr.), but this was partly due to a break
down, a large proportion of the liquid 
usually being circulated.”

“The total volume of waste waters at 
the time of the survey was thus about 540,- 
000 gal. per day, equivalent to 30,000 gal. 
per ton of raw materials. This liquid, 
after receiving a certain amount of treat
ment by sedimentation, had an average
B.O.D. of about 230 p.p.m. . . .”

The spent lye and washings of the di
gested material was the most alkaline and 
most difficult to treat.

The alkaline liquors from the washing 
of digested material should be re-used in 
the mill.

American literature is eited for the re
use of back-water.

Treatment of mixed waste waters is 
usually by settling in tanks or lagoons.

“Typical results from mills in Lancashire 
are given in Table I . ”

TABLE I.—Results of Treatment by Sedimentation of Waste Waters 
from Paper Mills (p.p.m.)

Type of Paper 
M anufactured

T o ta l Suspended 
Solids

Volatile D issolved 
Solids

Oxygen A bsorbed from  
K M n04 in 3 min.

C rude
L iquid

A fter Sedi
m en ta tion

C rude
Liquid

A fter Sedi
m en ta tio n

C rude
L iqu id

A fter Sedi
m e n ta tio n

White paper........... 1390 16 270 140 48 4
Brown paper.......... 370 4 110 120 24 4
Brown paper.......... 2060 28 660 390 89 27
Brown paper.......... 590 68 160 480 40 23
Wallpaper............... 480 50 280 370 25 20
Wallpaper................ 1090 130 580 420 47 22
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TABLE II.—Effect of Treatment by Sedimen- 
ttaion of Waste Waters from a Paper Mill

(results, except pH value, in p.p.m.)

A fter
Crude Sedim en
Liquid ta tio n

Suspended Solids 260-310 100
T otal Volatile Solids 130-180 40
Biochemical Oxygen D e 135-190 100-130

mand
Oxygen Absorbed from 51- 64 47- 56

K M n 04 in 4 hr. at
26.7° C.

pH Value 7.1-8.1 7.6-7.7

In Table I I  are shown results obtained 
by the W ater Pollution Research Labora
tory from samples collected “from the in
let and outlet system of lagoons in which 
waste waters, mainly from paper machines, 
were retained for an average period of 
about 11 hour’s.”

The concentration of suspended solids 
was reduced by about two-thirds, hut there 
was comparatively little reduction in either 
the biochemical oxygen demand or in the 
value for oxygen absorbed from perman
ganate.

Chemical treatment has been used in 
England, the usual coagulant being alu- 
mino-ferrie. Other substances have been 
tried such as lime, “plastic-clay,” lignite 
ash, alum, ferric chloride, and treated 
starch. One plant used ferrous sulfate, the 
“washings from digested esparto and rags, 
from the preparation of bleach liquor, and

from pulp after bleaching were mixed and 
were aerated and agitated in three tanks 
in series. . . .” About 30 p.p.m. of ferrous 
sulfate was added between the first and 
second tanks. Sludge was pumped back 
from a later stage in the process to help 
flocculation. Effluent from the tanks was 
settled in sedimentation tanks for 10 hours 
with the waste waters from the paper 
machines. Sludge from this settling tank 
was dewatered on a rotary vacuum filter. 
The final effluent from this settling tank, 
over a year, contained 26-66 p.p.m. sus-. 
pended solids and 3-20 p.p.m. B.O.D.
B.O.D. removal was attributed partly to 
the oxidizing influence of the free chlorine 
in the bleac-h liquors.

The results of tests made by the Water 
Pollution Research Laboratory on washings 
from the digestion of rags, wood, and straw, 
and including the washing from the poteher 
and concentrator are shown in Table III.

Treatment of paper mill wastes by per
colating filters has been in use for a long 
time in England. Typical results are 
shown in Table IV.

“The liquid treated was from a mill mak
ing high-class paper from esparto, rag, and 
wood pulp. All the waste waters, with the 
exception of back-water from the machines, 
which was treated separately, were mixed 
and were passed through settling ponds 
(total capacity, 500,000 gallons) and then 
through two settling tanks (total capacity
230,000 gallons). The settled liquid (about

TABLE III.—Results of Treatment of Waste Waters from a Paper Mill by Addition of 
Coagulants and Sedimentation

C oagu lan t
A m o u n t of 
C oagu lan t 

A dded 
p .p .m .

V olum e of 
Sludge 

(per cent)

p H  V alue of 
S u p e rn a ta n t 

L iquor

O xygen A bsorbed 
from  A cid 

P e rm a n g an a te  
in  4 h r. 
p .p .m .

Purification  
B ased o n Oxygen 
A bsorbed  from 
P erm an g an a te  

(per cen t)

None — ___ _ > 1 1 470
Ferrous sulfate 450 4 >  9.6 432 8
(F eS 04-7H 20 ) 900 13 8.8 290 38

1800 23 7.1 245 48
Ferric sulfate 450 1 9.4 463 1.5
(Fe2(S 0 4)3-9H ,0 ) 900 2 7.0 438 7

1800 38 4.8 118 75
Ferric chloride 450 2 9.4 490 ____

(FeCh) 900 3 7.2 468 0.5
1800 10(18*) 6.0 135 71

None — — > 1 1 .0 448 ____

Sulfuric acid 
(H2S 0 4)

1000 2(5*) 4.4 273 39

* Figures in brackets indicate additional volume of sludge risen to surface of liquid.
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TABLE IV.—Results of Treatment of Settled Mixed Waste Waters from a Paper Mill
in Percolating Filters*

Sample

Suspended Solids 
(p.p.m .)

O xygen C onsum ed from  N 18 
KMnO< a t  80° F . in  4 H r.

(p.p.m .)

5 -D ay  B iochem ical 
O xygen D em and  

(p.p.m .)

S ettled  C rude L iquid  A fter S ettled  C rude L iqu id  A fter S ettled  C rude L iquid  A fter
L iquid F iltra tio n Liquid F iltra tio n L iquid F iltra tio n

l 106 52 126 50 139 24
2 156 124 135 117 181 119
3 94 48 129 103 98 84
4 108 25 113 90 121 76

TABLE V.—Results of Treatment by Alternating Double Filtration in Small Fibers of Residual
Washings from Digestion of Straw

(From Figures Supplied by Messrs. John Dickinson & Co., Ltd.)

Period of 
E xperim ent 

(Days)
L iquid T reated

R a te  of 
T re a tm e n t 

(Gal. per day  
per cu. y d . of 

m edium  in 
2 filters 

together)

L iquid 
Supplied to  

F ilte rs

E ffluent 
from  F irs t 

F ilte r

F inal
E ffluent

from
Second
F ilte r

P urification  
Effected 

(per cent)

38 9.5 vol. waste waters 
0.5 vol. sewage

90 472 339 145 69

7 9.5 vol. waste waters
0.5 vol. sewage 75 270 209 124 54
10.0 vol. water

140 Ditto 50 263 115 35 87

27 Ditto 75 318 170 54 83

276.000 gallons per day) was then dis
tributed in flushes on to percolating fil
ters, each 51 ft. in diameter and 8 ft. 
deep. The filtering medium was clinker. 
The average rate of flow from the filters 
was about 120 gallons per cubic yard of 
medium per day. The degree of purifica
tion effected was not very high and the 
effluent was still comparatively polluting in 
character.”

Another mill which used percolating fil
ters but whose ponded effluent before pas
sage to the filters had an alkalinity of over
2.000 p.p.m. showed substantially no reduc
tion in suspended solids or B.O.D.

Results obtained by treating waste waters 
by alternating double filtration were much 
more gratifying. Analyses and reductions 
obtained are shown in Table V.

“It appears that fully satisfactory meth
ods of treatment of waste waters from 
paper mills employing digestion, which 
would be applicable under the different

conditions met with in the industry, have 
not yet been developed. The most hopeful 
line of attack appears to be first in develop
ing methods for recovery of a greater quan
tity of soda from the comparatively strong 
liquors in the early stages of washing and 
thus reducing both the strength and alka
linity of the mixed waste waters. For the 
liquid necessarily discharged, the most 
promising methods of treatment at present 
available would appear to be sedimenta
tion, possibly with use of coagulants, fol
lowed by biological filtration, or some sys
tem of aeration.”

G ladys S wopf,

Industrial Waste Treatment and Control.
B y  L oring F. Oe m in g . American Jour
nal of Public Health, 35, 722-27 (July, 
1945).
Experience in Michigan with industrial 

pollution and control measures applied in
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certain instances m ay be o f value in solv ing  
problem s elsewhere. M ichigan’s large brine 
resources has led  to  the m anu factu re  
o f m any products. A fter  the extraction  o f  
the desired products the brine becomes a 
w aste product, w ith chlorine in concentra
tions in  excess o f  200,000 p.p.m .

The problems created by disposal into 
streams are well known. Limited quanti
ties have been injected into underground 
formations where a porous stratum can be 
found. The brine has also been used for 
laying dust on country roads. However, 
the greatest portion still finds its way into 
the streams. The most effective means at 
present for minimizing brine pollution is 
impounding and controlling the discharge 
during high stream flows.

Plants for the extraction of magnesium 
were constructed during the war at Luding- 
ton and Marysville, Michigan. At Luding- 
ton the waste brine is pumped through 
12 miles of 14 in. pipe to an isolated region 
along the Lake Michigan shore. The ma
terial is discharged into the lake 600 ft. 
from shore in 16 ft. of water. Surveys of 
the lake area by means of a conductivity 
cell indicates that the brine did not diffuse, 
though the location of the outlet did pro
vide the protection originally contemplated. 
The material has a specific gravity of 1.18 
and appears to remain on the bottom in its 
original concentration. The brine layer 
has a thickness of one to three feet.

At Marysville large volumes of hydro
chloric acid wastes are produced by the ex
traction of magnesium by electrolysis of 
the magnesium chloride produced at 
Ludington. These are discharged through 
a submerged multiple outlet pipe into the 
St. Clair River. Only a small part of the
200,000 c.f.s. discharge of the stream is 
needed for neutralization of the acid wastes. 
Breaks which have occurred in the diffuser 
line from time to time caused unequal dis
tribution and zones of high acid concentra
tion. Good results were obtained when the 
line was in good repair. Protection for 
downstream water supplies was provided at 
all times.

Phenolic wastes are objectionable because 
of taste and odor effects on the receiving 
water. In 1937 a large chemical plant at 
Midland, Michigan, constructed works for 
treatment of phenolic wastes by clarifica
tion and filtration trough blast furnace 
slag. With increased production exten

sions to the works were added two different 
times and by 1943 4,500 pounds of phenol 
were removed daily from an average daily 
flow of 15 m.g.d.

Synthetic rubber manufacture has given 
rise to additional pollution problems. Ex
perimental treatment of thiokol wastes by 
aeration with diffused air and recircula
tion of sludge has met with some success. 
Cracking of alcohol to styrene produced 
wastes which are odor producing and toxic 
to fish life. The wastes have been studied 
at the Institute for Fisheries Research at 
Ann Arbor. Wastes resulting from the 
polymerization of butadiene and styrene 
to produce Buna S have been found to be 
the source of an odor problem in the water 
supply of Detroit.

Cyanide wastes are a constant threat to 
animal and aquatic life. Fish life is com
pletely snuffed out at concentrations above 
0.5 p.p.m. of CN. Impounding of wastes 
is an ineffective method of control. Re
moval of cyanide from solution as hydro
cyanic acid gas by decomposition with sul
furic acid has been found a successful 
method. A recent process converts cyanide 
to non-toxic cyanate by the reaction with 
sulfur compounds. However, chlorination 
of such wastes reverses the reaction and 
restores toxic properties.

Chromium removal has been accom
plished by application of ferrous sulfate, 
neutralization with lime, and removal of 
the precipitated chromium hydroxide.

Pollution control in the paper industry 
has been largely limited to fiber recovery 
and reuse of waste waters. I t  has been 
shown that fiber losses can be reduced to 
1 per cent of paper production and waste 
flows to 20,000 gal. per ton of product. As 
a means of waste control the benefits are 
offset by opening up closed systems for dis- 
carge of wastes during mill cleanups and 
changes in grade and color of product. In 
some cases satisfactory stream conditions 
cannot be maintained by internal mill im
provements alone and treatment of wastes 
by settling with or without chemical pre
cipitation becomes necessary.

A good effluent in the case of board mill 
wastes has been obtained by flocculation 
with alum followed by sedimentation. 
Flotation methods have been employed at 
mills working with higher grade pulp. 
Further research is desirable on mill efflu
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ents containing de-inked and straw pulp 
wastes.

The paper industry is still faced with a 
serious problem in the treatment and dis
posal of sulfate and sulfite pulping process 
liquors. A research program covering all 
waste problems in the pulp and paper in
dustry is being formulated by the National 
Council for Stream Improvement under 
sponsorship of the industry.

Wastes resulting from food dehydration 
have caused injury and odor nuisances in 
some locations. Potato dehydration wastes 
have been troublesome in Michigan. In 
one instance lye peeling and starch washer 
wastes were segregated and treated at the 
municipal treatment works. Fine screen
ing and sedimentation was sufficient for the 
balance of the wastes. Disposal by seep
age and evaporation is practicable in some 
climates.

T. L. H e r r ic k

Current Developments in Waste Utiliza
tion. B y  H a ro ld  R. Murdock. Ind. 
Eng. Chem., 37, 97-8 (advertising sec
tion, September, 1945).
This paper inaugurates a new department 

in Industrial and Engineering Chemistry. 
One or more phases of waste treatment and 
utilization will be discussed each month. 
The first four contributions are abstracted 
below.

Industry will always have the problem 
of disposing of its waste materials. New 
processes will produce new wastes as obso
lescence overtakes older processes and 
their wastes. Wherever possible it is de
sirable to utilize wastes in the plant pro
ducing them because, in many cases, former 
wastes have become important by-products.

The rubber industry is cited as one 
which consumes its own wastes. Originally, 
as large piles of used tires accumulated, 
only the rubber tread was processed as re
claim and the carcasses were burned. Re
search, however, gradually developed meth
ods whereby all of the used tire components 
could be reprocessed.

That industries not employing chemical 
processes can utilize wastes is illustrated 
by a phosphate rock mining company 
which prepares its product by wet-screen
ing. The wash water, containing sand and 
fine phosphate particles, was formerly dis
charged to large lagoons to provide clari

fied water for reuse. Recently a mineral 
oil-oleic acid flotation agent was applied to 
the accumulated sediment and it was found 
that it would be economical to recover the 
wasted phosphate fines on flotation tables.

The utilization of wastes by industries 
other than those producing them has possi
bilities which are frequently overlooked. 
This application requires ingenuity, re
sourcefulness, insatiable curiosity, and a 
broad understanding of the processes used 
by other industries.

The successful operation of a mill for 
producing kraft wood pulp depends upon 
the efficiency of its chemical recovery proc
ess. Salt cake (anhydrous sodium sulfate) 
is the make-up chemical which is reduced 
to sodium sulfide for the pulp cooking 
liquor, and a company which was planning 
a new plant sought a cheap source of this 
substance. Oil refineries use caustic soda 
to remove hydrogen sulfide and organic 
sulfides from crude oil. The residual 
liquor is a dark, tarry solution containing 
an appreciable proportion of sodium sul
fide. I t  has a foul odor and a high B.O.D.; 
where discharged to streams it causes seri
ous pollution. I t  was found that this evil 
waste could be substituted for salt cake in 
the charge to the furnace in which the black 
liquor from the pulp digesters is inciner
ated to recover sodium carbonate and to re
duce the sodium sulfate to sodium sulfide 
for preparation of fresh cooking liquor. 
In actual pulp mill operation the refinery 
waste served admirably; this experience 
suggests that similar opportunities exist in 
other industries.

Ind. Eng. Chem., 37, 105-6 (advertising
section, October, 1945).
Disposal is not synonymous with pollu

tion—it is improper disposal which causes 
pollution. Where an industry disposes of 
its waste prudently only the management 
of the plant is concerned; but where the 
surroundings are polluted the rights of 
others are affected and management cannot 
escape liability.

Disposal on land. Dumps serve a va
riety of industries for disposal of inert 
solid wastes which do not contain sub
stances which will be leached into streams 
or ground water. Often it is prudent to 
store solid or liquid wastes and await an 
economical use for them.

Huge piles of calcium hydroxide have



346 SEW AGE W ORKS JO U R N A L March, 1946

accumulated from the manufacture of 
acetylene and in many localities this ma
terial has found profitable applications. 
Synthetic phenol plants produce enormous 
quantities of waste sodium sulfite and some 
manufacturers have stored this by-product 
in anticipation of an eventual market. 
The vast dumps of niter cake from the 
manufacture of nitric acid during the first 
World W ar were finally purchased by the 
kraft industry as a substitute for salt cake. 
In the same period, the process which was 
used to make acetone by fermentation also 
yielded twice as much butyl alcohol for 
which no important use was known. The 
alcohol was stored in tremendous quantity 
and many thought it foolish not to use it 
as a fuel, but when it was found to be a 
excellent solvent for quick-drying lacquers 
the foresight of management was vindi
cated.

Disposal into the air. Organic wastes 
which cannot be dumped without creating a 
nuisance are best burned under boilers or 
in incinerators. Refineries have constructed 
special steam generators to utilize high sul
fur hydrocarbon sludges as fuel.

Ten per cent of the forests become saw
dust before they become lumber, and the 
furniture industry wastes 25 per cent of

its lumber as sawdust. Usually this waste 
is burned in open piles or under boilers 
but technology has developed a process 
whereby over 50 gal. of ethvl alcohol can 
be made per ton of sawdust. Lignin is a 
by-product, however, and without a use 
for this material the postwar economies of 
the process are questionable.

Spent gases are usually vented directly 
to the atmosphere but objectionable con
stituents can be removed by dust collectors, 
electrical precipitators, and suitable gas 
washers.

Disposal into streams. The increasing 
volume of pollutional matter discharged to 
streams frequently places an excessive 
burden upon them; but industry is a vital 
part of our economy and it must be given 
an opportunity to continue. Until satis
factory processes for waste treatment are 
developed, “it is advisable that an existing 
plant use the stream as the final disposal 
medium for liquid wastes from muncipality 
as well as industry.”

Four classes of streams are delineated:
Class 1. Suitable for public water sup

plies with minimum treatment (disinfec
tion ).

Class 2. Suitable for recreation and to 
maintain healthy fish life. Normal filter

TABLE I.—Standards for Waters of Classes 1, 2, and 3

S tream  C onditions C lass 1 C lass 2 C lass 3

Oil scum, floating solids or None None Moderate, localized
debris, except from natural 
sources

Color, p.p.m. 20 Amount of color and 
turbidity which can

Amount of color and 
turbidity which can

Turbidity, p.p.m. 20 be removed by stand
ard practice

be removed by ad
vanced practice

5-day B.O .D ., p.p.m.
M onthly average 1.0 2.0 4.0
Maximum value 2.0 4.0 6.0

D.O.. p.p.m.
M onthly average < 7 .0 6.5 5.5
Minimum value 7.0 5.0 4.0

Coliform group, m onthly geo
metric av. M .P.N . per ml.
Swimming 0.5 10 not approved
Water supply 0.5 50 200

p H 6.5-8.6 6.5-8.6 5.0-9.5

(Abstractor’s note: The source of this classification is not given.)
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plant operation will produce a satisfactory 
water supply.

Class 3. Not desirable for public water 
supply but can be treated by advanced 
methods. Not considered safe for swim
ming; will support acquatic life, but most 
desirable types of fish may be absent.

Class 4. Unsuitable for industrial or 
public water supply. Unfit for swimming 
and desirable acquatic life absent.

Ind. Eng. Chem., 37, 97-8 (advertising
section, November, 1945).
This paper presents a brief discussion 

of Purdy’s investigation, in 1916, of the 
efficiency of the tidal flats of the Potomac 
River in sewage purification and draws an 
analogy between that natural phenomenon 
and man-made processes.

All of the sewage of Alexandria, Va., 
flowed over the Huntington flat, a tidal 
region with an area of about 1.3 sq. miles. 
Two of the three streams entering the 
upper end were heavily polluted with sew
age but the water leaving the area showed 
little evidence of pollution. As the tide 
rose, the sewage flowed over the flat, and, 
as there was no disturbance from wind or 
river currents, clarification was rapid. 
Deposition of organic matter provided food 
for acquatic plants and microscopic or
ganisms, and the sunlight stimulated their 
growth, producing the oxygen which 
transformed the sewage into stable, non
toxic compounds. Purdy’s work showed 
oxygen values of 103 per cent of satura
tion on sunny days, and 75 per cent on 
cloudy days. Values of 128 per cent were 
recorded on particularly favorable days. 
Water leaving the flat on the ebb tide in 
the morning was 83 per cent saturated.

Here, evidently, was an efficient natural 
waste disposal plant in which all the fac
tors necessary for carrying out the growth 
cycle were present. The sewage was the 
fertilizing agent for the vegetation; the 
flat comprised a reaction chamber; the 
sunlight was the energizing force which 
ultimately transformed the decaying or
ganic matter; and the tides served as auto
matic pumps to move the water in and out 
of the reactor.

The activated sludge and the trickling 
filter processes simulate the natural phe
nomenon. Although these are not utiliza
tion processes more attention should be 
given to actual utilization of the organic

chemicals which result from the biological 
conversion of sewage. New adsorption 
chemicals and developments in organic 
chemistry in the war should be combed 
carefully with this purpose in mind; the 
field is almost unexplored.

The case of a steel plant is cited in which 
the necessity for a larger industrial water 
supply led to the construction of a plant 
for processing 50 m.g.d. of trickling filter 
effluent from a nearby city. Other indus
tries are similarly using sewage plant efflu
ents, but real opportunity lies in utilization 
of the chemicals in processed sewage.

Ind. Eng. Chem., 37, 97-8 (advertising sec
tion, December, 1945).
Lagoons frequently serve as a useful 

means for disposal of industrial wastes. A 
depth of five feet is considered to be the 
maximum to take full advantage of sun
light. Such lagoons offer the possibility 
of complete treatment at relatively low 
operating costs for wastes containing low 
percentages of soluble substances. Dis
posal of certain organic wastes in lagoons 
has been hindered by the nuisance of insect 
pests which propagate in the wastes, but 
new chemicals, such as DDT, for control 
of insects herald a new interest in this type 
of treatment. Sodium nitrate, sodium 
chlorite, and other chemicals have recently 
been found effective for odor control.

Retention lagoons are the simplest type 
and they are used merely as storage basins 
for untreated wastes which are purged into 
streams during high water freshets. 
Wastes should always be screened through 
20-40 mesh screens to remove bulky solids, 
but if the suspended matter is finely divided 
it should be settled out in a tank ahead of 
the lagoon. Purging of lagoons should be 
frowned upon in the interest of riparian 
rights.

Absorption lagoons are employed where 
the soil is sufficiently porous to permit per
colation of the liquors into the earth. The 
sandy soil of the citrus belt in Florida is 
excellent for absorption lagoons, but in 
many other localities such installations 
eventually fail through clogging of the soil 
or the appearance of outcrops of the liquor 
at some distance from the lagoon. Where 
the wastes can be given a preliminary 
chemical treatment before discharge to the 
lagoon, operating efficiency is often im
proved.
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Where a high degree of purification is 
required, processing lagoons, which pro
vide both chemical and biological treat
ment, are often quite satisfactory where 
adequate land is available.

The most important specifications for 
material to be discharged to a stream are 
that it must not be toxic to plant or animal 
life, and that it must be chemically stable 
to the stream environment. Stability has 
been attained in processing lagoons han
dling cannery wastes through addition of 
sodium nitrate. This salt provides oxygen 
for aerobic decomposition; it stimulates 
the growth of chlorophyll-containing or
ganisms; and it maintains a mild alkalinity 
in the lagoon. The amount of sodium ni
trate used is equivalent, in terms of oxygen, 
to 20-25 per cent of the 5-day B.O.D. of 
the waste.

The Sulphite Pulp Manufacturers’ Com
mittee recently reported on the reaeration 
of riyers used for the disposal of waste 
sulfite liquors. Large amounts of air were 
diffused into the river to supply the oxygen 
deficiency; in this ease the entire river 
served as a processing lagoon. The use of 
liquid oxygen for this purpose is suggested.

Sodium chlorite has been used to the ex
tent of 28 per cent of the B.O.D. of screened 
pea waste with outstanding results. Eco
nomically the process fails, but with a lower 
cost for this chemical it will find increasing 
use. The use of chemicals in solving diffi
cult waste disposal problems is entering a 
new era. Processing lagoons will be found 
useful for this type of treatment.

R ich a r d  D. H o a k

Treatment of Camp Sewage and Laundry 
Waste Water by Alternating Double 
Filtration. B y  E . V . M i l l s ,  J . T. C a l
v e rt and G. H. Cooper. The Surveyor, 
104, Feb. 9-16, 1945 (79-81, 97-100).-

This article discusses the conversion of a 
single stage trickling filter plant to an alter
nate double filtration plant. The change 
was necessitated to deal with an increase 
in the quantity of sewage and laundry 
wastes at a military camp.

The plant originally consisted of four 
upward-flow sedimentation tanks with 
sludge hoppers, a dosing tank, four filters, 
each 95 ft. in diameter and containing 5 
ft. of clinker 1 x/2 to % in. in size and

equipped with 4-arm revolving distribu
tors, two humus tanks, and 1,600 sq. ft. of 
sludge drying beds. Provision was not in
cluded for sludge digestion. The flow to 
the original works was about 250,000 gal. 
per day, about one-fourth of which was 
delivered by gravity, the remainder being 
pumped to the plant.

The plant treated a strong and greasy 
camp sewage.

The filters were loaded at the rate of 
about 45 gal. per cu. yd. per day. Spot 
samples of the effluent on three occasions 
gave B.O.D. values of 25, 126 and 30 p.p.m.

After eight months of operation, a por
table laundry was installed at the camp. 
From this laundry about 10,000 gal. per 
day of waste water were discharged to the 
sewage works. The permanent base laun
dry was expected to discharge 10,000 gal. 
per hour. This increase in the volume of 
liquor to be treated at the sewage works 
necessitated modifications to the plant. It 
was decided that conversion of the plant 
to alternating double filtration would be 
more economical than increasing the fil
tration capacity.

The alterations consisted of adding a 
fifth upward-flow sedimentation tank of the 
same size and design as the four existing 
tanks and two additional sludge drying 
beds. The feed pipes to the filters were in
creased in size. The distributors were re
placed by larger distributors with two 
arms. A pumping station,, housing three 
centrifugal pumps operating from float 
switches, was constructed to pump settled 
effluent to the two pairs of filters. The 
final sedimentation tanks were not in
creased in capacity.

In starting up the converted plant, it 
was found that the underdrains of the fil
ters ■ were inadequate in capacity. They 
flowed full and ponded the filter to a depth 
of about 9 in.

The converted works were placed in oper
ation in February and built up to the full 
efficiency within three months.

Analyses of the waste water from the 
laundry, as indicated by grab samples, 
showed suspended solids ranging from 540 
to 1,860 p.p.m., B.O.D. ranging from 220 
to 410 p.p.m., and ammonia nitrogen rang
ing from 2 to 10 p.p.m. The average volu
metric load on the filters during the winter 
months was 71 gal. per day per cu. yd. of 
filtering medium. Results for an eight
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months period, from October through May, 
are shown below.

From October through February the fil
ters were handicapped by poor ventilation 
from the underdrains. The results for

invert being level with the invert of the 
fume. The width of the parabola at water 
level at any rate of flow could be deter
mined from the formula X  =  3Q/2H, where 
Q equals the flow in c.f.s., H  equals depth

Oct. N ov. D ec. Jan . Feb. M ar. Apr. M ay

B.O.D., p.p.m.
Primary Filter In fluent................... 335 335 315 320 255 360 310 330
Settled Primary Filter E ffluent... 22 35 34 44.5 20 22 29 138
Settled Secondary Filter Effluent. 10.5 6 12 7 6 2 6 5

Suspended Solids, p.p.m.
Primary Filter In flu en t.................. 83 139 161 125 143 146 198 96
Primary Filter E ffluent................... 74 57 104 146 73 65 128 60
Secondary Filter Effluent............... 30 59 70 52 53 27 83 100

Ammonia Nitrogen, p.p.m.
Primary Filter E ffluent................... 45.5 43 41 44 37 42.5 47 55
Settled Primary Filter E ffluent.. . 15 18.5 19 16.5 17 15 12 22
Settled Secondary Filter Effluent. 2 8 9 5 6.5 4 12.5 3

Nitrate and Nitrite, p.p.m.
Settled Primary Filter Effluent. . . 3 2.5 1 1.5 2.5 1 .5 3.5
Settled Secondary Filter Effluent. 17 8.5 2.0 4.0 8.5 5.5 6.5 10.5

March, April and May indicate the per
formance with the improved underdrainage.

K. V. H ill

Efficient Detritus Settlement at Compara
tively Small Sewage Treatment Works.
By L. B. E s c r i t t . The Surveyor, 104, 
635-38 (October 26, 1945).
The writer points out that detritus re

moval, especially at small plants, has been 
a difficult process for a long time. Mechan
isms are not usually included in small in
stallations and the tanks suffer from 
neglect. In general, the tanks are de
signed of too large capacity. To meet these 
deficiencies the writer discusses in consid
erable detail the design of detritus tanks 
utilizing a constant velocity.

The principle involved in the constant 
velocity detritus channel is that at a ve
locity of % to 1 f.p.s. grit will settle and 
be washed by the scouring action of the 
sewage. To maintain a constant scouring 
velocity, C. B. Townsend, one of the early 
workers on detritus channel design, pro
vided that the depth of flow should be con
trolled by a simple rectangular standing 
ivave flume and then so formed the cross- 
section of the channel that at all depths 
of flow the velocity remained constant. 
This required the cross-section of the chan
nel to have the shape of a parabola, the

of flow in feet above the channel invert 
and X  equals the width in feet at the water 
level.

Having determined the channel dimen
sions for maximum flow, the cross-section 
was then checked for daily peak flows. If 
the cross-section were too great and one 
which would permit solids to strand near 
the edges, conditions could be improved by 
forming the invert as two or more para
bolic channels of the same depth as before, 
but with a total width equal to that re
quired for one channel.

In the past detritus tanks and channels 
were designed for a capacity of one- 
fiftieth daily dry-weather flow. This basis 
of design frequently resulted in oversized 
tanks. The capacity of the constant ve
locity channel, being the product of the 
cross-sectional area and the length, varies 
from site to site; while the cross-sectional 
area depends on the rate of flow, the length 
depends upon such variables as the depth 
of flow, velocity of incoming sewage and 
detritus storage capacity.

Sewage should be screened before enter
ing the detritus channel, the screens being 
proportioned to prevent the settling of grit.

Some additional length should be pro
vided in the detritus channel to compen
sate for the turbulence of the incoming 
sewage. No accurate information is avail
able on the length required. The length
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of channel required to settle the detritus is 
not subject to exact determination. After 
the turbulence of entry has subsided time 
must be allowed for the smallest particles 
to settle. At Mogden it was assumed that 
the smallest particle to be settled would 
subside at the rate of 1 ft. in 10 see. For 
a velocity of flow of 1 f.p.s., the channels 
should not be shorter than 10 times their 
depth.

Additional channel length must be pro
vided for storage of grit. The bulk of 
settlement occurs toward the inlet end of 
the channel. Continued deposit here tends 
to restrict the cross-sectional area, creating 
scouring velocities which eventually de
posit an even depth of silt the whole length 
of the channel and any further settlement 
will be prevented. I f  the channel is long 
its capacity for storing silt is increased.

Sumps or catchpits are not desirable be
cause they are contrary to the principle of 
constant velocity flow and there is always 
danger of settling organics at times of 
slack flow.

For the usual run of grit the writer sug
gests a detritus channel whose length is 32 
times its maximum working depth. The 
depth of flow should always be sufficient to 
transport the largest organic solids and the 
channels should be designed to permit effi
cient cleaning with shovels or scoops.

The author cites numerous examples of 
detritus tank designs such as those at West 
Middlesex, Mogden, Wandle Valley and 
Chigwell which utilize parabolic or modi
fied parabolic channels.

K. V. H il l

Intermittent Sand Filter Found Useful in
Rural Sanitation. Bv P a u l M. H olm es.
Civil Engineering, 15, 284^85 (June,
1945).
The war program necessitated speedy 

construction of sewage treatment facilities 
for the huge industrial plants and for 
shifting population. In Ohio places of 
minor congestion had for many years been 
cared for satisfactorily by primary sedi
mentation and secondary treatment, usually 
intermittent sand filtration. I t  was felt 
that the efficiency of these devices could be 
greatly improved by a better method of 
applying the settled sewage.

The final design composed rectangular 
tanks with 8 hr. detention, a dosing cham

ber, and a circular sand filter equipped 
with a rotary distributor as used in trick
ling filter installations. Using a five-day
B.O.D. of 180 p.p.m. the rotary distribu
tor type of sand filter was assumed capable 
of operating at a daily load of 200,000 gal. 
per acre, as against 100,000 gal. per acre 
for the old-type filter.

Filter shells were constructed of wood, 
masonry, or earth embankment. Floors 
were unpaved and sloped to 4-in. tile 
underdrains spaced on 10-ft. centers. A 
depth of 12 in. of coarse media was placed 
on the floor, and over this 30 in. of sand 
was provided. Originally a sand size of 
0.30 to 0.45 m.m. was specified, but this 
was later revised to 0.35 to 0.50 m.m. 
Where flooding tendencies were encoun
tered it was found that the sand size was 
actually 0.18 to 0.22 m.m. Best results 
were obtained with sand having an effective 
size of 0.45 m.m. and a uniformity coeffi
cient of about 2.75.

The following table shows results ob
tained at five typical plants.

N o.
1

No.
2

No.
3

No.
4

No.
5

5-day B.O.D.
A pplied .................. 425 666 319 555 326
F in a l....................... 6.7 26 4 18 2

Dissolved Oxygen
A pplied.................. 0.0 0.0 1.9 0.0 0.0
F in a l....................... 7.9 2.8 8.1 6.5 7.5

At plants where the applied sewage was 
high in suspended solids more labor was 
required to maintain the high efficiency of 
the filters. Excessive deposits required bi
monthly removal. Usually occasional hand 
raking was required to keep the filters in 
good working condition.

T. L. H er r ick

The Evaluation of the Toxicity of Indus
trial Wastes, Chemicals and Other Sub
stances to Fresh-water Fishes. By W.
B rég y  H a rt, P e t e r  D oudoroff and 
J o h n  G r e e n b a n k . The Atlantic Refin
ing Company, Waste Control Laboratory, 
8144 Passyunk Avenue, Philadelphia. 
June 12, 1945. 317 pp. +  14.
At the present time, considerable atten

tion is being given to problems relating to
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stream sanitation and the conservation of 
wild life, particularly fish. In the minds 
of a great many sportsmen and other peo
ple, the principal evil of stream pollution 
is its adverse effect upon the aquatic 
fauna; and as an outgrowth of this con
cept, a great deal of work has been done 
from time to time in the study of the effect 
of certain constituents of industrial wastes 
and other types of wastes on fish life. An 
examination of the literature on this sub
ject indicates that there is considerable 
dissimilarity in results reported by different 
investigators. I t  is apparent, in many in
stances at least, that these dissimilarities 
arise from a lack of uniformity of methods 
and test materials employed by the vari
ous investigators. That is to say, there has 
been a failure on the part of some workers 
to recognize the importance of such factors 
as temperature, pH, hardness of test water, 
and other phenomena in their effect on the 
results of the tests. I t  is apparent to the 
student of this particular phase of stream 
pollution investigation that it is very de
sirable that there be adopted a uniform 
method of testing and that this uniform 
method be carried out under as nearly as 
possible uniform conditions.

The book “The Evaluation of the Toxi
city of Industrial Waste, Chemicals, and 
Other Substances to Fresh Water Fishes” 
is an attempt on the part of its authors to 
introduce such methods. As such, it may 
be regarded as a valuable contribution to 
the literature on the subject.

The authors of the book recognize that 
their project might be beset with certain 
difficulties caused by various reasons. In 
their foreword, it is stated that “The pro
cedures for the evaluation of the toxicity 
of industrial wastes, various chemicals, and 
other substances is not presented without 
some trepidation. This should be under
standable to all to whose attention it may 
come. We do not consider ourselves to be 
‘last word’ authorities on the subject. In 
stead, we believe that we have perceived 
an urgent need, and, fortunately, we have 
been in a position to make a start in its 
fulfillment. We are convinced that just as 
any given chemical analysis must be per
formed in a certain specified manner and 
under stipulated conditions in order that 
the results may be recognized as valid in 
standard, so also must a bioassay, such as 
the biological evaluation of toxicity.”

The essence of the authors’ proposal is 
that there be adopted a standard proced
ure. I t  is stated that “A uniform method 
of expressing toxicity is essential if the 
values reported are to be comparable in 
any sense. That variations of procedure 
also may influence test results greatly has 
been demonstrated by researches of various 
investigators. Many of these variations 
not only interfere with some comparability 
of the test results but also may cause them 
to be unreliable. These variations can be 
restricted profitably without decreasing the 
usefulness of the test results in the solu
tion of practical and other problems. Nor 
will compliance with these limitations in
volve any great difficulty. In those de
tails of procedure, conditions, and equip
ment in which variation is without known 
influence upon the results, considerable 
freedom may be permitted.”

I t  is proposed that in conducting toxicity 
or tolerance tests that one of two general 
procedures be followed. The first of these 
is the standard  evaluation.  It would re
quire certain standard 'requ irem en ts  as to 
test animals, experimental water, physical 
factors, etc. The second procedure is 
called a reference evaluation  and is to be 
carried out under more highly standard
ized conditions than the standard evalua
tion. For example, a reference evaluation 
requires the use of “one of a limited vari
ety of fresh-water teleost fishes designated 
as reference tes t  animals  at an experimental 
temperature which is not outside a l imited  
reference tem pera ture  range  and with ex
perimental water which conforms with cer
tain requirements and is designated as re f 
erence water .” The size of the reference 
test animals also is restricted within a 
specified range.

It is pointed out that a moderate amount 
of variation in results may be expected in 
using the standard procedure; the use of 
the reference procedure will decrease but 
not entirely eliminate such variations. 
Apparently the authors believe that the 
reference technique will eliminate causes 
for variation in results except those in
herent in the test animals resulting from 
physiological or other biological factors 
over which, of course, there is no control.

In most cases the standard evaluation 
would be sufficient to cover the desired 
study. A few reference evaluations made 
in parallel to the standard test would serve
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to link the latter with similar tests con
ducted in the same or other laboratories.

I t  is further proposed that the toxicity 
of industrial waste, etc., be based on the 
determination of “m edian tolerance limit  
for samples of test animals under stand
ardized conditions (and) for fixed time 
periods.” This median tolerance limit, 
symbolized as TLm is “that concentration 
of the substance under investigation at 
which just 50 per cent of the test animals 
used are able to survive for a specified 
period of time under the conditions of the 
experiment.” The time periods used in 
the standard testing procedure may be 24 
hrs., 48 hrs., or 96 hrs. The values to be 
determined, therefore, are the 24-hr. TLm, 
48-hr. TLm, and 96-hr. TLm. Of these, the 
24-hr. TLm is to be regarded as the basic 
index of relative toxicity while the 48-hr. 
TLm and occasionally the 96-hr. TLm may 
be determined in addition for the purpose 
of describing the,toxicity more accurately 
and for suggested application to certain 
practical problems or when the 24-hr. TLm 
may be found to be unsatisfactory.

After this preliminary presentation of 
their objectives, the authors discussed prac
tically every aspect of the general problem, 
with suggestions as to procedure, treat
ment of material, etc. The more pertinent 
of these aspects follow:

K i n d  o f  tes t  animal.  A list of species of 
fish suitable for making standard evalua
tions and a second list for making refer
ence evaluations are given. Generally 
speaking, those included in the second list 
are less tolerant inherently than those in the 
first list. I t  should be noted that in the 
extensive appendix, adequate information 
for the identification of all species of fish 
listed is given. The size of the test ani
mals in relation to the size of the test con
tainer is discussed.

W a te r  su p p ly .  Workers in toxicity 
studies know that the test waters to be 
used may constitute one of the most trouble
some problems of any of those associated 
with such studies. The authors have dis
cussed in considerable detail the nature and 
desirability of the various types of test 
waters to be used. The characteristics of 
suitable waters are described, and comment 
is made on the various characteristics.

D isso lved  oxygen  and  carbon dioxide  
tension.  Suggestions for maintaining a 
suitable dissolved oxygen level in the test

waters are made. Oxygen requirements 
for standard tests and other types of tests 
are described. There is a short discussion 
of the problems relating to carbon dioxide 
tension.

T em perature .  This factor, of course, is 
one of the most easily controlled of all fac
tors affecting the results. The temperature 
levels for the standard test requirements 
are described as are those for the reference 
evaluations. There is a section on the ac
climatization of test animals prior to their 
use.

P er tinen t  p ro p e r t ie s  o f  the substance to 
be tested.  There is a somewhat extensive 
discussion in which it is suggested that the 
substance to be tested be subjected to a 
c-ritieal preliminary examination before any 
toxicity tests are made. In this section, it 
is suggested that the nature of the toxic 
action, the volatility of the material to be 
tested, its stability, its oxygen-depleting 
characteristics, its latent toxicity, and other 
characteristics be examined.

T es t  solutions.  ' There are extensive di
rections given for the collection and stor
age of samples to be tested, the expression 
and calculation of concentrations to be 
tested, the preparation of solutions, the 
methods of compensating for oxygen defi
ciency, and other problems.

P er fo rm in g  to x ic i ty  tests .  This section 
is devoted to a description of the actual 
mechanics of conducting the tests.

E va lu a tio n  o f  tox ic i ty .  The authors dis
cuss in great detail the methods which may 
be employed in interpreting test results. 
Suggestions are given which would insure a 
uniform method of reporting the results. 
Formulae for the calculation of safe bio
logical concentrations of any particular 
waste on the basis of test results are given.

There is an extensive bibliography.
In  conclusion, it is pertinent to quote 

another portion of the book’s foreword: 
“We not only expect criticism and contro
versy; we invite it; for it is only in the 
light of critical thought that a project such 
as this can reach its full development. 
What we do not wish is either a blind ac
ceptance or a dogmatic rejection of the 
proposed methods. Instead, we hope for 
a fair examination and trial producing 
comment and suggestions for improvement, 
out of which, we believe, will come the 
means for revision and true standardiza
tion.”

W il l is  M. V an  H orn
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The qualifications for Honorary membership in the Federation are set forth in 
Article II, Section 4 of the By-Laws. Honorary Members are elected upon recommen
dation by a committee comprising the President and four latest Past Presidents, the 
senior Past President as chairman, in accordance with a policy adopted by the Board of 
Control on October 23, 1943. Honorary Members elected to date are as follows:

Charles Alvin Emerson ........................................................  1941
Arthur S. Bedell ..................................................................  1942
Julius W. B ugbee..................................................................  1942
Langdon Pearse ....................................................................  1942
Charles Gilman Hyde ..........................................................  1943
Howard Eugene Moses ........................................................  1943
Floyd William Mohlman ....................................................  1944
Willem Rudolfs ............................................  1945

The Harrison Prescott Eddy Medal

The Harrison Prescott Eddy Medal is awarded annually to a member of any Mem
ber Association of the Federation “for outstanding research contributing in important
degree to the existing knowledge of the fundamental principles or processes of sewage 
treatment, as comprehensively described and published during any stated year in S ewage 
W orks J ôü rnal.” The award commemorates Harrison Prescott Eddy, a famous engi
neer and a pioneer in the art of sewage treatment.

Past recipients of the award are :

H arry Willard Gehm 
John Raymond Snell 
Lloyd R. S e t te r ........

The George Bradley Gascoigne Medal

The George Bradley Gascoigne Medal is awarded annually to a member of any Mem
ber Association of the Federation “for outstanding contribution to the art of sewage

354

1943
1944
1945

P er io d  S erved  
.. 1928 -41  
. . 1941 -42  
.. 1942-4:3 
. . 1 9 4 3 4 4  
. . 1 9 4 4 4 5



Vol. 18, No. 2 HONORS AND AW ARDS 355

treatment works operation through the successful solution of important and complicated 
operational problems, as comprehensively described and published during any stated year 
in Sew age W orks J o u rnal.” This award is in memory of George Bradley Gascoigne, 
a prominent consultant from 1922 to 1940, who demonstrated an unusual interest in mat
ters of sewage works operation.

Past recipients of this award a re :

Kerwin L. Mick ..................................t ...............................  1943
James T. Lynch and Uhl T. M an n .....................................  1944
John D. M cDonald...............................................................  1945

The Charles Alvin Emerson Medal

The Charles Alvin Emerson Medal is awarded annually to a member of any Mem
ber Association of the Federation “for outstanding service in the sewerage and sewage 
treatment works field, as related particularly to the problems and activities of the Fed
eration of Sewage Works Associations in such terms as the stimulation of membership, im
proving standards of operational accomplishments, fostering fundamental research, etc.” 
This award honors Charles Alvin Emerson, who served as President of the Federation 
from 1928 to 1941 and holds the distinction of being its first Honorary Member.

Past recipients a re :

Floyd William Mohlman .....................................................  1943
Willem R udo lfs.....................................................................  1944
Harold Warner Streeter .......................   1945

The Kenneth Allen Award

Each Member Association of the Federation is privileged once in each three years 
to designate one of its members to receive the Kenneth Allen Award “for outstanding 
service in the sewerage and sewage treatment works field, as related particularly to the 
problems and activities of any Member Association.” The award commemorates Ken
neth Allen, an eminent engineer who made notable contributions to the creation of the 
Federation and the New York State Sewage Works Association.

Recipients of this award have been:

1 9 4 . 3

Name M em ber Association
Harry Thornton C alv ert...........................................  I. S. P. (England)
Edward F. Eldridge .................................................  Michigan
John Kurtz Hoskins . . .    .......................................  Federal
Fred Merryfield .........................................................  Pacific Northwest
Edward P. Molitor ...................................................  New Jersey
Robert S. P h illip s .......................................................  North Carolina
Alfred Henry Weiters .............................................  Iowa
William Homer W isely .............................................  Central States

1 9 4 4

Name M em ber Association

Alfred Edward Berry .............................................  Canadian
Van Porter Enloe .....................................................  Georgia
Albert Legrand Genter .............................................  Maryland-Delaware
F. Wellington Gilcreas ...........................................  New England
Charles A. Holmquist ...............................................  New York
Dana Ewart K e p n e r .................................................  Rocky Mountain
Leon Benedict Reynolds ...........................................  California
Wilson Waldo Towne ...............................................  Dakota
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1 9 4 5

N am e M em ber Associa tion
Howard Eugene Moses  ............, ........................ Pennsylvania
George S. Russell ........................................................  Missouri
Dario Travaini ............................................................  Arizona
Frederick Holman Waring ......................................  Ohio
Joe Williamson, J r .......................................................  Florida
Murray Alderson Wilson ..........................................  Kansas

Convention Attendance Award

The Convention Attendance Award is in the form of a trophy which is presented 
annually to the Member Association which is credited with having aggregated the great
est number of man-miles in attending each Annual Meeting of the Federation. Perma
nent possession of the first trophy was won by the Central States Sewage Works Asso
ciation in 1943, that organization having won the award for three consecutive years.

Central States Sewage Works Association ........................................  1941
Central States Sewage Works Association ........................................  1942
Central States Sewage Works A ssociation...............................  1943
Central States Sewage Works Association ........................................  1944

Membership Prizes

Prizes for membership activity in its various Member Associations have been awarded 
by the Federation since 1943. The following Member Associations have received these 
prizes:

A ssocia t ion  Y ear
Federal Sewage Research Assn. and Central States Sewage Works

Assn..................................................................................................... 1943
Missouri Water and Sewerage Conf. and Central States Sewage

Works Assn.......................................................................................  1944
Arizona Sewage and Water Works Assn. and Canadian Institute

on Sewage and Sanitation .............................................................. 1945

Quarter Century Operators Club

The Quarter Century Operators Club is an informal group comprising Active or 
Corporate Members of any Member Association who had been engaged in sewage treat
ment works operation, on a full-time resident basis, twenty-five years prior to the date 
of their admission into the Club. The Club was created in 1941 under the sponsorship 
of Frank Woodbury Jones, who serves as its registrar. The roster:

Reuben A. Anderson Roy S. Lanphear
H arry M. Beaumont John V. Lewis
George C. Behnke C. D. McGuire
Julius W. Bugbee Paul Molitor, Sr., (Dec.)
Stuart E. Coburn Wm. M. Piatt
John R. Downes Theodore C. Schaetzle
Almon L. Fales Glenn Searls
Wm. C. Hamm John S. Simmerman
Charles C. Hommon H. W. Streeter
Frank W. Jones S. L. Tolman
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A N N U A L  M EETINGS AND CONVENTIONS

A nnual
M eeting
Num ber

1
2
3
4
5
6 
7

10
11
12
13

14

15
16
17
18

Location  
Chicago, Illinois *
New York, New York * 
New York, New York * 
New York, New York * 
New York, New York * 
New York, New York * 
New York, New York * 
New York, New York * 
New York, New York * 
New York, New York * 
New York, New York * 
New York, New York * 
New York, New York * 
Chicago, Illinois t 
New York, New York * 
New York, New York + 
Cleveland, Ohio t 
Chicago, Illinois t 
Pittsburgh, Pa. t 
Chicago, 111.*

Date
October
January
J  anuary
J  anuary
J  anuary
January
January
January
J  anuary
J  anuary
January
J  anuary
January
October
January
October
October
October
October
October

16, 1928
18, 1929
14, 1930 
22, 1931 
22, 1932
19, 1933 
18, 1934 
18, 1935 
16, 1936 
22, 1937 
21, 1938
20, 1939 
18, 1940

3-5, 1940
15, 1941 

9-11, 1941 
22-24, 1942 
21-23, 1943 
12-14, 1944 
17-18, 1945

DIRECTORY OF COMMITTEES

1945-46

Constitutional Committees

{See  A rt ic le  V I  o f  B y -L a w s )  

E x e c u t iv e  C o m m itt ee  of t h e  B oard of C ontrol 

J. K. Hoskins, Chairman

F. W. Lovett 
F. S. Friel

Clyde C. Kennedy 
Charles A. Emerson

G en e r a l  P o lic y  C o m m ittee

The General Policy Committee studies and recommends to the Board of Control 
upon all matters of policy affecting the well-being and usefulness of the Federation and 
its Member Associations; matters of public relations; the advancement of and the pro
fessional and social status of members, and such other matters of similar nature as may 
be referred to it by the Board.

A. E. Berry, Chairman
A. H. Niles 
J. H. Brooks 
A. S. Bedell

R. E. Fuhrman 
M. LeBosquet 
D. E. Bloodgood

* Annual business meeting of Board of Control, 
t Convention of membership-atlarge.
t Annual business meeting of Board of Control and convention of membership-at-large.
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P u b lica tio n s  C o m m ittee

The Publications Committee arranges the technical programs for the annual conven
tions of the Federation and has general supervision of all publications of the Federation.

F. W. Gilcreas, Chairman  
Rolf Eliassen F. W. Mohlman
Carl M. Green F. M. Veatch
C. C. Larson W. H. Wisely

Org a n iza tio n  C o m m itt ee

The Organization Committee examines and reports to the Board on applications for 
membership in the Federation and endeavors to encourage the formation of new regional 
associations or conferences eligible for membership.

Earnest Boyce, Chairman
C. R. Compton R. H. Suttie

S ew a g e  W orks  P r a c tic e  C o m m itt ee

The Sewage Works Practice Committee reviews and directs for publication any reso
lution, report or publication which establishes professional or technical standards in the 
name of the Federation.

Morris M. Cohn, Chairman
D. E. Bloodgood C. E. Keefer
J. H. Brooks, Jr. L. W. Van Kleeck
R. F. Brown F. W. Mohlman
J. R. Downes A. H. Niles
G. P. Edwards Langdon Pearse
F. W. Gilcreas W. H. Wisely
H. F. Gray J. J. Wirts
K. V. Hill Willem Rudolfs

Su b-C om m it tee  on Use o f  S ludge  f o r  F er t i l i ze r

This sub-committee of the Sewage Works Practice Committee has the duty of com
piling a Manual of Practice on “The Use of Sewage Sludge for Fertilizing Purposes.” 
The manual is in a late stage of preparation and should be published in 1946.

A. H. Niles, Chairman
F. W. Gilcreas T. C. Schaetzle
Langdon Pearse L. W. Van Kleeck
W. Rudolfs

Su b-C om m it tee  on Occupational  H a za rd s

This sub-committee of the Sewage Works Practice Committee has been assigned to 
compile a Manual of Practice on “Occupational Hazards in the Operation of Sewage 
Works.” The manual has been completed and was distributed to the membership in 
December, 1944.

L. W. Van Kleeck, Chairman  

S. H- Ash Fred R. Ingram
Reuben F. Brown L. L. Langford
Joseph Doman L. E. West



Vol. 18, No. 2 DIRECTORY O F COM M ITTEES 359

Sub-Committee on A i r  Diffusion

This sub-committee of the Sewage Works Practice Committee has been charged with 
the duty of producing a Manual of Practice on “Air Diffusion in Sewage Treatment.” 
The manual is in an early stage of preparation.

John J. Wirts, Chairman  

W. A. Allen C. T. Mickle
A. J. Beck P. E. Morgan
A. A. Birger F. C. Roe
H. A. Faber

Sub-Committee on S ew er  Maintenance

This sub-committee of the Sewage Works Practice Committee has been directed to 
develop a Manual of Practice on “Maintenance of Sewers and Appurtenant Structures.” 
The manual is in an early stage of preparation.

R. F. Brown, Chairman  

Thos. B. Garry B. H. Grout
W. H. Brown, Jr. Roy E. Phillips
G. E. Fink Richard Pomeroy
Grant Olewiler Robert P. Shea
R. L. Patterson John H. Brooks, Jr.
Henry Fitch Forest Weber

Sub-Committee on Chlorination o f  Sewage

This sub-committee of the Sewage Works Practice Committee has been assigned the 
development of a Manual of Practice on “The Use of Chlorine in Sewage Treatment.”

F. W. Gilcreas, Chairman  

N. S. Chamberlain H. A. Faber
A. E. Griffin

Sub-Committee on S tan dard iza t ion  o f  Units

This sub-committee of the Sewage Works Practice Committee has been assigned to 
develop an approved schedule of units to be used in the reporting of plant operation and 
laboratory data. A committee of about forty members is at work.

Willem Rudolfs, Chairman

Sub-Committee on Trickling F ilters

This sub-committee of the Sewage Works Practice Committee is engaged in the de
velopment of a Manual of Practice to be entitled “Trickling Filters—Their Characteristics 
and Loadings.”

Kenneth V. Hill, Chairman

B. F. Hatch Wm. E. Stanley
W. S. Mahlie P. W. Riedesel
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Sub-Committee on Sewer Ordinances

This sub-committee of the Sewage Works Practice Committee has been assigned the 
preparation of a Manual of Practice concerning the regulation and control of the usage 
of public sewers. The sub-committee is now in the process of organization.

D. E. Bloodgood, Chairman

R e se a r c h  C o m m ittee

The Research Committee has the function of stimulating research work among the 
various Member Associations, and of co-operating with other organizations in the pro
motion of research.

Willem Rudolfs, Chairman
H. E. Babbitt A. L. Genter
D. E. Bloodgood H. J . Miles
G. P. Edwards F. W. Mohlman
H. A. Faber C. C. Ruchhoft
A. J. Fischer L. R. Setter
H. Heukelekian L. W. Van Kleeek

Special Committees

C o m m it t ee  on A w ards

The Committee on Awards was created by the Board of Control on October 11, 1941. 
Functions of the committee are to advise the Board on matters of award procedures and 
to make recommendations as to the annual winners of the Eddy, Gascoigne and Emerson 
Awards.

L. F. Warrick, Chairman
E. S. Chase H. W. Streeter
G. M. Ridenour

H onorary M e m b e r s h ip  C o m m itt ee

Authorized by the Board of Control on October 24, 1942, this committee comprises 
the President and four latest, living Past Presidents with the senior Past President as 
chairman. The committee reviews nominations for election to the grade of Honorary 
Member and makes recommendations to the Board on such nominations A

A. S. Bedell, Chairman
G. J. Schroepfer A. E. Berry
A. M. Rawn J. K. Hoskins

F in a n c e  A dvisory  C o m m itt ee

The Finance Advisory Committee was created by the Board of Control on October 
11, 1941, and has the duty of advising the Board and officers of the Federation in finan
cial matters.

W. J. Orchard, Chairman 
A. E. Berry J. K. Hoskins

* See This Journal, 16, 1, 196 (January, 1944).
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Operation  R eports C o m m ittee

The Operation Reports Committee was created by the Board of Control on October 
11, 1941, to provide for Federation recognition of outstanding operation reports. The 
committee is now engaged in developing the mechanics of an annual award for such out
standing reports.

H. E. Babbitt, Chairman  
Win. A. Allen W. F. Shepherd

Operator’s Qu a lific a t io n s  C o m m ittee

Authorized by the Board of Control on October 11, 1941, the Operator’s Qualifica
tions Committee is assigned to “establish minimal qualifications for operators of various 
classes of treatment works.” The committee also has the duty of collecting and compiling 
data on present procedures in the licensing and certification of operators, for reference 
to Member Associations.

L. W. Van Kleeck, Chairman  
Wm. A. Allen E. P. Molitor

I n d u strial  W a st es  C o m m ittee

The Industrial Wastes Committee was created by the Board of Control on October 
23, 1943, for the purpose of developing interest in this important field and to direct 
a program whereby the Federation may be of service in industrial waste problems.

F. W. Mohlman, Chairman
D. E. Bloodgood L. F. Oeming
H. W. Gehm

Joint Committees With Other Associations

C om m ittee  on S tandard Methods  op S ew age  A n a l y sis

Created by the Board of Control on January 22, 1931, the Committee on Standard 
Methods of Sewage Analysis has functioned with committees of the American Water 
Works Association and American Public Health Association in the production of the 
Eighth Edition of the volume Sta n d a rd  M ethods o f  W a te r  and Sewage  Analysis .  The 
section on sewage analysis for the Ninth Edition was completed by the committee in 1943.

W. D. Hatfield, Chairman

G. E. Symons G. P. Edwards
S. E. Coburn E. W. Moore
D. E. Bloodgood M. Starr Nichols
A. J. Fischer Richard Pomeroy
F. W. Gilcreas C. C. Ruchhoft
R. D. Hoak Willem .Rudolfs
E. F. Hurwitz T. C. Schaetzle
Keeno Fraschino H. W. Gehm
W. S. Mahlie R. F. Weston
H. Heukelekian
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C o m m ittee  on S ew a g e  W orks N o m en cla tu re

The Committee on Sewage Works Nomenclature was created by the Board of Con
trol on January 22, 1937, to function with similar committees of the American Society of 
Civil Engineers and American Public Health Association. This Joint Committee on 
Definition of Terms Used in Sewerage and Sewage Disposal Practice is now engaged in 
the compilation of a “Glossary of W ater and Sewage Control Engineering,” in conjunc
tion with the Joint Committee on Definition of Terms Used in W ater Works Practice, 
which comprises the American Society of Civil Engineers, American Public Health Asso
ciation and American W ater Works Association.

C. J. Yelz, Chairman
C. E. Keefer C. A. Emerson

C o m m itt ee  on W ater  and  S ew ag e  W orks  D ev e lo p m e n t

The Committee on Water and Sewage Works Development was organized in 1943 
to promote the planning of water and sewage works and to encourage the inclusion of 
such projects in postwar planning programs. The committee comprises representatives 
of the W ater and Sewage Works Manufacturers Association, American W ater Works 
Association, New England W ater Works Association and the Federation of Sewage Works 
Associations. Federation representatives are:

C. A. Emerson G. J. Schroepfer

Special Convention Committees

C o n ven tio n  Ma n a g em en t  C o m m itt ee

The function of this committee is to supervise details of the management of the 
Annual Meetings of the Federation.

A. E. Berry, Chairman 
Stanley Shupe W. J. Orchard
W. H. Wisely A. T. Clark

Me e t in g  P l a c e  C o m m itt ee

This committee reviews invitations received for the Annual Meetings of the Fed
eration and makes recommendations to the Board of Control in regard to the time and 
place of such meetings.

J. K. Hoskins, Chairman
F. S. Friel Wi C. Sherwood
A. E. Berry F. W. Lovett
W. H. Wisely A. T. Clark

P u b l ic it y  and  A t t e n d a n c e  C o m m ittee

The function of this committee is to prepare publicity releases in connection with the 
Annual Meetings of the Federation and to direct the distribution of such material.

L. H. Enslow, Chairman
E. J. Cleary A. Prescott Folwell
M. M. Cohn J. p. Russell
W. S. Foster J. A. Daly
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S U M M A R Y  O F  M E M B E R S H I P

(A s  at D ecem ber 3 1 ,1 9 4 5 )  

Federation Members

Honorary Members ........................................................... 8
Associate Members ............................................................  76
Member Associations ......................................................... 27

Active Members ......................................................... 3214
Alternate Active Members.........................................  31
Corporate Members ..................................... r ........... 20

N et M embership of Member Associations*

M em ber Associations H onorary A ctive A lte rn a te
A ctive C orporate T otal

Arizona................................. — 24 —. — 24
Canadian.............................. — 230 — — 230
California............................. 1 292 8 — 301
Central States...................... 2 566 — 13 581
Dakota................................. — 46 — — ' 46
Federal................................. — 98 — — 98
Florida.................................. — 70 — — • 70
Georgia................................. — 65 — — 65
I.S.E. (England)................... — 34 — — 34
I.S.P. (England)................... — 106 — — 106
Iowa..................................... — 43 — — 43
Kansas.................................. — 28 •— — 28
Maryland-Del....................... — 30 — — 30
Michigan.............................. — 114 16 — 130
Missouri............................... — 41 — — 41
Montana.............................. — 29 — 2 31
New England........................ 1 172 — — 173
New Jersey........................... 1 86 — — 87
New York............................ 1 499 7 1 508
North Carolina..................... — 51 — — 51
Ohio..................................... — 107 — 1 108
Oklahoma............................. . — 10 — — 10
Pacific Northwest................ — 104 — — 104
Pennsylvania........................ 2 214 — 3 219
Rocky Mountain.................. — 64 — — 64
San. Eng. Div. (Argentina). . — 6 — — 6
Texas.................................... — 85 — 85

Totals........................ '.. .. 8 3,214 31 20 3,273

* Not including Dual Members.
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M E M B E R  A S S O C I A T I O N S

Arizona Sewage and Water Works Association (Affiliated 1928).
Territory : State of Arizona.
P re s id en t:  E. S. Borquist ; F ir s t  V ice -Pres iden t  : Harold Yost; Second Vice-Presi
d e n t :  A. W. Miller; D irec tor :  G. W. Marx; S e c re ta r y -T re a su r er : G. W. Marx, Di
vision of Sanitary Engineering, Arizona State Department of Health, Phoenix, Ariz.

California Sewage Works Association (Affiliated 1928).
Territory : State of California.
Presiden t  : Keeno Fraschina; F ir s t  V ice-Pres ident  : G. A. Parkes; Second Vice- 
P res id en t:  Harold L. May; D irec to r :  Clyde C. Kennedy; S ecre ta ry -T rea su rer  : Har
old H. Jeffrey, 112 City Hall, Sacramento, California.

Canadian Institute on Sewage and Sanitation (Affiliated 1933).
Territory : Dominion of Canada.
P res id en t:  H. S. Nicklin; V ice-Pres iden t : Nicol MacNicol; D ire c to r :  Stanley Shupe; 
S ecre tary-T reasurer  : A. E. Berry, Ontario Department of Health, Parliament Build
ings, Toronto 8, Ontario, Canada.

Central States Sewage Works Association (Affiliated 1928).
Territory : States of Illinois, Indiana, Wisconsin and Minnesota.
P res id en t:  W. D. Hatfield; F ir s t  V ice -Pres iden t  : Capt. E. J. Beatty; Second Vice- 
P res id en t:  P. W. Riedescl; T hird  V ice -P res iden t:  Carl B. Carpenter; D irec tor :  C.
C. Larson; Secre tary-T reasurer  : J. C. Mackin, Nine Springs Sewage Treatment 
Plant, Route 4, Madison 5, Wisconsin.

Dakota Water and Sewage Works Conference (Affiliated 1936). 
North Dakota Section.

Territory : State of North Dakota.
P res id en t:  S. K. Svenkeson ; V ice-Pres iden t  : John Kleven; D irec to r :  Quintin B. 
Graves; Secre tary-T reasurer  : Jerome H. Svore, Division of Sanitary Engineering, 
State Department of Health, Bismarck, North Dakota.

South Dakota Section.
Territory: State of South Dakota.
P res id en t:  John W. Emberg; V ice-Pres iden t  : Andrew A. Helgeson; D irec tor :  Quin
tin B. Graves; Secre tary -T reasurer  : Quintin B. Graves, Director, Division of Sani
tary Engineering, State Board of Health, Pierre, South Dakota.

Federal Sewage Research Association (Affiliated 1930).
Territory: Federal employees wherever stationed.
P res iden t  : J. H. LeVan; V ice-Pres iden t  : R. S. Smith; D ire c to r :  M. LeBosquet, Jr.; 
Secre tary -T reasurer  : Y. G. MaeKenzie, U. S. Public Health Service, 2000 Massachu
setts Ave. N.W., Washington 14, D. C.

Florida Sewage Works Association (Affiliated 1941).
Territory: State of Florida.
P re s id en t:  J. B. Miller; V ice-Pres iden t:  B. F. Borden; D ire c to r :  David B. Lee; 
Secre ta ry -T rea su rer  : J. R. Hoy, 402 Hildebrandt Bldg., Jacksonville, Fla.

364
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Georgia Water and Sewage Association (Affiliated 1936).
Territory: State of Georgia.
Presiden t:  W. D. Bryant; F irs t  V ice -P res id en t: Comer Turley; Second-Vice-Pres i
dent:  B. L. Coburn; D irec tor:  H. A. Wyckoff; Secre ta ry -T rea su rer : Van P. Enloe, 
R. E. D. No. 5, Box 363, Atlanta, Georgia.

Iowa Sewage Works Association (Affiliated 1928).
Territory: State of Iowa.
Presiden t:  Paul Winfrey; V ice -P res id en t: Charles Alexander; Direc tor:  John W. 
Pray; S e c re ta ry -T rea su rer: Prof. L. 0. Stewart, c/o Iowa State College, Ames, Iowa.

Institute of Sewage Purification (Affiliated 1932).
Territory: British Empire.
Presiden t:  John Hurley; D irec tor :  John H. Garner; S e cre ta ry :  W. F. Freeborn, 34 
Cardinal’s Walk, Hampton-on-Thames, Middlesex, England.

Institution of Sanitary Engineers (Affiliated 1932).
Territory: British Empire.
P residen t:  Guy Howard Humphreys; Direc tor:  Guy Howard Humphreys; Secre tary:  
Mrs. E. M. Kerry, 118 Victoria St., Westminster, S.W. 1, London, England.

Kansas Water and Sewage Works Association (Affiliated 1935).
Territory: State of Kansas.
P residen t:  R. H. Hess; F irs t  V ice -P res id en t: Herman Weigand; Second Vice-Presi
dent:  F. D. Elliott; Third V ice -P res id en t: H. H. Huffman; Fourth Vice-President:  
Rex Reynolds; D irec tor:  Paul D. Haney; Secre tary-T reasurer : Paul D. Haney, c/o 
State Board of Health, Room 2, Marvin Hall, University of Kansas, Lawrence, 
Kansas.

Maryland-Delaware Water and Sewage Association (Affiliated 1928).
Territory: States of Maryland and Delaware.
Presiden t:  J. W. Alden; F irs t  V ice -P res id en t: Clarke Gardner; Second Vice-Presi
d e n t : J. W. Engle; D irec tor:  Ralph E. Fuhrman; Secre tary-T reasurer: Miss E. V. 
Gipe, State Department of Health, 2411 N. Charles Street, Baltimore, Md.

Michigan Sewage Works Association (Affiliated 1930).
Territory: State of Michigan.
Presiden t:  Paul Stegeman; V ice -P res id en t: B. A. DeHooghe; D irec tor:  W. F. Shep
hard; Secre ta ry -T rea su rer : R. J. Smith, 545 Elizabeth St., East Lansing, Mich.

Missouri Water and Sewerage Conference (Affiliated 1929).
Territory: State of Missouri.
Chairman:  Roscoe R. Howard; Vice-Chairman:  V. P. Opie; Direc tor:  George S. 
Russell; S e cre ta ry -T rea su rer : Warren A. Kramer, c/o State Office Bldg., Jefferson 
City, Missouri.

Montana Sewage Works Association (Affiliated 1944).
Territory: State of Montana.
Chairman:  J. M. Schmit; Vice-Chairm an:  W. M. Cobleigh; D irec tor:  H. B. Foote; 
Secre tary-Treasurer:  H. B. Foote, Division of Sanitary Engineering, State Board 
of Health, Helena, Montana.

New England Sewage Works Association (Affiliated 1929).
Territory: States of Maine, New Hampshire, Vermont, Massachusetts, Connecticut 

and Rhode Island.
Presiden t:  George H. Craemer; F irs t  Vice-Pres ident:  Thomas R. Camp; Second  
V ice-Pres iden t: LeRoy W. Van Kleeek; D irec tor :  LeRoy W. Van Kleeck; Secre tary-  
Treasurer:  Walter E. Merrill, State Dept, of Public Health, 511A State House, Bos
ton, Massachusetts.
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New Jersey Sewage Works Association (Affiliated 1942).
Territory: State of New Jersey.
P res id en t:  John Simmerman; F ir s t  V ic e -P res ir en t: L. J . Fontenelli; Second Vice- 
P re s id en t:  Edward P. Decher; D irec to r :  P. N. Daniels; S e c re ta r y -T re a su r er : S. A. 
Kowalehik, 427 Maple Ave., Trenton 8, N. J.

New York State Sewage Works Association (Affiliated 1930).
Territory: State of New York.
P res id en t:  Uhl T. Mann; V ic e -P res id e n t: Alexander G. Martin; D ire c to r :  E. J. 
Smith; S e c re ta r y -T re a su r er : A. S. Bedell, State Department of Health, Albany, 
N. Y .; A ss is ta n t  S e c re ta r y :  A. W. Eustance; A ss is ta n t  T reasurer:  J. C. Brigham.

North Carolina Sewage Works Association (Affiliated 1929).
Territory: State of North Carolina.
Chairm an:  L. I. Lassiter; V ice-C hairm an:  J. A. English; D irec to r :  W. M. Franklin; 
S e c re ta ry -T re a su rer : Geo. S. Moore, P. 0. Box 2251, Durham, North Carolina.

Ohio Sewage Works Conference (Affiliated 1932).
Territory: State of Ohio.
Chairman:  D. D. IIeftelfinger; V ice -C ha irm a n : L. C. Hoffman; D ire c to r :  A. H. Niles; 
S e c re ta ry -T re a su rer : L. B. Barnes, 441 S. Prospect St., Bowling Green, Ohio.

Oklahoma Water and Sewage Conference (Affiliated 1929).
Territory: State of Oklahoma.
P re s id en t:  Cecil Harrison; V ice -P res id e n t: Ralph DeVore; D irec to r :  E. R. Stapley; 
S e c re ta ry -T re a su rer : H. J. Darcey, State Department of Health, Oklahoma City, 
Oklahoma.

Pacific Northwest Sewage Works Association (Affiliated 1933).
Territory: States of Washington, Oregon and Idaho.
P res id en t:  C. Y. Signor; F ir s t  V ice -P res id e n t : C. M. Howard; Second  Vice-Presi
d e n t :  H. C. Clare; D irec tor :  M. S. Campbell; S e c re ta r y -T re a su r er : Wm. P. Hughes, 
City Engineer, Lewiston, Idaho.

Pennsylvania Sewage Works Association (Affiliated 1928).
Territory: State of Pennsylvania.
P res id en t:  L. D. Matter; F ir s t  V ice -P res id e n t: Wm. J. Murdoch; Second Vice-Presi
de n t :  N. G. Young; D irec tor :  F. S. Friel; S e c re ta r y -T re a su r e r : Bernard S. Bush, 
District Engineer, Pennsylvania Department of Health, Kirby Health Center, 
Wilkes-Barre, Pa.

Rocky Mountain Sewage Works Association (Affiliated 1936)
Territory: States of Wyoming, Colorado and New Mexico.
P res id en t:  John T. Franks; V ic e -P res id e n t : N. P. Nielsen; D irec to r :  W. Y. Leon
ard; S e c re ta ry -T re a su rer : Carroll H. Coberly, 1441 Welton St., Room 329, Denver 2, 
Colorado.

Sanitary Engineering Division, Argentina Society of Engineers (Affiliated 1936). 
Territory: Republic of Argentina.
P re s id e n t:  Emelio E. Sisto; D irec to r :  E. B. Besselievre; S e c re ta r y :  Julio Cavicchia, 
Centro Argentino De Ingenieros, Buenos Aires, Republica Argentina, South America.

Texas Sewage Works Section (Affiliated 1928).
Territory: State of Texas.
Chairm an:  Major R. M. Dixon; Vice-C hairm an:  L. C. Billings; D ire c to r :  W. S. Mah- 
lie; S e c re ta r y -T re a su r er : V. M. Ehlers, State Department of Health, Austin 2, Texas; 
Asst. S e c re ta r y -T re a su r er : Mrs. E. H. Goodwin.



Bedell, A rthur S. (1942), D iv . of S an i
tation, S ta te  D ep t, of H ea lth , A l
bany, N . Y.

Bugbee, Ju liu s  W . (1942), S u p t., Sew- 
Disp. W ks., 25, N ew  Y ork  Ave., 
Providence, R . I.

Emerson, C harles A. (1941), H avens

Aluminum Co. of A m erica, 2100 Gulf 
Building, P ittsbu rgh , P a., Rep. C. 
E. Magill.

American B rass Co., W a te rb u ry , 
Conn.

American C ast Iro n  P ipe C o., B irm ing
ham, Ala., Rep. E. L. G ilder.

American City M agazine, 470 F o u rth  
Avenue, New Y ork, N. Y ."  R ep. 
Edgar J . B u ttenheim , Pres. & M gr.

American C oncrete P ipe A ssn ., 228 N. 
LaSalle S t., S uite  1033, Chicago 1,
111., Rep. H ow ard F . P eckw orth , 
M anaging Dir.

American W ell W orks, A urora, 111., 
Rep. J. D . W alker, S an ita ry  D iv.

Ampco M eta l, In c ., 1745 S ou th  38 th  
St., M ilwaukee 4, W is., Rep. R . J . 
Thompson, Sales M gr.

Armco D rainage P roducts  A ssn ., M id
dletown, Ohio, Rep. W . H . S pindler, 
Publicity M gr.

Automatic Control Co., 1005 U ni
versity A ve., S t. P au l 4, M inn., Rep. 
J. S. W illiams.

Builders-Providence, In c ., D iv . of 
Builders Iron  F ound ry , P . O. Box 
1342, Providence, R . I., R ep. C . G. 
Richardson.

Cambridge In s tru m e n t Co., 3732 
Grand C en tral Term inal, New 
York, N. Y., Rep. F . G. P aully .

Carter, R alph B ., C o., 192 A tlan tic  St., 
Hackensack, N . J ., R ep. J .  W . V an 
Atta.

Chain Belt Com pany, M ilw aukee, 
Wis., Rep. W . B. M arshall, Sales 
Promotion M gr.

Chapman Valve M anufactu ring  Co., 
203 H am pshire S t., Ind ian  O rchard , 
Mass.

Chicago Pum p Com pany, 2300 W olf
ram St., Chicago, 111., R ep. M ilton 
Spiegel, V ice-Pres. & G en. M gr.

Clay Products A ss’n , 111 W . W ashing
ton S t., Chicago 2, 111., R ep. J .  D. 
Cook, Secy.

Climax E ngineering  Co., Chicago 
Office, 111 W. M onroe S t., Room 
922, Chicago 3, 111., Rep. E . D. 
West, M gr.

Crane Company, 836 S. M ichigan 
Ave., Chicago 5, 111., R ep. G . W. 
Hauck, M gr., Eng. Sales Section.

Dickey, Clay M fg. Co., W . S., 607 
Commerce T ru s t Bldg., K ansas 
City, M o., Rep. A. G . F rerk ing , 
Vice Pres.-Sales M gr.

Dorr Co., Inc ., 570 Lexington Ave., 
New York, N . Y.

Dow Chem ical Co., M idland, M ich., 
Rep. W . A. M elching.

Eimco C orporation, 111 W . W ashing
ton S t., Chicago 2, 111., R ep. P au l O. 
Richter, M gr. C en tra l D iv .

Electro R ust-P roofing  Co., 1026 
W ayne S t., D ay to n  10, Ohio, Rep. 
E. H. Ingle, G en. M gr.

HONORARY MEMBERS
& Em erson, W oolw orth  Bldg., New  
Y ork , N . Y.

H yde , P ro f. C harles G ilm an (1943), 
R m . 11, Engr. Bldg., U niv. of Calif., 
B erkeley, Calif.

M oh lm an , D r. F loyd W . (1944), 910 S. 
M ichigan A ve., Chicago 5, 111.

ASSOCIATE MEMBERS
E ng ineering  N ew s-R eco rd , 330 W .

42nd S t., N ew  Y ork , N . Y.
E verson  M anufac tu ring  Co., 214 W . 

H uron  S t., Chicago 10, 111., Rep. R.
B. Everson, Pres.

F a irb a n k s, M o rse  & C o., 80 Broad S t., 
N ew  Y ork 4, N . Y ., R ep. C harles J . 
P res tle r, M anager P um p  Sales. 

F lex ib le  S ew er-R od  E qu ipm en t Co., 
9059 V enice B lvd., Los A ngeles, 
Calif., R ep . P e te r L . C iacco, M gr. 

F oxboro C om pany, N eponset A venue, 
Foxboro , M ass.

G ale Oil S ep ara to r Co., In c ., 52 
V anderb ilt A ve., N ew  Y ork  C ity , 
R ep . W m . A. G ehle, Pres.

G en e ra l C hem ical C o., 3357 W . 47 th  
P lace, Chicago 32, 111., R ep. L . I. 
B irdsall, Technica l Service D iv. 

G lam organ  P ipe  & F oundry  Co., 
L ynchburg , V a., Rep. J o h n  D. 
C apron.

G en e ra l E lec tric  Co., 1 R iver R oad, 
S chenectady , N . Y ., R ep . H . V. 
C raw ford .

G rav e r T ank  & M fg. C o., In c ., 4809 
T od A ve., E. Chicago, Ind ., Rep. G. 
V. M alm gren , V ice-Pres.

G reen  Bay Fdy . & M ach ine  W k s ., 401 
S. B roadw ay, G reen Bay, W is., Rep. 
Jam es P . N o rth , Pres.

G ru en d le r C rusher & P u lverize r Co., 
2915 N . M ark e t S t., S t. Louis, M o., 
R ep . W m . P. G ruendler, Secy-T reas. 

H ard in g e  C om pany, Y ork P a ., Rep.
M . C. F lem ing.

H ersey  M anufactu ring  C o., C orner 
of E  and  Second S ts ., S ou th  Boston 
27, M ass., R ep. W m . C. Sherw ood. 

H om elite  C orporation , P o rt C hester, 
N . J . ,  R ep. N elson T hom pson. 

Infilco, In c ., 325 W . 25 th  P lace, C hi
cago, 111., R ep. H . W . G illard .

Iow a V alve Co., 812 H ubbell Bldg., 
D es M oines, Iow a, R ep . C. S. 
H ow ard , V ice-Pres. & G en. M gr. 

Jeffrey  M anufac tu ring  C o., Colum bus, 
Ohio, R ep . S. L. T olm an. 

Jo h n s-M an v ille  C orporation , 22 E. 
40 th  S t., N ew  Y ork  C ity , R ep. C.
A. M cG innis, M gr. T ra n site  P ipe 
D ep t.

Jo sa m  M an u fac tu rin g  Com pany, 1783 
E . 11th S t., C leveland, Ohio, Rep. 
Leo N . N ew m an.

L akeside  E ng ineering  C orp ., 222 W . 
A dam s S t., Chicago, 111., Rep. R . O. 
F riend .

L im estone  P ro d u c ts  Corp. of A m erica,
N ew ton, N .J . ,  Rep. P e te r J .  K elley, 
Service R ep resen ta tive .

L ink-B elt Com pany, 2045 W . H un ting  
P ark  A ve., P hiladelph ia, P a ., Rep. 
W illiam  L . H artley .

Ludlow  Valve M fg. C o., P . O. D raw er 
388, T roy , N . Y., R ep. R obert 
Bischoff.
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M oses, H ow ard  E . (1943), 1522 N .
Second S t., H arrisburg , Pa.

P e a rse , L angdon (1932), Chicago San. 
D is t., 910 S. M ichigan  A ve., C h i
cago 5, 111.

R udo lfs , D r. W illem  (1945), S ho rt 
C ourse Bldg., A gricu ltu ral E xperi
m ent S ta tion , N ew  Brunsw ick, N . J.

L ynchburg  F oundry  Com pany, L ynch
burg , V a., R ep. W . R ay  Odor. 

M cN ulty  E ng ineering  Co., 200 Old
Colony A ve., S ou th  Boston, M ass., 
R ep. A. D onald  M cCulloch.

M ath ieso n  Alkali W orks, In c ., 60 E.
42nd S t., N ew  Y ork  17, N . Y.

M ine S afety  A pplicances Co., B rad- 
dock, T hom as and  M eade S ts., 
P ittsb u rg h , P a ., R ep. N . R. Chil- 
lingw orth , Sales S ta tis tic a l D ep t. 

M u elle r  Com pany, 512 W . C erro 
G ordo S t., D eca tu r, 111.

M u n ro e , Ja m e s  A. & S ons, 160 N . 
W ash ing ton  S t., N o rth  A ttleboro , 
M ass., R ep. Jam es E. M unroe. 

N ational W a te r M ain  C leaning Co., 30 
C hurch  S t., N ew  Y ork, N . Y., Rep. 
C lin ton  Inglee, Pres. & G en. M gr. 

N ichols E ng ineering  & R esea rch  
Corp., 60 W all Tow er, N ew  York, N. 
Y ., Rep. R . W . Row en, V ice-Pres. 

O m ega M ach ine Com pany, 9 Codding 
S t., P rovidence, R . I.

Pacific F lu sh  T a n k  Co., 4241 R avens- 
wood A ve., Chicago, 111., Rep. L. E. 
R ein , Pres.

P ennsy lvan ia  S alt M fg. Co., 1000 
W idener Building, P h iladelph ia 7, 
P a ., Rep. L. L. H edgepeth , M gr. 

P ittsb u rg h -D es  M oines C o., Neville 
Island  B ranch, P ittsb u rg h , P a., 
R ep . J .  E . O ’L eary .

P ittsb u rg h  E qu itab le M e te r  Co., 400 
N . Lexington A ve., P ittsb u rg h , Pa., 
R ep. W . F . W eim er, A dvtg . M gr.

P ropo rtioneers , In c ., P . O. Box 1442, 
P rovidence, R . I ., Rep. I i .  E. 
H ollberg, V ice-Pres.

P ub lic  W orks M agazine, 310 E . 45th 
S t.. N ew  Y ork , N . Y.

Q uigley Com pany, In c ., 527 F ifth  
A ve., New  Y ork C ity  17, N . Y., 
R ep. R. A. T re fe then , A dv. M gr. 

R oyer F oundry  & M achine C o., 158 
P ringle S t., K ingston , P a., Rep. S.
B. D avies, Pres. & G en. M gr. 

Sew age W orks E ng ineering , 24 W .
40 th  S t., N ew  Y ork, N . Y .f Rep. 
K arl M . M ann .

S im plex V alve & M ete r Co., 68 th  & 
U pland S ts., Ph iladelph ia, P a., Rep. 
E v e re tt M . Jones, Sales M gr.

S m ith  M anufactu ring  C o., A. P . ,  545
N . A rlington  A ve., E ast O range, N . 
J . ,  R ep. W . P . B aerenrod t, T reas. 

S tuart-B rum ley  C orp ., 516 N . C harles 
S t., B altim ore, M d ., R ep. F red  E. 
S tu a r t .

U nited  S ta te s  P ipe  & F ound ry  Co., 
B urling ton , N . J .

V apor R ecovery  S ystem s C o., 30 
C hurch  S t., N ew  Y ork  C ity , R ep.
C. T . S tanhope , E aste rn  Sales M gr.
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W ailes  D o v e-H erm is to n  Corp. W e st
field. N .J . .  R ep . W . H . T . T ho rnh ill, 
V ice-Pres.

W allace  & T ie rn a n  C o., In c .,  11 M ill 
S t., Belleville, N . J . ,  R ep . B. M . 
L indsay .

W a te r  and  S ew age W o rk s , 155 E . 4 4 th  
S t., N ew  Y ork , N . Y.

W ood, R . D ., C o .,400 C h es tn u t S tree t, 
P h iladelph ia , P a ., R ep . C has. 
B ecker, Sales M gr.

W orth in g to n  P u m p  & M achinery 
C orp ., H arrison , N . J .

Y eom ans B ros . C o., 1343 D ay ton  St., 
Chicago, 111., R ep . C has. Y eomans, 
P res. & T reas.

MEMBERSHIP OF MEMBER ASSOCIATIONS

Arizona Sewage and Water Works Association
Mr. George W. Marx, Secretary-Treasurer, Sanitary Engineering Division, Arizona State 

Department of Health, Capitol Building, Phoenix, Ariz.

B ejcek , O tto  J . ,  Assoc. S an . Engr., 
4854 P lac id ia  D r., N . H ollyw ood, 
Calif.

B en n e tt, R ich ard , C ity  E ng r., C ity  
H all, P hoenix , A riz.

B iggs, M err il l, C ity  W a te r D ep t., 
Tucson , A riz.

B orqu ist, P ro f. E . S ., H ead , D e p t, of 
C ivil E ngr., U . of A rizona, Tucson, 
Ariz.

C arollo , Jo h n  A ., 325 E llis Bldg., 
Phoenix , A riz.

C ook, J o h n  O ., S an . In sp ., U . S. D ep t, 
of In te rio r, G rand  C anyon  N a t ’l. 
P a rk , G rand  C anyon , A riz.

C unn ingham , Jo h n  J . ,  C lerk , B d. of 
S upvrs., C o u n ty  C o u rt H ouse, 
K ingm an , Ariz.

C ush ing , R o b e rt, A sst. E ngr., 948 
A sh A ve., T em pe, A riz. 

F red e rick so n , A ., C ity  U tilitie s  Co., 
P im a , A riz.

Jo h a n n e sse n  & G iran d , Cons. E ngrs., 
Ellis B ldg., P hoenix , A riz.

K ey es , H a rm o n  E ., C o n su ltan t, 508 
E . C u lver S t., P hoenix , A riz.

K ing , E d . E ., S u p t., U pper V erde 
P ub lic  U tilities  Co., C la rkdale , A riz.

L adlow , Jo h n , Box 1784, Phoenix, 
Ariz.

L u th in , J o h n  C ., U S P H S , 603 B .M .A . 
B ldg., 215 P ersh ing  R d ., K ansas 
C ity , M o.

M artin , P h il J . ,  J r . ,  S u p t., 224 N . 
H igh land  A ve., T ucson , A riz.

M arx , G eo . W ., D ir. San. Engr. Div., 
S ta te  D e p t, of H ealth , Capitol 
B ldg., P hoenix , A riz.

M ille r , A lden  W ., Sales Engr., 1833 N. 
13th A ve., P hoenix , Ariz.

N orth rop , L . E . ,  c/o  N ep tune  M eter 
Co., Los A ngeles 13, Calif.

P a d g e tt,  J .  W ., L itchfield  P ark , Ariz.
P e a rc e , H . B ., C lay ton  M fg. Co., 1812 

L em on S t., A lham bra , Calif.
R o b e rts , A. L ., Box 723, Globe, Ariz.
S herw ood , W m . H ., 1018 E . Second S., 

S a lt L ake C ity , U tah
T rav a in i, D ario , S u p t., 69 W . Wilshire 

D r., P hoen ix , A riz.
Y ost, H a ro ld  W ., Cons. Engr., Yost 

E n g r. Co., H eard  B ldg., Phoenix, 
A riz.

California Sewage Works Association
Mr. H. H. Jeffrey, Secretary-Treasurer, 112 City Hall, Sacramento, Calif.

A ckerm an , J u d so n  B ., C E C ., U S N R ., 
L t.( jg ) , P ub lic  W orks D ep t., 12th 
N av a l D is t., 1182 M ark e t S t., San 
F rancisco  2, Calif.

A dam s, J .  J . ,  A ssoc. S an . E ng r., Corps 
of E ngrs., C am p H aan , 3959 E verest 
S t., A rling ton , Calif.

A dolphe, R . C ., 1st L t., A .C ., 34th , 
A ir Service Sqn., A PO  N o. 845, 
c/o  P .M ., M iam i, F la .

A lbers, J .  C ., C ity  E ng r. & S tree t 
S u p t., 120 N . H ow ard  S t., G lendale, 
C alif.

A ldrich, L loyd, C ity  E ng r., R m . 600, 
C ity  H all, Los A ngeles, Calif.

A lexander, Louis J . ,  D esigning  Engr., 
1206 M ap le  A ve., Los A ngeles, 
Calif.

A llen, T . E .,  M gr., Ind io  S an ita ry  
D is t., Ind io , Calif.

A llen , W m . A ., S u p t., C ity  H all, 
P asadena , Calif.

A llin , C laud R ., S u p t. of W a te r  & 
Sewers, 113 W . 9 th  S t., B uena P ark , 
C alif.

A naya, M arv in , S an . E ng r. D esigner, 
367 C ity  H all, S an  F rancisco  8, 
C alif.

A ppel, A. A ., A sst. Sew er M a in t. S u p t., 
C ity  of Los A ngeles, 711 W . 123rd 
S t., Los A ngeles 34, Calif.

A rnold , G . E .,  L t. Col., R egional San. 
E ng r. U .S .P .H .S ., 477 Colon A ve., 
S an  F rancisco , Calif.

B acon, V in ton  W ., A sst. S an . E ngr., 
U SP H S , M ala ria  C on tro l in  W ar 
A reas, 605 V olun teer B ldg., A tla n ta  
3 , G a.

B an k s, H a rv ey  O ., M ajo r, 1628 N . 
R oosevelt A ve., P asad en a  7, Calif.

B an ta , A. P e r ry , M ajo r, 159 S ierra 
V iew  R d ., P asad en a  2, C alif.

B arg m an , R . D ., L t.( jg )U S N R , In 
specto r N av a l M a te ria l, Box 175, 
B ay tow n , Tex.

B a rn a rd , A rcher F ., C ons. E ng r., 601 
W . 5 th  S t., S u ite  N o . 1000, Los 
A ngeles 13, Calif.

B a rre tt, J .  S ., G en. C o n tr ., 1300 C oast 
H ighw ay , N ew p o rt B each , Calif.

B ash , G ail, M gr., W a te r  D ep t., C ity  
H all, 411 E . K ern  S t., T u la re , Calif.

B asse tt , F ran c is  M ., O pr. Engr., 
H am m er F ield , 4633 N ev ad a  A ve., 
F resno , Calif.

B ea ton , R . H ., Exec. V ice P res. & G en. 
M gr., C alif. F ish  C anners  Assoc., 
Inc., F e rry  B ldg., T e rm in a l Island . 
Calif.

B ecker, F red  G ., O pr., Sew. T r. P lan t, 
909 S an  G abriel, A zusa, Calif.

B elt, E lm er B ., O w ner, S qu ires-B elt 
M a t. C o., 3736 28 th  S t., S an  D iego, 
Calif.

B en n e tt, H . R ., C ity  E n g r., C ity  H all, 
B u rb an k , Calif.

B e n n e tt, S . G ., c/o  C ity  H all, S a n ta  
P au la , Calif.

B esse liev re , E . C ., c/o  T h e  D o rr  Co., 
570 L ex ington  A ve., N ew  Y ork  22, 
N . Y.

B eve ridge , B en  H .,  E ng r., U tah  C on
c re te  P ipe Co., 4520 W . 6 4 th  S t., 
Inglew ood, C alif.

B ishop, H . N ., C ity  E ng r., P . O. Box 
333, S unnyva le , C alif.

Bolin , R . R .,  J r . ,  D is t. Sales E ngr., 
C hain  B elt Co., 366 B ran n an  S t., 
San  F rancisco  7, C alif.

B o rland , V ictor J . ,  E ngr.-C h ief D ra f ts 
m an , Los A ngeles Co. S an . D ist., 
330 B endix Bldg., 1206 S. M aple 
A ve., Los A ngeles 15, Calif.

B o thw ell, Jo h n  I . ,  S upv. of Public 
W orks, C ity  H all, C u lver City, 
Calif.

B ow en, M . R ., S u p t. C ity  W ater 
D e p t., 205 N . G reenleaf S t., W hit
t ie r , C alif.

B ow lus, F re d  D ., Chief E ngr., 614 
F ra n k lin  S t., W h ittie r , Calif.

B oyle , J .  R . L e ste r, 2241 S. Coast 
B lvd., L aguna  B each, Calif.

B row n, F loyd  W ., 1067 Los Palos, 
L os A ngeles 23, Calif.

B row n, K e n n e th  W ., Chem . Engr., 
233 Sansom e S t., S an  F rancisco 4, 
C alif.

B row n, R . F .,  A sst. S u p t. of Sewer 
M a in t., 1220 Colorado B lvd., Los 
A ngeles 12, Calif.

B rug , C. J . ,  11936 H esby S t., N. 
H ollyw ood, C alif.

B ru n ty , C . E . ,  E ng r. A ide G rade V, 
C o u n ty  E ng r., San . and  Storm  
D ra in  D iv ., 700 U nion League Bldg., 
L os A ngeles 12, Calif.

B uckm an , M illa rd  E ., Ens. U SNR, 
U SS D ixie, c/o  F lee t P . O., San 
F rancisco , Calif.

B u rn so n , B la ir I . ,  S an . E ngr., East 
B ay M un. U til. D is t., 512 16th St., 
O ak land , Calif.

B ush , A. F ., S ta te  D ep t, of Public 
H ealth , 703 S ta te  B ldg., Los Angeles 
12, Calif.

B yxbee , J .  F .,  Cons. E ngr., 347 Alma 
S t., P alo  A lto , Calif.

C alder, C h arles  L ., A sst. C ity  Engr., 
C ity  H all, W h ittie r , Calif.

C aldw ell, D av id  H ., 214 E .M .L ., 
U niv . of C alif., B erkeley 4, Calif.

C a rte r , A lton  B ., S an . E ngr., Gen. 
C o n tr . R t .  1, Box 219, Y um a, Ariz.

C asey , Jo h n  J . ,  C ity  Engr., San 
F rancisco , Calif.
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Castello, W . O ., S u p t. of Sew er D ep t., 
City H all, S acram ento  14, Calif. 

Chanlett, Em il T .,  C ap t., 0-517461, 
724 V an N est A ve., N ew  Y ork  60, 
N. Y.

Chutter, W . H ., S ec.-M gr., Jo u rd an  
Concrete & P ipe Co., P . O. Box 152, 
Fresno, Calif.

Clark, J . C ., Chief O pr., Sew. T r. 
Plant, C ity  H all, H un tin g to n  Beach, 
Calif.

Cobleigh, W . H .,  G en. Forem an, 
Sewer M ain t. D iv ., 724 W . 49 th  
Place, Los Angeles 37, Calif.

Cole, H arvey M ., J r . ,  C ity  E n g r’s. 
Office, C ivic C en ter, S an  D iego 1, 
Calif.

Collins, A. P re s to n , C ivil Engr., San. 
D iv., Los A ngeles C o un ty  Engrs. 
Office, 700 U nion League B ldg., Los 
Angeles 12, Calif.

Compton, C. R ., A ss’t .  Chief Engr., 
Los Angeles Co. S an . D is t., 330 
Bendix Bldg., 1206 S. M aple A ve., 
Los Angeles 15, Calif.

Connors, Jo seph  J . ,  B act. C hem ., 2722 
Virginia, Berkeley 4, C alif.

Cook, Law rence H ., C ivil E ngr., Box 
696, Menlo P ark , Calif.

Cook, M ax E ., 100 B ush S tree t, San 
Francisco, Calif.

Cooley, E . C ., 625 M ark e t S t., R m .
1414, San F rancisco, Calif. 

Copeland, K ern  H ., M ajor, 821st 
Hosp. C enter, A PO  247, c/o  P .M ., 
San Francisco, Calif.

Cortelyou, H . P . ,  Engr., Room  700, 
C ity H all, Los Angeles, Calif.

Crane, H . R ., O wner, F lexible Sewer 
Rod Equip. Co., 9059 Venice Bldg., 
Los Angeles, Calif.

Creears, T . H ., 1824 S. H ope S t., 
Los Angeles, Calif.

Currie, F rank  S ., Cons. Engr., 219 
Andreson Bldg., San B ernardino , 
Calif.

Davenport, Llew ellyn D ., H ope R anch, 
Santa B arbara, Calif.

Davey, H . W ., O pr., Bakersfield 
Tr. P lan t, 1021 Q S tree t. B akers
field, Calif.

Davids, E . M ., V ice-Pres., G ladding 
McBean Co., 2901 Los Feliz Boule
vard, Los Angeles, Calif.

Davidson, J . F ., Cons. E ngr., D av id 
son & Fulm or, 3646 S even th  S t., 
Riverside, Calif.

Davis, Earle E ., S up t. of San ., W ar 
M emorial Bldg., Las Vegas, N ev. 

D eM artini, F rank  E ., U SP H S , E ast 
Third & K ilgour S ts., C inc innati 2, 
Ohio

Deming, P . H ., O wner, T he D em ing 
Co., 817 Y ale S t., Los Angeles, 
Calif.

Derby, Ray L ., A sst. San. E ngr., 
Los Angeles D ep t, of W a te r 8c 
Power, 4766 Edgewood Place, Los 
Angeles 6, Calif.

DeW ante, R andolph H ., 1st L t., 
0-495197, S ta tion  H osp., A rm y Air 
Field, Long Beach, Calif.

Doane, Carroll C ., O pr. Engr., S an ta  
Rosa A irdrom e, 487 M ark  W est 
Spring R oad, S a n ta  R osa, Calif. 

Dopmeyer, A. L ., 1407 U. S. A pprais
ers Bldg., San F rancisco 11, Calif. 

Duncan, R oland, Chief P e tty  Officer, 
USN, 44th U. S. N .C .B ., c/o  F lee t 
Post Office, San F rancisco , Calif.

Duell, G arth  H ., C ity  H all, M onrovia, 
Calif.

Dunstan, G ilbert H ., A sst. Prof. San. 
Engr., Univ. of A labam a, Box 1996, 
U niversity, A la.

E arly , F red  J . ,  J r .  Cons. E ng r., 369 
P ine S t., S an  F rancisco , Calif.

E asley , G . E .,  Chief O pr., C am p 
R oberts  Sew age D isposal P lan t, 
P . O. Box 443, A tascadero , Calif.

E gan , J .  H ., c/o  C rane  Co., 321 E. 
T h ird  S t., Los A ngeles, Calif.

E ld er, L e iton  J . ,  56 Scenic A ve., San 
R afael, Calif.

F en ch e l, R ando lph , Res. O pr., Sewage 
D isposal P lan t, 146 H itchcock  R d., 
S alinas, Calif.

F in ley , D ex te r L ., 3567 H oover S t., 
R iverside, Calif.

F ish , R aym ond S ., O pr., K atherine  
C o u rt N o. 3, 825 W . 11th S t., M ed
ford , Ore.

F itch , T . A ., S an . E ngr., D ir. B ur. of 
S tan d a rd s, D ep t, of P ub lic  W orks, 
826 Y ale S t., Los A ngeles 12, Calif.

F lannery , H aro ld  J . ,  C ity  Engr., C ity  
H all, S an  Jose , Calif.

F orem an , M erle  S ., B act., S ta te  D ep t, 
of P ub lic  H ea lth , 15 S h a ttu ck  
S quare, Berkeley 4, Calif.

F o ste r , H e rb e r t B ., J r .  San. Engr., 
497 K en tucky  A ve., Berkeley, 
C alif.

F o ste r, W m . F loyd, Engr., 333 W . 
Second S t., Room  711, Los Angeles, 
C alif.

F rasch in a , K een o , A sst. S up t. & 
T echn ., R ichm ond S unset Sewage 
T r. P lan t, 4545 Lincoln W ay, San 
F rancisco  22, Calif.

F ra te rs , E . W ., Calif. C orrugated  C ul
v e r t Co., 7 th  & P ark er S ts ., Berke
ley, Calif.

F re e r , P au l H ., G en. D el., Phoenix, 
Ore.

F rick , A. L ., J r . ,  D is t. M gr., 2311 E. 
8 th  S t., Los A ngeles, Calif.

F rick s ta d , W a lte r  N ., C ity  E ngr., 803 
C ity  H all, O ak land  12, Calif.

F ro eh d e , F . C ., C ity  Engr. & S up t. of 
S tree ts , C ity  H all, Pom ona, Calif.

F u lle rto n  P ub lic  L ib rary , F u lle rton , 
Calif.

G allow ay, R o b ert N ., S u p t., R t. 1, 
Box 758, G arden  G rove, Calif.

G a rd n e r, R . T ., W allace 8c T iernan , 
2311 E . 8 th  S t., Los A ngeles 21, 
Calif.

G ill, H arry  J . ,  S u p t., F o rem an , Bur. 
of M ain t. & San., 4524 D enny  A ve., 
N o rth  H ollyw ood, Calif.

G ill, Jo h n  B ., Sales S upervisor, 116 
N ew  M ontgom ery  S t., San F ra n 
cisco, Calif.

G illesp ie , C. G ., C hief\ B ureau  of San. 
Engr., 15 S h a ttu c k  Square, B erke
ley, Calif.

G ladd ing , C harles , P res., G ladding  
Bros. M fg. Co., T h ird  & K eyes S ts., 
San  Jose , Calif.

G oodridge, H arry , C ity  E ng r., C ity  
H all, B erkeley, Calif.

G oudey, R . F ., San. E ngr., W a te r 8c 
Pow er D ep t., Box 3669, T erm inal 
A nnex, Los A ngeles, Calif.

G rah am , E . H .,  Office E ng r. & M gr., 
K oebig 8c K oebig, 5046 M erid ian  
S t., Los A ngeles 42, Calif.

G raham , W illiam , F o re ., W aste 
W a te r D isp ., R ichfield Oil Co. 
R efinery  (W atson ), P . O. Box 787, 
W ilm ing ton , Calif.

G ray , H aro ld  F .,  San. & H ydrau lic  
E ngr., 2540 B onvenue A ve., B erke
ley, Calif.

G regory , T h e  Jo h n  H . S an . & M un. 
R ef. L ib ., R m . 229, C ity  H all, 
C olum bus, Ohio

G regory , T e d  R ., Chief E ngr., F lo ta 
tion  S ystem s Inc ., 1112 W ellington 
A ve., P asadena 2, Calif.

G russ , A. W ., A gent, T h e  A m erican 
B rass Co., 235 M ontgom ery  S t., 
San F rancisco , Calif.

G w in, T hom as M ., S u p t., 5611 E lev 
e n th  A ve., S acram en to  17, Calif.

H ag er, E v e re tt C ., 8801 C roydon A ve., 
Los A ngeles 43, Calif.

H ag er, J .  W m . Chief O pr., 195 D . 
S tree t, S an  B ernardino , Calif.

H am m ond , R o b ert H ., 5423$ C arl
to n  W ay , Los Angeles 27, Calif.

H an es , G ilbe rt C ., Assoc. S an . Engr., 
S erv . Com . E ngrs., H q., 9 th  Serv. 
C om ., 75 H S t., S a lt L ake C ity  3, 
U tah

H apgood, E . P .,  C ity  Engr., C ity  
H all, A naheim , Calif.

H ard en b u rg h , E . A., S up t., Sew. 
D isposal P lan t, 635 A delia S t., El 
M on te , Calif.

H ard ing , R o b ert G ., Cons. Engr., 414 
U tah  Savgs. & T ru s t B ldg., S alt 
L ake C ity  1, U tah .

H arm on , J u d so n  A ., San. Engr., 703 
C alifornia S ta te  Bldg., Los Angeles 
12, Calif.

H arp er, T rav is  C ., O pr., 225 S ou th  G 
S t., Lom poc, Calif.

H ase ltin e , T . R ., 4817 C en tre  Ave., 
P ittsb u rg h , P a .

H ay es , W a lte r, S up t., D isposal P lan t, 
P . O. Box 35, O jai, Calif.

H ill, K . V., Cons. Engr., c/o G reeley 
8c H ansen, 6 N . M ichigan Ave., 
Chicago 2, 111.

H ilton , E . M ., C ap t., c/o P ost E ng i
neer, C am p R oberts, Calif.

H irtle r , W illiam , O pr., E l Toro 
M arine Base, Box 531, C osta M esa, 
C alif.

H itch n er, A. H ., F iltra tio n  E ngr., 
O liver U nited  F ilte rs , 2900 G las
cock, O akland, Calif.

H odgkinson , Jack , 730 Griffith W ay, 
L aguna Beach, Calif.

H om m on, H . B ., Bureau of San. E ngr., 
Calif. S ta te  D ep t, of P ublic H ealth , 
15 S h a ttu ck  Square, Berkeley, 
C alif.

H osk inson , C arl M ., Chief Engr. 8c 
A cting S u p t., D iv . of W a te r 8c 
Sewers, 112 C ity  H all, Sacram ento  
14, Calif.

H ow ell, E ugene M ., C ap t., H q., 27th 
Inf. D iv ., A PO  27, c/o P ostm aste r, 
S an  F rancisco , Calif.

H u eb n e r , Ludw ig, Chief O pr., Palo 
A lto Sew. T r. P lan t, Box 52, S ta tion  
A, Palo A lto, Calif.

H uffm an , F red , 422 U niversity  S t., 
H ealdsburg , Calif.

H um e, N orm an  B ., Ass’t. Civil Engr., 
D iv . of Sew er D esign, 2700 D eodar 
Circle, P asadena 8, Calif.

H u n t, G eo. W ., 262 A rizaba, Long 
Beach 3, Calif.

H u rs t, H ow ard  M ., A cting  D ir., D iv. 
of Pub lic  H ea lth  E ngr. 8c San., 
S ta te  D ep t, of H ealth , 130 S ta te  
C apito l, S a lt L ake C ity , U tah .

H u th , N orm an  A ., C ity  E ng r., C ity  
H all, V isalia, Calif.

H yde , P ro f. C has. G ilm an , R m . 11, 
Engr. B ldg., U niv . of C alif., B erke
ley, Calif.

Ing ram , W m . T ., M ajor, U SP H S , 256 
S tan fo rd  A ve., B erkeley 8, Calif.

Jeffrey , H . H ., C hem ., C ity  H all, R m . 
112, S acram en to  14, Calif.

J e n k s , H a rry  N ., Cons. E ngr., 345 
M adrono  A ve., Palo A lto , Calif.

J e s su p , A. H ., Chief D esign. Engr., 
224 N . Segoria A ve., S an  G abriel, 
Calif.
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J e w e ll , H . W ., E ng r., Pacific C lay  
Prods., 306 W est A ve., Los Angeles 
26, Calif.

J o h n so n , V e m e r C ., 115 W . D evon 
shire, H em e t, C alif.

J o n e s , T h o m as  P . B ., Chief D ep u ty  
H ea lth  Office, R iverside Co. H ea lth  
D ep t., P . O. Box 375, R iverside, 
C alif.

Jo n e s , W ay lan d , S u p t., S o u th  D is
posal P lan t, 2131 P ly m o u th , S to ck 
to n , Calif.

Jo rg en so n , H o m er W ., C ap t., R t. 4, 
Box 2473, M odesto , Calif.

K ee le r , R u sse ll B ., S an . E ng r., 1938 
G a rth  A ve., Los A ngeles 34, Calif. 

K e im , K en n e th  A ., D iv . M gr., W a l
lace & T ie rn an  Sales C orp ., 171 
S econd S t., S an  F rancisco , Calif. 

K elly , E a rl M ., C om dr., 12th N aval 
C onstruction  Reg., 1014 S. O range 
G rove, Los A ngeles 35, Calif. 

K em pkey , A ., Cons. E ng r., 409 Balboa 
Bldg., S an  F rancisco  5, C alif. 

K en n ed y , C. C ., Cons. E ng r., A tlas 
B ldg., 604 M ission S t., S an  F ra n 
cisco, C alif.

K en n ed y , D . R ., S u p t., P ipe Lines 
D iv ., 502 C ity  H all, Long Beach, 
Calif.

K en n ed y , R . R ., Assoc. E ng r., 604 
M ission S t., S an  F rancisco , Calif. 

K im ball, J a c k  H ., P . A. S an ita ry  
E ng r.(R ) U SP H S , 4803 E . 75 th  S t., 
S eattle ,W ash .

K ing , L . P . ,  Sales E ng r., C hain  Belt 
Co., 1414 S a n ta  F e  A ve., Los 
A ngeles, Calif.

K ivari, A. M ., M gr., 811 W . 7 th  S t., 
Los Angeles 14, Calif.

K iz ler, W ilfred  C ., Chief O pr., Sew
age P lan t, C am p S a n ta  M aria  Air 
Base, P . O. Box N o. 508, A rroyo 
G rande, Calif.

K n o ed le r, H . A ., In e rto l Co., 64 S.
P ark , S an  F rancisco , Calif. 

K now lton , W . T .,  C ons. E ngr., 1632 
S ou th  V an N ess A ve., Los A ngeles 
6, Calif.

K oeb ig , A. H ., J r . ,  K oebig & K oebig, 
Cons. E ngrs., 458 S. S pring  S t., Los 
A ngeles, Calif.

K olb , F red  W ., 82 M acond ray  S t., 
S an  F rancisco , Calif.

K ressly , P au l E .,  Cons. E ng r., C ity  
H all, A zusa, Calif.

L angelier, W . F ., P rof. S an . E ng r., 213 
E ngr. M ate ria ls  L ab ., U niv . of 
C alif., B erkeley, Calif.

L e d e re r, K ., D ir. & G en. M gr., M er
cu ry  T echn ica l C lo th  & F e it Corp., 
1265 B roadw ay , N ew  Y ork , N . Y. 

L ee , C has. H ., Cons. E ngr., 58 S u tte r  
S t., S an  F rancisco , Calif.

L em cke, E w ald  M ., M a in t. E ngr., 
O range C o un ty  J o in t O u tfa ll Sewer, 
C ity  H all, A naheim , Calif.

L em on , P a u l R ., A sst. S u p t., Sewage 
T r . P la n t, Calif. S ta te  P rison , P . O. 
Box 572, Folsom , Calif.

LeV alley , F re d , Sew er F o rem an , 4092 
E lm w ood C o u rt, R iverside, C alif. 

L iv ingstone, B ard , S u p t. W a te r D ep t..
C ity  H all, S an  B ernard ino , Calif. 

L ong, F ra n k  V ., P res., VapoY R ecovery  
S ystem , Inc ., Box 231, C om pton , 
C alif.

L os A ngeles P u b lic  L ib ra ry , M un. 
R eference L ib ra ry , 300 C ity  H all, 
Los A ngeles, C alif.

Los A ngeles P u b lic  L ib ra ry , Serials 
D iv ., 530 S. H ope S t., Los Angeles, 
Calif.

L ow e, R o b t., S an . E ng r., W a r R eloca
tion  A u th o rity , 1015 N . K ensing ton  
S t., A rling ton , V a.

L ow ther, B u rto n , C ons. E ng r., 710 
C olorado Bldg., D en v er 2, Colo.

Ludw ig , H arvey  F .,  C ap t., 1014 S. 
H a rb o r View, S an  P edro , Calif.

Ludw ig , R u sse ll G ., A sst. S an . E ngr., 
U SP H S , 605 V o lun teer B ldg., A t
la n ta , G a.

Luippold , G . T .,  L uippo ld  E ngr. Sales 
Co., 1930 W . O lym pic S t., Los 
A ngeles, Calif.

M cG eorge , W . L ., S an . E ng r., 932 
S. E . 4 0 th  S t., P o rtla n d , Ore.

M cIn to sh , P ie rc e  B ., P . O. Box 1739, 
S acram en to  8, Calif.

M cK een , W . H ., O pr., R t. 1, Box 330, 
S an  L uis O bispo, Calif.

M cK in lay , D an ie l, F ield  E ng r., In- 
filco, I n c ,  611 H ow ard  S t., San 
F rancisco , Calif.

M cL aren , A lfred M ., Sales E ngr., 
F a irb a n k s  M orse & Co., 3772 D u b 
lin A ve., Los A ngeles, Calif.

M cM illan , D ona ld  C ., C ity  M gr., 710 
G rand  S t., A lam eda, Calif.

M cM orrow , B. J . ,  D ir., B ur. of San., 
T e rrito ria l Bd. of H ea lth , P . O. 
Box 3378, H onolulu  1, T . H .

M cM orrow , T h o s. M ., S an ita rian , 
C o n tra  C o s ta  Co. H ea lth  D ep t., 
R m . 125, H all of R ecords, M artinex , 
Calif.

M acab e e , L loyd C ., C ons. E ng r., 156 
U n iv ers ity  A ve., P alo  A lto , Calif.

M aga , Jo h n  A ., L t., 316 E l C am ino 
R eal, S an  M ateo , C alif.

M artin , B en n , 2160 V allejo  S t., San  
F rancisco , Calif.

M artin , C harles  P .,  C ity  H all, San 
L eand ro , Calif.

M artin , S tan ley  F .,  Chief of W a te r & 
Sew erage D iv ., Los A ngeles C o un ty  
H ea lth  D ep t., 808 N . S p ring  S t., Los 
A ngeles, Calif.

M ay , H a ro ld  L ., E ng r., W a te r  & 
Sew er D iv ., P alo  A lto , Calif.

M ed b e rry , H . C h ris tophe r, P urifica
tio n  E ngr., W a te r  D ep t., S an  F ra n 
cisco, M illb rae , C alif.

M ey er, L ou is P . H ., 583 D olores S t., 
San F rancisco , C alif.

M iick , F red  E ., A sst. M gr., Link- 
Belt Co., Pacific D iv ., 361 S. A nder
son S t., Los A ngeles 33, Calif.

M ile s, H en ry  J . ,  A sst. P ro f. of Civil 
Engr., 957 W . 3 0 th  S t., Los A ngeles 
7, Calif.

M ills, J .  R alp h , O pr., 1385 W . W il
liam s S t., B ann ing , Calif.

M o rris , A rval, 3a les  E ng r., S terling  
E lectric  M otors, Inc ., T e leg raph  
R d . a t  A tla n tic  B lvd., Los A ngeles 
22, Calif.

M u n so n , L au ra  A ., M rs ., S an  E ngr., 
2306 W . L aw n, M adison  5, W is.

M u rp h ree , V erbon  L ., O pr., Sew age 
P la n t, S a n ta  M aria  A .A .F ., 612 
T h o rn b u rg  S t., S a n ta  M aria , Calif.

N asi, K aarlo . C ap t., U SP H S , D is
tr ic t  N o. 10, F ed e ra l B ldg., H ono
lu lu , T . H .

N elson , F red e rick  G ., c /o  T h e  D orr 
C o., Inc., 811 W . 7 th  S t., Los 
A ngeles 14, Calif.

N oel, C arl F ., E n g r. R ep ., T h e  A m eri
can  W ell W orks of A uro ra , Illinois, 
428 13 th  S t., O ak lan d  12, C alif.

N orfleet, C lark  T ., Pacific C lay  P ro d 
ucts, 306 W . A venue 26, Los 
A ngeles, Calif.

N ug en t, L ee M ., O pr., R t. 1, Box 262, 
L a th ro p , Calif.

O ’C onnell, W m . J . ,  J r . ,  “ Technical 
C o n su lta n ts ,” 525 M ark e t S t., San 
F rancisco , Calif.

O ’N eill, R alph  W ., 1734 Cleveland 
R d ., G lenda le  2, Calif.

O ngerth , H e n ry  J . ,  Assoc. San. Engr., 
1911-B B errym an  S t., Berkeley 7, 
C alif.

P acheco , L eo , Sew age P lan t Supt., 
C ity  H all, S a n ta  C la ra , Calif. 

P a g e , R onald  C ., E ngr. to  th e  Shire 
C ouncil of E. L oddon, Serpentine, 
V ic to ria , A u stra lia  

P a in te r , C arl E ., W a te r  W orks Equip
m en t Co., 149 W . Second S t. South, 
S a lt L ake C ity , U tah  

P a lm e r , H a ro ld  K ., Off. Engr. and 
Chief D ra ftsm an , Los Angeles Co. 
S an ita tio n  D is t., 330 Bendix Build
ing, 1206 S. M aple , Los Angeles 
15, Calif.

P a rk e r , H . C ., 5409 P alm  A ve., River
side, Calif.

P a rk e s , G . A ., C ivil E ngr., 2070 
S tra tfo rd , S o u th  P asadena, Calif. 

P a rr ish , M ile s  A ., P a rtn e r, D . A. 
P a rrish  & Sons, 3907 G ran t Ave., 
F resno , C alif.

P a r tin , Jo h n  L ., C ivil Engr., 2151 
B alsam , Los A ngeles 25, Calif. 

P e d e rso n , J e a n  J . ,  San. Engr., Office 
Serv . C om . E ngrs., Bldg. 96, Fort 
D oug las, U tah  

P e te rso n , J .  H ., 116 N ew  M ont
gom ery  S t., S an  F rancisco  19, Calif. 

P h e lp s , B. D ., H a rb o r D ep t., 1040 W.
B roadw ay , S an  D iego 1, Calif. 

P h illip s , E lm er, C hem ., Sunnyside 
W inery , F resno , Calif.

P ic k e tt, A rth u r G ., D ep u ty  County 
E ngr., Los A ngeles C ounty , 700 
U nion L eague B ldg., Los Angeles, 
Calif.

P ie rc e , C. L ., D is t. R ep ., G reat W est 
D iv . of D ow  C hem . Co., 634 S. 
S p ring  S t., Los A ngeles 14, Calif. 

P ie rc e , D . O ., C iv il Engr., Alameda 
A ir S ta tio n , 1819 W ood Street, 
A lam eda, Calif.

P o m ery , R ic h a rd , C ons., R m . 639, 117
E . C olorado S t., P asad en a  1, Calif. 

P o o le , W m . A ., O pr., 227 S. H ollen
beck A ve., C ov ina , Calif.

P o r te r ,  H ., A sst. C ity  E ngr., Civic 
C en te r, S an  M ateo , Calif.

P o s t, F red  W ., S u p t. Sewage Disposal 
P la n t , R o u te  3, Box 433, Lodi, 
Calif.

P o w e rs , R . W ., M ech. E ngr., 1112 
H arb o r V iew  A ve., San Pedro, 
Calif.

Q uartly , E ric V ., S u p t., Sew. T r. Pit., 
806 A della  A ve., C oronado, Calif. 

R acely , W ilb u r A ., Assoc. San. Engr., 
W ar R elocation  C en ter, M anzanar, 
Calif.

R am se ie r, Roy E ., Sr. S an . Engr., 
2811 P a rk e r  S t., B erkeley 4, Calif. 

R aw n , A. M ., Los A ngeles Co. San. 
D is ts ., 330 Bendix B ldg., 1206 S. 
M ap le  A ve., Los A ngeles 15, Calif. 

R eed , C has. A ., A sst. C ity  Engr., Rm.
708, C ity  H all, O ak land  12, Calif. 

R ee v es , C. F ., D is t. M gr., D eLaval 
S team  T u rb in e  Co., 410 Rialto 
Bldg., S an  F rancisco  5, Calif.

R e id e ll, A. G ., C ap t., S an . Corps, 139 
W . 62nd S t., Los A ngeles 3 , Calif. 

R e in h a rd t, A rth u r W ., A sst. San 
E ng r., S ta te  D ep t, of P ublic  H ealth , 
1561 E uc lid  A ve., B erkeley 8, Calif. 

R e in k e , E . A ., Sr. S an . Engr., Bureau 
of S an . E ngr., S t. D ep t, of Public 
H ea lth , 15 S h a ttu c k  Sq., Berkeley 
4, Calif.

R en o u d , G leaso n  L ., Assoc. San. 
E ngr., U SA A F, 740 F o u rth , S acra
m en to  14, Calif.
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Rew, M yron E ., C hem ., C ity  W a te r 
Works. 37 th  & B roadw ay , C ouncil 
Bluffs, Iow a

Reynolds, Leon B ., P rof., H ydrau lic  
& San. E ngr., R m . 275, S tan fo rd  
Univ., S tanfo rd , Calif.

Ribal, R aym ond R o b t., L t. Col., 3889 
Lym an R d., O ak land , Calif.

Riffe, N orm an T ., S an . E ng r., 2152 
W ar S t., Berkeley 5, Calif.

Roberts, F . C ., J r . ,  U SP H S , F P H A — 
Region V, C leveland  15, Ohio

Roberts, W . C ., D ir., Pacific Engr. 
Lab., 604 M ission S t., San F ra n 
cisco 5, Calif.

Robertson, Jo h n , Sr. O pr., H am m ond 
Gen. H osp., Box 249, R t. 2, O ak
dale, Calif.

Robinson, W . S ., O pr., 152 E . Louise 
St., Long Beach, Calif.

Rudolph, R . L ., O pr., 945 20 th  S t., 
San Diego 2, Calif.

Sanchis, Jo seph  M ., C ap t., S an itary  
Corps, AUS., 2745 M edlow  Ave., 
Los Angeles 41, Calif.

Sauer, Victor W ., C ap t., 0-517444, 
83rd M alaria  C ontro l U n it, A PO  
No. 322, U n it 1, c/o  P o stm aste r, 
San Francisco, Calif.

Schneider, W arren  A ., W aste  D isposal 
Engr., B ureau of S an . and  M ain t., 
Room 700, C ity  H all, Los Angeles 
12, Calif.

Schott, E dgar C ., C ity  H all, S an ta  
Clara, Calif.

Schuck, H . W ., P . O. Box 191, B urlin
game, Calif.

Schurem an, A. L ., Assoc. E ngr., 
Yuma AAF, 221 F ifth  S t., Y um a, 
Ariz.

Segel, A ., Cons. E ngr., 1369 W ilson 
Ave., Fresno 1, Calif.

Seitel, G. C ., S up t., Serv. D ep t., C ity  
Hall, Chino, Calif.

Sensem an, W m . B ., Pacific Coast 
Mgr., C om bustion Engr. Co., 406 
S. M ain S t., Los A ngeles, Calif.

Shaw, P au l A., Chief Chem ., T erm inal 
Island Sea Foods, L td ., 241 Fish 
H arbor W harf, T e rm inal Island , 
Calif.

S hearer, A. B ., S u p t., 11 L ib rary  
Place, San A nselmo, Calif.

Shook, H . E ., Dow C hem ical Co., 
10th Floor, 310 Sansom e S t., San 
Francisco 4, Calif.

Siegel, John  A., San. Engr., R t. 1, 
Box 337, S an ta  A na, Calif.

S ilberbauer, W alter R ., Inspr., C am p
bell San. D ist., Box 614, C am pbell, 
Calif.

S iverts, S am uel A ., San Engr., 351 
Calif. S t., Rm. 408, San F rancisco  
19, Calif.

S k in n er, Jo h n  F ., Cons. Engr., 1610 
Idlew ood, G lendale 2, Calif.

S m ith , C. A ., Cons. E ngr., 300 C a r
m en’s Bldg., 107 W . Linwood Blvd., 
K ansas C ity , M o.

S m ith , H . G ., E ng. of Sew er Design, 
708 C ity  H all, Los Angeles 12, 
Calif.

S m ith , J .  F ., Sales M gr., G rea t W est
ern  D iv ., D ow  C hem ical Co., 10th 
F loor, Sansom e S t., S an  Francisco, 
Calif.

S m ith , N ea l D ., C ity  M gr., C ity  of 
O ntario ,. C ity  H all, O n tario , Calif.

S nyder, Jo h n  A., J r . ,  O pr., Sewage 
D isposal P la n t, 3350 N evada Ave., 
F resno  2, C alif.

S oh ler, G eorge W ., O pr. S u p t., P . O. 
Box 385, M ou n ta in  View, Calif.

S pear, J a m e s  J . ,  G en. S u p t., M . C. 
N o ttin g h am  Co., 123 N . C loverly, 
T em ple C ity , Calif.

S tevenson , R alph  A ., Cons. Chem ., 
641 G ibbons S t., Los Angeles, 
Calif.

S tew art, D ueray  L ., A sst. Civil 
E ng r., 701 C ity  H all, O ak land  12, 
C alif.

S tew art, J e s se  A ., E ngr., 716 D ela
w are, H u n tin g to n  Beach, Calif.

S tew art, M organ  E ., 1st L t., Office of 
th e  Surgeon, P reven tive  M ed. Sec., 
H q ., 3rd  A rm y, A PO  403, c/o  P o st
m aster, N ew  Y ork, N . Y.

S tew art, R . E .,  E ngr., G ladding, 
M cB ean & Co., 2901 Los Felis 
B lvd., Los A ngeles, Calif.

S tran g a rd , E dw ard  L ., Chief O pr., 
E ngr., U SN A S, 1524 W illow  S t., 
A lam eda, Calif.

S zym ansk i, W a lte r  C ., M ech. Engr.* 
5720 N . 25 th  S t., O m aha, N ebr.

T ay lo r, A rthur, Cons. Engr., 725 S. 
S pring  S t., N o. 310, Los A ngeles 
14, Calif.

T ay lo r, S pencer R ., O pr. Engr., F ed 
era l Pub lic  H ousing A u tho rity , 
L inda V is ta  P ro jec t, 7074 F u lto n  
S t., S an  D iego, Calif.

T e rrill, Ja m e s  G ., J r . ,  C ap t., U SPH S, 
M CW A , 605 V olun teer Bldg., A t
la n ta , G a.

T hew s, V ernon W ., T erm inal Island 
Sewage P lan t, 2300 S. Pacific Ave., 
S an  P edro , Calif.

T h o its , E dw . D ., S an . E ngr.. San 
J o aq u in  Local H ea lth  D is t., 130 S. 
A m erican S t., S tock ton , Calif.

T ro tte r , R oy M ., A sst. San. Engr., 
1551 S anom a A ve., B erkeley 6, 
Calif.

U niv. of C aliforn ia L ib rary , D iv . of 
Serials & Exchanges, Berkeley,

I Calif.

U niv. of S ou th ern  C aliforn ia , G eneral 
L ib ra ry , U niversity  P ark , Los 
A ngeles 7, Calif.

U plegraff, W . R ., W estern  C ity  M aga
zine, 458 S. Spring  S t.. Los Angeles, 
C alif.

V andenberg , A lfred Jo h n , A sst. Engr., 
N aval A ir S ta tio n , A lam eda, 1752 
Solano A ve., B erkeley 6, Calif.

V an N orm an , J a s . H ., Chief O pr., Los 
Angeles T r. P lan t, 634 L om ita S t., 
E l Segundo, Calif.

Van P e lt , R ichard , San. E ngr., 511 
N eal, G rass V alley, Calif.

V aughan, E . A ., M gr., Lom poc L ight 
& W a ter D ep t., P . O. Box 456, 
Lom poc, Calif.

V ensano, H . C ., D ir., D ep t, of Public 
W orks. Room 260, C ity  H all, San 
F rancisco , Calif.

W aggoner, E . R ., 306 W est Ave. 26, 
Los Angeles, Calif.

W a lters , G rover L ., S up t. W a ter & 
Sew er D ep t., 237 W . C om m on
w ealth , F u lle rton , Calif.

W eed , S am  A ., C ap t., 0-928536. San 
A ntonio A viation  C ade t C enter, 
San A ntonio, Tex.

W estg a te , T hom as A ., Chief Opr. 
E ngr., M ira  Lom a Q uarterm aster 
D epot, 729 W . C arlton  S t., O n
ta rio , Calif.

W h ite , G eo. C ., D iv . E ngr., W allace 
& T iernan  Sales Corp., 171 Second 
S t., San F rancisco , Calif.

W hite , H . H ., S up t. of Public W orks, 
C ity  H all, A uburn , Calif.

W hite , R. E ., Cons. E ngr., 2617 20th 
S t., Bakersfield, Calif.

W ilk ins, G eorge F ., 235 M ontgom ery 
S t., San Francisco, Calif.

W intersg ill, A. T ., 306 W . Ave., Los 
Angeles 26, Calif.

W ise , M elvin  J . ,  S up t., W a te r & Sew
age T r. P lan ts, D eW itt G eneral 
H osp., 150 H ale S t., A uburn , Calif.

W oo, F rancis H ., P. O. Box 2773, 
H onolulu, T . H.

W ood, G eorge L ., W a te r & Sewer 
S up t., C ity  of Bishop, Bishop, Calif.

W right, L. R ., S u p t., Los Angeles Co. 
S an ita tion  D ist., Sewage T r. P lan t, 
815 N . C heste r Ave., C om pton, 
Calif.

W yatt, B rad ley  W .,S u p t., N . C lark  & 
Sons, 401 Pacific A ve., A lam eda, 
Calif.

Y oder, M . C arleton , L t.(j.g .), U. S. 
N aval Base N o. 824, Box 1, c/o
F .P .O ., San  F rancisco, Calif.

Z ievers, R ob t. J . ,  Sales E ngr., D orr 
Co., 811 W . S eventh  S t., Los Angeles 
14, Calif.

The Canadian Institute on Sewage and Sanitation

Dr. A. E. Berry, Secretary-Treasurer, Sanitary Engineering Division, Ontario Department 
of Health. Toronto 8, Ontario, Canada

A cri,L . P ., D undas C onstruction , L td ., 
28 Grove Ave., T o ron to  3, O ntario , 
C anada

A nderson, C. S ., Engr., T isdale  Tw p., 
South Porcupine, O ntario , C anada 

A nderson, R . V ., Engr., A rm strong- 
W ood & Co., Tem ple Bldg., 62 
Richm ond S t. W ., T o ron to  1, O n
tario , C anada 

Armstrong, C. G . R ., Cons. E ngr., 
B artlet Bldg., W indsor, O ntario , 
C anada

Argo Jo h n  W ., Cons. Engr., G ore and  
S to rrie , 1130 Bay S t., T o ron to  5, 
O n tario , C anada

Avery Jam e s, C ity  F orem an , C ity  
Y ards, N o rth  Bay, O ntario , C anada

B aird , E . M ., T ow nship  Engr., 11 A va
lon B lvd., T o ron to  13, O ntario , 
C anada

B aker, G . H ., Engr., N o rth  Y ork 
T ow nship, W illow dale, O ntario , 
C anada

Ball, O liver, V., Sr. San. E ngr., O n
ta rio  D ep t, of H ealth , 27 W ebb 
A ve., T o ron to  9, O ntario , C anada

B ayard , G . A ., K eystone C on trac to rs 
L td ., 732 Langlois A ve., W indsor, 
O ntario , C anada

B ell, F red  A., Cons. E ng r., C ourt 
H ouse, S t. T hom as, O ntario , C an
ada

B ern a rd , G . E ., Sales M gr., Sicard 
L td ., 2055 B ene tt A ve., M on trea l, 
P. Q., C anada.
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B erry , A. E .,  D ir ., S an . E ng r. D iv ., 
O n ta rio  D ep t, of H ea lth , 235 G ains- 
boro  R d ., T o ro n to  8, O n tario , C an 
ad a

B ird , T . A ., c/o  W . B ird , R . R . N o . 4, 
L ondon , O n ta rio , C an a d a  

B lack , D . T ., T ow n E ngr., 72 M ill S t., 
N ., B ram p to n , O n ta rio , C an ad a  

B lew e tt, W . G ., T ow n C lerk, Box 230, 
K am sack , S aska tchew an , C an ad a  

B orgford , T . B ., S an . E n g r., C anad ian  
In s titu te , L td ., 4019 H ing sto n  A ve., 
M o n trea l, P . Q ., C an a d a  

B o th , J a c k , T h e  D iam ond  C o n s tru c
tio n  & Engineering  C o., 18 G ordon 
S t., B ellville, O n ta rio , C an ad a  

B rak e n rid g e , C h arles , C ity  E ngr., 
C ity  H all, V ancouver, B ritish  
C o lum bia, C an ad a  

B rere to n , W . P . ,  B d. of Com m ., 
G rea te r W inn ipeg  S an . D is t., 274 
A sland A ve., W innipeg , M an itoba , 
C an ad a

B rickenden , F . M ., D is t. E ngr., D ep t, 
of N a tio n a l H ea lth  & W elfare, 82 
C ordova S t., W innipeg, M an itoba , 
C anada

B row n, B everley  J . ,  G en. Sales M gr., 
T h e  P ed la r People L td ., O shaw a, 
O n tario , C anada  

B row ne, F . G ., E ng r., T eck  T ow n
ship , K irk land  L ake, O ntario , C an
ad a

B row nridge, F . B ., T ow n C lerk, C orn
w all, O n tario , C anada  

B uck ley , E . J . ,  Sales E ng r., W . J . 
W estaw ay  Co., L td ., 38 M ain  S t. 
W ., H am ilton , O ntario , C anada  

B u m , G . A. H ., A sst. S an . E ng r., O n
ta r io  D ep t, of H ea lth , P arliam e n t 
Bldgs., T o ro n to  2, O n ta rio , C anada 

B u rn e tt, A. H ., S u p t. U n ion  Sew erage 
Com . of M im ico & N ew  T oron to , 
249 C hurch  S t., M im ico, O ntario , 
C anada

B u sh , M . M ., C lerk  and  T reas., Tow n 
of B urling ton , B urling ton , O ntario , 
C anada

B ye, N orval E ., C lerk , T ow n of 
T ho ro ld , T ho ro ld , O n tario , C anada  

C arlson , A. J . ,  D is t. E ng r., D ep t, of 
N a tio n a l H ea lth  & W elfare, S t. 
Jo h n , N . B., C an ad a  

C averly , D . S ., A sst. S an . E ng r., O n
ta rio  D ep t, of H ea lth , 807 R ich
m ond S t. W ., T o ro n to  3, O ntario , 
C anada

C h en ev ert, J .  G ., Cons. E ngr., 1203 
D om inion S quare  B ldg., M on trea l 
2, Q uebec, C anada  

C hesney , C. T .,  C ity  C le rk -T reas., 
G a lt, O n tario , C an ad a  

C hisholm , D . M ., Sales M gr., N o rton  
C om pany  of C an ad a  L td ., H am ilton , 
O n ta rio , C anada  

C hurch , H . J . ,  M gr. T o ro n to  Office, 
D arling  B ro thers, L td ., 137 W el
ling ton  S t. W ., T o ro n to  1, O ntario , 
C anada

C la rk , Jo h n , T ow n C lerk , D unnv ille , 
O n tario , C anada  

C la rk son , G . H ., M un . C lerk  and  
T reas., 1513 L ake Shore R d ., Long 
B ranch , O n tario , C anada

C leveland , E . A ., C h a irm an , V an 
couver & D is ts . J o in t S ew erage & 
D ra in ag e  B oard , 1303 S un  B ldg., 
V ancouver, B ritish  C olum bia, C a
n ad a

Colby, W illiam  D ., T ow n E ngr. of 
W allaceburg , W allaceburg , O ntario , 
C an ad a

C ole, A rth u r F . W ., Service E ng r., 
N ichols C hem ical C o. L td ., 137 
W elling ton  S t. W ., T o ro n to  1, O n
ta r io , C an a d a

C ollier, J .  D ., R ep ., W . K . P o rteous  
L td ., 2 E llerdale  R d ., H am p ste ad , 
M o n trea l, Q uebec, C an a d a  

Collins, W . H ., Sew er E ng r., C ity  of 
H am ilto n , 16 S en a to r A ve., H am il
to n , O n ta rio , C an a d a  

C onan t, F . M ., E ng r., L in k  B elt L td ., 
791 E a ste rn  A ve., T o ro n to  8, O n
ta r io , C anada  

Cook, S . J . ,  Officer in  C harge , R e
search  P lan s  & P ub lica tio n s, N a t’l. 
R esearch  Council, O tta w a , O ntario , 
C an ad a

C orcoran , J .  D ., C om m , of W orks, 
T ow nsh ip  of E a s t Y ork , 443 S am - 
m on A ve., T o ro n to  6, O n ta rio , C a
n ad a

C oulson , C. L .,  C ity  E ng r., 53 M aple 
A ve., W elland , O n ta rio , C an ad a  

C ousineau , A ., D ir., C ity  P lann ing  
D ep t., C ity  H all, M o n trea l, Q uebec, 
C an a d a

C raw ford , D . E .,T o w n  E ngr., Leaside, 
O n ta rio , C an a d a  

C yr, R e n e , A sst. Chief E ngr., M in is try  
of H ea lth , 89 E . N o tre  D am e S t., 
M o n trea l, Q uebec, C an a d a  

D aly , J a m e s  A ., M anag ing  E d ito r, 
E ng ineering  & C o n tra c t Record, 
347 A dela ide  S t. W ., T o ro n to  2, 
O n ta rio , C an ad a  

D arlin g , E . H .,  C ons. E ngr., 513 
P ig o tt B ldg., H am ilto n , O ntario , 
C an a d a

D e lap o rte , A. W ., C hem . Engineer- 
in -C harge, E x p e rim en ta l S ta tio n , 
O n ta rio  D ep t, of H ea lth , 807 R ich 
m ond S t. W ., T o ro n to  3, O n tario , 
C anada

D es lau rie rs , A lfred J o se p h , C ity  Engr. 
& W a te r W orks S u p t., C ity  H all, 1 
E ig h tee n th  A ve., L ach ine, Q uebec, 
C anada

D esm ara is , R . J . ,  C ity  E n g r., 451 
P a rk  S t. W ., W indsor, O n tario , 
C anada

D u fre sn e , P a u l E d .,  C .E ., Q .L .S ., 
C ity  E ng r., C ity  H all, R ad isson  
S t., T ro is  R iv ieres, Q uebec, C a
n a d a

D u n can , J .  G ., A sst. C hem ., O n ta rio  
D ep t, of H ea lth , R . R . N o . 2, W est 
H ill, O n ta rio , C an a d a  

D urrant* W . K . F .,  C hief O pr., Sew. 
D isp . W orks, P . O. Box 43, M oose 
Jaw , S aska tchew an , C an a d a  

E dgecom be, G . H .,  S up. E ng r., D ep t, 
of N a t’l. H ea lth  & W elfare, 227 
D aly  Bldg. A nnex, O tta w a , O n
ta rio , C an ad a  

E d m o n d s, W . R ., S an . E ng r., D is t No. 
4, D ep t. N a t ’l. H ea lth  & W elfare, 
221 D aly  Bldg. A nnex, O tta w a , 
O n ta rio , C an ad a

E ng lish , L eslie  B ., B .Sc., C .E ., Engr., 
B ureau  of In d u s tr ia l H ygiene , D ep t, 
of H ea lth  & P ub lic  W elfare, 320 
S herbrook  S t., W innipeg , M an itoba , 
C anada

E rw in , R . B la k e , C ons. E ng r., Box 71, 
N iag a ra  F a lls , O n ta rio , C an ad a  

F a lls , O . M ., C om m , of W orks, Y ork 
T w p ., 40 J a rv is  S t., T o ro n to  1, 
O n ta rio , C an a d a

F e rg u so n , G . H .,  C hief E ng r., D ep t, 
of P ensions & N a tio n a l H ea lth , 325 
D a ly  B ldg. A nnex, O tta w a , O n
ta r io , C an a d a

F look , S. E .,  C ity  E ng r., P o rt A rth u r, 
O n ta rio , C an a d a  

F ra s e r , C h a rle s  E . ,  F ra se r B race 
E ng ineering  Co., Inc ., 10 E . 40 th  
S t., N ew  Y ork , N . Y.

F ren ch  R . D e l., P ro f. of H ighw ay  & 
M un ic ipal E ng r., M cG ill U n iver
s ity , M o n trea l, Q uebec, C an a d a

G a lim b e rt G . M ., Sr. S an . E ngr., On
ta r io  D ep t, of H ea lth , 117 Everden 
R d ., T o ro n to , O n tario , C anada 

G a rre tt ,  R . W ., C ity  E ng r., C ity  H all, 
L ondon , O n tario , C anada  

G ass , G eo rge  M ., Sales M gr., N a t'l. 
Iron  C orp ., L td ., 324 C herry  S t., 
T o ro n to , O n tario , C anada 

G ibbons, E . V ., Chief Chem ., S ternson 
L abo ra to ries, B ran tfo rd , O ntario , 
C an ad a

G ib ea u , H . A ., A sst. Chief C ity  Engr., 
5618 P hillips A ve., M on trea l, Que
bec, C an ad a  

G oodw in, S . E .,  O n ta rio  D is t. M gr., 
C has. W arnock  & Co., L td ., H arbor 
C om m . B ldg., T o ron to , O ntario , 
C anada

G ray , W illiam , S an. Insp ., Board of 
H ea lth . Y ork  T w p., K eele and 
E lo ra  R d ., T o ro n to , O ntario , C a
n ad a

G rim m er, A. K ., T ow n D ep t. Engr., 
C an a d ian  In te rn a tio n a l P ap er Co., 
T em iskam ing , Q uebec, C anada 

G u rto n , W illiam  S ., M anag ing  D ir., 
D om in ion  T ru c k  E q u ip m en t Co., 
L td ., K itch en er, O ntario , C anada 

H ad le y , H en ry , C ity  E ngr., C ity  Hall, 
V erdun , Q uebec, C anada  

H ag ey , C. R ., P ro f. E ngr., Box 134, 
F o r t  E rie , O n ta rio , C anada  

H a im es , J a m e s , C ity  E ng r., C ity 
H all, L e th b rid g e , A lberta , Canada 

H a ll , W . N ., D evelopm ent M gr., 
A lkali D iv ., C an ad ian  Industries 
L td ., P . O. Box 10, M on trea l, Que
bec, C an a d a  

H a llg ren , R . A ., W a te r  W orks Supt., 
C ry s ta l B each, O n ta rio , C anada 

H am ilto n , G . M ., F /L , 1/c W ater 
S u p p ly  & Sew . D isp ., N o. 1 T ra in 
ing  C om m and , R C A F , 1050 M ain 
S t. W ., H am ilto n , O ntario , Canada 

H an k in  & C om pany, L td ., Francis, 
2028 U nion A ve., M on trea l, Quebec, 
C an ad a

H an sfo rd , A. E .,  Chief O pr., Sew. 
D isp . P la n t, 70 A rgyle S t., S tra t
fo rd , O n ta rio , C an ad a  

H aw trey , R . O ., A sst. E ng r. & Road 
S u p t., Y ork  T w p ., 40 Ja rv is  S t., 
T o ro n to , O n tario , C anada  

H oey , A. C ., Sew er & W a te r W orks 
E ng r., N ep ean  T w p., 345 Richm ond 
R d ., O ttaw a , O n tario , C anada 

H o w a rd , N . J . ,  D ir., W a te r Purif. 
P la n t, V ic to ria  P a rk  F iltra tio n  
P la n t, Q ueen S t. E . and  N ursewood 
R d ., T o ro n to  2, O ntario , C anada 

H ow e, J .  P .,  T ow n E ngr., Pem broke, 
O n tario , C an ad a  

H u b e i, J .  H .,  C hem . Engr., D evelop
m e n t D ep t., C an a d ian  Industries, 
L td ., P . O. Box 10, M ontrea l, Q ue
bec, C anada  

H u e th e r, A. D ., T ow n Engr., V ictoria 
B ldg., B rockville , O n tario , C anada 

H u rs t , W . D ., C ity  Engr., 223 Jam es 
A ve., W innipeg, M an itoba , C anada

Irv in e , A. S ., T ow n C lerk , S t. S tephen, 
N . B ., C an ad a  

Ja c k , D av id , C ity  E ng r., K ingston, 
O n tario , C anada  

Ja c k , G ra n t R ., C ity  E ngr., S t. Johns, 
N ew foundland , C anada

Jo h n so n , F re d  D .,S t .  Law rence Chem 
ical Co., 55 Y ork  S t., T oron to , O n
ta r io , C an a d a

Jo h n s to n , E . W ., Sr. S an . E ngr., O n
ta r io  D e p t, of H ea lth , P arliam en t 
B ldgs., T o ro n to  2, O n tario , C anada 

K e ith , J . C la rk , G en. M gr., W indsor 
U tilities  C om m ission, 607 C anada 
B ldg., W indsor, O n ta rio , C anada
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Ker, M . F .,  E ngr., S tam fo rd  Tow n- 
ship, 2057 D rum m ond  R d ., N iag 
ara Falls, O n tario , C anada 

Kingston, T . M . S ., C ity  M gr.-E ngr., 
Harrison H all, C h a th am , O ntario , 
Canada

Kinney, J .  B ., M gr., W allace & T ier- 
nan Co., L td ., 350 S orauren  Ave., 
Toronto 3, O ntario , C an a d a  

Knight, C. H ., T he D orr Co., Inc., 80 
Richmond S t. W ., T o ro n to  1, O n
tario, C anada 

Lafreniere, T heo . J . ,  P rovincial San. 
Engr., B ureau of H ea lth  of Q uebec, 
89 E. N otre D am e, M on trea l, Q ue
bec, C anada 

Laidlaw, C. T ., C ity  E ngr., S arn ia , 
O ntario, C anada 

Lamb, C harles, C hairm an , B oard of 
Works, 159 L indsay  S t. S., L indsay, 
O ntario, C anada 

Lamson, B. F ., C ity  Engr., S t. C a th 
arines, O ntario , C anada 

Langlais, Z achee, Cons. E ngr., 105 
M ountain H ill, Q uebec C ity , Q ue
bec, C anada 

Langmuir P a in ts , A tt: M r. A. C h ap 
man, O akville, O ntario , C anada 

Lawson, W . S ., Chief Engr., D ep t, of 
Justice, C onfedera tion  B ldgs., O t
tawa, O ntario , C anada 

Lea, W . S ., Cons. E ngr., 1226 U ni
versity S t., M ontrea l, Q uebec, 
Canada

Leatherland, C. F ., V illage Clerk, 
Acton, O ntario , C anada 

Lee, J . D ouglas, D ep t, of C ivil E ngr., 
Queen’s U niversity , K ingston , O n
tario, C anada 

Lemieux, R . A ., C ity  M gr. & E ngr., 
219A D avis, A rvida, Q uebec, C an 
ada

Ley Charles H ., Sales E ngr., D om in
ion W heel & Foundries L td ., 171 
Eastern Ave., T oron to  2, O ntario , 
Canada

Lloyd, G. H ., C anad ian  Locom otive 
Co., 610 F ederal Bldg., T oron to , 
O ntario, C anada 

M cArthur, F rank lin , Tow nship  E ngr., 
Etobicoke Tow nship, E tobicoke 
Township H all, Islington , O ntario , 
Canada

M cCannel, D . A. R ., C ity  Engr., C ity  
Hall, Regina, S askatchew an , C an 
ada

McCoombs, Jo h n  A ., S up t., Public 
Works & W ater W orks, K enora, 
O ntario, C anada 

M cD onald, N . G ., Cons. E ngr., 1130 
Bay St., T oronto  5, O ntario , C an 
ada

M cFaul, W . L ., C ity  E ngr., H am ilton , 
Ontario, C anada 

M cHugh, C. J . ,  C lerk, ToVvn Hall, 
Riverside, O ntario , C anada 

McKay, R . D onald , San. E ngr., D ep t, 
of Public H ealth , H alifax, N ova 
Scotia, C anada

McKay, W . G ., San. E ngr., D ep t, of 
Pensions & N a t’l. H ealth , 302 
Williamson Bldg., E dm onton , A l
berta, C anada

M cLean, D. L ., S up t., G reate r W inni
peg S an itary  D is t., 185 K ing S t., 
Winnipeg, M anitoba, C anada

M cM anam na, T .L .,  Pres, of In te rn a 
tional W ater Supply  Co., 373 W ort- 
ley Rd., London, O ntario , C anada 

M cM ullen. W . B ., C ity  E ngr., 311 
Ash S t., Sudbury , O ntario , C anada 

M cN iece, L. G ., Tow n Engr., Orillia, 
O ntario, C anada 

M cNiven, R ., Tow n Clerk, Ingersoll, 
O ntario, C anada

M cW illiam s, D . B ., M fg., D resser 
M fg. Co. L td ., 60 F ro n t S t. W ., 
T oron to , O n tario , C anada  

M acK innon , R onald  M ., Com m , of 
W orks, C ity  H all, H alifax, N ova 
S cotia , C anada 

M acL aren , J .  F .,  Cons. Engr., 1130 
Bay S t., T o ro n to  5, O ntario , C an 
ada

M acL ean , J .  D ., T ow n E ngr., Box 
433, T im m ins, O n tario , C anada  

M acL ean , W illiam  D ., C hem . Engr., 
A ssociated C hem ical Co. of C anada  
L td ., 14 D arre l Ave!, T oron to , O n
ta rio , C anada  

M acN ico l, N ., Com m , of W orks, 
F o res t H ill, O n tario , C anada  

M agw ood, W . H .,  C ity  E ngr., C orn
w all, O n tario , C anada  

M ann ing , P a u l, C hairm an , Board of 
W orks, 178 M ain  S t., P o rt D al- 
housie, O ntario , C anada 

M anock , W . R ., H orton  Steel W orks 
L td ., J en n e t S t., F o rt Erie, O n tario , 
C anada

M arsh a ll , W . W ., S up t. of Sewers, 
O rangeville, O ntario , C anada 

M aso n , E . R .,  F lt/S g t., R C A F, 140 
Roslin A ve., T o ro n to  12, O ntario , 
C anada

M ed la n d , C. R ., P res., M um ford  Med- 
land , L td ., 576 W all S t., W innipeg, 
M an itoba , C anada  

M enz ies , D . B ., P rov . San. Engr., 218 
A d m in istra tion  Bldg., E dm onton , 
A lberta , C anada  

M enzies , J .  R o ss, D is t. E ngr., D ept, 
of N a t’l. H ealth , Room  201, 379 
C om m on S t., M on trea l, Quebec, 
C anada

M erlo , Louis A ., J r . ,  c/o S terling  C on
s tru c tio n  Co., W indsor, O ntario , 
C anada

M errill, Jo sep h , Tow n F orem an , 11 
W indall A ve., W eston , T o ro n to  15, 
O ntario , C anada  

M iller, O ily G ., C ity  Engr., 774 Sim- 
coe S t. S ., O shaw a, O ntario , C an 
a d a

M ille r, W . C ., C ity  E ngr., S t. Thom as, 
O ntario , C anada 

M ills , W . S tu a r t , M unicipal Sales, 
P eacock Bros. L td ., Box 214, A u
ro ra, O ntario , C anada 

M o n trea l, City o f, P ublic W orks 
D ep t., H yd ro -E lec tric  D iv w C ity  
H all, M on trea l, Q uebec, C anada 

M organ , G eo rge , G en. M gr., V ictaulic 
Co. of C anada, 200 Bay S t., T o ron to  
1, O ntario , C anada 

M orin , A ., T ow n Engr., 407 Blvd. 
M elancon, S t. Jerom e, Quebec, 
C anada

M o tt, C. A ., C ity  Engr., Belleville, 
O n tario , C anada 

M u n ro e , E . H ., S u p t., D isp. P lan t, 
Y ork T ow nship , 18 N orm anna Ave., 
T o ro n to  10, O ntario , C anada 

M usg rav e , A. S . G ., M un . Engr., 
M unicipal H all, O ak Bay, C. C. 

N ason , E dw ard  M ck ., A sst. C ity  
E ng r., 22 G eorge S t., S t. C atharines, 
O ntario , C anada 

N eck er, C. E .,  Tow n Engr., W aterloo, 
O ntario , C anada 

N ick le, A. J . ,  Sales M gr., D arling  
B ro thers L td ., 140 P rince S t., 
M on trea l, Q uebec, C anada  

N icklin , H . S ., C ity  Engr., C ity  H all, 
G uelph , O ntario , C anada 

O ke, E rn e s t E . W ., M gr. & E ngr., 
P ublic U tilities  Com m ission, C och
rane , O ntario , C anada 

O nions, R o b e rt, Chief E ngr. & B ranch 
M gr., L aurie  & L am b, 284 K ing St. 
W ., T o ron to , O ntario , C anada

O rr, W m . S ., C ity  C lerk  & E ngr., 
C ity  H all, N iagara  F alls, O n tario , 
C anada

O w en, M ark  B ., Cons. E ngr., Russell
B. M oore Co., 1456 N . D elaw are 
S t., Ind ianapo lis  2, Ind iana  

P a rso n s , R . H .,  C ity  Engr., 133 Sim- 
coe S t., P eterborough , O ntario , 
C anada

P e lz , W m . J . ,  M ajor, P res ton , O n
ta rio , C anada 

P eq u eg n a t, R ob t. K ., D ist. E ngr., 
D ep t, of P. & N . H ealth , P . O. Box 
605, H alifax, N ova Scotia, C anada 

P e rry , A. H ., D ist. Engr., D ep t, of P . 
& N . H ealth , Box 1012, V ancouver, 
B ritish  Colum bia, C anada 

P h e lp s , G eo ., Engr. of Sewers, D ep t, 
of W orks, C ity  H all, T o ron to , O n
ta rio , C anada 

P hilips, H . S ., Cons. E ngr., 35 In v er
ness A ve. W ., H am ilton , O ntario , 
C anada

P o rte r , T hom as H ., San. & Civil Engr., 
Box 38, P ortage la  P rairie , M an i
toba , C anada 

P ow ell, G . G ., Com m , of W orks, C ity  
H all, T o ron to  2, O ntario , C anada 

P ow ell, J .  G ., Cons. Engr., G ore 8c 
S torrie , 1130 Bay S t., T oron to  5, 
O ntario , C anada 

P rin g le , H . L ., M gr., Public U tilities 
Com m ission, W hitby , O ntario , C an 
ada

R an d a ll, W . T ., N ep tune  M eters L td ., 
L akeshore Rd., Long Branch, O n
ta rio , C anada 

R aw son , E . O tto , Tow n E ngr., B arrie, 
O n tario , C anada 

R ea d , Jack  E ., R d. S up t., Tow nship 
of G ran th am , R. R. N o. 2, S t. 
C atharines, O ntario , C anada 

R ed fe m , W . B ., Cons. E ngr., Excelsior 
Life Bldg., 36 T oron to  S t., T oronto
1, O ntario , C anada

R eid , G . G raham , Cons. Engr., 264 
A venue R oad, T oron to , O ntario , 
C anada

R ichards, G . H ., C ity  E ngr., B ran t
ford, O ntario , C anada 

R ieh l, W . H ., C ity  Engr., C ity  H all, 
S tra tfo rd , O ntario , C anada 

R oberton , L . F .,  Sew. D isp. Engr., 565 
W illiam  S t., London, O ntario , C an
ada

R o b erts , E . F ., Sec.-T reas., G rand 
R iver C onservation  Com m ., Box 
720, B ran tfo rd , O ntario , C anada 

R obinson , B ., D ist. M gr., H ardinge 
Co., Inc., Room 305, 200 Bay S t., 
T oron to , O ntario , C anada 

R obinson , G . G ., Pres., C oncrete Pipe 
L td ., 402 H arbo r Com m . Bldg.. 
T oron to , O ntario , C anada 

R obinson , I. F ., C o n trac to r for R e
m oval of Sludge, 28 L an g arth  S t., 
London, O ntario , C anada 

R ogers , M . W ., M gr. P ublic U tilities 
Com m ., C arleton  P lace, O ntario , 
C anada

R olfson , O rv ille , Cons. E ng r., 607-608 
B a rtle t Building, W indsor, O n
ta rio , C anada 

R um ble , G . B ., R . R . N o. 1, A therley , 
O ntario , C anada 

R uscica, S am uel, G en. M gr., R uscica 
Bros., 26 In d u s tria l S t., Leaside, 
O ntario , C anada 

R u sse ll, J .  P .,  A sst. E d ., “ C anad ian  
E ngineer,’’ 341 C hurch S t., T oron to
2, O ntario , C anada

S cheak , H . M ., Chem ., N . T o ron to  
Sew. P lan t, 75 R osedale H eights, 
T o ron to  5, O ntario , C anada
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S ch ro ed e r, G . W ., Sales M gr., Vic- 
ta u lic  Co. of C an ad a , L td ., 200 B ay 
S t., T o ro n to , O n ta rio , C anada.

S co tt, W . M ., C ha irm an  of C om m ., 
G rea te r W inn ipeg  S an. D is t., 185 
K ing  S t., W innipeg, M an itoba , 
C an ad a

S harp , G . W ., S ec.-T reas., Carroll- 
S h arp  C o n s tru c tio n  L td ., 43 S co tt 
S t., T o ro n to , O n tario , C anada

S hook , H o w a rd  R ., A sst. Sales M gr., 
N a t’l. Sew er P ipe  Co., 320 B ay  S t., 
T o ro n to , O n ta rio , C an ad a

S h u p e , S ., C ity  E ng r., C ity  H all, 
K itch en er, O n ta rio , C an ad a

S im m onds, I .  G ., A sst. C hem . E ngr., 
O n ta rio  D e p t, of H ea lth , 807 R ich 
m ond S t. W ., T o ro n to  3, O ntario , 
C an ad a

S m ith , E . E . ,  C ity  E ngr., C ity  H all, 
S au lt S te . M arie , O n tario , C anada

S m ith , F . L ., W orks S u p t., 14 T hom as 
S t., M err it to n , O n tario , C an a d a

S m ith , W . T . E ., Sales E ngr., U nited  
S tee l C orp ., L td ., 58 P elham  A ve., 
T o ro n to  9, O n tario , C an ad a

S n e a th , R oy G ., C ivil & M un. E ngr., 
M eadow s, C rito p h  & M isener, 62 
R ichm ond  S t. W ., T o ro n to , O n
ta rio , C anada

S ta lk e r , W . D ., M g r*  P ub lic  U tilities  
C om m ., Sim coe, O ntario , C anada

S tew art, E a r l, P la n t C hem ., 1315 
M cT av ish  S t., R egina, S ask a tch e
w an, C anada

S tew art, F . C ., Cons. E ngr., 1007 
D om inion B ank  Bldg., V ancouver, 
B ritish  C o lum bia, C anada

S to rrie , W m ., Cons. E ngr., 1130 Bay 
S t., T o ro n to  5, O n tario , C anada

S tric k lan d , G . H .,  S u p t. of F iltra tio n , 
607 C an a d a  B ldg., W indsor, O n
ta rio , C an ad a  

S tu reg o n , R . G ., T ow n E ngr., P o rt 
E lgin, O n ta rio , C an ad a  

S u tcliffe , H . W ., Sutcliffe Co., L td ., 
N ew  L iskeard , O n ta rio , C an ad a  

T e rn e n t, A ndrew , C om m . of W orks, 83 
D e F o re s t R d ., S w ansea, O n tario , 
C an ad a

T h o m as , A. H . R ., S u p t. P ub lic  U tili
ties C om m ., 874 L ake S hore R d ., 
N ew  T o ro n to , O n ta rio , C an a d a  

T h o m as , E . C ., S an . E ngr., P ublic 
H ea lth  & W elfare D ep t., C ity  H all, 
H alifax , N ova S co tia , C an ad a  

T y le r, H . G ., S an . Ins., O n ta rio  D ep t, 
of H ea lth , P a rliam e n t B ldgs., T o r
o n to  2, O n ta rio , C an a d a  

U nderw ood , J .  E . ,  C ons. E ng r., 502 
G rain  B ldg., S askatoon , S ask a tc h e 
w an, C anada  

U re , D oug las G ., Cons. E ngr., 24 
Q ueen S t., S t. C a th arin es , O ntario , 
C anada

V eitch , W m . M ., C ity  E ng r., C ity  
H all, L ondon , O n ta rio , C an ad a  

V en ab les, W . M ., T he  School of 
H ygiene , U n iv ers ity  of T o ron to , 
T o ron to , O n tario , C an ad a  

V incent, G . G ., T echn ica l Service, 
C an ad ian  In d u s trie s  L td ., H ouse, 
P . O. Box 10, M o n trea l, Q uebec, 
C an a d a

W a d d e ll, W . H .,  C ity  E ng r., O wen 
S ound, O n tario , C an ad a  

W a lte rs , F . Y ., G en. Sales M gr., Jo h n  
Inglis Co., L td ., 14 S trac h an  A ve., 
T o ro n to  1, O n tario , C an ad a  

W atm ough , W . W ., S u p t. C hem ., 
D epew  D isp . P lan t, 118 B alm oral 
A ve. S., H am ilton , O n tario , C an ad a

W eav er, E . D ., M gr., P ub lic  U tilities 
C om m ., P e tro lia , O n tario , C anada

W e b b er, R . H ., Brow n Engineering 
Co., 15 A lcorn  A ve., T o ro n to  5, 
O n ta rio , C an a d a

W eir, H . M cL ean , A sst. C ity  Engr., 
C ity  E ngrg . D ep t., S askatoon , Sas
ka tchew an , C anada

W ilkes , F . D ean , M gr., C ontro l & 
M ete ring  L td ., 454 K ing S t. W., 
T o ro n to  1, O n ta rio , C anada

W illiam s, J .  T ., A dv . M gr., “ Engi
neering  & C o n t. R eco rd ,’’ 347 A de
la ide S t., W ., T o ro n to  2B, O ntario, 
C an ad a

W ilson , A lex, Sales M gr., P um ps and 
S ofteners, L td ., L ondon, O ntario, 
C an ad a

W ilson , N . B ru ce , P res., B ritish  Liq
uid  M e te r  Co. & A u to m a tic  C lutch 
C orp . of C an a d a , 388 Y onge St., 
T o ro n to , O n ta rio , C an a d a

W ilson, W illiam  B ., W orks and  Bldgs. 
E ngr., 31 S .F .T .S ., A nnandale  A pts., 
S ydenham  S t., K ingston , O ntario , 
C an a d a

W ilson , W . G ., M gr., C an a d a  V itrified 
P ro d u c ts  L td ., S t. T hom as, O n
ta rio , C an ad a

W ood , J .  R .,  A sst. C ity  E ngr., C ity 
H all, C algary , A lb erta , C anada

W o o d h o u se , H e rb e r t  M ., A cting City 
E n g r., C ity  H all, F o r t  W illiam, 
O n ta rio , C an ad a

W oods, W . G ., T ow n  C lerk , Hespeler, 
O n ta rio , C an a d a

W oolidge , H . V ., W allace  and  Tiernan 
L td ., 350 S o rau ren  A ve., Toronto, 
O n ta rio , C an a d a

Y aeck , A rth u r  W ., 104 M arg are t St., 
A p t. 4, K itch en er, O n ta rio , Canada

Central States Sewage Works Association
Mr. John C. Mackin, Secretary-Treasurer, c/o Nine Springs Sewage Treatment Plant, 

Route No. 4, Madison 5, Wis.

A bplanalp , C. C ., W allace & T iernan  
Co., 1229 W . W ash in g to n  B lvd ., 
C hicago 7, 111.

A dam s, C h as . L ., M ajo r, S n .C ., 202 
E lk s B ldg., Jo lie t, 111.

A dam s, C la rence  D ., W a te r  P lan t 
S u p t. & Cons. C hem . E ng r., P . O. 
Box 307, N ew  A lbany , Ind .

A dam s, F ra n k , O pr., 2100 S. J  S t., 
E lw ood, In d .

A dam s, G eo rge  R .,. S u p t., 2802 N. 
D earb o rn  S t., Ind ianapo lis , Ind .

A likonis, J .  J . ,  C hem ., B loom ington 
& N orm al S an . D is t., B loom ing
to n , 111.

A ik, L ew is C ., C iv il E ng r., c /o  J .  B. 
C low  & Son, 6124 N . W ash tenaw , 
C hicago 45, 111.

A n derson , G eo . H .,  C ons. E ngr., 
A nnex B ldg., H errin , 111.

A n derson , N orval E .,  E ng r. of T r. 
P la n t D esign , S an . D is t. of Chicago, 
910 S. M ich igan  A ve., C hicago 5, 111.

A n d erso n , R aym ond  E ., A nal. C hem ., 
A b b o t L ab ., N o r th  Chicago, 801 
M assena A ve., W aukegan , 111. 

A n derson , S am , V iroqua, W is.
A nti, Jo h n  C ., 1141 8 th  A ve., S. S t.

P au l, M inn .
A rbogast, J o se p h , O pr., 117 N . E lls

w o rth  S t., N aperv ille , 111.
A shdow n, W . L ., S u p t., P . O. Box 158, 

C hicago H eig h ts , 111.

B ab b itt, H . E ., S an . E n g r., 204 E ng i
neering  H all, U niv . of Illinois, 
U rb an a , 111.

B ackm eyer, D av id , S u p t., 1520 W . 
F o u r th  S t., M arion , Ind .

B ae r, A rlie , S u p t., M un . W a te r  D ep t., 
L aw renceburg , Ind .

B ae tz , C. O ., 1103 N . A pp le ton  S t., 
A pp le ton , W is.

B aillie , E . P . ,  1st L t., 412 W . M issis
sippi, R u s to n , L a.

B an is te r , A. W ., C ons. E n g r.,B an is te r  
E ngr. Co., 490 N . S nelling A ve., 
S t. P au l 4, M inn.

B a rn e tt, G . R .,  O pr.-C hem ., 519 C om 
m ercial B ank  B ldg., P eoria , 111.

B artsc h , A. F .,  B iol., R m . 453, S ta te  
Office B ldg., 2127 U n ivers ity , M ad i
son  5, W is.

B artz , E rw in  A ., 2806 W est S t., Tw o 
R ivers, W is.

B ax te r, R . R ., S u p t., Sew. T r . W ks., 
204 W . 10 th  S t., A nderson , Ind .

B ay lis , Jo h n  R ., P h y . C hem ., 1643 E. 
8 6 th  S t., C hicago 17, 111.

B ea rd , A rth u r H ., J r . ,  S an . E ngr., 756 
N . A rling ton  A ve., Ind ianapo lis  1, 
Ind .

B ea tty , E . J . ,  C ap t., 0-528137, 326 
A A F  Base U n it, S qn. H ., M acD ill 
F ield , F la.

B eau d o in , R o b e rt E . ,  O pr. C hem ., 
3424 A rden , H ollyw ood, 111.

B ed k e r , O scar, S u p t., Sewage T r. 
P la n t , 154 P ro sp ec t A ve., Beaver 
D am , W is.

B eck , A. J . ,  C hem ., 215 S ou thco te  Rd., 
R iverside , 111.

B ec k er, C . H .,  M ech. Engr., c/o 
G reeley  & H ansen , 6 N . M ichigan 
A ve., C hicago 2, 111.

B eckm an , L eroy J . ,  F ield  Engr., 
W allace & T ie rn an  Co., Inc., 107 S. 
S te w a rt A ve., L om bard , 111.

B e la sk as , A. J . ,  S an . E ngr., Industria l 
S an . E ng ineering , 723 W . Chicago 
A ve., E a s t Chicago, Ind .

B en d e r, D w igh t O ., Chem ., 932 N . 
H aw th o rn e  L ane, Ind ianapo lis, Ind.

B ergm an , O . O ., C ity  E ngr., 522 
Jefferson  A ve., S p a rta , W is.

B e m a u e r , G eo . F .,  S an . E ngr., 713 
C h ap m an  S t., M ad ison  5, W is.

B e m ts e n , B e rte l, O pr., Sew age P lan t, 
204 N . D iv ision  S t., S tou g h to n , W is.

B e rry , G eo . A ., O pr., R . R . 2, Box 
440, Ind ianapo lis , Ind .

B e rs , G . D ., P res., C hicago P um p  Co., 
2336 W olfram  S t., C hicago 13, 111.

B esozzi, L eo , C ons. E ng r., 314 H am 
m ond B ldg., H am m ond , Ind .

B ev ing ton , W a rre n  C ., P res., Beving- 
to n , T a g g a rt & F ow ler, E ngrs., 730 
K . of P . B ldg., In d ian ap o lis , Ind .

B ird sa ll, L. I . ,  P . O . Box 75, G lencoe, 
111.
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Birkeness, O . T .,  1229 W . W ash ing ton  
Blvd., Chicago 7, 111.

Bjelajac, V a so ,C a p t., Sn .C ., 0-475593. 
AAF R egional S ta tio n  H ospital, 
San. D ep t., B rookley F ield , Ala.

Black, H ayse  H ., C ap t., C orps of 
Engrs., T h e  E ngineer Board, F t. 
Belvoir, V a.

Black & V eatch, 4706 B roadw ay Bldg., 
K ansas C ity , M o.

Bloodgood, D onald  E .,  S u p t., Civil 
Engineering B ldg., P u rd u e  U n iver
sity, L afayette , Ind .

Bloom, E nos E ., S u p t. of Sewage 
Tr., Oblong, 111.

Bogema, M arv in , Cons. Engr., R t. 
No. 2, F o rres t H om e D rive , Ith a ca , 
N . Y.

Bogost, M eyer S ., C ap t., S urgeon’s 
Section, A A FR S N o. 1, C onven tion  
Hall, A tlan tic  C ity , N . J .

Boles, Jo h n , O pr., Sewage T r . P lan t, 
1321 W . Second S t., M arion , Ind .

Boley, A rthur L ., A sst. C ity  Engr., 
Sheboygan, W is.

Borchardt, J .  A ., A sst. S an . E ng r., 215 
U. S. C ourthouse, P o rtlan d , Ore.

Bosch, H e rb e r t M ., L t. Col., c/o M rs. 
H erbert Bosch, P ilo t G rove, M o.

Bradney, L e land , E ng ineer’s Office, 
Sioux Falls, S. D ak .

Bragg, R obert E .,  O pr., 5859 N . New 
Jersey S t., Indianapolis, Ind .

B raggstad, R . E .,  C ity  Engr., C ity  
Hall, Sioux F alls, S. D ak .

B rensley, A. A ., Cons. San. Engr., 940 
S. Poplar S t., K ankakee , 111.

Brody, Jam e s, O pr., 417 M elrose Ave., 
Glen Ellyn, 111.

Brook, H arry  L ., S up t., 313 N . M aple 
S t., Osgood, Ind .

Brower, J a m e s , S u p t., 3021 N . 36 th  
St., M ilw aukee, Wis.

Brunner, P au l L ., Chem ., 1229 Swin- 
ney Ave., F o rt W ayne, In d .

Buck, R oss J . ,  Chief Engr., 308 E. 
M ain Cross S t., E d inburg , Ind .

Burger, A rnold W ., S up t., 1315 11th 
S t., M enom onie, W is.

Burgeson, J .  H .,  C ap t., C orps of 
Engrs., 101 T u d o r S t., A p t. B., 
Pineville, La.

B urrin, T hom as J . ,  S u p t., 206 W . 
W ashington S t., Lebanon, Ind .

Burt, G. L ., 1st L t., 0-928993, S qd. M .. 
420th A AF Base U nit, M arch  
Field, Calif.

B urton, L. E ., Sew erage S up t., M t. 
Vernon, 111.

B ushee, R alph  J . ,  San. E ngr., 220 
W est LaSalle S t., S ou th  B end, Ind.

Caldwell, H . L ., Cons. E ngr., 803 W. 
College A v £ , Jacksonville , 111.

Callen, Loy A ., C ap t., 0-502714, M edi
cal Inspector, H q . Sp. T rs ., A dv. 
Ech., G H Q , A FP A C , A PO  500, 
c/o P ostm aste r, San  F rancisco, 
Calif.

Callon, H arry  A ., Chief Engr., M us- 
ca ta tuck  S ta te  School, Butlerville, 
Ind.

Calvert, C. K ., S up t., Box 855, In d ia n 
apolis, Ind .

Cam pbell, M . S . A ., B act., Ind iana  
S ta te  Board of H ealth , 1098 W . 
M ichigan S t., Indianapolis  7, Ind .

Capraro, P au l E ., S up t., c/o S an itary  
D ept., Tw o R ivers, W is.

Cardwell, Edw . C ., Assoc. San. E ngr., 
1523 S paigh t S t., M adison 4, W is.

Carey, W m . N ., Col., Secy. A SC E , 33 
W est 39 th  S t., N ew  Y ork, N . Y.

C arlson , P au l R ., C hem ., 411 S. C hi
cago A ve., R ockford , 111.

C arp en te r, C arl B ., E ngr. 8c Supt., 
S an. D is tr . of H am m ond, 5135 
C olum bia A ve., H am m ond, Ind .

C arson , R . G ., 4603 Bruce Ave., 
M inneapolis 10, M inn.

C a rte r , E a rl, S u p t., P . O. Box 543, 
H enn ing , M inn.

C as te r , A rth u r, San. E ng r., 488 M ea 
dow ay P ark , W o rth ing ton , Ohio

C hurch , D ean  F ., S u p t., W a te r & 
Sew age P lan ts , 513 Second A ve. S., 
S t. Jam es, M inn .

C la rk , A rthur T ., Sec., W a te r 8c Sew 
age W orks M fgrs. A ssn., 170 B road
w ay, C orner of M aiden  L ane— 
R m . 308, N ew  Y ork  7, N . Y.

C la rk , K en n e th  M ., C om dr., (CEC) 
U SN R , 5220 D rew  A ve. S., M inne
apolis 10, M inn.

C la rke , S am ue l M ., Cons. Engr., 6 N. 
M ichigan A ve., Chicago 2, 111.

C lem , C urtis  B ., 2242 B roadw ay, 
A nderson , Ind .

C lin ton , M e rr it t O ., P res., M cM ahon 
Engineering  Co., M enasha, W is.

C lore , L. B ., C ity  H all, C raw fords- 
ville, Ind .

C ole, C has. W . ,  Cons. Engr., 220 W . 
L aSalle A ve., S ou th  Bend, Ind .

C ondrey , L aw rence M ., Prof. Engr., 
3436 N . T em ple A ve., Indianapolis, 
Ind .

C onsoer, A rthur W . ,  Cons. Engr., 211 
W . W acker D rive, Chicago 6, 111.

C ornell, R . M ., In s tr ., C ivil Engr. 
D ep t., U niv. of M inneso ta , M inne
apolis, M inn.

C ornilson , C. K ., O pr., P . O. Box 69, 
P rov ing  G round , 111.

C orpstein , O sw ald , S up t., Sewage 
P lan t, 102 E . M ain  S t., M ascoutah , 
111.

C orrington , C. E ., S up t., Sewage 
T r . P lan t, 603 W . S ou th  S tree t, 
C lin ton , 111.

C ouch, L. I . ,  C ivil Engr., R .R .4 , Box 
771, Ind ianapo lis  44, Ind .

C overt, H en ry  R ew , S u p t., Sewage 
T r . P lan t, 3410 10th S t., G ulfport, 
M iss.

C ox, Clifford B ., Engr., 4241 Ravens- 
w ood, Chicago 13, 111.

C raig , C lifford, O pr., 310 H um iston  
S t., P on tiac , HI.

C ropsey, W . H .,  c/o Sewage D isposal 
C om ., S. S t. P aul, M inn.

C ross, R u sse ll, O pr., Sewage T r. 
P lan t, P . O. Box 255, L adoga, Ind .

C u rtis , C live W ., Sew age P la n t Opr., 
M an teno  S ta te  H osp ital, M anteno, 
111.

D aley , S tan ley  J . ,  Chief Engr., C h i
cago San. D is tr ic t, 1515 W . M onroe 
St*., Chicago 7, 111.

D an ie ls , H e rsh e l, A sst. Sewage D isp. 
O pr., Sycam ore, 111.

D avis, D . A ., Chief O pr., 210 M organ 
S t., C raw fordsville, Ind .

D av is , F red erick  E ., 245 E . Keefe S t., 
M ilw aukee, W is.

D avis, H . A ., Cons. E ng r., 303 C om 
m erce Bldg., S t. P au l 1, M inn.

D avison , R u sse ll, S u p t., W a te r 8c 
Sew erage, P la ttev ille , W is.

D aw son, N orm an , 104 S. T ay lo r 
A venue, O ak P a rk , 111.

D ay, L . A ., 4456 Floriss P lace, S t. 
Louis, M o.

D eB erard , W . W . ,  Engr., 402 C ity  
H all, Chicago 2, 111.

D eB run , Jo h n  W ., J r . ,  R esident 
E ngr., T aylo rv ille , 111.

D eck er, W a lte r  G ., M ajor, C .E ., 
Blue G rass O rdnance D epo t, R ich
m ond, K y .

D eckert, C hrist, O pr., 602 S. S ixth 
S t., D elavan , W is.

D eLeuw , C. E .,  Cons. Engr., 20 N . 
W acker D r., Chicago 6, 111.

D eP oy , A. G ., O pr., 117 S ix th  A ve., 
S. S t. P aul, M inn.

D epp, D avid , Pub lic  H ea lth  Off., 
Public H ealth  S an ita rian , V ersailles, 
Ind .

D euch ler, W a lte r  E ., Cons. Engr., 63 
S. LaSalle S t., A urora, 111.

D ick, R obert, J r . ,  S up t., 267 Colum bia 
Ave., E lm hurst, 111.

D ietz , J .  C ., M ajor, B rooklyn, W is.
D iller, W a lte r  W ., Chem ., 873 W . 

N orth , D eca tu r 34, 111.
D im m itt, B ruce S ., D ist. San. Engr., 

409 E . W a lnu t S t., G reen Bay, W is.
D om ke, L. C ., Chem ., W aukegan 

W ater W orks N o. II , W aukegan, 
111.

D om ogalla, B ernha rd , D r., Biol., C ity  
Board of H ealth , 110 N . H am ilton  
S t., M adison 3, W is.

D ow ner, W m . J . ,  P rincipal San. 
Engr., S ta te  D ep t, of Public H ealth , 
Springfield, 111.

D oyle, W m . H .,  San. E ngr., P . O. Box 
270, W isconsin R apids, W is.

D rak e , Ja m e s  A ., C ap t., Sn.C ., Vigo 
P lan t, Chem ical W arfa re  Service, 
T e rre  H au te , Ind .

D re ie r, D. E ., D iv. of San. E ngr., 
S ta te  D ept, of Public H ealth , 
Springfield, 111.

D udley , D . E ., M ech. Engr., 1909 
R egent S t., M adison 3, W is.

D un d as , W m . A ., San. E ngr., C h i
cago San. D ist., 910 S. M ichigan 
A ve., Chicago 5, 111.

D unm ire , E . H ., Cons. E ngr., 497 E. 
R osem ary  R oad, L ake F orest, 111.

D u n se th , R ., Engr. A sst., 603 B ryn 
M aw r B lvd., Springfield, 111.

D u st, Jo sep h  V., 859 E . Losey S t., 
G alesburg, 111.

D uvall, A rndt J . ,  San. E ngr., 1391 
F airm o u n t, S t. P au l 5, M inn.

E b n e te r, W a lte r , O pr., Sewage P lan t, 
B ronson A ve., P ortage , W is.

E gger, O scar O ., 130 E. N in th  S t., 
F ond  du  Lac, W is.

E in se le , R obert, A sst. Chem ., H am 
m ond Sew. T r . P lan t, 6531 M onroe 
A ve., H am m ond, Ind .

E p ler, J .  E .,  S up t., P . O. Box 724, 
D anville , 111.

E rickson, C arl V ., 809 N . R idgeland, 
O ak P ark , 111.

E vans, R . W ., O pr., V ersailles, Ind .
E verson , R . B ., E verson M fg. C o ., 214 

W est H uron  S t., Chicago 10, 111.
F aeh rm an , E lm er H ., S up t., T r. P lan t, 

H ales C orners, W is.
F aget, W a lte r  H ., A sst. Chief E n g r., 

San. D is t. of Chicago, 3147 W a sh 
ington  B lvd., Chicago, 111.

F arn sw o rth , G eo. L ., J r . ,  230 C hristie  
S t., O ttaw a , 111.

F assn ach t, G eo . G ., San. Engr., 366 
G ood, Ind ianapo lis  1, Ind .

F av reau , R . E .,  San. Engr., S ta te  
D ep t, of P ub lic  H ealth , 700 W . 
M ain  S tree t, H igh land , 111.

F e ltz , F red  C ., S u p t., Sewage T r. 
P lan t, Box 261, W est M cH enry , 
111.

F e re b e e , Ja m e s  L ., Chief Engr., P . O. 
Box 2079, M ilw aukee, W is.
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F ig e ley , P a u l ,  S u p t., 215 T h ird  A v e
nue, R ock  F a lls , 111.

F itz g e ra ld , E dw . P . ,  S u p t., 530 B road 
w ay , W isconsin  D ells, W is.

F isch e r, M a th .,  S u p t., 114 S. S even th  
S t., W est B end, W is.

F la t t ,  T ru m a n  L ., R .R . N o . 5, Box 154, 
’S pringfield , 111.

F o rd , J .  R ., L t., S an . Off., C am p 
A tte rb u ry , In d ., 1112 23rd  S t., 
C o lum bus, Ind .

F o re , C lifford, S u p t., W a te r  & Sewage 
T r . P la n t, 800 S. W all S t., C arbon- 
dale, 111.

F o rre s t, T h o s . H .,  S an . E ng r., 7758 
N . E a stlak e  T e rrace , C hicago 26, 
111.

F o rtm a n , Jo h n  A ., S u p t., W hea to n  
S an. D is t., 223 N . M organ  A ve., 
W h e a to n , 111.

F o ste r , C has ., C ons. E ng r., 316 M edi
cal A rts  B ldg., D u lu th , M inn.

F o th , H e rb e r t  S .,  C ons. E ngr., 225 
C olum bus B ldg., G reen  Bay, W is.

F raz ie r, E rn e s t, S u p t., Sewage T r. 
P la n t, C o u rt H ouse, G reenfield, 
Ind .

F raz ie r, R . W ., S u p t. Sew age P lan t, 
C ity  H all, Sew erage Com m ission, 
O shkosh, W is.

F raz ie r, W . H ., S u p t., 3601 N . M e
rid ian , Ind ianapo lis, Ind .

F red e rec h , H oy t A ., A sst. S an . Engr., 
P .O . B o x 212, H errin , 111.

F ree lan d , B . H .,  S u p t. of U tilities, 
B luffton, Ind .

F reem an , L . H . ,  Sew age W orks Opr. 
& S u p t., 1 1 N .  F if th  S t., G eneva, 
111.

F re tc h e r , K arl W ., S u p t., Sewage 
T r. P lan t, P . O. Box 266, W inona 
Lake, Ind .

F u lm e r, F ra n k  E ., C ap t., R .F .D . No. 
2, M ishaw aha, Ind .

G ail, A. L ., S u p t., N o rth  Shore S an i
ta ry  D is t., 1015 S t. Jo h n s  A ve., 
H igh land  P a rk , 111.

G e ls to n , W . R ., S u p t., 415 H am psh ire  
S t., Q uincy , 111.

G era rd , F . A ., A sst. C ivil E ngr., 242 
C olum bia A ve., P a rk  R idge, 111.

G etz , M u rray  A ., D is t. San. E ngr., 111 
D ean  S t., W oodstock , 111.

G iesey , J .  K ., D iv . E ng r., 2243 
S co ttw ood  A ve., T oledo  10, Ohio

G ifford, J .  B ., C hem ., Sew age D is
posal P lan t, 1125 M ap le  S t., 
M ich igan  C ity , In d .

G m ein er, F ra n k , N eenah -M enasha  
Sew erage C om m ., M enasha , W is.

G ohde, C harles  H .,  C ap t., 0-517033, 
S ta tio n  H osp ita l, C olum bus A .A .F ., 
C o lum bus, M iss.

G oodm an, A rnold  H ., S u p t., 363 
D ow ning R d ., R iverside, 111.

G ordon , A rth u r, E ng r., 1430 H ow ard  
S t., C hicago 26, 111.

G ordon , C h arles  W ., C hief Engr., 
D ry in g  & In c in e ra tio n  D ep t., 
C om bustion  E ng r. Co., In c ., R a y 
m ond P u lverize r D iv ., 1319 N . 
B ranch  S t., C hicago 22, 111.

G o th a rd , N . J . ,  A sst. C hief C hem ., 
S incla ir R efin ing  C o., E . Chicago, 
In d .

G rab b e  C o nstruc tion  C o., H . A ., 500
Belle S t., A lton , 111.

G ra b b e rt, G ilsey  R ., A n a ly st, N ine 
S prings T r. W orks, 2409 N orw ood 
Place, M ad ison  5, W is.

G ra d e n , P a u l W ., S u p t., 1007 Bell 
P lace , H illsboro , 111.

G ran th am , G . R ., C a p t ., S n .C ., AUS, 
0-515884, Box 1857, P o rtla n d , 
M ich.

G rav es , C arl T .,  S u p t., D e tro it Lakes, 
M inn .

G ree le y , S am u e l A ., C ons. E ngr., 6 N. 
M ich igan  A ve., C hicago 2, 111.

G re e n , R oy F .,  O pr., Sew age T r. 
P la n t, C ity  H all, 724 T e n th  S tree t, 
B em idji, M inn .

G rego ry , T o m , Sew age W orks  O pr., 
C ity  H all, Salem , 111.

G riffith , C h arles  R ., A sst. C hem . Sew. 
T r . W ks., 2418 E a stb ro o k  D rive, 
F o r t  W ay n e  3, W is.

G ro ss , C arl D ., E ng r., S ta te  D ep t, of 
H ea lth , S pringfield, 111.

G ro ssh an s , E d w ard  W ., 1011 W a ter 
S t., B araboo , W is.

G u n th e r , G . A ., D is t. M gr., C hain  
B elt Co., 20 N . W ack er D rive , 
C hicago 6, 111.

H aag , G e ra ld , P la n t O pr., c/o  W a lte r 
E . K roening , V illage M gr., G reen- 
dale , W is.

H a g e r , F re d , O pr., 123 N o rth  A venue, 
B arrin g to n , 111.

H alff, A lbert H .,  C ap t., S ta tio n  
H osp ita l, M y rtle  B each, S. C.

H a le , F ran ck  C ., C W O , USA , A ero- 
M ed. L ab ., W rig h t F ie ld , D ay to n , 
Ohio

H all, G eo ., L ., R .R . 3, B loom ington, 
111.

H all, G eo . M ., P rof. E ng r., 3358 N . 
51st B lvd ., M ilw aukee, W is.

H a ll , S . P . ,  128 G rah am  A ve., Eau 
C la ire , W is.

H alvo rson , H . O ., P rof., B ac t., 215 
M illard  H all, U niv . of M inneso ta , 
M inneapolis , M inn .

H am ilto n , L . A ., 5445 X erxes A ve.
S., M inneapo lis  10, M inn.

H am ilto n , R . C ., B io .-C hem ., 316 N . 
M u lb erry  S t., E lizabe th tow n , K y .

H am m o n d  B oard  of S an ita ry  C om 
m iss io n e rs , A nne Baciu, S ecy ., 5135 
C olum bia A ve., H am m ond , Ind .

H an so n , A rth u r C ., A cting  C ity  Engr., 
804 S. F ra n k lin  S t., A ustin , M inn .

H ard m a n , T h o m as T .,  C ons. Engr., 
H ippod rom e B ldg ., T e rre  H au te , 
Ind .

H arm o n , Jaco b  A ., Cons. E ng r., 144 
F red o n ia , P eoria , 111.

H arm o n , R ay , T r . P la n t O pr., E lroy , 
W is.

H a rr is , G eo . C ., O pr., 127 S. S ta te  
R oad , A rling ton  H eigh ts, 111.

H a rr is , T . R ., P res., E ng ineering  S erv 
ice C orp ., D ec a tu r  C lub  B uilding, 
R oom  106, D eca tu r, 111.

H a rtm a n , B . J . ,  E ng r., 608 N . E ig h th  
S t., Sheboygan , W is.

H a rtu n g , N . E ., O pr., 627 Sem inary  
S t., R ich lan d  C en te r, W is.

H a s fu r th e r , W m . A ., C a p t., 7723 S. 
A da S t., C hicago 20, 111.

H atfie ld , W . D ., D r .,  S u p t., 249 
L inden , D e c a tu r  45, 111.

H a tte ry , C has . E ., Chief Chem ., 
19£ Ew ing S t., P eru , Ind .

H ay , T . T . ,  S u p t., 21 S tre e t & G rand  
A ve., R ac ine , W is.

H e id e r, R o b e rt W ., S an . E ng r., 1098 
W . M ich igan  A ve., Ind ian ap o lis  7, 
In d .

H e im , M itz i S ., Chem ., 1212 S uperior, 
R ac ine, W is.

H e ip le , L o ren  R ., L t., Sn .C ., 224 W . 
N o r th  S t., H insdale , 111.

H e is ig , H en ry  M ., R esearch  Chem ., 
Box 2079, M ilw aukee, W is.

H e lle r , L loyd J . ,  Chief O pr., 19 N orth  
15 th  S t., F t .  D odge, Iow a.

H e n d rick s , G e ra ld  F .,  1371 W . 27th 
S t., Ind ian ap o lis  8, In d .

H e n n , D onald  E ., 517 S. F ou rth  
S tree t, D ekalb , 111.

H en se l, E u g en e  C ., San. E ngr., 318 
W . M a in  S t., S p a rta , W is.

H e rm a n n , F . X ., A sst. O pr., 3152 
4 0 th  A ve. S., M inneapolis 6, M inn.

H e rr ic k , T . L ., S an . E ng r., 717 N . 
W ash ing ton  S t., P a rk  R idge, 111.

H erz ig , S . B ., S u p t., R env ille , M inn.
H ill , K . V ., Cons. E ngr., c/o G reeley 

& H ansen , 6 N . M ichigan  Ave., 
C hicago 2, 111.

H inkam p , G ra n t M ., R ep ., c/o In 
d u s tr ia l Sales D e p t., A llis Chalm ers 
M fg. Co., M ilw aukee 1, W is.

H o d k in so n , C. T .,  A sst. O pr., 908 
G ran d  A ve., S t. P au l 5, M inn.

H ogan so n , L e s te r  O ., M ajo r, c/o 
C ity  E ng r., C ity  H all, B urlington, 
W is.

H o ld e rb y , J .  M ., C a p t., Box 498, 
A pp le ton , W is.

H o ld e rm an , Jo h n  S .,  O pr., 491 N. 
U nion S t., K ankakee , 111.

H o llin s , C. D ., Sales R ep ., Royer 
F d ry . 8c M ach . Co., 1033 W . Loyola 
A ve., C hicago, 111.

H o lt, C layton  M ., 2400 O liver Bldg., 
P ittsb u rg h , P a .

H o o t, R a lp h  A ., O pr., Sewage T r. 
W orks, F t .  W ayne , Ind .

H o th , F re d , O pr., B a r t le t t ,  111.
H ow lan d , W . E .,  Assoc. Prof. Civil 

E ngrg ., P u rd u e  U niv ., W est Lafay
e t te , Ind .

H o w so n , L. R ., C ons. E ng r., Alvord, 
B urdick  8c H ow son, S u ite  1401, 20 
N . W ack er D rive , C hicago 6, 111.

H ro m ad a , F ra n k  M ., F iltra tio n  P lan t 
S u p t., Box 782, E l R eno, O kla.

H u n t, H en ry  J . ,  Cons. Engr., 2440 
C om m onw ealth  A ve., M adison 5, 
W is.

H u n t, L. W ., S u p t., Box 403, G ales
bu rg , 111.

H upp , Jo h n  E .,  J r . ,  O pr., 720 W eller 
A ve., L a P o rte , Ind .

H u rd , C h arles  H .,  C ons. Engr., 333 
N . P en n sy lv an ia  S t., Indianapolis, 
In d .

H u rs t ,  C h as ., O pr., Sew age T r. P lan t, 
C ity  H all, P rince ton , In d .

H urw itz , E m an u e l, C hem ., 5013 N. 
F rancisco  A ve., C hicago 25, 111.

H u sso n g , E rn e s t W ., O pr., 520 
C h ris ty  S t., M arion , Ind .

H u tch in s , W ill A ., S u p t., F reeport, 
111.

I llino is  D ep t, of P ub lic  H ea lth , Div. 
of S a n ita ry  E ngrg., S ix th  Floor, 
N o rth  W ing, S ta te  H ouse, Spring
field, 111.

In d ia n a  S ta te  B oard  of H e a lth , Bureau 
of S an ita ry  E ng r., A tt.:  B. A. Poole, 
Chief E ngr., 1098 W . M ichigan 
A ve., Ind ianapo lis  7, Ind .

Infilco , In c ., 325 W . 2 5 th  P lace, C hi
cago 16, 111.

Ja m e s , G len n , S u p t., Sewage T r. 
W ks., 529 E. Lincoln-YVay, M or
rison , 111.

J e u p , B e rn a rd  H .,  C hem . Engr., 1098 
W . M ichigan S t., Ind ianapo lis  7, 
Ind .

Jo h n so n , A rth u r N ., O pr., 944 24 S t., 
M oline , 111.

Jo h n so n , D en n is  C ., Sr. O pr. E ngr., 
D isp ., P o st E n g r’s. Office, C am p 
G ran t, 1329 S ix th  A ve., Rockford, 
111.
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Johnson, F loyd E .,  S u p t., 471 B a rre tt, 
Elgin, 111.

Johnson, F ran k  L ., S u p t., D ep t, of 
Sanitation , 657 E . C lin ton  S t., 
F rankfort, Ind .

Tohnson, G era ld  F .,  A sst. S u p t., G ary  
S anitary D is t., P . O. Box 388, 
Gary, Ind .

Tohnson, H en ry , O pr., Sew age T r. 
W orks, 1735 S. Bell S t., K okom o, 
Ind.

Johnson, I ra , O pr., W a te r & L igh t 
D ept., 2509 15th S t., Tw o R ivers, 
Wis.

Johnson, J e s s  B ., 917 N . 17th S t., 
M anitowoc, W is.

Johnson, L. M ., Com m , of S tree ts  & 
Electricity , C ity  H all, Chicago 2, 
111.

Johnson, R . J . ,C a p t . ,  1511 M cK enzie, 
F t.'W o rth  5, T ex.

Johnson W . W ., A sst. S an . Engr., 
M adison M etro . Sew erage D is t., 
4252 Beverly R d ., M adison 5, W is.

Johnson, W illiam  A ., S u p t., Sewage 
P lant, W arren , 111.

Johnston, D avid J . ,  C ap t., Sn.C ., 
San. Engr., U. S. A rm y, 804 E a s t
ern Ave., Indianapolis, Ind .

Jonas, M ilton  R ., O pr., 5496 Cornell 
Ave., Chicago 15, 111.

Jones, F rank  O ., C ivil Eng., F airm on t, 
M inn.

Jones, John  N ., Engr., 3508 B rooklyn 
Ave., M iam i Village, F t .  W ayne, 
Ind.

Jones, M artha  A ., M iss, C hem ., Sew. 
T r. P lan t, R ichm ond, Ind .

K aar, G. C ., Engr., T he D orr Co., Inc., 
LaSalle-W acker B ldg., 211 N . 
LaSalle S t., Chicago 1, 111.

K ad inger,F red ,S up t., U tilities Com m ., 
C ity H all, Ju n eau , W is.

K afka, John , S up t., Sewage T r . P lan t, 
Clintonville, W is.

Kamp, Ew ald A ., M gr. S an . D iv., 
G raver T an k  & M fg. Co., Inc., 
6830 S. R idgeland  A ve., Chicago 
49, 111.

K earney, John  J . ,  M ajor, C .E ., 3136 
M aple S t., Berw yn, 111.

Keller, J . ,  W a ter S u p t., C orydon, Ind .
Kewer, J . F ., S r., P . O. Box 152, 

W aukesha, W is.
King, H enry  R ., C ivil Engr., 2661 

A sbury A ve., E vanston , 111.
King, R ichard , C ap t., Sn .C ., 1908 

W est H uisache S t., San A nton io  1, 
Tex.

King, W illiam , S u p t., W a te r W ks. & 
Sew. W ks., 721 S. Jefferson  S t., 
H artford  C ity , Ind .

Kingsbury, H aro ld  N ., C ap t., Sn.C ., 
38 Signal H ill B lvd., E . S t. Louis, 
111.

Kingston, S . P .,  P ublic H ea lth  Engr., 
M inn. D ep t, of H ealth , C ity  H all, 
Room 212, R ochester, M inn.

Kinney, E . F .,  Sales Engr., 2204 E. 
Kessler S t., Indianapolis, Ind .

Kirchoffer, W . G ., San. Engr., 22 N . 
Carroll, M adison 3, W is.

Kirn, M att, S up t., Sewage T r . P lan t, 
D ahringer R oad, W aukegan, 111.

Klein, J . A., S up t. of T r. P lan t, 
Sheboygan, Wis.

K leiser, P au l J . ,  Cons, E ngr., 424 N. 
Second S t., C larksville, T enn .

K nechtges, O ., Chem ., 2222 H ollister, 
M adison 5, W is.

Koch, Phillip  L ., B act., 3423 V i
burnum  D r., Shorewood Hills, 
M adison 5, W is.

K o e s te re r , E dw in , S u p t., Sewage 
P la n t, F reebu rg , 111.

K on ichek , J a m e s  T .,  O pr.-C hem ., 
S av an n a  O rd . D ep o t P roving  
G round , B lackhaw k V illage, S a
v an n a , 111.

K ram er, H a rry  P . ,  Chem ., 825 O ak
land , Jo lie t, 111.

K rau s , L . S ., C hem ., 510 A lbany 
A ve., P eoria , 111.

K ro eb e r, F red erick  V ., Sales E ngr., 
In e rto l Co., Inc ., 437 N . O rleans 
S t., C hicago 10, 111.

K u h l, F . A ., S u p t., W a te r & L ights 
D ep t., Breese, 111.

K u h n e r , F ra n k  G ., O pr., P . O. Box 
871, M uncie , Ind .

K u n sch , W a lte r  M ., E ngr. M gr., 
U rb an a  & C ham paign  San. D ist.,
1105 S. R ace S t., U rbana, 111.

L akeside  E ng ineering  Corp., 222 W . 
A dam s, Chicago 6, 111.

L am b, M ile s , Chicago P um p  C om 
pan y , 2300 W olfram  S t., Chicago, 
111.

L angdon, L. E ., Pacific F lu sh -T an k  
Co., 4241 R avensw ood A ve., C h i
cago 13, 111.

L angdon , P a u l E .,  Cons. E ng r., 6 
N o rth  M ichigan A ve., Chicago 2, 
111.

L angw ell, L ou ie , 305 W . M arke t 
S tree t, Salem , Ind .

L a rson , C. C ., C hem ., Springfield 
S an ita ry  D is tr ., R ou te  5, S pring
field, 111.

L arson , K e ith  D ., C ap t., Sewage 
T r . P lan t, S ou th  S t. P au l, M inn.

L arson , L . L ., C hem ., 1705 K en tucky  
A ve., F o rt W ayne, Ind .

L a u er, W m . N ., E ngr., c/o D o rr Co., 
221 N . LaSalle S t., Chicago, 111.

Lau tz, H aro ld  L ., S ta te  B oard  of 
H ea lth , M adison 2, W is.

L earn , H en ry  C ., S up t., Sewage D is
posal, 50 B urdick  S t., E dgerton , 
W is.

L ee , M ing , 1105 W . C la rk  S t., U r
bana , 111.

L e e , O liver, O pr., 102 N . F o u rth  St., 
M t. H oreb , W is.

L eL and , R aym ond I.’, C ap t., 0-460896, 
308 th  Bom b W ing (H ), A PO  70, c/o 
P o stm aste r, S an  F rancisco , Calif.

L en tfoehr, C harles  E ., P lan t O pr., 228 
Allen S t., M ayville , W is.

L essig , D . H .,  O pr., 110$ C enter 
S t., W arsaw , Ind .

L evan , S tep h en , S u p t., Sewage P lan t, 
4901 D rum m ond  S t., E a st Chicago, 
Ind .

L ew is, R . K ., O pr., 5009 P ark  Ave., 
Ind ianapo lis  5, Ind .

L ind, A. C arlton , E ng r., C hain  Belt 
Co., 1600 W . Bruce S t., M ilw aukee, 
W is.

L indell, O . V ., E ngr.-Sales, 221 N orth  
L aSalle S t., Chicago 1, 111.

L inderm an , I .  E .,  C ap t., Sn .C ., 57th 
M ala ria  C ontro l U n it, A PO  603, 
c/o  P o stm as te r, M iam i, F la .

L ink -B elt C o., 300 W . Persh ing  R oad, 
Chicago, 111.

L ong, H . M ay n a rd , O pr., 309 D ear
born  S t., H illsboro , 111.

Lovett, F ran k  W ., 300 W . Pershing 
R d ., C hicago 9, 111.

Loving, M . W ., Cons. Engr., 228 N . 
L aSalle S t., Chicago 1, 111.

Lovrinch , Louis B ., Chief O pr., 2319 
N ew  Y ork S t., W hiting , Ind .

L ow den , L. J . ,  335 C o ttage  A ve., G len 
E llyn , 111.

L ubra tov ich , M . D ., 840 G randview  
A ve., D u lu th , M inn .

L udzack , F . J . ,  Chem ., 6060 E . W ash 
ing ton , Ind ianapo lis, Ind .

L ueck , B ern a rd  F .,  Chem ., 540 E. S. 
R iver S t., A pp le ton , W is.

L u sk e ,W m . E . , I n d .  E ng r., W adham s 
Oil Co., 3807 H am m ersley  A ve., 
M adison 5, W is.

L ustig , Jo se p h , C ity  E ngr.. Ja n e s 
ville, W is.

Lux, K a th leen  F ., L t .( j.g .) , U S N R , 
736 S. C ic o tt S t., L oganspo rt, Ind .

M cA nlis, C hauncey R ., B oard  of P u b 
lic W orks, Room  101, C ity  H all, 
F t .  W ayne, Ind .

M cC all, R . G ., C ap t., Sn .C ., C.A .S.A ., 
P residio of M onterey , Calif.

M cC aslin , W a lte r  R ., Cons. E ngr., 218 
N . Spruce S t., N okom is, 111.

M cC lenahan , W . J . ,  San. E ngr., 910 
S. M ichigan A ve., Chicago 5, 111.

M cC lure , E rn e s t, O pr., G alva , 111.
M cD an ie l, C. C ., San. E ng r., Chicago 

Bridge & Iron  Co., Seneca, 111.
M cllv ine , W m . D ., J r . ,  Elec. Engr., 

M inn.-S t. Paul San. D is t., Box 3598, 
C hilds R oad, S t. P au l 1, M inn.

M cK ee, F ran k  J . ,  1110 H arrison  S t.. 
M adison 5, W is.

M cL aughlin , C. P .,  San. D is t. of C h i
cago, 910 S. M ichigan A ve., Chicago, 
5, 111.

M cM ullen , W illiam , Sewage W orks 
O pr., 1214 C onstance S t., C ollins
ville, 111.

M ab b s , J o h n  W ., M abbs H ydrau lic  
P acking  Co., 431 S. D earbo rn  S t., 
Chicago 5, 111.

M cD onald , J .  C ., O pr., 404 S tillw ell 
C t., D el Paso H eights, Calif.

M ack in , J .  C ., S u p t., N ine Springs, 
Sewage T r. P lan t, R ou te  4, M adi
son 5, W is.

M ag n u so n ,F ra n c is  J . ,  C ity  Engr., 107 
C ity  H all, R ochester, M inn.

M allo ry , E dw ard  B ., Cons. E ngr., 
D irec to r of R esearch , L ancaster 
R esearch L abora to ries, 85 Z abriski 
S t., H ackensack, N . J .

M an te u fe l, L aw rence A ., O pr., 622 
H en rie tta  S t., W ausau , W is.

M a rte n s , M yron  M ., S u p t., Sewage 
T r. Plant,O ffice of P ost Engr., H q., 
C am p B reckinridge, M organfield, 
K y .

M artin , G eo. W ., S u p t., Sewage T r. 
P lan t, R ou te  1, G reen Bay, W is.

M artin , S . C ., C ap t., 103 K ing S tree t, 
M edford , Ore.

M ath ew s, W . W ., S up t., Sewage 
T r. P lan t, P . O. Box 388, G ary , Ind .

M attox , L eon , E ngr., M cC ordsville, 
Ind .

M err ick , R ay , A sst. S u p t., 1244 S. 
Ohio S t., K okom o, Ind .

M erz , H . S pence r, S u p t., 3227 W . 
G a te  P arkw ay , R ockford , 111.

M erz , R o b e rt C ., San. E ng r., 844 H ill 
S t., W auw atosa  13, W is.

M etca lf , H . B ., S ec.-M gr., R .R . No. 
3, B loom ington, 111.

M etzger, J e s se , O pr., Sewage T r. 
P lan t, R .R . N o. 1, G oshen, Ind .

M ick , K . L ., C ap t., Sn .C ., P . O. Box 
3598, S t. P au l 1, M inn.

M icke l, Jo h n  E .,  S u p t., Sewage T r. 
P lan t, Boscobel, W is.

M ick le, C has. T ., O pr., 82 D o \e r  S t., 
L aG range , 111.

M ille r, D avid  R ., S an . E ngr., Q uarters  
9, G rea t Lakes, 111.
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M ille r , L . A ., Chief E ngr., Box 206, 
S tre a to r , 111.

M ille r , M au rice  L ., C ons. E ng r., 408 
M cD ow ell B ldg., Louisville , K y .

M ille r , N ov le, S u p t., Sew age T r. 
P la n t, C ity  H all, O rleans, In d .

M illin g , M . A ., 3931 N . D rexel Ave., 
In d ia n ap o lis  1, Ind .

M in n ea p o lis -S t. P a u l S an . D is t., Box 
3598, S t. P au l 1, M inn .

M o e lle r , C arl, P la n t M ain  E ng r. I I ,  
In d ia n a  S ta te  F a rm , R .R . N o. 2, 
G reencastle , Ind .

M o h lm an , F . W ., D r ., 910 S. M ichigan 
A ve., C hicago 5, 111.

M o o re , L ee  S ., 35 V alley  V iew  C ourt, 
N ew  A lbany , Ind .

M o o re , R . B ., C ons. E ng r., 1456 N . 
D elaw are  S t., Ind ian ap o lis , Ind .

M organ , P h ilip  F ., 513 D av is  S t., 
K alam azoo , M ich.

M o rk e rt, K e n n e th , O pr., 4624 W ool- 
m an  A ve., R t .  N o . 7, Box 79, J a c k 
sonv ille  5, F la .

M o rr is , D . B ., C hem ical Salesm an, 
2303 H am pden  A ve., S t. P au l 4, 
M inn .

M o rten so n , E . N ., C hem ical Engr., 
S w ift & Co., U nion  S tock  Y ards, 
3038 E llis S t., C hicago 19, 111.

M uegge , O . J . ,  A sst. S an . Engr., 
R oom  462, S ta te  Office B ldg., M a d i
son 2, W is.

M urphy , J o h n  A ., 117 W . B lair S t., 
W est C hicago, 111.

N a u e r , L ou is A ., J r . ,  O pr., 357 18th 
A ve., S. S t. P au l, M inn .

N eim an , W . T ., Cons. E ngr., 10 W . 
D ouglas S t., F reepo rt, 111.

N e lle , R ich ard  S ., L t. Col., 0-295936, 
906 S. M ason S t., B loom ington, 111.

N elson , D . H ., D r ., C hem ., In d u s
tr ia l W a ste  T r . W orks, O scar M ayer 
& Co., 157 D iv ision  S t., M adison  4, 
W is.

N e s s , O le  J . ,  S u p t., C ity  H all, T hief 
R iv e r F alls, M inn .

N eu m a n n , G eorge B ., S u p t. & O pera 
to r, B e th a lto , 111.

N ew ton , D o n a ld , Assoc. S an . E ngr., 
722 H in m an  A ve., E v a n sto n , Ul.

N icho las, F o rre s t A ., Cons. E ngr., 
7235 Ja rn eck e  A ve., H am m ond , 
In d .

N icho ls, M . S ta rr , C hem ist, W isconsin 
S ta te  L a b o ra to ry  of H ygiene , M ad i
son  6, W is.

N ile s, T h o m as  M ., S an . E ng r., 6 
N o r th  M ich igan  A ve., C hicago 2, 
III.

N o ld , V em , O pr., Sew age T re a tm e n t 
P la n t , 909 Bond A ve., M arion , Ind .

N o rd e ll, C arl H ., Cons. E ngr., R .R . 
N o. 2, C olom a, M ich.

N o rm an , G . A ., C hem ist, R .R . N o. 1, 
C o lum bus, Ind .

N u tte r , F ra n k  H .,  Cons. E ng r., 122 S. 
S ix th  S t., M inneapo lis  2, M inn .

O b m a, C h e s te r  A ., C a p t., E .C ., c/o 
A m erican  W ell W orks, A uro ra , 111.

O d b e rt, E u g e n e , J r . ,  P rof. E ng r., C ity  
H all, S tu rg eo n  B ay , W is.

O d e ll , L e s te r , S u p t., 280 L yons S t., 
W isconsin  R ap id s, W is.

O effler, W . A ., S u p t., 120 S. L aw ton  
S t., Jaso n v ille , Ind .

O k u n , D an ie l A ., C ap t., S n .C ., c/o 
W illiam  H . O kun , 42 L iv ingston  S t., 
B rook lyn , N . Y.

O lso n , F ra n k  W ., O pr., 16 S. M allory  
S t.,  B a tav ia , 111.

O v era ll, W . G j , O pr., Sew age T re a t
m e n t P la n t , 217 E liza b e th  S t., 
E liza b e th to w n , P a .

SEW AGE W ORKS JO U R N A L

O zelse l, A. M .,  D r .,  R esearch  A sst., 
605 E. D an ie l S t., C ham p aig n , 111.

Pacific F lu sh  T a n k  C o ., 4241 R avens- 
w ood A ve., C hicago 13, 111.

P a lm e r , Jo h n  R . ,  O pr., 1321 M onroe 
S t., E v a n sto n , 111.

P a n ia n , A ugust J . ,  Sew age S u p t., 
R ockda le  P . O., Jo lie t, 111.

P ap p m e ie r , L ouis S . ,  C ons. E ngr., 404 
H ill A rcade , G alesburg , 111.

P a tte rs o n , O rville  W ., S u p t. of U tili
ties, E d inberg  W a te r  & L ig h t P la n t, 
107 S. H o lland  S t., E d inberg , In d .

P e a r s e , L a n g d o n , C hicago S an . D ist., 
910 S. M ich igan  A ve., C hicago 5, 
111.

P e a s le e , G eo . A ., O pr., 917 W olcot 
S t., S p a r ta , W is.

P e n c e , I r e l  V ., S u p t., P ub lic  W orks, 
25 W . T h ird  S t., P e ru , In d .

P e n n in g to n , M arv in , S u p t., P ub lic  
W orks, S teger, 111.

P e te rso n , E dw ard  T . ,  S u p t., Sewage 
P la n t , 113 W . F ir s t  S t., D undee, 
111.

P e te r s o n , Iv an  C ., C ons. E ng r., 2016 
W . F arg o  A ve., C hicago, 111.

P e te rso n , M y h re n , C .,  D is t. P ublic 
H ea lth  E ng r., Box 308, B em idji, 
M inn .

P e te r s o n , R alph  W ., L t., 9141 S. 
B ishop, C hicago 20, 111.

P e t t ,  K . M .,  U til ity  O pr., 2638 G ar
field, M inneapo lis  13, M inn .

P h e lp s , Boyd E . ,  C ons. E ngr., B rinck- 
m ann  B ldg., M ich igan  C ity , Ind .

P ie rc e , G eorge O ., C ap t., 4009 S unny- 
side, M inneapo lis , M inn .

P in e , E . T .,  S u p t., Sew age T r . P lan t, 
M arsh a ll, 111.

P lu m m er, R aym ond  B ., C ons. Engr., 
632 S. Jefferson , S ag inaw , M ich .

P o o le , B . A ., In d ia n a  S ta te  B oard  of 
H ea lth , 1098 W . M ich igan , In d ia n 
apolis, In d .

P o tte r ,  D av e , O pr. & S u p t., P rince ton , 
111.

P ow e ll, O tto , O pr., 1215 S uperio r S t., 
W isconsin  D ells, W is.

Q u in n , Jo se p h  L ., J r . ,  1098 W . M ich i
g an  S t., Ind ian ap o lis  7, Ind .

R ac ek , L .,  J r . ,  O pr., S au k  C ity , W is.
R an k in , R . S . ,  E ng r., T h e  D o rr  Co., 

In c ., 570 L exington  A ve., N ew  Y ork, 
N . Y.

R aw ley , L eo , O pr. E ng r. of D isp. 
P la n t , R o u te  N o. 1, M arysv ille , 
W ash .

R e a d ,H o m e r  V ., R .R . N o. 1, C alhoun, 
111.

R e a rd o n , W m . R ., 1036 N . 17th S t., 
M an itow oc , W is.

R e e d , P a u l W ., C a p t., S n .C ., 1098 W . 
M ichigan  A ve., Ind ian ap o lis , Ind .

R e in , L . E . ,  Pacific F lu sh  T a n k  Co., 
4241 E . R avensw ood  A ve., Lake- 
view  S ta tio n , C hicago 13, 111.

R e n n e ls , W illa rd  T . ,  S u p t., W a te r  & 
Sew er, 1327 Jack so n  S t., C harleston , 
111.

R eyno ldson , C . G ., C hief E ng r., I n 
d u s tr ia l W a ste  T r . W orks, c/o  O scar 
M ay er & C o., 910 M ay e r  A ve., 
M ad ison  4, W is.

R ic h g ru b e r, M a r tin , 420 E . O ak S t., 
S p a r ta , W is.

R ich m an , W . F . ,  O pr., I l l  E . E ig h th  
S t., W inona, M inn .

R ic h te r , J a m e s  B ., L akeside R eso rt, 
Phelps, W is.

R ic h te r, P au l O ., I l l  W . W ash ing ton  
S t., R oom  548, C hicago, 111.

R ie d e se l, H en ry  A ., S u p t., S pring  
C reek  R oad , R ockford , 111.

M arch, 1946

R ie d e se l, P . W ., D e p t, of H ealth  
B ldg., U niv . of M in n eso ta  Cam pus, 
M inneapo lis , M inn .

R in e h a rt, C lidus, S u p t. of U tilities, 
H agers tow n , In d .

R oah rig , H e n ry  L ., C ap t., P . A. Engr. 
(R ), U S P H S , 454 H arriso n  S t., 
W est C hicago, 111.

R o b in s , M au rice  L ., C hem ., P . O. Box 
3598, S t. P au l 1, M inn .

R o b in so n , F re d  M . , O pr., 211 S. W est 
S tree t, T ip to n , In d .

R odw ell, R o b e rt D ., S an . E ngr., c/o 
D ow ney  H ea tin g  C o., 1712 W . St. 
P au l A ve., M ilw aukee 1, W is.

R oe, F ra n k  C ., S an . E ng r., C arborun
dum  Co., P e r th  A m boy, N . J .

R o g ers , H a rv ey  G ., 3416 Edm und 
B lvd., M inneapo lis  6, M inn.

R o g ers , W . H .,  S u p t., D ow ners Grove 
San. D is t., D ow ners G rove. 111.

R oh lich , G e ra rd  A ., College of Engr., 
P a . S ta te  College, S ta te  College, Pa.

R o ll, A. H .,  S u p t., 316 E . M ain  St., 
C h ilton , W is.

R o m ain e , B u rr, S u p t., 237 V incent 
S t., F o n d  du  L ac, W is.

R o m e ise r, C. H .,  c/o  R om eiser D rug 
S to re , A u b u rn , In d .

R oob , F . H .,  M gr., S u p t., W a te r & 
L ig h t D ep t., C o lum bus, W is.

R o sem e y e r, A lfred , S u p t., Box 155, 
R ed  B ud, 111.

R o sen , M ilto n , C om m issioner of P ub
lic W orks, 234 C ity  H all & C ourt 
H ouse, S t. P au l 2, M inn .

R o ss , H e rm a n n  M ., C ap t., Sn.C., 
0-A 80909, Office of th e  M edical 
In spec to r, F o r t  F ran c is  E . W arren, 
W yo.

R o ss , W . E .,  S u p t., 221 S. 21st St., 
R ichm ond , In d .

R ow e, J a m e s  A lb e rt, Chem ., S. St. 
P au l T r . P la n t, 629 S ix th  Ave. S., 
S t. P au l, M inn .

R ow en , R . W ., V ice-P res., Nichols 
E ng r. & R esea rch  C orp ., 60 Wall 
T ow er, N ew  Y ork , N . Y.

R u ch h o ft, C . C ., U S P H S , E ast 3rd & 
K ilgour S ts ., C inc inna ti, Ohio

R u d g a l, H . T . ,  S u p t., 6530 Sheridan 
R d ., K enosha, W is.

R u h m a n n , O vid  G ., S u p t., 3205 R o
lan d  A ve., B elleville, 111.

S ag er, Jo h n  C ., C ap t., S n .C ., 0-507871, 
2515 Colfax A ve., M inneapolis 5, 
M inn .

S a la , D av id  W ., O pr., C am p Ellis, 513 
S. M cA rth u r S t., M cC om b, 111.

S an ita ry  D is tr ic t of E lg in , Box 92, 
E lgin, 111.

S a rg en t, H . H .,  S u p t. & O pr., Sewage 
T r . P it . ,  320 N . L ocust S t., Syca
m ore , 111.

Saw yer, C la ir N ., D r .,  D e p t, of Civil 
& S an . E ng r., M assach u se tts  In s t, 
of T echnology, C am bridge 39, 
M ass.

S ch e id t, B u rton  A ., 1700 W . 91st PI., 
C hicago 20, 111.

S cherf, A lb ert W ., S u p t. of Sewage 
P lan t, C eda rbu rg , W is.

S ch ie r, L e s te r  C ., O pr., 206 W . Save- 
lan d  A ve., M ilw aukee 7, W is.

S ch lenz , H a rry  E .,  Pacific F lu sh -T ank  
Co., 4241 R avensw ood A ve., C hi
cago 13, 111.

S ch n e lle r , M . P . ,  Sales E ng r., A urora 
P u m p  Co., 319 B eV ier P lace, A u
ro ra , 111.

S ch rin e r , P . J . ,  S u p t., 382 S. L incoln, 
K an k ak ee , 111.

S ch ro ed e r, A rth u r W ., C hem ., 137 
T ennyson  C o u rt, E lg in , 111.
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Schroeder, C. A ., S u p t. W a te r & 
Sewer, 511 F o u rth  S t., W est, P ark  
Rapids, M inn.

Schroepfer, G eorge J . ,  P ro f., Room 
123, M ain Engrg. B ldg., U n iversity  
of M innesota, M inneapo lis  14, 
Minn.

Schultz, Ray W ., S an . E ng r., Room  
1830, 20 N . W acker D rive, Chicago, 
111.

Scott, Cliffton A ., T he A m erican  W ell 
Works, 100 N . B roadw ay, A urora, 
111.

Scott, R alph H .,  M ajor, 0-476658, 629 
M endota C ou rt, M adison, W is.

Scott, Roger J . ,  3522 Jackson  Blvd., 
Chicago 24, 111.

Sencey, Jo e , H .A . 2/c, U S N R , O pera
tion—M aintenance , B arracks  706, 
USNTC, G reat L akes, 111.

Shaw, M orton , O pr., Sew age T r. 
Plant, M arion , Ind .

Shillinger, W illiam  D ., 1st L t., 0-540- 
956, 88th M ilita ry  G o vernm en t Co., 
APO 547, c/o P o stm aste r, San 
Francisco, Calif.

Shipman, H . R ., L t., 0-543845, S ta tio n  
Hosptial, G reenville A rm y Air 
Field, G reenville, M iss.

Shoebotham, T . B ., 8049 T rip p  Ave., 
Skokie, 111.

Simpson, M ay n ard , M ain tenance  
Mgr., C rane H ousing P ro jec t, 
Crane, Ind .

Slagle, E lm er C ., Room  115, C ourt 
House, D u lu th  5, M inn.

Sleeger, W arren  H ., 521 S. B rim hall, 
St. Paul 5, M inn.

Smith, G ilbert M ., San. Engr., Room 
2921, AAF Annex N o. 1, G ravelly  
Point, W ashington , D . C.

Smith, J . Irw in, O pr., 15031 V ine S t., 
Harvey, 111.

Smith, R . L ., Cons. Engr., 2083 W el
lesley, S t. P au l 5, M inn.

Sm ith,Ralph A., 1st L t., 1763 N . 75th, 
W auwatosa 13, W is.

Snider, L. N ., S up t. of U tilities , R ed 
Bud. 111.

Snow, D onald L ., C ap t., 2013 M ay- 
view Ave., C leveland, Ohio

Solboe, R ichard , 927 W . D ay to n  S t., 
M adison 5, W is.

Somers, V erne, O pr., 219 N . T h ird  
St., S tevens P o in t, W is.

Sowden, H ow ard  J . ,  C ity  E ngr., 
Fergus Falls, M inn.

Spaeder, H arold  J . ,  c/o T h e  D orr Co., 
221 N. LaSalle S t., Chicago 1, III.

Sperry, John R .,S a n . Engr., A m erican 
Well W orks, 531 S. F if th  S t., A u
rora, 111.

Sperry, W alter A ., Chem . E ngr., P . O. 
Box 241, A urora, 111.

Spiegel, M ilton, 575 D rexel A venue, 
Glencoe, 111.

Spurgeon, R alph , 124 C avin  S t., Lig- 
onier, Ind .

Stack, John  P .,  S up t., C ity  L igh t & 
W ater P lan t, N . F if th  S t., G oshen, 
Ind.

Stauff, P au l V ., C ity  Chem ., P ark  
Hotel, E veleth , M inn.

Steeg, H enry  B ., H enry  B. S teeg & 
Associates, Cons. Engr., 129 E. 
M arket S t., Indianapolis, Ind .

Steffes, Arnold M ., A sst. M ain t. 
Engr., 791 Lincoln A ve., S t. Paul 
5, M inn.

Steindorf, R . T ., c/o C hain Belt Co., 
1600 W est Bruce S t., M ilw aukee 4, 
Wis.

Steiner, Jo seph , Pres. Board of San. 
Comm. & C ity  E ngr., C ity  H all, E. 
Chicago, Ind .

S teffen , A. J . ,  C ap t., C .E ., 1348 Glen- 
lake A ve., Chicago 40, 111.

S to lp , R . C ., E ngr., 1804 N . 70th S t., 
W auw atosa  13, W is.

S to rey , B en jam in  M ., O pr., 2240 
Edgecom be R d., S t. P au l 5, M inn. 

S to rm , W m . H .,  S u p t., Sewage T r. 
P lan t, 1205 W . W innebago  S t., 
A pp leton , W is.

S tran d , P h ilip  E .,  O pr., U til ity , 525 N .
F irs t S t., L ibertyv ille , 111. 

S trick lan d , R aym ond , A sst. P la n t 
O pr., 525 C h ris ty  S t., M arion , Ind . 

S tro e sse n re u th e r , G . A ., O pr., 2384 
Bayless P lace, S t. P aul, M inn. 

S tu tz , C . N ., Cons. Engr., 314 U nity  
B ldg., B loom ington , 111.

Su llivan , F red  O ., S an . Engr., 5717 S.
T rip p  A ve., Chicago, 111.

S und , G u to rm , P la n t O pr., A ltoona, 
W is.

S u te r, M ax , S an . E ng r., 405 W . Elm  
S t., U rbana, 111.

Sw ope, G ladys, A sst. Chem ., M ellon 
In s titu te , 4400 F if th  A ve., P i t t s 
b u rgh  13, Pa.

T ap leshay , Jo h n  A ., San E ngr., 520 
W . Surf S t., C hicago 14, 111. 

T apping, C. H ., 7718 Cornell, C hi
cago 4, 111.

T e m p es t, W . F ., P o rtlan d  Cem ent 
A ssoc., 33 W . G rand  B lvd., Chicago 
1 0 , 111.

T e n n an t, H . V ., Cons. Engr., C ity  
B ank  B ldg., P o rtage , W is. 

T h a lh e im er, M arce , O pr., E. Pearl 
S t., B atesville, Ind .

T h ay er, P a u l M ., San. Engr., 3933 N .
P rospect A ve., M ilw aukee, W is. 

T ho lin , A. L ., L t. C .E .C ., U SN R . 
Civil A ffairs S ection , H dq ., A rm y 
G arrison  F orces, A PO  224, San 
F rancisco , Calif.

T hom as, Ariel A ., C ap t. Sn .C . A .U.S., 
4 B u tler S t., B lackstone, M ass. 

T hom pson , H . L oren , c/o  S tevens & 
K oon, S pald ing  Bldg., P o rtlan d  4, 
Oreg.

T hom pson, S. E ., S u p t., Sewage T r.
P lan t, U nion C ity , Ind .

T ig rak , M eh m e t F u a t, C ap t. Civil 
Engr., W ar D ep t., A nkara , T u rkey  

T odd , L eon J . ,  S u p t., Sewage T r. 
P lan t, 405 P lum b  S tree t, M ilton , 
W is.

T om ek , A. O ., O pr., 5610-39 Ave., 
H y a ttsv ille , M d.

T ow ne, J o h n  W ., S an . & Civ. E ngr., 
S an ita ry  D is t. of Chicago, 910 S. 
M ichigan, Room  600, Chicago 5, 
111.

T ow nsend , D arw in  W ., Cons. E ngr., 
2219 E . Belleview PI., M ilw aukee
I I ,  W is.

T roem per, P au l A ., C ap t., Sn.C ., 
R egional H osp ital, F t.  R iley, K ans. 

T ru lan d e r, W m . M ., O pr., 1316 
S even th  S t., M inneapolis, M inn. 

T u h u s , K en n e th , E ngr., c/o K nu te  
P osselt, K endall, W is.

T u rp in , U. F .,  Cons. E ngr., 2518 
R idgew ay, E vanston , 111.

Tw in City T e stin g  & E ngr. Lab., 
G alen J .  Ja sp e r, Engr. & P artn e r, 
2440 F ran k lin  A ve., S t. P au l 4, 
M inn.

U pton, G lenn , S u p t., Sewage P lan t, 
P rophets tow n , 111.

U yanik , M eh m e t E ., C ivil E ngr., W ar 
D ep a rtm en t, A nkara , T u rk ey  

Van P ra a g , A lex, J r . ,  Cons. E ngr., 447 
S tan d a rd  Office Bldg., D ecatu r,
I I I .

V erhoek, J . B ., San. E ngr., G reeley & 
H ansen , 7430 P ax ton  A venue, C h i
cago 49, 111.

W ade, W . J .,O p r ., 1722 F rem on t A ve., 
N . M inneapolis 11, M inn.

W ah ls trom , C arl A ., S u p t., 419 N . 
23rd S t., LaC rosse, W is.

W akeley , G uy B ., Sewage W orks 
S u p t., 700 D ew y S t., H arv ard , 111.

W albridge, T ho rn ton , S up t., L ake 
Bluff, 111.

W alk er, J .  D onald , A m erican W ell 
W orks, San. D ivn ., A urora, 111.

W alton , G raham , Chief M edical D ir., 
B ureau  of Prisons, D ep t, of Ju stice , 
W ash ing ton  25,, D . C.

W ard , C. N ., Cons. Engr., 550 S ta te  
S t., M adison  3, W is.

W ard , O scar, O pr., 1500 S. C edar S t., 
M arshfield, Wis.

W ard en , L o tus A ., C ity  E ngr., 821 S. 
A rm strong, K okom o, Ind .

W ardw ell, T . M ., C ity  M gr., R h ine
lander, W is.

W arrick , L. F ., San. Engr., Room 458, 
S ta te  Office Bldg., M adison 2, W is.

W ate r? , G eo. E .,  A sst. O pr., M inn.- 
S t. P au l S an . D is t., 2130 P rince ton  
A ve., S t. P au l 5, M inn.

W a tte rs , T . G ., C hem ., 824 E . W ash 
ington , H oopeston, 111.

W easn e r, L eo , A sst. C hem ., 2016 S. 
B elm ont A ve., Ind ianapo lis, Ind .

W ells , E . R oy, Chief Engr., 111. P ost- 
W ar P lann ing  C om m ittee, 11 S. 
L aSalle S t., Chicago 3, 111.

W esby, V ernon L ., 6827 S. T hroop  
S t., Chicago 36, 111.

W est, A. W ., 2621 V an Hise A ve., 
M adison, W is.

W estfa ll, M ilton , O pr., 511 N . F o u rth , 
S tu rgeon  Bay, W is.

W h ee le r, C. E ., J r . ,  Engr. of P lan t 
O prs. 11127 H om ew ood A ve., C h i
cago 43, 111.

W hite, P au l R ., O pr., 505 A lam eda 
A ve., M uncie, Ind .

W hite, Roy, S up t., Sewage T r. P lan t, 
Box 228, M acom b, 111.

W hitney , A lfred C. Col., Supervisor, 
W a te r & Sewers, T w in  C ities O rd
nance P lan t, 1841 D ay to n  A ve., S t. 
P au l 4, M inn.

W h itta k er, H . A ., Chief San. Engr., 
M inn. D ep t, of H ealth , D iv. of San., 
M inneapolis, M inn.

W iley, A verill J . ,  c/o In s titu te  of 
P aper C hem istry , Box 498, A pple
ton , W is.

W ille tt, C. K ., Cons. Engr., 317 N . 
G alena, D ixon, 111.

W illiam s, C has. W ., O pr., 59 Ewing 
S t., Peru , Ind .

W illiam s, C lyde E ., C onsu ltan t, 312 
Colfax A ve., S ou th  B end 7, Ind .

W illiam s, G eorge W ., S u p t., M unici- 
ple U tilities, 344 Jefferson S t., 
Sheboygan F alls, W is.

W illiam s, L eon G ., Cons. Engr., 3611 
W atson  S t., Toledo 12, Ohio

W ilson, H a iry  L ., C onstr. Engr., 3634 
47 th  A ve. S., M inneapolis, M inn.

W ilson, R . D ., Box 427, C ham paign, 
111.

W ilson, R o b ert A ., 1016 W . 43rd  S t., 
R ichm ond, V a.

W isely , F . E .,  5049-A O lea tha  A ve., 
S t. Louis, M o.

W isely , W . H ., E xecu tive S ecre ta ry - 
E d ito r, F ed era tio n  of Sew age W orks 
Assoc., 325-6 Illinois B ldg., C ham 
paign , 111.

W isniew ski, T h e o ., R m . 458, S ta te  
Office B ldg., M adison  2, W is.
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W ojdugo , J .  M ., C ivil E ng r., S an . 
D is t. of C hicago, 910 S. M ichigan 
A ve., C hicago 5, 111.

W olf, W m . E ., S u p t., 623 C ongress S t.. 
E au  C la ire , W is.

W o ltm an n , J .  J . ,  C ons. E ng r., 314 
U n ity  B ldg., B loom ington , 111.

W o o d b u rn , J a m e s  G ., P ro f., H y 
d rau lic  L a b o ra to ry , U n iv . of W is., 
M ad ison  6, W is.

W oodrum , Logan , S u p t., Sew age 
T r . P la n t , 410 S. J ack so n  S t., 
G reencastle , Ind .

W u rte n b e rg e r , H e le n , C hem ., 309 W . 
T e n th  S t., A nderson , Ind .

Y eager, B ert T .,  C ity  H all, E ngineer’s 
Office, S ioux F a lls , S. D ak . 

Y eom ans B ro th e rs  Co., 1433 D ayton  
S t., C hicago 22, 111.

Z e tte rb e rg , E d w ., C hem . & Chem. 
T eacher, 1101 N . Jefferson , M uncie, 
In d .

Z og lm ann , M a r tin , O pr., c/o  General 
D e liv ery , S haw ano , W is.

Dakota Water and Sewage Works Conference
( N o r t h  D a k o t a  S e c t i o n )

Mr. Jerome H. Svore, Secretary-Treasurer, State Department of Health, Bismarck, N. Dak.
A rnold , E a rl H ., A sst. S an . E ngr., 

U S P H S , P . O. Box 547, S av an n ah , 
G a.

B avone , A. L ., S an . E ng r., C ity - 
C o u n ty  H ea lth  U n it, M in o t, N . 
D ak .

C la rk , L loyd K ., M ajo r, 0-275779, 
S u rg .’s H q ., B ase M ., A PO  70, c/o 
P o stm as te r, S an  F rancisco , Calif.

C o lsen , J u s t in , Sew age P la n t O pr.. 
105 B u rg am o tt A ve., G ra fto n , N . 
D ak .

H an so n , H a rry  G ., P .A . S an. Engr. 
(R ) , U SP H S , V o lun teer Bldg., 
A tla n ta , G a.

Jo h n so n , K e n n e th  R ., 426 Second 
A ve. E a st, D ick inson , N . D ak .

J u n g e , G ilb e rt, Sew age W orks  S u p t., 
75 T h ird  A ve. N o rth , W ahpeton , 
N . D ak .

K leven , Jo h n , Sew age W orks S u p t., 
G ran d  F o rks, N . D ak .

L anger, Jo se p h  J . ,  E ng r., F o r t  T o tte n , 
N . D ak .

L a u s te r , K . C ., U S P H S , 2000 M ass
ac h u se tts  A ve., N .W ., W ash ing ton  
14, D . C.

L in d sten , H . C ., W allace & T ie rn an  
Co., W innipeg, M an ito b a , C anada

L ium , E . L ., Cons. E ng r., 516 Lincoln 
D r., G ran d  F o rks, N . D ak .

L obb, E v e re tt, S an . E ng r.. F argo  
H ea lth  D ep t., F argo , N . D ak .

N elson , C asp e r I . ,  H ead, D ep t, of 
B ac terio logy , L ib ra ry , N . Dak. 
A gricu ltu ra l College, S ta te  College 
S ta tio n , F argo , N . D ak .

P in n ey , F . W ., 1413 8 th  S t. N., 
Fargo , N . D ak .

P ip e r ,K ., S an . E ng r., S ta te  D ep t, of 
H ea lth , B ism arck , N . D a k . '

R oach , W . H .,  W a te r  and  Sewer 
W orks  S u p t., C a rry in g to n , N . Dak.

R oney , L . R ., W a te r  and  Sewage 
W orks  S u p t., G ra fto n , N . D ak.

S vore, J e ro m e  H .,  S r., San. Engr., 
S ta te  D e p t, of H ea lth , Bismarck, 
N . D ak .

T a rb e ll, W . P a rk , C ity  E ngr., Fargo, 
N . D ak .

W a rn e r , R ic h ard  G ., Chem ., Armour 
& Co., W e st F arg o , N . D ak.

(S o u t h  D a k o t a  S e c t i o n )

Mr. Quinton B. Graves, Secretary-Treasurer, c/o Div. of Sanitary Engineering, 
State Board of Health, Pierre, South Dakota

B ooth, B. C ., P ub lic  H ea lth  Engr., 
S ta te  B oard  of H ea lth , P ierre , S. 
D ak .

B ow m an, C. R ., c/o  C ity -C o u n ty  
H ea lth  U n it, Box 49, C orpus 
C h ris ti, Tex.

B rag s ta d , R . E .,  C ity  E ng r., C ity  H all, 
S ioux F alls, S. D ak .

C am pbell, A. S .,  S u p t. W a te r  T r. 
P la n t , C ham berla in , S . D ak .

C och rane , W . F .,  U. S. E ng r. Off., 
1709 Jack so n .S t., O m aha , N eb r.

D e H a a i, I r a ,  S an ’r ’n , C ity  H all, 
W a te rto w n , S. D ak .

D ixon, F . S ., M idw est E q u ip m en t 
Co., 1624 H arm o n  P lace, M in n e 
apolis, M inn.

H a ig h , L inell E .,  W a te r  & Sew er 
C om m ., M iller, S. D ak .

H ard in g , C. G ., Sew age P la n t O pr., 
S an a to r, S . D ak .

H o pk ins , G len  J . ,  D ir., D iv . of San. 
E ngr., S ta te  B oard of H ealth , 
P ierre , S. D ak .

H oy , M . J . ,  C ity  C om m ’r., C ity  H all, 
W a te rto w n , S. D ak .

M a th e r , E d w ard  K ., C ons. E ngr., 
D ak o ta  E ng ineering  Co., 309 
W este rn  B ldg., M itchell, S. D ak . 

M a th e w s , E . R .,  D iv . of S an . Engr., 
S ta te  B oard  of H ea lth , P ierre , S. 
D ak .

M o rris , L ee , S u p t., Box 373, Igloo, 
S. D ak .

M u rsc h e l, Jaco b , S u p t. W a te r  & 
Sew age, W ebster, S. D ak .

N ang le , B . A ., P ub lic  H ea lth  E ngr., 
S ta te  B oard of H ea lth , P ierre , S. 
D ak .

O ld ing , A. E ., S u p t., W a te r & Sewage, 
R edfield , S. D ak .

P ie rc e , H . M ., 1033 S ix th  Ave. S .E., 
A berdeen , S. D ak .

P ric e , C h arles  P . ,  S u p t Sewage T r. 
P la n t , Box 590, R ap id  C ity , S. D ak.

S p iek e r, R oy G ., A sst. P ost M edical 
In sp ., In d ia n  G ap  M ilita ry  R eserva
tion , P a.

S tap f, R . J . ,  2nd  L t., Sn .C ., c/o Ellis 
H ed m an , H ayes, S. D ak .

S tav e n , J u lia n , Cons. E ngr., Box 508, 
R ap id  C ity , S. D ak .

T ow ne , W . W ., M ajo r, Sn .C ., 122 N. 
W ash in g to n  A ve., P ierre , S. D ak.

W ilson , D onald  H ., S an ’r ’n., C ity 
H all, M itch e ll, S. D ak .

Y eager, B ert T .,  C ity  H all, E ngineer’s 
Office, S ioux F a lls , S. D ak .

Fédéral Sewage Research Association
Mr. V. G. MacKenzie, Secretary-Treasurer, U.S.P.H.S., 2000 Massachusetts Ave., N.W.,

Washington 14, D. C.
A gnano, P a u l, S an . E ng r., U SP H S , 

D is t. N o. 1, 15 P ine  S t., N ew  Y ork  
5, N . Y.

A ldridge , F red e rick  F .,  U S P H S , 9132 
B rad fo rd  R d ., S ilve r S pring , M d.

A n d erso n , L ew is D ., P . O. Box 245, 
H ilto n  V illage, V a.

A ndrew s, Jo h n , U S P H S , 2000 M ass
a c h u se tts  A ve., N .W ., W ash ing ton  
14, D . C.

A rno ld , E a rl H ., A sst. S an . E ngr., 
U S P H S , P . O. Box 547, S avannah , 
G a.

A rno ld , G . E .,  L t. Col., U S P H S , 477 
C olon A ve., S an  F rancisco , C alif.

A sh , S im on  H .,  8406 G alveston  R oad , 
S ilve r S p ring , M d.

A tk in s , C. H .,  6421 W ash ing ton , 
K an sas  C ity , M o.

B lew , M . J . ,  L t. C ol., S an . C orps, 
U .S .A ., H q ., F o u r th  S erv . Com ., 
O ld P o st Office B ldg., A tla n ta , G a.

B u tte rfie ld , C. T .,  U S P H S , T h ird  
K ilgou r S ts ., C in c in n a ti 2, O hio

C a ld e ra ra , O . J . ,  S an . E ng r., C ity  
H ea lth  D ep t., T a m p a ., F la .

C apone , D om enic , U S P H S , c/o M rs. 
D om enic C apone, 34 R u tla n d  S t., 
H a rtfo rd  5, C onn.

C arlso n , H . R ., 1407 A ppraisers Bldg..
S an  F rancisco  11, Calif.

C a rn a h an , C. T .,  L t. C om dr., c/o M rs.
C . T . C arn a h an , 5421 V enturi 
C anyon  A ve., V an  N uys, Calif. 

C ary , W . H .,  J r . ,  2106 Ross Road, 
R osem ary  H ills, S ilver Spring, M d. 

Coffin, E dw in  F .,  J r . ,  Cons. Engr., 
A sst. E ng r. (R ), U SP H S , P. O. Box 
491, G ainesville , F la .

C o tta , M au ric e  L ., Assoc. S an . Engr., 
F a rm  Sec. A dm in ., 1305 T erm inal 
Sales B ldg., P o rtla n d , Ore. 

C ro ck e tt, V ernon  P . ,  Box 214, Leigh
to n , A la.



Vol. 18, No. 2 M E M B E R S H IP  O F M EM BER ASSOC IA TIO NS 381

Crohurst, H arry  T ., 15 P ine S t., N ew  
York 5, N . Y.

Dahl, Arve H ., M ala ria  C ontro l in 
W ar A reas. 605 V o lun teer Bldg., 
A tlanta 3. Ga.

Dashiell, W a lter N ., A p t. 383, G u a te 
mala C ity, G ua tem ala

Decker, H e rb e rt M ., L t., 0-532246, 
170 M ed. Com p. U n it (M ala ria  
Control), A PO  629, c/o  P ostm aste r, 
New Y ork, N . Y.

DeM artini, F ran k  E ., U SP H S , E ast 
3rd & K ilgour S ts ., C inc innati 2, 
Ohio

Dopmeyer, A. L ., 1407 U. S. A pprais
ers Bldg., San F rancisco  11, Calif.

Ettinger, M . B ., L t., 0-928627, Civil 
Affairs, S taging A rea, P resid io  of 
M onterey, Calif.

Erickson, F rederick  K ., San. Engr., 
c/o W. H. M cG lone, 1122 M ilan 
Ave., P ittsbu rgh , 26, Pa.

Feldhake, C. J . ,  S ta te  D ep t, of H ealth , 
620 S. T h ird  S t., Louisville 2, K y.

Ferguson, G erald  W ., 80 M oun ta in  
Ave., Somerville, N . J.

Fisher, Law rence M ., U SP H S , 852 
U. S. Custom s H ouse, Chicago 7, 
111.

Fittro, Louis L ., 1409 W . P ike St., 
C larksburg, W . V a.

Freem an, A. B ., A sst. Pub . H ealth  
Engr., U SPH S, 1407 A ppraisers 
Bldg., San F rancisco 11, Calif.

Fuchs, A braham  W ., U SP H S , 2000 
M assachusetts Ave., N .W ., W ash 
ington 14, D. C.

Fuhrm an, R alph E .,  S up t., D .C . Sew. 
T r. P lant, Blue P lains, W ash ing ton  
20, D. C.

Garthem , E . C ., U SPH S, Sub. T reas
ury Bldg., W all, P ine & N assau  
Sts., New Y ork 5, N . Y.

Getz, M urray  A., D istr. S an . E ngr., 
I l l  D ean S t., W oodstock, 111.

Goeke, Roscoe H ., P . A. San. Engr. 
(R), U SPH S, 2008 W . Jackson, 
Spokane 12, W ash.

G raber, R alph C ., San. E ngr., U SPH S, 
Dist. No. 4, 707 Pere M arq u e tte  
Bldg., New O rleans 12, La.

Grimsley, J . T ., C arte r M em orial Lab. 
USPHS, 1920 G reenw ood, S avan 
nah, Ga.

H ansen, Chris A ., A sst. San. Engr. 
(R), M alaria C ontro l in W ar A reas, 
USPHS, 605 V olun teer Bldg., A t
lanta, Ga.

Hanson, H arry  G ., P . A. San. Engr. 
(R), USPHS, V olunteer Bldg., 
A tlanta, Ga.

H emblett, W . C ., C ap t. Sn .C ., S ta 
tion H ospital, H endricks Field, 
Sebring, F la.

Hill, John R . S ., U SPH S, 409 W adr 
H am pton Office Bldg., C olum bia, 
S. C.

Hintgen, G eorge W ., San. Engr., 
N orthington G eneral H ospital, T u s
caloosa, Ala.

Holy, W illiam E ., 2912 D inw iddie 
Ave., Fairlington , Va.

Hommon, H . B ., B ureau of S an itary  
Engineering, Calif. S ta te  D ep t, of 
Public H ealth , 15 S h a ttu ck  Square, 
Berkeley, Calif.

Hope, M alcolm  C ., U SPH S, 2000 
M assachusetts Ave., N .W ., W ash
ington 14, D . C.

Hopkins, G len J .,  U SPH S, S ta te  
Board of H ealth , P ierre , S. D ak.

Hopkins, O. C ., 1204 P ark  Ave., 
R ichmond, Va.

Hoskins, J . K ., San. Engr., U SPH S, 
2000 M assachusetts Ave., N .W ., 
W ashington 14, D . C.

Ignacio, K rause A., A sst. E ngr., 1617 
M assachusetts Ave., N .W ., W ash
ington, D . C.

Jo n e s , S . L eary , D iv . of S an itary  
Engineering, T enn . D ep t, of Public 
H ea lth , 420 S ix th  A ve., N orth , 
N ashville  3, T enn .

K em p, H aro ld  A ., D ir. of S an itary  
E ngineering, D is t. of Colum bia 
Bldg., W ash ing ton  4, D . C.

K ittre ll , F . W ., Room 55, F erris  H all, 
H ealth  & S afe ty  D ep t., Tennessee 
V alley A u th o rity , K noxville, Tenn.

K och titzky , O. W ., J r . ,  San. Engr., 
420 U nion B ldg., K noxville, Tenn.

L am oureux , V incent B ., San. Engr., 
1652 A dam s S t., D enver, Colo.

Lang, S he ldon , U SP H S , c/o Post 
M edical Inspecto r, C ushing G en
eral H osp ita l, F arm ingham , M ass.

Langdon, B . J . ,  D is tr ic t H ealth  U nit, 
C am den, A rkansas

L eB osquet, M . L ., U SPH S, E . T h ird  
& K ilgour S ts ., C inc innati 2, Ohio

LeV an, Ja m e s  H . ,S an. E ngr., U SP H S  
25 C an te rb u ry  R oad, G rea t N eck, 
L . I., N . Y.

L in d ers , E dw ard , Sr. C ivil Engr., 
G ordon H otel, 916-16th S t., N .W ., 
W ash ing ton  6, D . C.

Ludw ig, H arvey  F .,  A sst. San. Engr., 
U SPH S, 1014 S. H arb o r View Ave., 
S an  P edro , Calif.

L u th in , Jo h n  C ., U SPH S, 603 B .M .A . 
Bldg., 215 P ersh ing  R d ., K ansas 
C ity , M o.

M cC allum , G . E ., San. E ng r., F ederal 
S ecurity  A gency, 707 P ere M ar
q u e tte  B ldg., N ew  O rleans, La.

M cN am ee , P au l D ., O pr., Sewage 
T r . P la n t, B lue P lains, D . C.

M acK enzie , V ernon G ., U SPH S, 
2000 M assachusetts  A ve., N .W ., 
W ash ing ton  14, D . C.

M aie r, F . J . ,  San. Engr., 4702 C h es t
n u t S t., B ethesda 14, M d.

M aie r, P au l P . ,  17 Brief S t., U pper 
D arb y , P a.

M ark , R ichard  S ., 2023 P atterson  
R d., W est H ya ttsv ille , M d.

M idd le ton , F rancis  M ., Chem ., 
U SPH S, 707 Pere M arq u e tte  Bldg., 
N ew  O rleans 12, La.

M oore , W . A ., C hem ., U SP H S , E. 
T h ird  8l K ilgour S ts., C inc innati 2, 
Ohio

M orris , R ae l F ., Oswego, K ans.
M oss , F . J . ,  U SPH S, 8 th  F loor M er

can tile  B ank  B ldg., D allas, Tex.
N asi, K aarlo  W ., C ap t., U SPH S, 

D is tr ic t N o. 10, F ed era l Bldg., 
H onolulu , T . H.

N esheim , A rno ld , 924 E lm  A ve., S a lt  
L ake C ity  5, U tah

N orris , F ran c is  I . ,  J r .  C hem ist, 
U SP H S , E a s t T h ird  & K ilgour S ts., 
C inc innati, Ohio

O gden , W illis L . ,San. E ngr., U SPH S, 
707 Pere M arq u e tte  Bldg., New 
O rleans 12, La.

O ld , H . N ., Sr. S an . E ngr., U SPH S, 
2000 M assachusetts  A ve. N .W ., 
W ash ing ton  14, D . C.

P a la n g e , R . C ., U SP H S , 22 Irv ing  
S t., W est Som erville 44, M ass.

P lacek , O . R ., J r .  C hem ist, U SPH S, 
E. T h ird  & K ilgour S ts ., C inc innati 
2, Ohio

P o rges , R alp h , U SP H S , P lague S up
pressive M easures, 14th A ve. & 
L ake S t., San F rancisco  18, Calif.

P o sto n , R . F .,  U SP H S , 151 U . S. 
C ou rt H ouse, El Paso, Tex.

R ane ri, R ay , S an . Engr., 2000 M assa
chu se tts  A ve., N .W ., W ashington  
14, D . C.

R ice, Jo h n  E ., 161 C hesapeake S t.
1 S .W ., W ash ing ton  20, D . C.

R o b e rts , F . C ., J r . ,2 6  W oodhaven Rd., 
B ethesda, M ary land  

R ogers, J ack  C ., S an . E ng r., C harles
ton  C oun ty  H ea lth  D ep t., C harles
to n  29, S. C.

R uchhoft, C. C ., U SPH S, E . T h ird  & 
K ilgour S ts., C incinnati, Ohio 

S chw ob, C arl E ., M ajor, U SPH S, 
2000 M assachusetts  N .W ., W ash
ing ton  14, D . C.

S co tt, G. R ., San. Engr., Tennessee 
V alley A u tho rity , S an ita tion  Sec
tion , 211 P laza  Bldg., Knoxville, 
T enn.

S harp , P e rry  C ., U SPH S, 2970 Sheri
d an  R d., Chicago 14, 111.

Shaw , F ran k  R ., S t. San. Engr., 
U SPH S, 2000 M assachusetts  Ave. 
N .W ., W ash ing ton  14, D . C. 

S loan , G a rre tt , San. E ngr., U SPH S, 
180 Lenox R d., Brooklyn, N . Y. 

S m ith , R usse ll S ., U SPH S, E . T h ird  
& K ilgour S ts , C incinnati, Ohio 

Snow, D onald  L ., U SPH S, 2013 M ay- 
view A ve., C leveland, Ohio 

S o lander, Arvo A ., C ap t., 34 W est S t., 
W inchendon, M ass.

S pencer, C. C ., 1st L t., N avy  153, Box 
C, c/o F lee t P ost Office, New Y ork, 
N . Y.

S te igm an , H arry , C ity  H ealth  D ep t., 
C ity  H all, Sioux F alls, S. D ak. 

S tevens, D onald  B ., 18 H ighland 
A ve., N ew burypo rt, M ass. 

S tevenson , A lbert H ., 39 Lawrence 
R d., Scarsdale, N . Y.

S tiem ke, R o b ert E ., U SPH S, 15 Pine 
S t., N ew  Y ork 5, N . Y.

S trau b , C onrad P . ,  704 G rove S t., 
Iv ing ton  11, N . J .

S tre e te r , H . W ., U SPH S, E. T h ird  & 
K ilgour S ts., C inc innati 2, Ohio 

T a rb e tt, R . E .,S r . San. E ngr., U SPH S, 
2000 M assachusetts  A ve., N .W ., 
W ashington  14, D . C.

T e rhoeven , G. E ., U SPH S, 6561 S her
m an Ave., M t. W ashington , C incin
n a ti 30, Ohio 

T e rrill, Ja m e s  G ., J r . ,  C ap t., U SPH S, 
M CW A  605 V olunteer Bldg., A t
la n ta , G a.

T etzlaff, F ran k , 4209 S m ithdeal Ave., 
R ichm ond 24, V a.

T h e riau lt, E . J . ,  Chem ., U SPH S, 
N ational In s titu te  of H ealth , Be
th esd a  14, M d.

T rou tm an , LeRoy, Box 472, S tu ttg a r t, 
A rk.

V an D erw erk er, R alph J . ,  961 Sum 
m it Ave., W estfield, N . J.

V olonte, A ugust F .,  911 P rospect Ave., 
T akom a P ark , M d.

W alker, W illiam  W ., C ap t., 0-511952, 
U nit B., D et. of P atien ts , 106, 1075 
A .A .F . B .U ., Coral G ables 34, F la. 

W allach , A rthu r, c/o Johnson  C ounty  
H ea lth  D ep t., 572 E . P a rk  S t., 
O lathe, K ans.

W eibel, S . R ., U SPH S, E . T h ird  & 
K ilgour S ts., C inc innati 2, Ohio 

W iley , Jo h n  S ., A sst. San. Engr., 206 
W . Benson S t., D ecatu r, G a. 

W ilson , Jo h n  N ., U SP H S , E . T h ird  
& K ilgour S ts., C inc innati 2, Ohio 

W oodw ard , R . L ., San. Engr., U SPH S, 
611 Law rence S t. N .E ., W ashington  
17, D . C.

W righ t, C has. T ., U SP H S  D ist. N o. 8, 
617 C olorado Bldg., D enver, Colo. 

Y affee, C. D ., U SP H S , c/o S ta te  D ep t, 
of H ealth , D iv . of In d u s tria l H y 
giene, S m ith  Tow er, 506 Second 
A ve., S ea ttle  4, W ash.

Z ander, K arl L ., U SPH S, 126 R am ona 
A ve., E l C errito , Calif.
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Florida Sewage Works Association
Mr. J. R. Hoy, Secretary-Treasurer, 404 Hildebrandt Building, Jacksonville, Florida

A llen , E dw . H .,  2611 F o rbes  S t., 
J acksonv ille , F la .

A ngas, R o b e rt M ., C ons. C ivil Engr., 
Box 358, Jack so n v ille  1, F la .

B a ird , E a rle  E .,  117 E . P o in se ttia  D r., 
L ake lan d , F la .

B a rn e tt, M . L ., O pr., 212 S. F o res t S t., 
O rlando , F la .

Bezy, C. M au ric e , 225 C ypress S t., 
D a y to n a  B each, F la .

B ongiovanni, Jo se  P . ,  Chief E ngr. of 
S an . D ep t., M u n ic ip a lity  of M o n te 
video, In te n d en c ia  M un ic ipal de 
M ontev ideo , U ruguay , S. A.

B ren n an , R alph  F .,  S u p t. W a te r 
W orks, D a y to n a  B each, F la .

B row n, E v e re tt C u rrie r , Box 195, 
S o u th  D ay to n a , F la .

B u tle r , Leo  M ., 932 C leveland  S t., 
C learw ater, F la .

C a ro th e rs , C h arles  H .,  521 S.W . 
S ix th  S t., M iam i 36, F la .

C h es te r, B u rk e , Sr. S an . Off., L ake 
C o u n ty  H ea lth  U n it, T av ares , F la .

C law son , E a rl M ., C ap t., P . O. Box 
1525, O rlando , F la .

C onnell, M au rice  H .,  Cons. E ngr., 
816 L angford  B ldg., M iam i, F la .

D am erow , H a rry  W ., C ity  H all, Vero 
Beach, F la .

d e  G oicoechea, P ro f . L eand ro , Es- 
cuela de Ingenieros Y A rqu itec tos, 
U niversidad  de la  H ab an a , H av an a , 
C uba

d e Z evallos, B . F e rn an d o  O rtiz , Scell 
354, M iraflores L im a, P eru , S. A.

D odd , C. K . S ., Cons. E ngr., S araso ta , 
F la .

E a s te rd a y , C on rad  G ., 302 H ilde- 
b ra n d t B ldg., Jacksonv ille  2, F la .

E id sn e ss , F re d  A ., A sst. S an . E ngr., 
F la . S ta te  B oard of H ea lth , J a c k 
sonville, F la .

E sp in o sa-P arg a , R o b e rto , C arre ra  
11 N o. 65-54, B ogota, C olom bia, 
S. A.

F in ley , T . R ., P ittsb u rg h  E qu itab le  
M ete r Co., 442 C herokee D r., 
O rlando , F la .

F iv eash , C has. E ., S u p t. of P lan ts , 
C ity  of F o r t  L auderdale , P . O. Box 
1113, F o r t  L auderdale , F la .

F lan a g an , P a t ,  Box 445, T a m p a  1, F la .
G arlan d , C. F .,  C ap t., 3 R osedale R d., 

W est H a rtfo rd , C onn.

G ilb e rt, J .  M ile s , 325 E . B roadw ay , 
E a s t S t. L ouis, 111.

G ile s, T . D ., J r . ,  Box 102, Boca 
R a to n , F la .

G illesp ie , W ylie  W ., C ons. E ngr., 
Box 1048, Jacksonv ille , F la .

G reen , W in g a te , S an . E ng r., P ost 
E n g r’s. Office, E g lin  F ie ld , F la .

H an lo n , D. A ., S u p t. P u b . W orks, 824 
N ew ark  S t., W est P a lm  B each, F la .

H a rd in g , C arl G ., P om pano , F la .
H a rr is , H . E .,  O pr., Box 856, Eau 

G allie, F la .
H a rtl in e , W m . C ., W . F irs t  S t., S an

fo rd , F la .
H igg ins, G eo rge  F .,  J .  B. G reen 

P lum b ing  & E q u ip m en t, Inc ., S a ra 
so ta , F la .

H oy , J .  R ., D is t. M gr., W allace & 
T ie rn an  Co., In c ., 404 H ild e b ran d t 
B ldg., Jacksonv ille , F la .

H u rta d o , J .  R ., S an . E ng r., In s titu to  
N acional de O bras S an ita ria s , Esq. 
M ercaderes, C aracas, V enezuela, 
S. A.

Ja m e s , N orm an  S ., S u p t., F lo rida  
S ta te  H osp ita l, C hattahoochee , 
F la .

K e lle r , S . K ., G en. S u p t., P inellas 
C o u n ty  W a te r  S ystem , C learw ater, 
F la .

Kang, L . H .,  S u p t., c/o  F lo rid a  U tili
ties  C orp ., W in te r  P a rk , F la .

L au ram o re , H o race  H .,  202 P en in su 
la r  L ife B ldg., 237 W . F o rsy th  S t., 
Jacksonv ille  2, F la .

L eo n ard , O . M ., S an . E ng r., 835 
T a lb o t A ve., Jacksonv ille , F la .

M ille r, Jo h n  B ., A cting  D ir., B ureau  
of S a n ita ry  E ng ineering , S ta te  
B oard of H ea lth , Jacksonv ille , F la .

M o o rh ead , T ru m an  O rren , T avares, 
F la .

N ew m an , A lfred  C ., C ity  M anager, 
Leesburg , F la .

N o lten iu s , V. Ju lio , A ven ida  E spaña , 
804 15 C .O ., S an  S a lv ad o r, E l S al
vado r, C . A.

P h e lp s , E llis  K ., 426 S. E o la D r., 
O rlando, F la .

P iz ie , S tu a r t G ., Sales E ng r., Chicago 
P um p  C o., 223 S .W . 31st R d., 
M iam i, F la .

P ow ell, R e u b e n  R ., c/o  Office of the  
P o st E ngineer, A von P a rk  Bom bing 
R ange, A von  P a rk , F la .

R e id , G eo . W ., 1872 C laym ore Dr., 
M a rie tta , G a.

R ice , C lifton  L ., 714 C larem ore Dr., 
W est P alm  B each, F la .

R ich h e im er, C h as . E .,  Cons. Engr.,
G . A. Y oungberg  & Assoc., Lynch 
B ldg., Jacksonv ille , F la .

R o bb ins , G eo rge  T ., O pr., Box 53, 
F o r t  L au d erd a le , F la .

R uge, J .  H e rm an , S an . E ngr., Box 
1136, P an a m a  C ity , F la .

R ybolt, H ow ard  R ., 939¿ N . Shine 
S t., O rlando , F la .

S t .J o h n ,  C on rad  H .,  S u p t., Box 1411, 
Pensaco la, F la .

S an d le r, T h e o d o re  T ., 4742 Sunder
la n d  R d ., Jacksonv ille , F la .

S co tt, H o m er B ., 225 N . Hollywood 
A ve., D a y to n a  B each, F la .

S perling , E lm e r J . ,  Supervising  Engr., 
1333 M cC u tcheon , R ichm ond 
H eig h ts, M o.

S tone , R alp h , J r . ,  A ss’t  S an . Engr., 
U S P H S , S ta te  B oard  of H ealth, 
Jacksonv ille , F la .

S w een ey , J .  S tan ley , S u p t. Sewage 
T r ., C ity  H all, Pensaco la, F la .

T ay lo r, D . R ., M ajo r, C .E ., 1233 
A llendale, R oanoke 14, V a.

T ie r , J .  V ., Sr. O pr., Sewage Tr. 
P la n t , 635 S .W . 2 4 th  S t., F t. 
L auderda le , F la .

T im m on s, C y rus  L ., 2813 W . Rox- 
boro R d ., N .E ., A tla n ta , G a.

T ra v e rs , V. P . ,  S an . E ngr., 2025 N.W . 
21st S t., M iam i, F la .

V ickery , Jo h n  U ., O pr., 1537 N.W . 
F o u r th  A ve., F o r t  L auderdale , Fla.

V inson , A. T ., 225 Burgiss Bldg., 
Jacksonv ille , F la .

W e lls , S . W ., 1st L t., S an . Corps, 
600 £ W . M ark e t, Greenwood, 
M iss.

W ild , H a rry  E . ,  421 W isteria  Rd., 
D a y to n a  B each , F la .

W illiam son , A. E . ,  M ajo r, Sn .C ., 1143 
F o u r th  A ve., Jacksonv ille  Beach, 
F la .

W illiam son , J o e , J r . ,  Cons. Engr., 415 
S. P a lm e tto  A ve., D ay to n a  Beach, 
F la .

W ilson , F . E .,  C ity  H all, Lakeland, 
F la .

Georgia Water and Sewage Association

Mr. V. P. Enloe, Secretary-Treasurer, R. F. D. No. S, Box 363, Atlanta, Georgia
A ngle, J .  D ., O pr. E ng r., F o r t  Ben- 

n ing , 619 S ix th  A ve., C olum bus, G a.
B ak e r, H u g h  L ., Cons. E ngr., G nom e 

T ra il, L o okou t M o u n ta in , T en n .
B ragg , J .  M ., Sew age P la n t O pr., 308 

F ir s t  S t., M o u ltrie , G a.
B row n, S tu a r t , S u p t. W a te r  W orks, 

W est P o in t, G a.
B ry an t, W . G ., S u p t. L igh t, W a te r  and  

Sew age, C ity  H all, G riffin, G a.
C a te r , T h o m as  J . ,  J r . ,  Assoc. San. 

E ngr., W arn e r R ob ins A ir Tech. 
Serv . C om ., 104 T h o m as Bldg., 
W a rn e r R ob in s , G a.

C ham plin , G eorge  D ., S an . Engr., 
Eng. P la n ta tio n  P ipe  L ine Co., 
H ealey  B ldg., A tla n ta  3, G a.

C raig , J .  D ., S u p t. W a te r  and  Sewage, 
M adison , G a.

D av id son , G eo rg e , P ub lic  H ealth  
E ng r., D eK alb  C o u n ty , D ecatu r, 
Ga.

D av is , T . J . ,  S u p t., c/o  B righton  
M ills, Inc ., S hannon , G a.

d e ja r n e t te ,  N . M ., A sst. S an . E ngr., 
S ta te  B oard of H ea lth , P ub lic  
H ea lth  B ldg., A tla n ta  3, G a.

D ru m m o n d , C. E .,  Cons. Engr., 
W iedem an  & S ing le ton , P . O. Box 
1878, A tla n ta , G a.

E n lo e , V. P . ,  S u p t., C la y to n  Sewage 
T r. P la n t, R t. N o. 5, Box 363, 
A tla n ta , G a.

F an n in g , H en ry  L ., O pr., 1206 Beirne 
A ve., H un tsv ille , A la.

F r ith , G ilb e rt R .,  M ajo r, U. S. Army 
S an ita ry  E ngr., D ep t, of Public 
H ea lth , S ta te  C ap ito l B ldg., A t
la n ta , G a.

G id d en s , S . M ., S an . E ng r., Corps of 
E ngineers, C ochran  F ield , M acon, 
G a.

G ilm an , H a rry , 609 W . T h ird  St., 
C heste r, Pa.

G ra n , D r .,  Jo h n  E .,  School of C hem 
is try , U niv . of A labam a, U niversity , 
A la.

G ro m ad a , S tan ley  T ., 350 C en tra l St., 
C en tra l F alls, R . I.
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H a n se ll , W in . A ., J r . ,  2 n d  L t .  0 -521- 
051, S a n . C . 9 6 th  G e n e ra l  H o s p ita l ,  
A P O  518, c /o  P o s tm a s te r ,  N ew  
Y ork , N . Y .

H a rr is , W . N o r r is ,  O p r .,  A t l a n t a  S ew 
age D e p t . ,  163 C lif to n  S t .  S .E ., 
A tla n ta , G a .

H aw k in s , J .  B .,  O p r . & C h ie f  of P o lice , 
C ity  H a ll,  P e r ry ,  G a .

H en ley , M . E . ,  W a lla c e  a n d  T ie rn a n  
Co., S ta tio n  E , B ox 6 3 , A t l a n t a ,  G a .

H ick lin , R . G . ,  C o n s . E n g r .,  c /o  
R o b e r t & C o ., 706  B o n a  A llen  
B ldg., A t la n ta ,  G a .

H o u s to n , W . J . ,  161 S p r in g  S t r e e t  
B ldg., A t la n ta ,  G a .

H u rs t,  D . H . ,  D isp o sa l  P l a n t  O p r ., 
T ifto n , G a .

Ja co b s , J .  R . ,  S a n . E n g r .,  A .A .F . 
B ase, S e y m o u r  J o h n s o n  F ie ld ,  808 
R u d o lp h  S t . ,  G o ld sb o ro , N . C .

Ja co b s , L . L .,  S a n . E n g r .,  C a m p  
G o rd o n , 1510 P e n d le to n  R d .,  
A u g u s ta , G a .

Jo b , R ic h a rd  C ., G o o n h il la n d  F a rm , 
R iv e rd a le , G a .

Jo n e s , T . A ., S u p t .,  L ig h t,  W a te r  a n d  
Sew age, C i ty  H a ll,  F o r t  V a lle y , G a .

K ah n , J a m e s  M .,  In filc o  C o rp .,  4730  
H a rr is  T ra il ,  N .W ., A t l a n t a ,  G a .

K a ise r ,  C . T . ,  R  & U  B ra n c h ,  U . S. 
E n g r’s., F o u r th  S e rv ic e  C o m m a n d , 
W a lto n  B ld g ., A t l a n t a  3 , G a .

K e n t, S . R . ,  A ss t. S u p t . ,  S ew ag e  
T r .,  S a v a n n a h  A ir  B ase , P . O . B ox  
12, S a v a n n a h  B each , G a .

K ing , E a r l J . ,  P r in .  O p r . E n g r .,  F o r t  
B enning , G a ., 4016 S e c o n d  S t . ,  
C o lu m b u s, G a .

K n a p p , H e n r y  A .,  S u p t . ,  I n tr e n c h -  
m e n t  C re e k  S ew ag e  T r .  P la n t ,  
R .F .D .  N o . 3 , B ox  119, A t la n ta ,  
G a .

K o ru z o ,  J o h n  E . ,  R  & U  B ra n c h , 
F o u r th  S e rv . C o m ., W a lto n  B ld g ., 
A t l a n t a  3 , G a .

L u q u ire ,  J o s e p h  W .,  J r . ,  204 M o rg a n  
A v e ., M o b ile  13, A la .

N a e h r ,  H a r r y  F . ,  P . O . B ox  1523, 
F o r t  B e n n in g , G a .

N ic k e l ,  J a c k  B . ,  S a n . E n g r .,  T e n n e s 
see  C o rp .,  L o c k la n d , C in c in n a t i  15, 
O h io

N ix o n , M . B .,  S u p t . ,  E n g in e e rs  of 
S ew ers , C i ty  of A t la n ta ,  301 C ity  
H a l l,  A t l a n t a  3 , G a .

P ro d a n o v ic h ,  D a n i lo ,  L t . ,  C o rp s  of 
E n g in e e rs ,  F o u r th  S e rv . C o m m ., 
R  & U  B ra n c h , 50  W h ite h a ll  S t .,  
A t l a n t a  3 , G a .

R e a v e s ,  S .  H . ,  O p r .,  H u n te r  F ie ld  B r., 
S a v a n n a h  A ir  B ase , 4015  W ic k a m  
T e r ra c e ,  S a v a n n a h ,  G a .

R h o d e s ,  T .  W .,  S u p t . ,  W a te r  a n d  
L ig h ts ,  C i ty  H a ll,  S y lv a n ia ,  G a .

R i t t e r ,  R o l lin ,  S a n . E n g r .,  R  & U  
B ra n c h , U . S . E n g in e e rs ,  F o u r th  
S e rv . C o m m ., W a lto n  B ld g ., A t 
l a n t a  3 , G a .

R o b in s o n ,  P h i l ip  L . ,  S u p t . ,  2815 
S p r in g h ill  A v e ., C r ic h to n ,  A la .

R o s s e r ,  A . W .,  S u p t . ,  W a te r  a n d  S ew 
ag e , C i ty  H a ll,  C a iro , G a .

R o z a r ,  W . C .,  C i ty  M a n a g e r ,  C i ty  of 
E a s tm a n ,  E a s tm a n ,  G a .

S c a le s ,  E . P . ,  605 S te r l in g  C o u r t ,  
N a s h v ille ,  T e n n .

S c o t t,  L . H . ,  M a jo r ,  U . S . E n g r ’s., 
R  & U  B ra n c h , F o u r th  S e rv . C o m m . 
684  E a s t  P a c e s  F e r ry  R d . N .E . ,  
A t la n ta ,  G a .

S c o t t ,  W . R . ,W e s t  P o in t  M a n u fa c tu r 
in g  C o ., W e s t  P o in t,  G a .

S im m o n s , M . F . ,  S u p t . ,  W a te r ,  L ig h ts  
a n d  S ew ag e , C i ty  H a ll,  D o u g la s , 
G a .

S im o n to n , L e w is  R . ,  S u p t .  o f W a te r  
F i l t r a t io n  & S ew . T r .,  G riffin , G a .

S in g le to n ,  M . T . ,  C o n s . E n g r .,  W ied e - 
m a n  a n d  S in g le to n  E n g in e e rs ,  1300 
C i ty  & S o u . B a n k  B ld g ., A t la n ta  
3 , G a .

S m ith ,  W . A u s tin , C o n s . E n g r .,  S m ith  
& G ille sp ie , P . O . B ox  1048, J a c k 
so n v ille , F la .

S p a rk s , G e o rg e  H . ,  C i ty  E n g r .,  C ity  
H a ll,  E a s t  P o in t ,  G a .

S tr in g e r ,  R . M .,  F e e n s te r  & S tr in g e r ,  
2903 N . S t a te  S t . ,  J a c k s o n  42, 
M iss .

S w e n so n , J o h n  P . ,  C a p t . ,  S n .C . 
0-519536 , 1 1 5 th  M a la r ia  C o n tro l  
U n it ,  A P O  244, S a n  F ra n c isc o , 
C alif.

T a y lo r ,  F . W ., S a les  E n g r .,  C h a in  
B e lt C o ., 1220 M o rtg a g e  G u a ra n te e  
B ld g ., A t l a n t a  3 , G a .

T u r le y ,  C o m e r, S u p t . ,  W a te r  a n d  S e w 
ag e  D e p t . ,  L in d a le ,  G a .

W e a v e r ,  W . H . ,  C i ty  E n g r .,  110 A t 
la n t a  A v e ., D e c a tu r ,  G a .

W e ir ,  P a u l ,  A ss t. G e n . M g r., A t la n ta  
W a te r  W o rk s , 1210 H e m p h il l  A ve . 
N .W ., A t la n ta ,  G a .

W h e lc h e l ,  H .  E . ,  S u p t . ,  C i ty  H a ll, 
C o llege  P a r k ,  G a .

W y c k o ff , H .  A ., P ro f.  o f B io logy , 
G e o rg ia  S ch o o l o f T e c h n o lo g y , 
A t la n ta ,  G a .

Y o rk , W a l te r  H . ,  O p r .,  S a n . S u p e r 
v iso r , F e d e ra l  P e n i te n t ia r y ,  A t 
la n ta ,  G a .

Iowa Wastes Disposal Association
Prof. L. O. Stewart, Secretary-Treasurer, c/o Civil Engineering School, Iowa State College, 

Ames, Iowa

A hrens, G . C .,  S u p t . ,  1601 S m ith  S t .,  
L incoln  2, N e b r .

Am es, C ity  o f , c /o  C h a r le s  A le x a n d e r , 
S u p t. of W a te r  W o rk s  & S ew ag e  
W orks, A m es, l a .

A n derson , R a lp h  W ., 1357 M o rto n , 
D es M o in es  16, l a .

B ark lag e , O . F . ,  S a les  E n g r .,  423 S. 
3 8 th  A ve., O m a h a , N e b r .

Bartow , E d w a rd ,  P ro f., C h e m is try  
B ldg., S ta te  U n iv . of Io w a , Io w a  
C ity , l a .

Bond, R . G . ,  c /o  E n g in e e r in g  D iv ., 
S ta te  D e p t,  o f  H e a l th ,  D e s  M o in e s  
19, la .

C lear L a k e , C ity  o f , c /o  J a m e s  A . 
Buck, O p r. S ew ag e  W o rk s , C la re  
L ake, l a .

C raw ford , L . C ., D is t .  E n g r .,  U . S . 
G eological S u rv e y , 508  H y d ra u lic s  
L a b o ra to ry , Io w a  C i ty ,  l a .

D a g g ,R a lp h  G .,  C h a in  B e lt C o ., R o o m  
1452, 20 N . W a c k e r  D r . ,  C h ic a g o  6, 111.

D aw son , F . M .,  D e a n  of C o lleg e  of 
E n g in eerin g , S t a te  U n iv . o f Io w a , 
Iow a C ity , l a .

D es M o in e s , C ity  o f, c /o  P a u l  W in 
fred , S u p t .,  S .E . 3 0 th  V a n d a l ia  R d ., 
D es M o in e s  17, l a .

E rick so n , J o h n  E . ,  S u p t .  S ew age  
W orks, B ox 645, S to ry  C i ty ,  l a .

F o rest C ity , C ity  o f ,  H e r b e r t  N e ssa , 
S u p t., M u n ic ip a l  S ew ag e  W o rk s , 
F o re s t C ity , l a .

F t. D o d g e , C ity  o f , c /o  J o h n  W . P ra y ,  
S u p t. of U ti li t ie s ,  F o r t  D o d g e , l a .

G a rw o o d , K ir k ,  S u p t . ,  M u n ic ip a l 
S ew . W o rk s , R .R .  N o . 4, G rin n e ll, 
l a .

G r e e n ,  H o w a rd  R . ,  C o n s . E n g r .,  H .R . 
G re e n  C o m p a n y , 2 0 8 -210  B e v e r 
B ld g ., C e d a r  R a p id s ,  l a .

H a m m e r ,  V e rn o n  B e n ja m in ,  A ss t. 
S a n . E n g r . (R ) ,  U S P H S , D is t .  N o . 
6, S a n  J u a n ,  P u e r to  R ic o

H o w e , H a r r y ,  R .F .D .  N o .  1, M a rs h a ll
to w n , l a .

Io w a  C ity , C ity  o f , c /o  R o b e r t  D . 
M o t t ,  S u p t .  S ew ag e  W o rk s , Io w a  
C i ty ,  l a .

Io w a  F a l ls ,  C ity  o f , c /o  G u y  B u r to n , 
S u p t .  S ew ag e  W o rk s , Io w a  F a lls , 
l a .

J o h n s o n ,  R o b e r t  T . ,  C o u n ty  E n g r ., 
H a r d in  C o u n ty ,  E ld o ra ,  l a .

J u n g w ir th ,  F r a n k ,  R o u te  2, N e w to n , 
l a .

L o v e ll,  C la re n c e ,  O p r .,  415  W a sh in g 
to n  A v e ., W a te r lo o , l a .

L o v e ll,  T h e o d o r e  R . ,  S u p t . ,  210  N . 
S e c o n d  S t . ,  M a rs h a ll to w n , l a .

N e m m e r s ,  W . P . ,  N e m m e rs  a n d  C la rk  
C o n s . E n g rs .,  207 M a so n ic  T e m p le , 
D e s  M o in e s  9 , l a .

N e w e ll ,  T o w n  o f , c /o  F r a n k  W ie te r ,  
S ew ag e  P l a n t  O p r .,  N e w e ll, l a .

N e w to n , C ity  o f , c /o  H . J .  L a m m e rs , 
C i ty  C le rk , N e w to n ,  l a .

R o a c h ,  V in c e n t,  E n g r .,  117 N . R u s 
se ll A v e ., A m es, l a .

S c h e n k ,  E .  F . ,  C o n s . E n g r .,  214 
W a te r lo o  B ld g ., W a te r lo o ,  l a .

S c h lie k e lm a n , R . J . ,  L t . ,  D is t .  H e a l th  
S e rv ic e  N o . 11, C o u n c il B luffs, l a .

S h a p le y , W ill ia m  H . ,  O p r ., 503 I n d i
a n a  A v e ., S ib le y , l a .

S p e n c e r ,  C ity  o f ,  c /o  C ity  C le rk , 
S p e n c e r, l a .

S p ra g g , H .  J . ,  S u p t . ,  Io w a  G re a t  
L a k e s  S ew ag e  W o rk s , B ox 187, 
A rn o ld s  P a r k ,  l a .

S ta n le y ,  C . M .,  C o n s . E n g r .,  S ta n le y  
E n g in e e r in g  C o ., B ox 807, M u s c a 
t in e ,  l a .

S te w a r t ,  L . O . ,  H e a d , D e p t .  C iv il 
E n g in e e r in g , Io w a  S ta te  C o lleg e , 
A m es, l a .

S tre lo w , J .  L .,  S u p t . ,  1616 J e rs e y  
R id g e , D a v e n p o r t ,  l a .

S w e n d e r , H a rv e y  P . ,  2910 E a s to n  
B lv d ., D e s  M o in e s  17, l a .

T e is in g e r ,  F r e d ,  O p r .,  C e d a r  B en d  R 
N o . 2, W a te r lo o , l a .

U r ic k , R . H . ,  7 4 9 -3 2 n d  S t . ,  D e s  
M o in e s  12, l a .

W a te r m a n ,  E a r le  L .,  P ro f., C iv il 
E n g in e e r in g  D e p t . ,  208 E n g in e e r in g  
B ld g ., S t a te  U n iv . o f Io w a , Io w a  
C i ty ,  l a .

W e b s te r  C ity , C ity  of, L eo , I Jo l tk a m p , 
S u p t .  S ew ag e  W o rk s , W e b s te r  C i ty ,  
l a .

W ie te r s ,  A . H . ,  D ir . ,  P u b lic  H e a l th  
E n g r . D iv .,  S t a te  D e p t ,  of H e a l th ,  
D e s  M o in e s  19, l a .

W ils o n , C . T . ,  1115 W . F o u r th  S t . ,  
W a te r lo o , l a .
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A lle n , F .  W .,  H a c k e n  S e w a g e  W o rk s , 
G r e a t  L e v e r ,  B o lto n , L a n c a sh ire , 
E n g la n d

A n d re w s ,  L . ,  7 M il to n  A v e .,  G ra v e s 
e n d , K e n t is h ,  E n g la n d  

A r ro w s m ith ,  E .  H . ,  S ew . W o rk s , 
B ro m w ich  R d . ,  W o rc e s te r ,  E n g la n d  

A r t is t ,  L . J . ,  2 W a rr e n  A v e ., P o r to -  
b e llo , W a k e f ie ld , Y o rk s h ire , E n g 
la n d

B a lfo u r ,  D . & S o n s ,  45 S o u th  S t . ,  
D u r h a m ,  E n g la n d  

B a r ra c lo u g h ,  D . H . ,  S ew . W o rk s , 
D e n to n ,  L a n c a s h ir e ,  E n g la n d  

B e n n e t t ,  W . W .,  T a m e  & R e a  D r a in 
a g e  B o a rd , R o o k e ry  P a r k ,  E rd in g -  
to n ,  B irm in g h a m , E n g la n d  

B e s w ic k , G . ,  S ew . W o rk s , S la ck s  
V a lle y , M id d le to n  J u n c t io n ,  L a n c a 
s h ir e ,  E n g la n d  

B o lto n , J .  F . ,  A m e s  C r o s ta  M ills  & C o. 
L td . ,  M o ss  I ro n  W o rk s ,  H e y w o o d , 
L a n c a sh ir e , E n g la n d  

B o x , G . E .  P . ,  52 C o b h a m  S t . ,  G r a v e s 
e n d , K e n t is h ,  E n g la n d

B u r k e ,  C . E . ,  S ew . W o rk s , V ic a ra g e  
L a n e , E a s t  H a m , L o n d o n ,  E .6 , 
E n g la n d

C a lv e r t ,  A ., 43 S ta t io n  R d . ,  D a rn a ll ,  
S h effie ld  9 , Y o rk s h ire , E n g la n d

C a m e ro n ,  W . M .,  67 T o w e rh ill  R d ., 
G lasg o w , W .3 , S c o tla n d

C a m p b e ll ,  J .  L . ,  S ew . D is p . W o rk s , 
F re c k le to n ,  P re s to n ,  L a n c a sh ire , 
E n g la n d

C h r i s t ia n ,  J .  A ., S ew . W o rk s , B u r to n  
G ra n g e , L u n d  W o o d , B a rn s le y , 
Y o rk s h ire , E n g la n d

C la y , H . ,  T a m e  B a s in  J o in t  C o m m it
te e , C o u n c il  H o u se , B irm in g h a m , 
E n g la n d

C le m e n ts ,  G . S . ,  51 T h e  D r iv e , B e x 
ley , K e n t is h ,  E n g la n d  

C lif fo rd , W .,  “ M a y c r o f t”  S to u rb r id g e  
R d . ,  W o m b o u rn ,  W o lv e rh a m p to n ,  
E n g la n d

C o c k ro f t ,  T . N . ,  S ew . W o rk s ,  L e ig h , 
L a n c a sh ir e , E n g la n d  

C o o p e r , G . F . ,  S ew . W o rk s , B ig g le s 
w a d e , B e d fo rd sh ire , E n g la n d

C o v ill, R .  W .,  S ew . D isp . W o rk s , 
L o w e r  M a rs h  L a n e , S u rb ito n ,  
S u r re y ,  E n g la n d

C r u n d a ll ,  S . F . W .,  c /o  P e t e r  S p e n c e  
& S o n s , L td .,  N a t ’l B ld g s .,  S t. 
M a r y ’s  P a rso n a g e , M a n c h e s te r ,  
E n g la n d

D r u m m o n d , A . H . ,  94  G re e n c ro f t  R d ., 
H e s to n ,  M id d le s e x , E n g la n d

D y s o n , R .  J .  H . ,  S ew . W o rk s , W illo w  
H o m e , C a r lis le ,  E n g la n d

E d m o n d s o n ,  J .  H . ,  S ew . W o rk s ,  W in -  
c o b a n k ,  S h e ffie ld , E n g la n d

E ls d o n ,  G . D . ,  D r . ,  L a n c a s h ir e  R iv e rs  
B o a rd , 50  M o s le y  S t . ,  M a n c h e s te r ,  
E n g la n d

E s c r i t t ,  L . B . ,  68  W o o d c re s t  R d ., 
P u r le y ,  S u r re y ,  E n g la n d

E v a n s ,  S . C . ,  S ew . D is p . & R e fu se  
D e s t ru c to r  W o rk s , W in d m ill  R d .,  
L u to n ,  B e d fo rd s h ire ,  E n g la n d

F in c h ,  J . ,  S ew . W o rk s ,  A ld w a rk e , 
P a r k g a te ,  R o th e rh a m ,  E n g la n d

F lo w e r s ,  E . ,  S ew . W o rk s ,  F in e d o n , 
N r .  W e ll in g b o ro u g h , N o r th a m p to n 
s h ire ,  E n g la n d  

F o w le r ,  G . J . ,  c /o  C e n t r a l  H o te l ,  
B a n g a lo re , S . I n d ia

F r e e b o r n ,  W . F . ,  34  C a r d in a l ’s W a lk , 
H a m p to n - o n - T h a m e s ,  M id d le s e x , 
E n g la n d

F r e e m a n ,  A . L . ,  W e s t la n d s ,  T h u r s le y ,  
G o d a lm in g , S u r re y ,  E n g la n d  

G a r n e r ,  J .  H . ,  B ry n f ie ld , 28 A b e rfo rd  
R d . ,  W a k e f ie ld , Y o rk s h ire ,  E n g la n d  

G ib b s ,  R . C . ,  c /o  D o r r -O liv e r  C o ., 
L td . ,  A b fo rd  H o u se , W il to n  R d .,  
( V ic to r ia ) ,  L o n d o n , S .W . 1, E n g 
la n d

G il la r d ,  J .  E . ,  S ew . W o rk s ,  H e a th c o te ,  
W a rw ic k ,  E n g la n d  

G o ld th o rp e ,  H .  H . ,  S ew . W o rk s , 
D e ig h to n ,  H u d d e r s f ie ld ,  E n g la n d  

H a m b le to n ,  F . T . ,  O u tf a l l  W o rk s , 
P r e s tb u r y ,  N r .  M a cc le s f ie ld , C h e 
s h ir e ,  E n g la n d  

H a m lin ,  C . H . ,  S ew . W o rk s ,  E . H y d e , 
L u to n ,  B e d fo rd s h ire , E n g la n d  

H a r r i s ,  I . ,  29  I v e rn e s s  A v e ., W e s t-  
c liff-o n -S ea , E sse x , E n g la n d  

H a r v e y ,  J .  B . ,  1 M o tn e y  H il l ,  R a in -  
h a m , K e n t is h ,  E n g la n d  

H e n d e r s o n  E . ,  11 W o o d fie ld  A v e ., 
G ra v e s e n d ,  K e n t ,  E n g la n d  

H ic k s ,  R . ,  H a m il to n  S ew . W o rk s , 
B o th w e ll B r id g e , B o th w e ll,  L a n a r k 
sh ire ,  S c o t la n d  

H i r s t ,  J . ,  65 T e a l  R d . ,  E a s tb o u rn e ,  
D a r l in g to n ,  C o u n ty  D u r h a m ,  E n g 
la n d

H o d g s o n ,  E . ,  I r r ig a t io n  F a r m ,  H a r 
r in g to n  R d . ,  S . N o rw o o d , L o n d o n , 
S .E .  25 , E n g la n d  

H o d g s o n ,  H .  J .  N . ,  22  B ra e  R d . ,  S t .
G e o rg e s , A d e la id e , S . A u s t ra l ia  

H o lro y d ,  A .,  C h e m ., D a g e n h a m  U r 
b a n  D is t .  C o u n c il,  R iv e rs id e  Sew . 
W o rk s , R a in h a m , E sse x , E n g la n d  

H o w a r th ,  J .  P . ,  S ew . D is p .  W o rk s , 
L o n g fo rd  R d . ,  C a n n o c k , S ta ffo rd 
s h ire ,  E n g la n d  

H o y le ,  W . H . ,  “ D i lk u s h a ” , 47 V ic to r ia  
R d . ,  T o p s h a m  n r .  E x e te r ,  D e v o n 
s h ire ,  E n g la n d  

H u n te r ,  A .,  S ew . D e p t . ,  C i ty  C h a m 
b e rs ,  50  J o h n  S t . ,  G la sg o w , S c o t 
la n d

H u r le y ,  J . ,  S ew . W o rk s ,  T e t te n h a l l ,  
W o lv e r h a m p to n ,  E n g la n d  

J a c k s o n  S . ,  9 0  W a lto n  W a y ,  S to n e , 
S ta ffo rd s h ire ,  E n g la n d  

J e n n in g s ,  A ., S ew . W o rk s ,  S e f to n  
L a n e , M a g h u ll ,  N r .  L iv e rp o o l ,  E n g 
la n d

J o n e s ,  C . B . O . ,  C i ty  o f C o v e n try  
C h e m ic a l  L a b o r a to r y ,  W h it le y ,  
C o v e n t ry ,  E n g la n d  

K e r s h a w ,  A rn o ld , C h ip p e n h a m  L a n e , 
S lo u g h , B u c k in g h a m s h ire ,  E n g la n d  

K le in ,  L . ,  D a v y h u lm e  S ew . W o rk s , 
U rm s to n ,  M a n c h e s te r ,  E n g la n d  

L e a ,  J .  E . ,  T h e  L e a  R e c o rd e r  C o ., 
L td . ,  C o rn b ro o k  P a r k  R d . ,  M a n 
c h e s te r  15, E n g la n d  

L e g g e tt ,  F .  H . ,  P u b l ic  H e a l th  D e p t . ,  
S h ire  H a l l ,  W a rw ic k , E n g la n d  

L e ig h ,  H .  G . ,  28 W . L e ig h  R d . ,  B la c k 
b u r n ,  L a n c a s h ir e ,  E n g la n d  

L o c k e tt ,  W . T . ,  W e s t  M id d le s e x  M a in  
D ra in a g e  W o rk s ,  O a k  L a n e , Is le -  
w o r th ,  M id d le s e x , E n g la n d  

L o n g b o t to m , V ., S ew . W o rk s ,  D e n to n ,  
G ra v e s e n d ,  K e n t is h ,  E n g la n d  

L o v e t t ,  M .,  W . R id in g  R iv e rs  B o a rd , 
71 N o r th g a te ,  W a k e f ie ld , Y o r k 
s h ire ,  E n g la n d  

L u m b , C . ,  S ew . D e p t . ,  S a l te rh e b b le ,  
H a l ifa x , E n g la n d

M c N ic h o la s ,  J . ,  B ro c k h u rs t  H ouse , 
B e sc o t C re s c e n t ,  W a ls a ll ,  S ta ffo rd 
s h ire ,  E n g la n d  

M a k e p e a c e ,  W . H . ,  S e w e r  E n g in e e r ’s 
O ffice, L e e k  R d . ,  S to k e -o n -T re n t ,  
E n g la n d

M e r c e r ,  H .  S . ,  S ew . W o rk s , H igh  
W y c o m b e , B u c k s , E n g la n d  

M il le r ,  A . S . ,  Sew '. W o rk s , M a n o r 
F a r m ,  R e a d in g , B e rk sh ire , E n g 
la n d

M o d a k ,  N . V .,  C i ty  E n g r .,  B o m b ay  
M u n ic ip a li ty ,  B o m b a y , I n d ia  

M o n k ,  H .  E . ,  C o . L a b o r a to r y ,  C o u n ty  
B ld g s ., W o rc e s te r ,  E n g la n d  

M o o re ,  R . L . ,  B r ig h o u se  S ew . W orks, 
C o o p e r  B r id g e , M irf ie ld , Y o rk sh ire , 
E n g la n d

M o u n tf o r t ,  L . F . ,  “ C la v e rin g s” , 
M o n ta g u  R d . ,  E d m o n to n ,  L on d o n , 
N .9 , E n g la n d  

M y a t t ,  H . ,  S e w . W o rk s , T o ll E n d ., 
T ip to n ,  S ta ff s ,  E n g la n d  

N ix o n , J . ,  S ew . W o rk s , D e ig h to n , 
H u d d e rs f ie ld , Y o rk s h ire , E n g lan d  

P le d g e r ,  A .,  “ G r a n ta , ”  W o lse ley  R d ., 
C a m e ls  H e a d ,  P ly m o u th ,  D e v o n 
sh ire ,  E n g la n d  

P o o le ,  S .  B . ,  11 C liv e  A v e ., D ales 
L a n e , W h ite f ie ld , M a n c h e s te r ,  E n g 
la n d

P r ic e ,  D . H .  A .,  S ew . W o rk s , R och 
M ills , R o c h d a le , L a n c a sh ire , E n g 
la n d

R e n d e l l ,  T h e o d o r e ,  c /o  C h iv e rs  & 
S o n s , L td . ,  H is to n ,  C am b rid g e , 
E n g la n d

R e y n o ld s o n ,  T .  B . ,  N o . 6 F la t ,  31 
C ro m e r  T e r ra c e ,  L e e d s  2 , E n g lan d  

S c o t t ,  W .,  S ew . W o rk s ,  B u ry , L a n c a 
sh ire ,  E n g la n d  

S e l le r s ,  A . E . ,  T h e  H o m e s te a d , New - 
so m e  R d . S ., H u d d e rs fie ld , Y o rk 
s h ire ,  E n g la n d  

S h a r d ,  R . H . ,  S ew . W o rk s , M illb ro o k  
P o in t ,  S o u th a m p to n ,  E n g la n d  

S id le ,  R .  S . ,  117 S ta n fo r d  R d . ,  N o r- 
b u r y ,  L o n d o n  S .W  16, E n g la n d  

S m ith ,  G . C . ,  S ew . W o rk s ,  C am p b e ll 
R d . ,  S w in to n , M a n c h e s te r ,  E n g 
la n d

S n o o k ,  W . F .  A . ,  B re to n s  F a rm , R a in 
h a m  R d . ,  R a in h a m , E ssex , E n g la n d  

S p r ig g s , W . R . ,  H o lm es  P u m p in g  
S ta t io n ,  W h e a t le y ,  D o n c a s te r ,  
Y o rk s h ir e ,  E n g la n d  

S ta n b r id g e ,  H .  H . ,  S ew . W o rk s , H ook  
R d . ,  E p s o m , S u r re y ,  E n g la n d  

S ta y n e s ,  E .  H . ,  S ew . W o rk s , M itc h e ll  
L a i th e s ,  D e w s b u ry ,  Y o rk s , E n g 
la n d

S to k e r ,  E .  C . ,  “ R id g e m e a d ,” L y n e  
F a r m ,  C h e r ts e y ,  S u r re y ,  E n g la n d  

S to n e ,  A . R . ,  S to k e  F a r m ,  S to k e  
B a rd o lp h , N o t t in g h a m ,  E n g la n d  

S u t to n ,  R . W .,  C o . A n a ly s t,  C o u n ty  
O ffices, S t .  M a r y ’s  G a te ,  D e rb y , 
E n g la n d

T a y lo r ,  H . ,  S ta ly b r id g e  a n d  D u k in -  
fie ld , J o in t  S ew . W o rk s , B ra d le y  
H i r s t ,  D u k in f ie ld , C h e sh ire , E n g 
la n d

T a y lo r ,  J . ,  “ L a n g w o o d ,"  F o x d e n to n  
L a n e , C h a d d e r to n ,  O ld h a m , E n g 
la n d

T h a tc h e r ,  H .  D . ,  L ism o re , 17 F o ley  
R d . ,  S t r e t t l y ,  B irm in g h a m , E n g la n d  

T h o m a s ,  A . ,  B o ro u g h  o f B u x to n , Sew . 
D is p . W o rk s ,  A sh w o o d  D a le , B u x 
to n ,  E n g la n d
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T ow nend , C . B . ,  W . M id d le s e x  D r a in 
age W o rk s , O a k  L a n e , I s le w o r th , 
M idd lesex , E n g la n d  

V eale, J .  C ., 50  F le m in g a te ,  B e v e r le y , 
E a s t Y o rk sh ire , E n g la n d  

W ard , A. R . ,  S ew . W o rk s , H e a th s id e  
F a rm , C h e a d le  H e a th ,  S to c k p o r t ,  
E n g land

W atson , C . K . F . ,  c /o  M r. J .  F .  B o lto n , 
Ames C ro s ta  M ills  & C o ., L td .,  
H ey w ood, L a n c a sh ire ,  E n g la n d

W a ts o n ,  H . ,  S e w e ra g e  E n g in e e r ’s 
O ffice, C iv ic  H a l l,  L e e d s , E n g la n d

W a ts o n ,  W ., S ew . W o rk s , D o ck fie ld , 
S h ip le y , Y o rk s h ire ,  E n g la n d

W e ir ,  E .  M c G .,  1 U n d e r ly  S t . ,  B u r n 
ley , L a n c a sh ire , E n g la n d

W e s to n ,  H .  S . ,  142 H a y e s  L a n e , 
B ro m le y , K e n t is h ,  E n g la n d

W in d r id g e ,  M . E .  D . ,  79 K e w b rid g e  
C re s c e n t ,  W o lv e rh a m p s to n ,  S t a f 
fo rd s h ire , E n g la n d  

W in s o r ,  C . E . ,  L a b u rn a m  V illa ,  K in g s 
b u r y  R d . ,  M in w o rth ,  B irm in g h a m , 
E n g la n d

W is h a r t ,  J .  M .,  R iv e rs  D e p t . ,  T o w n  
H a ll,  M a n c h e s te r ,  E n g la n d  

W o n tn e r -S m ith ,  H . ,  S ew . W o rk s , 
E s h o lt  H a ll,  N r .  S h ip le y , Y o rk 
sh ire , E n g la n d

The Institution of Sanitary Engineers—England

Mrs. E. M. Kerry, Acting Secretary, 118 Victoria Street, Westminster, SAV. 1, London, England

A shby, E . H a m il to n ,  F S E , M IS E , 
M R IP H H , C o n s . E n g r .,  G e o rg ia n  
H ouse, 139 S lo a n e  S t . ,  L o n d o n ,

■ S.W . 1, E n g la n d  
A slam id is, A ., 25 W o o d la n d  T e r ra c e , 

C h a r lto n . S .E .7 , E n g la n d  
B alsom , E . V ., 96  V ic to r ia  S t . ,  W e s t 

m in ste r , S .W . 1, L o n d o n , E n g la n d  
B arclay , W . G .,  M .R . S a n . I M I S E ,  

‘‘C arlis le” , 71 W e n s le y d a le  R d .,  
H a m p to n , M id d le sex , E n g la n d  

B lizard , W . E . ,  25 V ic to r ia  S t . ,  L o n d o n  
S.W . 1, E n g la n d  

B ra sse y -E d w ard s , S . ,  c /o  M essrs . 
Am es C ro s ta  M ills  & C o ., L td .,  
A bbey H o u se , V ic to r ia  S t . ,  L o n d o n , 
S.W . 1, E n g la n d  

Brown, W . F ill in g h a m , B .S c ., A M IC E , 
M IS E , C la x to n , C o p th o rn e  R d .,  
R ic h m a n sw o rth , H e r ts ,  E n g la n d  

C lark , H .  W ., 2 1 a , N o r th g a te ,  L o u th ,  
L in co ln sh ire , E n g la n d  

C ollard , A . E . ,  24 S t .  M a r y ’s R d .,  
E a ling , L o n d o n , W . 5, E n g la n d  

Collins, A . J . ,  44 M a n o e l R d . ,  F u lw e ll 
P ark , T w ic k e n h a m , M id d le sex , 
E n g land

Coom bs, E . P . ,  96  V ic to r ia  S t . ,  W e s t 
m in ste r, S .W . 1, L o n d o n , E n g la n d  

C o tte re ll, G . T . ,  A P I ,  C o t te r e ll  & So n , 
54 V ic to ria  S t . ,  W e s tm in s te r ,  L o n 
don, S .W . 1, E n g la n d

E a s d a le ,  W . C . ,  32 G ro v e  G a rd e n s .
T e d d in g to n ,  M id d le sex , E n g la n d  

E ly , E .  H . ,  B .S c ., A sso c .M . I n s t . ,  C .E .,  
A M I S E , 14 S p e n s e r  R d . ,  H e rn e  
H ill, L o n d o n , S .E .  24, E n g la n d

F a u l k n e r ,T .  G . ,  E s q . , 41 W a n ta g e  R d .
D id c o t,  B e rk sh ire , E n g la n d  

G re g o ry , L . L . ,  C o rp . S ew . W o rk s , 
S a l is b u ry , W iltsh ir e ,  E n g la n d

H a w o r th ,  W . D . ,  R e s . E n g r .,  M in 
is t r y  o f W o rk s , S ta n d is h  H a ll, 
W ig a n , E n g la n d  

H e s f o rd ,  L . ,  M .R .S a n . I F I S E ,  “ D o r 
i a n ,” S c a lfo rd  R d .,  M e lto n  M o w 
b r a y ,  L e ic e s te r s h ire ,  E n g la n d  

H o d g e s ,  H . E . W .,  M .R .S a n .I . ,  
A M I S E , 67 L o n g la n d s  P a r k  C re s 
c e n t,  S id c u p , K e n t ,  E n g la n d  

H u m p h r e y s ,  G . ,  H o w a rd ,  7 E ld o n  
S q u a re , R e a d in g , B e rk sh ire , E n g 
la n d

L a n g s h a w , C . L . ,  T h e  P u b lic  H e a lth  
E n g rg . U n i t  o f  th e  W in d w a rd  a n d  
L e e w a rd  I s la n d s , S c o t t  S t . ,  G re n 
a d a ,  B r i tish  W e s t  In d ie s

L in d s le y , R . V ., P A S E , M .R .,  S a n .I . ,  
A M I S E , 4  B lo o m fie ld  R d ., M o se 
ley , B irm in g h a m , E n g la n d  

M c D o n a ld ,  G . S . ,  359  B irm in g h a m  
R d .,  W y ld e  G re e n , B irm in g h a m , 
E n g la n d

M o o re ,  F . O w e n , 484 U p p e r  R ic h 
m o n d  R d .,  B a rn e s , SAV. 15, E n g 
la n d

M u rr a y ,  A. E . S c o t t,  E s q . ,  B a rn fie ld , 
B ly th  R d .,  B ro m le y , K e n t ,  E n g la n d  

P o r te o u s ,  W . K . ,  6 N e th e r to n  R d ., 
S t .  M a rg a re ts ,  T w ic k e n h a m , M id 
d lesex , E n g la n d  

S c iv e r ,  A ., 28 V ic to r ia  S t . ,  L o n d o n .
S .W . 1, E n g la n d  

S t r e e t e r ,  S . H . ,  C a p t . ,  “ S a n ta s u ,” 
W a rre n  R d . ,  G u ild fo rd , S u r re y , 
E n g la n d

S u m m e r s ,  M . W .,  A ssoc . M . In s t .  
C E A M  I n s t .  W .E . F I S E ,  " A r r a n ” , 
B ro o m  W a y , O a t la n d s  P a rk s ,  W e y -  
b r id g e , E n g la n d  

T a y lo r ,  G o d fre y , M .C .,  M . I n s t .C .E .,  
F I S E ,  A r til le ry  H o u se , A r t il le ry  
R o w , W e s tm in s te r ,  SAV. 1, L o n d o n , 
E n g la n d

W a ts o n ,  D a v id  M .,  3 O ld  Q u e e n  S t .,  
W e s tm in s te r ,  SAV. 1, E n g la n d  

W e s tw o o d , H .  W . D .,  S c .(E n g )F R S A , 
A ssoc . M .I n s t .  C .E . ,  176 S ta t io n  
R o a d , W y ld e  G re e n , B irm in g h a m , 
E n g la n d

W h ite ,  R . H . ,  46  H e lie rs  A v e ., H o u n s 
low , M id d le sex , E n g la n d  

W ill ia m s , G . ,  B ra n sb y , K il la y  H o u se , 
K e w h u rs t  A v e ., C o o d en , B exhill- 
o n -S e a , E n g la n d

Kansas Water and Sewage Works Association

Mr. Paul D. Haney, Secretary-Treasurer, c/o University of Kansas, Room No. 2, Marvin Hall, 
Lawrence, Kansas

B reth o u r, H e r m a n ,  822 W e s t  I ro n  
A ve., S a lin a , K a n s .

C ollar, I ra  T . ,  J r . ,  N e p tu n e  M e te r  C o ., 
2107 G ra n d  A v e ., K a n s a s  C i ty  8, 
M o.

D an ie ls , E . W ., U t i l i ty  C o m m ., C ity  
of E m p o ria , E m p o ria , K a n s .

D iehl, F . D . ,  S u p t .  o f U ti li t ie s ,  
M cP h erso n , K a n s .

Duffy, O ra , S u p t . ,  H o lto n , K a n s .
G ro u n d , E a r l  H . ,  C i ty  C le rk , G o o d - 

land , K an s .
H ag ar, C .,  M a jo r ,  M u n ic ip a l  W a te r  

D ep t., 1 1 th  & M a s s a c h u s e tts ,  
Law rence , K a n s .

H an ey , P a u l  D . ,  A c tg . C h ie f  E n g r .,  
Room  2, M a rv in  H a ll,  U n iv . of 
K an sas , L a w re n c e , K a n s .

H a rr , N e a l ,  C ity  E n g r .,  M c P h e rs o n , 
K an s.

H e in rik so n , J .  J . ,  3707 M a d iso n , 
K a n sa s  C ity  2, M o .

J a n z e n ,  H .  A . ,  S a n . E n g r .,  M u n ic ip a l 
B ld g ., T o p e k a ,  K a n s .

K a le r ,  P .  E . ,  1522 W . 1 6 th , T o p e k a , 
K a n s .

M itc h e ll ,  A n s e l  N . ,  310  W a rd  P a r k 
w a y , K a n s a s  C i ty  2, M o .

N ix o n , R a y ,  W a te r  S u p t . ,  H e r in g to n , 
K a n s .

P r ie s s ,  L e R o y , C i ty  M a n a g e r , S te rlin g  
K a n s .

R a w d in g ,  R o y , S u p t .  of W a te r  & 
S ew ers , S m ith  C e n te r ,  K a n s .

R e c to r ,  K .  E . ,  943  M u lv a n e  S t .,  
T o p e k a ,  K a n s .

R e e v e ,  S .  P . ,  B la c k  & V e a tc h , C ons. 
E n g r .,  4706  B ro a d w a y , K a n s a s  
C i ty ,  M o .

R e m s b u rg ,  W . N . ,  c /o  T h e  A m e ric a n  
W e ll  W o rk s , 400  B .M .A . B ldg ., 
K a n s a s  C i ty ,  M o .

R o g e r s ,  M ilfo rd  E . ,  B u ild e rs -P ro v i-  
d e n c e , 9 C o d d in g  S t .,  P ro v id e n c e , 
R . I.

S p a e th ,  J u l iu s ,  S u p t . ,  116 W . K irw in , 
S a lin a , K a n s .

S ta le y ,  H .  H . ,  C o n s. E n g r .,  3226 
M ilb e rn , H o u s to n  4 , T ex .

S tr a n g ,  J .  A .,  W a lla c e  & T ie rn a n  
S a les  C o rp .,  506 D w ig h t B ld g ., 
1004 B a ltim o re  A v e ., K a n s a s  C ity  
6 , M o .

S u le n tic ,  S . A .,  C o n s. E n g r .,  327 N ew  
E n g la n d  B ld g ., T o p e k a , K a n s .

S v e n s o n ,  S v e n , U . S . P ip e  & F o u n d r y  
C o ., 2105 B r y a n t  B ld g ., K a n s a s  
C i ty  6 , M o .

T im a n u s ,  C . S . ,  B u rn s  & M c D o n n e ll  
E n g r . C o ., 107 W . L in w o o d  B lv d ., 
K a n s a s  C i ty ,  M o .

V a n  B la rc u m , B . H . ,  W a te r  S u p t . ,  
M a n h a t t a n ,  K a n s .

W ils o n ,  M u rr a y  A .,  W ilso n  & C o ., 
E n g rs .,  P .  O . B ox  5 18 , S a lin a , K a n s .
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Maryland-Delaware Water and Sewerage Association

Miss E. Virginia Gipe, Secretary-Treasurer, c/o State Departm ent of Health, 
2411 N . Charles St., Baltimore, Maryland

A ld e n ,  J o h n  W .,  A s s t .  C i ty  E n g r .,  
R o o m  2 6 0 , C i ty  B ld g .,  W ilm in g to n  
3 3 , D e l.

A rm e lin g , G e o .  K . ,  S u p t . ,  B a c k  R iv e r  
S e w a g e  T r .  P l a n t ,  C o lg a te ,  M d .

B e a v e n ,  B . E . ,  c /o  J .  E .  G re in e r  C o ., 
1201 S t .  P a u l  S t . ,  B a l t im o re  2 , M d .

B in g le y ,  W . M . ,  C a p t . ,  S n .C . ,  P o s t  
S u r g e o n ’s O ffice, F o r t  S a m  H o u s to n ,  
T e x .

E n o c h  P r a t t  F r e e  L ib ra r y ,  P e r io d ic a ls  
D e p t . ,  C a th e d ra l ,  F r a n k l in  8c M u l 
b e r r y  S t s . ,  B a l t im o re  1, M d .

F ie ld ,  J a m e s  W .,  O ffice o f  C h ie f  of 
E n g in e e rs ,  W a r  D e p t . ,  1639 T e m 
p o r a r y  H  B ld g .,  2 3 rd  a n d  C  S ts .  
N .W .,  W a s h in g to n ,  D .  C .

F in e k ,  G . E . ,  S a n .  E n g r .,  B u re a u  of 
S e w e rs , 312  M u n ic ip a l  B ld g ., 
B a l t im o re  2 , M d .

F r e n c h ,  A . H . ,  C o n g o le u m  N a irn  
In c . ,  C e d a r h u r s t ,  M d .

F u n k ,  J o h n  B . ,  C i ty  E n g r .,  B ru n s 
w ic k , M d .

G a r d n e r ,  C la rk e ,  C i ty  E n g r .,  S a lis 
b u r y ,  M d .

G e n te r ,  A lb e r t  L . ,  C o n s . E n g r .,  W y 
m a n  P a r k  A p ts . ,  B a l t im o re  18, M d .

H a l l ,  H a r r y  R . ,  C h ie f  E n g r .,  W a s h in g 
to n  S u b u r b a n  S a n . D i s t . ,  H y a t t s -  
v ille ,  M d .

H ic k s ,  R .  H . ,  S e w a g e  D is p o s a l  P la n t ,  
F a i rc h i ld  A ir c r a f t  C o rp . ,  R .F .D .  2, 
H a g e r s to w n , M d .

H o p k in s ,  E .  S . ,  M a jo r ,  4402  R o la n d  
A v e .,  B a l t im o re ,  M d .

K a l te n b a c h ,  A lb e r t  B . ,  S a n .  E n g r .,  
4122  K a th la n d  A v e .,  B a l t im o re  7, 
M d .

K e e f e r ,  C la re n c e  E . ,  A sso c . E n g r .,  408 
K e n s in g to n  R d . ,  B a l t im o re  29 , M d .

K e n n y ,  N o r m a n  D . ,  A sso c . E n g r .,  
W h itm a n ,  R e q u a r d t  8c S m ith ,  1304 
S t .  P a u l  S t . ,  B a l t im o re  2, M d .

M a ry la n d  S t a te  D e p t ,  o f H e a l th ,  
B u re a u  o f  S a n .  E n g r .,  2411 N . 
C h a r le s  S t . ,  B a l t im o re  18, M d .

M u n ro e ,  W a l t e r  C . ,  C h ie f  E n g r .,  
A n n e  A ru n d e l  C o u n ty  S a n . C o m m ., 
G le n  B u rn ie ,  M d .

N e a le ,  W il l ia m  F . ,  A s s t .  E n g r .,  W h i t 
m a n ,  R e q u a r d t  8c A sso c ., 812  A  
W ilso n  P o in t  R d . ,  B a l t im o r e  20, 
M d .

P o s e y ,  J a m e s ,  C o n s . E n g r .,  10 E. 
P le a s a n t  S t . ,  B a l t im o re  2 , M d .

P o t te r ,  H .  M . ,  A m e ric a n  W e ll W o rk s, 
31 1 9  M ilfo rd  A v e ., B a ltim o re  7, 
M d .

P o w e l l ,  S .  T . ,  C o n s . C h e m . E n g r., 
P ro fe s s io n a l  B ld g ., 3 3 0  N . C h arle s  
S t . ,  B a l t im o r e  1, M d .

R i t t e r ,  R o y  H . ,  C iv il  E n g r .,  W h itm a n , 
R e q u a r d t  8c A sso c ., 1304 S t .  P au l 
S t . ,  B a l t im o r e  2 , M d .

S k la re v s k y ,  R im m a , O p r .,  B a c k  R iv e r 
S e w a g e  T r .  W o rk s ,  C o lg a te , M d .

S m ith ,  P a u l  L . ,  O p r .,  5404  T ra m o re  
R d . ,  B a l t im o re  14, M d .

S te v e n s ,  H a r r y ,  7017 F i f th  S t .  N .W ., 
W a s h in g to n  12, D .  C .

T r a u tm a n ,  R o b e r t  J . ,  A sso c . E n g r., 
B u re a u  o f S e w e rs , 1810 E . 2 9 th  S t., 
B a l t im o r e  18, M d .

V o lo n te ,  A u g u s t  F . ,  A sso c . S a n . E n g r., 
N a v y  D e p t . ,  B u re a u  o f Y a rd s  and  
D o c k s , 911 P r o s p e c t  A v e ., T a k o m a  
P a r k ,  M d .

W o lm a n ,  A b e l ,  P ro f .  o f  S a n . E n g r., 
J o h n s  H o p k in s  U n iv .,  L a tro b e  H all, 
H o m e w o o d , B a l tim o re  18, M d .

Michigan Sewage Works Association
Mr. R. J. Smith, Secretary-Treasurer, 545 Elizabeth Street, E ast Lansing, Michigan

A d a m s , M il to n  P . ,  E x e c . S ec . 8c E n g r .,  
S t a t e  O ffice B ld g ., L a n s in g , M ic h .

A n d e r s o n ,  R .  A . ,  S u p t .  S ew . T r .  
P l a n t ,  1433 S e v e n th  S t . ,  M u s k e g o n  
H t s . ,  M ic h .

A n d e r s o n ,  V i r g i l ,S u p t . ,  18330 T r in i ty ,  
D e t r o i t  19, M ic h .

B e l tz ,  H a r o ld  H . ,  1124 E . G ra n d  
R iv e r  A v e .,  L a n s in g  6 , M ic h .

B e n n e r ,  H u g h  A .,  C i ty  E n g r .,  S a g i
n a w , M ic h .

B e u k e m a , R o b e r t ,  O p r .,  S ew . T r .  
P l a n t . ,  Z e e la n d , M ic h .

B o w e r ,  S ta n le y ,  S u p t . ,  S ew . T r .  
P l a n t ,  111 P e a r l  S t . ,  Y p s i la n t i ,  
M ic h .

B o w e rs ,  T .  C . ,  202 E .  G a n s o n  S t .,  
J a c k s o n ,  M ic h .

B o y c e , E a r n e s t ,  P ro f . ,  M u n . 8c S a n . 
E n g r .,  306  W . E n g in e e r in g  B ld g ., 
A n n  A rb o r ,  M ic h .

B o y d , J .  W .,  442  G r a n t  S t . ,  G ra n d  
H a v e n ,  M ic h .

B ra d le y ,  L . R . ,  312 W h itm a n  C t .,  
B u c h a n a n ,  M ic h .

B u l th u is ,  H e r b e r t ,  C h e m ., B o a rd  of 
P u b l ic  W o rk s ,  H o l la n d ,  M ic h .

B u r le y ,  F r e d  H . ,  C a p t . ,  6 8 0 4  V in e - 
w o o d  A v e .,  D e t r o i t  8, M ic h .

B u r n e t t ,  J .  E . ,  B u s . E x e c .,  B ox  A, 
Y p s i la n t i  S t a t e  H o s p i ta l ,  Y p s i la n t i ,  
M ic h .

C a m e ro n ,  A . B . ,  216  S te w a rd ,  J a c k 
so n , M ic h .

C h a m ie r ,  A lb e r t ,  O p r . ,  2 0 2 4 0  M e y e rs  
R d . ,  D e t r o i t  2 1 , M ic h .

C h r i s t ia n s o n ,  A . C . ,  S a n .  S u p v r . ,  711 
F i r s t  A v e . N o r th ,  E s c a n a b a ,  M ic h .

C la rk ,  M . S . ,  1853 E .  B e a rd s le y , E lk 
h a r t ,  I n d .

C o s e n s ,  K e n n e th  W .,  P ro f . ,  D e p t ,  of 
C iv il  E n g rg .,  M ic h .  S t a t e  C o lleg e , 
E a s t  L a n s in g ,  M ic h .

C ro o k s ,  H o w a rd ,  441 S h e r id a n  R d . ,  
M e n o m in e e , M ic h .

D a m o o s e ,  N .  G . ,  S u p t . ,  D ir .  o f P u b lic  
S e rv ic e , B a t t l e  C re e k , M ic h .

D e H o o g h e ,  B e r n a rd  A .,  212 S . S ix th  
S t . ,  G la d s to n e ,  M ic h .

D e m o re s t ,  S . L . ,  216  E .  C h e r ry  S t . ,  
M a so n ,  M ic h .

D e n n is ,  C a r l  E . ,  C i ty  M g r . ,  R o c k fo rd , 
M ic h .

D o d g e ,  H .  P . ,  S a n .  E n g r .,  729 E m e r 
so n , S a g in a w , M ic h .

D o r r ,  F r e d ,  O p r . ,  P . O . B o x  17, R o y a l  
O a k , M ic h .

D o w d , I r a ,  1813 B e lle  A v e .,  F l in t ,  
M ic h .

D o y le ,  T h o m a s  J . ,  S u p t . ,  2 7 4  E . 
B o u le v a rd  N .,  P o n t ia c  7, M ic h .

D u r a n d ,  E d w in  M . ,  724  E th e l  A v e ., 
S .E .,  G r a n d  R a p id s ,  M ic h .

E c k e lc a m p , J o s e p h ,  P . O . B o x  5 65 , 
S p r in g  L a k e ,  M ic h .

E ld r id g e ,  E .  F . ,  C h e m .,  1302 E . F i f t h  
S t .  S .,  S a l t  L a k e  C i ty  2 , U ta h

E l le r b u s c h ,  R .  P . ,  1032 V a u g h n  S t . ,  
A n n  A rb o r ,  M ic h .

F is h b e c k ,  K e n n e th ,  2117  W . S t .  
J o s e p h  S t . ,  L a n s in g ,  M ic h .

F o r to n ,  R .  G e r a ld ,  S u p t . ,  3 1 9  B ar lo w , 
T r a v e r s e  C i ty ,  M ic h .

F r a n c is ,  G e o .  W .,  C o n s . E n g r .,  F r a n c is  
E n g in e e r in g  C o ., E d d y  B ld g ., S a g i
n a w , M ic h .

G a r v e lin k ,  F r a n k ,  L a w to n ,  M ic h .
G e n ts c h ,  E d w a r d ,  311 9  I la r r i s o n ,  

D e t r o i t  16, M ic h .
G o d fro y , J .  I . ,  S u p t . ,  S e w a g e  P la n t ,  

M o n ro e , M ic h .
G r a h a m ,  J a m e s  E . ,  O p r . ,  B e r rie n  

S p r in g s ,  M ic h .
G r a n g e r ,  G e o . ,  C i ty  M g r.,  G ra y lin g , 

M ic h .

G ra y ,  E a r l  G . ,  1210 S . H a rv e y ,  P ly 
m o u th ,  M ic h .

G r e e n b e rg ,  R .  J . ,  C i ty  M g r.,  S tu rg is , 
M ic h .

G r e e n e ,  R .  A . ,  S u p t . ,  511 N . E lm  A ve ., 
J a c k s o n ,  M ic h .

G r in n e l l ,  R u s s e l l ,  S u p t . ,  M u n ic ip a l 
B ld g .,  B irm in g h a m , M ic h .

G r o e n ,  M ic h a e l  A . ,  S u p t . ,  S ew . T r . 
P l a n t ,  G re e n fie ld  8t B u t le r  A ves., 
D e a r b o rn ,  M ic h .

H a b e r m e h l ,  C . A . ,  14521 S tra th m o o r , 
D e t r o i t  2 7 , M ic h .

H a n s e n ,  A lf re d  E . ,  C o n s . E n g r., 
M ic h ig a n  T h e a t r e  B ld g ., M u sk eg o n , 
M ic h .

H a r g r a v e s ,  Z . D . ,  O a k la n d  C o u n ty  
T .B .  S a n . ,  P o n t ia c ,  M ic h .

H a u e r ,  G e r a ld  E . ,  592  S . T h ird  S t .,  
M id d le p o r t ,  O h io

H a y w a rd ,  H o m e r  J . ,  227 N . C la y  S t .,  
D e lp h o s , O h io

H a z e y ,  G e o r g e ,  S u p t . ,  C h lo r in a tio n  
P l a n t ,  M a r in e  C i ty ,  M ic h .

H e r d a ,  N . ,  U t i l i t ie s  S u p t . ,  K a iser-  
F r a z e r  C o rp . ,  W illo w  R u n ,  M ic h .

H ic k s ,  C y r i l,  R ic h m o n d , M ic h .
H i lb e r t ,  M o r to n  S . ,  H e n ry  R u ff R d ., 

W a y n e  C o . H e a l th  C e n te r ,  E lo ise , 
M ic h .

H i l l i s ,  L e o n a rd ,  S u p t . ,  431 M a d iso n  
S t . ,  C a ro , M ic h .

H i r n ,  W il l ia m  C .,  S a n . E n g r .,  532 
M ic h ig a n  B ld g ., D e t r o i t ,  M ic h .

H o l tz ,  W ill ia m , 2875 M o u n ta in  R d ., 
R o c h e s te r ,  M ic h .

H u b b e l l ,  G e o rg e  E . ,  C o n s . E n g r .,  
H u b b e l l ,  R o th  a n d  C la rk , 2640 
B u h l  B ld g .,  D e t r o i t  2 6 , M ic h .

H u n t ,  H .  S . ,  C o n s . E n g r .,  c /o  F a rg o  
E n g r .  C o ., 120 M ic h ig a n  A v e . W ., 
J a c k s o n ,  M ic h .
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Ingols, R o b e r t  S . ,  C h e m ., U n iv . of 
M ich igan , S ch o o l o f P u b lic  H e a l th ,  
A nn A rb o r , M ic h .

Jack so n , R . B . ,  527  W . G a n s o n  S t .,  
Jack so n , M ic h .

Jack so n , T . L . ,  S t .  Ig n ac e , M ic h .
K am erlin g , L a n e , 194 E .  S e v e n th  S t . ,  

H o llan d , M ich .
K elley, R . E . ,  S u p t . ,  119 S . M a p le  S t . ,  

S turg is, M ic h .
K ronbach , A llan  J . ,  11 E . N o b le , 

M onroe , M ic h .
K unze, A lb e rt  T . ,  S a n . E n g r .,  797 

C en tra l A v e ., W y a n d o tte ,  M ic h .
L eem as te r , J .  F . ,  S u p t .  S ew . T r .  

Jack so n  P r iso n , J a c k s o n ,  M ic h .
L eonhard , H a ro ld  M .,  517 K e n s in g to n  

A ve., F l in t ,  M ic h .
M cF arlan e , W . D . ,  A ss t.  C iv il  E n g r .,  

14365 M a rlo w e  A v e ., D e t ro i t  27, 
M ich .

M cG rath , C . P . ,  S u p t . ,  116 C lin to n  
S t., M t. C le m e n s , M ic h .

M cK en n a , H a ro ld  K . ,  520  E .  T h ird  
S t., F l in t ,  M ic h .

M ain , R a lp h  A .,  1819 F a irv ie w ,
B irm in g h am , M ic h .

M allm an n , W . L ., D e p t ,  o f B a c t .,  
M ich igan  S ta te  C o lleg e , E a s t  
L ansing , M ich .

M allory, E .  B .,  C o n s. E n g r .,  85 Z ab ri-  
skie S t., H a c k e n s a c k , N . J .

M arsh a ll, J .  C . ,  S u p t .  S ew ag e  T r .  
P la n t, C h a rle v o ix , M ic h .

M ay, D . C ., C o n s . E n g r .,  A y re s , 
Lewis, N o rr is , & M a y , W o lv e r in e  
Bldg., A n n  A rb o r , M ic h .

M erz, R o b e r t  C ., S a n . D iv . ,  C h a in  
B elt Co., M ilw a u k e e  4 , W is .

M eyer, H .  L .,  C h a in  B e lt C o ., 7338 
H a m ilto n  A v e ., D e t ro i t  2 , M ic h .

M iller, H . E . ,  P ro f., S ch o o l o f P u b lic  
H e a lth , U n iv . o f  M ic h ig a n , A n n  
A rbor, M ich .

M iller, J o h n  E . ,  A s s t .  E n g r .,  B ldgs. 
& C o n s tru c tio n  D iv .,  S t a te  A d 
m in is tra tiv e  B d ., L a n s in g  13, M ic h .

M iller, N o rm a n  A ., 4733 W . Je ffe rso n , 
T re n to n , M ic h .

M oehr, L o u is , C iv il E n g r .,  & S u rv r . ,  
1717 S u p e r io r  S t . ,  W y a n d o tte ,  
M ich.

M o g e ln ic k i  S ta n le y  J . ,  S u p t . ,  1330 
C h a n c y  A v e ., F l in t ,  M ic h .

M o rr i l l  A r th u r  B . ,  S u p t . ,  13563 B ir- 
w o o d  A v e ., D e t r o i t  4 , M ic h .

M o s ie r ,  J .  F . ,  c /o  B o a rd  o f P u b lic  
W o rk s , A lleg a n , M ic h .

M u d g e t t ,  C . T . ,  S u p t . ,  S ew ag e  T r .  
W o rk s , M u s k e g o n , M ic h .

M y le s ,  G e o r g e ,  S u p t . ,  P u b l ic  W o rk s , 
T a w a s  C i ty ,  M ic h .

N e ls o n ,  H .  G . ,O p r . ,  S ew ag e  T r .  P la n t,  
L u d in g to n ,  M ic h .

N o r g a a rd ,  J o h n ,  C o n s . E n g r .,  931 S. 
1 8 th  S t . ,  A r l in g to n ,  V a .

O e m in g , L . F . ,  c /o  M ic h ig a n  S tre a m  
C o n tro l  C o m m ., L a n s in g  4 , M ic h .

O h r ,  M ilo  F . ,  C h ie f S a n . E n g r .,  1928 
R iv e rs id e  D r . ,  T r e n to n ,  M ic h .

O r to n ,  J .  W .,  A s s t .  C iv il  E n g r .,  18920 
S o r re n to ,  D e t ro i t ,  M ic h .

P a lm e r ,  C . L . ,  A sso c . C iv il  E n g r .,  1409 
B a ld w in  A v e ., D e t r o i t  14, M ic h .

P ie rc e ,  W . E . ,  S u p t .  S ew ag e  T r .  
W o rk s , W h ite h a ll ,  M ic h .

P o m e ro y ,  C la re n c e ,  H a r tf o r d ,  M ich .
P o r te r ,  S a m . D . ,  S h o e c ra f t,  D r u r y ,  8t 

M c N a m e e , C o n s . E n g rs .,  A n n  A rb o r  
M ic h .

P o s t ,  H .  H . ,  C i ty  C le rk , B u c h a n a n , 
M ic h .

P o t t s ,  H a r r y  G . ,  P .  O . B ox  32 , W y a n 
d o t te ,  M ic h .

P o w e r s ,  T h o m a s  J . ,  W a s te  D isp o sa l, 
D o w  C h e m ic a l C o ., M id la n d , M ic h .

R a y m o n d , N e ls o n  I . ,  610  P in e  S t., 
O w o sso , M ic h .

R e a m e s ,  H .  S . ,  V illa g e  C le rk -T re a s .,  
G ra n d  L ed g e , M ic h .

R e e d y ,  T im o th y  D . ,  S u p t .,  S ew age  
T r .  P la n t .  2422 M ille r  R d . ,  F l in t ,  
M ic h .

R e im a n ,  F .  J . ,  14667 G a r la n d ,  P ly 
m o u th ,  M ic h .

R e y n o ld s ,  M . W .,  C i ty  H a ll,  D u ra n d ,  
M ic h .

R ic h a rd ,  J o s e p h ,  P la n t  M g r.,  M o rg a n  
H ts .  S a n .,  M a rq u e t te ,  M ic h .

R id e n o u r ,  G . M .,  P h .D . ,  A ssoc . R e s i
d e n t  L e c tu re r ,  S ch o o l of P u b lic  
H e a l th ,  U n iv . o f  M ic h ig a n , A n n  
A rb o r , M ic h .

R i t t e r ,  B ru c e ,  S u p t . ,  S ew ag e  T r .  P la n t,  
L a k e  O d e ssa , M ic h .

R u m s e y ,  J a m e s  R . ,  S u p t . ,  1325 3 6 th  
S t .  S .E .,  G ra n d  R a p id s , M ic h .

S h a n n o n ,  R .  C . ,  B r ig h to n , M ic h .
S h e p h a rd ,  W . F . ,  M ic h . D e p t ,  of 

H e a l th ,  L a n s in g , M ic h .
S m a llw o o d , C h a r le s ,  C h a r lo t te ,  M ic h .
S m ith ,  E a r l  T . ,  S te w a rd , L a p e e r  S ta te  

H o m e  & T ra in in g  S ch o o l, L a p e e r,  
M ic h .

S m ith ,  H a r o ld  L . ,  525 C e n te r ,  A lm a , 
M ic h .

S m ith ,  R o b t .  J . ,  545 E l iz a b e th  S t . ,  
E a s t  L a n s in g , M ic h .

S m ith ,  S .  H . ,  S u p t .  B o a rd  o f P u b lic  
W o rk s , S o u th  H a v e n ,  M ic h .

S m ith ,  W a l te r  E . ,  W a lla c e  & T ie rn a n  
C o ., In c .,  415 B ra in a rd  S t . ,  D e t ro i t ,  
M ic h .

S n e d e k e r ,  L . L a V e m e , C ity  C h e m ., 
150 S . M c K e n z ie  S t . ,  A d r ia n , M ic h .

S ta rk ,  L o u is ,  434  J a c k s o n  S t . ,  P e to -  
sk e y , M ic h .

S te g e m a n ,  P a u l ,  S u p t . ,  1420 W . M a in  
S t . ,  M id la n d , M ic h .

T h e ro u x ,  F r a n k  R . ,  P ro f . ,  C iv il E n g r .,  
D iv . o f E n g in e e r in g , M ic h ig a n  
S t a te  C o lleg e , E a s t  L a n s in g , M ic h .

T o m p k in s , L lo y d , S u p t . ,  S ew ag e  T r .  
P la n t ,  S t a te  H o m e  & T ra in in g  
S ch o o l, C o ld w a te r ,  M ic h .

T y k o s k y , F r a n k ,  4588  G reen fie ld , 
D e a rb o rn ,  M ic h .

V e n n , F r a n k ,  O p r .,  P e n tw a te r ,  M ic h .
W e e b e r ,  E a r l  R . ,  C o n s . E n g r .,  356 

H o u s e m a n  B ld g ., G ra n d  R a p id s  2, 
M ic h .

W ig h tm a n , J .  L . ,D i r .  of P u b lic  W o rk s , 
C i ty  H a ll,  B e n to n  H a rb o r ,  M ic h .

W ill ia m s , S .  J . , S u p t .  of P u b lic  W o rk s , 
M e n o m in e e , M ic h .

W ill ia m s , W . B . ,  C o n s . E n g r .,  W ill i 
a m s  & W o rk s , C o u n ty  B ld g ., G ra n d  
R a p id s  2, M ic h .

W itc h e r ,  C . P r e s to n ,  S u p t . ,  S ew age  
T r .  P la n t ,  A n n  A rb o r , M ic h .

W o lte r in k ,  P a u l ,  M e a d  J o h n s o n  C o ., 
Z e e la n d , M ic h .

W y llie ,  G e o rg e  F . ,  S u p t . ,  1625 S u n se t  
A v e ., L a n s in g  15, M ic h .

Z im m e r, W . E . ,  C i ty  E n g r .,  W o lv e r in e  
E n g in e e r in g  C o ., M a so n , M ic h .

Missouri Water and Sewerage Conference

Mr. Warren Kramer, Secretary-Treasurer, c/o State Office Building, Jefferson City, Missouri

A rcher, E . T . ,  C o n s . E n g rs .  114 W . 
10th B ldg ., R o o m  410, K a n s a s  C ity , 
M o.

B arringer, J .  C . ,  7927 F o r s y th e  B lv d . 
C lay to n , M o .

Brow n, C le o , S u p t . ,  W a te r  W o rk s , 
H arriso n v ille , M o .

C arl, C h a r le s  E . ,  C a p t . ,  0 -518254 , 
S qdn . E - l ,  L a re d o  A rm y  A ir  F ie ld , 
L aredo , T ex .

Collison, O k la  C . ,  C h ie f  E n g r .,  S o u th 
w est S ew age T r .  P la n t ,  R t .  N o .  7, 
Box 406, S p rin g fie ld , M o .

Coyne, J a m e s  J . ,  C a p t . ,  S n .C .,  0 -851- 
6169, 2 1 4 4 th  A .A .F . B .U ., M o o d y  
F ie ld , V a ld o s ta , G a .

Filby, E . L . ,  P r in .  A ss t .,  B la c k  & 
V eatch , C o n s. E n g rs .,  4706  B ro a d 
w ay B lv d ., K a n s a s  C i ty ,  M o .

F u lle r , H .  L . ,  C iv il E n g r .,  4 2 0  E . 7 3 rd  
T erra c e , K a n s a s  C i ty ,  M o .

G eo rg e , J .  E . ,  S u p t . ,  W a te r  & E lec. 
U tilitie s, O d e ssa , M o .

H a le ,  H a r r y  C . ,  S u p t .  o f L a m a r ,  M o .
S e w a g e  W o rk s , L a m a r ,  M o . 

H a r w e l l ,  G le n  A ., P u b lic  H e a l th  
E n g r .,  L a c le d e  C o . H e a l th  D e p t . ,  
L e b a n o n ,  M o .

H a s k in s ,  C h a r le s  A .,  C o n s. E n g r .,  
F in a n c e  B ld g ., K a n s a s  C i ty ,  M o . 

H a y o b ,  H e n r y ,  S u p t . ,  S ew ag e  T r . 
P la n t ,  M a rs h a ll  M u n ic ip a l  U ti li tie s ,  
M a rs h a ll ,  M o .

H o g a n ,  M . S . ,  S u p t . ,  W a te r  & L ig h t 
D e p t . ,  W e s t  P la in s ,  M o .

H o m a n ,  A r th u r  R . ,  A sso c . E n g rs .,  c /o  
P o s t  E n g r .,  C a m p  C la rk , N e v a d a , 
M o .

H o r n e r  & S h if r in ,  C o n s . E n g rs .,  803 
S h e ll B ld g ., S t .  L o u is ,  M o .

H o r to n ,  R o la n d ,  153 S . L a c le d e  S ta .
R d . ,  W e b s te r  G ro v e s  19, M o . 

H o w a rd ,  R .  R . ,  S u p t . ,  W a te r  W o rk s , 
S la te r ,  M o .

H u n t r e s s ,  C . O . ,  6 0 4 -1 1  S t r e e t ,  B a r 
tle s v il le ,  O k la .

J e n n e r ,  G e o rg e  L . ,  B a d e n  S ta t io n  
R . N o . 4 , S t .  Louis> M o.

J o h n s o n ,  W a r r e n  A .,  825 F ra n c e s  S t . ,  
S t .  J o s e p h ,  M o .

K e h r ,  W ill ia m  Q . ,  S t a te  B o a rd  of 
H e a l th ,  J e ffe rso n  C i ty ,  M o .

K ro p p , G e o rg e  W .,  8025 F o r s y th e  
A v e ., C la y to n , M o .

K r u e g e l ,  J .  L . ,  C ity  H a ll,  K irk w o o d , 
M o .

K r u e g e r ,  A . L . ,  115 M a p le  S t . ,  F e r g u 
so n , M o .

L in d e ll ,  O . V .,  T h e  D o r r  C o ., 221 N . 
L a S a lle  S t . ,  C h ic a g o , 111.

L o e lk e s ,  G e o . L . , S u p t . ,  P .  O . B ox  267, 
C la y to n  5 , M o .

P a t te r s o n ,  J .  R . ,  28  E .  C e d a r  A v e ., 
W e b s te r  G ro v e s  19, M o .

R e u s c h e l ,  E a r l  R . ,  2908  C lif to n , S t .  
L o u is  9 , M o .

R u s s e l l ,  G e o rg e ,  C o n s . E n g r .,  7005 
L in d e ll  B lv d ., S t .  L o u is  5 , M o .
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R u s s e l l ,  G e o rg e  S . ,  R u sse ll  & A x o n , 
C o n s . E n g r .,  6635 D e lm a r ,  U n iv e rs 
i ty  C i ty  5 , M o .

S t .  L o u is  C o u n ty  H o s p i ta l ,  C la y to n ,  
M o .

S t .  L o u is  P u b l ic  L ib ra r y ,  O liv e  &  1 4 th  
S t s . ,  S t .  L o u is , M o .

S e a v e r ,  W ir t  D . ,S a n .  E n g r .,  R .R .  N o . 
4 , N o r th  K a n s a s  C i ty ,  M o .

S h o c k le y ,  C . A . ,  C o n s . E n g r .,  203 
R e l ia n c e  B ld g ., 216 E . T e n th  S t . ,  
K a n s a s  C i ty  6, M o .

S w in k ,  E a r l  M . ,  3 1 4  W . F i r s t  S t . ,  
F a r m in g to n ,  M o .

T h a tc h e r ,  E .  F . ,  C i ty  H a ll,  F e rg u so n , 
M o .

V a n  D e v e n te r ,  M . S . ,  c /o  R u sse ll & 
C o .,  49 0 3  D e lm a r  B lv d .,  S t .  L ou is, 
M o .

V o g e lb e in ,  C h a r le s  J . ,  S t .  J o h n ’s 
O v e r la n d  S e w e r  D is t . ,  R .F .D .  N o. 
7, O v e r la n d ,  M o .

W r ig h t ,  E d w a rd  C . ,  C h e m ., 308 E .
M a in  S t . ,  N e o sh o , M o .

W y m o re ,  A lla n  H . ,  2908  J o p lin  S t .,  
J o p lin ,  M o .

Montana Sewage Works Association
Mr. H. B. Foote, Secretary-Treasurer, Division of Sanitary Engineering, State Board of Health, 

Helena, Montana

A r n o ld ,E .  L . ,S u p t . ,  C i ty  S e w e r  D e p t . ,  
P . O . B ox 225 , G la sg o w , M o n t.

B a t t l e s ,  L . C . ,  S u p t . ,  S te v e n s v ille ,  
M o n t .

B o r d e r ,  W m . R . ,  S u p t . ,  304  E . K o c h  
S t . ,  B o z e m an , M o n t.

B r a n d is ,  E .  E . ,  B ox  306 , C h in o o k , 
M o n t.

C h r y s le r ,  K .  L . ,  C i ty  H a ll,  B illin g s, 
M o n t.

C o b le ig h , W . M . ,  M o n ta n a  S ta te  
C o lleg e , B o z e m a n , M o n t.

C o r te s e ,  J .  R . ,  S u p t . ,  W a te r  D e p t .,  
P . O . B ox  877 , L iv in g s to n ,  M o n t.

C o rw in  & C o m p a n y , I n c . ,  C o n s . E n g rs .  
413 M e d ic a l  A r t s  B ld g ., G r e a t  F a lls ,  
M o n t.

C o ry , J .  C . ,  C o n s . E n g r .,  B ox  637, 
M ile s  C i ty ,  M o n t.

C o tn e r ,  F .  B . ,  M o n ta n a  S t a te  C o lleg e , 
B o z e m a n , M o n t.

E b y , E a r l ,  502 P o w e r  B lo ck , H e le n a , 
M o n t.

E y e r ,  C . E . ,  C i ty  H a l l ,  G le n d iv e , 
M o n t.

F o o te ,  H .  B . ,  S t a te  B o a rd  o f  H e a l th ,  
H e le n a , M o n t.

H a l l ,  J o h n  W .,  C iv il  E n g r . ,  F o r t  
S h a w , M o n t.

H a z e n ,  J o h n  B . ,  S u p t . ,  B u t te  W a te r  
C o ., B u t te ,  M o n t.

L o v e ll C la y  P r o d u c ts  C o . ,  L o v e ll, 
W y o .

M a rc o t t ,  D . G . ,  S u p t . ,  C o lu m b u s , 
M o n t.

M il le n s i f e r ,  R . W .,  2300-5  A v e . N .,  
G r e a t  F a l ls ,  M o n t .

P a lm e r ,  F . F . ,  C i ty  E n g r .,  B ox  486, 
F o r s y th ,  M o n t.

P a r k s ,  E d . ,  O p r .,  H a r le m , M o n t .
P e a r c e ,  F l e tc h e r ,  P ro f .  o f E n g r .,  

N o r th e r n  M o n ta n a  C o lleg e , H a v re ,  
M o n t.

P e p in ,  E .  J . ,  C i ty  E n g r .,  H a v re , 
M o n t.

P lu m m e r ,  M . W .,  S u p t . ,  124 W . 
G r a n i te ,  B u t te ,  M o n t.

P o r t e r ,  J .  W .,  M e c h . E n g r .,  T h e  
P o r te r  P lu m b in g  a n d  H e a t in g  C o., 
405 F i r s t  A v e . S .,  G r e a t  F a lls , 
M o n t.

S a n d q u is t ,  E . ,  C iv il  E n g r .,  533  S p ru ce  
S t . ,  B e rk e le y  7, C a lif .

S c h m it ,  J .  M . ,  C i ty  E n g r .,  C i ty  H all, 
L e w is to n , M o n t.

S c h r a d e r ,  E lm e r  C . ,  S u p t . ,  Box 944, 
D e n to n ,  M o n t .

S t ro n g ,  A . L . ,  B ox  1700, H e le n a , M o n t.

S w e a r in g e n ,  W . H . ,  C i ty  E n g in e e r 's  
O ffice, M is s o u la , M o n t.

V o d e n ,  S t e w a r t ,  C h e m .,  1405 S e v e n th  
A v e .,  S . G r e a t  F a l ls ,  M o n t.

W in n b r e n n e r ,  K .  J . ,  O p r .,  R o u te  2, 
K a l is p e ll,  M o n t.

New England Sewage Works Association
Mr. Walter E. Merrill, Secretary-Treasurer, c/o State Department of Public Health, State House, 

Boston, Massachusetts

A b r a m s ,  M . F . ,  17 B a t te r y  P la c e , N e w  
Y o rk , N . Y .

A d c o c k , H o r to n  C . ,  O p r .,  127 C lin to n  
A v e .,  N e w  H a v e n  13, C o n n .

A ld e n ,  C lif fo rd , E . ,  F o x b o ro  C o ., 
N e p o n s e t  A v e .,  F o x b o ro , M a ss .

A v e ry , N . C . ,  M a jo r ,  S u p v r .  of P la n t  
a n d  M a in t . ,  S o u th b u ry  T ra in in g  
S c h o o l, S o u th b u ry ,  C o n n .

B a h r ,  R a y m o n d  F . ,  41 G re e n w a y  S t . ,  
H a m d e n ,  C o n n .

B a ird ,  C h a r le s  O . ,  J r . ,  P ro f .  o f  C iv il 
E n g r . ,  N o r th e a s te r n  U n iv ..  3 6 0  
H u n t in g to n  A v e ., B o s to n , M a ss .

B a ld w in , C . W .,  80  B o y ls to n  S t .,  
B o s to n  16, M a ss .

B a lm e r ,  R o b t .  R . ,  J r . ,  74 W a s h in g to n  
S t .  M a rb le h e a d ,  M a ss .

B a r b o u r ,  F r a n k  A .,  C o n s . E n g r .,  1120 
T r e m o n t  B ld g ., B o s to n , M a ss .

B a r ry ,  W . V in c e n t ,  200  O ra n g e  S t . ,  
N e w  H a v e n  10, C o n n .

B a r th o lo m e w , D a v id  W m .,5 2 2  W a s h 
in g to n  S t . ,  H u d s o n ,  N . Y .

B a t te y ,  E v e r e t t  M .,  In filco , In c . ,  258 
P a r k  S q u a re  B ld g ., B o s to n , M a ss .

B a u e r ,  H e n r y  W .,  S u p t . ,  181 R id g e  
R d . ,  M id d le to w n , C o n n .

B e th e l ,  J o h n  S . ,  C a p t . ,  215 H a r t  
B lv d .,  S ta te n  I s la n d  1, N . Y .

B o g re n ,  G e o rg e  G . ,  55 W . P la in  S t . ,  
C o c h i tu a te ,  M a ss .

B o n d ,  E u g e n e  L . ,  D e p t ,  of S ts .  8c 
E n g rg .,  T o w n  H a l l,  G re e n fie ld , 
M a ss .

B o n d , P h i l ip  E . ,  C o n s . E n g r .,  189 
H ig h  S t . ,  H o ly o k e , M a ss .

B o w le r ,  E d m o n d  W e s le y ,  P ro f. ,  U n iv . 
of N e w  H a m p s h ir e ,  D u r h a m ,  N . H .

B r a d le e ,  W a r r e n  R . ,  C a p t . ,  0 -5 1 9 7 9 7 , 
P u b l ic  H e a l th  S ec ., G .H .Q .,  S C A P , 
A d v a n c e  A P O  5 0 0 , c /o  P o s tm a s te r ,  
S a n  F ra n c is c o ,  C a lif .

B r i t to n ,  B e n j .  A .,  J r . ,  O p r .,  H e c k e r  
A v e ., N o r o to n  H e ig h ts ,  C o n n .

B ro o k s ,  J o h n  H . ,  J r . ,  S u p t .  S ew er 
D e p t . ,  E . W o rc e s te r  S t . ,  W o rc e s te r ,  
M a ss .

B ro w n , E d w a r d  S . ,  J r . ,  T h a y e r  S choo l 
o f C iv il  E n g in e e r in g , D a r tm o u th  
C o lle g e , H a n o v e r ,  N . H .

B ro w n , W a l t e r  H . ,  J r . ,  S u p t . ,  12 
H e rs e y  R d . ,  C r a n s to n  10, R . I.

B u c k ,  R o b in s o n  D . ,  C o n s . E n g r .,  650 
M a in  S t . ,  H a r t f o r d ,  C o n n .

B u g b e e ,  J u l iu s  W .,  290  M a s s a c h u 
s e t t s  A v e .,  P ro v id e n c e ,  R . I.

B u g b e e ,  R a y m o n d  C . ,O p r . ,  17 M o n u 
m e n t  S t . ,  C ro to n ,  C o n n .

B u r d e n ,  H a r r y  P . ,  D e a n  o f E n g r . 
S c h o o l, T u f t s  C o lle g e , M e d fo rd , 
M a ss .

B u r d e n ,  R o b e r t  P . ,  E n g r . ,  112 P ie rc e  
H a l l ,  H a r v a r d  U n iv .,  C a m b rid g e  
3 8 , M a ss .

B u rd o in ,  A lle n  J . ,  C o n s . E n g r .,  85 
W a s h in g to n  S t . ,  W e lle s le y  H ill, 
M a ss .

B u r r ,  R .  S . ,  A m e ric a n  B ra ss  C o ., 
W a te r b u r y ,  C o n n .

B u r r e l l ,  R o b e r t ,  O p r . ,  39  H o w a rd  S t., 
W e s t  H a v e n ,  C o n n .

C a m p , T h o m a s  R . ,  S a n . E n g r .,  6 
B e a c o n  S t . ,  B o s to n  8 , M a ss .

C a p w e ll ,  W a l t e r ,  S u p t . ,  D is p . 8t I n 
c in e r a to r  P l a n t ,  T r u m b u l l  S t . ,  N ew  
L o n d o n ,  C o n n .

C a r a c a u s a ,  A lb e r t  C .,  F e d .  E n g r .,  107 
M o n ta u k  A v e .,  N e w  L o n d o n , C o n n .

C a r p e n te r ,  H o w a rd  F . ,  O p r .,  2 E rn e s t  
S t . ,  P ro v id e n c e ,  R . I.

C a s e y ,  A lb e r t  E . ,  16 P in e  S t . ,  S to n e - 
h a m , M a s s .

C e m y ,  P a u l  J . ,  441 L e x in g to n  A ve ., 
R o o m  1209, N e w  Y o rk  17, N . Y.

C h a s e ,  E .  S h e r m a n ,  C o n s . E n g r ., 
M e tc a lf  &. E d d y ,  1300 S ta t le r  B ldg ., 
B o s to n , M a ss .

C h is h o lm , H e n r y ,  R .F .D .  125, M a n s 
fie ld , M a ss .

C la ffe y , W a l t e r  H . ,  S a n . E n g r .,  W e st-  
o v e r  F ie ld ,  C h ic o p e e , M a ss .

C la rk e ,  V . B . ,  B ox  5 8 2 , A n so n ia , C o n n .
C o b b , E d w in  B . ,  L t . ,  3 4  S te v e n s  R d ., 

N e e d h a m  9 2 , M a ss .
C o b u m , S .  E . ,  C o n s . E n g r .,  1300 

S ta t l e r  B ld g ., B o s to n , M a ss .
C offin , G e o rg e  W .,  68 D e v o n s h ire  S t .,  

B o s to n  9 , M a ss .
C o h n , M o r r i s  M . ,  1101 L e x in g to n  

A v e ., S c h e n e c ta d y ,  N . Y .
C o p e la n d ,  W m . R . ,  887 A sy lu m  A v e ., 

H a r t f o r d ,  C o n n .
C o p le y , C h a s .  H . ,  O p r .,  49  B ed fo rd  

A v e .,  H a m d e n  14, C o n n .
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C o rb e tt, W a lte r  E . ,  84 E . M a in  S t .,  
M ilfo rd , M a ss .

C raem er, G e o rg e  H . ,  O p r . ,  M u n ic ip a l
Bldg., H a r tf o r d ,  C o n n .

C rocker, H a r o ld  S . ,  C i ty  E n g r .,  C ity  
H all, B ro c k to n  22 , M a ss .

D am on , N e ls o n  A .,  P l a n t  O p r .,  34 
S p rin g  S t . ,  A m h e rs t ,  M a ss .

D am on , W a y n e  F . ,  161 W e s t  S t .,  
L e o m in s te r , M a ss .

D arby , G e o rg e  M .,  c /o  T h e  D o r r  C o. 
W e stp o r t,  C o n n .

D ean e , E lm e r  L . ,  M u n ic ip a l  B ld g ., 
N ew  B e d fo rd , M a ss .

D e h a a s , N ic h o la s , O p r .,  B ox 176, 
L inw ood, M a ss .

D ion, C la re n c e  K . ,  P o s t  R d . ,  W e s te r ly  
R . I.

D isa rio , G . M .,  A v e . L o s t  P in o s  2 D , 
L a F lo rid a , C a ra c a s , V e n e z u e la , S. 
A.

D om an , J o s e p h ,  O p r .,  196 M ilb a n k  
A ve., G re e n w ic h , C o n n .

D on n elly , R . M .,  O p r .,  57 T a u n to n  
A ve., N o r to n , M a ss .

D o n n in i, F r a n k  L . ,  C .M o .M .M .,  U .S . 
C o ast G u a rd  T ra in in g  S ta t io n ,  
S taff B a r ra c k s  “ A ” , G ro to n ,  C o n n .

D o re , S ta n le y  M .,  A s s t .  C h ie f  E n g r .. 
20 S o m e rse t S t . ,  B o s to n , M a ss .

D rew , S a m u e l T . ,  A p a r ta d o  N o  14. 
G u a te m a la  C i ty ,  G u a te m a la ,  C . A.

D ud ley , R ic h a rd  E . ,  R m . 410 , C ity  
H all. S p rin g fie ld , M a ss .

D y er, S a m u e l ,  M e m o r ia l  B ldg .. 
F ra m in g h a m , M a ss .

E a s te r ,  C h a s . W .,  S u p t . ,  C la re m o n t 
W a te r  & S ew er D e p t . ,  7 S u lliv a n  
S t., C la re m o n t, N . H .

E a s te r ,  L e o n a rd  C . ,  O p r .,  25 W . 
T e rra c e  S t .,  C la re m o n t,  N . H .

E ddy, H a r r is o n  P . ,  J r . ,  C o n s . E n g r ., 
1300 S ta t le r  B ld g ., B o s to n , M a ss .

F a ir, G o rd o n  M .,  P ro f., 7 S c o t t  S t., 
C am b rid g e , M a ss .

F a les , A lm on  L .,  C o n s . E n g r .,  c /o  
M etca lf  & E d d y , S ta t l e r  B ld g ., 
B oston , M ass .

F en n , E r n e s t  G . ,  O p r .,  F a irf ie ld  S ta te  
H osp ., N e w to w n , C o n n .

F e rris , J a m e s  E . ,  N ia g a ra  A lk a li  C o ., 
60 E. 42 n d  S t . ,  N ew  Y o rk , N . Y .

F itzg e ra ld , J o s e p h ,  O p r .,  C i ty  H a ll, 
36 C o u rt  S t .,  S p rin g fie ld , M a ss .

F lem in g , P a u l  V ., O p r .,  1272 M a ss a 
c h u se tts  A ve ., N o r th  A d a m s, M a ss .

F lood, F ra n k  L .,  C o n s. E n g r .,  1300 
S ta tle r  B ld g ., B o s to n  15, M a ss .

F oo te , K e n n e th  E . ,  87 F o r t  H a le  R d ., 
N ew  H a v e n , C o n n .

G e n tle m e n , L a u re n c e  M .,  M e tro . 
D is t. W a te r  S u p p ly  C o m m ., 20 
S o m erse t S t .,  B o s to n , M a ss .

G ib b s, F re d e r ic k  S . ,  W a lla c e  8c T ie r-  
nan  C o ., In c .,  1262 C o m m o n w e a lth  
A ve., B o sto n  34 , M a ss .

G ilcreas, F . W e ll in g to n , A ssoc. S a n . 
C hem ., D iv . o f  L a b o ra to r ie s  8c R e 
search , N ew  S c o tla n d  A v e ., A lb a n y  
1, N . Y.

G iles, J .  H e n ry  L .,  A ssoc. S a n . E n g r ., 
26 L in n a rd  R d ., W e s t  H a r tf o r d  7, 
C onn .

G isb o rn e , F r a n k  R . ,  O p r .,  A rc a d ia  
R d ., O ld G re e n w ic h , C o n n .

G la d u e , D o n a t  J . ,  O p r .,  210  H ig h  S t .,  
B risto l, R . I.

G lin es , R o b e r t  A ., D a n v e r s  W a te r  8c 
S ew er B o ard , 17 H o b a r t  S t . ,  D a n 
v ers, M a ss .

Goff, J a m e s  S . ,  M a jo r ,  S a n . C o rp s . 
S ta tio n  H o s p ita l ,  C a m p  P a tr ic k  
H en ry , N e w p o rt  N ew s, V a .

G r a e m ig e r ,  J o s e p h  A ., 7 E a r l  S t . ,  
W e s t  W a rw ic k , R . I.

G r a n g e r ,  G e o rg e  M .,  D e p u ty  S u p t .  of 
S e w e rs , C i ty  H a ll,  C o u r t  S t .,  
S p r in g f ie ld , M a ss .

G r e e le y ,  R ic h a rd  F . ,  34  C e n tra l  S t., 
H u d s o n ,  M a ss .

G r e e n le a f ,  J o h n  W .,  J r . ,  M a jo r ,  Box 
G , N a v y  153, c /o  F le e t  P o s t  Office, 
N e w  Y o rk , N . Y .

G riff in , G u y  E . ,  M a jo r ,  F e d .  E n g r ., 
502  S ch o o l S t . ,  B e lm o n t, M a ss .

H a le ,  E l l io t t  J . ,  A c tg . D ir .,  D iv . of 
S a n . E n g rg .,  S t a te  D e p t ,  o f H e a l th  
8c W e lfa re , A u g u s ta ,  M e .

H a m m a n n ,  C h a r le s  G .,  D iv .  of S an . 
E n g rg .,  R . I . D e p t ,  of H e a l th .  
S t a te  Office B ld g ., P ro v id e n c e , R . I.

H a n s o n ,  G e o rg e  I . ,  O p r .,  B o s to n  P o s t 
R d . ,  M a r lb o ro ,  M a ss .

H a r d y ,  W ill ia m  G .,  O p r .,  B u re a u  of 
S ew ers , 20 ' E ., W o rc e s te r  S t . ,  W o r 
c e s te r ,  M a ss .

H a r p e r ,  M . J . ,  M e rc o  N o rd s tro m  
V a lv e  C o ., 5 0  C h u rc h  S t . ,  N e w  Y o rk  
N . Y .

H a r t le y ,  J o h n  R . ,  A ss t.  S a les  M g r., 
B u ild e rs -P ro v id e n c e , In c .,  9 C o d d 
in g  S t . ,  P ro v id e n c e , R . I.

H e a ly ,  W ill ia m  A ., E n g r .,  S t a te  D e p t,  
o f  H e a l th ,  C o n c o rd , N . H .

H e d e n s ta d ,  P a u l  C .,  O p r .,  20  E . W o r 
c e s te r  S t . ,  W o rc e s te r ,  M a ss .

H i l le r ,  P a u l  W .,  In n is ,  S p e id en  8c Co., 
117 L ib e r ty  S t . ,  N e w  Y o rk , N . Y .

H o lm e s ,  H a r r y  E . ,  M a ss . S t a te  D e p t ,  
o f H e a l th ,  5 5 1 -A  S ta te  H o u se , 
B o s to n , M a ss .

H o lm e s ,  K e n n e th  H . ,  M u n ic ip a l 
B ld g ., N e w  L o n d o n , C o n n .

H o rg a n ,  J o h n  J . ,  53 P a r k  P la ce , N e w  
Y o rk , N .  Y .

H o m e ,  R a lp h  W .,  C o n s . E n g r .,  11 
B e a c o n  S t . ,  B o s to n , M a ss .

H o u s e r ,  G e o . C .,  C o n s . E n g r .,  220 
C ly d e  S t . ,  B ro o k lin e , M a ss .

H o w a rd ,  P .  F . ,  C o n s . E n g r .,  138 
B a r t l e t t  R d .,  W in th r o p ,  M a ss .

J e n c k e s ,  J .  F r a n k l in ,  J r . ,  F ie ld s  
P o in t  M fg . C o rp ., P ro v id e n c e , R . I.

J o h n s o n ,  C . F r a n k ,  C o n s . E n g r .,  74 
W e b s te r  S t . ,  N o r th  Q u in c y  71 
M a ss .

J o y ,  C . F r e d ,  J r . ,  S e w e r  S u p t . ,  50 
M e re d i th  C irc le , M il to n ,  M a ss .

K a p p e , S . E . ,  523 0  M a ss a c h u s e tts  
A v e ., W a sh in g to n ,  D . C .

K a r a le k a s ,  P e t e r  C .,  M a jo r ,  34  R ose- 
d a le  S t . ,  D o rc h e s te r ,  M a ss .

K e n n is o n ,  K a r l  R . ,  C h ie f  E n g r ., 
M e tro .  D is t r i c t  W a te r  S u p p ly  
C o m m ., 20  S o m e rs e t  S t . ,  B o s to n  
M a ss .

K in s e l ,  H a r r y  L . ,  E n g r .,  M e tc a lf  a n d  
E d d y .  1300 S ta r t l e r  B ld g ., B o s to n  
16, M a ss .

L a m b , C la re n c e  F . ,  W a te r m a n  E n g r. 
C o ., 86  W e y b o ss e t  S t . ,  P ro v id e n c e , 
R . I.

L a m o th e ,  W ilf re d ,  O p r .,  417 C la re n 
d o n  S t . ,  F i tc h b u r g ,  M a ss .

L a n g fo rd , L e o n a rd  L . ,  441 L e x in g to n  
A v e ., N e w  Y o rk , N . Y .

L a n n o n ,  W ill ia m , O p r .,  21 B rid g e  S t., 
P u tn a m ,  C o n n .

L a n p h e a r ,  R o y  S . ,  O p r .,  W o rc e s te r  
S ew ag e  T r .  P la n t ,  P .  O . S ta t io n  C , 
W o rc e s te r ,  M a ss .

L a th a m , D o n a ld  S . ,  O p r .,  297 D o ris  
A v e ., C ra n s to n  10, R . I .

L o c k e , E d w . A ., O p r .,  21 F o r s te r  S t., 
H a r tf o r d ,  C o n n .

L o c k w o o d , B ro n s o n  E . ,  W a te r to w n  
F i r e  D is t r i c t ,  W a te r to w n ,  C o n n .

L o f tu s , H a r r y  P . ,  S u p t . ,  M a rlb o ro  
W a te r  & S ew ag e  C o m m ., M a rlb o ro ,  
M a ss .

M c C a rth y ,  J o s e p h  A ., S t a te  C h e m is t ,  
L a w re n c e  E x p e r im e n t S ta t io n ,  4 
I s la n d  S t . ,  L a w re n c e , M a ss .

M c K e e ,  J a c k  E . ,  C a p t . ,  17 C o llege  
A v e ., W a te rv il le ,  M e .

M c M a h o n ,  W a lte r  A .,  O p r .,  76 B ro o k - 
s id e  A v e ., T o r r in g to n ,  C o n n .

M a g u ir e ,  C h a s .  A .,  C iv il E n g r .,  1515 
T u r k s  H e a d  B ld g ., P ro v id e n c e . R . 
I.

M a n n h e im , R o b e r t ,  T h e  M a th ie so n  
A lk a li W o rk s , In c .,  911 H o s p ita l  
T r u s t  B ld g ., P ro v id e n c e , R . I.

M a r in e r ,  W . S . ,  C o n s . E n g r .,  1300 
S ta t l e r  B ld g ., B o s to n  16, M a ss .

M a rs to n ,  F r a n k  A ., C o n s . E n g r .,  M e t 
c a lf  a n d  E d d y ,  1300 S ta t le r  B ld g ., 
B o s to n  16, M a ss .

M e rr i l l ,  W a lte r  E . ,  61 M a d iso n  S t . ,  
M e d fo rd  55 , M a ss .

M e y e r ,  C a r le ,  P la n t  O p r .,  F i l t r a t io n  
P la n t ,  R o c k v ille , C o n n .

M itc h e ll ,  B u r to n  F . ,  C o n s. E n g r .,  P . 
O . B ox  147, F o x b o ro , M a ss .

M o ir ,  R o b e r t  W .,  2077 C o m m o n 
w e a l th  A v e ., A u b u rn d a le  66, M a ss .

M o o re , E d w a rd  W .,  M a jo r ,  96 V assa l 
S t . ,  W o lla s to n , M a ss .

M o rg a n ,  E d w a rd  F . ,  J r . ,  S u p t .  of 
P u b lic  W o rk s , H u d s o n , M a ss .

M o rg e n ro th ,  F r i tz ,  C o n s . E n g r .,  156 
L a k e  S t . ,  B r ig h to n , M a ss .

M o r te n s e n ,  E r n e s t  D . ,  F e d . E n g r .,  
800 M a in  A v e ., G re e n w o o d , R . I.

M u ld o o n , J o s e p h  A ., S u p t . ,  849 H a n 
c o ck  A v e ., B r id g e p o r t ,  C o n n .

M u n ro e ,  H e n r y  F . ,  75 P a in e  A v e ., 
C ra n s to n  10, R . I .

N a y lo r,  W ill ia m , S u p t . ,  W a te r  & 
S ew ers , M a y n a r d ,  M a ss .

N e w la n d s ,  J a m e s  A ., S a n . E n g r .,  
P re s ., H e n ry  S o u th e r  E n g in e e r in g  
C o ., 11 L a u re l  S t . ,  H a r tf o r d ,  C o n n .

P a lm e r ,  B e n ja m in  M .,  C o n s . E n g r .,  
114 T h a y e r  B ld g ., N o rw ic h , C o n n .

P a r k e r ,  L . K . ,  A c tin g  S u p t . ,  A u b u rn  
S ew erag e  D is tr ic t ,  268 C o u r t  S t . ,  
A u b u rn , M e.

P e r ry ,  E a r l  R . ,  C h ie f  E n g r .,  C ity  
H a ll,  W o rc e s te r ,  M a ss .

P e t r i e ,  W ill ia m  P . ,  S u p t . ,  S ew ag e  
D isp o sa l P la n t ,  N o rw a lk , C o n n .

P r a t t ,  G i lb e r t  H . ,  S p ec ia l R e p r .,  
W a lla c e  & T ie rn a n  C o ., 1262 
C o m m o n w e a lth  A v e ., B o s to n  34 , 
M a ss .

P ro u d m a n ,  C h e s te r  F . ,  S u p t . ,  N ew  
C a n a a n  S ew ag e  D isp o sa l P la n t ,  
N e w  C a n a a n ,  C o n n .

P u f fe r ,  S te p h e n  P . ,  S u p t . ,  T o w n  H a ll,  
A m h e rs t ,  M a ss .

R a is c h ,  W ill ia m , C o n s . E n g r .,  227 
F u l to n  S t . ,  N e w  Y o rk , N . Y .

R e e d ,  L e o n  H . ,  P . O . B ox 8 1 , P i t t s 
fie ld , M a ss .

R ic h a rd s o n ,  C . G . ,  B u i ld e rs -P ro v i
d e n c e , In c .,  D iv . of B u ild e rs  I ro n  
F o u n d r y ,  P . O . B ox 1342, P r o v i 
d e n c e , R . I.

R ic k e y , C liffo rd  E . ,  O p r .,  15 C la re n 
d o n  A v e ., C h ic o p e e , M a ss .

R o g e r s ,  J o h n  A ., O p r .,  6 C e n tra l  A v e ., 
M ilfo rd , C o n n .

S a m p s o n ,  G e o rg e  A .,  C o n s . E n g r .,  14 
B e a c o n  S t . ,  B o s to n , M a ss .

S a n d e rs o n ,  W . W .,  C h e m ., c /o  S ta te  
D e p t ,  of H e a l th ,  D iv . o f  L a b o r a 
to r ie s  & R e s ., N e w  S c o t la n d  A v e ., 
A lb a n y ,  N .  Y .
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S a w y e r ,  R o b t .  W .,  J r . ,  A s s t .  E n g r .,  
c /o  M a lc o lm  P irn ie ,  25  W . 4 3 rd  S t . ,  
N e w  Y o rk ,  N .  Y .

S c o t t ,  W a r r e n  J . ,  3 4  G a r f ie ld  R d ., 
W e s t  H a r t f o r d ,  C o n n .

S h e a ,  W a l t e r  J . ,  S a n .  E n g r .,  327 
S t a t e  O ffice B ld g ., P ro v id e n c e ,  R . I.

S h e p p e rd ,  F r e d e r i c k ,  “ M u n ic ip a l  
S a n i ta t io n ,”  24  W . 4 0 th  S t . ,  N e w  
Y o rk ,  N .  Y .

S h e r m a n ,  L e s lie  K . ,  C a p t . ,  0 -4 9 0 3 8 7 , 
1 1 3 th  M a la r ia  C o n tro l  U n i t ,  A P O  
6 9 0 , c /o  P o s tm a s te r ,  N e w  Y o rk , N . 
Y .

S le a th ,  A u b re y  B . ,B o x 5 3 3 -N ,  N ia n tic ,  
C o n n .

S n e l l ,  J .  R . ,  S a n .  E n g r .,  3 6 4  L e b a n o n  
S t . ,  M e lro s e  76, M a ss .

S n o w , W il l is  J . ,  S t a t e  W a te r  C o m m ., 
S t a t e  O ffice B ld g ., H a r t f o r d ,  C o n n .

S to c k ,  M itc h e ll  B . ,  C o n s . E n g r .,  666 
F a ir f ie ld  A v e .,  B r id g e p o r t  3 , C o n n .

S u t t i e ,  R .  H . f P ro f . ,  D e p t ,  o f C iv il 
E n g rg .,  Y a le  U n iv e r s i ty ,  N e w  
H a v e n ,  C o n n .

S z y m a n s k i ,  J o h n  R . ,  N e w  B r i ta in  T r .  
P l a n t ,  N e w  B r i ta in ,  C o n n .

T a r l t o n ,  E l l i s  A . ,  C h e m ., 34  P le a s a n t  
S t . ,  D a n b u r y ,  C o n n .

T h o m p s o n ,  R o b e r t  B . ,  R e s . E n g r .,  
T h e  D o r r  C o ., I n c . ,  W e s tp o r t ,  
C o n n .

T h o m p s o n ,  W a l t e r  E . ,  O p r .,  T o w n  
H a l l ,  S t r a t f o r d ,  C o n n .

T ie rn e y ,  L a w re n c e  J .  J . ,  518  R ice  
B ld g ., 10 H ig h  S t . ,  B o s to n , M a ss .

T ip p y , K e n n e th  C le m , A sso c . P ro f., 
D e p t ,  o f C iv il  E n g rg .,  U n iv e r s i ty  of 
C o n n e c t ic u t ,  S to r r s ,  C o n n .

T ra c y ,  E d w a r d  L . ,  C o n s . E n g r .,  D iv . 
o f S a n .  E n g r .,  D e p t ,  o f P u b lic  
H e a l th ,  S t a t e  o f V e r m o n t ,  2 C o l
c h e s te r  A v e .,  B u r l in g to n ,  V t .

T u t t l e ,  L e o n  E . ,  T o w n  H a l l ,  S t a m 
fo rd ,  C o n n .

V a n  A t ta ,  J o h n  W .,  R a lp h  B . C a r te r  
P u m p  C o ., 53  P a r k  P la c e , N e w  
Y o rk ,  N .  Y .

V a n  K le e c k ,  L e R o y  W .,  S t a t e  D e p t ,  
o f H e a l th ,  S t a t e  O ffice B ld g ., H a r t 
fo rd ,  C o n n .

V iv ie r ,  H a r v e y ,  O p r . ,  S ew ag e  T r. 
P l a n t ,  L u d lo w , M a ss .

W a d h a m s ,  G e n .  S . H . ,  S t a t e  W a te r  
C o m m ., S t a t e  O ffice  B ld g ., H a r t 
fo rd ,  C o n n .

W e n tw o r th ,  J o h n  P . ,  C o n s . E n g r ., 
569  F e l ls w a y  E .,  M a ld e n  4 8 , M ass .

W e s to n ,  A r th u r  D . ,  C h ie f  E n g r .,  511 
S t a t e  H o u s e , B o s to n , M a ss .

W h ip p le , M e lv i lle  C . ,  222 P ie rc e  H all, 
C a m b rid g e , M a ss .

W h it lo c k ,  H e n r y  C ., C i ty  H a ll,  W a te r-  
b u r y ,  C o n n .

W in c h ,  N o rm a n  M . ,  C a p t . ,  0 -461488, 
4 6  B ird s  H il l  A v e ., N e e d h a m  92, 
M a ss .

W is e ,  W ill ia m  S . ,  C h ie f  E n g r .,  S ta te  
W a te r  C o m m ., H a r t f o r d ,  C o n n .

W o r th in g to n ,  E r a s tu s ,  C o n s . E n g r., 
I n s u r a n c e  B ld g ., D e d h a m , M ass .

W r ig h t ,  E d w .,  S t a te  È n g r .,  M ass. 
S t a t e  D e p t ,  o f H e a l th ,  511-A  S ta te  
H o u s e , B o s to n , M a ss .

New Jersey Sewage Works Association
Mr. S. A. Kowalchik, Secretary-Treasurer, 427 Maple Avenue, Trenton 8, New Jersey

A b e le s ,  J o s e p h  C . ,  2 2 0  E .  4 2 n d  S t .,  
N e w  Y o rk , N .  Y .

A d a m s ,  J .  K . ,  S u p t . ,  15 R a v in e  R d .,  
T e n a f ly ,  N .  J .

B e l l ,  E .  A r th u r ,  C o n s . E n g r .,  B o x  41, 
E sse x  F a l ls ,  N .  J .

B e r g e n ,  C . B . ,  C h a in  B e l t  C o ., 19 
R e c to r  S t . ,  N e w  Y o rk  6 , N .  Y .

B o o z , L o u is  P . ,  117 S m ith  S t . ,  P e r th  
A m b o y , N .  J .

B r u n s te in ,  M a u r ic e ,  L a b .  T e c h .,  P . 
O . B ox  622 , A t la n t ic  C i ty ,  N .  J .

B ry a n ,  J o h n  G . ,  P i tm a n ,  N . J .

B u ra c k ,  W . D . ,  E n g r .,  77 S y c a m o re  
A v e .,  L iv in g s to n ,  N . J .

C a m e ro n ,  G e o . ,  1905 K u e h u le  A v e ., 
V e n ic e  P a r k ,  A t la n t ic  C i ty ,  N . J .

C a p a n o , S a m  J . ,  27 C h u r c h  S t .,  
B o u n d  B ro o k , N . J .

C a p e n ,  C h a r le s  H . ,  J r . ,  C h ie f  E n g r .,  8 
F lo re n c e  P la c e , W e s t  O ra n g e , N .  J .

C a r m ic h a e l ,  D a v id  W .,  C o n s . E n g r .,  
82 P e r s o n e t te  A v e ., V e ro n a ,  N . J .

C a s e ,  R a y m o n d  G . ,  S u p t . ,  6001 
B ro w n in g  R d . ,  M e rc h a n tv i l le ,  N .  J .

C e n ic o la ,  S a m u e l ,  S e w a g e  P l a n t  O p r ., 
209 H u y le r  S t . ,  S . H a c k e n s a c k ,  
N . J .

C h a m b e r l in ,  N o e l  S . ,  S a n .  C h e m ., 
S h e rm a n  A v e ., P o m p to n  P la in s ,  
N . J .

C le a ry ,  E d w . J . ,  O ld  Q u a r ry  R o a d , 
B o x  5 5 , U p p e r  M o n tc la ir ,  N .  J .

C o llin g s , W m . E . ,  713 L e e s  A v e ., 
C o llin g sw o o d , N . J .

C o rs o n , B . I . ,  120 W o o d la n d  T e r ra c e , 
O a k ly n ,  N . J .

C o w le s , M . W .,  S u p t . ,  H a c k e n s a c k  
W a te r  C o . D e p t .  F i l t r a t io n  & S a n i 
ta t i o n ,  N e w  M ilfo rd ,  N .  J .

C ro f t,  H .  P . ,  208  M a p le  A v e .,  T r e n to n  
8, N . J .

D a n ie ls ,  P .  N . ,  56  M a p le  A v e ., 
T r e n to n  8 , N . J .

D e c h e r ,  E d w a rd  P . ,  3 6  M id la n d  
P la c e , N e w a rk ,  N . J .

D i lo r io ,  A n th o n y  F . ,  934  M a in  S t . ,  
F o r d s ,  N .  J .

D o w n e s ,  J o h n  R . ,  S u p t . ,  P .  O . B ox  11, 
D u n e l le n ,  N .  J .

E l l ,  H e n r y  T . ,  252 E l le ry  A v e ., N e w 
a rk ,  N .  J .

E v a n s ,  F .  M .,  M u n ic ip a l  B ld g ., G len  
R o c k , N .  J .

F a lk ,  L lo y d  L . ,  L t . ,  57  S . W a ln u t  S t . ,  
E . O ra n g e , N . J .

F a r r a n t ,  J a m e s ,  443  E .  2 9 th  S t .,  
P a te r s o n ,  N . J .

F o n te n e l l i ,  L o u is ,  O p r .,  616  C e n te r  
S t . ,  G a rw o o d , N . J .

G a d o m s k i,  A lb e r t  J . ,  709  P a r k e r  S t .,  
P e r th  A m b o y , N .  J .

G a t le y ,  H .  K . ,  E n g r .,  26 B e rk e le y  R d .,  
M a p le w o o d , N . J .

G e h m , H a r r y  W il la r d ,  J r . ,  R e s . E n g r .,  
11 R o ss  A v e ., M e tu c h e n ,  N .  J .

G ib b o n s ,  M . M .,  P . O . B o x  162, 
R a h w a y ,  N . J .

G r a u l ,  L e ro y  H . ,  O p r .,  4 3 1 0  H u d s o n  
A v e .,  W ild w o o d , N .  J .

G r a v e s ,  W a lla c e  M .,  452  P ro s p e c t  
A v e ., N e w  M a rk e t ,  N .  J .

G re e n f ie ld ,  H .  C ., C a p t . ,  0 -3 7 0 6 0 8 , 
233 M a p le  A v e ., T r e n to n ,  N .  J .

G riff in , A . E . ,  S a n .  E n g r .,  S u n s e t  R d .,  
P o m p to n  P la in s ,  N .  J .

H a r le y ,  F r a n k  E . ,  C iv il  E n g r .,  R a d -  
b u r n  T r u s t  C o . B ld g ., F a i r  L a w n , 
N . J .

H a r t l e y ,  G . R . ,  415 V a lle y  V ie w  R d .,  
E n g le w o o d , N . J .

H e u k e le k i a n ,  H . ,  R e s . E n g r .,  S h o r t  
C o u rs e  B ld g ., A g r ic u l tu ra l  E x p e r i 
m e n t  S ta t io n ,  N e w  B ru n s w ic k , N .  J .

H o l t j e ,  R a lp h  H . ,  C a p t . ,  117 N . D u d 
le y  A v e .,  V e n tn o r ,  N .  J .

H o o d ,  J o h n  W , 43  J o h n  S t . ,  R id g e -u  
w o o d , N . J .

K a c h o r s k y ,  M . S . ,  S u p t . ,  P . O . B ox  
283 , M a n v il le ,  N .  J .

K a p la n ,  B e r n a r d ,  S t a t e  H e a l th  D e p t . ,  
L o v e t t  A v e . & O rc h a rd  R d . ,  L i t t le  
S i lv e r ,  N . J .

K i l la m , E .  T . ,  H y d .  & S a n .  E n g r .,  140 
C e d a r  S t . ,  N e w  Y o rk  6 , N .  Y .

K le in ,  W m . I . ,  C o n s . E n g r .,  21 M a p le  
T e r ra c e ,  E a s t  O ra n g e , N . J .

K o m l in e ,  T .  R . ,  768  U p p e r  B lv d ., 
R id g e w o o d , N . J .

K o z m a , A lb e r t  B . ,  30 0 5  B ro o k w o o d  
S t . ,  H a r r is b u r g ,  P a .

L a f fe r ty ,  W . R . ,  P . O . B o x  95 , S t r a t 
f o rd ,  N .  J .

L e a h e y ,  A n th o n y  T . ,  42 W ilk in so n  
P la c e , T r e n to n ,  N .  J .

L e C h a r d ,  J o s e p h  H . ,  S a n . E n g r .,  A t
l a n t ic  C i ty  S e w e ra g e  C o ., A tla n tic  
C i ty ,  N . J .

L e h m a n n ,  A r th u r  F . ,  134 C e d a r  A ve., 
H a c k e n s a c k ,  N .  J .

L e n d a ll ,  H a r r y  N . ,  P ro f . ,  D e p t ,  of 
M u n . &  S a n .  E n g r .,  R u tg e rs  U n i
v e r s i ty ,  N e w  B ru n s w ic k , N . J .

L e n o x ,  J a c o b  L . ,  7 S h e rw o o d  P lace , 
W e s t  O ra n g e , N .  J .

L o g a n , R o b e r t  P . ,  R e s . E n g r .,  835 
M a d is o n  A v e .,  E l iz a b e th ,  N . J .

L o n g ,  J a m e s  C . ,  O p r .,  12 F a irc h ild  
A v e ., M o rr is  P la in s ,  N . J .

M c C la v e ,  S . W o o d ,  J r . ,  600  G orge 
R d . ,  C liffs id e  P a r k ,  N . J .

M c L a u g h lin ,  J o h n ,  157 H a r r is o n  S t., 
B lo o m fie ld , N .  J .

M c M e n a m in ,  C . B . ,  307 M e lro se  A ve ., 
B o u n d  B ro o k , N .  J .

M a lla l i e u ,  W . C .,  O p r .,  P . O . Box 188, 
B o o n to n , N .  J .

M id d le to n ,  W a l te r ,  12 E . Je ffe rso n  
S t . ,  P a u ls b o ro ,  N .  J .

M ir g a in ,  F .  C .,  A s s t .  P ro f .  o f C iv il 
E n g r .,  R u tg e r s  U n iv e rs i ty ,  N ew  
B ru n s w ic k , N .  J .

M o li to r ,  E d w a r d  P . ,  O p r .,  P .  O . Box 
4 1 , C h a th a m ,  N . J .

M o w ry , R . B .,  1649 N . B ro a d  S t .,  
P h i la d e lp h ia ,  P a .

M u s s ,  J o s h u a ,  T o w n sh ip  E n g r ., 
D e p t ,  o f P u b l ic  W o rk s ,  R o o m  2 6 ,. 
M u n ic ip a l  B ld g .,  N o r th  B ergen , 
N . J .

O c e a n  C ity  S e w e r  S e rv ic e  C o ., E .S . 
S te e lm a n ,  M g r . ,  T e n th  S t .  & W e st 
A v e ., O c e a n  C i ty ,  N . J .

O rd w a y , E .  S . ,  433 S e m in o le  S t .,  
O ra d e ll ,  N .  J .

O s th o ff ,  R ic h a rd  H . L . ,  J r . ,  177 E lm 
w o o d  A v e .,  B o g a ta ,  N .  J .

P o p e ,  L e s te r ,  2025 G e n e se e  S t .,  
T r e n to n  10, N . J .

P r o b a s c o ,  S . R . ,  311 S t .  M a ry  S t . ,  
B u r l in g to n ,  N . J .

R a d c lif fe ,  J a c k  C .,  I n d .  H y g .  E n g r .,  
143 A c re s  D r . ,  H a m il to n  S q u a re , 
N . J .
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R adie , A n d re w , 216 S o m e rs e t  S t . ,  N ew  
B runsw ick , N . J .

R aym ond, R . P . ,  25 H u d s o n  S t .,  
R idgew ood, N . J .

R e in e rs , A . H . ,  S a les  R e p .,  C h lo ro b e n  
C orp ., 225 M e rc e r  S t . ,  J e rs e y  C i ty  
2, N . J .

R ik er, I .  R . ,  E n g r .,  P r in c e to n ,  N . J .
Rudolfs, W illem , D r . ,  C h e m ., S h o r t  

Course B ld g ., A g r ic u l tu ra l  E x p e r i 
m en t S ta tio n ,  N e w  B ru n sw ic k , N . J .

S e id ,  S o l ,  10 S u y d a m  S t . ,  N e w  B ru n s 
w ic k , N . J .

S h a w , R o b e r t  S . ,  P r in c e to n ,  N . J .
S im m e rm a n ,  J o h n  S . ,  215 W ild w o o d  

A v e ., P i tm a n ,  N . J .
S m ith ,  R . C . ,  463 B e llev ille  A v e ., 

G le n  R id g e , N . J .
S to t te r ,  M e y e r ,  153 W h ite h e a d  A v e ., 

S o u th  R iv e r ,  N . J .
V a n  D e rV lie t ,  H e n r y ,  O p r .,  522 B er

g e n  A v e ., M a y w o o d , N . J .

W e s t ,  L . E . ,  M a jo r ,  105 M ill R o a d , 
I rv in g to n ,  N .  J .

W h ite h e a d ,  F .  E . ,  770 B o g e r t R d .,  
R iv e r  E d g e , N .  J .

W it tw e r ,  N . C ., C a p t . ,  R .F .D .  N o . 2, 
Box 337 , T r e n to n ,  N . J .

W rig h t ,  A r th u r ,  U p p e r  M o n tc la ir ,  
N .  J .

Z y d a l la s ,  C h a r le s ,  S . 1 3 th  A v e ., M a n -  
v ille , N . J .

New York State Sewage Works Association
Mr. A. S. Bedell, Secretary-Treasurer, c/o State Department of Health, Albany, New York

A bram s, M . F . ,  17 B a t te r y  P la c e , N e w  
Y ork , N . Y .

A eryns, A lb e rt N . ,  S a n . E n g r .,  716 
G reenw ood A v e ., B ro o k ly n , N .  Y .

A gostinelli, A n th o n y  J . ,  P l a n t  O p r ., 
38 H o ld en  S t .,  C h a r lo t te  S ta t io n ,  
R o ch este r , N . Y .

A lbrech t, R o b e r t  H . ,  S u p t .  of P u b lic  
W orks, H a m ilto n , N . Y .

A ldrich, E llw o o d  H . ,  C o n s . E n g r .,  66 
M ilto n  R d .,  R y e , N . Y .

A n d ersen , C . G e o rg e ,  S a n . E n g r .,  
Office of P o s t E n g in e e r ,  B e rm u d a  
Base C o m m a n d , A P O  8 56 , c /o  
P o s tm a s te r , N e w  Y o rk , N .  Y .

A ngell, J .  M .,  J r . ,  G i l le t te  P u b lis h in g  
Co., 155 E . 4 4 th  S t . ,  N e w  Y o rk , N . 
Y.

A rtese , P h ilip , 122 M c L a re n  S t . ,  R e d  
B an k , N . J .

A ustin , F . H . ,  O p r ., L a th a m , N . Y .
Babcock, I rv in g , O p r .,  264  S . G ro v e  

S t., F re e p o r t ,  N . Y .
B achm ann , F r a n k ,  c /o  T h e  D o r r  C o ., 

Inc ., 570  L ex in g to n  A v e ., N ew  Y o rk  
22, N . Y.

Badger, I rv in  S . ,  742 O s tro m  A v e ., 
Syracuse, N . Y .

B ark e r, S . T .,  C a p t . ,  C .E .C ..  U S N R  
Box L, N a v y  121, c /o  F P O , N ew  
Y ork, N . Y.

B arn es, J a m e s  W .,  S u p t . ,  28 M a p le  
Ave., O akfie ld , N . Y .

B arn e tt, H a ro ld ,  O p r .,  39  I n d e p e n d 
ence A ve., F re e p o r t ,  N . Y .

B arnhill, K . G .,  L t .,  0 -5 2 4 7 0 4 , S ta t io n  
H o sp ita l, M a ria n n a  A .A .F .,  M a r i 
an n a , F la .

Barron , J a m e s  L .,  180 H il to n  A v e ., 
A pt. 90, H e m p s te a d , N . Y .

Barton, C. W .,  M a jo r ,  0 -3 1 4 0 5 1 , 3 0 8 th  
S ta tio n  H o s p ita l ,  A P O  862, c /o  
P o s tm a s te r , N e w  Y o rk , N . Y .

Barton, J a s .  M .,  O p r .,  B ox 604, 
C h a u ta u q u a , N . Y .

B ates, R . D .,  S t a te  D e p t ,  o f H e a lth , 
65 C o u rt  S t .,  B u ffalo , N .  Y .

Baulsir, C h a s . P . ,  C o n s . E n g r .,  c /o  
Parsons, B r in ck e rh o ff , H o g a n  & 
M acdonald , 142 M a id e n  L a n e , N ew  
Y ork  7, N . Y .

B ecker, J o h n ,  A ss t. S u p t .  P u b lic  
W orks, 505 V in e  S t . ,  L iv e rp o o l,  
N . Y .

B edell, A. S . ,  D iv . o f S a n i ta t io n ,  
S ta te  D e p t,  o f  H e a l th ,  A lb a n y , 
N . Y.

B en n ett, C h r is to p h e r  F . ,  133 B e d fo rd  
A ve., B uffalo . N . Y .

B enson, S id n e y  T . ,  101 E . M a in  S t . ,  
F a lconer, N . Y .

B e rn h a rd t, C a r l J . ,  D is t .  S a n . E n g r ., 
133 L inw ood  A v e ., J a m e s to w n , 
N . Y.

B erton , C h a s . J . ,  9 0 0 8 -7 6 th  S t.,W o o d -  
haven , N . Y.

B e s s e lie v re ,  E d m u n d  C ., S a n . E x p e r t,  
F o re ig n  D iv . ,  T h e  D o r r  C o ., 570 
L e x in g to n  A v e ., N e w  Y o rk  22, 
N .  Y .

B e s t ,  R o b e r t  B . ,  O p r .,  25 M a p le  S t .,  
G r e a t  N e c k , N . Y .

B e v a c q u a , J o s e p h ,  1340 R id g e  R d . 
E ., R o c h e s te r ,  N .  Y .

B e v a n , J o h n  G . ,  C h e m ., G u g g e n h e im  
B ro s ., 3771 T e n th  A v e ., N e w  Y o rk , 
N . Y .

R h o o ta ,  B . V ., E n g r .,  c /o  T h e  D o r r  
C o ., In c .,  5 7 0  L e x in g to n  A v e ., N ew  
Y o rk  22 , N . Y .

B ie le , F . J . ,  S a n . E n g r .,  184 N a ssa u  
A v e ., H u n t in g to n ,  N . Y .

B in g e r ,  W a lte r  D . ,  V . P .,  C i ty  I n v e s t 
in g  C o ., 30  B ro a d  S t . ,  N e w  Y o rk  4, 
N .  Y .

B lin d e r ,  J a c o b  W .,  W o o d rid g e , N . Y.
B lo o d , L lo y d , O p r .,  C i ty  H a ll, R o m e, 

N . Y .
B o g e r t,  C . L . ,  C o n s . E n g r .,  624 M a d i

so n  A v e ., N e w  Y o rk , N . Y .
B o r is s ,  M a r io n  E . ,  C a p t . ,  0 -228662, 

206 C o u r t  H o u se , B irm in g h a m  3, 
A la .

B o y c e , R a lp h  E . ,  555 R u g b y  R d ., 
B ro o k ly n , N .  Y .

B o y d , G e o rg e  E . ,  c /o  W aile s  D o v e  
H e rm is to n  C o rp ., 17 B a t te r y  P lace , 
N e w  Y o rk , N . Y .

B r a d n e r ,  B a s i l  E . ,  240  H a ls te a d  A v e ., 
H a r r is o n ,  N . Y .

B ra ll ie r ,  P a u l  S . ,  P . O . B ox  616, 
N ia g a ra  F a l ls ,  N . Y .

B r a n d e n b u rg ,  K e n n e th  B . ,  R o o m  
1905, 19 R e c to r  S t . , 'N e w  Y o rk  6, 
N . Y .

B r ig h a m , J o h n  C ., S r . S a n . E n g r ., 
S t a te  D e p t ,  o f  H e a l th ,  S t a te  Office 
B ld g ., A lb a n y , N .  Y .

B r ig h a m , J o h n  C ., J r . ,  212 F e rn w o o d  
A v e ., U p p e r  M o n tc la ir ,  N . J .

B ro w e r , J .  S in g le to n ,  P l a n t  O p r .,  39 
C e n te r  S t . ,  W o o d m e re , L . I . ,  N . Y .

B ro w n , J a m e s  M .,  J r . ,  2 n d  L t . ,  2 
F le tc h e r  A v e ., M t .  V e rn o n , N . Y .

B ru m b a u g h ,  W . V ., N a t ’l L im e  A ssn ., 
927  F i f t e e n th  S t . ,  N .W .,  W a sh in g 
to n ,  D .  C .

B u c k , G e o . H . ,  C o n s . E n g r .,  55 C h e r ry  
S t . ,  E l iz a b e th ,  N . J .

B u rd ic k ,  G e o .  E . ,  S t a t e  B io lo g is t, 21 
S . F i tz h o u g h  S t . ,  R o c h e s te r  4, N . Y .

B u r g e s s ,  H a r o ld ,  212 F i f th  A v e ., N ., 
T ro y ,  N .  Y .

B u s h ,  A rc h ie  E . ,  376  S . B u ffa lo  R d ., 
O rc h a rd  P a r k ,  N .  Y .

B u tr ic o , F r a n k ,  E n g r . D ra f ts m a n ,  
1609 E . 1 7 2 n d  S t . ,  N e w  Y o rk . N . Y .

C a d w e ll ,  I v a n  W .,  50  P eax l S t .,  
B u ffa lo , N . Y .

C a h i ll ,  W m . J . ,  J r . ,  P l a n t  O p r .,  44 
B ro a d  S t . ,  H a v e r s tr a w ,  N . Y ,

C a ird , J a m e s  M .,  C h e m . & B a c t .,  
C a n n o n  B ld g ., T ro y , N . Y .

C a rp e n te r ,  G e o rg e  D .,  S u p t .  W a te r  
D e p t . ,  903 E . S t a te  S t . ,  I th a c a ,  
N . Y .

C a rp e n te r ,  H a r ry  C ., 218 W is n e r  A v e ., 
M id d le to w n , N . Y .

C a rp e n te r ,  W m . T . ,  C h e m .-O p r .,  
D e p t ,  o f P u b lic  W o rk s , 125 W o rth  
S t . ,  N e w  Y o rk  13. N . Y .

C a r ro ll ,  G e o . B . ,  S a n . E n g r .,  P . O . 
Box 27 , I n d u s t r y ,  N . Y.

C a r te r ,  B ru c e  F . ,  M a n n sv ille ,  N . Y .
C a ry , F . A r th u r ,  185 N . M a in  S t . ,  

F a i rp o r t ,  N . Y .
C e rn y , P a u l  J . ,  S a n . E n g r ..  441 L e x 

in g to n  A v e ., R o o m  1209, N e w  Y o rk  
17, N . Y .

C h a m b e rla in , L . H . ,  A m e ric a n  W ell 
W o rk s , 475 F i f th  A v e ., N e w  Y o rk  
17. N . Y .

C h a m b e rla in , W m . T . ,  D e p t ,  of 
P u b lic  W o rk s , R o o m  816, 125
W o rth  S t . ,  N e w  Y o rk , N . Y .

C h a s e ,  E .  S h e r m a n ,  M e tc a lf  & E d d y , 
1300 S ta t le r  B ld g ., B o s to n , M a ss .

C h a s ic k , A b ra h a m  H . ,  1296 S h e r id a n  
A v e ., B ro n x , N e w  Y o rk . N . Y.

C h u m a rd ,  G e a ry  W .,  33 H o u s to n  
A v e ., M id d le to w n , N . Y .

C h r is t ia n , J a m e s  B . ,  28 M a p le  A v e ., 
R o c k v ille  C e n tre ,  N . Y .

C la rk , A r th u r  T . ,  S e c y .-M g r. W a te r  
a n d  S ew ag e  W o rk s  M fg rs . A ssn . 
170 B ro a d w a y , N e w  Y o rk  7, N . Y .

C la rk , B o y d  H . ,  O p r .,  7 S h a p e r  A v e ., 
C a n a jo h a r ie ,  N . Y .

C la rk , R o b e r t  N .,  S t a te  D e p t ,  of 
H e a l th ,  314  E . S ta te  S t . ,  I th a c a ,  
N . Y .

C o c h ra n e , J o h n  C ., c /o  W a lla ce  & 
T ie rn a n  C o ., In c .,  B ox 178, N e w 
a r k  1, N . J .

C o ffey , M ic h a e l  J . ,  S ew er C o m m ., 56 
A rc h e r  S t . ,  F re e p o r t ,  N . Y.

C o h n , M o rr is  M .,  S a n . E n g r .,  1101 
L e x in g to n  A v e ., S c h e n e c ta d y , N . 
Y .

C o le , E .  S h a w .,  21 E rw in  P a r k  R d .,  
E n g r .,  M o n tc la ir ,  N . J .

C o le m a n , D w ig h t B . ,  P la n t  O p r .,  34 
P le a s a n t  S t . ,  C o r t la n d ,  N . Y .

C o llin s ,  J o h n  T . ,  C o m m , o f W o rk s  
C i ty  H a ll,  O sw ego , N .  Y .

C o lly e r ,  J o s e p h  C . ,  R o o m  2100, 
M u n ic ip a l  B ld g ., N e w  Y o rk , N .  Y .

C a lq u h o u n , C o lin , 101 S o u th a rd  A v e ., 
R o c k v ille  C e n tre ,  N .  Y .

C o p e la n d , W m . R . ,  887 A sy lu m  A v e ., 
H a r tf o r d ,  C o n n .

C o s te llo , J o h n  J . ,  631 P e r in e  S t . ,  
E lm ira , N . Y .

C o t to n ,  E d w in  R . ,  E n g r .,  S e c y ., I n t .  
C o m ., P o to m a c  R iv e r  B a s in , 522 
T r a n s p o r ta t io n  B ld g ., W a sh in g to n
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C o t tr e l l ,  H .  S . ,  117 L ib e r ty  S t . ,  N ew  
Y o rk , N . Y .

C o w le s , M . W .,  H a c k e n s a c k  W a te r  
C o ., D e p t .  F i l t r a t io n  & S a n i ta t io n ,  
N e w  M ilfo rd , N .  J .

C o x , C . R . ,  D iv . o f S a n i ta t io n ,  S ta te  
D e p t ,  of H e a l th ,  A lb a n y ,  N .  Y .

C ra n c h ,  E u g e n e  T . ,  304  E a s tc h e s te r  
R d . ,  N e w  R o c h e lle , N . Y .

C r a n e ,  H a r la n  B . ,  c /o  In filc o  In c .,  60  
E . 4 2 n d  S t . ,  N e w  Y o rk  17, N . Y .

C ra w fo rd ,  H .  V ., G e n e ra l  E le c t r ic  C o., 
S c h e n e c ta d y ,  N . Y .

C u l le y ,  W a l te r  M . ,  M a jo r ,  S n .C ., 
S u rg e o n ’s O ffice, M e d ic a l  B ra n c h , 
G o v e rn o r s  I s la n d  4, N . Y.

C u l l is o n ,  E u g e n e  F . , 1 C o o k s  L a n e , 
H ig h la n d  F a lls ,  N . Y .

C u n e t ta ,  J o s . ,  125 W o r th  S t . ,  R o o m  
821 , N e w  Y o rk  13, N . Y.

D ’A le o , A . R . ,  c /o  L e h m a n  S ew er 
P ip e  C o ., In c .,  32 C o u r t  S t . ,  B ro o k 
ly n . N . Y .

D a r b y ,  W . A .,  T h e  D o r r  C o ., 570  
L e x in g to n  A v e ., N e w  Y o rk  22, 
N .  Y .

D a w s o n ,  A r th u r ,  P la n t  O p r .,  226 
F i f th  A v e . ,G re e n p o r t ,  L . I .,  N . Y .

D a y to n ,  A lfre d  E . ,  P l a n t  O p r .,  273 
M u r r a y  S t . ,  N e w a rk ,  N . Y .

D e B r i to ,F .  S a tu rn in o ,  J r . ,  S a n . E n g r .,  
C a ix a  P o s ta l  1631, R io  d e  J a n e iro ,  
B ra z il , S . A .

D e G ro a t ,  F r a n k  N . ,  125 H ig h  A v e ., 
N y a c k ,  N . Y .

D e i tc h ,  M e y e r ,  c /o  I n te r n a l  S a n i ta r y  
C o m m ., 110 W illia m  S t . ,  N e w  Y o rk  
7, N . Y .

D e l la s a la ,  J o h n  J . ,  L t . ,  5 7 1 4 -1 5 th  
A v e ., B ro o k ly n  19, N . Y.

D e M u n n ,  E .  M .,  S u p t . ,  M a in  S t .,  
G e n e se o , N .  Y .

D e n is e ,  W m . D . ,  S u p t . ,  486 D e n ise  
R d . ,  R o c h e s te r ,  N . Y .

D e n n e l ly ,  P h i l ip  G . ,  O p r .,  109 M a p le  
S t . ,  G r e a t  N e c k , N . Y .

D e n t ,  H a r r y ,  37 S p ru c e  S t . ,  G re a t  
N e c k , N . Y .

D e v e n d o r f ,  E a r l ,  D iv . of S a n i ta t io n ,  
S t a te  D e p t ,  of H e a l th ,  A lb a n y , N . 
Y .

D e w a r t ,  D o n a ld  M .,  3257  S . L en o x  
S t . ,  M ilw a u k e e  7, W is .

D ix o n ,  G . G a le ,  C o n s . E n g r .,  142 
M a id e n  L a n e , N e w  Y o rk  7, N . Y .

D o b s o n ,  W m . T . ,  20  W il to n  R d .,  
P le a s a n tv il le ,  N . Y .

D o b s ta ff ,  R o b e r t  J r . ,  P la n t  O p r .,  
4867  S e n e c a  S t . ,  E b e n e z e r ,  N . Y .

D o b s ta f f ,  R o b e r t  W .,  S r . ,  O p r .,  231 
A u ro ra  A v e ., S t a t i o n  D .,  B u ffa lo  
10, N . Y .

D o m a n , J o s e p h ,  196 M ilb a n k  A v e ., 
G re e n w ic h , C o n n .

D o n a ld s o n ,  W e ll in g to n ,  D e p t ,  of 
P u b lic  W o rk s ,  125 W o r th  S t . ,  N e w  
Y o rk , N . Y .

D o w n in g , F r a n c i s  J . ,  1038 C i ty  H a ll,  
B u ffa lo , N . Y .

D r e x e l ,  F r e d e r i c k ,  6 2 -66  6 0 th  D r . ,  
M a s p e th ,  L . I .,  N . Y .

D r is c o l l ,  T im o th y  J . ,  217 B en z ig er 
A v e ., S t a te n  I s la n d  1, N . Y .

D u ffic y , F r a n k  J . ,  4 3 0 0  M a r th a  A v e ., 
N e w  Y o rk  6 6 , N . Y .

D y c k m a n , W a r r e n  W .,  C o n s . E n g r .,  
R o o m  21 4 2 , M u n ic ip a l  B ld g ., N ew  
Y o rk ,  N . Y .

E a g e r ,  V e r n o n ,  60  D e w e y  A v e ., 
B u ffalo , N . Y .

E a g le s o n ,  J o h n  W .,  65 V irg in ia  D r .,  
M a n h a s s e t ,  N . Y .

E d ig h o ffe r ,  A lb e r t ,  27 P a rk w o o d  A v e ., 
K e n m o re , N .  Y .

E d w a r d s ,  G a il  P . ,  S a n .  C h e m ., W a rd s  
I s la n d  S e w a g e  T r .  P i t . ,  W a rd s  
I s la n d ,  N . Y .

E d w a r d s ,  W ill ia m  L . ,  S t a te  P l a n t  O p r . 
G o w a n d a  S t a te  H o s p i ta l ,  G o w a n d a , 
N . Y .

E g lo f ,  W a r r e n  K . ,  D r . ,  N ia g a ra  U n i
v e rs i ty ,  N ia g a ra  U n iv e rs i ty ,  N . Y .

E h le ,  V irg il ,  21 G r a n d  A v e ., G lo v e rs -  
v ille , N .  Y .

E ic h ,  H e n r y  F . ,  L t .  S q n . H . ,  3 2 7 th  
A .A .F .  B .U ., D re w  F ie ld ,  F la .

E l ia s s e n ,  R o lf ,  M a jo r ,  709 H a m il to n ,  
E a s to n ,  P a .

E lm e n d o r f ,  C . E . ,  C o n s . E n g r .,  10 
G ib b s  S t . ,  R o c h e s te r  4 , N . Y .
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F a r r e l l ,  W m . F . ,  M fr . ,  B ox  446, 
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P o s tm a s te r ,  M ia m i, F la .
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F e n to n ,  J o h n  V ., C o n s . E n g r .,  P ro 
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F l e e t ,  G e r a ld  A ., c /o  B u c k , S e ife r t  & 
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F o le y ,  J o h n  M .,  1715 A s to r  A v e ., 
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F r a s h e r ,  R a n d a l l  L . ,  52 L ew is  P lace , 
H e m p s te a d ,  N . Y .

F r a z ie r ,  L e o n a rd  H . ,  206 C a th e r in e  
S t . ,  S c o t ia ,  N . Y .

F r ie d m a n ,  W m . M .,  J r . ,  S t a te  H e a l th  
D e p t . ,  65 C o u r t  S t . ,  R o o m  403, 
B u ffa lo  2 , N .  Y .

F r ie n d ly ,  H u g o  H . ,  3 9 5 0  B ro n x  B lv d ., 
N e w  Y o rk  6 6 , N . Y .

F u l le r ,  N . M .,  S u p t . ,  106 H ig h la n d  
P a rk w a y ,  O le a n , N . Y .
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Y o rk  18, N . Y .
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C o rn e ll  U n iv e rs i ty ,  I th a c a ,  N .  Y.
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L a b o r a to r ie s  & R e s ., N e w  S c o tla n d  
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G la s s e r ,  L e o  M . ,  144-21 7 5 th  A ve., 
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P a r k  S ., N e w  Y o rk , N . Y .
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3 2 0  E . 2 4 2 n d  S t . ,  B ro n x , N e w  Y ork , 
N . Y .

G ro v e r ,  R o b e r t  H . ,  P l a n t  O p r., 18 
P r in c e to n  S t . ,  W ill is to n  P a rk ,  L. I., 
N . Y .

H a e m m e r le in ,  V ic to r  E . ,  V illag e  H all, 
E a s t  A u ro ra ,  N .  Y .

H a le ,  A rn o ld  H . ,  365 L in d e n  R d ., 
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H a lp in ,  J o h n ,  18 P a r k  A v e ., P o r t 
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H a m m , W ill ia m  C .,  E n g r .,  9 L o cu s t 
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H a r r i s ,  T h o m a s ,  O p r .,  3 4 -5 6  92nd  
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H a r r is o n ,  E d w a r d  F . ,  E n g r .,  2450  N . 
B ro a d  S t . ,  P h i la d e lp h ia ,  P a .

H a r tm a n ,  B y ro n  K . ,  C o n s . E n g r .,  c /o  
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H a r v e y ,  C a r l ,  S u p t . ,  4819  S t .  P a u l  
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H a s tie ,  J a m e s ,  E n g r .,  236  E . S h o re  
R d ., G re a t  N e c k , L . I .,  N .  Y .

H a s tin g s , W . E . ,  S u p t . ,  W a te r  & 
Sew er D e p t .,  V illa g e  o f M t .  M o rr is , 
N . Y.

H a y e s , J o h n  A ., S . S t r e e t  E x te n s io n , 
W arw ick , N . Y .

H azen , R ic h a rd ,  L t .  (C E C )  U S N R , 
904 R o y s te r  B ld g ., N o r fo lk , V a .

H e d g e p e th , L . L . ,  R e se a rc h  C h e m ., 
P e n n sy lv a n ia  S a l t  M fg . C o ., 1000 
W id en e r B ld g ., P h ila d e lp h ia ,  P a .

H e lle r ,  A u s tin  N . ,  L t . ,  U S N R , I n 
d u s try  H y g ie n e  & S a n i ta t io n  Office, 
U . S . N a v y  Y a rd ,  N e w  Y o rk , N . Y .

H e n d e rso n , C h a s . F . ,  P i t .  O p r .,  10 
School S t .,  P o r t  W a sh in g to n ,  N . Y .

H e rb e rg e r ,  A r th u r  H e n r y ,  A ss t.  S a n . 
E n g r., 40  S to w e  A v e ., B a ld w in , 
L. I ., N . Y .

H erzo g , H e n r y ,  315  L in d e n  R d ., 
B rig h to n , R o c h e s te r  10, N . Y .

H e s s , S e th  G . ,  D ir .  & C h ie f  E n g r .,  
I n te r s ta te  S a n i ta t io n  C o m m ., HO 
W illiam  S t . ,  N ew  Y o rk  7, N . Y .

H e u b i, T h o m a s ,  S u p t .  W a te r  W o rk s , 
45 W a sh in g to n  A v e ., F re d o n ia , 
N . Y.

H ig g in s, W illia m  J . ,  245 W . 1 0 7 th  S t .,  
N ew  Y o rk  25 , N . Y .

H ill, G . E v e r e t t ,  S a n . E n g r .,  15 Bell 
S t., O ran g e , N . J .

H ille r , P a u l  W .,  In n is ,  S p e id e n  & C o ., 
117 L ib e r ty  S t . ,  N e w  Y o rk , N . Y.

H o ag , C la re n c e  C ., 36  W . W rig h t  A ve ., 
W a te r lo o , N . Y .

H offm an , H o w a rd  F . ,  J r .  S a n . E n g r ., 
510 T e rm in a l  B ld g ., R o c h e s te r  4, 
N . Y.

H ogan , J a m e s  W . T . ,  O p r .,  83 -33  247 
S t., Q u een s, N e w  Y o rk , N .  Y .

H o g an , W illia m  J . ,  P la n t  O p r .,  574 
W illow  A ve., C e d a r h u rs t ,  L . I., 
N . Y.

H o llan d , F ra n k  H . ,  312 A rc h e r  S t .,  
F re e p o r t,  N . Y .

H o lm es, G le n n  D . ,  C o n s . E n g r .,  304 
W . K e n n e d y  S t . ,  S y ra c u s e  5 , N . Y.

H o lm q u is t, C h a s . A .,  S t a te  D e p t ,  of 
H e a lth , A lb a n y , N .  Y .

H olro y d , N o rm a n  S . ,  P r in .  E n g r .,  257 
B ro ad w ay , T ro y ,  N . Y .

H o p k in s ,L . S . R . ,  76 W ill ia m  S t . ,  N ew  
Y ork , N . Y .

H opper, A llen  O .,  T u r b in e  E q u ip m e n t  
Co., R oom  1503, 75 W e s t  S t . ,  N ew  
York 6, N . Y .

H o rg an , J o h n  J . ,  53 P a r k  P la ce , N ew  
York, N . Y .

H o tch k iss , H .  T . ,  J r . ,  C h e m ., M u n ic i
pal B ldg ., L a rc h m o n t ,  N . Y .

H ow son, J .  T . ,  O p r .,  116 E lm  S t .,  
W estfie ld , N . Y.

H oyt, C lin to n  W .,  W e b s te r  R o a d , 
O rch a rd  P a rk ,  N . Y.

H u b er, H a ro ld  J . ,  5214 B ro a d w a y , 
L a n c a ste r , N . Y.

J a rlin sk i,  M is s  A lice  M .,  O p r .,  2110 
F e rry  A v e ., N ia g a ra  F a lls ,  N . Y .

J a rlin sk i,  T h a d d e u s  T . ,  1020 W h ir l 
pool S t .,  N ia g a ra  F a lls ,  N . Y .

Je rg e , R a y , E d e n , N . Y .

J e rm a n , D a n ie l  L . ,  784 S a lem  S t .,  
T e an eck , N . J .

Jo h n so n , C le m e n t ,  O p r .,  3 W a te r  S t .,  
R ockv ille  C e n tre ,  N . Y .

Jo h n so n  H e r b e r t ,  O . ,  10 B ro a d w a y , 
G re a t N e c k , N . Y.

J o h n so n , J o h n  W .,  S u p t . ,  65 T illin g - 
h a s t P la ce , B u ffalo , N . Y .

J o h n so n , R u s s e l l  K . ,  70  P in e  S t . ,  N ew  
Y ork , N . Y .

J o h n s to n e ,  A la n , 3511 A v e . D , 
B ro o k ly n  3 , N . Y .

J o n e s ,  D a n ie l ,  14 B u r l in g  L a n e , N ew  
R o c h e lle , N . Y .

J o n e s ,  E .  M .,  G e n . M g r.,  S im p le x  
V a lv e  & M e te r  C o ., 6 8 th  & U p la n d  
S ts . ,  P h i la d e lp h ia ,  P a .

J o r d a n ,  H a r r y  E . ,  S e c y ., A m e ric a n  
W a te r  W o rk s  A ssn ., 500 F i f th  A v e ., 
N e w  Y o rk , N . Y .

K a p lo v s k y , A. J . ,  S u p t . ,  305 W a rre n  
S t . ,  H u d s o n , N . Y .

K a p p e , S . E . ,  52 3 0  M a s s a c h u s e tts  
A v e ., W a s h in g to n ,  D . C .

K a s s ,  N a th a n  I . ,  S a n . E n g r .,  167 
B e a u m o n t  S t . ,  B ro o k ly n , N . Y .

K e e le r ,  J .  H a r o ld ,  795 L a k e  S t., 
W h ite  P la in s ,  N . Y .

K e is ,  F . J . ,  C o n s . E n g r .,  257 B ro a d 
w a y , T r o y ,  N .  Y .

K e l le h e r ,  J o s e p h  A ., 157-24 2 7 th  
A v e ., F lu s in g , L . I .,  N . Y .

K e l le r ,  J a c o b ,  S u p t .  of S e w e rs , E a s t  
A v e ., S h o r ts v ille ,  N . Y .

K e l le r ,  L . M .,  256  7 2 n d  S t . ,  B ro o k ly n , 
N . Y .

K e lly , C la re n c e ,  O p r .,  403 W e s tm in s t 
e r  R d . ,  C e d a r h u r s t ,  N . Y .

K e ls e y ,  W a l te r ,  c /o  L o rd  & B u rn h a m  
C o ., I rv in g to n ,  N . Y .

K e m p , H a ro ld  A ., D ir .  o f  S a n i ta ry  
E n g in e e r in g , D is tr ic t  of C o lu m b ia  
B ld g ., W a s h in g to n  4, D . C .

K e n n e d y ,  W ill ia m , O p r .,  H u n t in g to n  
S ew er P la n t ,  H u n t in g to n ,  L . I ., 
N . Y .

K e tc h a m , J o s e p h  M .,  G ilb e r t  S t., 
N o r th p o r t ,  N . Y .

K id d ,  C a r l W ., 65 F r a n k lin  S t .,  D a n s- 
v ille , N . Y .

K ie ffe r ,  J o s .  D . ,  S u p t . ,  519  R o b in e a u  
R d .,  S y ra c u s e , N . Y .

K ik e r ,  J .  E . ,  J r . ,  S t a te  D e p t ,  of 
H e a l th ,  35 M a rk e t  S t . ,  P o u g h 
k e e p sie , N . Y .

K ilc a w le y , E d w a rd  J . ,  R en sse lae r  
P o ly te c h n ic  I n s t i tu t e ,  T ro y , N . Y.

K in , S te p h e n  R . ,  1 -B  P ie d m o n t V illage 
C a m p  B u tn e r ,  N . C .

K i r s n e r ,  C h a s . ,  334 M a rlb o ro u g h  R d ., 
C e d a rh u rs t ,  L . I . ,  N . Y .

K iv e ll ,  W a y n e  A ., S a n . E n g r .,  T h e  
D o r r  C o ., In c .,  5 7 0  L e x in g to n  A v e ., 
N ew  Y o rk  22 , N . Y .

K le g e rm a n ,  M . H . ,  C o n s . E n g r .,  50 
C h u rc h  S t . ,  N e w  Y o rk , N . Y .

K lin c k ,  F r a n k ,  O p r .,  408  W e stm in is 
te r  R d .,  C e d a r h u rs t ,  L . I ., N . Y .

K n a p p , C h a s . A ., D e s ig n e r , c /o  T h e  
D o r r  C o ., In c ..  5 7 0  L e x in g to n  A ve ., 
N e w  Y o rk  22 , N . Y .

K n a p p , F lo y d  H . ,  O p r .,  2 V e rn o n  
P la ce , Y o n k e rs ,  N . Y .

K n o w le s , C o y le  E . ,  10 M a ltb ie  R d ., 
G o w a n d a , N . Y .

K r e u t t e r ,  C la re n c e ,  S u p t .  of S ew ers, 
116 E . W illia m  S t . ,  W a te r lo o , 
N . Y .

K ru m , H a r r y  J . ,  C i ty  C h e m is t, 
Je ffe rso n  & L a w re n c e  S ts . ,  A llen 
to w n , P a .

K u n o w s k i,  P e t e r ,  O p r .,  389  J e w e tt  
A v e ., S ta te n  Is la n d  2 , N . Y .

L acy , I lb e r t  O .,  S u p t .,  16 S p ru c e  S t., 
L o c k p o r t,  N . Y .

L a m b e r t ,  F r a n c is  J . ,  6 V e ro n a  A v e ., 
B a ta v ia .  N . Y .

L a n g fo rd , L e o n a rd  L .,  441 L e x in g to n  
A v e ., N e w  Y o rk , N . Y.

L a n s in g ,  E d w a rd  S . ,  52 V a n d e rb il t  
A v e ., N e w  Y o rk  17, N . Y .

L a rk in ,  W . H . ,  S t a te  D e p t ,  o f H e a l th  
R o o m  2003, 15 M a id e n  L a n e , N ew  
Y o rk  7, N . Y .

L a u g h lin , W ill ia m  G ., 124 E . 4 0 th  S t .,  
N e w  Y o rk  16. N . Y .

L a V a lle y , E d w a rd  C ., S t a te  D e p t ,  of 
H e a l th ,  314  E . S t a te  S t . ,  I th a c a ,  
N . Y .

L a w re n c e , J o h n ,  S u p t .  o f P u b lic  
W o rk s , 43 C o lu m b ia  S t . ,  L ib e r ty ,  
N . Y.

L e c le rc q , E .  P . ,  S a n . E n g r .,  c /o  G ib b s  
& H ill, In c .,  P e n n s y lv a n ia  S ta t io n ,  
N ew  Y o rk  1, N . Y .

L e d fo rd , G e o rg e  L ., O p r ., 8943 J o lie t  
A v e ., N ia g a ra  F a lls ,  N . Y .

L e w is , J o h n  V ., 54  C o u r t  S t . ,  R o c h 
e s te r ,  N . Y .

L in d , A . C a r lto n , C h a in  B e lt C o ., 1600 
W . B ru c e  S t . ,  M ilw a u k e e , W is .

L ip p e lt ,  H a n s  B ., 9428  7 8 th  S t .,  O zo n e  
P a r k ,  N . Y .

L o b e e , F r a n k  A ., J r . ,  304  M c K in le y  
B ld g ., B u ffalo  2, N . Y .

L o n g , C h a s . A ., O p r .,  113 M a in  S t . ,  
W a te r lo o , N . Y.

L o o m is , H a r ry  E . ,  C o n s. E n g r .,  1112 
T e a ll  A v e ., S y ra c u s e , N . Y .

L o s e e ,  J a m e s  R . ,  E n g r . & S u p t . ,  25 
R o se h ill  A v e ., T a r ry to w n , N . Y .

L o w e , W a lte r  M .,  S u p t .  of S ew ers, 
L a k e w o o d , N . Y .

L o z ie r , W ill ia m  S . ,  C o n s t .  E n g r .,  10 
G ib b s  S t . ,  R o c h e s te r ,  N . Y .

L y n c h , D a n ie l  E . ,  J r . ,  C h e m ., 810 
O c e a n  A v e ., B ro o k ly n , N . Y .

L y n c h , J a m e s  T . ,  S u p t .,  20£ L e w to n  
A v e ., A u b u rn , N . Y .

L y o n s  W illia m , 295 L y n d a le  A v e . ,*  
B uffalo , N . Y .

M c C a b e , B ro th e r  J o s e p h ,  P ro f., M a n 
h a t t a n  C o lleg e , S p u y te n  D u y v il  
P a rk w a y ,  N e w  Y o rk , N . Y .

M c D o n n e ll ,  G e o . H . ,  C a p t . ,  S n .C ., 
c /o  J a s .  B a in , 14 S ch o o l S t . ,  S. 
H a d le y  F a lls ,  M a ss .

M c K e e m a n , E d w in  C ., 123 N ew  Y o rk  
A v e ., F re e p o r t ,  L . I .,  N . Y .

M c ln e m e y ,  G e ra ld  J . ,  544  S . M a in  
S t . ,  E lm ira , N . Y .

M c L a u g h lin , C a r ro l  W ., 266 F u l to n  
A v e ., H e m p s te a d , N . Y.

M a c a u le y , J .  W .,  c /o  L e h m a n  S ew er 
P ip e  C o ., I n c .,  32  C o u r t  S t . ,  B ro o k 
ly n , N . Y .

M a c C a llu m , C ., C o n s . E n g r .,  12 R e id  
A v e ., P o r t  W a sh in g to n , L . I ., N . Y.

M a c C a llu m , P e rc y  C ., C o n s . E n g r ..  31 
C o lo n y  S t . ,  W e s t  H e m p s te a d , N . Y .

M a c C re a ,  J .  M .,  153 O a k la n d  S t .,  
S y ra cu se , N . Y .

M a lc o lm , W . L .,  D ir .,  S choo l of C iv il 
E n g rg ., C o rn e ll U n iv e rs i ty , I th a c a ,  
N . Y .

M a n g o n e s ,  R o b t .  J . ,  409 C o llege  A v e ., 
I th a c a ,  N .  Y .

M a n n ,  A lfre d  H . ,O p r . ,  111 N o r th  1 8 th  
S t .,  O le a n , N . Y .

M a n n ,  K a r l  M .,  24 W . 4 0 th  S t . ,  N ew  
Y o rk , N . Y .

M a n n ,  U h l T . ,  S u p t . ,  618 N . M c B r id e  
S t . ,  S y ra c u se , N . Y .

M a rc h o n ,  S e ig m u n d  S .,  O p r ., 120 
S h e p e rd  S t . ,  R o c k v ille  C e n tre ,  N .Y .

M a rs h a ll ,  E .  A ., 167 L a f a y e t te  A v e ., 
G e n e v a , N . Y .

M a rs h a ll ,  L e s lie  S . ,  E n g r .,  43 D ie tz  
S t . ,  H e m p s te a d ,  N . Y .

M a rs h a ll ,  W . B ., 2314  W y o m in g  
P la ce , A p t .  E .,  M ilw a u k e e , W is .

M a r t in ,  A . E . ,  O p r .,  35 M a n g  A v e ., 
K e n m o re , N . Y .

M a r t in ,  A le x a n d e r  G .,  36  K in s y  A v e ., 
K e n m o re , N .  Y .
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M a r t in ,  E d w a r d  J . ,  J r . ,  C o n s . E n g r .,  
24  S . W a s h in g to n  S t . ,  T a r ry to w n ,  
N . Y .

M a rx ,  F r a n k ,  P l a n t  O p r .,  H ig h la n d , 
N . Y .

M a th e r s ,  G e o r g e ,  O p r .,  112 R o o s e v e lt  
A v e .,  G a r d e n  C i ty ,  N .  Y .

M e c h a n ik ,  J o s e p h ,  216  E . 1 7 th  S t .,  
N e w  Y o rk  3 , N . Y .

M e e k e r ,  H e r b e r t  J . ,  M g r . S ew ag e  
D iv . ,  W o r th in g to n  P u m p  & M a 
c h in e ry  C o rp .,  H a r r is o n ,  N . J .

M e la n d e r ,  W ill ia m  E . ,  S r . ,  91 J o h n 
s o n  S t . ,  B ro o k ly n  1, N .  Y .

M e n d e ls o h n ,  I .  W .,  C a p t . ,  54 3 0  3 0 th  
S t . ,  N .W .,  W a s h in g to n  15, D . C .

M ic h a e l ,  F r e d  C . B o x  158, H o lb ro o k , 
L . I . ,  N . Y .

M il le r ,  C h a r le s  W .,  13 Je ffe rs o n  S t .,  
W e s t  C a r th a g e ,  N . Y .

M il le r ,  F r e d  M .,  9 M a p le  A v e .,  G len  
C o v e , N . Y .

M itc h e ll ,  L o u is ,  C o lleg e  o f A p p lie d  
S c ien c e , S y ra c u s e  U n iv e rs i ty ,  S y r a 
cu se , N .  Y .

M o e lle r ,  W ill ia m  H . ,  372 B eech  S t .,  
A r l in g to n ,  N .  J .

M o n s e l l ,  H a r r y  M .,  S u p t .  o f S ew ers , 
5 2 5 ‘F i r s t  S t . ,  G r e e n p o r t ,  N .  Y .

M o o r ,  A lex , O p r .,  202 D e llw o o d  R d ., 
E g g e r ts v i lle ,  N .  Y .

M o o re ,  G e o rg e  W .,  110 R ic h la n d  S t., 
R o c h e s te r  9 , N .  Y .

M a w b ra y ,  G e o rg e  A .,  31 H o b a r t  A ve ., 
P o r t  C h e s te r ,  N . Y .

M u n d in g ,  M is s  G e r m a in e  G . ,  B a c t .,  
522 O c e a n  A v e ., B ro o k ly n , N . Y .

M u rp h y ,  R e g in a ld  A .,  O p r .,  W illa rd , 
N . Y .

N a t io n a l  C o u n c il f o r  S tr e a m  Im p ro v e 
m e n t ,  A t tn :  H a r r y  W . G e h m , P u lp , 
P a p e r ,  & P a p e rb o a rd  In d u s t r ie s ,  
271 M a d is o n  A v e ., N e w  Y o rk  16, 
N . Y .

N e v e s ,  D r .  L o u re n c o  B a e ta ,  P ro f.  d a  
U n iv e rs id a d e  d e  M in a s  G e ra e s , R u a  
C la u d io  M a n o e l,  1185, B ello  H o r i
z o n te , M in a s  G e ra e s , B ra z il , S . A .

N e v i t t ,  I .  H . ,  O p r .,  1091 E a s te r n  a v e ., 
T o ro n to ,  O n ta r io ,  C a n a d a

N e w s o m ,R e e v e s ,  C o n s . E n g r .,  V illag e  
M a n a g e r ,  S c a rs d a le , N . Y .

N ic h o ls ,  A r th u r  E . ,  O p r .,  56  C la rk  S t .,  
Y o n k e rs ,  N .  Y .

N ic h o ls o n , C . P . ,  93 P ie rc e  A v e ., 
H a m b u rg ,  N . Y .

N ie b e rg a l l ,  H e r b e r t  J . ,  144 W ell- 
w o r th  P la ce , C h e e k to w a g a , N . Y .

N ile s ,  C h a s .  A . ,  B r id g e h a m p to n ,  L .
I .,  N .  Y .

N o l le t t ,  F r a n k ,  S u p t .  o f U ti li tie s ,  
M u n ic ip a l  B ld g ., B a th ,  N .  Y .

N u g e n t ,  H a r o ld  F . ,  O p r .,  E x c h a n g e  
S t . ,  A ld e n , N . Y .

N u s s b a u m e r ,  N e w e ll  L . ,  E n g r .,  327 
F r a n k l in  S t . ,  B u ffa lo , N .  Y .

N u s s b e r g e r ,  F r e d ,  4 4 -1 4 th  R d .,  
B ro a d  C h a n n e l ,  N . Y .

O ’B r ie n ,  E a r l  F . ,  C o n s . E n g r .,  3613 
M id la n d  A v e ., S y ra c u s e , N . Y .

O c k e r s h a u s e n ,  R ic h a rd  W .,  T e c h n ic a l  
S e rv ic e  D iv . ,  G e n e ra l  C h e m ic a l  C o ., 
E d g e w a te r ,  N . J .

O ’C o n n o r , W m . F . ,  J r . ,  37  R o o s e v e lt  
S t . ,  Y o n k e rs ,  N .  Y .

O ’D e l l ,  W . H . ,S u p t .  P u b l ic  W o rk s ,  30  
W . M a in  S t . ,  W e b s te r ,  N .  Y .

O ’D o n n e l l ,  C h a r le s  F . ,  R .F .D .  N o . 1, 
G ro v e r  R d . ,  E a s t  A u r o r a ,  N .  Y .

O g d e n ,  H e n r y  N . ,  P o r f . ,  4 1 6  H a n s h a w  
R d .,  I th a c a ,  N . Y .

O ’H a r a ,  F r a n k l in ,  S u p t . ,  75 S to w e  
S t . ,  L o w v ille , N .  Y .

O k u n ,  A b ra h a m  H . ,  C o n s . E n g r .,  4 
L a k e w o o d  A v e ., M o n tic e llo ,  N .  Y .

O ’L e a ry ,  W . A .,  L t .  C o m ., C E C , 
U S N R , D e p t ,  o f P u b l ic  W o rk s , 
125 W o r th  S t . ,  N e w  Y o rk ,  N .  Y .

O r c h a rd ,  W . J-., S a le s  M g r.,  W a lla c e  & 
T ie rn a n  C o .,  N e w a rk ,  N .  J .

O s t e r h o u d t ,  W il l ia m  C .,  B o x  272, 
G r e a t  B e n d , N .  Y.

O u s t e r h o u t ,  A lf re d , O p r . ,  2 9 7 0  E g 
g e r t  R d . ,  T o n a w a n d a ,  N .  Y .

P a l lo ,  P e t e r  E . ,  A s s t .  S a n . E n g r .,  
H a c k e n s a c k  W a te r  C o ., N e w  M il
fo rd ,  N . J .

P a t te r s o n ,  R o y  K . ,  38  G r a h a m  R d .,  
S c a rs d a le ,  N .  Y .

P a u l ,  L e w is  C ., R .F .D .  N o . 3 , H a m 
b u rg ,  N .  Y .

P a w la k ,  J o h n  S .,  O p r .,  129 P le a s a n t  
P k w y .,  C h e e k to w a g a ,  N .  Y .

P e a k e ,  J .  B ., c /o  M a th ie s o n  A lk a li  
W o rk s , 6 0  E . 4 2 n d  S t . ,  N e w  Y o rk , 
N . Y .

P e c k ,  L a w re n c e  J . ,  B ox  3 7 5 , V a la tie ,  
N .  Y .

P e c k e r ,  J o s e p h  B ., P e c k e r ,  S im p so n  
& G la d e c k , 200  M a d is o n  A v e ., N e w  
Y o rk , N . Y .

P e r k in s ,  C . K . ,  20  V e se y  S t . ,  N ew  
Y o rk  7, N . Y .

P e r r in e ,  J .  F r a n k l in ,  E n g r .,  3 1 -3 5  
B u e ll P la ce , E a s t  E lm h u r s t ,  N .  Y .

P e t e r s o n ,  E a r l  L .,  E n g r .,  52 B o y d , 
B u ffa lo  13, N . Y.

P h e lp s ,  E a r le  B . ,  P ro f . ,  C iv il E n g r .  
D e p t . ,  C o lleg e  of E n g rg .,  U n iv e r 
s i ty  o f F lo r id a ,  G a in e sv il le ,  F la .

P h i l l ip s ,  H .  N .,  140 S t .  A n d re w s  L a n e , 
G le n  C o v e , N . Y .

P h o e n ix ,  E d w a r d  A ., 22 E . 4 0 th  S t .,  
N e w  Y o rk  16, N .  Y .

P in c u s ,  S o l ,  S a n . E n g r .,  225 W . 8 6 th  
S t . ,  N e w  Y o rk , N . Y .

P in k n e y ,  G le n n  E . ,  S u p t . ,  4 0  S o u th  
A v e .,  W e b s te r ,  N . Y .

P i tk in ,  W a rd  H . ,  70  B a y  D r . ,  H a r b o u r  
G re e n , M a s s a p e q u a ,  N . Y .

P o h l ,  C . A ., D r . ,  C o n s . E n g r .,  39 
C o r t la n d t  S t . ,  N e w  Y o rk ,  N .  Y .

P o llo c k , J o h n  M .,  28 A m h e rs t  R d .,  
P o r t  W a s h in g to n ,  N . Y .

P o r te r ,  W il l ia m , P l a n t  O p r .,  55 U n io n  
S t . ,  B a l la to n  S p a , N . Y .

P o t ts ,  C ly d e ,  C o n s . E n g r .,  3 0  C h u rc h  
S t . ,  N e w  Y o rk , N .  Y .

P o w e l l ,  A . R . ,  D r . ,  K o p p e r s  R es. 
C o rp .,  K o p p e r  B ld g ., P i t t s b u r g h ,  
P a .

P r o v o s t ,  A n d re w  J . ,  J r . ,  C o n s . E n g r .,  
P . O . B ox  216 , N o r o to n ,  C o n n .

P u r d ie ,  D a v id  J . ,  R o o m  500 , 20 
V esey  S t . ,  N e w  Y o rk  7 , N .  Y .

Q u a e ly ,  M a r t in  F . ,  9 0  M t.  H e b ro n  
R d . ,  M o n tc la ir ,  N .  J .

Q u iv e y , R a y m o n d  V ., 25 B ru c e  S t .,  
S c o tia ,  N .  Y .

R a is c h ,  W il l ia m , C o n s . E n g r .,  118-11 
8 4 th  A v e . K e w  G a rd e n s ,  L . I .,  
N .Y .

R a n s ie a r ,  W m . A .,  O p r .,  P . O . Box 
171, G r e a t  B e n d , N .  Y .

R a th ,  H e n r y  M . ,  3 5 -3 6  7 6 th  S t .,  
J a c k s o n  H ts .,  N e w  Y o rk ,  N . Y .

R e h le r ,  J o s e p h  E .  C o m d r . C E C , 
U S N R , 2112  S p ru c e  S t . ,  P h i la d e l 
p h ia ,  P a .

R e i s e r t ,  M ic h a e l  J . ,  O p r . ,  488  O a k 
la n d  A v e .,  C e d a r h u r s t ,  L . I .,  N .  Y .

R e m s o n ,  J o h n ,  P l a n t  O p r . ,  31 S t. 
J o h n ’s P la c e , F r e e p o r t ,  N . Y .

R e q u a r d t ,  G . J . ,  C o n s . E n g r .,  1304 
S t .  P a u l  S t . ,  B a l tim o re ,  M d .

R ib n e r ,  M .,  c /o  M t .  P ro s p e c t  L ab . 
355  P a r k  P I., B ro o k y n ,  N . Y .

R ib r e a u ,  G i lb e r t  E . ,  1 4 -6 5  162nd S t., 
B e e c h u rs t ,  L . I . ,  N .  Y .

R ic e , L a w re n c e  G .,  O p r .,  908  C ollege 
A v e .,  N ia g a ra  F a l ls ,  N . Y.*

R ic k a rd ,  G ro v e r  E . ,  E n g r .,  130 E a s t  
S t . ,  O n e o n ta ,  N .  Y .

R id d ic k , T h o m a s  M .,  369  E . 149th 
S t . ,  N e w  Y o rk , N .  Y .

R ie d e l ,  J o h n  C ., C h ie f  E n g r .,  505 
M a c o n  S t . ,  B ro o k ly n , N .  Y .

R i is - C a r s te n s e n ,  E r ik ,  1040 D e law are  
A v e ., B u ffa lo , N .  Y .

R i t t e r ,  R o y  H . ,  C iv il  E n g r . W h itm a n , 
R e q u a r d t  & A sso c ., 1304 S t .  P au l 
S t . ,  B a ltim o re  2 , M d .

R o c k , L t .  H a r o ld  F . ,  675 H u d s o n  A ve., 
A lb a n y  3 , N . Y .

R o b e r ts ,  C . R . ,  D r . ,  S a le s  C h e m ., 524 
W . 5 7 th  S t . ,  N e w  Y o rk , N . Y.

R o b e r ts ,  J a c k ,  515 D o r la n d s  A ve., 
T o r o n to ,  O n ta r io ,  C a n a d a

R o c c o , J o h n ,  20  Q u e e n  S t . ,  F re e p o r t,  
N .  Y .

R o e ,  J o s e p h  P . ,  O p r .,  147-43  95th  
A v e .,  J a m a ic a ,  N .  Y .

R o g e r s ,  A lla n  H . ,  S u p t .  P u b lic  W orks, 
110 S e v e n th  S t . ,  G a rd e n  C ity , 
N .  Y .

R o g u s ,  C a s im ir  A .,  2 0 6 -3 8 th  A ve., 
B a y s id e , L . I .,  N .  Y .

R y a n ,  J .  S a m u e l ,  99  O le a n  S t . ,  Boli
v a r ,  N .  Y .

R y a n ,  W m . A .,  S u p t . ,  18 R id g e  R d. 
W .,  R o c h e s te r ,  N .  Y .

S a e t r e ,  L e if ,  O p r . ,  B o x  484 , G rea t 
N e c k , N .  Y .

S a g e ,  H o w a rd  D . ,  C o m m , of P u b lic  
W o rk s ,  192 S . M a in  S t . ,  M ech an ic -  
v ille , N .  Y .

S a l le ,  A n th o n y , O p r .,  81 B uffalo  A ve., 
L o n g  B e a c h , N . Y .

S a lv a to , J .  A ., J r . ,  C a p t . ,  S n .C ., 0-4480- 
45 , 6858  7 6 th  S t . ,  M id d le  V illage, 
Q u e e n s , N . Y .

S a m m is ,  L . A .,  P . O . B o x  96 , E . N o rth -  
p o r t ,  L . I .,  N . Y .

S a m s o n ,  C h a n n e l ,  O p r .,  176 M id la n d  
A v e .,  K e n m o re , N .  Y .

S a n b o r n ,  J .  F . ,  C o n s . E n g r .,  101 P a rk  
A v e . N e w  Y o rk , N . Y .

S a n d e r ,  I rw in  P . ,  3235  G ra n d  C o n 
c o u rse , N e w  Y o rk , N . Y .

S a n d e r s o n ,  W . W .,  c /o  S t a te  D e p t,  of 
H e a l th ,  D iv . o f  L a b o ra to r ie s  & 
R e s ., N e w  S c o t la n d  A v e ., A lb a n y , 
N . Y .

S a n t i l l i ,  F r a n k ,  125 W o r th  S t .,  R oom  
821 , N e w  Y o rk  13, N . Y .

S a v a g e ,  E d w a r d ,  C h e m ., G u g g en h e im  
B ro th e r s ,  120 B ro a d w a y , N ew  
Y o rk , N . Y .

S a v i l le ,  T h o r n d ik e ,  P ro f. ,  H y d ra u lic  
& S a n i ta r y  E n g in e e r in g , B ox 65, 
N e w  Y o rk  U n iv e rs i ty ,  U n iv e rs i ty  
H e ig h ts ,  N . Y .

S c h a e fe r ,  E d w a r d  J . ,  111-21 1 2 5 th  S t . ,  
S . O z o n e  P a r k ,  N . Y .

S c h r e in e r ,  W . R . ,  c /o  D r .  B u rk e  D ies  
fe n d o r f ,  412 R o g e rs  B ld g ., G len - 
F a l ls ,  N . Y .

S c h u lh o ff ,  H e n r y  B . ,  C h e m ., 268 
H a n d y  S t . ,  N e w  B ru n s w ic k , N . J .

S c h w a r tz ,  C h a r le s  F . ,  S u p t . ,  413 N . 
M a in  S t . ,  M in o a , N . Y .

S c o t t ,  R o s s i te r  S . ,  C o n s . E n g r .,  17 E . 
4 2 n d  S t . ,  N e w  Y o rk ,  N . Y .

S c o t t ,  W a l te r  M .,  L t . ,  146 M a d iso n  
R d . ,  S c a rs d a le , N . Y .

S c o v ille ,  J o h n  R . ,  O p r .,  138 F o re s t  
A v e ., P e a r l  R iv e r ,  N . Y .



Vol. 18, No. 2 MEMBERSHIP OF MEMBER ASSOCIATIONS 395

S c u d d e r, A . P . ,  80  H a m il to n  S t . ,  
R ockv ille  C e n tre ,  N . Y .

S ea rls , G le n n , S u p t . ,  P in e  G ro v e  
A ve., R o c h e s te r ,  N . Y .

S e ife rt, W illia m  P . ,  C o n s . E n g r .,  77 
H ig h v iew  A v e ., T u c k a h o e ,  N . Y . 

S e tte r , L lo y d  R . ,  S a n . E n g r .,  217-16 
51st A v e ., B a y s id e , N . Y .

Shap iro , R o b e r t ,  S a n . C h e m ., 159-07  
14th A ve ., B e e c h h u rs t ,  L . I . ,  N .  Y . 

S h ep p erd , F r e d e r ic k ,  “ M u n ic ip a l  
S a n i ta t io n ” , 24  W . 4 0 th  S t . ,  N ew  
Y ork , N . Y.

S hock ley , H o m e r  G . ,  1739 F r a n k e n 
field S t . ,  A lle n to w n , P a .

S ick le r, A rch ie  H . ,  O p r .,  52 D e llw o o d  
R d ., E g g e r tsv ille , N . Y .

S igw orth , E .  A ., C h e m . & T e c h .,  38 
H illside  A v e ., T e a n e c k , N . J .

S im on, S a m u e l  S . ,  125 W o r th  S t .,  
R oom  816, N e w  Y o rk , N . Y . 

S im pson, R o lla n d  W .,  2005 S . P e n n 
s y lv a n ia  A ve ., D e n v e r , C o lo .

S im s, C h a s . H . ,  O p r .,  88 W a ln u t  S t., 
L y n b ro o k , N . Y .

S k in n e r, J .  F .,  1610 Id le w o o d  R d .,  
G lenda le , C a lif.

S locum , A d e lb e r t  I . ,  515 B e a c h  6 8 th  
S t., A rv e rn e , N . Y .

S lough , J o h n , O p r .. 55 S . H ig h la n d  
A ve., W ellsv ille , N . Y .

S m ith , B e n ja m in  L .,  R o o m  1008, 11 
N . P e a rl S t .,  A lb a n y , N . Y .

S m ith , E . A . C a p p e len , 120 B ro a d w a y , 
N ew  Y o rk , N . Y .

S m ith , E d w a rd  J . ,  S u p t . ,  1112 F e r ry  
A ve., N ia g a ra  F a l ls ,  N . Y .

S m ith , F ra n k  J . ,  T u r b in e  E q u ip m e n t  
Co., 75 W e st S t . ,  N e w  Y o rk  6 , N . Y . 

S m ith , H a ro ld ,  P l a n t  O p r ., 143 N . 
Long B each  R d . ,  R o c k v ille  C e n tre ,  
N . Y.

S m ith , L . R . ,  S u p t .  of S e w e ra g e , 4 
P ine  S t., C a n to n , N .  Y .

S m ith , W illa rd  R . ,  S u p t .  S ew ag e  T r .,  
15 H o lly w o o d  A v e ., G lo v e rsv ille , 
N . Y.

S n y d er, N . S . ,  688 E l l ic o tt  S q u a re  
B ldg., B uffalo  3 , N .  Y .

S o m m erfe ld t, E v e r e t t  L .,  3 4 5  S .
N ia g a ra  S t . ,  T o n a w a n d a ,  N . Y. 

S ow don, W m . K .,  342 M a d is o n  A v e ., 
N ew  Y o rk , N . Y .

S p arr, A. E . ,  C a p t .  2054 N o s tra n d  
A ve., B ro o k ly n  10, N . Y .

S pencer, A lb e r t  W .,  C i ty  E n g r .,  C ity  
H all, N o r th  T o n a w a n d a ,  N . Y . 

S peirs , G e o rg e  W ., 115-91  2 2 3 rd  S t .,  
S t. A lb an s, L . I .,  N . Y .

S pier, D a n ie l  R . ,  O p r .,  421 G len w o o d  
A ve., S y ra c u se , N . Y .

Spry, F re d  J . ,  L in c o ln  H a ll,  C o rn e ll 
U n iv e rs ity , I th a c a ,  N . Y .

S tan h o p e , C liffo rd  T . ,  S u i te  2214 , 30  
C h u rch  S t . ,  N e w  Y o rk , N . Y . 

S tan ley , W m . E . ,  P ro f. ,  D e p t ,  of 
C iv il & S a n . E n g r .,  M a ss . I n s t i tu t e  
of T e c h n o lo g y , C a m b rid g e  39, 
M ass.

S te ffe n se n , S . W .,  125 W o r th  S t .,  
R oom  821, N e w  Y o rk , N .  Y . 

S te in e r, S . K . ,  79 M a d is o n  A v e ., N ew  
Y ork. N . Y .

S te p an e k , C h a r le s  H .  B .,  506  E . 1 9 th  
S t., N ew  Y o rk , N . Y .

S te m s , E d w a rd  A .,S u p t . ,  W a te r  D e p t . ,  
24 U n io n  S t . ,  H a m b u rg ,  N . Y . 

S te v en so n , A lb e r t  H . ,  E n g r .,  39 
L aw ren ce  R d .,  S c a rs d a le , N . Y . 

S te w a rt, W . H . ,  P . O . B ox  767, S y ra 
cuse, N . Y .

S tilso n , A ld e n  E . ,  216 E . 4 5 th  S t .,  
N ew  Y o rk , N . Y

S tra n d b u r g ,  C h a r le s  J . ,  D ir .  of P u b lic  
W o rk s , C i ty  H a ll,  J a m e s to w n , N . Y. 

S t r a t to n ,  C h a r le s  H . ,  35 5 4  9 5 th  S t .,  
A p t .  C 4 , J a c k s o n  H e ig h ts ,  L . I ., 
N . Y .

S tr a u b ,  C o n ra d  P . ,  704 G ro v e  S t., 
I rv in g to n  11, N . J .

S tro n g ,  B ru c e  F . ,  O p r .,  1111 W a sh in g 
to n  S t . ,  O le a n , N . Y .

S tro w b r id g e ,  J o h n  C .,  14 M illa rd  S t .,  
D u n d e e ,  N . Y .

S tu d e b a k e r ,  L e o , O p r .,  1020 W h ir l 
po o l S t . ,  N ia g a ra  F a l ls ,  N . Y . 

S u th e r la n d ,  H e n r y  M .,  132 L e o n a rd  
A v e ., F r e e p o r t ,  N . Y .

S w e e n e y ,  R . C ., L t .  C o l., O ff. S u rg ., 
H q . ,  5 th  S e r. C o m ., F o r t  H a y e s , 
C o lu m b u s  18, O h io  

S w e n h o lt ,  J o h n ,  C h e m ., 162 S . M a in  
S t . ,  A lb io n , N . Y .

S y lv e s te r ,  W m . L .,  A ss t .  D ir .  of 
P u b lic  W o rk s , 166 B re w s te r  R d ., 
M a s s a p e q u a ,  N .  Y .

S y m o n s , G . E . ,  C h e m ., c /o  W a te r  
8t S ew ag e  W o rk s , 155 E . 4 4 th  S t., 
N e w  Y o rk , N . Y .

T a g g a r t ,  R . S . ,  C a p t . ,  6  V a n  D y k e  
A v e ., A m s te rd a m , N . Y .

T a lla m y , B e r tr a m  D a i le y ,  C ons. 
E n g r .,  1326 S ta te  Office B ld g ., A l
b a n y ,  N . Y .

T a m e r ,  P a u l ,  C h e m ., H a c k e n sa c k  
W a te r  C o ., N e w  M ilfo rd , N . J .  

T a y lo r ,  H e n r y  W .,  C o n s . E n g r .,  11 
P a r k  P la c e ,  N e w  Y o rk , N . Y . 

T a y lo r ,  W a r r e n  G . ,  P ro f., C iv il E n g rg ., 
38 U n io n  A v e ., S c h e n e c ta d y , N . Y . 

T e r ry ,  F r a n k ,  O p r .,  29 W illo w  A ve., 
F r e e p o r t ,  N .  Y.

T e tz la ff ,  F r a n k ,  S a n . E n g r .,  4209 
S m ith d e a l  A v e ., R ic h m o n d  24 , V a. 

T h a m a s e t t ,  O tto  E . ,O p r . ,  J .  N . A d a m s  
M e m o r ia l  H o s p ita l ,  P e r ry s b u rg , 
N . Y .

T h a tc h e r ,  F r e d  A .,  18 B ellev iew  A ve., 
P o r t  W a s h in g to n , N . Y .

T h a y e r ,  R e g in a ld  H . ,  21 M o rse m ere  
P la ce , Y o n k e rs ,  N . Y.

T h o m p s o n , T h o m a s  C ., O p r .,  134 
H o y t  S t . ,  B u ffalo , N . Y .

T h o m s o n ,  F .  N . ,  R o o m  403 , 18 P ea rl 
S t . ,  U t ic a ,  N . Y .

T h o m s o n ,  J .  B . F . ,  322  M a in  S t., 
H u n t in g to n ,  N . Y .

T o d d ,  S ta n le y  B . ,  S u p t . ,  41 B igelow  
A v e ., D u n d e e , N . Y.

T o lm a n ,  S . L . ,  c /o  J e ff re y  M fg . C o., 
C o lu m b u s , O h io  

T o m m , L a V e m  M .,  11 C lin to n  S t., 
T o n a w a n d a ,  N . Y .

T y le r ,  J a c o b  W .,  S ew er C o m m ., 
G re e n p o r t ,  L . I .,  N . Y .

U p to n , F r a n k  W .,  604 W o lc o t t  A ve ., 
B eaco n , N . Y .

U rb a n ,  R o b e r t  C .,  O p r .,  138-46 
N o r th e r n  B lv d ., F lu s h in g , N . Y.

V a n  A t ta ,  J .  W .,  V ic e -P re s ., R a lp h  B. 
C a r te r  C o ., 53 P a r k  P la ce , N ew  
Y o rk , N . Y .

V a n  D e n b u r g ,  J .  W ., c /o  D e p t ,  of 
P u b lic  W o rk s , 125 W o r th  S t . ,  N ew  
Y o rk , N . Y .

V a n d e r lip , A r th u r  N . ,  C a p t . ,  R o u te  
N o . 2, S to r r s ,  C o n n .

V a n  D e u s e n ,  C la u d e  R . ,  B ox 135, 
C h a th a m ,  N . Y .

V a n  D e u s e n ,  E .  J . ,  S u p t . ,  W a te r  
W o rk s , 21 P e a r l  S t . ,  M a lo n e , N . Y . 

V e lz , C . J . ,  P ro f.  S a n . E n g rg ., E d g a rs  
L a n e , H a s tin g s -o n -H u d s o n  6, N . Y . 

V e lzy , C . R . ,  C o n s . E n g r .,  180 B ro a d 
w a y , N e w  Y o rk  7, N . Y .

V e rD o w , W ill ia m  H . ,  O p r .,  269 
M u r r a y  S t . ,  N e w a rk ,  N . Y .

V ic to r ia , J o h n ,  O p r .,  R iv e rh e a d , N . Y.
V o ig t, R ic h a rd  C . ,  1060 M il i t a r y  R d .,  

K e n m o re , N . Y .
V re d e n b u rg ,  E d w a rd  L . ,  S u p t .  of 

P u b lic  W o rk s , 20  V a n  O rd e n  A v e ., 
S p r in g  V a lle y , N . Y .

V ro o m an , M o r r e l l ,  C o n s . C iv il E n g r .,  
21-23 N . M a in  S t . ,  G lo v e rsv ille , 
N . Y .

W a g e n h a ls ,  H .  H . ,  A ssoc . S a n . E n g r .,  
S t a te  D e p t ,  of H e a l th ,  411 H e ra ld  
B ld g ., S y ra c u se , N . Y.

W a g n e r , E .  P . ,  5 0  M a n sfie ld  A v e ., 
D a r ie n ,  C o n n .

W a lk e r ,  C h a s . L .,  P ro f . ,  S a n . E n g rg ., 
201 F a i rm o n t  A v e ., I th a c a ,  N . Y.

W a lk e r ,  J a m e s  G .,  7 S eco r R d . ,  S c a rs 
d a le , N . Y.

W a rd le ,  J .  M c C lu re , S u p t . ,  D e p t ,  of 
P u b lic  W o rk s , H u d s o n , N . Y.

W a re ,  H o w a rd ,  U n io n , N . Y .
W a rre n ,  G e o rg e  D .,  B ro a d  & C h u rc h  

S ts . ,  L y o n s , N . Y.
W a s h b u rn ,  H o w a rd  C ., O p r ., E . 

M a in  S t .,  S h o r tv ille ,  N . Y.
W a ts o n , C a r l H . ,  E n g r .,  46  G ra v e  

A v e ., G r e a t  N e c k , N . Y .
W e a th e rb y ,  C h a r le s  H . ,  Box 2, 7 W . 

L a k e  S t . ,  C e lo ro n , N . Y .
W e c h te r ,  W . H . ,  1st L t . ,  S n . C ., M e d i

ca l S e c tio n , H d q . B ase  R .,  A P O  73, 
c /o  P o s tm a s te r ,  S a n  F ra n c isc o , 
C alif.

W e d e m a n , J o h n  D .,  S a n . E n g r .,  1326 
W illo w  S t . ,  G ra n d  P ra ir ie ,  T ex .

W e il ,  H a ro ld  M .,  R o o m  1906, 19 
R e c to r  S t . ,  N e w  Y o rk  6, N . Y .

W e lk e r ,  L e la n d  A ., S u p t .  o f  S ew ers, 
151 \V . L a k e  R d .,  P e n n  Y a n , N . Y.

W e ls c h , W . F r e d e r ic k ,  25 F a irw a y , 
H e m p s te a d , N . Y .

W e s te rg a a rd ,  V iggo , D e p t,  of P u b lic  
W o rk s , 125 W o r th  S t . ,  N e w  Y ork , 
N . Y .

W h e e le r ,  R o b e r t  C ., C o n s. E n g r .,  c /o  
B a rk e r  & W h e e le r, 36  S ta te  S t., 
A lb a n y , N . Y .

W h it lo c k , E r n e s t  W ., E n g r ., c /o  
M a lc o lm  P irn ie ,  25 W . 4 3 rd  S t .,  
N e w  Y o rk , N . Y .

W ig le y , C h e s te r  G . ,  A c t.  C h ief, D iv . 
of S a n . E n g r .,  S h e lto n  H o te l,  4 9 th  
& L ex in g to n  A v e ., N ew  Y o rk , N . Y .

W in fie ld , W ilm e r  M .,  1319 R o sew o o d  
A v e ., S c h e n e c ta d y , N . Y .

W in g , F re d e r ic k  K . ,  1314 P ru d e n tia l  
B ld g ., B uffalo , N . Y.

W in n e , G e o .,  O p r .,  144 M a p le  A v e ., 
A l ta m o n t ,  N . Y .

W o e se ,  C a r l F . ,  C o n s. E n g r .,  B ox 978, 
G P O , S y ra c u se , N . Y .

W o lf te ic h , J o h n ,  O p r ., 5 F i f th  S t . ,  
A t la n t ic  B each , N . Y .

W o o d , H e r b e r t  M .,  C o n s . E n g r .,  117 
W . S u n rise  H ig h w a y , F re e p o r t ,  N . Y .

W o o le y , C h a s . ,  S ew er C o m m ., G re e n 
p o r t ,  L . I .,  N . Y .

W o rm u th ,  W . H . ,  O p r .,  5 G ro v e  S t .,  
B a ld w in sv ille , N . Y .

W y ck o ff , C h a r le s  R . ,  E n g r .,  c /o  
W a lla c e  & T ie rn a n  C o ., In c .,  Box 
178, N e w a rk  1, N . J .

Y o u n g , A ld e n  W ., 235 O sb o rn  A v e ., 
R iv e rh e a d ,  N .  Y .

Z a c k , S a m u e l  I . ,  S a n . E n g r .,  c /o  
G a n n e t t ,  F le m in g , C o rd d ry  & C a r 
p e n te r ,  I n c .,  600  N . S eco n d  S t . ,  
H a r r is b u rg ,  P a .

Z e le ,  A le x a n d e r  S . ,  C h e m ., L . I. 
S t a te  P a r k  C o m m iss io n , B a b y lo n , 
N . Y .
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A b e m e th y ,  P .  L . ,  W a te r  S u p t . ,  W a te r  
D e p t . ,  H ic k o ry ,  N .  C .

A d a m s ,  R o b e r t  R . ,  P . O . B ox  960, 
G re e n v il le ,  S . C .

A d k in s ,  W . W .,  S u p t .  o f  P la n ts ,  
W a te r  D e p t . ,  A s h e b o ro , N .  C .

A le x a n d e r ,  A lle n  R . ,  J r . ,  O p r .,  S ew ag e  
P l a n t ,  222 M o n m o u th  A v e .,  D u r 
h a m ,  N . C .

A m e r ic a n  E n k a  C o rp o ra t io n , A t tn . :  
M r .  B . W . C ru tc h f ie ld ,  E n k a ,  N . C .

B a i le y ,  J .  K e n n e th ,  S a n .  E n g r .,  73 
J a c k s o n  A v e ., H a m p to n ,  V a .

B a ity , H .  G .,  P ro f .  of S a n i ta r y  & 
M u n ic ip a l  E n g r .,  U n iv e rs i ty  of 
N o r th  C a ro lin a ,  B ox  899 , C h a p e l  
H il l,  N . C .

B ro w n , W a d e  G i l l ie s ,  C h e m ., D u r 
h a m  W a te r  D e p t . ,  2018  S u n s e t  
A v e ., D u r h a m ,  N . C .

B u n k e r ,  F . L .,  P . O . B ox  1122, C h i
c a g o  P u m p  C o ., C h a r lo t te ,  N .  C .

C a m p , C e c il S . ,  P ro f .  H y d r .  &  S a n . 
E n g r .,  U n iv e rs i ty  of T e n n e sse e , 
F e r r i s  H a l l ,  K n o x v il le ,  T e n n .

C a ro lin a  A lu m in u m  C o ., A t tn :  M r. 
A . J .  R ic e , A s s t .  P r o p e r ty  S u p t . ,  
B a d in , N . C .

C ity  W a te r  D e p t . ,  A t t n :  H . S . D o u g 
la ss , S u p t . ,  S ta te s v il le ,  N . C .

C r a m e r to n  M il ls ,  I n c . ,  C . O . Y o u n g , 
S u p t . ,  C r a m e r to n ,  N . C .

D a v is ,  H .  F . ,  D is t .  M g r.,  W a lla c e  &  
T ie rn a n  C o ., In c .,  1001 C o m m e rc ia l 
B a n k  B ld g ., C h a r lo t te ,  N .  C .

D a v is ,  P .  D . ,  A sso c . E n g r .,  W . M . 
P i a t t ,  C o n s t r .  E n g r .,  D u rh a m , 
N . C .

D u r h a m  W a te r  D e p t . ,  A t tn . :  D . M . 
W ill ia m s , S u p t . ,  D u r h a m ,  N . C . |

E c u s ta  P a p e r  C o rp .,  H e r b e r t  F . 
F in c k ,  H y d r .  E n g r .,  P is g a h  F o re s t ,  
N . C .

G o ta a s ,  H a r o ld  B . ,  C a p t . ,  531 4  S ix 
t e e n th  R d .  N .,  A r l in g to n ,  V a .

G r in n e l l  C o m p a n y , I n c . ,  A t tn . :  M r. 
S . O . T h o r n e ,  B ra n c h  M g r.,  P . O . 
B o x  2 7 2 7 , C h a r lo t te ,  N .  C .

H a l l ,  W . H . ,  D e a n  o f E n g in e e r in g , 
D u k e  U n iv e rs i ty ,  C o lleg e  S ta t io n ,  
D u r h a m ,  N . C .

H e y w a rd ,  T .  C ., M e c h . & E lec . E n g r .,  
1408 I n d e p e n d e n c e  B ld g ., C h a r lo t te ,  
N . C .

H i l ls b o r o ,  T o w n  o f , M . P . L lo y d , 
S u p t . ,  W a te r  D e p t . ,  H il ls b o ro , N . C .

K e l lo g g ,  J a m e s  W .,  A s s t .  D ir . ,  S t a te  
L a b o r a to r y  of. H y g ie n e , R a le ig h , 
N .  C .

K in ,  S te p h e n  R . ,  S a n . E n g r .,  1-B 
P ie d m o n t  V illa g e , C a m p  B u tn e r ,  
N .  C .

L a f fe r ty , E r n e s t  L . ,  C h e m ., A m e ric a n  
B e m b e rg  C o rp .,  N o r th  A m e ric a n  
R a y o n  C o rp .,  3 2 6  C a r te r  B lv d ., 
E l iz a b e th to n ,  T e n n .

L a s s i te r ,  L . I . ,  S a n . E n g r .,  C o n so li
d a te d  B o a rd  o f H e a l th ,  W ilm in g 
to n ,  N . C .

L e C le rc , A r th u r  B . ,  S a le s  E n g r .,  T .  C . 
H e y w o o d , 1408 I n d e p e n d e n c e  B ld g ., 
C h a r lo t te ,  N . C .

L u th e r ,  R o b e r t  W .,  S u p t . ,  P u b lic  
U t i l i ty  C o m m iss io n , B ox  56 , E liz a 
b e th  C i ty ,  N . C .

M a lo n e ,  J .  R . ,  C h e m ., D u r h a m  W a te r  
D e p t . ,  1312 N . G re g so n  S t . ,  D u r 
h a m , N . C .

M o g g io , W m . A ., C a p t . ,  S n .C . ,  202 
W o o d la n d  A v e ., R a m s e y ,  N . J .

M o n ro e ,  C ity  o f , A t tn . :  W . H . C row , 
S u p t .  W a te r  & L ig h ts ,  M o n ro e , 
N . C .

M o o re ,  G e o . S . ,  S u p t . ,  W a te r  & L ig h t  
D e p t . ,  A lb e m a r le ,  N . C .

M o s e s ,  J a m e s  E . ,  S h o p  F o re m a n ,  
C i ty  H a ll,  D u r h a m ,  N . C .

M u tz b e r g ,  F . A ., S u p t . ,  W a te r  W o rk s 
U t i l i t ie s ,  U . S . A rm y , P . O . B ox 751, 
F o r t  B ra g g , N . C .

N a n c e ,  E .  L . ,  O p r .,  C i ty  o f C h a r lo tte ,  
C h a r lo t te ,  N . C .

O ls e n ,  W . C . ,  C o n s t .  E n g r .,  R a le ig h , 
N .  C .

P h i l l ip s ,  R . S . ,  1st L t . ,  0 -543011 , D e p t.  
S u r g e o n ’s O ffice, A P O  834 , c /o  
P o s tm a s te r ,  N e w  O r le a n s , L a .

P i a t t ,  W m . M .,  C o n s . E n g r .,  I l l  
C o rc o ra n  S t . ,  D u r h a m ,  N . C .

P ie r s o n ,  N a t  D . ,  B o x  47 , R a le ig h , 
N .  C .

P u r s e r ,  J o h n  R . ,  J r . ,  T re a s . ,  J .  R . 
P u r s e r  S a le s  E n g in e e r in g , Inc., 
S u i te  816 , In d e p e n d e n c e  B ldg., 
C h a r lo t te ,  N . C .

R a w lin s ,  G e o r g e  S . ,  C o n s . E n g r .,  J .  
N . P e a s e  & C o ., 119* E . F if th  
S t . ,  C h a r lo t te ,  N .  C .

R e d d in g ,  H a r r y  P . ,  A ss t .  S u p t .,  
D u r h a m  W a te r  D e p t . ,  D u rh a m , 
N . C .

S t ie m k e ,  R o b t .  E . ,  A ssoc . P ro f. of 
S a n . E n g r .,  N o r th  C a ro lin a  S ta te  
C o lleg e , R a le ig h , N . C .

S w a b , B e r n a l  H . ,  S a n . E n g r .,  3438 
W y e k c liffe  P a r k w a y ,  T o le d o  6, 
O h io

S w a r tz ,  M a r t in ,  S u p t . ,  W a te r  & L ig h t 
C o m m ., G re e n v il le ,  N . C .

T h o m a s ,  E .  R . ,  S u p t . ,  M u n ic ip a l 
W a te r  D e p t . ,  B u r l in g to n ,  N . C.

V e s t ,  W . E . ,  S u p t . ,  W a te r  W orks, 
C h a r lo t te ,  N .  C .

W a te r  D e p a r tm e n t ,  c /o  S ta n fo rd  
H a r r is ,  S u p t . ,  L e n o ir ,  N . C .

W o o te n ,  F r a n k  M .,  J r . ,  C o n s. E n g r., 
W o o te n  & W o o te n ,  104 L a t ta  
A rc a d e , C h a r lo t te ,  N . C .

Y ow , W . E . ,  S u p t . ,  W a te r  D e p t.,  
A s h e b o ro , N .  C .

Ohio Sewage Works Conference Group
Mr. L. B. Barnes, Secretary-Treasurer, 441 S. Prospect Street, Bowling Green, Ohio

B a c k h e rm s ,  A . B . ,  34 3 8  S h e re l C ircle , 
C in c in n a t i  9 , O h io  

B a ile y , J .  W .,  O p r .,  617 N . M a in  S t . ,  
B o w lin g  G re e n , O h io  

B a r n e s ,  F lo y d , C le v e s , O h io  
B a r n e s ,  G e o .  E . ,  P ro f.  C a se  S ch o o l of 

A p p lie d  S c ien ce , C le v e la n d , O h io  
B a r n e s ,  L . B . ,  441 S . P ro s p e c t  S t .,  

B o w lin g  G re e n , O h io  
B a r s to w , E .  D . ,  S a n . E n g r .,  B a rs to w  

& L e F e b e r , In c .,  31 N . S u m m it  S t .,  
A k ro n  8, O h io  

B a r to n ,  B e n  H . ,  S u p t . ,  207 L o c u s t 
S t . ,  F in d la y ,  O h io  

B a u e r ,  C a r l,  S u p t . ,  S ew . T r .  P la n t ,  
C e lin a , O h io  

B e h n k e ,  G e o .  C .,  O p r .,  400  E . C o llege  
S t . ,  O b e r lin , O h io  

B la n c h a r d ,  H .  C ., O p r .,  145 N . B ro a d  
w a y  S t . ,  M e d in a ,  O h io  

B lo c h e r ,  J o h n  M .,  D r . ,  C i ty  H a ll,  
B e re a , O h io  

B lo e m , H e r m a n ,  1230 G u lf  R d .,  
E ly r ia ,  O h io  

B ra id e c h ,  M a th e w  M .,  172 H ig h  S t . ,  
H a s t in g s -o n -H u d s o n ,  N . Y.

B r i t t ,  C . E . ,  C h e m ., 505  S . M a p le  S t . ,  
B o w lin g  G re e n , O h io

B ro w n e ,  F lo y d  G . ,  C o n s . E n g r .,  B ox 
27 , M a r io n ,  O h io  

B r y a n t,  C . T . ,  S u p t . ,  102 E . F i r s t  S t . ,  
S p r in g f ie ld , O h io  

B u r g e r ,  A . A ., E n g r .,  1140 L e a d e r  
B ld g ., C le v e la n d  14, O h io  

C a s te r ,  A r th u r ,  S a n . E n g r .,  488  
M e a d o w a y  P a r k ,  W o r th in g to n ,  
O h io

C o llie r ,  J a m e s ,  S u p t . ,  1194 G u lf  R d ..
E ly r ia ,  O h io  

C o o p e , A lb e r t ,  C o . S a n .  E n g r .,  C o u r t  
H o u se , Y o u n g s to w n , O h io  

C ra u n ,  J .  M .,  E n g r .,  355  H ip p o d ro m e  
A n n e x , C le v e la n d , O h io  

C ro h e n ,  W . F . ,  S u p t . ,  W a te r  W o rk s , 
P o r t  C l in to n ,  O h io  

D a v id ,  F r a n k  J . ,  S a n .  S u p v r .,  F e d e ra l  
R e f o rm a to r y ,  C h ill ic o th e , O h io  

D e c k e r ,  C . D . ,  S u p t . ,  I l l  E . M a p le  
S t . ,  B ry o n , O h io  

E l lm s ,  J .  W .,  C o m m . S ew . D isp .,  
1130 W . 1 1 2 th  S t . ,  C le v e la n d , O h io . 

F in k b e in e r ,  C a r l to n  S . ,  C o n s . E n g r . 
1010 H o m e  B a n k  B ld g ., T o le d o  4, 
O h io

F is c h e r ,  F .  P . ,  S a le s  E n g r .,  W a lla c e  & 
T ie rn a n  C o ., 811 P e r ry - P a y n e  
B ld g ., C le v e la n d  13, O h io

F lo w e r ,  G . E . ,  S u p t . ,  4 7 2 0  M o rn in g -  
s id e  D r . ,  C le v e la n d  9 , O h io  

F u l le r ,  R a y m o n d  H . ,  2201 N . F o u r th  
S t . ,  C o lu m b u s  1, O h io  

G a u d in ,  E .  L .,  R e p .,  M a th ie so n  
A lk a li  W o rk s ,  334  D ix ie  T e rm in a l 
B ld g ., C in c in n a t i  2 , O h io  

G e r d e l ,  W . E . ,S u p t . ,  W e s te r ly  S ew age 
T r .  P la n t ,  W . 5 8 th  S t . .  & B u lk ley  
R d . ,  C le v e la n d , O h io  

H a g e r ty ,  L . T . ,  A sso c . S a n  E n g r ., 
B lu e  G ra s s  D e p o t ,  B e re a , K y .

H a l l ,  G e o .  A ., C a p t . ,  0-508178, 
Office of C h ie f  S u rg e o n , U .S .A .,
S .O .S ., A P O  707, c /o  P o s tm a s te r ,  
S a n  F ra n c is c o ,  C a lif .

H a u c k ,  C h a s . F . ,  H o u se  204, A pco , 
O h io

H a v e n s ,  W ill ia m  L .,  C o n s . E n g r .,  1140 
L e a d e r  B ld g ., C le v e la n d  14, O h io  

H e f fe lf in g e r ,  D . D . ,  S u p . C h e m ., 1011 
N . W a ln u t  S t . ,  A llia n c e , O h io  

H e n ry ,  T h o m a s  B . ,  C o n s . E n g r .,  1812 
W y c h w o o d  S t . ,  T o le d o  6 , O h io  

H o m m o n , C h a r le s  C ., S a n . E n g r .,  140 
2 2 n d  S t .  N .W .,  C a n to n  3 , O h io  

H o o v e r ,  C . B ., S u p t . ,  W a te r  W o rk s , 
252  E . 1 7 th  A v e ., C o lu m b u s  1, 
O h io
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H o u se r, C . S . ,  S u p t . ,  Sew . T r .  W o rk s , 
R .F .D . N o 6 , C h ill ic o th e , O h io  

H oyt, E a r le  S . ,  A ss t .  E n g r ..  S t a te  
D e p t of H e a l th ,  C o lu m b u s  15, O h io  

H uffm an , L lo y d  C ., 1966 B u r b a n k  D r . ,  
D a y to n , O h io  

H uffo rd , L . E . ,  1501 B ro a d w a y ,
P iqua , O hio 

I rw in ,F o r re s t,  C o n s . E n g r .,  H u ffm a n -  
W olfe C o ., 669  N . H ig h  S t . ,  C o lu m 
b us, O hio

Jo n es, F ra n k  W o o d b u ry , C h e m ., 1140 
L eader B ld g ., C le v e la n d  14, O h io  

Jo n es, H a rv e y  P . ,  E n g r .,  T o le d o  
T ru s t  B ldg ., T o le d o  4, O h io  

K an e , R . D ., 2775 P i t t s b u rg h  A v e ., 
C leve land , O h io  

K e lle r , E a r l  D .,  L t . ,  548 E . K in g  S t., 
L a n c a ste r, O h io  

K line, H . S .,  C h e m . & B a c t .,  37 
P o in tv iew  A v e ., D a y to n ,  O h io  

K roone , T . H . ,  319  P ly m o u th  B ldg ., 
C lev e lan d , O h io  

K u s s m a u l ,T .  C ., E n g r .,  R o u te  1, B o x  
314-A, G ra n ts  P a s s , O re .

L aR u e , L u th e r ,  S ew . E n g r .,  501 
M u n ic ip a l B ld g ., A k ro n  8, O h io  

L a u te n sc h la g e r ,  H u b e r t ,  O p r .,  S e w 
age T r . P la n t ,  O rrv ille , O h io  

L each , W a lte r  L ., P r in .  E n g r .,  W a te r  
D e p t., 1520 W o o lw o rth , 233 B ro a d 
w ay  B ldg ., N e w  Y o rk  7, N . Y . 

L e ist, E rv in  F . ,  L t .,  S a n . C o rp s , 109 
S ey fert A v e ., C irc le v ille , O h io  

L eo n ard , W a lte r  E . ,  C h e m ., 102 
S p rin g  S t .,  W illa rd , O h io  

L esh e r, C . E . ,  J r . ,  C o n s . E n g r .,  1085 
H om ew ood  A v e ., L a k e w o o d  7, 
Ohio

L u c h ten b e rg , R . O ., 256  N . A rd m o re  
R d ., C o lu m b u s , O h io  

Lym an, C . S . ,  O p r .-C h e m ., S ew . T r . 
W orks, B ay  V iew  P a r k ,  T o le d o  11, 
O hio

M cD ill, B ru c e  M .,  E n g r .,  S a n . E n g rg . 
D iv ., O h io  D e p t ,  of H e a l th ,  S ta te  
D e p a r tm e n ts  B ld g ., C o lu m b u s , 
O hio

M cG u ire , C . D . ,  448 C l in to n  S t .,  
C o lu m b u s 2 , O h io  

M c In ty re , F . J . ,  D ir .  W a te r  & C h e m . 
L a b o ra to ry , 58 O le n ta n g y  S t .,  
C o lu m b u s, O h io  

M cK ee , S . C ., S a n . E n g r .,  L u c a s  
C o u n ty  C o u r t  H o u se , T o le d o  2, 
Ohio

M c K e e v e ir , R . L . ,  S u p t . ,  S ew . T r . 
P la n t ,  236  W . O a k  S t . ,  W a u se o n , 
O h io

M a c D o w e l l ,  R . F . ,  C o n s . S a n . E n g r .,  
401 C h e s te r -T w e lf th  B ld g ., C le v e 
la n d  14, O h io  

M o n ro e ,  S . G . ,  A ssoc . P u b lic  H e a lth  
E n g r .,  U S P H S , 831 M e rc a n ti le  
B a n k  B ld g ., D a lla s ,  T e x a s  

M o re h o u s e ,  W . W .,  D ir .  of D e p t ,  of 
W a te r ,  R o o m  309 , M u n ic ip a l  B ld g ., 
D a y to n  2 , O h io  

M o y a r ,  J e s s e ,  S u p t . ,  S ew . T r .  P la n t ,  
151 N . C h e r ry  S t .,  G e rm a n to w n , 
O hio

N ic h o ls ,  F .  E . ,  C o n s . E n g r .,  50  N .
D e fia n c e  S t . ,  A rc h b o ld , O h io  

N i le s ,  A . H . ,  S u p t . ,  S ew . T r .  W o rk s ’ 
B a y  V iew  P a r k ,  2946  D a r lin g to n  
R d . ,  T o le d o , O h io  

O ’F la h e r ty ,  F r e d ,  D r . ,  D ir .,  D e p t ,  of 
L e a th e r  R e s e a rc h , U n iv e rs i ty  of 
C in c in n a t i,  C in c in n a t i ,  O h io

P ac ific  F lu s h  T a n k  C o ., 4241 R a v e n s-  
w o o d  A v e ., C h ic a g o  13, 111. 

P a lo c s a y ,  F r a n k  S . ,  C iv il E n g r ., 1200 
W . L a k e  A v e ., L a k e w o o d  7, O h io  

P a r r i s h ,  R ia l  T . ,  C o n s . E n g r .,  945 U.
S . B ld g ., D a y to n  2, O h io  

P e a s e ,  M a x fie ld , 1900 E u c lid  A ve ., 
R o o m  606, C le v e la n d , O h io

P ie r r o n ,  L . L . ,  C i ty  B ld g ., G re e n 
v ille , O h io  

P o l le x ,  E lm e r ,  F o re m a n ,  D iv . of Sew . 
D isp o sa l, c /o  S ew . T r .  W o rk s , B a y  
V iew  P a r k ,  T o le d o  11, O h io

P o w e rs ,  E .  C . ,  8 E . L o n g  S t .,  C o lu m 
b u s  15, O h io  

R o th ,  R .  F . ,  116 W . S p r in g  S t . ,  O x 
fo rd , O h io  

R u c k ,  F r a n k lin ,  O p r .,  W a te r  S o f te n e r  
& S ew . D isp . P la n t ,  R .R .  N o . 3, 
T ro y ,  O h io  

R u e ,  R o b e r t ,  S u p t . ,  S ew . T r .  P la n t,  
O sb o rn , O h io  

S a r g e n t ,  E d w a rd  C ., 2376 N o r th la n d  
A v e ., L a k e w o o d  7, O h io  

S c h a e tz le ,  T . C .,  S u p t . ,  R o o m  501, 
M u n ic ip a l  B ld g ., A k ro n  8 , O h io  

S c h o e p fle ,  O . F . ,  C h e m ., 908  V in e  
S t . ,  S a n d u s k y ,  O h io  

S c h ic k , V . R . ,  S u p t . ,  1053 W . M a in  
S t . ,  V a n  W e r t ,  O h io

S c h le c h ty ,  E u g e n e  W .,  S u p t . ,  357 
B a x te r  S t . ,  M e d in a ,  O h io  

S h e e ts ,  W . D . ,  C a p t ..  0 -5 1 1 8 8 9 , Q trs .  
4 7 , P re s id io  o f M o n te re y , M o n te re y , 
C a lif .

S in g e r ,  O s c a r  C ., L u c a s  C o . D is t.  
B o a rd  of H e a l th ,  902 A d a m s  S t .,  
T o le d o  2, O h io  

S m ith ,  A . H . ,  C o n s . E n g r .,  2205 A sh 
la n d  A v e ., T o le d o  10, O h io  

S n y d e r ,  R . F . ,  S u p t . ,  1717 M ilto n  
A v e . N .E . ,  M a ss illo n , O h io  

S p a e d e r ,  H a ro ld  J . ,  221 N . L aS a lle  
S t . ,  C h ic a g o  1, 111.

S te p le to n ,  H a ro ld  A ., C o n s. S a n . 
E n g r .,  3515 M a x w e ll R d .,  T o le d o , 
O h io

S te w a r t ,  F . D . ,  L t .  C o l., S n .C .,  29 
E . S h re y e r  P la ce , C o lu m b u s , O h io  

S t r a k e r ,  M . L . ,  O p r .,  B ox 65, V e r 
sa ille s , O h io  

S u t te r ,  O liv e r ,  S u p t . ,  Box 123, O a k  
H a rb o r ,  O h io  

T h o m a s ,  V e rn o n  B .,  1740 E . 1 2 th  S t . ,  
C le v e la n d  14, O h io  

T o l ie s ,  F r a n k  C ., C o n s . E n g r .,  1140 
L e a d e r  B ld g ., C le v e la n d , O h io  

T u r n e r ,  J .  R . ,  S u p t . ,  136 R a e  A v e ., 
M a n sf ie ld , O h io  

U h lm a n n , P a u l  A ., 2901 N . H ig h  S t . ,  
C o lu m b u s  2 , O h io  

W a lk e r ,  C . C ., C o n s . E n g r .,  1826 W . 
1 st A v e ., C o lu m b u s , O h io

W a r in g ,  F .  H . ,  C h ie f  E n g r .,  D e p t ,  of 
H e a l th ,  306  S t a te  D e p a r tm e n ts  
B ld g ., C o lu m b u s  15, O h io  

W e b e r ,  R o b e r t  R . ,  D is t.  S a les  M g r., 
M a th ie so n  A lk a li W o rk s , 334  D ix ie  
T e rm in a l  B ld g ., C in c in n a t i,  O h io  

W e n g e r ,  J .  H . ,  C h e m ., 83 E . B ro a d 
w a y , W e ste rv il le ,  O h io  

W e r tz ,  L e ro y  F . ,  O p r .,  T o w n  H a ll, 
L e b a n o n , O h io  

W ils o n , R . H . ,  J r . ,  M g r., D ia m o n d  
A lk a li S a les  C o rp ., 633 P e n to n  B ldg ., 
C le v e la n d  13, O h io

W ir ts ,  J o h n  J . ,  C h e m ., 35 V illa  B each , 
C le v e la n d  10, O h io

W it tm e r ,  E a r l  F . ,  506 M t.  V e rn o n  
A v e ., M a rio n , O h io

W o o d ru ff , F . L ., S a n . E n g r .,  13452 
M e rl A v e ., L a k e w o o d  7, O h io

Z o rn , R a y  H . ,  P o w er  E q u ip m e n t  C o., 
O a k  H a rb o r ,  O h io

Oklahoma W ater and Sewage Conference
Mr. H. (. Darcey, Secretary-Trecisurer, State Department of Health, Oklahoma City, Oklahoma

B e n n e tt, L e o n , S u p t . ,  W a te r  a n d  
Sew age, H o ld e n v ille , O k la .

City W a te r  D e p a r tm e n t,  A t tn . :  R a lp h  
D eV ore, S u p t . ,  N o rm a n ,  O k la .

Collins, R e x , C o n s . E n g r .,  222 A rn o te  
B ldg., M c A les te r , O k la .

C u n n in g h am , M . B . ,  S u p t .  & E n g r .,  
O k la h o m a  C i ty  W a te r  D e p t . ,  R o o m  
203, M u n ic ip a l B ld g ., O k la h o m a  
C ity , O k la .

H u g h e s ,  V . R . ,  701 E . P in e  S t .,  E n id , 
O k la .

M o n tg o m e ry , H o m e r  M .,  S u p t .,  
W a te r  a n d  S ew . D e p ts .,  Sem in o le ,, 
O k la .

S c h o u te n ,  E r n e s t  W .,  828  B ran iff 
B ld g ., T h ird  & R o b in so n  S ts .,  
O k la h o m a  C i ty ,  O k la .

S ta p le y , E d w a rd  R . ,  27 C o llege C ircle , 
S t il lw a te r ,  O k la .

S te w a r t ,  C ly d e  L .,  1225 N . E . 1 4 th  
S t .,  O k la h o m a  C ity  4 , O k la .

T a y lo r,  F ra n k  S . ,  F i l t r a t io n  E n g r .,  
2809 N . W . 1 7 th  S t . ,  O k la h o m a  
C ity , O k la .

Pacific Northwest Sewage Works Association
Mr. W. P. Hughes, Secretary-Treasurer, City Engineer, Lewiston, Idaho

A n d erso n , F r e d  A ., O p r .,  R .F .D .  N o .
2, B o th e l, W a sh .

B ak er, S ta n le y  L .,  7555 E m p ire  W a y , 
A p t. 888 , S e a tt l e  8 , W a sh .

B am fo rd , J .  H . ,  W a te r  S u p t . ,  D a y to n ,  
W ash .

B a n tz , B u rw e l l,  C i ty  E n g in e e r , T a 
c o m a , W a sh .

B a rn e y ,  J .  W .,  C i ty  M g r.,  H illsb o ro , 
O re .

B a r to w , L e s lie  W .,  6515 S .W . B u r l in 
g a m e  A v e ., P o r t l a n d ,  O re .

B e rk e le y ,  W in s to n  H . ,  S u p t . ,  C i ty  of 
L e w is to n , 1002 1 3 th  A v e ., L e w is to n , 
Id a h o

B re w e r ,  E . E . ,  W a te r  S u p t . ,  S h e lto n , 
W a sh .
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B o w , W ils o n  F . ,  S t a t e  D e p t ,  of 
H e a l th ,  1403 S m ith  T o w e r , S e a tt le ,  
W a sh .

B r ig g s , R a y m o n d  J . ,  C o n s . E n g r .,  214 
B a ird  B ld g ., B o ise , I d a h o

B u c h e c k e r ,  A . I . ,  P r in .  A s s t .  C i ty  
E n g r .,  725 C h e la n  A v e .,  S p o k a n e , 
W a sh .

C a m p b e ll ,  M . S . ,  c /o  H . D . F o w le r  
C o ., 558 F i r s t  A v e . S ., P . O . B ox 
3 0 8 4 , S e a t t l e  14, W a sh .

C a s a d ,  C . C . ,S u p t . ,  B re m e r to n  W a te r  
D e p t . ,  B re m e r to n ,  W a sh .

C h a m b e rs ,  G ro v e r ,  W a te r  S u p t . ,  
C h e n e y , W a sh .

C h a r l to n ,  D a v id  B . ,  B a c t .,  2 3 4 0  S .W . 
Je ffe rs o n  S t . ,  P o r t l a n d ,  O re .

C la re ,  H .  C ., S a n . E n g r .,  D e p t ,  of 
P u b l ic  H e a l th ,  B o ise , Id a h o

C lo y e s , W . J . ,  S a n i ta r ia n ,  L a n e  
C o u n ty  H e a l th  D e p t . ,  C o u r t  H o u se , 
E u g e n e , O re .

C lu b b ,  W il l ia m  C ., C i ty  E n g r .,  E u 
g e n e , O re .

C o re y ,  R .  H . ,  C o n s . E n g r .,  407  C o r 
b e t t  B ld g ., P o r t l a n d ,  O re .

C o t ta ,  M a u r ic e  L .,  A ssoc . S a n . E n g r .,  
F a r m  S e c u r i ty  A d m in is tr a t io n ,  1305 
T e rm in a l  S a le s  B ld g ., P o r t l a n d ,  
O re .

C ro w , H a r r y  B . ,  S e w e r  S u p t . ,  P . O . 
B ox  30 8 4 , K i r k la n d ,  W a sh .

C u n n in g h a m , J o h n  W .,  C o n s . E n g r .,  
1112 S p a ld in g  B ld g ., P o r t l a n d ,  
O re .

C u t tin g ,  O . S . ,  D is . O p r .,  U . S . N a v y  
H o s p i ta l ,  1809 E . 1 7 2 n d  S t . ,  S e a tt le ,  
W a sh .

D a le y ,  C h a r le s  W ., P . O . B ox  292, 
P e n d le to n ,  O re .

D a v is ,  G . ,  J r . ,  209 E id e n  R d . ,  B oise, 
I d a h o

D e M o s s ,  S a m u e l ,  S r . E n g r .,  1746 W . 
5 9 th  S t . ,  S e a tt le ,  W a sh .

D o u g la s ,  G e o rg e  F . ,  C i ty  E n g r .,  314 
C  S t . ,  G ra n d v ie w , WTa sh .

E a r ly ,  M a r t ,  W a te r  S u p t . ,  M o sco w , 
I d a h o

E d w a r d s ,  G . H . ,  C iv il E n g r . ,  c /o  
D e W it t  C . G riff in  8t A sso c ia te s ,  717 
L lo y d  B ld g ., S e a t t l e  1, W a sh .

E d w a r d s ,  H a r la n  H . ,  P ac if ic  B u ild e r  
a n d  E n g r .,  3102 A rc a d e  B ld g ., 
S e a t t l e  1, W a sh .

E if f e r t ,  W il l ia m  T . ,  S r . P u b l ic  H e a l th  
E n g r .,  W a s h in g to n  S t a te  H e a l th  
D e p t . ,  423 H u t to n  B ld g ., S p o k a n e , 
W a sh .

F lo o d ,  T .  S . ,  C h ie f  E n g r .,  S a w to o th  
C o .,  710 F r o n t  S t . ,  B o ise , I d a h o

F o w le r ,  H .  D . ,  C iv il  E n g r .,  P . O . B ox 
3 0 8 4 , S e a t t l e  14, W a sh .

G e a r h a r t ,  J .  N .,  C i ty  E n g r .,  M y r t le  
P o in t ,  O re .

G i lm a n ,  N . A .,  W a te r  S u p t . ,  C ity  
H a ll,  Y a k im a ,  W a sh .

G o o c h , E .  W .,  C i ty  E n g r .,  210  L o t tie  
S t . ,  B e llin g h a m , W a sh .

G o o d n ig h t ,  V . L . ,  C i ty  E n g r .,  C o r 
v a llis , O re .

G r e e n ,  A lv in  W .,  S a n . E n g r .,  P o r ro  
B io lo g ica l L a b o ra to r ie s ,  T a c o m a  2, 
W a sh .

G r e e n ,  C a r l  E . ,  C o n s . E n g r .,  1112 
S p a ld in g  B ld g ., P o r t l a n d ,  O re .

H a d in ,L e o n  A . ,6707 D e n n y  S t . ,  N o r th  
H o lly w o o d , C a lif .

H a l l ,  G . D . ,  E n g r .,  4 1 6  A . W . L a rso n  
B ld g ., Y a k im a ,  W a sh .

H a l la m ,  G . C ., W a te r  S u p t . ,  P . O . 
B o x  4 4 7 , O ro f in o , I d a h o

H a m il to n ,  R . F . ,  L t .  C o l., C .E . ,  P . O . 
B o x  4 7 7 , C o lo ra d o  S p r in g s , C o lo .

H a r d in g ,  R o b e r t  G . ,  C o n s . E n g r .,  414 
U ta h  S a v in g s  8t T r u s t  B ld g ., S a l t  
L a k e  C i ty ,  U ta h

H e i s s ,  E d w a r d  A .,  P a c .  N .W . D iv . 
M g r.,  W a lla c e  & T ie rn a n  S a les  
C o rp .,  917 T e rm in a l  S a le s  B ld g ., 
S e a tt l e ,  W a s h .

H e n n y ,  A . L . ,  E n g r . ,  U . S . E n g in e e rs ,  
1581 S . W . U p p e r  H a ll  S t . ,  P o r t 
l a n d ,  O re .

H i l l ,  W . R . ,  P a r k e r  & H ill, C iv il  & 
C o n s . E n g r s .,  2021 S m ith  T o w e r , 
S e a tt le ,  W a sh .

H o b s o n ,  E d w a r d ,  H o o d  R iv e r ,  O re .

H o f fm a n , C . H . ,  c /o  L in k  B e l t  C o m 
p a n y ,  822 F i r s t  A v e . S ., S e a t t l e  4, 
W a sh .

H o l te r ,  A . L . ,  C i ty  E n g r . Office, 
C o u n ty - C i ty  B ld g ., S e a tt l e ,  W a sh .

H o w a rd ,  C . M .,  E n g r .,  C o n c re te  
P ip e  & P r o d u c ts  A ssn ., 404  A rc tic  
B ld g ., S e a t t l e ,  W a sh .

H o y d a r ,  A lb e r t  L . ,  W a te r  & S ew er 
S u p t . ,  24  N a c h e s , S e la h , W a sh .

H u g h e s ,  W . P . ,  C i ty  W a te r  S u p t . ,  
L e w is to n , Id a h o

I n g a l ls ,  J a m e s  C .,  S u p t . ,  612 E m p ire  
S t .,  C o e u r  d 'A le n e , Id a h o

I rw in ,  G . M .,  C i ty  E n g r .,  C i ty  H a ll, 
V ic to r ia ,  B r i tish  C o lu m b ia , C a n a d a

J e n s e n ,  E m il  C . ,  C h ie f, D iv . o f P u b lic  
H e a l th  E n g r .,  S m ith  T o w e r , S e a tt l e  
4 , W a sh .

K a c h e lh o f fe r ,  F r e d  G . ,  I n s t r u c to r  of 
S a n .  E n g r .,  O re g o n  S ta te  C o llege , 
C o rv a llis ,  O re .

K in g w e ll,  E .  G . ,  410  N . 1 6 th  S t .,  
C o rv a llis ,  O re .

K ip p , W . H . ,  M g r.,  B ox  23 2 8 , P o r t 
la n d  14, O re .

K n i t te l ,  E .  A ., W a te r  S u p t . ,  L y n d e n , 
W a sh .

K o o n , R a y  E . ,  C o n s . H y d .  & S a n . 
E n g r .,  S p a ld in g  B ld g ., P o r t l a n d ,  
O re .

K r a m e r ,  H a r r is o n  W .,  C o n s . E n g r .,  
c /o  J a m e s  W . C a re y  & A sso c ., 
A la s k a  T r a d e  B ld g ., 1917 F i r s t  
A v e ., S e a t t l e  1, W a sh .

L a m p in g , L e o n a rd  L . ,  P re s .  & M g r., 
W a lla  W a lla  C o n c re te  P ip e  C o ., 
W a lla  W a lla ,  W a sh .

L o v e jo y , W . L .,  C i ty  E n g r .  & W a te r  
S u p t . ,  H o q u ia m , W a sh .

M c C la in , E .  C ., S u p t .  o f S t s . ,  1552 
S e c o n d  S t . ,  L e b a n o n ,  O re .

M c G u ire ,  M . H . ,  G e n . M g r.,  W a te r  
& L ig h t  D e p t . ,  M c M in n v i lle ,  O re .

M c L e a n ,  R .  F . ,  S u p t . ,  W a te r  D e p t . ,  
W a lla  W a lla ,  W a sh .

M c N a m a r a ,  W m . P . ,  S r .  C iv il  E n g r .,  
4 0 4  C o u n ty - C i ty  B ld g ., S e a tt le ,  
W a sh .

M a lo n y ,  W . L . ,  C o n s . E n g r .,  S y m o n s  
B ld g ., S p o k a n e , W a s h .

M a n n e s ,  C . O . ,  K in g  C o . E n g r .,  
C o u n ty - C i ty  B ld g .,  S e a tt l e ,  W a sh .

M a th e w s ,  F r a n k  E . ,  P .  O . B o x  487, 
E l le n b u rg ,  W a sh .

M e rry f ie ld ,  F r e d ,  A sso c . P ro f. ,  C iv il 
E n g rg .,  O re g o n  S ta te  C o lleg e , C o r 
v a ll is ,  O re .

M o r r i s o n ,  J a m e s  E . ,  S u p t .  o f U ti li tie s ,  
C i ty  H a l l,  R e n to n ,  W a sh .

M o rro w , B e n  S . ,  E n g in e e r ’s Office, 
W a te r  B u re a u ,  C i ty  H a ll,  P o r tla n d . 
O re .

N e ls o n ,  B e n  O ., C i ty  M g r.,  P u llm a n , 
W a sh .

P a r k s ,  C . A ., R e p .,  T r a n s i te  P ip e  C o., 
777 T h o m a s  S t . ,  S e a t t l e ,  W a sh .

P f e i f e r ,  J o h n  C .,  U t i l i ty  S u p t . ,  V a n 
c o u v e r  H o u s in g  A u th o r i ty ,  1402 
G r a n d  A v e ., M c L a u g h lin  H e ig h ts , 
V a n c o u v e r ,  W a sh .

P ie r r o n ,  W m .,  S r . ,  C i ty  H a ll,  S an . 
In s p r . ,  B e llin g h a m , W a sh .

R ic e , A rc h ie  H . ,  2 n d  L t . ,  S ta t io n  H o s
p i ta l ,  R o b in s  F ie ld , W a rn e r  R o b in s , 
G a .

R ie d e s e l ,  G . A ., P ro f . ,  S choo l o f E n g rg ., 
M o sco w , I d a h o

R u p p e r t ,  E .  L .,  W a s h in g to n  S ta te  
D e p t ,  o f H e a l th ,  1412 S m ith  
T o w e r , S e a tt l e ,  W a sh .

S h e r a ,  B r ia n  L .,  S e rv . E n g r .,  P e n n sy l
v a n ia  S a l t  M fg . C o ., T ac o m a , 
W a sh .

S ig n o r ,  C . V ., W a te r  S u p t . ,  G ra n ts  
P a s s , O re .

S is le r ,  H .  H . ,  C o n s . E n g r .,  2821 2 9 th
• A v e . W ., S e a tt l e ,  W a sh .

S m ith ,  H a r v e y  J . ,  B ox  218 , Sec. 2, 
M o sco w , I d a h o

S m ith ,  R .  T r u m b u l l ,  9818  N .E . 
M a so n  S t . ,  P o r t l a n d  13, O re .

S m ith s o n ,  T h o m a s ,  C o n s . S a n . E n g r., 
5301 N . K e rb y  A v e ., P o r t la n d ,  Ore.

S m ith w ic k ,  S . C a r l ,  D is t .  S a n . E n g r., 
P o r t l a n d  C e m e n t  A sso c ., 1005 Old 
N a t ’l B a n k  B ld g ., S p o k a n e , W a sh .

S n y d e r ,  M . K . ,  S a n . E n g r .,  S eq u im , 
W a sh .

S p a u ld in g ,  L . H . ,  6851 E . M a rg in a l 
W a y ,  S e a tt l e ,  W a sh .

S p ie s ,  K e n n e th  H . ,  1617 N . E . 6 5 th  
A v e ., P o r t l a n d  13, O re .

S p o r s e e n ,  S ta n le y  E . ,  S p o rsee n  & 
A sso c ., 4 1 9  P l a t t  B ld g ., P o r t la n d  5, 
O re .

S to c k m a n ,  L . R . ,  C o n s . E n g r .,  B a k e r, 
O re .

S y l l ia s s e n ,  M . O . ,  C o n s . E n g r .,  4401 
5 2 n d  A v e ., N .E . ,  S e a tt l e ,  W a sh .

T u r n e r ,  W m . S . ,  W . S . T u r n e r  & C o ., 
P a c if ic  B ld g ., P o r t l a n d ,  O re .

T y le r ,  R . G . ,  P ro f . ,  D e p t ,  of C iv il 
E n g rg .,  U n iv e rs i ty  of W a sh in g to n , 
S e a tt l e ,  W a sh .

V a n  H o r n ,  R . B . ,  P ro f . ,  D e p t ,  o f C iv il 
E n g rg .,  U n iv e rs i ty  o f  W a sh in g to n , 
S e a tt l e ,  W a sh .

V a a le r ,  A d r ia n  W .,  C o n s . E n g r .,  861 
W il l ia m e t te ,  E u g e n e , O reg .

V o g n ild , R .  O . ,  H o o k e r  E le c tro c h e m i
c a l C o ., T a c o m a , W a sh .

V o lp p , A . G . ,  W a te r  S u p t . ,  B ox 114, 
W il la m e tte ,  W e s t  L in n ,  O re .

W a rn e r ,  E .  L . ,  M g r .,  H a r r is o n  P ip e  
C o ., 3615  E . B S t . ,  T a c o m a , W a sh .

W a s h in g to n  S ta te  P o l lu t io n  C o m m ., 
G ig  H a r b o r  L a b o r a to r y ,  G ig  H a r 
b o r , W a s h .

W e b s t e r ,  R o y  W .,  1123 W . S in to , 
S p o k a n e , W a sh .

W il l ia m s ,  C h a s . H . ,  C i ty  E n g r . & 
W a te r  S u p t . ,  826  P e rc iv a l  S t .,  
O ly m p ia , W a sh .
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Pennsylvania Sewage Works Association
Mr. B. S. Bush, Secretary-Treasurer, c/o Pennsylvania Department of Health, 

Kirby Health Center, Wilkes-Barre, Pennsylvania
A dam s, C h a s . F . ,  S ew ag e  S u p t . ,  

R .F .D . N o . 1, D u n c a n s v il le ,  P a .
A llen, J a m e s  H . ,  E n g r .,  T h e  I n t e r 

s ta te  C o m m issio n  o n  th e  D e la w a re  
R iver B asin , 581 B ro a d  S t . ,  S ta te  
Bldg., P h ila d e lp h ia , P a .

Ayers, L ew is  S . ,  S a n . E n g r .,  U . S. 
P e n ite n tia ry , R .F .D .  N o . 3 , L ew is- 
burg , P a .

Bailey, S . C ., D a n v ille  S t a te  H o s p ita l ,  
D anv ille , P a .

B ainbridge, D a v id  W ., 208 Y eak e l 
Ave., C h e s tn u t  H ill, P h ila d e lp h ia , 
Pa.

Bale, H a rv e y  E . ,  A ss t. E n g r .,  A lb r ig h t  
& F rie l, In c ., 18 S . 5 0 th  S t . ,  P h i la 
delph ia , P a .

B arre tt, C ecil H . ,  .Sr. D e s ig n in g  E n g r .,  
D iv. of D esig n , D . P . W ., 443 C ity -  
C o u n ty  B ld g ., P i t t s b u rg h  19, P a .

B arrick , M . J . ,  D is t.  E n g r .,  P e n n s y l
v an ia  D e p t,  of H e a l th ,  138 E . 
T h ird  S t., W ill ia m sp o r t  6, P a .

B arker, J .  C o n ra d , J r . ,  S u p t .  of 
P u m p in g  S ta tio n s , L o w er M e rio n  
T w p., 75 E . L a n c a s te r  A v e ., A rd 
m ore, P a .

B aum , H . J . ,  C ity  E n g r .,  3205 B ro ad  
A ve., A lto o n a , P a .

B e am esd e rfe r , J a s .  A ., C h ie f  O p r ., 
L eb an o n  Sew . T r .  P la n t ,  613 N . 
E ig h th  S t., L e b a n o n , P a .

B ean, E lw ood  L ., C h e m ., B u re a u  of 
W eath e r, 240  C h e s tn u t  S t .  P ie r, 
P h ilad e lp h ia  6, P a .

B eaum ont, H . M ., E n g r .,  4 8 0  M a r t in  
S t., R ox ., P h ila d e lp h ia , P a .

B eckett, R . C . ,  S t a te  S a n . E n g r ., 
S ta te  B oard  of H e a l th ,  D o v e r , D el.

B erry , R o b e r t  D . ,  C h ie f  O p r .,  209 
F ra n k lin  S t .,  N o rr is to w n , P a .

B oardm an , J o h n ,  S a n . & H y d .  E n g r ., 
723 C la ren d o n  R d .,  P e n n  V a lley , 
N a rb e rth , P a .

B oardm an, W m . H u n te r ,  J r . ,  C iv il, 
H yd . & S an . E n g r .,  426 W a ln u t  S t., 
P h ilad e lp h ia , P a .

Bogardus, T h e o d o re  S .,  P ro f.  E n g r .,  
141 M u rp h y  S t . ,  B e re a , O h io

Bolenius, R o b e r t  M .,  C h e m ., 561 S . 
Queen S t .,  L a n c a s te r ,  P a .

B ontem po, D o m in ic , C h ie f  O p r .,  834 
S m ith  S t .,  N o r r is to w n , P a .

Brown, D r . G le n n  V ., 312 E . M a in  
S t., M e ch a n ic sb u rg , P a .

B rum baugh , W . V ., N a t io n a l  L im e  
Assn., 9 2 7 -1 5 th  S t .  N .W ., W a s h in g 
ton, D . C.

B runn, P h ilip  A ., J r . ,  M g r., P h ilip  A. 
B runn , J r . ,  S a n . D iv .,  In g o m a r , P a .

Edw ard G . B u d d  M g f. C o ., A ir c ra f t  
A ssem bly P la n t ,  R e d  L io n  & 
V erree R d s ., B u s t le to n ,  P h i la d e l
phia, P a .

B ush, B e rn a rd  S . ,  D is t .  E n g r .,  P e n n 
sy lv an ia  D e p t ,  o f  H e a l th ,  K irb y  
H ea lth  C e n te r ,  W ilk e s -B a r re , P a .

Buckley, T h o m a s , P h i la d e lp h ia  B u 
reau of E n g r .,  C i ty  of P h ila d e lp h ia ,  
1103 C ity  H a ll  A n n e x , P h i la d e lp h ia  
7. P a .

C am pbell, J o h n ,  C o n s . E n g r .,  C h e s te r  
E n g in eers , 210  E . P a rk w a y ,  P i t t s 
b urg h , P a .

C arp en te r, J .  D . ,  C iv il E n g r .,  G a n n e t t ,  
F lem in g , C o rd d ry  8c C a r p e n te r  In c .,  
H a rr isb u rg , P a .

C arte r, N . C ., C h ie f  C h e m ., R a in e y -  
W ood C o k e  C o ., C o n sh o h o c k e n , 
P a.

C a u lw e ll,  W ils o n  S . ,  O p r .,  B o ro  of 
E p h r a ta ,  223 W . F r a n k lin  S t .,  
E p h r a ta ,  P a .

C h a s e ,  E .  S h e r m a n ,  M e tc a lf  8c E d d y , 
1300 S ta t le r  B ld g ., B o s to n , M a ss .

C h u b b ,  R o b e r t  S .,  C i ty  E n g r .,  1318 
C a rb o n  S t . ,  R e a d in g , P a .

C le la n d , R . R . ,  222 H a r ts w ic k  A v e ., 
S t a te  C o lleg e , P a .

C lo u s e r ,  L . H . ,  P r in .  S a n . E n g r .,  
T e n n e s se e  V a lle y  A u th o r i ty ,  618 
U n io n  B ld g ., K n o x v il le ,  T e n n .

C o rd d ry , W . H . ,  G a n n e t t ,  F le m in g , 
C o rd d ry  8c C a rp e n te r  In c . ,  H a r r is 
b u rg ,  P a .

C o s n e r ,  L a f a y e t te ,  O p r .,  D o y le s to w n  
B o ro u g h  S ew er D e p t . ,  77 N . H a m il
to n  S t . ,  D o y le s to w n , P a .

D a n ie ls ,  F . E . ,  C h ie f, 4017 N . S eco n d  
S t . ,  H a r r is b u rg ,  P a .

D a rb y ,  W . A ., T h e  D o r r  C o ., 570 
L e x in g to n  A v e ., N e w  Y o rk , N . Y .

D a v is ,  E d w a rd  T . ,  C o n s. E n g r .,  210 
E . P a rk w a y ,  P i t t s b u rg h ,  P a .

D a w s o n , T h o m a s  T . ,  H a rw o o d  B eebe  
C o ., M o n tg o m e ry  B ld g ., S p a r ta n s -  
b u rg , S . C .

D e r m it t ,  C h a s . W ., F ie ld  R e p ., P e n n 
s y lv a n ia  S a lt  M fg . C o ., 541 U n io n  
T r u s t  B ld g ., P i t t s b u rg h ,  P a .

D ie fe n d o r f ,  F r e d  G .,  S u n t . ,  Sew . T r . 
P la n t ,  346 W . E ig h th  S t . ,  E r ie , P a .

D o u g la s s ,  R . M .,  C iv il E n g r .,  912 
C o lu m b ia  B a n k  B ld g ., P i t t s b u rg h ,  
P a .

D u r r ,  J o h n  J . ,  J r . ,  B ox  83 , B a r tle y ,  
N . J .

E a s tb u m ,  W . H . ,  R e p .,  T h e  M a th ie -  
so n  A lk a li  W o rk s , In c .,  W id e n e r  
B ld g ., P h i la d e lp h ia ,  P a .

E c k b e r t ,  C h e s te r  A ., B o ro u g h  M g r., 
H a n o v e r ,  P a .

E d g e r le y ,  E d w a r d ,  343 N .W . E n d  
A v e ., L a n c a s te r ,  P a .

E l ia s ,  G e o . A ., D is t .  E n g r .,  P e n n s y l
v a n ia  D e p t ,  of H e a l th ,  412 C ity  
C e n te r  B ld g ., 121 N . B ro a d  S t .,  
P h i la d e lp h ia  7, P a .

E lk la n d  L e a th e r  C o ., I n c . ,  Sole 
L e a th e r  T a n n e ry ,  E lk la n d ,  P a .

E m e rs o n ,  C . A ., H a v e n s  8c E m e rso n , 
W o o h v o rth  B ld g ., N e w  Y o rk  7, 
N .  Y .

E m ig h , W ill ia m  C ., C i ty  E n g r .,  
C o a te sv il le ,  P a .

E n g lis h , J o s e p h ,  J r . ,  O p r .,  M u n ic ip a l  
S ew . T r .  W o rk s , 927 F o rd  S t .,  
B r id g e p o r t ,  M o n tg o m e ry  C o ., P a .

E s t r a d a ,  A lfre d  A ., C iv il  E n g r .,  A l
b r ig h t  8c F r ie l ,  I n c .,  7950  B a y a rd  
S t . ,  P h i la d e lp h ia  19, P a .

E v a n s ,  J a m e s ,  W a te r  8c S ew . S u p v r .,  
R e a d in g  A rm y  A ir  B ase , 343 C a r-  
so n ia  A v e ., R e a d in g , P a .

F a b e r ,  H a r r y  A ., 50  E . 4 1 s t  S t . ,  N e w  
Y o rk , N . Y .

F le m in g ,  M . C ., D iv .  E n g r .,  H a rd in g e  
C o ., In c .,  Y o rk , P a .

F o s te r ,  N o rm a n ,  C o n s . E n g r .,  D a m o n  
8c F o s te r ,  C h e s te r  P ik e  & H ig h  S t . ,  
S h a ro n  H il l,  P a .

F r e e b u m ,  H .  M .,  D is t .  E n g r .,  P h i la 
d e lp h ia  S u b u r b a n  W a te r  C o ., 1251 
M o n tg o m e ry  A v e ., W y n n e w o o d , 
P a .

F r e u n d ,  J .  P . ,  V ic e -P re s .  & P la n t  
E n g r .,  W y o m iss in g  V a lle y  D isp o sa l 
C o ., P . O . B ox  9 4 0 , R e a d in g , P a .

F r ie l ,  F . S . ,  C o n s . E n g r .,  A lb r ig h t  & 
F r ie l ,  1520 L o c u s t  S t . ,  P h i la d e lp h ia ,  
P a .

F u lm e r ,  J o h n  O . ,  J r . ,  C i ty  C h e m ., 
E a s to n ,  P a .

F u n k ,  J o h n  T . ,  J r . ,  B o ro u g h  E n g r .,  
M u n ic ip a l  B ld g ., T y ro n e ,  P a .

G e r h a r t ,  E d g a r ,  O p r . ,  S ew . D isp . 
P l a n t ,  S p r in g  C i ty ,  P a .

G id le y ,  H .  K . ,  A sso c . E n g r .,  S t a te  
H e a l th  D e p t . ,  C h a r le s to n ,  VV. V a.

G i lb e r t ,  J .  J . ,  L t .  C o l., S a n . E n g r .,  
1904 W o r th  A v e ., S i lv e r  S p r in g s , 
M d .

G il l ,  P a u l ,  725 C h e s tn u t  S t . ,  I n d ia n a ,  
P a .

G la c e ,  I .  M .,  C o n s . E n g r .,  20  S . 2 2 n d  
S t . ,  H a r r is b u r g ,  P a .

G o d s h a l l ,  H o ra c e  E . ,  S u p t . ,  B ldgs. 
a n d  G ro u n d s , U r s in u s  C o lleg e , 
C o lle g e v ille , P a .

G off, W m . A .,  C o n s . E n g r .,  B ro a d  S t .  
S ta t io n  B ld g ., 1 6 th  8c P e n n s y lv a n ia  
B lv d s .,  S u i te  1411, P h i la d e lp h ia ,  
P a .

G o rm a n ,  W m . A ., C a p t .,  P e n n s y lv a n ia  
D e p t ,  of H e a l th ,  H a r r is b u r g ,  P a .

G ra c e n in ,  S y lv e s te r ,  O p r .,  778  C e d a r  
S t . ,  S h e ro n , P a .

G r o s s a r t ,  L . J .  H . ,  C o n s . E n g r .,  816 
C h e w  S t . ,  A lle n to w n , P a .

G r u s s ,  J o h n  G . ,  C iv il  E n g r .,  A lb r ig h t  
8c F r ie l ,  I n c .,  46 3 8  N . 1 3 th  S t . ,  
P h i la d e lp h ia  4 0 , P a .

H a d d o c k ,  F r e d .  R . ,  C h ie f  E n g r .,  
R o b e r ts  F i l t e r  M fg . C o ., D a r b y ,  P a .

H a r r is ,  J .  F . ,  S t ro u d s b u rg  S e p tic  T  tn k  
C o ., 312 M a in  S t . ,  S t ro u d s b u rg . P a .

H a r t ,  W . B .,  S u p t . ,  G a s , A c id , 8c 
D ra in a g e  D e p t . ,  T h e  A t la n t ic  R e 
f in in g  C o ., 314 4  P a s s y u n k  A v e ., 
P h ila d e lp h ia ,  P a .

H a r tz e l l ,  E .  F . ,  S u p t . ,  P a lm e r to n  D is 
p o sa l C o ., P a lm e r to n ,  P a .

H a s e l t in e ,  T . R . ,  S a n .  E n g r .,  4817 
C e n tre  A v e ., P i t t s b u rg h ,  P a .

H a v e n ,  J o h n  F . ,  M a y o r ,  C i ty  B ld g ., 
N e w  C a s tle ,  P a .

H a w o r th ,  J .  V ., C i ty  S e c re ta ry ,  M o y -  
lan , R o se  V a lle y , P a .

H a y d o c k , C h a s . ,  C o n s . E n g r .,  311 
C o m m e rica l T r u s t  B ld g ., P h i la d e l 
p h ia  2 , P a .

H e d g e p e th ,  L . L ., R es . C h e m ., P e n n 
sy lv a n ia  S a l t  M fg . C o ., 1000 W id - 
e n d e r  B ld g ., P h i la d e lp h ia ,  P a .

H e l le r ,  C . F . ,  Sec ., S t ro u d s b u rg  
S e p tic  T a n k  C o ., 312 M a in  S t . .  
S t ro u d s b u rg ,  P a .

H e r r ,  H .  N .,  114 J a v a  A v e ., H e rsh e y , 
P a .

H e s s ,  D a n ie l  J . ,  J r . ,  S a n . E n g r .,  7530 
S t .  C h a r le s  A v e ., N e w  O rle a n s , L a .

H e s s ,  E d w a rd  C ., P ro f. E n g r .,  33 N . 
7 th  S t . ,  S t ro u d s b u rg ,  P a .

H e w it t ,  A . C ., C h ie f  E n g r .,  W a rre n  
C o u n ty ,  B e lle fo n te , P a .

H ib s c h m a n ,  C h a r le s  A ., S u p t . ,  A m b le r  
B o ro u g h , A m b le r , P a .

H i l l ,  T h e o .  C ., C o n s . E n g r .,  H ill 8c 
H ill, E n g in e e rs ,  N o r th  E a s t ,  P a .

H o a k ,  R ic h a rd  D . ,  R e s . S a n . E n g r .,  
M e llo n  I n s t i tu t e  o f I n d u s t r ia l  R e 
se a rc h , P i t t s b u rg h ,  P a .

H o d g e ,  W . W .,  H e a d , D e p t ,  o f C h e m i
c a l E n g rg .,  W e s t  V irg in ia  U n iv e r 
s i ty ,  M o rg a n to w n , W . V a.
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H o e f lic h ,  G . C .,  O p r .,  619  S a u d e  A v e ., 
E s s in g to n ,  P a .

H o f fe r t ,  J .  R . ,  P e n n s y lv a n ia  D e p t ,  of 
H e a l th ,  H a r r is b u rg ,  P a .

H u t to n ,  H .  S . ,  W a lla c e  & T ie rn a n  C o ., 
In c . ,  N e w a rk ,  N . J .

I m b t ,  M . R u s s e l l ,  S a le s  E n g r .,  
S t ro u d s b u r g  S e p t ic  T a n k  C o ., 312  
M a in  S t . ,  S t ro u d s b u r g ,  P a .

J e n n e ,  L y le  L .,  S a n . E n g r .,  825 C i ty  
H a ll  A n n e x , P h i la d e lp h ia ,  P a .

J o h n s o n ,  E a r le  P . ,  F la n n e r y  B ld g ., 
P i t t s b u r g h ,  P a .

J o n e s ,  E .  M .,  G e n . M g r.,  S im p le x  
V a lv e  & M e te r  C o ., 6 8 th  & U p la n d  
S ts . ,  P h i la d e lp h ia ,  P a .

J o n e s ,  F r a n k  W o o d b u ry ,  1140 L e a d e r  
B ld g ., C le v e la n d , O h io

K a p p e ,  S . E . ,  D is t .  S a n . E n g r .,  5230 
M a s s a c h u s e tt s  A v e ., W a sh in g to n ,
D . C .

K ie lk o p f ,  F r e d e r ic k  J . ,  A s s t .  S u p t .  & 
C h ie f  O p r .,  R a d n o r -H a v e r fo rd  
S e w e r  T r .  P l a n t ,  1122 G a rf ie ld  A v e ., 
M a n o a ,  U p p e r  D a r b y ,  P a .

K in d e rm a n ,  W m .,  S u p t . ,  200  N . 2 6 th  
S t . ,  C a m p  H ill,  P a .

K le in ,  L e w is , C i ty  S u p v r .,  2221 
P e rk io m e n  A v e ., M t .  P e n n ,  R e a d 
in g , P a .

K r u m ,  H a r r y  J . ,  C i ty  C h e m ., J e ff e r 
so n  & L a w re n c e  S ts . ,  A lle n to w n , 
P a .

L a n g fo rd ,  L e o n a rd  L . ,  P a c if ic  F lu s h  
T a n k  C o ., 441 L e x in g to n  A v e ., N e w  
Y o rk , N . Y .

L e h ,  M a jo r  W il la r d ,  1376 P e rk io m e n  
A v e ., R e a d in g ,  P a .

L e in b a c h ,  H a r r y ,  O rp . ,  S ew . T r .  
P la n t ,  234 G re e n w ic h  S t . ,  K u tz -  
to w n , P a .

L e i th i s e r ,  E . ,  S u p t . ,  N e w  E a s te rn  
S t a te  P e n i te n t ia r y ,  c /o  M r .  J o h n  H . 
F lo h r ,  S r .,  G r a te r f o rd ,  P a .

L o n g , G e o rg e  S . ,  D e s ig n in g  E n g r .,  816 
C h in o o k  A v e ., A k ro n , O h io

L o n g le y , P a u l  N . ,  S u p t . ,  R a d n o r-  
H a v e r fo rd  S ew . T r .  P l a n t ,  G le n 
d a le  R o a d ,  B o n  A ir ,  N e w to n  
S q u a re  P .  O ., P a .

L u ff, R . M .,  251 R o s ly n  A v e ., G len - 
s id e , P a .

M c A d o o  & A lle n  W e lt in g  C o .,  S .
H e lle r to w n  A v e ., Q u a k e r to w n , P a .

M c C a b e ,  M ic h a e l ,  O p r .,  501 E . W a l 
n u t  S t . ,  N o r th  W a le s , P a .

M c C a r tn e y ,  C . L .,  C i ty  C o m m ., D e p t ,  
o f S t r e e t s  & P u b lic  Im p ro v e m e n t ,  
20 2 4  F o u r th  A v e ., A l to o n a ,  P a .

M a llo ry ,  E d w a rd  B . ,  C o n s . E n g r .,  
R e s . L a b o ra to r ie s ,  L a n c a s te r  I ro n  
W o rk s , In c .,  85 Z a b r is k ie  S t . ,  
H a c k e n s a c k , N . J .

M a n s f ie ld ,  M . G . ,  R e p . & C o n s . E n g r .,  
M o rr is  K n o w le s , I n c . ,  1312 P a rk  
B ld g ., F i f t h  A v e . & S m ith fie ld  S t .,  
P i t t s b u rg h ,  P a .

M a r t in ,  G e o .  W .,  S u p t . ,  M t .  G r e tn a  
B o ro  D is p . P la n t ,  M t .  G r e tn a ,  P a .

M a t t e r ,  L . D . ,  D is t .  E n g r .,  25 3 6  L e x 
in g to n  S t . ,  H a r r is b u r g ,  P a .

M e b u s ,  G e o rg e  B . ,  C o n s . E n g r .,  112 
S. E a s to n  R o a d , G le n s id e , P a .

M e r k e l ,  P a u l  P . ,  C o n s . C h e m ., 1707 
O liv e  S t . ,  R e a d in g ,  P a .

M e tz g e r ,  A m b ro se  B . ,  S u p t . ,  Sew . 
T r .  P la n t ,  731 L ib e r t  S t . ,  A lle n 
to w n , P a .

M il le r ,  J .  J o h n ,  M a jo r  C .E . ,  0 -299155 , 
G -5 , 1 0 6 th  I n f .  D iv . ,  A P O  443 , c /o  
P o s tm a s te r ,  N e w  Y o rk , N . Y .

M il le r ,  L e w is  B . ,  C o n s . E n g r .,  245 
F o r r e s t  S t . ,  A m b le r ,  P a .

M il lig a n ,  F r a n c i s  B . ,  2314  W a ln u t  
S t . ,  C a m p  H il l,  P a .

M itz e l ,  R o b e r t  W .,  S u p t . ,  S ew . D isp .
P l a n t ,  C i ty  H a l l ,  Y o rk ,  P a .  

M o e lle r ,  B e r n a rd  B . ,  O p r .,  8705  S t a r 
d u s t  L a n e ,  P h i la d e lp h ia  36 , P a .  

M o o n ,  J a m e s  N . ,  S e w e r  S u p t . ,  M e d ia , 
P a .

M o o re ,  C h a r le s  A ., O p r .,  S ew . D isp . 
P l a n t ,  4 5 0  G re e n  S t . ,  R o y e rs fo rd , 
P a .

M o r r i s ,  P a u l  J . ,  S u p t . ,  S e w . T r .  P la n t ,  
319  S . S ix th  S t . ,  R e a d in g ,  P a . 

M o rr is e y ,  R ic h a rd  A .,  W a te r  S u p p ly  
& S e w a g e  E n g r .,  16 P o t te r  S t .,  
L a c e y  P a r k ,  H a tb o ro ,  P a .

M o s e s ,  H .  E . ,  1522 N . S e c o n d  S t . ,  
H a r r is b u r g ,  P a .

M o w re y ,  J .  H a s e ,  R e p .,  B o ro  of 
C h a m b e rs b u rg ,  P u b l ic  U t i li t ie s ,  
C h a m b e rs b u rg ,  P a .

M o w ry , R .  B . ,  1649 N . B ro a d  S t . ,  
P h i la d e lp h ia ,  P a .

M o y a , I n g .  V ic to r  J o s e ,  C .E . ,  A v e n id a  
J u a re z  N °  60-207 y  2 0 8 , M ex ico ,
D .F . ,  M e x ic o

M u lv ih il l ,  F r a n c i s  J . ,  A d m in . A ss t. 
C o rp s  o f E n g r s .,  1028 C o n n e c t ic u t  
A v e . N .W .,  W a s h in g to n  6 , D . C . 

M u rd o c k ,  W m . J . ,  S a n . E n g r .,  3984  
D re x e l H ill  R d . ,  P i t t s b u r g h ,  P a .  

N e ls o n ,  H .  L lo y d , A s s t .  R e s . E n g r . 
a n d  E a s te r n  S a le s  M g r .,  U . S . P ip e  
& F o u n d r y  C o ., 1624 L in c o ln  L ib 
e r ty  B ld g ., B ro a d  8c C h e s tn u t  S ts .,  
P h i la d e lp h ia  7, P a .

O ’D o n n e l l ,  R . ,  P ro f .  H y d .  & S a n . 
E n g r .,  119 S . A th e r to n  S t . ,  S t a te  
C o lleg e , P a .

O ’H a r a ,  J o h n ,  O p r .,  W h ite  H a v e n  
S a n a to r iu m ,  W h ite  H a v e n ,  P a .  

O le w ile r ,  G r a n t  M .,  S u p t . ,  S a n . 
D ra in a g e ,  L o w er  M e rio n  T w p .,  75
E . L a n c a s te r  A v e ., A rd m o re , P a .  

O p l in g e r ,  L e s te r ,  O p r .,  803 W a s h in g 
to n  A v e ., N o r th a m p to n ,  P a .

P a r d e w ,  W . H o lm e s ,  S a le s  E n g r .,  
T h e  B u sh n e ll  M a c h in e ry  C o ., 311 
R o ss  S t . ,  P i t t s b u r g h ,  P a .

P a y ro w , H a r r y  G . ,  R e p . ,  A ss t.  P ro f.  
S a n .  E n g r .,  D e p t ,  of C iv il  E n g rg .,  
L e h ig h  U n iv e rs i ty ,  B e th le h e m , P a . 

P e a le r ,  T h o m a s ,  C iv il  E n g r .,  B ox 
N o . 2 6 7 , I n d ia n a ,  P a .

P e c k e r ,  J o s e p h  S . ,  P e c k e r ,  S im p s o n  & 
G la d e c k ,  2 0 0  M a d is o n  A v e ., N e w  
Y o rk , N . Y .

P h i l l ip s ,  R o y  L .,  C i ty  E n g r .,  M e a d -  
v ille , P a .

R a ls to n ,  W ilm e r  R . ,  S e w e ra g e  O p r .,  
214 W ill ia m  S t . ,  D o w n in g to w n , P a . 

R e d m a n ,  G e o .  W .,  O p r . ,  336  E .
L in c o ln  H w y .,  C o a te sv i l le ,  P a .  

R e e s e ,  M a r s h a l l ,  R e p .,  B u c k  H ill 
F a l ls  C o ., B u c k  H il l  F a l ls ,  P a .  

R e e v e ,  L e s te r  G . ,  O p r .,  S ew . T r .  
W o rk s  & I n d .  W a s te s ,  309  L o n e y  
S t . ,  F o x  C h a se , P h i la d e lp h ia ,  P a .  

R e u n in g ,  H o w a rd  T . ,  E n g r .,  K e y s to n e  
T a n n in g  a n d  G lu e  C o ., M o n t-  
m o re n c i  R d . ,  R id g w a y ,  P a .

R h o a d s ,  E d w a r d  J . ,  S u p t .  S e w . T r .  
P l a n t ,  C i ty  o f L a n c a s te r ,  531 
C h e s te r  S t . ,  L a n c a s te r ,  P a .

R ic e , J o h n  M .,  C o n s . E n g r .,  C e n tu ry  
B ld g ., P i t t s b u r g h  2 2 , P a . 

R ic k e n b a c h ,  H o w a rd  F . ,  B o ro u g h  
M g r.  of W e s t  R e a d in g , B o ro u g h  
H a l l,  W e s t  R e a d in g ,  P a .

R o c k s t ra w , F .  W .,  D i s t .  S a le s  M g r.,  
C h ic a g o  P u m p  C o ., 4 2 0  O liv e r  
B ld g ., P i t t s b u r g h  2 2 , P a .

R o e l le r ,  R .  S . ,  F ie ld  S a le s  M g r., 
P e n n s y lv a n ia  S a l t  M fg . C o ., 1000 
W id e n e r  B ld g ., P h i la d e lp h ia ,  P a .  

R o e tm a n ,  E d m o n d  T . ,  S a n .  E n g r .,  
A m e ric a n  V isco se  C o rp .,  M e rc u s  
H o o k , P a .

R o g e r s ,  D . P a u l ,  S e n io r  C h e m ., S ta te  
D e p t ,  o f H e a l th ,  H a r r is b u rg ,  P a .

R o s e n g a r te n ,  W . E . ,  T w p . E n g r .,  75 
E . L a n c a s te r  A v e ., A rd m o re , P a .

R u b in c a m , J a m e s  L .,  A s s t .  W a te r  & 
S e w a g e  E n g r .,  M id d le  H o lla n d  R d ., 
R .F .D .  N o . 2, N e w to w n , P a .

S c h a tz ,  R o b e r t  J . ,  231 S . A th e r to n  
S t . ,  S t a t e  C o lleg e , P a .

S c h a u t,  G e o rg e  G .,  C h ie f  C h em ., 
1308 W . O n ta r io  S t . ,  P h ila d e lp h ia , 
P a .

S c h e ffe r ,  L o u is  K . ,  1013 G re e n  S t., 
H a r r is b u r g ,  P a .

S c h r o e d e r ,  H a r r y ,  O p r .,  204 C h a rle s  
S t . ,  C o a te sv il le ,  P a .

S c h w a r tz ,  H .  L .,  E a s te r n  D is t .  R ep ., 
T h e  A m e ric a n  W e ll W o rk s , In c ., 
807  C o m m e rc ia l  T r u s t  B ld g ., P h i la 
d e lp h ia  2 , P a .

S e a r ig h t ,  G e o .  P . ,  C a p t .  P o s t  E n g r., 
M . H .  & R . P .,  M a r i e t t a ,  P a .

S e l tz e r ,  J .  M .,  C h e m ., E lk in s  T a n n e ry , 
E lk in s ,  W . V a .

S h a n k ,  J o h n  J . ,  C h e m ., D ir .  of W a y n e  
L a b o r a to r ie s ,  17 E .  M a in  S t., 
W a y n e s b o ro ,  P a .

S h e e n ,  R o b e r t  T . ,  C h e m . E n g r .,  1300 
E . M e rm a id  A v e .,  P h ila d e lp h ia  18, 
P a .

S h e r r a t t ,  G a y le  F . ,  D is t .  M g r., C hain  
B e l t  C o ., 614  G r a n t  B ld g ., P i t t s 
b u rg h  19, P a .

S h e r tz e r ,  J .  H . ,  C i ty  E n g r .,  L a n c a s te r ,  
P a .

S h ie ld s ,  J a m e s  L . ,  C iv il  E n g r .,  T e x 
t ile  M a c h in e  W o rk s ,  P . O . Box 1382, 
R e a d in g ,  P a .

S h iffe r ,  R u s s e l l  R . ,  S u p t .  of P u b lic  
W o rk s ,  313  W a lla c e  S t . ,  S tro u d s 
b u rg ,  P a .

S h iv e rs ,  C lif fo rd  H . ,  T h e  B allinger 
C o ., 105 S . 1 2 th  S t . ,  P h ila d e lp h ia ,  
P a .

S h o w a l te r ,  C h a s .  M .,  S te w a rd ,  L au rel-  
to n  S t a t e  V illa g e , L a u re l to n ,  P a .

S i e b e r ,  J o h n  D .,  C iv il  E n g r .,  8420 
A rd le ig h ,  P h i la d e lp h ia  18, P a .

S i e b e r t ,  C h r i s t ia n  L . ,  E x ec . E n g r ., 
2 22  W illo w  A v e .,  C a m p  H ill, P a .

S m ith ,  M a rv in  L . ,  M a jo r ,  20 E . 
D e la w a re  P la c e , C h ic a g o  11, 111.

S n e ls i r e ,  W il l ia m , R e p . ,  P e n n s y lv a n ia  
S a l t  M fg . C o ., 641 U n io n  T ru s t  
B ld g ., P i t t s b u r g h ,  P a .

S p e a r ,  W il l ia m  B .,  S u p t . ,  S ew . D isp . 
P l a n t ,  R .F .D  N o . 7, C h a m b e rsb u rg , 
P a .

S p e id e n ,  P r o f .  H .  W .,  D e p t ,  of C iv il 
E n g rg .,  W e s t  V irg in ia  U n iv e rs ity , 
M o rg a n to w n , W . V a .

S te w a r t ,  H .  M .,  3 5 th  & A lleg h en y  
A v e .,  P h i la d e lp h ia ,  P a .

S t ro c k b in e ,  W a l te r ,  S ew . P la n t  S u p t .,  
B u d d  M fg . C o .,  3433  R y a n  A ve ., 
P h i la d e lp h ia  3 6 , P a .

S t ro h m ie r ,  C h a r le s  W .,  O p r .,  R ich - 
b o ro , P a .

S u s a ,  S te p h e n  A ., S u p t .  of S ew age 
P l a n t ,  306  H a m il to n  A v e ., F a r re l l ,  
P a .

S w a b , B e r n a l  H . ,  S a n . E n g r .,  606 
T o le d o  T r u s t  B ld g ., T o le d o  4 , O h io

S w in e h a r t ,  E u g e n e  B . ,  C h ie f  O p r ., 
P o t ts to w n  B o ro  S ew . D isp . P la n t,  
1133 S o u th  S t . ,  P o t ts to w n ,  P a .

T a b o r ,  J a m e s  V e rn o n ,  S ew . P la n t  
O p r . ,  P e n n h u r s t  S t a te  S ch o o l, 
S p r in g  C i ty ,  P a .

T a r k ,  M . B . ,  S a n . E n g r .,  5125 S y d e n 
h a m  S t . ,  P h i la d e lp h ia  4 1 , P a .

T a r m a n ,  J o h n  E . ,  W . H . & L . D . B etz , 
C h e m . E n g rs .,  G il lin g h a m  an d  
W o r th  S t s . ,  F r a n k fo r d ,  P h ila d e l
p h ia ,  P a .
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T a y lo r , H e n ry  W .,  C o n s . E n g r .,  11 
P a rk  P la ce , N e w  Y o rk , N . Y .

T e m p le ,  N . E . ,  153 R o s e m o n t A v e ., 
C oatesv ille , P a .

T horn , W m . J . ,  B ra n c h  M g r., In n is , 
Speiden  & C o ., 401 N . B ro a d  S t . ,  
P h ila d e lp h ia , P a .

T reb le r , H . A ., C lie m . E n g r .,  1403 
E u taw  P lace , B a ltim o re  17, M d .

T u rn e r, H o m e r  G .,  R e s . E n g r .,  P e n n 
sy lv an ia  S t a te  C o lleg e , S t a te  C o l
lege, P a .

T ygert, C . B .,  R e p .,  W a lla c e  & T ie r-  
nan  Co., In c ., 190 C h r is to p h e r  S t . ,  
M o n tc la ir , N . J .

U m b e n h a u e r ,  E . J . ,  D e p t ,  of W a te r  & 
Sew erage, E l P a so , T ex .

Van A tta , J .  W .,  V ic e -P re s ., R a lp h  B. 
C a r te r  C o ., 53 P a r k  P la ce , N e w  
Y ork , N . Y .

V arner, F ra n k  S .,  S a n . E n g r .,  1019 
18th A ve ., A lto o n a , P a .

Vosicky, F ra n k  E . ,  A ss t .  E n g r .,  A l
b r ig h t & F rie l, In c ., 7297 “ C ” 
G uilford  R d .,  U p p e r  D a rb y ,  P a .

W agner, E d w in  B ., R es . E n g r .,  
D o w n in g to n , P a .

W ag n er, V in c e n t, G e n . F o re m a n , 
P h ilip  A. B ru n n , J r . ,  S a n i ta r y  D iv ., 
R .F .D .,  W ex fo rd , P a .

W aite , P a u l  W ., C h e m ., E lk la n d  
L e a th e r  C o ., In c .,  E lk la n d ,  P a .

W a lk e r ,  E d w a rd  A ., 117 C o lleg e  A ve ., 
M t .  P le a s a n t ,  P a .

W a tk in s ,  F . B . ,  E n g r . in  C h a rg e  of 
B a th in g  P la ce s , P e n n s y lv a n ia  D e p t ,  
o f H e a l th ,  B u re a u  of S a n . E n g rg .,  
H a r r is b u rg ,  P a .

W e a c h te r ,  H o r a c e ,  S u p t . ,  B o ro  of 
L a n s d a le ,  110 C o u r t la n d  S t . ,  L an s- 
d a le , P a .

W e is e l ,  W . O .,  C i ty  E n g r .,  S u p t .  of 
P u b l ic  W o rk s , B o ro u g h  H a ll, 
D o y le s to w n , P a .

W e r tz ,  C . F . ,  R es . E n g r .,  P . O . Box 
482 , M ia m i, F la .

W e s to n ,  R o y  F . ,  S a n . E n g r .,  3144 
P a s s y u n k  A v e ., P h i la d e lp h ia  45, 
P a .

W h itb y ,  S te p h e n  S . ,  c /o  C h ic a g o  
P u m p  C o ., 2019  R i t te n h o u s e  
S q u a re ,  P h i la d e lp h ia ,  P a .

W h itc o m b , L e o n  R . ,  S a n . E n g r .,  408 
W e s t  A v e ., J e n k in to w n , P a .

W h ite ,  F . L .,  S u p t . ,  Y o u n g sv ille  S e w 
a g e  W o rk s , 316  E . M a in  S t . ,  
Y o u n g sv ille ,  P a .

W ie s t ,  G o rd o n  J . ,  C h e m ., 425 C o t t-  
m a n  S t . ,  J e n k in to w n , P a .

W ill ia m s , A . C ., H a v e r fo rd  T o w n sh ip  
E n g r .,  U p p e r  D a r b y  P o s t  Office, 
O a k m o n t,  P a .

W ill ia m s , W ill ia m  D .,  D iv . E n g r ., 
M o rr is  K n o w le s  In c .,  144 M a rs h a ll  
A v e ., P i t t s b u rg h  14, P a .

W ir t ,  R . M .,  S a n . E n g r .,  C o u r t  H o u se , 
A rlin g to n , V a .

W is m e r ,  J .  E a r l ,  A ss t. O p r . & C h ie f  
M a in t . ,  D o y le s to w n  B o ro u g h  S ew er 
D e p t . ,  57 H il ls id e  A v e ., D o y le s 
to w n , P a .

W o o d rin g , R . W .,  C i ty  C h e m . & 
B a c t .,  B e th le h e m  C i ty  L a b o r a to r y ,  
T h ird  & A d a m s  S ts . ,  B e th le h e m , 
P a .

W o o d w a rd , J o h n  D ., P la n t  S u p v r .,  
204 E . T e n th  A v e ., C o n sh o h o c k e n , 
P a .

W o r r e s t ,  H o w a rd  A ., S u p t .  of W a te r  
& S ew ers , B o ro u g h  o f M ille rsv ille , 
M ille rsv ille , P a .

W y a n t,  C lif fo rd , A ss t, to  C h ie f  O p r .,  
R ic h b o ro , P a .

Y e n c h k o , J o h n ,  S a n . E n g r .,  696  N . 
L o c u s t  S t .,  H a z e lto n , P a .

Y e rk e s ,  M ilto n  R . ,  E n g r .,  R a d n o r  
T w p ., W a y n e , P a .

Y o u n g , C . H . ,  D is t .  E n g r .,  P e n n s y l
v a n ia  D e p t ,  of H e a l th ,  608-09  
C ra w fo rd  C o u n ty  T r u s t  B ld g ., 
M e a d v il le ,  P a .

Y o u n g , N o rm a n ,  C . B o ro u g h  M g r.,  
B o ro u g h  H a ll,  P h o e n ix v ille , P a .

Z a c k , S a m u e l  I . ,  S a n . E n g r .,  G a n n e t t ,  
F le m in g , C o rd d ry  & C a r p e n te r  In c .,  
600  N . S e c o n d  S t . ,  H a r r is b u rg ,  P a .

Z ie g le r ,  C . H . ,  O p r .,  N a z a r e th  S e w e r
a g e  C o ., N a z a r e th ,  P a .

Rocky M ountain Sewage Works Association
Mr. Carroll H. Coberly, Secretary-Treasurer, 1441 W elton Street, Denver 2, Colorado

A nderson , D av id  W ., C h e m . 429 N . 
T h ird  S t . ,  L in d b o rg , K a n s .

Bailey, O . L ., A ss t. S a n . E n g r .,  P o s t 
E ngr., F o r t  W a rre n ,  C h e y e n n e , 
W yo.

Cary, G len , S r .,  O p r .,  F t .  L o g a n  Sew . 
T r. P la n t,  2926 E a to n  S t . ,  D e n v e r , 
Colo.

C ed erb erg , C . R . ,  1420 D a h l ia  S t . ,  
D enver, C olo.

Coberly, C a rro ll  H . ,  C o n s. E n g r .,  1441 
W elton  S t . ,  D e n v e r , C olo .

Coplen, W a rre n  W .,  C i ty  M g r.,  Box 
656, P o r ta le s ,  N . M .

Coy, B u rg is, C i ty  E n g r .,  C i ty  H a ll, 
F t .  C o llins, C o lo .

Dagger, G . E . ,  S u p t .  W a te r  & S ew ag e , 
U nit 3, R o u te  2, B ox 103, L i t t le to n ,  
Colo.

Davis, C h a r le s  A ., C i ty  S a n . E n g r .,  
C ity  a n d  C o. B ld g ., D e n v e r , C o lo .

DeVal, E r ic , S a n i ta r ia n ,  W e ld  C o ., 
1110 H o lly  S t . ,  D e n v e r , C olo .

Donnell, G e o . M .,  C o n s . E n g r .,  W o r-  
land , W yo .

D yrenfo rth , D o n a ld ,  T h e  D o r r  C o ., 
1009 S e v e n te e n th  S t . ,  D e n v e r ,  
Colo.

Fallon, R a y m o n d  D .,  S p e c . R e p .,  601 
C olorado B lv d ., D e n v e r , C olo.

F oster, R o b e r t  F . ,  O p r .,  R o u te  2, Box 
103, L i tt le to n ,  C o lo .

F ran k s, J o h n  T . ,  S a n . E n g r .,  S e v e n th  
Serv ice C o m m a n d , 5843  E rs k in e  
S t., O m a h a  4 , N e b r .

F re em a n , W . B ., M g r.,  L o c k  J o in t  
P ipe C o ., 1716 C a lifo rn ia  S t .,  
D en v er, C o lo .

G ilfrey, G ra n t  S . ,  A ss t .  A rm y  E n g r .,  
822 W . S eco n d  S t . ,  C h e y e n n e , W y o .

G olbert, G e o rg e  M .,  2620  S ix  A v e ., 
P ueb lo , C o lo .

G rah am , M a y n a r d ,  W a te r  & S ew ag e  
S u p t., 601 W . T h i rd  S t . ,  L o v e la n d , 
Colo.

G r e e n e ,  J .  F . ,  C h a irm a n  S ew er C o m 
m it te e ,  804  W . F i f th  S t . ,  L o v e la n d , 
C o lo .

G ro s s ,  D w ig h t D . ,  C h ie f  E n g r .,  B o a rd  
of W a te r  C o m m iss io n e rs , P . O . 
B ox  629, D e n v e r  1, C o lo .

H e n d e r s o n ,  C a r l,  S a n i ta r ia n ,  S ta te  
D e p t . ,  of H e a l th ,  B ox 711, S a n ta  
F e , N . M .

H e n d ry x ,  C la re n c e  E . ,  O p r .,  132 W . 
J  S t . ,  C a s p e r ,  W y o .

H o w e , B e n  V ., D ir .,  D iv . o f S a n . 
E n g r .,  M a je s t ic  B ld g ., D e n v e r  2, 
C o lo .

H y a t t ,  C a r l ,  S ew ag e  P l a n t  O p .,  E s te s  
P a r k ,  C o lo .

J e n k s ,  G le n ,  S u p t . ,  875  W . L o u c k s  
S t . ,  S h e r id a n ,  W y o .

K e p n e r ,  D a n a  E . ,  1921 B la k e  S t .,  
D e n v e r ,  C o lo .

K n o l lm a n ,  F r e d ,  26 4 4  S . L in co ln , 
D e n v e r ,  C olo .

L a m b , M a x  R .,  C h e m ., F o r t  F .  E . 
W a rre n ,  C h e y e n n e , W y o .

L a m b e r t ,  G e o rg e ,  D ra k e ,  C o lo .
L e o n a rd ,  W . V ., S a n . E n g r .,  D ir .  of 

P u b lic  H e a l th  E n g r .,  C h e y e n n e , 
W y o .

M c C lin to c k , H .  C ., C i ty  M g r., 
B o u ld e r,  C o lo .

M c L a u g h lin , H .  L .,  P i t t s b u rg h  M e te r  
C o ., 1310 R a c e  S t . ,  D e n v e r ,  C o lo .

M a rs h a l l ,  H e r b e r t ,  S u p t .  L ig h t  a n d  
W a te r ,  W a ld e n ,  C o lo .

M a th e r ,  L . A ., S e w e r  S u p t . ,  B ox 590, 
S te r l in g , C o lo .

M o u d y ,  R . B . ,  A ss t.  S a n . E n g r ., 
C a s p e r  A ir  B ase , 616  S . W o lc o tt,  
C a s p e r,  W y o .

N e w e ll ,  M . A ., S a les  M g r .,  H a rd e s ty  
D iv is io n , A rm c o  P ro d u c ts ,  B ox 

I 2170 , D e n v e r ,  C o lo .

N ie ls o n ,  N . P . ,  S u p t .  S e w a g e  P la n t ,  
R o u te  2 , B ox , 30  P u e b lo , C o lo .

O l iv e r ,  W a r r e n ,  A ssoc . S a n . E n g r .,  
W a r  D e p t . ,  2321 N . 6 2 n d  S t .,  
O m a h a  4 , N e b r .

O ls o n , J a c k ,  W o rk s  S u p t . ,  A rv a d a , 
C o lo .

O s b o rn ,  L . C ., C ity  E n g r .,  2209  E . 
1 6 th  A v e ., D e n v e r  6 , C o lo .

O s e n b a u g h ,  R .  J . ,  D e n v e r  S ew er P ip e  
& C la y  C o ., P . O . B ox 2329 , D e n 
v e r ,  C olo.

P o s to n ,  R . F . ,  S a n . E n g r .,  151 U . S . 
C o u r t  H o u se , E l P a so , T e x .

R a tc liffe ,  R o b e r t  C .,  3519 H y n d s  
B lv d ., C h e y e n n e , W y o .

R u c k e l ,  P a u l  J . ,  S r . ,  U . S . N a v a l  A ir  
S ta t io n ,  c /o  P u b lic  W o rk s , O la th e , 
K a n s .

R y a n , A lfre d  J . ,  C o n s . E n g r .,  F i r s t  
N a t ’l. B a n k  B ld g ., D e n v e r ,  C olo.

R y m e r,  M a ry  E . ,  M r s . ,  C i ty  C h e m ., 
C ity  H a ll,  C o lo rad o  S p r in g s , C o lo .

S a m so n ,  R . A ., W a te r  S u p t . ,  B r ig h to n , 
C o lo .

S a y e r ,  L e s l ie ,  S a n i ta r ia n ,  T r in id a d ,  
C olo.

S c h irk , J .  M .,  804  E . T h ird  S t . ,  
C a sp e r, W y o .

S c h lo ss , C h a s . M .,  C o n s . E n g r .,  
S ch lo ss  a n d  S h u b a r t ,  520  B o s to n  
B ld g ., D e n v e r , C o lo .

S ta rk s ,  L e e  W .,  B ox  383 , C a s p e r,  
W y o .

S t ip e ,  G e o rg e  J . ,  C h e m ., B u ck ley  
F ie ld , A p t.  22 , 10751 E . C o lfax  
A v e ., A u ro ra , C o lo .

S t r e e te r ,  R o b e r t  L .,  C o n s . E n g r .,  
G il le t te ,  W y o .

S tu d in s k i ,  C . R . ,  C i ty  E n g r .,  C i ty  
H a ll,  P u e b lo , C o lo .

T a l le n t ,  L e e  H . ,  S u p t .  of W o rk s , 
E s te s  P a r k ,  C o lo .
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T h o m p s o n ,  N . J . ,  S ec . a n d  S a le s  M g r., 
T h o m p s o n  P ip e  a n d  S te e l  C o ., 3001 
L a r im e r ,  D e n v e r ,  C o lo .

U r q u h a r t ,  M . B . ,  M fg s . R e p . ,  1 6 th  & 
B la k e  S ts . ,  D e n v e r ,  C o lo .

V a n  N e s s ,  J o s e p h  A ., B ox  276 , T o o le , 
U ta h

V a s e e n ,  V . A ., 1 st L t .  0 -5 1 9 9 5 8 , 3 3 2 n d
A .A .F .,  B .U .,  c /o  P o s tm a s te r ,  L a k e  
C h a r le s ,  L a .

V e a tc h ,  F .  M .,  C o n s . E n g r .,  4706  
B ro a d w a y ,  K a n s a s  C i ty ,  M o . 

W a ts o n ,  H e n r y  G . ,  C i ty  E n g r .,  102 
C i ty  & C o . B ld g .,  C h e y e n n e , W y o .

W ils o n ,  J .  P r e s t o n ,  S a n . E n g r ., 
O ffice o f P o s t  E n g r .,  R o sw ell A rm y  
A ir  F ie ld ,  R o sw e ll, N .  M .

W r ig h t ,  A r th u r ,  S a n . S u p v r .,  F e d e ra l 
C o r re c t io n  I n s t i tu t e ,  E n g lew o o d , 
C o lo .

Sanitary Engineering División, Argentina Society of Engineers
Julio Cavicchia, Secretary, División de Ingeniería Sanitaria Centro Argentino de Ingenieros, 

Buenos Aires, República Argentina, South America

C a r r iq u e ,  C a r lo s  S . ,  A v e l la n e d a  315, 
T e m p e r le y  (F C S )  R e p u b l ic  A rg e n 
t in a ,  S o u th  A m e ric a  

D a ire a u x ,  C a r lo s  F . ,  C a ta m a r c a  2951, 
O liv o s  (F C C A ), R e p u b l ic  A rg e n tin a  
S o u th  A m e ric a

I v a n is s e v ic h ,  L u d o v ic o , J u n c a l  1770, 
B u e n o s  A ire s , R e p ú b l ic a  A rg e n 
t in a ,  S o u th  A m e ric a  

S e m in o ,  C a r lo s  A .,  A r m ie n to  2727 , 
B u e n o s  A ire s , R e p ú b l ic a  A rg e n 
t in a ,  S o u th  A m e ric a

W e is s ,  F e d e r ic o  F . ,  C riso l 160, C ó r
d o b a ,  R e p ú b l ic a  A rg e n tin a ,  S o u th  
A m e ric a

W e n s e lb la t ,  N ic o lá s  R . ,  A cev ed o  2448, 
B u e n o s  A ire s , R e p ú b l ic a  A rg e n tin a , 
S o u th  A m e ric a

Sewage Works Section—Texas W ater W orks and Sewage Short School
Mr. V. M. Ehlers, Secretary-Treasurer, c/o State Department of Health, Austin 2, Texas

A lb r ig h t ,  P h i l ip  N . ,  P . O . B o x  268, 
T y le r ,  T e x .

A lle n , J .  S . ,  B o x  72, B u ffa lo  G a p ,  T ex .
A ll iso n , S .  L .,  S u p t . ,  1218 S ix th  S t . ,  

C o rp u s  C h r is t i ,  T e x .
A n d re w s ,  R .  ü . ,  301 C i ty  H a ll,  F o r t  

W o r th ,  T e x .
B a n d y ,  W . A ., 4402  A v e n u e  F . ,  A u s t in  

22 , T e x .
B a r t l e t t ,  D a n  T . ,  R .F .D .  9 , B ox  136, 

D a l la s  10, T e x .
B e c k e r ,  P h i l ip  G .,  J r . ,  2765 P r im ro se , 

.F o r t  W o r th  3, T e x .
B e l l,  J o h n  S . ,  c /o  T a r r a n t  C o . H e a l th  

U n i t ,  F o r t  W o r th ,  T e x .
B e rg , E .  J .  M .,  S u p t . ,  R o u te  N o  7, 

B ox  219 , S a n  A n to n io , T e x .
B ill in g s , C . H . ,  J r . ,  E n g r .,  S t a te  D e p t.  

of H e a l th ,  A u s t in ,  T e x .
B i ll in g s , L . C ., S u p t .  & C h ie f  C h e m ., 

W a te r  & S ew . T r . ,  C i ty  of D a lla s ,  
D a lla s ,  T e x .

B ry a n ,  A . C ., S a n . E n g r .,  777 S u e- 
b a r n e t t ,  H o u s to n  8 , T e x .

B u r d e n ,  J .  P . ,  C i ty  E n g r .,  S a n  A ng elo , 
T e x .

C a s h ,  K e n n e th ,  116 S . S e v e n th  S t .,  
L a w to n , O k la .

C la s s e n ,  A sh le y  G .,  C o n s . E n g r .,  P . O . 
B ox  5 8 , E l P a so , T e x .

C o llin s ,  E .  B . ,  P r is o n e r s  of W a r ,  C a m p  
H e a rn e ,  H e a rn e , T e x .

C o n n e l l,  C . H . ,  M a jo r ,  4711 S in c la ir  
A v e ., A u s t in ,  T e x .

C ra w fo rd ,  S . S . ,  708 C la re n c e  S t . ,  
L a k e  C h a r le s ,  L a .

C ra w fo rd , S in c la i r  S . ,  J r . ,  S a n . E n g r .,  
c /o  T e x a s  S t a t e  D e p t ,  o f H e a l th ,  
A u s t in ,  T e x .

C ro c k e r ,  B . A ., C i ty  E n g r .,  B ox 551, 
L o n g v ie w , T e x .

C u lli ,  G e o rg e  O .,  J r . ,  S t a t e  D e p t ,  of 
H e a l th ,  B o x  5, S . S a n  A n to n io ,  T e x .

D e a r m in ,  P a u l  E . ,  9 0 0  N . M a in  S t . ,  
F o r t  W o r th  6, T e x .

D ic k s o n , D . B . ,  R  & U  D iv . ,  E ig h th  
S e rv ic e  C o m m a n d ,  S a n ta  F e  B ld g ., 
D a l la s ,  T e x .

D ix o n , R .  M .,  M a jo r ,  C .E . ,  R  & U  
B ra n c h ,  E ig h th  S e rv ic e  C o m m a n d , 
S a n ta  F e  B ld g ., D a l la s ,  T e x .

F o w le r ,  J a m e s  D . ,  C o n s . E n g r .,  
G r e a t  N a t ’l. L ife  B ld g ., D a lla s ,  T e x .

F u g a te ,  G .  L .,  C o n s . E n g r .,  631 H a r 
v a r d  S t . ,  H o u s to n  7, T e x .

G a u n t ,  W . C ., 1 st L t . ,  M e d . A .U .S ., 
R o c h e s te r ,  T e x .

G r a n t ,  H o w a rd  L .,  M . T .  G a r r e t t  
E n g rg . C o ., 1806 M ila m  S t . ,  
H o u s to n  3 , T e x .

G riff in , H .  P . ,  A sso c . C iv il  E n g r .  & 
S u p t .  C o rp s  o f E n g r s .,  M o o re  
F ie ld ,  T e x .,  403  N . 1 2 th  S t . ,  M c 
A llen , T e x .

G riff ith , L . B . ,  C o n s . E n g r .,  904 
M e d ic a l  A r t s  B ld g ., W a c o , T e x .

G r im e s ,  B e n  L .,  J r . ,  C a p t . ,  R  & U  
B ra n c h , E ig h th  S e rv ic e  C o m m a n d , 
S a n ta  F e  B ld g ., D a l la s ,  T e x .

H a m lin ,  F .  M .,  c /o  W a te r  D e p t . ,  
M c A lle n , T e x .

H a y s ,  C ly d e  C ., P re s . ,  H a y s  P ro c e s s  
C o ., P . O . B o x  768, W a c o , T e x .

H e i la n d ,  H .  R .  F . ,  C o n s .,  E n g r .,  
F r o s t  N a t ’l. B a n k  B ld g ., S a n  
A n to n io  5, T e x .

H i s e r ,  F . C ., R o u te  2, B o x  5 58 , D e n i
s o n , T e x .

J o in e r ,  W . N . ,  W a te r  W o rk s  S u p t . ,  
S a n  M a rc o s , T e x .

J o h n s o n ,  C le o  V ., 833 E d w a rd  S t .,  
A b ile n e , T e x .

K e e f ,  W a l t e r  L ; ,  B o x  4 0 2 , M e x ia , Tex.
K in g , A rc h  L .,  C i ty  E n g r .,  C i ty  H a ll, 

L u b b o c k ,  T e x .
L a s a g a ,  A n d re s ,  I n te r n a t io n a l  B o u n d 

a ry  C o m m iss io n , P . O . B o x  14, E l 
P a so , T e x .

L e d e e n ,  R u d o lp h  W .,  P .O . B o x  701, 
E a s t  H o o k s  C o u r ts ,  H o o k s , T e x .

L e w is , H a r r y  C ., P . O . B o x  1565, S a n  
A n to n io , T e x .

L iv in g s to n , L . E . ,  3921 P u r d u e  S t . ,  
D a l la s  5 , T e x .

M c A fe e , H .  D .,  S u p t .  W a te r  & S ew ., 
L o n e  S t a r  D e fe n se  C o rp .,  T e x a r k 
a n a ,  T e x .

M c C a n ,  W m . W a r r e n ,  308  S . C o p p e r , 
D e m in g , N .  M .

M a h lie ,  W . S . ,  C h e m . in  C h a rg e  of 
W a te r  &  S ew . P u r if ic a t io n ,  F o r t  
W o r th ,  T e x .

M e a n e y ,  W . J . ,  C a p t . ,  13 S a n  Jo se , 
N e w  O r le a n s  2 0 , L a .

M o o r ,  W . C ., C h e m . in  c h a rg e  of 
S e w a g e  P l a n t ,  A rm o u r  & C o m p a n y , 
S to c k  Y a r d s  S ta t io n ,  F o r t  W o r th  
6 , T e x .

M u lh o l la n d ,  R . A ., E n g r .,  1006 H a rp e r  
L a n e , A u s t in ,  T e x .

N e f fe n d o r f ,  A lf re d , W a te r  & Sewer 
S u p t . ,  F re d e r ic k s b u rg ,  T e x .

N e w la n d ,  S te w a r t  H . ,  D is t .  E ngr., 
W a lla c e  & T ie rn a n  C o ., 2414 13th 
S t . ,  L u b b o c k ,  T e x .

O t t s ,  L o u is  E . ,  J r . ,  S a n . E n g r .,  P . O. 
B o x  4 0 2 5 , C o lle g e  S ta t io n ,  T ex .

O u tlo w , J .  M .,  835  E . B ra n tle y  
H e ig h ts ,  D e l  R io  A rm y  A ir  F ie ld , 
D e l  R io , T e x .

P a r r i s h ,  C lif fo rd  M .,  L t . ,  0-539722, 
c /o  M rs .  P a t r i c ia  P a r r is h ,  Good 
H o p e , 111.

P a t te r s o n ,  D e w e y  O .,  S u p t . ,  B ox 63, 
N a c o g d o c h e s , T e x .

P e a k ,  M . C ., 2713 T e x a s  S t . ,  G re e n 
v ille , T e x .

P e a r l ,  E m a n u e l  H . ,  C a p t . ,  A p t.  76, 
2423  A n n ie ls  D r . ,  D a l la s  11, T ex .

P o w e l l ,  F r a n c i s ,  B o x  1834, W a co , T ex .

P o w e l l ,  W . L . ,  L t .  C o m d r .,  78035, 
2022 R e p u b l ic  B a n k  B ld g ., D a lla s , 
T e x .

P r e s t o n ,  A . M .,  R o u te  1, B ox 3 6K , 
C o rp u s  C h r is t i ,  T e x .

P r u i t t ,  A . C .,  F a ir f ie ld , C a lif .
P u c k h a b e r ,  F r e d  H . ,  D is t.  Sales 

O ffice , W a lla c e  & T ie rn a n  C o ., In c ., 
1112 L ib e r ty  B a n k  B ld g ., D a lla s , 
T e x .

R o n h o v d e ,  I .  N . ,  c /o  P o s t  E n g rs . 
O ffice , C a m p  W o lte rs ,  T e x .

R o th r o c k ,  R .  K . ,  53 1 6  D ry a d e s  S t .,  
N e w  O r le a n s , L a .

S e l ig m a n n ,  I rv in g  S . ,  C iv il E n g r ., 323 
W . M a r k e t  S t . ,  S e g u in , T e x .

S m ith ,  M a n s e l  W .,  A c tin g  S u p t .,  C ity  
S ew . T r .  P la n t ,  P . O . B ox  1160, 
A u s t in  4 , T e x .

S m ith ,  S ta n le y  F . ,  S e b a s tia n ,  T ex .

S ta n fo r d ,  W . J . ,  N o r th  C a m p  H ood  
H d q s . ,  C a m p  H o o d , T e x .

S ta n le y ,  J .  B . ,  905 1 5 th  S t . ,  H u n ts 
v ille , T e x .

S te rb c o w , E d i th ,  M iss , 4617  P r y ta n ia ,  
N e w  O r le a n s , L a .

S t ig a l l ,  J .  C .,  355 8  S a n  A n to n io  S t .,  
C o rp u s  C h r is t i ,  T e x .

S t r e e t ,  H a s k e l l  R . ,  C h e m ., 3821 
M e m p h is , E l P a s o , T e x .

T o d d ,  L e e  O .,  1327 H a rg ro v e  S t., 
A rd m o re , O k la .



Vol. 18, No. 2 M EM BERSHIP OF MEMBER ASSOCIATIONS

T ro s tle , N . E . ,  W a te r  & S e w e r  S u p t . ,  
T em p le , T e x .

W alker, W . P . ,  J r . ,  E n g r .,  S t a t e  D e p t,  
of H e a lth , 509 C a r a n c a h u a ,  C o rp u s  
C h ris ti, T ex .

W eiss , R . H . ,  E n g r .,  T e x a s  S ta te  
D ep t, of H e a l th ,  1512 S o u th  S t .,  
K errv ille , T ex .

W ells , H .  O ., 2405 E ig h th  S t . ,  W ic h 
ita  F a lls , T ex .

W h ip p le , F r a n k  E . ,  A p t .  164, B ly th e s -  
v ille  A rm y  A ir  F ie ld , B ly th e sv ille ,  
A rk .

W h ite ,  C ly d e , W a te r  S u p t . ,  B ox 194, 
K e r m it ,  T e x .

W h ite ,  W . E . ,  P u b lic  W o rk s  D e p t .,  
C i ty  H a ll,  H o u s to n ,  T e x .

W ill ia m s , J o h n n ie  E . ,  R  & U  D iv ., 
E ig h th  S e rv ic e  C o m m a n d , D a lla s  
2 , T e x .
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W ils o n ,  W a l te r ,  c /o  P o s t  E n g r .,  C a m p  
L iv in g s to n , L a .

W in s to n ,  J o e  B .,  A sso c . P ro f . ,  P r e 
v e n tiv e  M e d ic in e  & P u b l ic  H e a l th ,  
U n iv e rs i ty  o f T e x a s  M e d ic a l  S ch o o l, 
G a lv e s to n ,  T e x .

W rig h t ,  S c o t t ,  C o m m . L ig h t ,  W a te r  & 
S e w e r  D e p t . ,  G re e n v il le ,  T e x .

Z e l le r ,  P .  J .  A ., R e s . A sso c ia te , 
E n g rg . E x p e r im e n t  S ta t io n ,  A  & M  
C o lleg e , C o lleg e  S ta t io n ,  T e x .



CONSOLIDATED LIST OF M EM BERS

A b e le s ,  J o s e p h  C ., N e w  J e rs e y  
A b e r n e th y ,  P . L . N o r th  C a ro lin a  
A b p la n a lp ,  C . C ., C e n t r a l  S ta te s  
A b ra m s ,  M . F . ,  N e w  Y o rk  (D u a l-  

N e w  E n g la n d )
A c k e rm a n ,  J u d s o n  B ., C a l ifo rn ia  
A c r i,  L . P . ,  C a n a d a  
A d a m s , C h a s . F . ,  P e n n s y lv a n ia  
A d a m s ,  C h a s . L . ,  C e n t r a l  S ta te s  
A d a m s ,  C la re n c e  D .,  C e n t r a l  S ta te s  
A d a m s , F r a n k ,  C e n t r a l  S ta te s  
A d a m s , G e o rg e  R . ,  C e n tra l  S ta te s  
A d a m s ,  J .  J .  C a l ifo rn ia  
A d a m s ,  J .  K . ,  N e w  J e rs e y  
A d a m s , M il to n  P . ,  M ic h ig a n  
A d a m s , R o b e r t  R . ,  N o r th  C a ro lin a  
A d c o c k , H o r to n  C .,  N e w  E n g la n d  
A d k in s , W . W ., N o r th  C a ro lin a  
A d o lp h e , R . C ., C a l ifo rn ia  
A e ry n s , A lb e r t  N . ,  N e w  Y o rk  
A g n a n o , P a u l ,  F e d e ra l  
A g o s tin e l li ,  A n th o n y  J . ,  N e w  Y o rk  
A h re n s , G . C ., Io w a  
A lb e rs ,  J .  C ., C a lifo rn ia  
A lb re c h t ,  R o b e r t  H . ,  N e w  Y o rk  
A lb r ig h t ,  P h i lip  N .,  T e x a s  
A ld e n , C liffo rd  E .,  N e w  E n g la n d  
A ld e n , J o h n  W .,  M a ry la n d -D e la w a re  
A ld r ic h , E llw o o d , H .,  N e w  Y o rk  
A ld r ic h , L lo y d ,  C a lifo rn ia  
A ld r id g e , F r e d e r ic k  F . ,  F e d e ra l  
A le x a n d e r , A llen  Y .,  J r . ,  N o r th  C a r 

o lin a
A le x a n d e r ,  L o u is  J . ,  C a lifo rn ia  
A lik o n is , J .  J . ,  C e n tra l  S ta te s  
A ik , L ew is  C ., C e n t r a l  S ta te s  
A llen , E d w . H .,  F lo r id a  
A llen , F .  W ., E n g la n d  ( I .S .P .)
A llen , J a m e s  H ., P e n n s y lv a n ia  
A llen , J .  S ., T e x a s  
A llen , T .  E .,  C a lifo rn ia  
A llen , W ill ia m  A ., C a lifo rn ia  
A llin , C la u d  R . ,  C a lifo rn ia  
A lliso n , S . L ., T e x a s  
A lu m in u m  C o . o f A m e ric a , A sso c ia te , 

A t t ’n :  C . E . M a g ill  
A m e ric a n  B ra ss  C o ., A sso c ia te  
A m e ric a n  C a s t  I ro n  P ip e  C o ., A sso c i

a te ,  A t t ’n :  E . L . G ild e r  
A m e ric a n  C i ty  M a g a z in e , A sso c ia te , 

A t t ’n :  E d g a r  J .  B u t te n h e im  
A m e ric a n  C o n c re te  P ip e  A ssn ., A sso c i

a te ,  A t t ’n :  M r.  H o w a rd  F .  P e c k -  
w o r th

A m e ric a n  E n k a  C o rp .,  N o r th  C a ro lin a  
A m e ric a n  W e ll W o rk s ,  A sso c ia te , 

A t t 'n  : J .  D . W a lk e r  
A m e s , C i ty  o f, Io w a  
A m p c o  M e ta l ,  I n c . ,  A s s o c ia te ,  A t t 'n :  

R . J .  T h o m p s o n  
A n a y a ,  M a rv in ,  C a lifo rn ia  
A n d e r s e n ,  C . G e o rg e , N e w  Y o rk  
A n d e rs o n , C . S ., C a n a d a  
A n d e rs o n , D a v id  W ., R o c k y  M o u n 

t a in
A n d e rs o n , F r e d  A ., P ac if ic  N o r th w e s t  
A n d e rs o n , G e o . H . ,  C e n t r a l  S ta te s  
A n d e r s o n ,  L ew is  D . ,  F e d e ra l  
A n d e rs o n , N o rv a l  E ., C e n t r a l  S ta te s  
A n d e r s o n ,  R .  A ., M ic h ig a n  
A n d e rs o n , R . V ., C a n a d a  
A n d e rs o n , R a lp h  W .,  Io w a  
A n d e r s o n ,  R a y m o n d  E .,  C e n tra l  

S t a te s
A n d e rs o n , S a m , C e n t r a l  S ta te s  
A n d e rs o n , V irg il , M ic h ig a n  
A n d re w s , J o h n ,  F e d e ra l  
A n d re w s , L .,  E n g la n d  ( I .S .P .)  
A n d re w s , R . U ., T e x a s  
A n g a s , R o b e r t  M ., F lo r id a  
A n g e ll, J .  M .,  J r . ,  N e w  Y o rk  
A n g le , J .  D . ,  G e o rg ia  
A n t i ,  J o h n  C ., C e n t r a l  S ta te s  
A p p e l ,  A . A ., C a lifo rn ia  
A rb o g a s t ,  J o s e p h ,  C e n t r a l  S ta te s  
A rc h e r ,  E .  T . ,  M is s o u r i  
A rg o , J o h n  W .,  C a n a d a  
A rm c o  D ra in a g e  P r o d u c ts  A ssn ., 

A sso c ia te ,  A t t ’n :  W . H . S p in d le r

A rm e lin g , G eo . K . ,  M a ry la n d -D e la 
w a re

A rm s tro n g ,  C . G . R . ,  C a n a d a  
A rn o ld , E . L ., M o n ta n a  
A rn o ld , E a r l  H . ,  D a k o ta  (D u a l-  

F e d e ra l )
A rn o ld , G . E . ,  C a l ifo rn ia  (D u a l-  

F e d e ra l)
A rro w s m ith , E . H . ,  E n g la n d  ( I .S .P .)  
A r te s e , P h i l ip ,  N e w  Y o rk  
A r t is t ,  L . J . ,  E n g la n d  ( I .S .P .)
A sh , S im o n  H .,  F e d e ra l  
A s h b y , E . H a m il to n ,  E n g la n d  ( I .S .E .)  
A sh d o w n , W a l te r  L ., C e n tra l  S ta te s  
A s la m id is , A ., E n g la n d  ( I .S .E .)
A tk in s , C . H .,  F e d e ra l  
A u s t in ,  F .  H .,  N e w  Y o rk  
A u to m a t ic  C o n tro l  C o ., A sso c ia te , 

A t t ’n :  J .  S . W ill ia m s  
A v e ry , J a m e s ,  C a n a d a  
A v e ry , N . C ., N e w  E n g la n d  
A y e rs , L ew is  S ., P e n n s y lv a n ia

B a b b i t t ,  I I .  E ., C e n t r a l  S ta te s  
B a b c o c k , I rv in g ,  N e w  Y o rk  
B a c h m a n n ,  F r a n k ,  N e w  Y o rk  
B a c k h e rm s , A . B ., O h io  
B a c k m e y e r ,  D a v id ,  C e n t r a l  S ta te s  
B a c o n , V in to n  W .,  C a lifo rn ia  
B a d g e r , I rv in  S ., N e w  Y o rk  
B a e r , A rlie , C e n tra l  S ta te s  
B a e tz , C . O ., C e n tra l  S ta te s  
B a h r , R a y m o n d  F . ,  N e w  E n g la n d  
B a ile y , J .  K e n n e th ,  N o r th  C a ro lin a  
B a ile y , J .  W ., O h io  
B a ile y , O . L ., R o c k y  M o u n ta in  
B a ile y , S . C ., P e n n s y lv a n ia  
B a illie , E . P . ,  C e n t r a l  S ta te s  
B a in b r id g e , D a v id  W-., P e n n s y lv a n ia  
B a ird , C h a r le s  O ., J r . ,  N e w  E n g la n d  
B a ird , E . M ., C a n a d a  
B a ird , E a r le  E ., F lo r id a  
B a i ty ,  H . G .,  N o r th  C a ro lin a  
B a k e r , G . H .,  C a n a d a  
B a k e r ,  H u g h  L ., G e o rg ia  
B a k e r , S ta n le y  L ., P ac if ic  N o r th w e s t  
B a ld w in , C . W .,  N e w  E n g la n d  
B ale , H a r v e y  E ., P e n n s y lv a n ia  
B a lfo u r , D . 8c S o n s , E n g la n d  ( I .S .P .)  
B a ll, O liv e r  V ., C a n a d a  
B a lm e r , R o b t .  R ., J r . ,  N e w  E n g la n d  
B a lso m , E . V ., E n g la n d  ( I .S .E .)  
B a m fo rd , J .  H .,  P ac if ic  N o r th w e s t  
B a n d y ,  W . A ., T e x a s  
B a n is te r ,  A . W ., C e n t r a l  S ta te s  
B a n k s , H a r v e y  O ., C a lifo rn ia  
B a n ta ,  A . P .,  C a lifo rn ia  
B a n tz ,  B u rw e ll, P ac if ic  N o r th w e s t  
B a rb o u r ,  F r a n k  A ., N e w  E n g la n d  
B a rc la y , W . G .,  E n g la n d  ( I .S .E .)  
B a rg m a n , R . D . ,  C a lifo rn ia  
B a rk e r ,  J .  C o n ra d ,  J r . ,  P e n n s y lv a n ia  
B a rk e r ,  S . T . ,  N e w  Y o rk  
B a rk la g e , O . F . ,  Io w a  
B a r n a rd ,  A rc h e r  F . ,  C a lifo rn ia  
B a rn e s , F lo y d ,  O h io  
B a rn e s , G eo . E .,  O h io  
B a rn e s , J a m e s  W .,  N e w  Y o rk  
B a rn e s , L . B ., O h io  
B a r n e t t ,  G . R . ,  C e n t r a l  S ta te s  
B a r n e t t ,  H a ro ld ,  N e w  Y o rk  
B a r n e t t ,  M . L ., F lo r id a  
B a rn e y , J .  W ., P ac if ic  N o r th w e s t  
B a rn h il l ,  K . G ., N e w  Y o rk  
B a r ra c lo u g h , D . H .,  E n g la n d  ( I .S .P .)  
B a r r e t t ,  C ec il H .,  P e n n s y lv a n ia  
B a r r e t t ,  J .  S ., C a lifo rn ia  
B a r r ic k , M . J . ,  P e n n s y lv a n ia  
B a r r in g e r ,  J .  C ., M is so u r i  
B a r ro n , J a m e s  L ., N e w  Y o rk  
B a r ry ,  W . V in c e n t,  N e w  E n g la n d  
B a rs to w , E . D . ,  O h io  
B a r th o lo m e w , D a v id  W m ., N e w  

E n g la n d  
B a r t l e t t ,  D a n  T . ,  T e x a s  
B a r to n ,  B e n  H ., O h io  
B a r to n ,  C . W ., N e w  Y o rk  
B a r to n ,  J a s .  M .,  N e w  Y o rk  
B a r to w , E d w a r d ,  Io w a
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B a r to w , L es lie  W ., P ac if ic  N o r th w e s t  
B a r ts c h ,  A . F . ,  C e n tra l  S ta te s  
B a r tz ,  E rw in  A ., C e n t r a l  S ta te s  
B a sh , G a il,  C a lifo rn ia  
B a s s e tt ,  F r a n c is  M ., C a lifo rn ia  
B a te s ,  R . D . ,  N e w  Y o rk  
B a t te y ,  E v e r e t t  M .f N e w  E n g la n d  
B a t t le s ,  L . C ., M o n ta n a  
B a u e r , C a r l,  O h io  
B a u e r , H e n ry  W ., N e w  E n g la n d  
B a u ls ir ,  C h a s . P . ,  N e w  Y o rk  
B a u m , H . J . ,  P e n n s y lv a n ia  
B a v o n e , A . L ., D a k o ta  
B a x te r ,  R . R ., C e n t r a l  S ta te s  
B a y a rd ,  G . A ., C a n a d a  
B a y lis , J o h n  R .,  C e n t r a l  S ta te s  
B e a m e sd e rfe r ,  J a s .  A ., P e n n s y lv a n ia  
B e a n , E h v o o d  L ., P e n n s y lv a n ia  
B e a rd , A r th u r  H .,  J r . ,  C e n tra l  S ta te s  
B e a to n ,  R . H .,  C a lifo rn ia  
B e a t ty ,  E . J . ,  C e n t r a l  S ta te s  
B e a u d o in , R o b e r t  E .,  C e n tra l  S ta te s  
B e a u m o n t,  H . M ., P e n n s y lv a n ia  
B e a v e n , B . E ., M a ry la n d -D e la w a re  
B eck , A . J . ,  C e n t r a l  S ta te s  
B e c k e r, C . H .,  C e n t r a l  S ta te s  
B e c k e r, F r e d  G .,  C a lifo rn ia  
B e c k e r, J o h n ,  N e w  Y o rk  
B e c k e r, P h i lip  G ., J r . ,  T e x a s  
B e c k e tt ,  R ic h a rd  C .,  P e n n s y lv a n ia  
B e c k m a n , L e R o y  J . ,  C e n tra l  S ta te s  
B e d e ll, A . S ., (H o n o ra ry )  N ew  Y ork  
B e d k e r , O sc a r ,  C e n t r a l  S ta te s  
B e h n k e , G e o . C ., O h io  
B e jc ek , O t to  J . ,  A r iz o n a  
B e la sk a s , A . J . ,  C e n t r a l  S ta te s  
Bell, E . A r th u r ,  N e w  J e rs e y  
B e ll, F r e d  A ., C a n a d a  
B ell, J o h n  S ., T e x a s  
B e lt, E lm e r  B ., C a l ifo rn ia  
B e ltz ,  H a ro ld  H .,  M ic h ig a n  
B e n d e r , D w ig h t  O ., C e n tra l  S ta te s  
B e n n e r , H u g h  A ., M ic h ig a n  
B e n n e t t ,  C h r i s to p h e r  F . ,  N ew  Y o rk  
B e n n e t t ,  H . R ., C a lifo rn ia  
B e n n e t t ,  L e o n , O k la h o m a  
B e n n e t t ,  R ic h a rd ,  A riz o n a  
B e n n e t t ,  S . G .,  C a lifo rn ia  
B e n n e t t ,  W . W ., E n g la n d  ( I .S .P .)  
B e n so n , S id n e y  T . ,  N e w  Y o rk  
B erg , E . J .  M ., T e x a s  
B e rg e n , C . B ., N e w  J e rs e y  
B e rg m a n , O . O ., C e n t r a l  S ta te s  
B e rk e le y , W in s to n  H .,  P ac if ic  N o r th 

w e s t
B e rn a rd ,  G . E ., C a n a d a  
B e rn a u e r ,  G eo . F . ,  C e n t r a l  S ta te s  
B e r n h a rd t ,  C a r l  J . ,  N e w  Y o rk  
B e rn ts e n , B e r te l ,  C e n tra l  S ta te s  
B e r ry , A . E .,  C a n a d a  
B e r ry , G e o . A ., C e n t r a l  S ta te s  
B e r ry , R o b e r t  D .,  P e n n s y lv a n ia  
B ers , G . D . ,  C e n t r a l  S ta te s  
B e r to n ,  C . J . ,  N e w  Y o rk  
B esozz i, L eo , C e n tra l  S ta te s  
B e sse lie v re , E d m u n d  C ., N e w  Y ork  

(D u a l-C a l ifo rn ia )
B e s t,  R o b e r t  B ., N e w  Y o rk  
B esw ick , G ., E n g la n d  ( I .S .P .)
B e th e l,  J o h n  S ., N e w  E n g la n d  
B e u k e m a , R o b e r t ,  M ic h ig a n  
B e v a c q u a , J o s e p h ,  N e w  Y o rk  
B e v a n , J o h n  G .,  N e w  Y o rk  
B e v e r id g e , B e n  H .,  C a lifo rn ia  
B e v in g to n , W a r r e n  C ., C e n tra l  S ta te s  
B ezy , C . M a u r ic e ,  F lo r id a  
B h o o ta , B . V ., N e w  Y o rk  
B ie le , F .  J . ,  N e w  Y o rk  
B ig g s, M e rr il l ,  A r iz o n a  
B illin g s, C . H .,  J r . ,  T e x a s  
B illin g s, L . C ., T e x a s  
B in g e r, W a l te r  D .,  N ew  Y o rk  
B in g le y , W . M ., M a ry la n d -D e la w a re  
B ird , T .  A ., C a n a d a  
B ird sa l l,  L . I .,  C e n t r a l  S ta te s  
B irk e n e ss , O . T . ,  C e n t r a l  S ta te s  
B ish o p , H .  N .,  C a l ifo rn ia  
B je la ja c , V a so , C e n tra l  S ta te s  
B la c k , D . T . ,  C a n a d a
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Black, H a y se  H .,  C e n t r a l  S ta te s  
Black & V e a tc h  (C o rp o ra te )  C e n tra l  

S ta te s  
B lan ch ard , H . C ., O h io  
Blew, M ic h a e l J . ,  F e d e ra l  
B lew ett, W . G ., C a n a d a  
B lizard, W . E ., E n g la n d  ( I .S .E .)  
B locher, J o h n  M ., O h io  
Bloem, H e rm a n , O h io  
Blood, L lo y d , N e w  Y o rk  
B loodgood, D o n a ld  E ., C e n tra l  S ta te s  
Bloom, E n o s  E ., C e n tra l  S ta te s  
B oardm an , J o h n ,  P e n n s y lv a n ia  
B oardm an , W m . H u n te r ,  J r . ,  P e n n s y l

v an ia
Bogardus, T h e o d o re  S ., P e n n s y lv a n ia  
Bogem a, M a rv in , C e n tra l  S ta te s  
Bogert, C . L ., N e w  Y o rk  
Bogost, M e y e r  S ., C e n tra l  S ta te s  
Bogren, G eo rg e  G ., N e w  E n g la n d  
Bolenius, R o b t.  M ., P e n n s y lv a n ia  
Boles, J o h n , C e n tra l  S ta te s  
Boley, A r th u r  L ., C e n tra l  S ta te s  
Bolin, R . R ., J r . ,  C a lifo rn ia  
B olton, J .  F . ,  E n g la n d  ( I .S .P .)
Bond, E u g e n e  L ., N e w  E n g la n d  
Bond, P h ilip  E ., N e w  E n g la n d  
Bond, R . G ., Io w a  
B ong iovann i, Jo se  P . ,  F lo r id a  
B on tem po , D o m in ic , P e n n s y lv a n ia  
B ooth, B. C ., D a k o ta  
Booz, L o u is  P ., N e w  J e rs e y  
B o rch a rd t, J .  A ., C e n tra l  S ta te s  
Border, W m . R ., M o n ta n a  
Borgford , T . B ., C a n a d a  
B orland , V ic to r  J . ,  C a lifo rn ia  
B orqu ist, E . S ., A rizo n a  
Boriss, M a rio n  E ., N e w  Y o rk  
Bosch, H e rb e r t  M ., C e n tra l  S ta te s  
Both , J a c k , C a n a d a  
B othw ell, J o h n  I .,  C a lifo rn ia  
Bow, W ilson  F .,  P ac ific  N o r th w e s t  
Bowen, M . R ., C a lifo rn ia  
Bower, S ta n le y , M ic h ig a n  
Bowers, T .  C ., M ic h ig a n  
Bow ler, E d m o n d  W e sley , N e w  E n g 

land
Bowlus, F re d  D ., C a lifo rn ia  
Bow m an, C . R ., D a k o ta  
Box, G. E . P .. E n g la n d  ( I .S .P .)
Boyce, E a rn e s t ,  M ic h ig a n  
Boyce, R a lp h  E ., N ew  Y o rk  
Boyd, G eo. E ., N ew  Y o rk  
Boyd, J .  W ., M ic h ig a n  
Boyle, J .  R . L e s te r ,  C a lifo rn ia  
Bradlee, W a rre n  R ., N e w  E n g la n d  
Bradley, L . R ., M ic h ig a n  
B radner, B asil E ., N e w  Y o rk  
B radney, L e lan d , C e n tra l  S ta te s  
Bragg, J .  M ., G e o rg ia  
Bragg, R o b e r t E ., C e n tra l  S ta te s  
B ragstad  R . E ., D a k o ta  (D u a l-  

C en tra l S ta te s )
Braidech, M a th e w  M ., O h io  
B rakenridge, C h a r le s , C a n a d a  
Brallier, P a u l  S ., N e w  Y o rk  
B randenburg , K e n n e th  B ., N e w  Y o rk  
Brandis, E . E ., M o n ta n a  
B rassey -E d w ard s, S ., E n g la n d  ( I .S .E .)  
B rennan, R a lp h  F .,  F lo r id a  
Brensley, A. A ., C e n tra l  S ta te s  
B rereton , W . P ., C a n a d a  
B re thour, H e rm a n , K a n s a s  
Brewer, E . E ., P ac ific  N o r th w e s t  
B rickenden , F . M ., C a n a d a  
B righam , J o h n  C ., N e w  Y o rk  
Briggs, R a y m o n d  J . ,  P ac if ic  N o r th 

w est
B righam , J o h n  C ., J r . ,  N e w  Y o rk  
B ritt, C . E ., O h io
B ritto n , B en j. A ., J r . ,  N e w  E n g la n d  
B rody, J a m e s , C e n tra l  S ta te s  
B rook, H a r ry  L ., C e n tra l  S ta te s  
Brooks, J o h n  H .,  J r . ,  N ew  E n g la n d  
Brower, J .  S in g le to n , N e w  Y o rk  
Brower, J a m e s , C e n tra l  S ta te s  
Brown, B ev e rley  J . ,  C a n a d a  
Brown, C leo , M is so u r i 
Brown, E d w a rd  S ., J r . ,  N e w  E n g la n d  
Brown, E v e r e t t  C u r r ie r ,  F lo r id a  
Brown, F lo y d  W ., C a lifo rn ia  
Brown, G le n n  V ., P e n n s y lv a n ia  
Brow n, J a m e s  M ., J r . ,  N e w  Y o rk  
Brown, K e n n e th  W ., C a lifo rn ia  
Brow n, R . F . ,  C a lifo rn ia  
Brow n, S tu a r t ,  G e o rg ia

B ro w n , \V . F ill in g h a m , E n g la n d  
( I .S .E .)

B ro w n , W a d e  G illie s, N o r th  C a ro lin a  
B ro w n , W a lte r  H . ,  J r . ,  N e w  E n g la n d  
B ro w n e , F .  G ., C a n a d a  
B ro w n e , F lo y d  G ., O h io  
B ro w n rid g e , F .  B ., C a n a d a  
B ru g , C . J . ,  C a lifo rn ia  
B ru m b a u g h ,  W . V ., N e w  Y o rk  (D u a l-  

P e n n s y lv a n ia )
B ru n n , P h ilip  A ., J r . ,  P e n n s y lv a n ia  
B ru n n e r , P a u l  L ., C e n tra l  S ta te s  
B ru n s te in , M a u ric e , N e w  J e rs e y  
B r u n ty ,  C . E ., C a lifo rn ia  
B ry a n , A . C .,  T e x a s  
B ry a n , J o h n  G ., N e w  J e rs e y  
B r y a n t ,  C . T . ,  O h io  
B r y a n t,  W . G ., G e o rg ia  
B u c h e c k e r, A . I .,  P ac if ic  N o r th w e s t  
B u c k , G eo . H .,  N e w  Y o rk  
B u ck , R o b in so n  D .,  N e w  E n g la n d  
B u c k , R o ss  J . ,  C e n tra l  S ta te s  
B u c k le y , E . J . ,  C a n a d a  
B u c k le y , T h o m a s , P e n n s y lv a n ia  
B u c k m a n , M illa rd  E ., C a lifo rn ia  
B u d d , E d w a rd  G . M fg . C o ., (C o rp o r 

a te ) ,  P e n n s y lv a n ia  
B u g b ee , J u liu s  W ., (H o n o ra ry )  N e w  

E n g la n d
B u g b ee , R a y m o n d  C ., N e w  E n g la n d  
B u ild e r s -P ro v id e n c e ,  In c .,  A sso c ia te , 

A t t ’n :  C . G . R ic h a rd s o n  
B u lth u is ,  H e r b e r t ,  M ic h ig a n  
B u n k e r ,  F .  L ., N o r th  C a ro lin a  
B u ra c k , W . D .,  N e w  J e rs e y  
B u rd e n , H a r r y  P .,  N e w  E n g la n d  
B u rd e n , J .  P .,  T e x a s  
B u rd e n , R o b e r t  P .,  N e w  E n g la n d  
B u rd ic k , G eo . E .,  N e w  Y o rk  
B u rd o in , A llen  J . ,  N e w  E n g la n d  
B u rg e r, A . A ., O h io  
B u rg e r, A rn o ld  W ., C e n tra l  S ta te s  
B u rg eso n , J .  H .,  C e n tra l  S ta te s  
B u rg ess, H a ro ld ,  N e w  Y o rk  
B u rk e , C . E ., E n g la n d  ( I .S .P .)
B u rley , F re d  H .,  M ic h ig a n  
B u rn , G . A . H .,  C a n a d a  
B u rn e tt ,  A . H . ,  C a n a d a  
B u rn e tt ,  J .  E .,  M ic h ig a n  
B u rn so n , B la ir  I .,  C a lifo rn ia  
B u rr ,  R . S ., N e w  E n g la n d  
B u rre ll , R o b e r t ,  N e w  E n g la n d  
B u rr in , T h o s . J . ,  C e n tra l  S ta te s  
B u r t ,  G . L ., C e n t r a l  S ta te s  
B u r to n , L . E ., C e n tra l  S ta te s  
B u sh , A . F .,  C a lifo rn ia  
B u sh , A rc h ie  E ., N e w  Y o rk  
B u sh , B e rn a rd  S ., P e n n s y lv a n ia  
B u sh , M . M ., C a n a d a  
B u sh ee , R a lp h  J . ,  C e n tra l  S ta te s  
B u tle r ,  L eo  M .. F lo r id a  
B u tr ic o , F r a n k ,  N e w  Y o rk  
B u t te r f ie ld , C . T . ,  F e d e ra l  
B ye, N o rv a l  E ., C a n a d a  
B y x b ee , J .  F . ,  C a lifo rn ia

C a d w e ll ,  I v a n  W ., N e w  Y o rk  
C a h ill , W m . J . ,  J r . ,  N e w  Y o rk  
C a ird , J a m e s  M ., N e w  Y o rk  
C a ld e r,  C h a r le s  L ., C a lifo rn ia  
C a ld e ra ra ,  O . J . ,  F e d e ra l  
C a ld w e ll, D a v id  H ., C a lifo rn ia  
C a ld w e ll, H . L ., C e n tra l  S ta te s  
C a lle n , L o y  A ., C e n t r a l  S ta te s  
C a llo n , H a r ry  A ., C e n tra l  S ta te s  
C a lv e r t ,  A ., E n g la n d  ( I .S .P .)
C a lv e r t ,  C . K .,  C e n tra l  S ta te s  
C a m b rid g e  I n s t r u m e n t  C o ., A sso c i

a te ,  A t t 'n :  F . G . P a u lly  
C a m e ro n , A . B ., M ic h ig a n  
C a m e ro n , G e o ., N e w  J e rs e y  
C a m e ro n , W . M ., E n g la n d  ( I .S .P .)  
C a m p , C ec il S ., N o r th  C a ro lin a  
C a m p , T h o m a s  R . ,  N e w  E n g la n d  
C a m p b e ll ,  A . S ., D a k o ta  
C a m p b e ll, J .  L ., E n g la n d  ( I .S .P .)  
C a m p b e ll ,  J o h n ,  P e n n s y lv a n ia  
C a m p b e ll ,  M . S ., P ac if ic  N o r th w e s t  
C a m p b e ll ,  M . S . A ., C e n tra l  S ta te s  
C a p a n o , S a m  J . ,  N e w  J e rs e y  
C a p e n , C h a r le s  H .,  J r . ,  N e w  Je rs e y  
C a p o n e , D o m e n ic , F e d e ra l  
C a p ra ro ,  P a u l  E ., C e n t r a l  S ta te s  
C a p w ell, W a lte r ,  N e w  E n g la n d  
C a ra c a u s a ,  A lb e r t  C ., N e w  E n g la n d  
C a rd w e ll,  E d w . C ., C e n tra l  S ta te s

C a re y , W m . N . C e n tra l  S ta te s  
C a r l,  C h a r le s  E ., M isso u ri 
C a r ls o n , A . J . ,  C a n a d a  
C a r ls o n , H . R ., F e d e ra l  
C a r lso n , P a u l  R ., C e n tra l  S ta te s  
C a rm ic h a e l ,  D a v id  W ., N e w  J e rs e y  
C a r n a h a n ,  C . T . ,  F e d e ra l  
C a ro lin a  A lu m in u m  C o ., N o r th  

C a ro lin a  
C a ro llo , J o h n  A ., A riz o n a  
C a ro th e r s ,  C h a s . H .,  F lo r id a  
C a rp e n te r ,  C a r l  B ., C e n tra l  S ta te s  
C a rp e n te r ,  G e o . D . ,  N e w  Y o rk  
C a rp e n te r ,  H a r r y  C ., N e w  Y o rk  
C a rp e n te r ,  H o w a rd  F . ,  N e w  E n g la n d  
C a rp e n te r ,  J .  D .,  P e n n s y lv a n ia  
C a rp e n te r ,  W m . T . ,  N e w  Y o rk  
C a r r iq u e ,  C a r lo s  S ., A rg e n tin a  
C a r ro ll ,  G eo . B ., N e w  Y o rk  
C a rs o n , R . G ., C e n tra l  S ta te s  
C a r te r ,  A lto n  B ., C a lifo rn ia  
C a r te r ,  B ru c e  F . ,  N e w  Y o rk  
C a r te r ,  E a r l,  C e n tra l  S ta te s  
C a r te r ,  N . C ., P e n n s y lv a n ia  
C a r te r ,  R a lp h  B ., C o ., A sso c ia te .

A t t ’n :  J .  W . V a n  A t t a  
C a ry ,  F .  A r th u r ,  N e w  Y o rk  
C a ry , G le n , R o c k y  M o u n ta in  
C a ry , W . H .,  J r . ,  F e d e ra l  
C a s a d , C . C ., P ac if ic  N o r th w e s t  
C ase , R a y m o n d  G ., N e w  J e rs e y  
C a se y , A lb e r t  E ., N e w  E n g la n d  
C a se y , J o h n  J . ,  C a lifo rn ia  
C a sh , K e n n e th ,  T e x a s  
C a s te l lo , W . O ., C a lifo rn ia  
C a s te r ,  A r th u r ,  C e n t r a l  S ta te s  (D u a l-  

O hio)
C a te r ,  T h o m a s  J . ,  J r . ,  G e o rg ia  
C au lw e ll, W ilso n  B ., P e n n s y lv a n ia  
C a v e r ly , D . S ., C a n a d a  
C e d e rb e rg , C . R ., R o c k y  M o u n ta in  
C e n ic o la , S a m u e l,  N e w  J e rs e y  
C e rn y , P a u l  J . ,  N e w  Y o rk  (D u a l-N e w  

E n g la n d )
C h a in  B e lt C o ., A sso c ia te , A t t ’n :  W .

B. M a rs h a ll  
C h a m b e rla in , L . H . ,  N e w  Y o rk  
C h a m b e rla in , W m . T . ,  N e w  Y o rk  
C h a m b e rl in , N o e l S ., N e w  J e rs e y  
C h a m b e rs , G ro v e r , P ac if ic  N o r th w e s t  
C h a rn ie r , A lb e r t ,  M ic h ig a n  
C h a m p lin , G e o rg e  D .,  C a lifo rn ia  
C h a p m a n  V a lv e  M fg . C o ., A sso c ia te  
C h a r l to n ,  D a v id  B ., P ac if ic  N o r th w e s t  
C h a se , E . S h e rm a n ,  N e w  E n g la n d  

(D u a l-N e w  Y o rk  a n d  P e n n s y lv a n ia )  
C h a s ic k , A b ra h a m  H ., N e w  Y o rk  
C h e n e v e r t ,  J .  G ., C a n a d a  
C h e sn e y , C . T . ,  C a n a d a  
C h e s te r ,  B u rk e , F lo r id a  
C h ic a g o  P u m p  C o ., A sso c ia te ,  A t t ’n : 

M ilto n  S p ieg e l 
C h ish o lm , D . M ., C a n a d a  
C h ish o lm , H e n ry ,  N e w  E n g la n d  
C h r is t ia n ,  J .  A ., E n g la n d  ( I .S .P .)  
C h r is t ia n ,  J a m e s  B ., N e w  Y o rk  
C h r is t ia n s o n ,  A . C ., M ic h ig a n  
C h ry s le r ,  K . L ., M o n ta n a  
C h u b b , R o b e r t  S ., P e n n s y lv a n ia  
C h u m a rd ,  G e a ry  W .,  N e w  Y o rk  
C h u rc h , D e a n  F . ,  C e n t r a l  S ta te s  
C h u rc h , H . J . ,  C a n a d a  
C h u t te r ,  W . H .,  C a lifo rn ia  
C i ty  W a te r  D e p t .  (N o rm a n  O k la .)

A t t ’n :  R a lp h  D e V o re , O k la h o m a  
C i ty  W a te r  D e p t .  (S ta te sv il le ,  N .  C .) ,  

N o r th  C a ro lin a  
C la ffey , W a l te r  H .,  N e w  E n g la n d  
C la re , H . C ., P ac if ic  N o r th w e s t  
C la rk , A r th u r  T . ,  C e n tra l  S ta te s ,  N e w  

Y o rk
C la rk , B o y d  H .,  N e w  Y o rk  
C la rk , H . W .,  E n g la n d  ( I .S .E .)
C la rk , J .  C ., C a lifo rn ia  
C la rk , J o h n ,  C a n a d a  
C la rk , K e n n e th  M ., C e n tra l  S ta te s  
C la rk , L lo y d  K .,  D a k o ta  
C la rk , M . S ., M ic h ig a n  
C la rk , R o b e r t  N . ,  N e w  Y o rk  
C la rk e , S a m u e l M ., C e n tra l  S ta te s  
C la rk e , V . B ., N e w  E n g la n d  
C la rk s o n , G . H . ,  C a n a d a  
C la s se n , A sh le y  G ., T e x a s  
C la w so n , E a r l  M ., F lo r id a  
C la y , H ., E n g la n d  ( I .S .P .)
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C la y  P r o d u c ts  A sso c ., A sso c ia te , 
A t t ’n : J .  D . C o o k  

C le a r  L a k e ,  C i ty  o f, Io w a  
C le a ry ,  E d w . J . ,  N e w  J e rs e y  
C le la n d , R . R .,  P e n n s y lv a n ia  
C le m , C u r t is  B . , 'C e n t r a l  S t a te s  
C le m e n ts ,  G . S ., E n g la n d  ( I .S .P .)  
C le v e la n d , E .  A ., C a n a d a  
C lim a x  E n g r .  C o ., A s s o c ia te ,  A t t ’n :

E . D .  W e s t  
C lif fo rd , \V „  E n g la n d  ( I .S .P .)
C l in to n ,  M e r r i t t  O ., C e n t r a l  S ta te s  
C lo re , L . B ., C e n t r a l  S ta te s  
C lo u s e r,  L . H .,  P e n n s y lv a n ia  
C lo y e s , W . J . ,  P a c if ic  N o r th w e s t  
C lu b b ,  W illia m  C ., P a c if ic  N o r th w e s t  
C o b b , E d w in  B ., N e w  E n g la n d  
C o b e r ly , C a r ro l l  H .,  R o c k y  M o u n ta in  
C o b le ig h , W . H .,  C a lifo rn ia  
C o b le ig h , W . M ., M o n ta n a  
C o b u rn ,  S . E .,  N e w  E n g la n d  
C o c h ra n e ,  J o h n  C ., N e w  Y o rk  
C o c h ra n e , W . F . ,  D a k o ta  
C o c k ro f t ,  T .  N . ,  E n g la n d  ( I .S .P .)  
C o ffey , M ic h a e l  J . ,  N e w  Y o rk  
C offin , E d w in  F . ,  J r . ,  F e d e ra l  
C offin , G e o rg e  W .,  N e w  E n g la n d  
C o h n , M o rr is  M ., N e w  Y o rk  (D u a l-  

N e w  E n g la n d )
C o lb y , W ill ia m  D .,  C a n a d a  
C o le , A r th u r  F .  W .,  C a n a d a  
C o le , C h a s . W ., C e n t r a l  S ta te s  
C o le , E . S h a w , N e w  Y o rk  
C o le , H a r v e y  M ., J r . ,  C a lifo rn ia  
C o le m a n , D w ig h t  B ., N e w  Y o rk  
C o lla r , I r a  T . ,  J r . ,  K a n s a s  
C o lla rd , A . E ., E n g la n d  ( I .S .E .)  
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Erickson, J o h n  E ., Io w a  
Erickson, W . J . ,  N e w  Y o rk  
Erwin, R . B la k e , C a n a d a  
E scritt, L . B ., E n g la n d  ( I .S .P .)  
E sp inosa-P arga , R o b e r to ,  F lo r id a  
E strada , A lfred  A ., P e n n s y lv a n ia  
E ttinger, M . B ., F e d e ra l  
Eustance, A r th u r  W ., N e w  Y o rk  
Eustance, H a r r y  W ., N e w  Y o rk  
Evans, B y ro n , B ., N e w  Y o rk  
Evans, F .  M ., N e w  J e rs e y  
Evans, J a m e s , P e n n s y lv a n ia  
Evans, R . W .f C e n t r a l  S ta te s

E v a n s ,  S . C ., E n g la n d  ( I . S . P . )  
E v e r e s t ,  H o w a rd , N e w  Y o rk  
E v e rso n  M a n u fa c tu r in g  C o ., A sso c i

a te ,  A t t ’n :  R . B . E v e rso n  
E v e rso n , R . B ., C e n t r a l  S ta te s  
E y e r ,  C . E ., M o n ta n a

F a b e r ,  H a r r y  A ., N e w  Y o rk  (D u a l-  
P e n n s y lv a n ia )

F a e h rm a n ,  E lm e r  H .,  C e n tra l  S ta te s  
F a g e t ,  W a l t e r  H .,  C e n tra l  S ta te s  
F a i r ,  G o rd o n  M ., N e w  E n g la n d  (D u a l-  

N e w  Y o rk )
F a i rb a n k s ,  M o rse  & C o ., A sso c ia te , 

A t t ’n : C h a r le s  J .  P re s t le r  
F a le s ,  A lm o n  L ., N e w  E n g la n d  
F a lk ,  L lo y d  L ., N e w  J e rs e y  
F a llo n , R a y m o n d  D .,  R o c k y  M o u n 

t a in
F a lls ,  O . M ., C a n a d a  
F a n n in g ,  H e n r y  L ., G e o rg ia  
F a rn s w o r th ,  G e o rg e  L ., J r . ,  C e n tra l  

S ta te s
F a r r a n t ,  J a m e s ,  N e w  J e rs e y  
F a r re l l ,  W m . F . ,  N e w  Y o rk  
F a s s n a c h t ,  G eo . G ., C e n tra l  S ta te s  
F a u lk n e r ,  T . G ., E s q .,  E n g la n d  

( I .S .E .)
F a v r e a u ,  R . E ., C e n tra l  S ta te s  
F a w ls ,  J a m e s  F . ,  N e w  Y o rk  
F e ie r s te in ,  J a c o b  L ., N e w  Y o rk  
F e ild , J a m e s  W ., M a ry la n d -D e la w a re  
F e ld h a k e , C . J . ,  F e d e ra l  
F e l tz ,  F re d  C ., C e n tra l  S ta te s  
F e n c h e l,  R a n d o lp h ,  C a lifo rn ia  
F e n g e r, J .  W ., N e w  Y o rk  
F e n ii,  E r n e s t  G ., N e w  E n g la n d  
F e n to n ,  J o h n  V ., N e w  Y o rk  
F e rg u so n , G . H .,  C a n a d a  
F e rg u so n , G e ra ld  W ., F e d e ra l  
F e rg u so n , M a rs h a ll  E ., N e w  Y o rk  
F e re b e e , J a m e s  L ., C e n tra l  S ta te s  
F e r r is ,  J a m e s  E ., N e w  E n g la n d  (D u a l-  

N e w  Y o rk )
F ie ld ,  E m e rs o n  & M o rg a n , In c .,  N e w  

Y o rk
F ig e le y , P a u l ,  C e n t r a l  S ta te s  
F i lb y ,  E . L ., M is so u r i 
F in c h ,  J . ,  E n g la n d  ( I .S .P .)
F in c k , G . E ., M a ry la n d -D e la w a re  
F in d la y ,  A r th u r ,  N e w  Y o rk  
F in k b e in e r ,  C a r l to n  S ., O h io  
F in le y , D e x te r  L ., C a lifo rn ia  
F in le y ,  T .  R .,  F lo r id a  
F is c h e r ,  A n th o n y  J . ,  N e w  Y o rk  
F is c h e r ,  F .  P .,  O h io  
F is c h e r ,  M a th . ,  C e n t r a l  S ta te s  
F is h ,  R a y m o n d  S ., C a lifo rn ia  
F is h b e c k , K e n n e th ,  M ic h ig a n  
F is h e r ,  L a w e rn c e  M ., F e d e ra l  
F i tc h ,  T .  A ., C a lifo rn ia  
F i t t r o ,  L o u is  L ., F e d e ra l  
F i tz g e ra ld ,  E d w . P ., C e n tra l  S ta te s  
F itz g e ra ld , J .  A ., N e w  Y o rk  
F i tz g e ra ld ,  J o s e p h ,  N e w  E n g la n d  
F iv e , H e lg e , N e w  Y o rk  
F iv e a s h ,  C h a r le s  E ., F lo r id a  
F la n a g a n ,  P a t ,  F lo r id a  
F la n n e ry ,  H a ro ld  J . ,  C a lifo rn ia  
F l a t t ,  T r u m a n  L ., C e n tra l  S ta te s  
F le e t ,  G e ra ld  A ., N e w  Y o rk  
F le m in g , M . C ., P e n n s y lv a n ia  
F le m in g , P a u l  V ., N e w  E n g la n d  
F le x ib le  S e w e r-R o d  E q u ip m e n t  C o ., 

A sso c ia te , A t t ’n :  P e te r  L . C iacco  
F lo o d , F r a n k  L ., N e w  E n g la n d  
F lo o d , T .  S ., P ac if ic  N o r th w e s t  
F lo o k , S . E . . .C a n a d a  
F lo w e r , G . E .,  O h io  
F lo w e rs , E ., E n g la n d  ( I .S .P .)
F o le y , J o h n  M ., N e w  Y o rk  
F o n te n e ll i ,  L o u is , N e w  J e rs e y  
F o o te , H . B ., M o n ta n a  
F o o te , K e n n e th  E ., N e w  E n g la n d  
F o rd ,  J .  R ., C e n tra l  S ta te s  
F o re , C liffo rd , C e n tra l  S ta te s  
F o re m a n ,  M e rle  S ., C a lifo rn ia  
F o r e s t  C i ty ,  C i ty  o f ( Io w a ) , Io w a  
F o r re s t ,  G ie n  L ., N e w  Y o rk  
F o r re s t ,  T h o s . H .,  C e n tra l  S ta te s  
F o r t  D o d g e , C i ty  o f ( Io w a ) . Io w a  
F o r t ,  E d w in  J . ,  N e w  Y o rk  
F o r te n b a u g h ,  J .  W a rre n ,  N e w  Y o rk  
F o r tm a n ,  J o h n  A ., C e n tra l  S ta te s  
F o r to n ,  R . G e ra ld , M ic h ig a n  
F o s te r ,  C h a s .,  C e n tra l  S ta te s

F o s te r ,  H e r b e r t  B ., J r . ,  C a lifo rn ia  
F o s te r ,  N o rm a n ,  P e n n s y lv a n ia  
F o s te r ,  R o b e r t  F . ,  R o c k y  M o u n ta in  
F o s te r ,  W illia m  F lo y d , C a lifo rn ia  
F o th ,  H e r b e r t  S ., C e n tra l  S ta te s  
F o w le r , G . J . ,  E n g la n d  ( I .S .P .)  
F o w le r , H . D .,  P ac if ic  N o r th w e s t  
F o w le r , J a m e s  D .,  T e x a s  
F o x b o ro  C o m p a n y , A sso c ia te  
F ra n c is ,  G e o . W ., M ic h ig a n  
F r a n k s ,  J o h n  T . ,  R o c k y  M o u n ta in  
F ra s c h in a ,  K e e n o , C a lifo rn ia  
F ra s e r ,  C h a r le s  E ., C a n a d a  
F r a s h e r ,  R a n d a l l  L ., N e w  Y o rk  
F r a te r s ,  E . W ., C a lifo rn ia  
F ra z ie r ,  E rn e s t ,  C e n tra l  S ta te s  
F ra z ie r ,  L e o n a rd  H .,  N e w  Y o rk  
F ra z ie r ,  R . W ., C e n t r a l  S ta te s  
F ra z ie r ,  W . H .,  C e n tra l  S ta te s  
F re d e r ic h ,  H o y t  A ., C e n t r a l  S ta te s  
F re d e r ic k s o n , A ., A riz o n a  
F re e b o rn ,  W . F . ,  E n g la n d  ( I .S .P .)  
F re e b u rn ,  H . M ., P e n n s y lv a n ia  
F re e la n d ,  B . H . ,  C e n tra l  S ta te s  
F re e m a n ,  A. B , F e d e ra l  
F re e m a n ,  A . L ., E n g la n d  ( I .S .P .)  
F re e m a n ,  L . H .,  C e n tra l  S ta te s  
F re e m a n ,  W . B ., R o c k y  M o u n ta in  
F r e e r ,  P a u l  H ., C a lifo rn ia  
F re n c h ,  A . H .,  M a ry la n d -D e la w a re  
F re n c h ,  R . D e l., C a n a d a  
F r e tc h e r ,  K a r l  W ., C e n t r a l  S ta te s  
F r e u n d ,  J .  P ., P e n n s y lv a n ia  
F r ic k ,  A . L ., J r . ,  C a lifo rn ia  
F r ic k s ta d ,  W a lte r  N .,  C a lifo rn ia  
F r ie d m a n ,  W m . M ., J r . ,  N e w  Y o rk  
F r ie l ,  F .  S ., P e n n s y lv a n ia  
F r ie n d ly ,  H u g o  H .,  N e w  Y o rk  
F r i t h ,  G i lb e r t  R ., G e o rg ia  
F ro e h d e , F . C ., C a lifo rn ia  
F u c h s ,  A b ra h a m  W ., F e d e ra l  
F u g a te ,  G . L ., T e x a s  
F u h r m a n ,  R a lp h  E ., F e d e ra l  
F u l le r ,  H . L ., M is so u r i  
F u l le r ,  N . M ., N e w  Y o rk  
F u l le r ,  R a y m o n d  H . ,  O h io  
F u l le r to n  P u b lic  L ib ra r y  (C a lifo rn ia ) ,  

C a lifo rn ia  
F u lm e r ,  F r a n k  E .,  C e n t r a l  S ta te s  
F u lm e r ,  J o h n  O ., J r . ,  P e n n s y lv a n ia  
F u n k ,  J o h n  B ., M a ry la n d -D e la w a r e  
F u n k ,  J o h n  T . ,  J r . ,  P e n n s y lv a n ia  
F y n n ,  G e o . F . ,  N e w  Y o rk

G a d e ,  A . H .,  N e w  Y o rk  
G a d o m s k i,  A lb e r t  J . ,  N e w  J e rs e y  
G a il,  A . L ., C e n t r a l  S ta te s  
G a le  O il S e p a ra to r  C o ., A sso c ia te , 

A t t ’n : W m . A . G e h le  
G a l im b e r t ,  G . M ., C a n a d a  
G a llo w a y , R o b e r t  N .,  C a lifo rn ia  
G a rd ,  C h a s . M ., N e w  Y o rk  
G a rd n e r ,  C la rk e , M a ry la n d -D e la w a re  
G a rd n e r ,  G eo . W ., N e w  Y o rk  
G a rd n e r ,  R . T . ,  C a lifo rn ia  
G a r la n d ,  C . F . ,  F lo r id a  
G a r lo c k , S a m u e l C ., N e w  Y o rk  
G a rn e r ,  J .  H .,  E n g la n d  ( I .S .P .)  
G a r r e t t ,  R . W ., C a n a d a  
G a r th e ,  E . C ., F e d e ra l  
G a rv e lin k ,  F r a n k ,  M ic h ig a n  
G a rw o o d , K irk ,  Io w a  
G a ss , G e o rg e  M ., C a n a d a  
G a t le y ,  H . K .,  N e w  J e rs e y  
G a u d in ,  E . L ., O h io  
G a u n t ,  W . C ., T e x a s  
G a v e t t ,  W e s to n , N e w  Y o rk  
G e a r h a r t ,  J .  N .,  P ac ific  N o r th w e s t  
G e h m , H a r r y  W illa rd , J r . ,  N e w  Je rs e y  
G e lb k e , A r th u r  W ., N e w  Y o rk  
G e ls to n , W . R ., C e n tra l  S ta te s  
G e n e ra l  C h e m ic a l C o ., A s so c ia te ,  

A t t ’n :  L . I . B ird sa ll  
G e n e ra l  E le c tr ic  C o ., A sso c ia te , A t t ’n :  

H . V . C ra w fo rd  
G e n te r ,  A lb e r t  L ., M a ry la n d -D e la 

w a re
G e n tle m e n , L a u re n c e  M ., N e w  E n g 

la n d
G e n ts c h , E d w a rd ,  M ic h ig a n  
G eo rg e , J .  E ., M isso u r i 
G e ra rd ,  F .  A ., C e n tra l  S ta te s  
G e rd e i, W . E .,  O h io  
G e re , W illia m  S ., N e w  Y o rk  
G e r h a r t ,  E d g a r ,  P e n n s y lv a n ia
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G e tz , M u r r a y  A ., C e n t r a l  S t a te s  (D u a l-  
F e d e ra l )

G ib b o n s , E .  V .,  C a n a d a  
G ib b s , F r e d e r ic k  S ., N e w  E n g la n d  
G ib b o n s , M . M .,  N e w  J e rs e y  
G ib b s , R . C ., E n g la n d  ( I .S .P .)  
G ib e a u ,  H . A . ,  C a n a d a  
G ib s o n , W m . J . ,  N e w  Y o rk  
G id d e n s , S . M .,  G e o rg ia  
G id le y , H .  K .,  P e n n s y lv a n ia  
G ie se y , J .  K . ,  C e n t r a l  S t a te s  
G iffo rd , J .  B ., C e n t r a l  S t a te s  
G ifft , H . M .,  N e w  Y o rk  
G i lb e r t ,  J .  J . ,  P e n n s y lv a n ia  
G i lb e r t ,  J .  M ile s , F lo r id a  
G ilc re a s , F .  W e ll in g to n ,  N e w  E n g 

la n d  (D u a l-N e w  Y o rk )
G il f r e y ,  G r a n t  S ., R o c k y  M o u n ta in  
G ile s , J .  H e n r y  L . ,  N e w  E n g la n d  
G iles , T .  D . ,  J r . ,  F lo r id a  
G ill, H a r r y  J . ,  C a lifo rn ia  
G ill, J o h n  B ., C a l ifo rn ia  
G ill, P a u l ,  P e n n s y lv a n ia  
G i l la rd ,  J .  E .,  E n g la n d  ( I .S .P .)  
G ille sp ie , C . G .,  C a l ifo rn ia  
G ille sp ie , W y lie  W ., F lo r id a  
G i lm a n ,  F lo y d ,  N e w  Y o rk  
G ilm a n ,  H a r r y ,  G e o rg ia  
G ilm a n , N .  A ., P ac if ic  N o r th w e s t  
G is b o rn e , F r a n k  R . ,  N e w  E n g la n d  
G la c e , I .  M ., P e n n s y lv a n ia  (D u a l-  

N e w  Y o rk )
G la d d in g ,  C h a r le s ,  C a lifo rn ia  
G la d u e ,  D o n a t  J . ,  N e w  E n g la n d  
G la m o rg a n  P ip e  & F o u n d r y  C o ., 

A s s o c ia te  
G la s se r ,  L eo  M .,  N e w  Y o rk  
G lin es , R o b e r t  A ., N e w  E n g la n d  
G m e in e r ,  F r a n k ,  C e n t r a l  S ta te s  
G o d fro y , J .  I .,  M ic h ig a n  
G o d s h a ll,  H o ra c e  E .,  P e n n s y lv a n ia  
G o e k e , R o sc o e  H . ,  F e d e ra l  
G off, J a m e s  S ., N e w  E n g la n d  
G off, W m . A ., P e n n s y lv a n ia  
G o h d e , C h a r le s  H .,  C e n t r a l  S ta te s  
G o lb e r t ,  G e o rg e  M .,  R o c k y  M o u n ta in  
G o ld s m ith ,  P h i lip ,  N e w  Y o rk  
G o ld th o rp e ,  H . H . ,  E n g la n d  ( I .S .P .)  
G o o c h , E .  W .,  P a c if ic  N o r th w e s t  
G o o d m a n , A rn o ld  H .,  C e n t r a l  S ta te s  
G o o d n ig h t ,  V . L ., P ac if ic  N o r th w e s t  
G o o d r id g e , H a r r y  E .,  C a lifo rn ia  
G o o d w in , S . E . ,  C a n a d a  
G o rd o n , A r th u r ,  C e n t r a l  S ta te s  
G o rd o n , C h a r le s  W .,  C e n t r a l  S ta te s  
G o rm a n , R ic h a rd  C ., J r . ,  N e w  Y o rk  
G o rm a n ,  W m . A .,  P e n n s y lv a n ia  
G o ta a s ,  H a ro ld  B ., N o r th  C a ro lin a  
G o th a rd ,  M . J . ,  C e n t r a l  S ta te s  
G o u d e y , R . F . ,  C a lifo rn ia  
G o u ld , R ic h a rd  H . ,  N e w  Y o rk  
G r a b b e  C o n s t ru c t io n  C o ., H . A ., 

C e n t r a l  S ta te s  
G r a b b e r t ,  G ilse y  R . ,  C e n t r a l  S ta te s  
G r a b e r ,  R a lp h  C ., F e d e ra l  
G ra c e n in , S y lv e s te r ,  P e n n s y lv a n ia  
G ra d e n ,  P a u l  W .,  C e n t r a l  S ta te s  
G ra e m ig e r ,  J o s e p h  A ., N e w  E n g la n d  
G r a h a m , E . H . ,  C a lifo rn ia  
G r a h a m ,  E d w a rd  J . ,  N e w  Y o rk  
G r a h a m , J a m e s  E .,  M ic h ig a n  
G ra h a m , M a y n a r d ,  R o c k y  M o u n ta in  
G r a h a m , W ill ia m , C a lifo rn ia  
G ra n ,  J o h n  E ., G e o rg ia  
G ra n g e r , G e o rg e , M ic h ig a n  
G ra n g e r ,  G e o rg e  M ., N e w  E n g la n d  
G r a n t ,  H o w a rd  L .,  T e x a s  
G r a n th a m ,  G . R . ,  C e n t r a l  S ta te s  
G ra u l ,  L e ro y  H .,  N e w  J e rs e y  
G ra v e r  T a n k  & M fg . C o ., I n c . ,  A sso c i

a te ,  A t t ’n :  G . V . M a lm g re n  
G ra v e s ,  C a r l  T . ,  C e n t r a l  S ta te s  
G ra v e s ,  W a lla c e  M ., N e w  J e rs e y  
G ra y ,  E a r l  G .,  M ic h ig a n  
G r a y ,  H a ro ld  F . ,  C a lifo rn ia  
G ra y ,  W ill ia m , C a n a d a  
G re e le y , R ic h a rd  F . ,  N e w  E n g la n d  
G re e le y , S a m u e l A ., C e n t r a l  S t a te s  
G re e n , A lv in  W ., P a c if ic  N o r th w e s t  
G re e n  B a y  F d y .  & M a c h in e  W o rk s , 

A sso c ia te , A t t ’n :  J a m e s  P .  N o r th  
G re e n , C a r l  E .,  P ac if ic  N o r th w e s t  
G re e n , H o w a rd  R . ,  Io w a  
G re e n , R o y  F . ,  C e n t r a l  S ta te s  
G re e n , W in g a te ,  F lo r id a  
G re e n b e rg ,  R .  J . ,  M ic h ig a n

G re e n e , J .  F . ,  R o c k y  M o u n ta in  
G re e n e , R . A ., M ic h ig a n  
G re e n fie ld , H . C ., N e w  J e rs e y  
G re e n le a f ,  J o h n  W .,  J r . .  N e w  E n g la n d  
G re g o ry , T h e  J o h n  H . S a n i ta r y  & 

M u n ic ip a l  R e fe re n c e  L ib ra r y ,  C a l i 
fo rn ia

G re g o ry , L .  L .,  E n g la n d  ( I .S .E .)  
G re g o ry , T e d  R .,  C a l ifo rn ia  
G re g o ry , T o m , C e n t r a l  S ta te s  
G re iff , V ic to r  C ., N e w  Y o rk  
G re ig , J o h n  M . M ., N e w  Y o rk  
G re lic k , D a v id ,  N e w  Y o rk  
G riff in , A . E .,  N e w  J e rs e y  
G riff in , F .  T . ,  N e w  Y o rk  
G riff in , G u y  E .,  N e w  E n g la n d  
G riff in , H .  P . ,  T e x a s  
G riff ith , C h a r le s  R . ,  C e n t r a l  S ta te s  
G r iff ith ,  L . B ., T e x a s  
G rim e s , B e n  L ., J r . ,  T e x a s  
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H u th ,  N o rm a n  A ., C a lifo rn ia  
H u t to n ,  H . S ., P e n n s y lv a n ia  
H y a t t ,  C a r l,  R o c k y  M o u n ta in  
H y d e , C h a r le s  G ilm a n , (H o n o ra ry )  

C a lifo rn ia

Ig n a c io , K ra u s e  A ., F e d e ra l  
I ll in o is  D e p t ,  of P u b lic  H e a l th ,  (C o r

p o r a te ) ,  C e n t r a l  S ta te s  
I m b t ,  M . R u sse ll , P e n n s y lv a n ia  
I n d ia n a  S t a te  B d . of H e a l th ,  (C o rp o 

r a te )  , C e n t r a l  S ta te s  
In filco , In c .,  A sso c ia te , A t t ’n : H . W .

G il la rd  (C o rp o ra te ) ,  C e n tra l  S ta te s  
In g a lls ,  J a m e s  C ., P ac if ic  N o r th w e s t  
In g o ls , R o b e r t  S ., M ic h ig a n  
In g ra m , W m . T . ,  C a lifo rn ia  
Io w a  C i ty ,  C i ty  o f ( Io w a ) , Io w a  
Io w a  F a l ls ,  C i ty  of ( Io w a ) ,  Io w a  
Io w a  V a lv e  C o ., A sso c ia te , A t t ’n : C .

S . H o w a rd  
I rv in e ,  A . S ., C a n a d a  
I rw in , F o r re s t ,  O h io  
I rw in , G . M ., P ac if ic  N o r th w e s t  
Iv an is s e v ic h , L u d o v ic o , A rg e n tin a

J a c k ,  D a v id ,  C a n a d a  
J a c k ,  G r a n t  R . ,  C a n a d a  
J a c k s o n ,  R . B ., M ic h ig a n  
J a c k s o n ,  S ., E n g la n d  ( I .S .P .)
J a c k s o n ,  T .  L ., M ic h ig a n  
J a c o b s ,  J .  R . ,  G e o rg ia  
J a c o b s ,  L . L .,  G e o rg ia  
J a m e s ,  G le n n , C e n tra l  S ta te s  
J a m e s ,  N o rm a n  S ., F lo r id a

J a n z e n ,  H . A ., K a n s a s  
J a r l in s k i ,  A lice  M ., N e w  Y o rk  
J a r l in s k i ,  T h a d d e u s  T .,  N e w  Y o rk  
J e ff re y , H . H .,  C a lifo rn ia  
J e ff re y  M a n u fa c tu r in g  C o ., A sso c ia te .

A t t 'n :  S . L . T o lm a n  
J e n c k e s ,  J .  F r a n k lin ,  J r . ,  N e w  E n g 

la n d
J e n k s ,  G le n n , R o c k y  M o u n ta in  
J e n k s ,  H a r r y  N .,  C a lifo rn ia  
J e n n e ,  L y le  L ., P e n n s y lv a n ia  
J e n n e r ,  G e o rg e  L ., M isso u r i 
J e n n in g s ,  A ., E n g la n d  ( I .S .P .)
J e n s e n ,  E m il  C ., P ac if ic  N o r th w e s t  
J e rg e ,  R a y ,  N e w  Y o rk  
J e rm a n ,  D a n ie l  L ., N e w  Y o rk  
J e s s u p ,  A . H .,  C a lifo rn ia  
J e u p ,  B e rn a rd  H .,  C e n tra l  S ta te s  
J e w e ll,  H . W ., C a lifo rn ia  
J o b ,  R ic h a rd  C ., G e o rg ia  
J o h a n n e s s e n  & G ira n d ,  A r iz o n a  
J o h n s -M a n v il le  C o rp .,  A sso c ia te , 

A t t 'n :  G . A . M c G in n is  
J o h n s o n ,  A r th u r  N .,  C e n t r a l  S ta te s  
J o h n s o n ,  C . F r a n k ,  N e w  E n g la n d  
J o h n s o n ,  C le m e n t ,  N e w  Y o rk  
J o h n s o n ,  C leo  V ., T e x a s  
J o h n s o n ,  D e n n is  C ., C e n tra l  S ta te s  
J o h n s o n ,  E . W ., C a n a d a  
J o h n s o n ,  E a r le  P .,  P e n n s y lv a n ia  
J o h n s o n ,  F lo y d  E ., C e n tra l  S ta te s  
J o h n s o n ,  F r a n k  L ., C e n t r a l  S ta te s  
J o h n s o n ,  F r e d  D .,  C a n a d a  
J o h n s o n ,  G e ra ld  F . ,  C e n t r a l  S ta te s  
J o h n s o n ,  H e n ry ,  C e n tra l  S ta te s  
J o h n s o n ,  H e r b e r t  O ., N e w  Y o rk  
J o h n s o n ,  I r a ,  C e n t r a l  S ta te s  
Jo h n s o n ,  J e s s  B ., C e n t r a l  S ta te s  
Jo h n s o n ,  J o h n  W ., N e w  Y o rk  
Jo h n s o n ,  K e n n e th  R ., D a k o ta  
Jo h n s o n ,  L . M ., C e n tra l  S ta te s  
Jo h n s o n ,  R . J . ,  C e n t r a l  S ta te s  
Jo h n s o n ,  R o b e r t  T . ,  Io w a  
Jo h n s o n ,  R u sse ll  K .,  N e w  Y o rk  
Jo h n s o n ,  V e rn e r  C ., C a lifo rn ia  
Jo h n s o n ,  W . W .f C e n t r a l  S ta te s  
Jo h n s o n ,  W a rre n  A ., M is so u r i 
Jo h n s o n ,  W illia m  A ., C e n tra l  S ta te s  
J o h n s to n ,  D a v id  J . ,  C e n tra l  S ta te s  
J o h n s to n e ,  A la n , N e w  Y o rk  
Jo in e r ,  W . N .,  T e x a s  
J o n a s ,  M il to n  R ., C e n tra l  S ta te s  
J o n e s , C . B . O ., E n g la n d  ( I .S .P .)  
J o n e s , D a n ie l,  N e w  Y o rk  
J o n e s , E . M ., P e n n s y lv a n ia  (D u a l-  

N e w  Y o rk )
J o n e s , F r a n k  O ., C e n tra l  S ta te s  
J o n e s , F r a n k  W o o d b u ry , O h io , (D u a l-  

P e n n s y lv a n ia )
J o n e s , H a r v e y  P .,  O h io  
J o n e s , J o h n  N .,  C e n tra l  S ta te s  
J o n e s , M a r th a  A ., C e n tra l  S ta te s  
Jo n e s , S . L e a ry ,  F e d e ra l  
J o n e s , T .  A ., G e o rg ia  
J o n e s , T h o m a s  P . B ., C a lifo rn ia  
Jo n e s , W a y la n d ,  C a lifo rn ia  
J o rd a n ,  H a r r y  E ., N e w  Y o rk  
J o rg e n s o n , H o m e r  W ., C a lifo rn ia  
J o s a m  M a n u fa c tu r in g  C o ., A sso c ia te , 

A t t ’n :  L eo  N . N e w m a n  
J o y ,  C . F re d ,  J r . ,  N e w  E n g la n d  
Ju n g e , G ilb e r t ,  D a k o ta  
J u n g w ir th ,  F r a n k ,  Io w a

K a a r ,  G . C ., C e n tra l  S ta te s  
K a c h e lh o ffe r , F re d  G ., P ac if ic  N o r th  

w e s t
K a c h o rs k y , M . S ., N e w  J e rs e y  
K a d in g e r ,  F re d ,  C e n tra l  S ta te s  
K a fk a , J o h n ,  C e n tra l  S ta te s  
K a h n ,  J a m e s  M ., G e o rg ia  
K a ise r ,  C . T .,  G eo rg ia  
K a le r ,  P . E ., K a n s a s  
K a l te n b a c h ,  A lb e r t  B ., M a ry la n d -  

D e la w a re  
K a m e rlin g , L a n e , M ic h ig a n  
K a m p , E w ald  A ., C e n tra l  S ta te s  
K a n e , R . D . ,  O h io  
K a p la n ,  B e rn a rd , N e w  J e rs e y  
K a p lo v s k y , A . J . ,  N e w  Y o rk  
K a p p e , S . E .,  P e n n s y lv a n ia  (D u a l-  

N e w  E n g la n d  a n d  N e w  Y o rk ) 
K a ra le k a s , P e te r  C ., N e w  E n g la n d  
K a ss , N a th a n  I .,  N e w  Y o rk  
K e a rn e y , J o h n  J . ,  C e n tra l  S ta te s  
K e e f, W a lte r  L .,  T e x a s
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K e e fe r ,  C la re n c e  E . ,  M a ry la n d -D e la 
w a re

K e e le r ,  J .  H a r o ld ,  N e w  Y o rk  
K e e le r ,  R u s s e ll  B ., C a lifo rn ia  
K e h r ,  W ill ia m  Q ., M is s o u r i  
K e irn ,  K e n n e th  A .,  C a l ifo rn ia  
K e is ,  F .  J . ,  N e w  Y o rk  
K e i th ,  J .  C la rk , C a n a d a  
K e lle h e r ,  J o s e p h  A ., N e w  Y o rk  
K e lle r ,  E a r l  D . ,  O h io  
K e lle r ,  J . ,  C e n t r a l  S ta te s  
K e lle r ,  J a c o b ,  N e w  Y o rk  
K e lle r ,  L . M ., N e w  Y o rk  
K e lle r ,  S . K . ,  F lo r id a  
K e lle y , R . E . ,  M ic h ig a n  
K e llo g g , J a m e s  W .,  N o r th  C a ro lin a  
K e lly , C la re n c e , N e w  Y o rk  
K e lly , E a r l  M ., C a lifo rn ia  
K e ls e y , W a lte r ,  N e w  Y o r k  (D u a l-  

P e n n s y lv a n ia  & N e w  E n g la n d )  
K e m p , H a r o ld  A ., N e w  Y o rk  (D u a l-  

F e d e ra l )
K e m p k e y ,  A ., C a lifo rn ia  
K e n n e d y ,  C . C ., C a lifo rn ia  
K e n n e d y ,  D . R ., C a lifo rn ia  
K e n n e d y ,  R . R ., C a l ifo rn ia  
K e n n e d y ,  W ill ia m , N e w  Y o rk  
K e n n e y ,  N o r m a n  D .,  M a ry la n d -  

D e la w a re  
K e n n is o n , K a r l  R .,  N e w  E n g la n d  
K e n t ,  S . R . ,  G e o rg ia  
K e p n e r ,  D a n a  E .,  R o c k y  M o u n ta in  
K e r ,  M . F . ,  C a n a d a  
K e rs h a w , A rn o ld , E n g la n d  ( I .S .P .)  
K e tc h a m , J o s e p h  M ., N e w  Y o rk  
K e w e r, J .  F . ,  S r .,  C e n t r a l  S ta te s  
K e y e s , H a r m o n  E ., A r iz o n a  
K id d ,  C a r l  W .,  N e w  Y o rk  
K ie ffe r , J o s . D . ,  N e w  Y o rk  
K ie lk o p f , F r e d e r ic k  J . ,  P e n n s y lv a n ia  
K ik e r ,  J o h n  E ., J r . ,  N e w  Y o rk  
K ilc a w le y , E d w . J . ,  N e w  Y o rk  
K il ia n ,  E . T . ,  N e w  J e rs e y  
K im b a ll ,  J a c k  H .,  C a lifo rn ia  
K in , S te p h e n  R . ,  N o r th  C a ro lin a  

(D u a l-N e w  Y o rk )
K in d e rm a n ,  W m „  P e n n s y lv a n ia  
K in g , A rc h  L ., T e x a s  
K in g , E a r l  J . ,  G e o rg ia  
K in g , E d .  E .,  A r iz o n a  
K in g , H e n r y  R .,  C e n t r a l  S ta te s  
K in g , L .  H .,  F lo r id a  
K in g , L . P . ,  C a lifo rn ia  
K in g , R ic h a rd ,  C e n tra l  S ta te s  
K in g , W ill ia m , C e n t r a l  S ta te s  
K in g s b u ry ,  H . N . ,  C e n t r a l  S ta te s  
K in g s to n ,  S . P .,  C e n t r a l  S ta te s  
K in g s to n ,  T .  M . S ., C a n a d a  
K in g w e ll, E . G ., P a c if ic  N o r th w e s t  
K in n e y , E .  F . ,  C e n t r a l  S ta te s  
K in n e y ,  J .  B ., C a n a d a  
K in se l, H a r r y  L .,  N e w  E n g la n d  
K ip p ,  W . H .,  P ac if ic  N o r th w e s t  
K irc h o ffe r ,  W . G ., C e n tra l  S ta te s  
K irn ,  M a t t ,  C e n t r a l  S ta te s  
K ir s n e r ,  C h a s .,  N e w  Y o rk  
K i t t r e l l ,  F .  W ., F e d e ra l  
K iv a r i ,  A . M ., C a lifo rn ia  
K iv e ll ,  W a y n e  A ., N e w  Y o rk  
K iz le r ,  W ilf re d  C ., C a lifo rn ia  
K le g e rm a n , M . H . ,  N e w  Y o rk  
K le in , J .  A ., C e n t r a l  S ta te s  
K le in , L .,  E n g la n d  ( I .S .P .)
K le in , L ew is , P e n n s y lv a n ia  
K le in , W m . I ., N e w  J e rs e y  
K le ise r ,  P a u l  J . ,  C e n t r a l  S ta te s  
K le v e n , J o h n ,  N o r th  D a k o ta  
K lin c k , F r a n k ,  N e w  Y o rk  
K lin e , H .  S ., O h io  
K n a p p ,  C h a s . A ., N e w  Y o rk  
K n a p p ,  F lo y d  H .,  N e w  Y o rk  
K n a p p ,  H e n r y  A .,  G e o rg ia  
K n e c h tg e s ,  O ., C e n t r a l  S t a te s  
K n ig h t ,  C . H . ,  C a n a d a  
K n i t te l ,  E . A ., P ac if ic  N b r th w e s t  
K n o e d le r ,  H . A . ,  C a lifo rn ia  
K n o l lm a n ,  F r e d ,  R o c k y  M o u n ta in  
K n o w le s , C o y le  E .,  N e w  Y o rk  
K n o w lto n ,  W . T . ,  C a l ifo rn ia  
K o c h , P h ilip  L ., C e n t r a l  S ta te s  
K o c h t i t z k y ,  O . W .,  J r . ,  F e d e ra l  
K o e b ig , A . H . ,  J r . ,  C a lifo rn ia  
K o e s te r e r ,  E d w in , C e n t r a l  S ta te s  
K o lb , F r e d  W .,  C a l ifo rn ia  
K o m lin e , T .  R . ,  N e w  J e rs e y  
K o n ic h e k , J a m e s  T . ,  C e n t r a l  S ta te s

K o o n , R a y  E . ,  P a c if ic  N o r th w e s t  
K o ru z o , J o h n  E .,  G e o rg ia  
K o z m a , A lb e r t  B ., N e w  J e r s e y  
K r a m e r ,  H a r r is o n  W .,  P a c if ic  N o r t h 

w e s t
K r a m e r ,  H a r r y  P .,  C e n t r a l  S ta te s  
K r a u s ,  L . S ., C e n t r a l  S ta te s  
K re s s ly ,  P a u l  E .,  C a l ifo rn ia  
K r e u t t e r ,  C la re n c e , N e w  Y o rk  
K ro e b e r , F r e d e r ic k  V ., C e n t r a l  S ta te s  
K ro n b a c h ,  A lla n  J . ,  M ic h ig a n  
K ro o n e , T .  H .,  O h io  
K ro p p ,  G e o rg e  W .,  M isso u r i  
K ru e g e l,  J .  L ., M is so u r i  
K ru e g e r ,  A . L ., M is s o u r i  
K r u m , H a r r y  J . ,  N e w  Y o rk  
K u h l ,  F .  A ., C e n t r a l  S ta te s  
K ü h n e r ,  F r a n k  G .,  C e n t r a l  S ta te s  
K u n o w s k i,  P e te r ,  N e w  Y o rk  
K u n s c h ,  W a l te r  M ., C e n t r a l  S ta te s  
K u n z e , A lb e r t  T . ,  M ic h ig a n  
K u s s m a u l,  T .  C .,  O h io

L a c y , I lb e r t  O ., N e w  Y o rk  
L a d lo w , J o h n ,  A r iz o n a  
L a f fe r ty , E r n e s t  L ., N o r th  C a ro lin a  
L a f fe r ty ,  W . R . ,  N e w  J e rs e y  
L a f re n ie re ,  T h e o .  J . ,  C a n a d a  
L a id la w , C . T . ,  C a n a d a  
L a k e s id e  E n g in e e r in g  C o rp .,  A sso c i

a te ,  A t t ’n :  R . O . F r ie n d ,  ( C o rp o 
r a t e ) ,  C e n t r a l  S t a te s  

L a m b , C h a r le s ,  C a n a d a  
L a m b , C la re n c e  F . ,  N e w  E n g la n d  
L a m b , M a x  R . ,  R o c k y  M o u n ta in  
L a m b , M ile s , C e n t r a l  S ta te s  
L a m b e r t ,  F r a n c i s  J . ,  N e w  Y o rk  
L a m b e r t ,  G e o rg e , R o c k y  M o u n ta in  
L a m o th e ,  W ilf re d , N e w  E n g la n d  
L a m o u re u x , V in c e n t  B ., F e d e ra l  
L a m p in g , L e o n a rd  L ., P a c if ic  N o r th 

w e s t
L a m so n , B . F . ,  C a n a d a  
L a n g , S h e ld o n , F e d e ra l  
L a n g d o n ,  B . J . ,  F e d e ra l  
L a n g d o n , L . E .,  C e n t r a l  S ta te s  
L a n g d o n , P a u l  E ., C e n t r a l  S ta te s  
L a n g e lie r ,  W . F . ,  C a l ifo rn ia  
L a n g e r , J o s e p h  J . ,  N o r th  D a k o ta  
L a n g fo rd , L e o n a rd  L .,  N e w  Y o rk  

( D u a l-N e w  E n g la n d  a n d  P e n n s y l
v a n ia )

L a n g la is ,  Z a c h e e , C a n a d a  
L a n g m u ir  P a in ts ,  C a n a d a  
L a n g s h a w , C . L .,  E n g la n d  ( I .S .E .)  
L a n g w e il, L o u is ,  C e n t r a l  S t a te s  
L a n n o n ,  W ill ia m , N e w  E n g la n d  
L a n p h e a r ,  R o y  S ., N e w  E n g la n d  
L a rk in ,  W . H .,  N e w  Y o rk  
L a n s in g , E d w a r d  S ., N e w  Y o rk  (D u a l-  

N e w  E n g la n d )
L a r so n ,  C . C ., C e n t r a l  S ta te s  
L a r so n ,  K e i th  D . ,  C e n t r a l  S ta te s  
L a rso n , L . L ., C e n t r a l  S t a te s  
L a R u e ,  L u th e r ,  O h io  
L a s a g a ,  A n d re s , T e x a s  
L a s s ite r ,  L . I . ,  N o r th  C a ro lin a  
L a th a m ,  D o n a ld  S ., N e w  E n g la n d  
L a u e r ,  W m . N .,  C e n t r a l  S ta te s  
L a u g h l in ,  W ill ia m  G . C ., N e w  Y o rk  
L a u ra m o re ,  H o ra c e  H .,  F lo r id a  
L a u s te r ,  K . C ., D a k o ta  
L a u te n s c h la g e r ,  H u b e r t ,  O h io  
L a u tz ,  H a r o ld  L ., C e n t r a l  S ta te s  
L a V a lle y , E d w a r d  C ., N e w  Y o rk  
L a w re n c e , J o h n ,  N e w  Y o rk  
L a w so n , W . S ., C a n a d a  
L e a , J .  E ., E n g la n d  ( I .S .P .)
L e a , W . S ., C a n a d a  
L e a c h , W a l t e r  L ., O h io  
L e a h e y , A n th o n y  T . ,  N e w  J e rs e y  
L e a rn ,  H e n r y  C ., C e n t r a l  S ta te s  
L e a th e r la n d ,  C . F . ,  C a n a d a  
L e B o s q u e t ,  M ., F e d e ra l  
L e C h a r d ,  J o s e p h  H .,  N e w  J e rs e y  
L e C le rc , A r th u r  B ., N o r th  C a ro lin a  
L e C le rc q , E . P .,  N e w  Y o rk  
L e d e e n , R u d o lp h  W .,  T e x a s  
L e d e re r ,  K . ,  C a l ifo rn ia  
L e d fo rd ,  G e o rg e  L .,  N e w  Y o rk  
L e e , C h a s . H . ,  C a l ifo rn ia  
L e e , J .  D o u g la s ,  C a n a d a  
L e e , M in g , C e n t r a l  S ta te s  
L e e , O liv e r ,  C e n t r a l  S ta te s  
L e e m a s te r ,  J .  F . ,  M ic h ig a n  
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M o h lm a n ,  F .  W ., (H o n o ra ry )  C e n 

t r a l  S t a te s  
M o ir ,  R o b e r t  W ., N e w  E n g la n d  
M o li to r ,  E d w a rd  P ., N e w  J e rs e y  
M o n k , H . E .,  E n g la n d  ( I .S .P .)  
M o n ro e , C i ty  o f , ( N o r th  C a ro lin a ) ,  

N o r th  C a ro lin a  
M o n ro e , S . G .,  O h io  
M o n se ll , H a r r y  M ., N e w -Y o rk  
M o n tg o m e ry ,  H o m e r  M ., O k la h o m a  
M o n tre a l ,  C i ty  of (Q u e b e c ),  C a n a d a  
M o o n , J a m e s  N .,  P e n n s y lv a n ia  
M o o r, A lex , N e w  Y o rk  
M o o r, W . C ., T e x a s  
M o o re , C h a r le s  A ., P e n n s y lv a n ia  
M o o re , E d w a r d  W ., N e w  E n g la n d  
M o o re , F .  O w e n , E n g la n d  ( I .S .E .)  
M o o re , G e o . S ., N o r th  C a ro lin a  
M o o re , G e o rg e  W .,  N e w  Y o rk  
M o o re , L e e  S ., C e n t r a l  S ta te s  
M o o re , R . B ., C e n t r a l  S ta te s  
M o o re , R . L ., E n g la n d  ( I .S .P .)
M o o re , W . A ., F e d e ra l  
M o o rh e a d , T r u m a n  O rre n , F lo r id a  
M o re h o u s e , W . W ., O h io  
M o rg a n , E d w a rd  F . ,  J r . ,  N e w  E n g 

la n d
M o rg a n , G e o rg e , C a n a d a  
M o rg a n , P h i lip  F . ,  C e n tra l  S ta te s  
M o rg e n ro th , F r i t z ,  N e w  E n g la n d  
M o rin , A ., C a n a d a  
M o rk e r t ,  K e n n e th ,  C e n tra l  S ta te s  
M o rr i ll ,  A r th u r  B ., M ic h ig a n  
M o rr is ,  A rv a l,  C a lifo rn ia  
M o rr is ,  D . B ., C e n tra l  S ta te s  
M o rr is ,  L ee , D a k o ta  
M o rr is ,  P a u l  J . ,  P e n n s y lv a n ia  
M o rr is ,  R a e l  F . ,  F e d e ra l  
M o rr ise y , R ic h a rd  A ., P e n n s y lv a n ia  
M o rr iso n , J a m e s  E ., P ac if ic  N o r th 

w e s t
M o rro w , B en  S ., P ac if ic  N o r th w e s t  
M o rte n s e n ,  E r n e s t  D . ,  N e w  E n g la n d  
M o rte n s o n , E . N .,  C e n tra l  S ta te s  
M o ses , H . E ., (H o n o ra ry )  P e n n s y l

v a n ia
M o ses , J a m e s  E . ,  N o r th  C a ro lin a  
M o s ie r , J .  F . ,  M ic h ig a n  
M o ss, F .  J . ,  F e d e ra l  
M o tt ,  C . A ., C a n a d a  
M o u d y , R . B ., R o c k y  M o u n ta in  
M o u n tf o r t ,  L . F . ,  E n g la n d  ( I .S .P .)  
M o w b ra y , G eo . A ., N e w  Y o rk  
M o w re y , J .  H a s e , P e n n s y lv a n ia  
M o w ry , R . B ., N e w  J e rs e y  (D u a l-  

P e n n s y lv a n ia )
M o y a , In g . V ic to r  J o s e , P e n n s y lv a n ia  
M o y a r ,  J e s s e , O h io
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M u d g e t t ,  C . T . ,  M ic h ig a n  
M u e g g e , O . J . ,  C e n t r a l  S ta te s  
M u e lle r  C o m p a n y ,  A s s o c ia te  
M u ld o o n , J o s e p h  A ., N e w  E n g la n d  
M u lh o l la n d ,  R . A ., T e x a s  
M u lv ih il l ,  F r a n c i s  J . ,  P e n n s y lv a n ia  
M u n d in g ,  G e rm a in e  G .,  N e w  Y o rk  
M u n ro e ,  E . H . ,  C a n a d a  
M u n ro e ,  H e n r y  F . ,  N e w  E n g la n d  
M u n ro e ,  J a m e s  A . & S o n s , A s s o c ia te  
M u n ro e ,  W a l te r  C ., M a ry la n d -D e la 

w a re
M u n s o n ,  L a u r a  A ., C a l ifo rn ia  
M u rd o c k ,  W m . J . ,  P e n n s y lv a n ia  
M u rp h re e ,  V e rb o n  L ., C a l ifo rn ia  
M u rp h y ,  J o h n  A ., C e n t r a l  S t a te s  
M u rp h y ,  R e g in a ld  A ., N e w  Y o rk  
M u r r a y ,  A . E . S c o t t ,  E n g la n d  ( I .S .E .)  
M u rs c h e l,  J a c o b ,  D a k o ta  
M u s g ra v e ,  A . S . G .,  C a n a d a  
M u s s , J o s h u a ,  N e w  J e rs e y  
M u tz b e rg ,  F .  A ., N o r th  C a ro lin a  
M y a t t ,  H . ,  E n g la n d  ( I .S .P .)
M y le s , G e o rg e , M ic h ig a n

N a e h r ,  H a r r y  F . ,  G e o rg ia  
N a n c e , E . L ., N o r th  C a ro lin a  
N a n g le , B . A ., D a k o ta  
N a s i ,  K a a r lo  W ., C a l ifo rn ia  (D u a l-  

F e d e ra l)
N a s o n ,  E d w a rd  M c k .,  C a n a d a  
N a t io n a l  C o u n c il  fo r  S t r e a m  I m 

p ro v e m e n t,  (C o r p o ra te ) ,  A t t ’n : 
H a r r y  W . G e h m , N e w  Y o rk  

N a t io n a l  W a te r  M a in  C le a n in g  C o ., 
A sso c ia te , A t t ’n : C l in to n  In g le e  

N a u e r ,  L o u is  A ., J r . ,  C e n t r a l  S t a te s '  
N a y lo r ,  W ill ia m , N e w  E n g la n d  
N e a le , W ill ia m  F . ,  M a ry la n d -D e la 

w a re
N e c k e r , C . E .,  C a n a d a  
N e ffen d o rf , A lfre d , T e x a s  
N e im a n , W . T . ,  C e n t r a l  S ta te s  
N e lle , R ic h a rd  S ., C e n t r a l  S ta te s  
N e lso n , B e n  O ., P ac if ic  N o r th w e s t  
N e lso n , C a s p e r  I .,  D a k o ta  
N e lso n , D . H .,  C e n t r a l  S ta te s  
N e lso n , F r e d e r ic k  G .,  C a lifo rn ia  
N e lso n , H . G .,  M ic h ig a n  
N e ls o n , H . L lo y d , P e n n s y lv a n ia  
N e m m e rs ,  W . P ., Io w a  
N e sh e im , A rn o ld , F e d e ra l  
N e ss , O le  J . ,  C e n t r a l  S ta te s  
N e u m a n n ,  G e o rg e  B ., C e n tra l  S ta te s  
N e v e s , L o u re n c o  B a e ta ,  N e w  Y o rk  
N e v i t t ,  I . H .,  N e w  Y o rk  
N e w e ll, M . A ., R o c k y  M o u n ta in  
N e w e ll, T o w n  of, ( Io w a ) ,  Io w a  
N e w la n d , S te w a r t  H . ,  T e x a s  
N e w la n d s , J a m e s  A ., N e w  E n g la n d  
N e w m a n , A lfre d  C .. F lo r id a  
N e w so m , R e e v e s , N e w  Y o rk  
N e w to n ,  C i ty  of, ( Io w a ) ,  Io w a  
N e w to n ,  D o n a ld ,  C e n t r a l  S ta te s  
N ic h o la s , F o r r e s t  A ., C e n t r a l  S ta te s  
N ic h o ls ,  A r th u r  E ., N e w  Y o rk  
N ic h o ls  E n g in e e r in g  & R e s e a rc h  C o rp ., 

A sso c ia te , A t t ’n : R . W . R o w e n  
N ic h o ls ,  F .  E .,  O h io  
N ic h o ls ,  M . S t a r r ,  C e n t r a l  S ta te s  
N ic h o lso n , C . P .,  N e w  Y o rk  
N ic k e l,  J a c k  B ., G e o rg ia  
N ic k le , A . J . ,  C a n a d a  
N ic k lin , H . S ., C a n a d a  
N ie b e rg a ll ,  H e r b e r t  J . ,  N e w  Y o rk  
N ie lse n , N .  P .,  R o c k y  M o u n ta in  
N ile s , A . H . ,  O h io  
N ile s , C h a s . A ., N e w  Y o rk  
N ile s , T h o m a s  M ., C e n t r a l  S ta te s  
N ix o n , J . ,  E n g la n d  ( I .S .P .)
N ix o n , M . B ., G e o rg ia  
N ix o n , R a y ,  K a n s a s  
N o e l, C a r l  F . ,  C a l ifo rn ia  
N o ld , V e rn ,  C e n t r a l  S ta te s  
N o l le t t ,  F r a n k ,  N e w  Y o rk  
N o l te n iu s ,  V . J u l io ,  F lo r id a  
N o rd e ll ,  C a r l  H .,  C e n t r a l  S ta te s  
N o rf le e t,  C la rk  T . ,  C a l ifo rn ia  
N o r g a a rd ,  J o h n ,  M ic h ig a n  
N o rm a n ,  G . A ., C e n t r a l  S ta te s  
N o rr is ,  F r a n c i s  I .,  F e d e ra l  
N o r th ro p ,  L . E .,  A r iz o n a  
N u g e n t ,  H a r o ld  F . ,  N e w  Y o rk  
N u g e n t ,  L e e  M .,  C a l ifo rn ia  
N u s s b a u m e r ,  N e w e ll L ., N e w  Y o rk

N u s s b e rg e r ,  F r e d ,  N e w  Y o rk  
N u t t e r ,  F r a n k  H .,  C e n t r a l  S t a te s

O b m a , C h e s te r  A ., C e n t r a l  S t a te s  
O ’B rien , E a r l  F . ,  N e w  Y o rk  
O c e a n  C i ty  S e w e r  S e rv ic e  C o ., N e w  

J e rs e y
O c k e rs h a u s e n , R ic h a rd  W ., N e w  Y o rk  
O 'C o n n e l l ,  W m . J . ,  J r . ,  C a l ifo rn ia  
O ’C o n n o r , W m . F . ,  J r . ,  N e w  Y o rk  
O d b e r t ,  E u g e n e , J r . ,  C e n t r a l  S ta te s  
O d e ll, L e s te r ,  C e n t r a l  S ta te s  
O 'D e ll ,  W . H .,  N e w  Y o rk  
O ’D o n n e ll,  C h a r le s  F . ,  N e w  Y o rk  
O ’D o n n e ll,  R .,  P e n n s y lv a n ia  
O effler, W . A ., C e n t r a l  S ta te s  
O e m in g , L . F . ,  M ic h ig a n  
O ’F la h e r ty ,  F r e d ,  O h io  
O g d e n , H e n ry  N .,  N e w  Y o rk  
O g d e n , W illis  L . ," F e d e ra l  
O 'H a r a ,  F r a n k l in ,  N e w  Y o rk  
O ’H a r a ,  J o h n ,  P e n n s y lv a n ia  
O h r , M ilo  F . ,  M ic h ig a n  
O k e , E r n e s t  E . W ., C a n a d a  
O k u n , A b r a h a m  H ., N e w  Y o rk  
O k u n , D a n ie l  A ., C e n t r a l  S t a te s  
O ld , H . N ..  F e d e ra l  
O ld in g , A . E ., D a k o ta  
O 'L e a r y ,  W . A ., N e w  Y o rk  
O le w ile r , G r a n t  M ., P e n n s y lv a n ia  
O liv e r ,  W a rr e n  J . ,  R o c k y  M o u n ta in  
O lsen , W . C .,  N o r th  C a ro lin a  
O lso n , F r a n k  W .,  C e n t r a l  S t a te s  
O lso n , J a c k ,  R o c k y  M o u n ta in  
O m e g a  M a c h in e  C o ., A s s o c ia te  
O ’N e ill , R a lp h  W .,  C a l ifo rn ia  
O n g e r th ,  H e n ry  J . ,  C a l ifo rn ia  
O n io n s , R o b e r t ,  C a n a d a  
O p lin g e r , L e s te r ,  P e n n s y lv a n ia  
O rc h a rd ,  W . J . ,  N e w  Y o rk  
O rd w a y , E . S ., N e w  J e r s e y  
O rr ,  W m . S ., C a n a d a  
O r to n ,  J .  W ., M ic h ig a n  
O s b o rn , L . C ., R o c k y  M o u n ta in  
O s e n b a u g h , R . J . ,  R o c k y  M o u n ta in  
O s te rh o u d t ,  W ill ia m  C ., N e w  Y o rk  
O s th o ff , R ic h a rd  H . L .,  J r . ,  N e w  J e r 

sey
O t t s ,  L o u is  E ., J r . ,  T e x a s  
O u s te rh o u t ,  A lfre d , N e w  Y o rk  
O u tlo w , J .  M ., T e x a s  
O v e ra ll ,  W . G .,  C e n t r a l  S ta te s  
O w e n , M a rk  B ., C a n a d a  
O zelse l, A . M ., C e n t r a l  S t a te

P a c h e c o ,  L e o , C a l ifo rn ia  
P a c if ic  F lu s h  T a n k  C o ., ( C o r p o r a t e ) ,  

C e n t r a l  S t a te s  (D u a l-O h io )  
P a d g e t t ,  J .  W .,  A r iz o n a  
P a g e , R o n a ld  C ., C a l ifo rn ia  
P a in te r ,  C a r l  E .. C a l ifo rn ia  
P a la n g e , R . C ., F e d e ra l  
P a llo , P e te r  E .,  N e w  Y o rk  
P a lm e r ,  B e n ja m in  M ., N e w  E n g la n d  
P a lm e r ,  C . L ., M ic h ig a n  
P a lm e r ,  F .  F . .  M o n ta n a  
P a lm e r ,  H a ro ld  K .,  C a l if o r n ia  
P a lm e r ,  J o h n  R . ,  C e n t r a l  S t a te s  
P a lo c s a y ,  F r a n k  S ., O h io  
P a n ia n ,  A u g u s t  J . ,  C e n t r a l  S t a te s  
P a p p m e ie r ,  L o u is  S ., C e n t r a l  S t a te s  
P a rd e w , W . H o lm e s , P e n n s y lv a n ia  
P a r k e r ,  H . C . ,  C a l ifo rn ia  
P a r k e r ,  L . K . ,  N e w  E n g la n d  
P a rk e s ,  G . A ., C a l ifo rn ia  
P a rk s ,  C . A ., P ac if ic  N o r th w e s t  
P a rk s ,  E d .,  M o n ta n a  
P a r r is h ,  C lif fo rd  M ., T e x a s  
P a r is h ,  M ile s  A ., C a l ifo rn ia  
P a r r is h ,  R ia l  T . ,  O h io  
P a r s o n s ,  R . H . ,  C a n a d a  
P a r t i n ,  J o h n  L ., C a l ifo rn ia  
P a t te r s o n ,  D e w e y  O ., T e x a s  
P a t te r s o n ,  J .  R ..  M is so u r i  
P a t te r s o n ,  O rv ille  W ., C e n t r a l  S t a t e s  
P a t te r s o n ,  R o y  K .,  N e w  Y o rk  
P a u l ,  L ew is  C ., N e w  Y o rk  
P a w la k , J o h n  S ., N e w  Y o rk  
P a y ro w , H a r r y  G .,  P e n n s y lv a n ia  
P e a k ,  M . C ., T e x a s  
P e a k e ,  J .  B ., N e w  Y o rk  
P e a le r ,  T h o m a s ,  P e n n s y lv a n ia  
P e a rc e , F le tc h e r ,  M o n ta n a  
P e a rc e , H . B ., A r iz o n a  
P e a r l ,  E m a n u e l  H .,  T e x a s

P e a rs e . L a n g d o n ,  (H o n o ra ry )  C e n 
t r a l  S t a te s  

P e a se , M a x fie ld , O h io  
P e a s le e , G e o . A ., C e n t r a l  S ta te s  
P e c k , L a w re n c e  J . ,  N e w  Y o rk  
P e c k e r ,  J o s e p h  S ., N e w  Y o rk  (D u a l-  

P e n n s y lv a n ia )
P e d e rs o n , J e a n  J . ,  C a lifo rn ia  
P e lz ,  W m . J . ,  C a n a d a  
P e n se , I re l  V ., C e n t r a l  S ta te s  
P e n n in g to n ,  M a rv in ,  C e n t r a l  S ta te s  
P e n n s y lv a n ia  S a l t  M fg . C o ., A ssoc i

a te ,  A t t ’n : L . L . H e d g e p e th  
P e p in ,  E . J . ,  M o n ta n a  
P e q u e g n a t ,  R o b t .  K ., C a n a d a  
P e rk in s ,  C . K .,  N e w  Y o rk  
P e r r in e ,  J .  F r a n k l in ,  N e w  Y o rk  
P e r ry ,  A . H .,  C a n a d a  
P e r ry ,  E a r l  R .,  N e w  E n g la n d  
P e te r s o n ,  E a r l  L ., N e w  Y o rk  
P e te r s o n ,  E d w a r d  T . ,  C e n t r a l  S ta te s  
P e te r s o n ,  I v a n  C ., C e n t r a l  S ta te s  
P e te r s o n ,  J .  H .,  C a l ifo rn ia  
P e te r s o n ,  M y h re n  C ., C e n t r a l  S ta te s  
P e te r s o n ,  R a lp h  W ., C e n t r a l  S ta te s  
P e tr ie ,  W m . P .,  N e w  E n g la n d  
P e t t ,  K . M ., C e n t r a l  S ta te s  
P fe ife r ,  J o h n  C ., P a c if ic  N o r th w e s t  
P h e lp s , B . D . ,  C a l ifo rn ia  
P h e lp s , B o y d  E .,  C e n t r a l  S ta te s  
P h e lp s ,  E a r le  B ., N e w  Y o rk  
P h e lp s ,  E llis  K . ,  F lo r id a  
P h e lp s , G e o ., C a n a d a  
P h ilip s ,  H .  S ., C a n a d a  
P h ill ip s ,  E lm e r ,  C a l ifo rn ia  
P h ill ip s ,  H . N .,  N e w  Y o rk  
P h ill ip s ,  R . S ., N o r th  C a ro lin a  
P h ill ip s ,  R o y  L ., P e n n s y lv a n ia  
P h o e n ix , E d w a r d  A ., N e w  Y o rk  
P i a t t ,  W m . M ., N o r th  C a ro lin a  
P i c k e t t ,  A r th u r  G ., C a lifo rn ia  
P ie rc e , C . L . t C a l ifo rn ia  
P ie rc e , D . O ., C a l ifo rn ia  
P ie rc e , G e o rg e  O ., C e n t r a l  S ta te s  
P ie rc e , H . M ., D a k o ta  
P ie rc e , W . E .,  M ic h ig a n  
P ie r ro n ,  L . L ., O h io  
P ie rro n , W m .,  S r .,  P a c if ic  N o r th w e s t  
P ie rs o n , N a t  D . ,  N o r th  C a ro lin a  
P in c u s , S o l, N e w  Y o rk  
P in e , E . T . ,  C e n t r a l  S ta te s  
P in k n e y ,  G le n n  E .,  N e w  Y o rk  
P in n e y , F .  W ., D a k o ta  
P ip e r ,  K . ,  D a k o ta  
P i tk in ,  W a rd  H .,  N e w  Y o rk  
P i t t s b u r g h - D e s  M o in e s  C o ., A ssoc i

a te ,  A t t ’n :  J .  E .  O ’L e a ry  
P i t t s b u r g h  E q u i ta b le  M e te r  C o ., A s

s o c ia te  
P iz ie , S t u a r t  G .,  F lo r id a  
P la c e k , O . R .,  F e d e ra l  
P le d g e r ,  A ., E n g la n d  ( I .S .P .)  
P lu m m e r ,  M . W .,  M o n ta n a  
P lu m m e r ,  R a y m o n d  B ., C e n tra l  

S t a te s  
P o h l ,  C . A ., N e w  Y o rk  
P o lle x , E lm e r ,  O h io  
P o llo c k , J o h n  M ., N e w  Y o rk  
P o m e ro y , C la re n c e , M ic h ig a n  
P o m e ro y , R ic h a rd ,  C a lifo rn ia  
P o o le , B . A ., C e n t r a l  S ta te s  
P o o le , S . B ., E n g la n d  ( I .S .P .)
P o o le , W m . A ., C a lifo rn ia  
P o p e , L e s te r ,  N e w  J e rs e y  
P o rg e s , R a lp h ,  F e d e ra l  
P o r te o u s ,  W . K .,  E n g la n d  ( I .S .E .)  
P o r te r ,  H .,  C a l ifo rn ia  
P o r te r ,  J .  W ., M o n ta n a  
P o r te r ,  S a m  D .,  M ic h ig a n  
P o r te r ,  T h o m a s  H .,  C a n a d a  
P o r te r ,  W ill ia m , N e w  Y o rk  
P o se y , J a m e s ,  M a ry la n d -D e la w a re  
P o s t ,  F r e d  W .,  C a l ifo rn ia  
P o s t ,  H . H .,  M ic h ig a n  
P o s to n ,  R . F . ,  R o c k y  M o u n ta in  

(D u a l-F e d e ra l )
P o t te r ,  D a v e . ,  C e n t r a l  S ta te s  
P o t te r ,  H . M ., M a ry la n d -D e la w a re  
P o t t s ,  C ly d e , N e w  Y o rk  
P o t ts ,  H a r r y  G .,  M ic h ig a n  
P o w ell, A . R . ,  N e w  Y o rk  
P o w ell, F r a n c e s ,  T e x a s  
P o w e ll, G . G .,  C a n a d a  
P o w ell, J .  G .,  C a n a d a  
P o w ell, O t to ,  C e n t r a l  S t a te s  
P o w ell, R e u b e n  R .,  F lo r id a
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Pow ell, S . T . ,  M a ry la n d -D e la w a re  
Powell, W . L ., T e x a s  
Pow ers, E . C .,  O h io  
Pow ers, R . W ., C a lifo rn ia  
Pow ers, T h o m a s  J . .  M ic h ig a n  
P ra t t ,  G ilb e r t  H .,  N e w  E n g la n d  
P resto n , A . M ., T e x a s  
Price, C . P ., D a k o ta  
Price, D . H . A ., E n g la n d  ( I .S .P .)  
Priess, L e R o y , K a n s a s  
P ringle, H . L ., C a n a d a  
Probasco , S . R ., N e w  J e rs e y  
P rodanov ich , D a n ilo , G e o rg ia  
P ro p o rtio n eers , In c ., A sso c ia te , A t t ’n :

H . E . H o llb erg ,
P ro u d m an . C h e s te r  F . ,  N e w  E n g la n d  
Provost, A n d re w  J . ,  J r . ,  N e w  Y o rk  
P ru itt, A . C ., T e x a s  
Public W o rk s  M a g a z in e , A sso c ia te  
P u ck h ab er, F re d  H ., T e x a s  
Puffer, S te p h en  P ., N ew  E n g la n d  
Purdie, D a v id  J . ,  N ew  Y o rk  
P urser, J o h n  R ., J r . ,  N o r th  C a ro lin a

Q uaely , M a r t in  F . ,  N e w  Y o rk  
Q u artly , E ric  V ., C a lifo rn ia  
Quigley C o m p a n y , In c .,  A sso c ia te , 

A t t ’n : R . A . T re fe th e n  
Q uinn, Jo se p h  L ., J r . ,  C e n tra l  S ta te s  
Q uivey, R a y m o n d  V ., N ew  Y o rk

R acek , L ., J r . ,  C e n tra l  S ta te s  
R acely , W ilb u r  A ., C a lifo rn ia  
Radcliffe, J a c k  C ., N e w  J e rs e y  
R adel, A n d rew , N e w  J e rs e y  
R aisch, W m „  N ew  Y o rk  (D u a l-N e w  

Eng land)
R alston , W ilm er R .,  P e n n s y lv a n ia  
R am seier, R o y  E ., S r ., 'C a li fo rn ia  
R an d all, W . T ., C a n a d a  
R aneri, R a y , F e d e ra l 
R ank in , R . S ., C e n tra l  S ta te s  
R ansiear, W m . A ., N e w  Y o rk  
R atcliffe, R o b e r t C ., R o c k y  M o u n 

ta in
R a th , H e n ry  M ., N ew  Y o rk  
Raw ding, R o y , K a n sa s  
R aw ley, Leo, C e n tra l  S ta te s  
Raw lins, G eorge S ., N o r th  C a ro lin a  
Raw n, A. M ., C a lifo rn ia  
Raw son, E . O tto , C a n a d a  
R aym ond , N elso n  I .,  M ic h ig a n  
R aym ond, R . P ., N ew  J e rs e y  
Read, H o m er V ., C e n tra l  S ta te s  
Read, J a c k  E ., C a n a d a  
Ream es, H . S ., M ic h ig a n  
R eardon, W m . R ., C e n tra l  S ta te s  
Reaves, S . H .,  G eo rg ia  
R ector, K . E ., K a n sa s  
Redding, H a r ry  P ., N o r th  C a ro lin a  
R edfem , W . B ., C a n a d a  
Redm an, G eo. W ., P e n n s y lv a n ia  
Reed, C h as . A ., C a lifo rn ia  
Reed, Leon H ., N e w  E n g la n d  
Reed, P a u l W ., C e n tra l  S ta te s  
Reedy, T im o th y  D .,  M ic h ig a n  
Reese, M a rsh a ll, P e n n s y lv a n ia  
Reeve, L e s te r  G ., P e n n s y lv a n ia  
Reeve, S. P ., K a n s a s  
Reeves, C . F . ,  C a lifo rn ia  
Rehler, J o s e p h  E ., N e w  Y o rk  
Reid, G . G ra h a m , C a n a d a  
Reid, G eo, W ., F lo r id a  
Reidell, A . G ., C a lifo rn ia  
Reim an, F . J . ,  M ic h ig a n  
Rein, L. E ., C e n tra l  S ta te s  
Reiners, A . H .,  N e w  J e rs e y  
R e in h a rd t, A r th u r  W ., C a lifo rn ia  
Reinke, E . A ., C a lifo rn ia  
Reisert, M ic h a e l J . ,  N e w  Y o rk  
R em sburg , W . N .,  K a n s a s  
R em sen, J o h n ,  N e w  Y o rk  
Rendell, T h e o d o re , E n g la n d  ( I .S .P .)  
Rennels, W illa rd  T . ,  C e n t r a l  S ta te s  
Renoud, G le a so n  L ., C a lifo rn ia  
R e q u a rd t, G . J . .  N e w  Y o rk  
R euning , H o w a rd  T . ,  P e n n s y lv a n ia  
R euschel, E a r l  R . ,  M is so u r i  
Rew, M y ro n  E .,  C a lifo rn ia  
R eyno lds, L eo n  B ., C a lifo rn ia  
R eyno lds, M . W .,  M ic h ig a n  
R eyno ldson , C . G .,  C e n t r a l  S ta te s  
R enoldson, T .  B ., E n g la n d  ( I .S .P .)  
R h o ad s, E d w a rd  J . ,  P e n n s y lv a n ia  
R hodes, T .  W ., G e o rg ia  
R ibal. R a y m o n d  R o b t . .  C a lifo rn ia

R ib n e r ,  M ., N e w  Y o rk  
R ib re a u ,  G i lb e r t  E .,  N e w  Y o rk  
R ic e , A rc h ie  H .,  P ac if ic  N o r th w e s t  
R ice , C lif to n  L .,  F lo r id a  
R ic e , J o h n  E .,  F e d e ra l  
R ice , J o h n  M ., P e n n s y lv a n ia  
R ic e , L a w re n c e  G .,  N e w  Y o rk  
R ic h a rd ,  J o s e p h ,  M ic h ig a n  
R ic h a rd s , G . H .,  C a n a d a  
R ic h a rd s o n , C . G .,  A s s o c ia te  (D u a l-  

N e w  E n g la n d ) .  A lso  see  B u ild e rs -  
P ro v id e n c e , In c .

R ic h g ru b e r ,  M a r t in ,  C e n t r a l  S ta te s  
R ic h h e im e r , C h a s . E ., F lo r id a  
R ic h m a n , W . F . ,  C e n tra l  S ta te s  
R ic h te r ,  J a m e s  B ., C e n tra l  S ta te s  
R ic h te r ,  P a u l  O ., C e n t r a l  S ta te s  
R ic k a rd ,  G ro v e r  E ., N e w  Y o rk  
R ic k e n b a c h , H o w a rd  F . ,  P e n n s y l

v a n ia
R ic k e y , C liffo rd  E ., N e w  E n g la n d  
R id d ic k , T h o m a s  M ., N e w  Y o rk  
R id e n o u r, G . M ., M ic h ig a n  
R ie d e l, J o h n  C ., N e w  Y o rk  
R ied ese l, G . A ., P ac if ic  N o r th w e s t  
R ied ese l, H e n ry  A ., C e n t r a l  S ta te s  
R ie d e se l, P . W ., C e n tra l  S ta te s  
R ie h l, W . H „  C a n a d a  
Rifife', N o rm a n  T . ,  C a lifo rn ia  
R iis -C a r te n s e n , E r ik ,  N e w  Y o rk  
R ik e r ,  I . R . ,  N e w  J e rs e y  
R in e h a r t ,  C lid u s , C e n tra l  S ta te s  
R i t t e r ,  B ru c e , M ic h ig a n  
R i t t e r ,  R o llin , G e o rg ia  
R i t t e r ,  R o y  H .,  M a ry la n d -D e la w a re  
R o a c h , V in c e n t,  Io w a  
R o a c h , W . H .,  D a k o ta  
R o a h rig , H e n ry  L .,  C e n t r a l  S ta te s  
R o b b in s , G e o rg e  T . ,  F lo r id a  
R o b e r to n ,  L . T . ,  C a n a d a  
R o b e r ts ,  A . L ., A r iz o n a  
R o b e r ts ,  C . R .,  N e w  Y o rk  
R o b e r ts ,  E . F . ,  C a n a d a  
R o b e r ts ,  F . C ., J r . ,  C a lifo rn ia  (D u a l-  

F e d e ra l)
R o b e r ts ,  J a c k ,  N e w  Y o rk  
R o b e r ts ,  W . C ., C a lifo rn ia  
R o b e r ts o n ,  J o h n ,  C a lifo rn ia  
R o b in s , M a u ric e  L ., C e n t r a l  S ta te s  
R o b in s o n , B ., C a n a d a  
R o b in s o n , F r e d  M .,  C e n t r a l  S ta te s  
R o b in so n , G . G .,  C a n a d a  
R o b in s o n , I . F . ,  C a n a d a  
R o b in s o n , P h i lip  L ., G e o rg ia  
R o b in s o n , W . S ., C a lifo rn ia  
R o c c o , J o h n ,  N e w  Y o rk  
R o c k s tra w , F . W .,  P e n n s y lv a n ia  
R o d w e ll, R o b e r t  D . ,  C e n t r a l  S ta te s  
R o e , F r a n k  C .,  C e n t r a l  S ta te s  
R o e , J o s e p h  P .,  N e w  Y o rk  
R o e lle r , R . S ., P e n n s y lv a n ia  
R o e tm a n ,  E d m o n d  T . ,  P e n n s y lv a n ia  
R o g e rs , A lla n  H .,  N e w  Y o rk  
R o g e rs , D . P a u l ,  P e n n s y lv a n ia  
R o g e rs , H a r v e y  G .,  C e n t r a l  S ta te s  
R o g e rs , J a c k  C ., F e d e ra l  
R o g e rs , J o h n  A ., N e w  E n g la n d  
R o g e rs , M . W ., C a n a d a  
R o g e rs , M ilfo rd  E .,  K a n s a s  
R o g e rs , W . H .,  C e n t r a l  S ta te s  
R o g u s , C a s im ir  A ., N e w  Y o rk  
R o h lic h , G e r a rd  A ., C e n tra l  S ta te s  
R o lfso n , O rv ille , C a n a d a  
R o ll, A . H .,  C e n t r a l  S ta te s  
R o m a in e , B u r r ,  C e n t r a l  S ta te s  
R o m e ise r ,  C . H . ,  C e n tra l  S ta te s  
R o n e y , L . R .,  D a k o ta  
R o n h o v d e , I .  N . ,  T e x a s  
R o o b , F .  H . ,  C e n t r a l  S ta te s  
R o se m e y e r , A lfre d , C e n t r a l  S ta te s  
R o se n , M il to n ,  C e n tra l  S ta te s  
R o s e n g a r te n .  W . E ., P e n n s y lv a n ia  
R o ss , H e r m a n n  M ., C e n tra l  S ta te s  
R o ss , W . E .,  C e n t r a l  S ta te s  
R o sse r, A . W .,  G e o rg ia  
R o th .  R . F . ,  O h io  
R o th ro c k ,  R . K . ,  T e x a s  
R o z a r ,  W . C .. G e o rg ia  
R o w e , J a m e s  A lb e r t .  C e n tra l  S ta te s  
R o w e n . R . W ., C e n t r a l  S ta te s  
R o y e r  F o u n d r y  & M a c h in e  C o ., A s

s o c ia te ,  A t t ’n :  S . B . D a v ie s  
R u b in c a m , J a m e s  L ., P e n n s y lv a n ia  
R u c h h o f t,  C . C ., C e n tra l  S ta te s  

(D u a l-F e d e ra l )
R u c k , F r a n k lin ,  O h io

R u c k e l, P a u l  J . ,  S r .,  R o c k y  M o u n ta in  
R u d g a l ,  H . T . ,  C e n t r a l  S ta te s  
R u d o lfs ,  W illem  ( H o n o ra ry )  N e w  

J e rs e y
R u d o lp h . R . L ., C a lifo rn ia  
R u e , R o b e r t ,  O h io  
R ü g e , J .  H e rm a n ,  F lo r id a  
R u h m a n n ,  O v id  G ., C e n t r a l  S ta te s  
R u m b le ,  G . B ., C a n a d a  
R u m s e y . J a m e s  R . ,  M ic h ig a n  
R u p p e r t ,  E . L .,  P a c if ic  N o r th w e s t  
R u sc ic a , S a m u e l,  C a n a d a  
R u sse ll , G e o rg e , M isso u r i 
R u sse ll , G e o rg e  S ., M is so u r i  
R u sse ll , J .  P .,  C a n a d a  
R y a n ,  A lfre d  J . ,  R o c k y  M o u n ta in  
R y a n ,  J .  S a m u e l,  N e w  Y o rk  
R y a n ,  W m . A ., N e w  Y o rk  
R y b o l t ,  H o w a rd  R . ,  F lo r id a  
R y m e r,  M a ry  E ., R o c k y  M o u n ta in

S a e tr e ,  L e if, N e w  Y o rk  
S a g e , H o w a rd  D .,  N e w  Y o rk  
S a g e r,  J o h n  C ., C e n t r a l  S ta te s  
S t .  J o h n ,  C o n ra d  H .,  F lo r id a  
S t .  L o u is  C o u n ty  H o s p i ta l ,  M isso u r i 
S t .  L o u is  P u b l ic  L ib ra ry ,  M isso u r i 
S a la , D a v id  W ., C e n t r a l  S ta te s  
S a lle , A n th o n y ,  N e w  Y o rk  
S a lv a to ,  J .  A ., J r . ,  N e w  Y o rk  
S a m m is , L . A ., N e w  Y o rk  
S a m p so n , G e o rg e  A ., N e w  E n g la n d  
S a m so n , C h a n n e l ,  N e w  Y o rk  
S a m so n , R . A ., R o c k y  M o u n ta in  
S a n b o rn ,  J .  F . ,  N e w  Y o rk  
S a n c h is ,  J o s e p h  M ., C a lifo rn ia  
S a n d e r ,  I rw in  P .,  N e w  Y o rk  
S a n d e rs o n , W . W .,  N e w  E n g la n d  

(D u a l-N e w  Y o rk )
S a n d le r ,  T h e o d o re  T . ,  F lo r id a  
S a n d q u is t ,  E ., M o n ta n a  
S a n i ta r y  D i s t r i c t  o f E lg in , ( C o rp o 

r a t e ) ,  C e n tra l  S ta te s  
S a n t il l i ,  F r a n k ,  N e w  Y o rk  
S a rg e n t ,  E d w a rd  C ., O h io  
S a rg e n t ,  H . H . ,  C e n t r a l  S ta te s  
S a u e r ,  V ic to r  W .,  C a lifo rn ia  
S a v a g e , E d w a rd ,  N e w  Y o rk  
S a v ille , T h o rn d ik e ,  N e w  Y o rk  
S a w y e r , C la ir  N . ,  C e n tra l  S ta te s  
S a w y e r , R o b t .  W ., J r . ,  N e w  E n g la n d  
S a y e r ,  L es lie , R o c k y  M o u n ta in  
S ca le s , E . P .,  G e o rg ia  
S c h a e fe r ,  E d w . J . ,  N e w  Y o rk  
S c h a e tz le ,  T .  C ., O h io  
S c h a tz ,  R o b e r t  J . ,  P e n n s y lv a n ia  
S c h a u t ,  G eo . G ., P e n n s y lv a n ia  
S c h e a k , H .  M ., C a n a d a  
S ch e ffe r , L o u is  K .,  P e n n s y lv a n ia  
S c h e id t ,  B u r to n  A ., C e n t r a l  S ta te s  
S c h e n k , E . F .,  Io w a  
S c h e rf , A lb e r t  W ., C e n t r a l  S ta te s  
S c h ick , V . R ., O h io  
S c h ie r ,  L e s te r  C ., C e n tra l  S ta te s  
S c h irk , J .  M ., R o c k y  M o u n ta in  
S c h le c h ty , E u g e n e  W ., O h io  
S c h len z , H a r r y  E ., C e n tra l  S ta te s  
S c h lie k e lm a n , R . J . ,  Io w a  
S ch lo ss , C h a s . M ., R o c k y  M o u n ta in  
S c h m it ,  J .  M ., M o n ta n a  
S c h n e id e r ,  W a rr e n  A ., C a lifo rn ia  
S c h n e lle r , M . P .,  C e n tra l  S ta te s  
S ch o ep fle . O . F . ,  O h io  
S c h o t t ,  E d g a r  C ., C a lifo rn ia  
S c h o u te n , E r n e s t  W .,  O k la h o m a  
S c h ra d e r ,  E lm e r  C ., M o n ta n a  
S c h re in e r ,  W . R . ,  N e w  Y o rk  
S c h r in e r ,  P .  J . ,  C e n tra l  S ta te s  
S c h ro e d e r ,  A r th u r  W ., C e n tra l  S ta te s  
S c h ro e d e r ,  C . A ., C e n tra l  S ta te s  
S c h ro e d e r ,  G . W ., C a n a d a  
S c h ro ed e r , H a r r y ,  P e n n s y lv a n ia  
S c h ro ep fe r , G eo rg e  J . ,  C e n tra l  S ta te s  
S c h u c k , H . W ., C a lifo rn ia  
S c h u lh o ff , H e n ry  B ., N e w  Y o rk  
S c h u ltz ,  R a y  W ., C e n tra l  S ta te s  
S c h u re m a n . A . L ., C a lifo rn ia  
S c h w a r tz ,  C h a r le s  F . ,  N e w  Y o rk  
S c h w a r tz , H . L ., P e n n s y lv a n ia  
S c h w o b , C a r l  E ., F e d e ra l  
S c iv e r , A ., E n g la n d  ( I .S .E .)
S c o t t ,  C lif f to n  A ., C e n tra l  S ta te s  
S c o t t ,  G . R . ,  F e d e ra l  
S c o t t,  H o m e r  B ., F lo r id a  
S c o t t,  L . H . ,  G e o rg ia  
S c o t t ,  R a lp h  H .,  C e n tra l  S ta te s
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S c o t t ,  R o g e r  J . ,  C e n t r a l  S t a te s  
S c o t t ,  R o s s i te r  S ., N e w  Y o rk  
S c o t t ,  W ., E n g la n d  ( I .S .P .)
S c o t t ,  W . M ., C a n a d a  
S c o t t ,  W . R . ,  G e o rg ia  
S c o t t ,  W a l t e r  M ., N e w  Y o rk  
S c o t t ,  W a r r e n  J . ,  N e w  E n g la n d  
S c o v ill , J o h n  R .,  N e w  Y o rk  
S c u d d e r ,  A . P .,  N e w  Y o rk  
S e a r ig h t ,  G e o . P . ,  P e n n s y lv a n ia  
S e a rls ,  G le n n , N e w  Y o rk  
S e a v e r ,  W ir t  D . ,  M is so u r i  
S eg e l, A .,  C a l ifo rn ia  
S e id , S o l., N e w  J e r s e y  
S e ife r t ,  W m . P .,  New ' Y o rk  
S e ite i ,  G . C ., C a l ifo rn ia  
S e lig m a n n , I rv in g  S ., T e x a s  
S e lle rs , A . E .,  E n g la n d  ( I .S .P .)  
S e l tz e r ,  J .  M ., P e n n s y lv a n ia  
S e m in o , C a r lo s  A ., A r g e n tin a  
S e n c e y , J o e , C e n t r a l  S ta te s  
S e t te r ,  L lo y d  R .,  N e w  Y o rk  
S e n s e m a n , W m . B ., C a l ifo rn ia  
S e w a g e  W o rk s  E n g in e e r in g , A sso c ia te , 

A t t ’n :  K a r l  M . M a n n  
S h a n k ,  J o h n  J . ,  P e n n s y lv a n ia  
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T hom as, A rie l A ., C e n tra l  S ta te s  
T hom as, E . C ., C a n a d a  
T hom as, E . R ., N o r th  C a ro lin a  
T hom as, V e rn o n  B ., O h io  
T hom pson , H . L o re n , C e n tra l  S ta te s  
T hom pson , N . J . ,  R o c k y  M o u n ta in  
T hom pson, R o b e r t  B ., N e w  E n g la n d  
T hom pson , S . E ., C e n tra l  S ta te s  
T h om pson , T h o m a s  C ., N e w  Y o rk  
T hom pson, W a lte r  E ., N e w  E n g la n d  
T hom son, F . N ., N e w  Y o rk  
T hom son , J .  B . F . ,  N e w  Y o rk  
T horn , W illiam  J . ,  P e n n s y lv a n ia  
T ier, J .  V ., F lo r id a
T ierney , L a w re n c e  J .  J . ,  N e w  E n g 

land
T igrak , M e h m e t F u a t ,  C e n tra l  S ta te s  
T im anus, C . S ., K a n sa s  
T im m ons, C y ru s  L ., F lo r id a  
T ippy , K e n n e th  C lem , N e w  E n g la n d  
T odd, L ee  O ., T e x a s  
T odd, L eo n  J . ,  C e n tra l  S ta te s  
T odd, S ta n le y  B ., N e w  Y o rk  
Tolies, F r a n k  C ., O h io  
To lm an , S . L ., N e w  Y o rk  
T om ek, A r th u r  O ., C e n tra l  S ta te s  
Tom m , L a V e rn  M ., N e w  Y o rk  
T o m pkins, L lo y d , M ic h ig a n  
Tow ne, J o h n  W ., C e n tra l  S ta te s  
Tow ne, W . W ., D a k o ta  
T ow nend , C . B ., E n g la n d  ( I .S .P .)  
T ow nsend , D a rw in  W ., C e n tra l  S ta te s  
T racy , E d w a rd  L ., N e w  E n g la n d  
T ra u tm a n , R o b e r t  J . ,  M a ry la n d -D e l

aw are
T ra v a in i, D a r io , A riz o n a

T r a v e r s ,  V . P .,  F lo r id a  
T re b le r ,  H . A ., P e n n s y lv a n ia  
T ro e m p e r , P a u l  A ., C e n t r a l  S ta te s  
T ro s t le ,  N . E .,  T e x a s  
T r o t t e r ,  R o y  M ., C a lifo rn ia  
T r o u tm a n ,  L e R o y , F e d e ra l  
T r u la n d e r ,  W m . M ., C e n t r a l  S ta te s  
T u h u s ,  K e n n e th ,  C e n tra l  S ta te s  
T u r le y ,  C o m e r, G e o rg ia  
T u r n e r ,  J .  R ., O h io  
T u r n e r ,  W m . S ., P ac if ic  N o r th w e s t  
T u r p in ,  U . F . ,  C e n t r a l  S ta te s  
T u r n e r ,  H o m e r  G . t P e n n s y lv a n ia  
T u t t l e ,  L eo n  E ., N e w  E n g la n d  
T w in  C i ty  T e s tin g  & E n g r . L a b . (C o r 

p o r a te ) ,  C e n tra l  S ta te s  
T y g e r t ,  C . B ., P e n n s y lv a n ia  
T y k o s k y ,  F r a n k ,  M ic h ig a n  
T y le r ,  H . G ., C a n a d a  
T y le r ,  J a c o b  W ., N e w  Y o rk  
T y le r ,  R . G ., P ac if ic  N o r th w e s t

U h lm a n n , P a u l  A ., O h io  
U m b e n h a u e r , E . J . ,  P e n n s y lv a n ia  
U n d e rw o o d , J .  E ., C a n a d a  
U n i te d  S ta te s  P ip e  & F o u n d r y  C o ., 

A sso c ia te
U n iv e rs i ty  o f  C a lif .  L ib ra r y ,  C a li

fo rn ia
U n iv e rs i ty  o f  S o u th e rn  C a lif . G e n e ra l  

L ib ra ry ,  C a lifo rn ia  
U p d e g ra ff , W . R ., C a lifo rn ia  
U p to n ,  F r a n k  W ., N e w  Y o rk  
U p to n ,  G le n n , C e n t r a l  S ta te s  
U rb a n ,  R o b e r t  C ., N e w  Y o rk  
U re , D o u g la s  G ., C a n a d a  
U ric k , R . H . ,  Io w a  
U r q u h a r t ,  M . B ., R o c k y  M o u n ta in  
U y a n ik , M e h m e t  E ., C e n tra l  S ta te s

V a a le r ,  A d r ia n  W ., P ac if ic  N o r th w e s t  
V a n  A t t a ,  J .  W ., N e w  Y o rk  (D u a l-  

N e w  E n g la n d  & P e n n s y lv a n ia )
V a n  B la rc u m , B . H .,  K a n s a s  
V a n d e n b e rg , A lfre d  J o h n ,  C a lifo rn ia  
V a n  D e n b u rg , J .  W ., N e w  Y o rk  
V a n d e r lip , A r th u r  N .,  N e w  Y o rk  
V a n  D e r  V lie t ,  H e n ry ,  N e w  J e rs e y  
V a n  D e rw e rk e r ,  R a lp h  J . ,  F e d e ra l  
V a n  D e u se n , C la u d e  R .,  N e w  Y o rk  
V a n  D e u se n , E . J . ,  N e w  Y o rk  
V a n  D e v e n te r ,  M . S ., M is so u r i 
V a n  H o rn , R . B ., P ac if ic  N o r th w e s t  
V a n  K le e ck , L e R o y  W ., N e w  E n g la n d  
V a n  N e ss , J o s e p h  A ., R o c k y  M o u n 

t a in
V a n  N o rm a n ,  J a s .  H ., C a lifo rn ia  
V a n  P e l t ,  R ic h a rd ,  C a lifo rn ia  
V a n  P ra a g ,  A lex , J r . ,  C e n tra l  S ta te s  
V a p o r  R e c o v e ry  S y s te m s  C o ., A sso c i

a te ,  A t t 'n :  C . T .  S ta n h o p e  
V a rn e r ,  F r a n k  S ., P e n n s y lv a n ia  
V a se e n , V . A ., R o c k y  M o u n ta in  
V a u g h a n , E . A ., C a lifo rn ia  
V ea le , J .  C ., E n g la n d  ( I .S .P .)
V e a tc h , F .  M ., R o c k y  M o u n ta in  
V e itc h , W m . M ., C a n a d a  
V elz , C . J . ,  N e w  Y o rk  
V e lz y , C . R ., N e w  Y o rk  
V e n a b le s , W . M ., C a n a d a  
V e n n , F r a n k ,  M ic h ig a n  
V e n sa n o , H . C ., C a lifo rn ia  
V e r  D o w , W illia m  H ., N e w  Y o rk  
V e rh o e k , J .  B ., C e n t r a l  S ta te s  
V e s t ,  W . E .,  N o r th  C a ro lin a  
V ic to r ia ,  J o h n ,  N e w  Y o rk  
V in c e n t,  G . G .,  C a n a d a  
V in so n , A . T . ,  F lo r id a  
V iv ie r ,  H a rv e y ,  N e w  E n g la n d  
V o d e n , S te w a r t ,  M o n ta n a  
V o g e lb e in , C h a r le s  J . ,  M is so u r i 
V o g n ild , R . O ., P ac if ic  N o r th w e s t  
V o ig t, R ic h a rd  C ., N e w  Y o rk  
V o lo n te , A u g u s t  F . ,  .M a ry la n d -D e la 

w a re  (D u a l-F e d e ra l)
V o lp p , A . G .,  P ac if ic  N o r th w e s t  
V o s ic k y , F r a n k  E .,  P e n n s y lv a n ia  
V re d e n b u rg , E d w a rd  L ., N e w  Y o rk  
V ro o m a n , M o rre ll ,  N e w  Y o rk

W a d d e l l ,  W . H .,  C a n a d a  
W a d e , W . J . .  C e n tra l  S ta te s  
W a d h a m s ,  S . H . ,  N e w  E n g la n d  
W a g e n h a ls ,  H . H .,  N e w  Y o rk  
W a g g o n e r ,  E . R .,  C a lifo rn ia  
W a g n e r . E . P .,  N e w  Y o rk

W a g n e r ,  E d w in  B ., P e n n s y lv a n ia  
W a g n e r , V in c e n t,  P e n n s y lv a n ia  
W a h ls t ro m , C a r l  A ., C e n t r a l  S ta te s  
W a ile s  D o v e -H e rm is to n  C o rp .,  A sso 

c ia te ,  A t t ’n : W . H . T .  T h o rn h il l  
W a ite ,  P a u l  W ., P e n n s y lv a n ia  
W a k e le y , G u y  B ., C e n t r a l  S ta te s  
W a lb r id g e , T h o r n to n ,  C e n t r a l  S ta te s  
W a lk e r ,  C . C .,  O h io  
W a lk e r ,  C h a s . L ., N e w  Y o rk  
W a lk e r ,  E d w a rd  A ., P e n n s y lv a n ia  
W a lk e r ,  J .  D o n a ld ,  C e n t r a l  S ta te s  
W a lk e r ,  J a m e s  G ., N e w  Y o rk  
W a lk e r ,  W . P ., J r . .  T e x a s  
W a lk e r ,  W ill ia m  W .,  F e d e ra l  
W a lla c e  & T ie rn a n  C o ., In c .,  A sso c i

a te ,  A t t ’n :  B . M . L in d s a y  
W a lla c h , A r th u r ,  F e d e ra l  
W a lte r s ,  F .  Y ., C a n a d a  
W a lte rs ,  G ro v e r  L ., C a l ifo rn ia  
W a lto n ,  G ra h a m , C e n t r a l  S ta te s  
W a rd , A . R . ,  E n g la n d  ( I .S .P .)
W a rd ,  C . N . ,  C e n tra l  S ta te s  
W a rd ,  O sc a r ,  C e n t r a l  S t a te s  
W a rd e n ,  L o tu s  A ., C e n t r a l  S ta te s  
W a rd le ,  J .  M c C lu re , N e w  Y o rk  
W a rd w e ll ,  T .  M ., C e n t r a l  S ta te s  
W a re , H o w a rd ,  N e w  Y o rk  
W a rin g , F .  H . ,  O h io  
W a rn e r ,  E . L ., P ac if ic  N o r th w e s t  
W a rn e r ,  R ic h a rd  G ., D a k o ta  
W a rre n ,  G e o rg e  D .,  N e w  Y o rk  
W a rr ic k ,  L . F . ,  C e n t r a l  S ta te s  
W a s h b u r n ,  H o w a rd  C ., N e w  Y o rk  
W a s h in g to n  S t a te  P o l lu t io n  C o m m is 

s io n , P ac if ic  N o r th w e s t  
W a te r  D e p t . ,  (L e n o ir ,  N . C .) ,  N o r th  

C a ro lin a
W a te r  & S e w a g e  W o rk s  (N e w  Y o rk , 

N . Y .) ,  A sso c ia te  
W a te r m a n ,  E a r le  L ., Io w a  
W a te r s ,  G eo . E ., C e n t r a l  S ta te s  
W a tk in s ,  F . B ., P e n n s y lv a n ia  
W a tm o u g h ,  W . W ., C a n a d a  
W a ts o n ,  C . K . F . ,  E n g la n d  ( I .S .P .)  
W a ts o n ,  C a r l  H . ,  N e w  Y o rk  
W a ts o n ,  D a v id  M ., E n g la n d  ( I .S .E .)  
W a ts o n ,  H . ,  E n g la n d  ( I .S .P .)
W a ts o n ,  H e n r y  G ., R o c k y  M o u n ta in  
W a ts o n ,  W .,  E n g la n d  ( I .S .P .)
W a t te r s ,  T .  C ., C e n t r a l  S ta te s  
W e a c h te r ,  H o ra c e , P e n n s y lv a n ia  
W e a s n e r ,  L eo , C e n t r a l  S ta te s  
W e a th e rb y ,  C h a r le s  H . ,  N e w  Y o rk  
W e a v e r ,  E . D . ,  C a n a d a  
W e a v e r ,  W . H .,  G e o rg ia  
W e b b e r , R . H .,  C a n a d a  
W e b e r ,  R o b e r t  R . ,  O h io  
W e b s te r ,  R o y  W .,  P ac if ic  N o r th w e s t  
W e b s te r  C i ty ,  C i ty  o f  ( Io w a ) ,  Io w a  
W e c h te r ,  W . H .,  N e w  Y o rk  
W e e d ,.S a m  A ., C a lifo rn ia  
W e e b e r ,  E a r l  R . ,  M ic h ig a n  
W e d e m a n , J o h n  D ., N e w  Y o rk  
W e ib e l, S . R .,  F e d e ra l  
W eil, H a ro ld  M ., N e w  Y o rk  
W e ir , E . M c G ., E n g la n d  ( I .S .P .)
W e ir , H . M c L e a n , C a n a d a  
W e ir , P a u l ,  G e o rg ia  
W eise l, W . O ., P e n n s y lv a n ja  
W eiss , F e d e r ic o  F . ,  A rg e n tin a  
W eiss , R . H .,  T e x a s  
W e lk e r , L e la n d  A ., N e w  Y o rk  
W e lls , E . R o y , C e n tra l  S ta te s  
W ells , H . O ., T e x a s  
W e lls , S . W ., F lo r id a  
W elsch , W ., F re d e r ic k , N e w  Y o rk  
W e n g er , J .  H .,  O h io  
W e n se lb la t ,  N ic o la s  R ., A rg e n tin a  
W e n tw o r th ,  J o h n  P .,  N e w  E n g la n d  
W e rtz ,  C . F . .  P e n n s y lv a n ia  
W e rtz ,  L e ro y  F . ,  O h io  
W e sb y , V e rn o n  L ., C e n tra l  S ta te s  
W e st ,  A . W ., C e n tra l  S ta te s  
W e s t ,  L . E ., N e w  J e rs e y  
W e s te rg a a rd ,  V iggo , N e w  Y o rk  
W e stfa l l ,  M il to n ,  C e n tra l  S ta te s  
W e s tg a te , T h o m a s  A ., C a lifo rn ia  
W e sto n , A r th u r  D .,  N e w  E n g la n d  
W e sto n , H . S ., E n g la n d  ( I .S .P .)  
W e s to n , R o y  F . ,  P e n n s y lv a n ia  
W e stw o o d , H . W . D .,  E n g la n d  ( I .S .E .)  
W h e e le r , C . E ., J r . ,  C e n tra l  S ta te s  
W h e e le r , R o b e r t  C ., N e w  Y o rk  
W h e lc h e l, H . E . ,  G e o rg ia  
W h ip p le , F r a n k  E .,  T e x a s



416 SEWAGE WORKS JOURNAL March, 1946

W h ip p le , M e lv ille  C . f N e w  E n g la n d  
W h itb y ,  S te p h e n  S ., P e n n s y lv a n ia  
W h itc o m b , L e o n  R .,  P e n n s y lv a n ia  
W h ite ,  C ly d e , T e x a s  
W h ite ,  F .  L .,  P e n n s y lv a n ia  
W h ite ,  G eo . C ., C a lifo rn ia  
W h ite ,  H . H .,  C a lifo rn ia  
W h ite ,  P a u l  R . ,  C e n t r a l  S ta te s  
W h ite ,  R .  E .,  C a l ifo rn ia  
W h ite ,  R . H-., E n g la n d  ( I .S .E .)
W h ite ,  R o y ,  C e n t r a l  S ta te s  
W h ite ,  W . E . ,  T e x a s  
W h ite h e a d ,  F .  E .,  N e w  J e rs e y  
W h it lo c k ,  E r n e s t  W .,  N e w  Y o rk  
W h it lo c k , H e n r y  C ., N e w  E n g la n d  
W h itn e y ,  A lfre d  C ., C e n t r a l  S ta te s  
W h it t a k e r ,  H . A . ,  C e n t r a l  S ta te s  
W ie s t ,  G o rd o n  J . ,  P e n n s y lv a n ia  
W ie te rs ,  A . H .,  Io w a  
W ig h tm a n ,  J .  L ., M ic h ig a n  
W ig le y , C h e s te r  G .,  N e w  Y o rk  
W ild , H a r r y  E ., F lo r id a  
W ile y , A v e r il l  J . ,  C e n t r a l  S ta te s  
W ile y , J o h n  S ., F e d e ra l  
W ilk e s , F .  D e a n ,  C a n a d a  
W ilk in s , G e o rg e  F . ,  C a lifo rn ia  
W il le t t ,  C . K . ,  C e n t r a l  S ta te s  
W ill ia m s , A . C .,  P e n n s y lv a n ia  
W illia m s , C h a s . H ., P ac if ic  N o r th w e s t  
W ill ia m s , C h a s . W ., C e n tra l  S ta te s  
W illia m s , C ly d e  E .,  C e n tra l  S ta te s  
W illia m s , G . B ra n s b y ,  E n g la n d  ( I .S .-

E.)
W illia m s , G e o rg e  W ., C e n t r a l  S ta te s  
W ill ia m s , J .  T . ,  C a n a d a  
W ill ia m s , J o h n n ie  E .,  T e x a s  
W ill ia m s , L e o n  G ., C e n t r a l  S ta te s  
W ill ia m s , S . J . ,  M ic h ig a n  
W ill ia m s , W . B ., M ic h ig a n  
W illia m s , W ill ia m  D ., P e n n s y lv a n ia  
W ill ia m s o n , A . E .,  F lo r id a  
W illia m so n , J o e ,  J r . ,  F lo r id a  
W ilso n , A lex , C a n a d a  
W ilso n , C . T . ,  Io w a  
W ilso n , D o n a ld  H .,  D a k o ta  
W ilso n , F .  E ., F lo r id a  
W ilso n , H a r r y  L ., C e n t r a l  S ta te s  
W ilso n , J .  P re s to n ,  R o c k y  M o u n ta in  
W ilso n , J o h n  N .,  F e d e ra l  
W ilso n , M u r r a y  A ., K a n s a s  
W ilso n , N .  B ru c e , C a n a d a

W ils o n , R . D . ,  C e n t r a l  S ta te s  
W ilso n , R . H . ,  J r . ,  O h io  
W ilso n , R o b e r t  A ., C e n t r a l  S t a te s  
W ilso n , W a l te r ,  T e x a s  
W ilso n , W ill ia m  B ., C a n a d a  
W ilso n , W . G .,  C a n a d a  
W in c h , N o r m a n  M ., N e w  E n g la n d  
W in d r id g e , M . E . D . ,  E n g la n d  ( I .S .P .)  
W in e b re n n e r ,  K .  J . ,  M o n ta n a  
W in f ie ld , W ilm e r  M ., N e w  Y o rk  
W in g , F r e d e r ic k  K .,  N e w  Y o rk  
W in n e , G e o ., N e w  Y o rk  
W in s o r , C . E .,  E n g la n d  ( I .S .P .)  
W in s to n ,  J o e  B ., T e x a s  
W in te rs g i ll ,  A . T . ,  C a l ifo rn ia  
W ir t ,  R . M ., P e n n s y lv a n ia  
W ir ts ,  J o h n  J . ,  O h io  
W ise , M e lv in  J . ,  C a l ifo rn ia  
W ise , W ill ia m  S ., N e w  E n g la n d  
W is e ly , F .  E .,  C e n t r a l  S ta te s  
W is e ly , W . H .,  C e n t r a l  S ta te s  
W is h a r t ,  J .  M ., E n g la n d  ( I .S .P .)  
W is m e r , J .  E a r l ,  P e n n s y lv a n ia  
W isn ie w sk i,  T h e o ,  C e n t r a l  S ta te s  
W itc h e r ,  C . P r e s to n ,  M ic h ig a n  
W it tm e r ,  E a r l  F . ,  O h io  
W it tw e r ,  N . C ., N e w  J e rs e y  
W o e se , C a r l  F . ,  N e w  Y o rk  
W o jd u g o , J .  M ., C e n t r a l  S t a te s  
W o lf, W m . E .,  C e n t r a l  S ta te s  
W o lf te ic h , J o h n ,  N e w  Y o rk  
W o lm a n , A b e l, M a ry la n d -D e la w a r e  
W o lte r in k ,  P a u l ,  M ic h ig a n  
W o ltm a n n ,  J .  J . ,  C e n t r a l  S ta te s  
W o n tn e r -S m ith ,  H . ,  E n g la n d  ( I .S .P .)  
W o o , F r a n c is  H .,  C a l ifo rn ia  
W o o d , G e o rg e  L .,  C a l ifo rn ia  
W o o d , H e r b e r t  M ., N e w  Y o rk  
W o o d , J .  R . ,  C a n a d a  
W o o d  C o ., R . D . ,  A s s o c ia te  
W o o d b u rn ,  J a m e s  G .,  C e n t r a l  S ta te s  
W o o d h o u s e , H e r b e r t  M ., C a n a d a  
W o o d rin g , R . W .,  P e n n s y lv a n ia  
W o o d ru ff ,  F .  L .,  O h io  
W o o d ru m , L o g a n , C e n t r a l  S ta te s  
W o o d s , W . G .,  C a n a d a  
W o o d w a rd , J o h n  D .,  P e n n s y lv a n ia  
W o o d w a rd , R . L .,  F e d e ra l  
W o o le y , C h a s .,  N e w  Y o rk  
W o o lid g e , H . V ., C a n a d a

W o o te n ,  F r a n k  M .,  J r . ,  N o r th  C a ro 
l in a

W o rm u th ,  W . H .,  N e w  Y o rk  
W o rr e s t ,  H o w a rd  A ., P e n n s y lv a n ia  
W o r th in g to n ,  E r a s tu s ,  N e w  E n g la n d  
W o r th in g to n  P u m p  & M a c h in e ry  

C o rp .,  A s so c ia te  
W r ig h t ,  A r th u r ,  R o c k y  M o u n ta in  
W r ig h t ,  A r th u r ,  N e w  J e r s e y  
W r ig h t ,  C h a r le s  T . ,  F e d e ra l  
W r ig h t ,  E d w ., N e w  E n g la n d  
W r ig h t ,  E d w a r d  C ., M is s o u r i  
W r ig h t ,  L . R . ,  C a l ifo rn ia  
W r ig h t ,  S c o t t ,  T e x a s  
W u r te n b e rg e r ,  H e le n , C e n t r a l  S ta te s  
W y a n t ,  C lif fo rd , P e n n s y lv a n ia  
W y a t t ,  B ra d le y  W .,  C a lifo rn ia  
W y c k o ff , C h a r le s  R . ,  N e w  Y o rk  
W y c k o ff , H . A . ,  G e o rg ia  
W y llie ,  G e o . F . ,  M ic h ig a n  
W y m o re , A lla n  H .,  M is so u r i

Y a e c k ,  A r th u r  W .,  C a n a d a  
Y affee , C . D . ,  F e d e ra l  
Y e a g e r ,  B e r t  T . ,  D a k o ta  (D u a l- C e n 

t r a l  S ta te s )
Y e n c h k o , J o h n ,  P e n n s y lv a n ia  
Y e o m a n s  B r o th e r s  C o .,  A sso c ia te , 

A t t ’n :  C h a s . Y e o m a n s  (C o rp o ra te ) ,  
C e n t r a l  S ta te s  

Y e rk e s , M il to n  R . ,  P e n n s y lv a n ia  
Y o d e r ,  M . C a r le to n ,  C a l ifo rn ia  
Y o rk ,  W a l t e r  H . ,  G e o rg ia  
Y o s t ,  H a ro ld  W ., A r iz o n a  
Y o u n g , A ld e n  W .,  N e w  Y o rk  
Y o u n g , C . H . ,  P e n n s y lv a n ia  
Y o u n g , N o r m a n  C .,  P e n n s y lv a n ia  
Y o w , W . E .,  N o r th  C a ro lin a

Z a c k , S a m u e l  I .,  N e w  Y o rk  (D u a l-  
P e n n s y lv a n ia )

Z a n d e r ,  K a r l  L ., F e d e ra l  
Z e le , A le x a n d e r  S ., N e w  Y o rk  
Z e lle r , P . J .  A ., T e x a s  
Z e t te r b e r g ,  E d w .,  C e n t r a l  S ta te s  
Z ie g le r , C . H . ,  P e n n s y lv a n ia  
Z ie v e rs ,  R o b t .  J . ,  C a l ifo rn ia  
Z im m e r, W . E .,  M ic h ig a n  
Z o g lm a n n , M a r t in ,  C e n t r a l  S ta te s  
Z o rn , R a y  H .,  O h io  
Z y d a l la s ,  C h a r le s ,  N e w  J e rs e y
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Safety is A ssured  in 
the Boiler Room with 
this P.F.T. Equipment

P .F .T . F lam e Trap, P r e s 
sure R e lie f Traps and  
Drip Traps at P utn am , 
Conn., Sew age D isp osa l 
Plant.

During the past 15 years, P.F.T. has helped sewage treatment plants 
which use gas for power to wage successful war against gas explosions. 
Dependable protection has been given boiler rooms, digesters and other 
installations by these P.F.T. Boiler Room Equipments:
P.F.T. TYPE “B” PRESSURE RELIEF WASTE GAS FLAME TRAP- 
placed in the waste gas line, maintains a constant gas pressure, while 
eliminating the explosion hazard.
P.F.T. TYPE “B” FLAME TRAP provides full protection against the 
passage of flames into the supply line, and against burning mixtures. 
Flame element is rugged, non-corrosive and readily replaced.
P.F.T. CONDENSATE DRIP TRAP safely and effectively removes 
moisture from gas lines without danger of gas leakage. Installed at 
lowest point in line for periodic drain-off without interrupting flow of gas.
P.F.T. WASTE GAS BURNER consists of a burner pot mounted on a 
pedestal, open at the top and fitted with a series of fire brick baffles, below 
which is located terminal of waste gas line, in contact with a pilot light, 
which is adjustable from the interior.
P.F.T. PRESSURE INDICATING GAGE—this one, 
two, three or four scale unit can be placed anywhere 
in the plant to inform the operator constantly of gas 
pressures in digester, service and waste.
Ask for Bulletin 121A on P.F.T. Boiler Room Equip
ment.

R A V E N S W O O D  A V E N U E ,  C H I C A G O  
N EW  Y O R K  C H A R L O T T E ,  M.C._____________________

S E W A G E  T R E A T M E N T  E Q U I P M E N T  E X C L U S I V E L Y  S I N C E  1 8 9 3
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O rig in a l W o o d cu t b y  L y n d  W a rd

T here’s a solid sa tisfaction  in  specifying cast iron pipe. You  
know  th a t your choice coincides w ith  th e ju d g m en t o f leaders of 
your profession th e  world over. And w hen th e  lin e  is backfilled, 
you are confident th a t [jt will serve th rou gh ou t a long life  a t a 
low annual m ain ten an ce cost.
T his has been true o f cast 
iron pipe for centuries; yet 
in  th e forty-odd years since  
our Com pany was founded, 
n otab le advances in  m a n u 
factu ring  m eth ods and con 
trols have been m ade, resu lt
in g  in  a finer, m ore uniform  
pipe, e ith er p it ca st or cen- 
tr ifugally  cast.

c a s t  i r o n

P I P E
U . S. P IP E  & F O U N D R Y  CO. 
G eneral Offices: B urlington , N. J.

P la n ts  a n d  Sales Offices th ro u g h o u t 
the U. S. A .



SEWAGE WOBKS JOUBNAL 25

The diffusion of a ir is th e  prim ary  re 
quirem ent of activated sludge sewage sys
tem s, and  N orton Porous p lates an d  tubes 
perform  th is  service w ith  m ax im um  effi
ciency and  m in im um  operating  cost due 
to  Norton com pany’s m an u fac tu rin g  con
trol over stieh essentials as perm eability , 
porosity, pore size and  wet pressure loss.

N o rto n  C o m p a n y — W orcester 6, M ass.

NORTON POROUS PLATES W T U B E S
fa *  û ciù ta & ct S ^u-cty -e cVexucu^e fi/a s ita .
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7 ^ a c e  /ê & e a d o v it&  t& e 'P a c e -c e tte a  S e tte e  Î 9 2 % *•APPROVED
m

a / b & c

PRESSURE RELIEF 
& VACUUM BREAKER S  

   .  .V A L V E
I T H  f l a m e  a r r e s t e r

F O R

SEWAGE GAS CONTROL
This is a complete vent unit consisting of a pure aluminum 
Pressure Relief and Vacuum Breaker Valve with Flame 
Arrester, entirely self-contained and fully protected from 
the elements. It is non-corrosive in sewage gas, and elec
trolysis is eliminated, as the potentials of all component 
parts are in equilibrium. Ease of inspection and mainte
nance is a special feature. Skilled engineering plus careful 
manufacture assures consistent, trouble-free operation.The 
new ‘'V A R EC " Sewage Gas Control Handbook S-3 shows 
the complete line,as well as giving information and facts of 
value to sanitation engineers. Write for your copy today.

TH E  V A P O R  R E C O V E R Y  S Y S T E M S  C O M P A N Y  
C O M P T O N ,  C A L IF O R N IA

N E W  Y O R K  C IT Y — C H IC A G O , 111. — H O U ST O N , TEX. — TU LSA , O K LA . 
A g e n c l e i  E v e r y w h e r e — C a b le  A d d r p i i  T A R E C -C O M P T O N  I A I I  C o d . . I

t  n V A R E c ”  VI
, p M t ,

V o ,.d  v  r°9e Tt

/-¡SÜr*»
A  ®uard
^nencon Bureau of ... .
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DON’T W O R R Y  A BOUT

Our "Sewage Sludge Utilization 
Datalog" contains full information 
on sludge fertilizer and how to 
profit from  its production.

The Royer Turns this Cost Item 

Into a Profit!
If you are spending good money to incinerate or bury your sludge, 
or spending time looking for places where you can bury it without 
creating a nuisance, here’s the answer. You can substitute a 
profitable income for your present disposal cost with a Royer 
Sewage Sludge Disintegrator, as hundreds of other sewage works 
have done.

Your sludge contains values you can cash in on-— splendid ferti
lizing values that stimulate the growth of plant life, including food 
crops. Of course the sludge cake in your drying beds is hardly 
in shape for use as a fertilizer, but the Royer converts it into a 
ready-to-use fertilizer at a cost usually less than that required 
for burning or burial.

All the labor required is shoveling the sludge cake into the hopper 
of this^rugged, inexpensive machine, which does all the rest. 
The sludge is thoroughly shredded, mixed, and further dried. 
Sludge with a moisture content up to 51% is readily handled. 
Trash is automatically eliminated. The Royer discharges onto 
pile or truck an effective and marketable fertilizer.

Sewage plants using.Royers have found this sludge fertilizer in 
constant demand among growers of food crops, florists, nursery
men and home gardeners; usually on a cash-and-carry basis. In 
some cities^the park board, municipal golf course or cemetery  
purchases the greater part of the fertilizer output.

Twelve money making Royer models— electric motor, gasoline 
engine or belt-to-tractor driven— to m eet the needs of every 
sewage works.

R O Y E R  F O U N D R Y  Er M A C H I N E  CO.
B 1 1 *  ■  ■ ■ ■      P- 1 / l k l P C T O W  D A

THERivage
^tAGËOF

1 7 6  P R IN G L E  ST ., K IN G S T O N ,  PA.
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Installing 6 ft. sections of 54-in. 

concrete pipe for interceptor sewer 

at Waterloo, Iowa.

C O N C R ET E  P I P E
Assures Long Service At Low Annual Cost
You can specify concrete pipe for ciency and durability of concrete pipe 
drainage, sanitary sewers or water lines lines under the hardest service, have been 
with perfect confidence because the effi- demonstrated for more than half a century.

Concrete pipe has proved that it provides:
A M P L E  S T R E N G T H  to re s is t  h e a v y  lo a d s  a n d  im p a c ts.

M A X I M U M  H Y D R A U L IC  C A P A C IT Y  d u e  to c le a n  jo in ts  a n d  
sm o o th  in te rio r su rfa ce .

M IN I M U M  IN F IL T R A T IO N  A N D  L E A K A G E  a s s u re d  b y  t igh t  jo in ts  
a n d  u n ifo rm ly  d e n se  concrete.

H IG H  W E A R  R E S IS T A N C E  to a b ra s io n  fro m  s u sp e n d e d  grit.

These superior qualities plus the long life, This Association or any of its members
moderate first cost and low maintenance will gladly furnish technical information 
expense of concrete pipe lines, assures to assist in planning concrete pipe instal- 
low annual cost—the true measure of econ- lations.
omy in pipe lines. (List of our members on request.)

Am erica n  Concrete P ip e  A sso c ia tio n
2 2 8  N . L a S a lle  Street, C h ic a g o  1, I l l in o is  • 3 4 2  M u n s e y  B u ild in g ,  W a s h in g t o n  4, D. C.

B U Y  U. S. S A V IN G S  B O N D S
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Fam ous F acts
Five or six hundred years B.C., water-borne traffic from the Mediter
ranean reached the Red Sea by way of a canal at the site of the present 
Suez Canal. It fell into disrepair, was restored, again fell into disuse, 
and was restored again in 640 A.D. In 1859, the plans of Ferdinand de 
Lesseps were followed for the construction of the present Suez Canal 
at a cost of over 130 m illion dollars. It is a sea-level canal, without 
locks, running some 100 miles between Port Said on the Mediterranean 
and Port Twefik, south of Suez, Egypt, across the Isthmus of Suez. The 
first ships sailed through the new canal in 1869. Today, the annual ton
nage amounts to over 30 m illion tons.

By the time the Suez Canal was finished, Bitumastic Enamel, the first 
product of its kind, was winning acclaim as a protective coating for 
underground and underwater surfaces.

Today it is giving maximum, long-time corrosion protection to water 
works and sewer pipe lines in every type of corrosive soil and climate. 
Another Bitumastic product, Bitumastic N o. 50, a unique, thick, coal-tar 
base coating, also gives lasting protection against corrosion to prolong 
the life of sewage structures and equipment.

U l n i i G S  D o v E - H E R m i s T o n
C O R P O R A T I O N  

W E S T F IE L D ,  N E W  J E R S E Y

N e w  Y o rk  4  • P h ila d e lp h ia  8 • C le ve lan d  14 • C h ic a g o  3 • H ouston  2 

Tu lsa  3  • M ia m i 36  • S a n  F ranc isco  10  • Los A n g e le s  2



B IG
C O N D U C T E D

PITTSBURGH EQUITABLE METER DIVISION
TO STIMULATE THINKING ABOUT THE COMMUNITY BENEFITS

Complete the la s t line o f  this jin g le
1 Water works syst<

Whcn water is*wasted?^?osts run ^gh; ^
lOO % *m e t ërfn s' t h e o ni y < a i r way,lUU7o - _________

T h is  o n ,  is ~ » V - “ yon e  c a n ^ « .  » d  l i S f o - X  & T *
m eterin g  listed  on  this p a g e .  1 Hen w r .i

exam p le , the ^  ^

Y o u  c a n  s e n d  in  a s  m a n y  l a s t  l i n e s  a s  y o u  w , s h .

P R , Z E  «I'm Jnn 1 0  C o n so la tio n  Prizes
50-00 o f  SX0.00 each

2nd Prize— $250.00

TIPS ON ADVANTAGES OF 100% METERING

Metered consumers only pay for the water that is used — not for 
someone else’s waste.

Metering discourages water waste — often cuts per capita distribution 
in half— conserves power, lowers treatm ent costs.

100% metering, by eliminating extravagant use of water, frequently 
curtails the need for costly added sources of supply.

By metering all services the burden caused by excessive wasted water 
on overloaded sewage disposal systems can be relieved.

Meters produce added revenue, usually enough to cover initial invest
ment, maintenance costs and depreciation.

The meter system provides the only fair and equitable basis for appor
tioning water charges to all consumers.

TEAR OUT THIS COUPON NOW!



A T  T H E

i p i n a

S A M E  T I M E
E N T E R  E I T H E R  

O R  B O T H !

b y  t h e

R O C K W E L L  m a n u f a c t u r i n g  c o .

RESULTING FROM 1 0 0  P E R  C e N T  M E T E R I N G

.  2

% s Benemed *  « * « * « -
about. C ontestants can eith er ek e  arr"^! m u n ic ,Pal officials and en g in eers can
100% m etering has p rod u ced  benefits SUpporting  data) to  sh o w  w h ere

weglUsep̂ ,nmeatInnfeTpTrienfeaJi SCrViC“- L°giC a"d e 'e « * *¿¡11°c equallyTs
s r z f: t  t

1st Prize $ 5 0 0 .0 0

2nd Pr,ze $2 5 0 .0 0  %  Prize —  $ 1 5 0 .0 0  10 P- s
o f  $ 1 0 .0 0  each

CONTEST  R U L E S  and R E G U L A T I ON S
Everyone is eligible to participate except em ployees 

and members of their fam ilies of any DIVISION or 
SUBSIDIARY of ROCKWELL M ANUFACTURING  
COMPANY and their Agents.

All entries must be accompanied by coupon clipped 
from any contest announcement. Only one coupon is 
required to identify a contestant who subm its a number 
of entries at the sam e time.

Write on one side of paper only. DO N O T  put 
name or address on any entry. An executed coupon 
will serve as contestant’s identification.

Contests close August 31, 1946. Entries must be

postmarked on or before that date.
W inners nam es in both contests will be posted in 

Pittsburgh-Empire Meter exhibit booths at the fall 
water works conventions. Checks will be mailed to 
winning contestants im m ediately upon completion of 
judging.

All entries will be impartially judged by a panel of 
informed water works authorities. N am es will be 
announced later.

The decisions by the judges will be final and no en
tries w ill be returned. In case of ties, duplicate prizes 
will be awarded.

U S E  T H I S  COUPON
I Fittsburgh equitable meter division

Fill in co u p o n  w ith  nam e 
and address. C lip , p in  or  staple  
to entry sh ee t or  sh eets . U p on  
receipt a c o d e  n um ber w ill be  
assigned  to  each co n testa n t and 
this n um ber a lo n e  w ill appear 
w hen su b ject m atter is b e in g  
con sid ered  by th e  board o f  
judges. N o  en tries accep ted  
w ith o u t  co u p o n .

ROCKWELL M A N U F A C T U R I N G  C O .

4 0 0  N . L ex in g to n  A ve., P it tsb u rg h  8, Pa.
A tta ch ed  find my en try  o r  en trie s  fo r 
C O N T E S T  N O . 1 □  C O N T E S T  N O . 2 □
C heck  in  b o x es  p ro v id e d . W h e re  en trie s  are  su b m itte d  in b o th  co n te s ts , check 
b o th  boxes .
Y o u r
N a m e    T i t le  -

B usiness 
C o n n e c tio n —

S tre e t-

I T o w n ------------------------------------------------------ ---------------------S ta te -
C O N T E S T S  C L O S E  A U G U S T  3 1 .  1 9 4 6
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B ACK IN  1934, “ the practical pipe dream” or idea of 
using an auger and flexible rod powered by a motor for 

cleaning pipe proved successful. In fact, so successful that 
today 78% of the cities in the United States own and use 
Flexible Sewer-Rod Equipment.

Flexible tools and methods elim inate the time-consuming, 
hot, unsanitary part of the work. T hey elim inate more than 
50% of the dig-ups once thought necessary. A ctually a few 
men equipped with Flexible tools clean more pipe than an 
entire crew can using old methods. W hat is your pipe clean
ing problem? Flexible has never been stumped yet on any 
pipe cleaning job and welcomes your questions. We will be 
glad to send an illustrated catalog upon request.

A Practical
PIPE

DREAM  4

FLEXIBLE SEWER-ROD EQUIPMENT CO.
9 0 5 9  V E N I C E  B O U L E V A R D  L O S  A N G E L E S ,  C A L I F O R N I A
4 0 1  B R O A D W A Y ,  N E W  Y O R K ,  N. Y .  •  P I C K W I C K  B L D G . ,  K A N S A S  C I T Y ,  MO.

INCINERATION ENGINEERS

nicHOLs EncmEERinc & 
RE5ERRIH (0RP0RRTI0R
6 0  W A LL TO W ER  N EW  Y O R K , N . Y.

Consultants • Designers • Constructors

Affiliate with
F e d e r a tio n  o f S e w a g e  W o r k s  A sso c ia t io n s

For particulars write 

W. H. WISELY, Executive Secretary, 325-6 Illinois Bldg., Champaign, Illinois
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for trouble-free, tow cost

measurement of

SEWAGE 
INDUSTRIAL WASTES 
SLUDGE
IRRIGATION WATER

B A I L E Y

O P E N  C H A N N E L  M E T E R S

Offer These Advantages:

1. Easy to Install

2 .  Retain A ccuracy

3 . Self-Cleaning

4 .  Adjustable Capacities

5 . Totalize Multiple Flow s

6 .  Chem ical Feed Control 

7 *  F l o w  and Ratio Controls

Ask for Bulletin 62

MU22

B A ILE Y  M ETER  COM PANY
1 0 6 6  I V A N H O E  R O A D  • C L E V E L A N D  10,  O H I O

METERS and CONTROLS for SEWAGE and WATER
V E N T U R I T U B E S ,  F L U M E S ,  W E IR S ,  N O Z Z L E S ,  O R IF IC E S  • D IR E C T  M E C H A N IC A L  A N D  R E M O T E L Y  

L O C A T E D  R E G IS T E R S  • A IR -O P E R A T E D ,  E LE C T R O N IC  A N D  ELEC TR IC  C O N T R O LS .
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Why not PUT YO U R SEW AGE TREATM EN T PLA N T IN 
G O O D  CO N D ITIO N  right now WITH C A S T  IRON PIPE

Showing CLOW CAST IRON flanged pipe and fittings installed in 
the Sewage Treatment Works for the City of Escanaba, Michigan.

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.

J A M E S  B. C L O W  6- S O N S
201-299 N. Talman Avenue 

C H IC A G O  12, ILL.

N A T I O N A L  C A S T  I R O N  P I P E
(A Division of James B. Clow 6- Sons) 

B IR M IN G H A M  2, ALA.
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D I R E C T O R Y  O F  E N G IN E E R S
(Continued on pages 36 and 37)

A L B R IG H T  &  FR IEL , INC.
C o n su ltin g  E n g in e e r s

W A T E R , S E W A G E  A N D  I N D U S T R I A L  
W A S T E  P R O B L E M S  

A IR F I E L D S , R E F U S E  IN C IN E R A T O R S  
A N D  P O W E R  P L A N T S  

IN D U S T R IA L  B U IL D IN G S  
C IT Y  P L A N N IN G  V A L U A T IO N S

R E P O R T S  L A B O R A T O R Y
1520 L O C U S T  S T . P H I L A D E L P H I A  2

C h a r le s  B . B u rd ic k  L o u is  R . H o w so u  
D o n a ld  H . M a x w e ll

ALVORD, BURDICK & HOWSON
E ngineers

W a te r  W o rk s , W a te r  P u r i f ic a t io n ,  
F lo o d  R e lie f ,  S e w e ra g e , S e w a g e
D is p o sa l, D r a in a g e ,  A p p ra is a l s ,  

P o w e r  G e n e ra t io n  
C iv ic  O p e r a  B u i l d in g  C h ic a g o

BLACK & VEATCH
Consulting Engineers 

4706 B r o a d w a y ,  K a n s a s  C ity , M o.
S ew erag e , S ew ag e  D is p o sa l,  W a te r  S u p p ly , W a te r  P u r i f ic a t io n ,  E l e c t r i c  L ig h t in g ,  
P o w e r  P la n t s ,  V a lu a t io n s ,  S p e c ia l I n v e s t i g a t io n s ,  R e p o r t s  a n d  L a b o r a to r y  S e rv ic e
E. B .  B l a c k  N. T . V e a t c h , J e .  A . P . L e a r n e d  H . F .  L u t z

F . M. V e a t c h  J .  F . B r o w n  R . E . L a w r e n c e  E . L . F i l b y

BOGERT-CHILDS ENGINEERING ASSOCIATES 
C o n su ltin g  E n g in e e rs

C l i n t o n  L. B o g e r t  F r e d  S. C h i l d s
H o w a r d  J .  C a r l o c k  A r t h u r  P . A c k e r m a n
J o h n  M. M. G r e i g  R o b e r t  J .  M c C a r t h y

W a te r  S u p p ly  a n d  P u r if ic a t io n
S ew erag e  a n d  S ew a g e  T r e a tm e n t  

F lo o d  C o n tro l a n d  D ra in a g e
R e fu s e  D is p o sa l 

C ity  P la n n in g — I n v e s t ig a t io n s — R e p o r ts  
624 M a d iso n  A v e n u e , N e w  Y o rk  22, N . Y.

B U C K , S E IF E R T  A N D  J O S T
C o n su ltin g  E ngineers

(FORMERLY NICHOLAS S. HILL ASSOCIATES)

Specializing in  Sew erage and  Sewage D isposal, 
W a ter S upp ly  and  W ater P urification , 

V aluations and  R eports
C hem ical and  Biological L aborato ries 

112 E a s t  1 9 th  S t r e e t  N ew  Y o rk , N . Y.

BURGESS & NIPLE
C iv i l  a n d  S a n i t a r y  E n g in e e r s

Water Supply and Purification 
Sewerage and Sewage Treatment

568 East Broad Street 
Columbus 15, Ohio

burns & McDonnell engineering co.
M c D o n n il i^ S m ith -B a l d w in - T im a no s-M c D onn-rl i.

Consulting Engineers since 1897
Waterworks, Light and Power, 
Sew erage, R e p o r ts , D e s ig n s , 
Appraisals, Rate Investigations.

Kama« City 2 , Mo. 107 W est Linwood Blvd.

THOMAS R. CAMP
C o n su ltin g  E n g in e e r

W ater W orks and W ater Treatm ent 
Sewerage and Sewage Treatm ent 
M unicipal and Industrial Wastes 

Investigations and Reports 
Design and Supervision 

Research and Development 
Flood Control

6 B e a c o n  S t .  B o s to n  8, M ass.

THE CHESTER ENGINEERS
C am pbell, Davis &  Bankson

Water Supply and Purification, Sewerage 
and Sewage Treatment, Power Develop
ment and Applications, Investigations 
and Reports, Valuations and Rates.

210 E. Park Way at Sandusky, 
Pittsburgh 12, Pa.

B L U E P R IN T  N O W /  With the Aid of These Outstanding Consultants
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D I R E C T O R Y  O F  E N G IN E E R S
(Continued from preceding page)

CONSOER, TOWNSEND &  ASSOCIATES
Water Supply—Sewerage— Flood Con
trol &  Drainage— Bridges—Ornamen
tal Street Lighting— Paving—Light 
and Power Plants. Appraisals.

C h ic a g o  T im e s  B Id g ., 211 W . W a c k e r  D riv e

DE LEUW, CATHER &  COMPANY
W a te r  S u p p ly  S e w e ra g e  
R a i l r o a d s  H ig h w a y s  

G r a d e  S e p a r a t io n s — B rid g e s — S u b w a y s  
L o c a l T r a n s p o r t a t i o n

I n v e s t i g a t i o n s  —  R e p o r t s  —  A p p r a is a l s  
P l a n s  a n d  S u p e rv is io n  o f  C o n s t ru c t io n

20 N o r th  W a c k e r  D r iv e  C h ic a g o  6 
505 C o lo ra d o  B Id g . W a s h i n g to n  5

FAY, SPOFFORD &  THORNDIKE
E N G I N E E R S

C h a r l e s  M . S p o f f o r d  
J o h n  A y e r  C a r r o l l  A. F a r w e l l  
B io n  A . B o w m a n  R a l p h  W . H o r n e

W a te r  S u p p ly  a n d  D is t r ib u t io n — D r a in a g e  
S e w e ra g e  a n d  S e w a g e  T r e a tm e n t— A ir p o r ts

I n v e s t ig a t io n s  a n d  R e p o r t s  
D e s ig n s  V a lu a t io n s  

S u p e rv is io n  o f  C o n s t r u c t io n  
B o s to n  N ew  Y o rk

E D W A R D  A .  F U L T O N
Consulting Engineer

I n v e s t i g a t i o n s ,  R e p o r t s ,  V a lu a t io n s ,  D e 
s ig n  a n d  C o n s t r u c t io n — W a t e r  S u p p ly  a n d  
P u r i f i c a t i o n  P l a n t s ; S e w e ra g e  a n d  S e w 
a g e  T r e a t m e n t  W o r k s ;  M u n ic ip a l  P a v in g  
a n d  P o w e r  D e v e lo p m e n ts ;  D a m s  a n d  
F lo o d  C o n tro l .

3 Sooth Meramec Avenue Saint Lonia. Miatonri

GANNETT FLEM ING CORDDRY & CARPENTER, INC.
■ 4  E N G I N E E R S  > ■

W A T E R  W O R K S  —  S E W A G E  
IN D U S T R IA L  W A S T E S  &  G A R B A G E  D IS P O S A L  

R O A D S  —  A IR P O R T S  —  B R ID G E S  &  F L O O D  C O N T R O L  
T O W N  P L A N N IN G  —  A P P R A IS A L S  

IN V E S T IG A T IO N S  &  R E P O R T S  
HARRISBURG, PA. • NEW  YORK, N. Y.

I.  M .  G L A C E
C o n su ltin g  S a n ita ry  E ng ineer

S e w e ra g e  a n d  S e w a g e  T r e a tm e n t  
W a te r  S u p p ly  a n d  P u r i f ic a t io n  

I n d u s t r i a l  W a s te s  D is p o s a l 
D e s ig n , C o n s t r u c t io n ,  a n d  S u p e rv is io n  o f  

O p e ra t io n

1001 N. Front St. Harrisburg, Penna.

WILLIAM A. GOFF
C o n su ltin g  E ng ineer

P r i v a t e  a n d  M u n ic ip a l  E n g in e e r in g  
S e w e ra g e , S e w a g e  D is p o sa l 

W a te r  S u p p ly  a n d  T r e a tm e n t  
G a rb a g e ,  R e fu s e , I n d u s t r i a l  W a s te s  

D e s ig n , S u p e rv is io n ,  V a lu a t io n s ,  R e p o r t s  

B r o a d  S t. S t a t i o n  B ld g . ,  P h i l a d e l p h i a

GREELEY &  HANSEN
E n g in e e rs

S a m u e l  A. G r e e l e y  P a u l  I I a n s e n  

P a u l  E ,  L a n g d o n  K e n n e t h  V .  H i l l  
T h o m a s  XI. N i l e s  S a m u e l  XI. C l a r k e  

W a te r  S u p p ly , W a te r  P u r i f ic a t io n ,  
S e w e ra g e , S e w a g e  T r e a tm e n t ,  F lo o d  
C o n tro l ,  D ra in a g e ,  R e fu s e  D is p o sa l 

22» S . S t a t e  S t . ,  C h ica g o  4 , 111.

HAVENS AND EMERSON
C o n su ltin g  E ngineers

W . L . H a v e n s  C . A . E m e r s o n  
A. A . B u r g e r  F .  C. T o l le s  F .  W . J o n e s

W a te r ,  S e w a g e , G a r b a g e ,  I n d u s t r i a l  
W a s t e s ,  X 'a lu a t io n s .—L a b o r a to r i e s  

L ea d e r  B ld g . W o o lw o r th  B Id g . 
C lev e la n d  14 N ew  Y o rk  7

B L U E P R IN T  N O W /  With the Aid of These Outstanding Consultants
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H O R N E R  &  S H I F R I N
C o n su ltin g  E n g in e e r s

W .  W .  H o r n e r  S. W .  J e n s  
H .  S h i f r i n  E .  E .  B l o s s  

V. C. L i s c h e r  
A ir p o r ts  —  H y d r a u l i c  E n g i n e e r in g  — 
S e w e ra g e  a n d  S e w a g e  T r e a tm e n t  —■ 
W a te r  S u p p ly  —  M u n ic ip a l  E n g i n e e r in g  

—  R e p o r t s  
S h e ll B u i ld in g ,  S t.  L o u is  3, M is s o u r i

J O N E S  & H E N R Y
F o r m e r l y  H .  P . J o n e s  & Co. 

H a r v e y  P . J o n e s  T h o m a s  B .  H e n r y

C o n su ltin g  E ng ineers
W a te r  S u p p ly , W a te r  P u r i f ic a t i o n ,  S e w e r 
a g e , S e w a g e  T r e a tm e n t ,  G a rb a g e , I n d u s 
t r i a l  W a s t e  D is p o s a l ,  V a lu a t io n s .

Security Bldg. Toledo 4, Ohio

KEIS &  H O LR O Y D
Consulting Engineers
F orm erly  Solom on & K eis  

Since 1906
W ater Supply  an d  P urification , Sew erage and  

Sewage T re a tm e n t, G arbage an d  Refuse 
D isposal and  Inc inera tion , In d u s tr ia l 

B uildings.
TROY, N . Y. F T . LA U D ER D A LE, FLA.

MORRIS KNOWLES, Inc. 
E ngineers

W a te r  S u p p ly  a n d  P u r i f ic a t io n ,  S e w e r 
a g e  a n d  S e w a g e  D is p o s a l , V a lu a t io n s ,  

L a b o r a to r y ,  C i ty  P la n n in g .

1312 P a r k  B ld g .  P i t t s b u r g h  22, P a .

METCALF &  EDDY 
E ngineers

W a te r , S e w a g e , D r a in a g e ,  R e f u s e  a n d  
I n d u s t r i a l  W a s te s  P r o b le m s  

L a b o r a to r y  V a lu a t io n s  
A ir f ie ld s

S ta t l e r  B u i ld in g  
B o s to n  16

MALCOLM PIRNIE
E n g in e e r

S e w e ra g e , S e w a g e  D is p o s a l ,
W a te r  S u p p ly ,  T r e a tm e n t ,  
R e p o r t s ,  P la n s ,  E s t i m a t e s ,  
S u p e r v is io n  a n d  O p e r a t io n s  

V a lu a t io n  a n d  R a t e s .

25 W. 43rd St. New York 18, N. Y .

R U S S E L L  a n d  A X O N
C onsu lting  E ngineers  

G eo. S. R u s s e l l  J o h n  C. P r i t c h a r d  
J o e  W ill ia m s o n , J r .  F .  E . W e n g e r
S ew erag e , S ew ag e  D is p o s a l ,  W a te r  S u p 
p ly , W a te r  P u r i f ic a t i o n ,  P o w e r  P la n t s ,  
A p p ra is a ls , R a t e  I n v e s t ig a t io n s ,  R e p o r ts ,  
P la n s ,  S p e c if ic a t io n s .
6635 D e lm a r  B lv d . U n iv e r s i t y  C i ty  5, M o.

STANLEY ENGINEERING COMPANY

S e w e ra g e — W a te r w o rk s  
D ra in a g e — F lo o d  C o n tro l 
E l e c t r i c  P o w e r— A ir p o r ts

H e r s h e y  B u i l d i n g  
M u s c a t i n e ,  l a .

ALDEN E. STILSON &  ASSOCIATES 
L im i t e d

Consulting Engineers 
W a te r  S u p p ly — S e w e ra g e — W a s te  D is p o sa l 

M e c h a n ic a l S t r u c t u r a l

S u rv e y s  R e p o r t s  A p p ra is a l s  

6 3 0  E a s t  B r o a d  S t .  C o l u m b u s  15, O h i o

WHITMAN, REQUARDT & ASSOCIATES
E ngineers-— C o n su lta n ts

Civil—Sanitary—Structural 
Mechanical— Electrical 

Reports, Plans, Supervision, Appraisals 

1304 St. Paul Street Baltimore 2, Maryland

B L U E P R IN T  N O W /  With the Aid of These Outstanding Consultants
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r , 0 : ' . . V  • '

D I R E C T  R E C I R C U L A T I O N
Increases biological treatment efficiency without necessitating any  

increase in size of either prim ary or final sedimentation tanks. 

A sk  for Bulletin 6 2 0 0 .

(jjjfgj) 1 N ■L.LJ- *  ®
3 2 5  W E S T  2 5 th  P L A C E  . C H IC A G O  16, ILL .

0 BBÊ̂ k YO U R PA CKIN G  W ORRIES ARE OVER
i i b b é l . When You Pack Your Sludge-Sewage Pumps With

Mumt t MABBS RAWHIDE PACKING
s K i i • PREVENTS WEAR AND CUTTING OF SHAFTS«*9 Il R  * • IS ANTI-FRICTIONAL—SAVES POWERmu • WATER IS ITS BEST LUBRICANTh 1 in f~ "¡iiii « • LASTS MUCH LONGER

PROMPT SHIPMENT OF ANY SIZE

U P M A B B S  H Y D R A U L IC  P A C K IN G  C O .
431 S. DEARBORN ST. Incorporated 1892 CHICAGO 5, ILL.

W h e n  W r i t i n g  A d v e r t i s e r s  
P l e a s e  M e n t i o n  

S E W A G E  W O R K S  J O U R N A L
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C o n k e y  F i l t e r s
CARE FOR W A SH ING TO N ’S OVERLOADS

Population in Wartime Washington, D. C., jumped from 
less than half a million to over a million. The four Conkey 
sludge filters in Washington's sewage treatment plant, 
which was designed to service a community of 650,000, 
demonstrated their ability to handle the consistently high 
overloads caused by the population jump. To do this, 
the filters had to be operated almost continuously on a 
5-day per week schedule.

Conkey Sludge Filters dewater over a thousand tons of 
dry solids every day in the sewage plants of American 
communities. Conkey Engineering, skilled for thirty years 
in building sludge filters, is available to help you specify 
the filter best suited to your requirements.

Send for bulletin No. 100 describing Conkey Sludge Filters

G e n e ra l A m erican
t r a n s p o r t a t i o n  c o r p o r a t i o n
p ro c e ss  eq u ip m e n t  • s t e e l  o nd a l lo y  p la te  fa b r ic a t io n

SA IE S  OFFICE- OFFICES: Chicago, Louisville, Cleveland,

517a Graybar Bldg.. New York 17, N Y. N f j l T  Orlando. St Louis. Salt la ke  City,

WORKS: Sharon, Pa.; East Chicago, Ind. V  p 'ttsburgh. San Francisco, Washington, 0 C

r
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c J to w  to -S te p . M p

SCREENING EFFICIENCY 
<4 SEW AG E W ASTES !
H endrick W ed ge-slo t screens achieve m axi
m um  capillary action, resulting in faster, 
better screening of sew age w astes. T h at’s 
w hy sew age disposal plant operators and 
engineers specify -these special screens—  
their unique profile bars, accurately spaced, 
w ith openings enlarging downward, permit 
m oisture and under-sized particles to clear 
rapidly.

H endrick fabricates w edge-slo t screens to  
your exact requirem ents in corrosion-resist
ing bronze or stain less steel, or in any other 
com m ercially rolled m etals. T h ey  are 
available in any desired length or width, in 
standard slot openings, varied profile bars

and sizes and in assem blies for m any  
screening operations. W rite today for 
literature and com plete details.

H E N D R I C K

C(d(m h f tPerforated Metals 
Perforated Metal Screens 

Architectural Grilles
Mitco Open Steel Flooring, 5 4  DUNDAFF STREET, CARBO N D A LE, PENNA.

"Shur-Site" Treads and
Amorgrids. S a l e s  O f f i c e s  In P r i n c i p a l  Ci t i e s

LaMOTTE COMBINATION |  
CHLORINE AND pH OUTFIT

All necessary equipment for both Chlorine 
and pH determ inations in a compact, flex
ible unit for u se  in laboratory or field 
work. Price, $23.35 f.o.b. Towson, M d., 
including Ortho Tolidine-A rsenite R eagent 
for differentiation betw een active chlorine 
and the slower acting chloram ines.

I f  you do not have the “A B C  o f pH  
C o n t r o l a  com plim entary copy w ill be 
sent upon  request w ithout obligation.

LaMotte Chemical Products Co.
Dept. SW Towson 4, Md.

P lace Your O rder N ow  
for

Manual of Practice No. I

“ Occupational Hazards in 
the Operation o f Sew age W orks”

25c each to Federation Members 

5 0 c each to Non-members

•

FEDERATION OF 
SEWAGE WORKS ASSOCIATIONS

3 2 5  I L L IN O I S  B U IL D IN G  

C H A M P A IG N ,  I L L I N O I S
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Getting Maximum Value from 
Pre-Aeration

The efficiency of primary treatment is 
noticeably improved by aeration of raw 
sewage prior to settling. Its principal 
advantage, of course, is the separation of 
grease. It also provides more effective odor 
control. Partial coagulation of organic 
solids makes possible greater solids removal 
and reduction of B. O. D. in settling tanks.

The very heart of pre-aeration are the air 
diffuser units. Their permeability, size, 
shape and other characteristics determine, 
to a large extent, the operating value of 
the entire installation. Yet, there are no 
hard set rules governing their selection. 
Each application depends upon the particu
lar conditions of the individual treatment 
problem. Sewage characteristics, plant 
location, and tank design are only a few

important variables influencing choice and 
installation of diffusers. Each must be 
accurately weighed to determine the best 
diffusers to use.

Welcoming the opportunity to advise 
on specifications, installation and opera
tion of diffusers are trained engineers of 
The Carborundum Company. Their expe
rience in the field has given them a broad 
knowledge of successful porous diffuser 
applications.

This service is practically designed to aid 
you. Designers, engineers, superintendents 
and others have experienced its sound
ness. Feel free to consult with us. Write 
Dept. Q-36, The Carborundum Company, 
Refractories Division, Perth Amboy, N. J.

D I F F U S E R  M E D I A
by CARBORUNDUM

T R A D E  M A R K

"Carborundum” is a registered trademark which indicates manufacture by 
The Carborundum Company



42 SEWAGE WORKS JOURNAL

IdffT'T—W

Let your HEAD take you
(The average Am erican today has a choice of ju s t going 
where "his fe e t take h im " , or choosing wisely the 
course to fo llow . L et's skip ahead 10 years, and take a 
look at John Jones— and listen to him . . .)

o m e t i m e s  I  fe e l  s o  g o o d  i t  a l m o s t  s c a r e s  m e .

“This house—I wouldn’t swap a shingle off its roof 
for any other house on earth. This little valley, with the 
pond down in the hollow at the back, is the spot I like best 
in all the world.

“And they’re mine. I own ’em. Nobody can take ’em 
away from me.

“I’ve got a little money coming in, regularly. Not much 
—but enough. And I tell you, when you can go to bed every 
night with nothing on your mind except the fun you’re going 
to have tomorrow—that’s as near Heaven as man gets on 
this earth!

“It wasn’t always so.
“Back in ’46—that was right after the war and sometimes 

the going wasn’t too easy—I needed cash. Taxes were tough,

and then Ellen got sick. Like almost everybody else, I  w as 
buying Bonds through the Payroll Plan—and I figured on 
cashing some of them in. But sick as she was, it was Ellen 
who talked me out of it.

“ ‘Don’t do it, John!’ she said. *Please don’t! For the first 
time in our lives, we’re really saving money. It’s wonderful 
to know that every single payday we have more money put 
aside! John, if we can only keep up this saving, think what 
it can mean! Maybe someday you won’t have to work. 
Maybe we can own a home. And oh, how good it would feel 
to know that we need never worry about money when we’re 
old!’

“Well, even after she got better, I stayed away from the 
weekly poker game—quit dropping a little cash at the hot 
spots now and then—gave up some of the things a man feels 
he has a right to. We didn’t have as much fun for a while 
but we paid our taxes and the doctor and—we didn’t touch 
the Bonds.

“What’s more, we kept right on putting our extra cash 
into U. S. Savings Bonds. And the pay-off is making the 
world a pretty swell place today!’’

The Treasury Departme?it acknowledges with appreciation 
i f  the publication of this advertisement by 4-

FEDERATION OF SEWAGE W ORKS ASSOCIATIONS
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De Laval L abyrinth Rings m inim ize'leakage .from discharge 
back to su c tio n .^ T h e  sealing actionj o f ,these jin g s  is accom
plished by the use of largejjclearance, tortuous labyrinth pas
sages and does not depend upon close],!mechanical clearances, 
such as required for plain flat rings. Because of the larger 
clearances and  reduced flow, the'effectiveness of the De Laval 
labyrinth ring is b u t little diminished by wear, resulting in 
sustained efficiency for long periods. When selecting pumps 
for lowest ultim ate  cost, look for the De .Laval Labyrinth 
W earing Ring. 3237

DE LAVAL STEAM  TURBINE COMPANY
________________ TR E N T O N  2. N EW  JE R SE Y

IMPROVE YOUR 
PRIMARY CLARIFICATION

through the use of the

JPIRflFLO pLflRIFIER

The better the removal of B.O.D., 
Suspended Solids, Oil and Grease 
in the primary clarifier the lower 
will be your costs for secondary 
treatment.
Switch to the Spiraflo and get 
better results at lower overall 
costs.

W r i te  f o r  B u l le t in  120

LAKESIDE ENGINEERING 
CORPORATION

2 2 2  W e s t  A d a m s  S t r e e t  

C h i c a g o  6 ,  I I I .

Inertol
P ro tec t ion  

M e a n s  L o w e s t  C o s t  
P e r  Year

F o rC o n cre t< ^ ^ ^ an d  S tee l.

I n e r t o l
C om pany, Inc

FACTORT&HEAD OFFICE
470 FRELINGHirSENAVE. 

N EW ARK 5. N.J.
W ESTERN BRANCH
64 SOUTH PARK  

SAN FRANCISC07.CAL.

/ fo e  ly fa u  O n te n e A te / t

IN

Sewage and Industrial Waste Treatment?
If So, You Should Be Affiliated With

THE FEDERATION OF SEWAGE WORKS ASSOCIATIONS
For Particulars, Write

FEDERATION OF SEWAGE WORKS ASSOCIATIONS
3 2 5  I l l i n o i s  B l d g .  C h a m p a i g n ,  I l l i no i s
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U S E  R -C  A
I

F O R  F L E X IB L E , 
E C O N O M I C A L  
A E R A T I O N ___

Direct-connected, motor-driven R-C blower installed 
in an eastern sew age  treatment plant.

•  In one compact Roots-Connersville blower, you can have 
three different capacities to meet varying conditions.

The chamber of this Multi-Capacity unit is built in two 
sections of different widths, each with its own impellers, 
driven by one motor. Two by-pass valves permit delivery of 
air into the line from either section, or both. The unused 
section passes the air without compression, and thus with 
practically full power saving.

R-C Multi-Capacity units provide flexibility with economy 
in first cost, power and space.

This is an example of dual-ability which is built into every 
Roots-Connersville product. This combination of sound engi
neering, plus long-time economical operation accounts for 
the wide acceptance of our equipment.

Send for bulletin 23-B-12 for helpful data on blowers, 
gas meters and filter vacuum pumps for sewage treatment 
and waterworks. Our engineers are at your service.
ROOTS-CONNERSVILLE BLOWER CORPORATION

One of the Dresser Industries 
605 Iowa Avenue, Connersville, Indiana

The R -C  M u lt i-C a p a c it y  B low e r 
employs the long-proved  Rotary 
Positive Displacement principle de 
veloped b y  us almost a  century 
ago. Two simple impellers deliver 
a definitely predeterm ined volume.

W here  applications can best be 
se rved  b y  C e n tr ifu ga l B lowers, 
Roots-Connersville offers single or 
multistage units in a  w ide range  
of designs and capacities to meet 
your exact requirements.

MULTI-CAPACITY BLOWERS

RO T AR Y  POS ITIVE  A ND C E N T R I F U G A L  BL OW E R S • E X H A U S T E R S  • BO OS T ER S 
LIQ UI D A N D  VACUUM P U M P S  •  M E T E R S  • I N E R T  GAS G E N E R A T O R S

£ '07^  
POUTECHNW



IN D E X  TO A D V E R TISER S
Page

Albright and Friel, Inc........................................................................................................................  35
Aluminum Company of America ................................................................................................... 11
Alvord, Burdick and Howson .........................................................................................................  35
American Brass Company ................................................................................................................ 14
American Car and Foundry Company .......................................................................................... 10
American Concrete Pipe Association .........................................................................................  28
American W ell W orks ....................................................................................................................  1
Armco Drainage and Metal Products, Inc................................................................................ 16
Bailey Meter Company (Sewage Division) ..............................................................................  33
Black and Veatch ...............................................................................................................................  35
Bogert-Childs Engineering Associates .......................................................................................  35
Buck, Seifert and Jost ....................................................................................................................  35
Builders Iron Foundry (See Builders Providence, Inc.) ...................................................... 21
Builders Providence, Inc.................................................................................................................... 21
Burns and McDonnell Engineering Company .......................................................................... 35
Burgess & Niple .................................................................................................................................. 35
Camp, Thomas R ...................................................................................................................................  35
Carborundum Co...................................................................................................................................  41
Carter Company, Ralph B .................................................................................................................  19
Cast Iron Pipe Research Association .........................................................................................  22
Chain Belt Company ......................................................................................................................  8-9
Chapman Valve Manufacturing Company .......................................................................... 12-13
Chester Engineers, The ..................................................................................................................  35
Chicago Pump Company .................................................................................................................. 15
Clow and Sons, James B ...................................................................................................................  34
Consoer, Townsend and Associates .............................................................................................. 36
DeLaval Steam Turbine Company .............................................................................................. 43
DeLeuw, Cather and Company ..................................................................................................... 36
Dorr Company, The ........................................................................................................................  3
Dresser Industries, Inc. (See Roots Connersville Blower Corp.) ....................................  44
Fay, Spofford and Thorndike .........................................................................................................  36
Flexible Sewer Rod Equipment Company ................................................................................  32
Fulton, Edward A ................................................................................................................................. 36
Gannett, Fleming, Corddry and Carpenter, Inc......................................................................... 36
General American Process Equipment Company ................................................................... 39
General Chemical Company ...........................................................................................................  20
Glace, I. M..............................................................................................................................................  36
Goff, William A .................................................................................................................................... 36
Greeley and Hansen ..........................................................................................................................  36
Havens and Emerson ........................................................................................................................  36
Hendrick Manufacturing Company .............................................................................................. 40
Horner & Shifrin ...............................................................................................................................  37
Inertol Co., Inc.....................................................................................................................................  43
Infilco, Inc............................................................................................................................................... 3®
Johns Manville ...................................................................................................................................  °
Jones and Henry .................................................................................................................................  37
K eis and Holroyd ...............................................................................................................................  37
Knowles, Inc., Morris ...............    37
Lakeside Engineering Corporation .............................................................................................. 43
LaMotte Chemical Products Company ....................................................................................... 40
Link Belt Company ..........................................................................................................................  |
Mabbs Hydraulic Packing Co..........................................................................................................  38 ,
Metcalf and Eddy .............................................................................................................................  37
Mine Safety Appliances Company ................................................................................................ 17
Nichols Engineering and Research Corp...................................................................................... 32
Norton Company ...............................................................................................................................  25
Pacific Flush Tank Company ........................................................................................................  23
Pirnie, Malcolm ..............................................................................................................................   •
Pittsburgh Equitable Meter Company ..................................................................................  3U 5 i
Roots Connersville Blower Corporation ....................................................................................  44
Royer Foundry and Machine C om pany...................................................   27
Russell and Axon ...............................................................................................................................  3/
Stanley Engineering Company ......................................................................................................  3/
Stilson & Associates, Ltd., Alden E ...............................................................................................  3/
Tennessee Corporation .................................................................................................................... 1“
U. S. Pipe and Foundry .................................................................................................................. 24
Vapor Recovery Systems Company .............................................................................................  2b
W ailes Dove Hermiston Corporation ......................................................................... • ■• • • • •
W allace and Tiernan Company, The .........................................................................  Back Cover
Whitman, Requardt and Associates .............................................................................................  3/
Wood Company, R.  ........................................................................................................................  4
Yeomans Brothers Company ......................................................................................................  '

When writing advertisers, please mention SEWAGE WORKS JOURNAL

LANCASTER PR E SS, IN C .,  LA NCASTER, PA .



It doesn’t take a Hurricane to devastate real estate
In your c ity 's p lans against 
b ligh ted  areas don 't overlook 
your responsibility for the pos
sible threat to property values 
that may come from inadequate
ly chlorinated sewage. If an "ill- 
wind" from the plant, or from 
unsterilized effluent below  the 
plant, b rings objectionable 
odors even one or two days a 
year it has no place in the city 
of tomorrow.

So why not plan the chlorina
tion facilities at your sew age 
plant to serve a double function?

First, to assure sterilization of 
effluent, for safety and odor-pro- 
tection downstream.

Second, to serve as "em er
gency insurance" against odors 
and operating difficulties in the 
plant.

Whatever the volume or varia
tions in flow, there is a type of 
W&T Chlorinator that will meet 
the individual requirements of 
your plant.

Write for information on how 
other p rogressive  c ities have 
solved their "ill-wind" problems.

'The Only Sale Sewage is a Sterilized Sewage

W A LLA C E &  T IE R N A N  p&
COMPANY, INC.

MANUFACTURERS OF CHLORINE A N D  A M M O N IA  CONTROL APPARATUS 
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