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"P A C K A G E" P L A N T S  g iv e  e ffe c tiv e , lo w -c o st n u is a n c e -fr e e  c o m 
p le te  s e w a g e  trea tm en t to s m a ll  c o m m u n it ie s , h o u s in g  p ro je c ts , 
in s t itu t io n s , a irp o rts  a n d  in d u s t r ia l p la n ts . O p e ra t io n  is  s im p le , 
d u e  to e x c lu s iv e  a u to m a tic  fe a tu re s. O v e r  100 in  s u c c e s s f u l 
o p e ra tio n . A s k  fo r B u lle t in  1 2 8 -K 1 .

W IDE BAND A IR  D IFFU SIO N  SYSTEM  W IT H  SWING D IFFU SER S g iv e s  
u n in te rru p t e d  f le x ib le  a e ra tio n  to m e e t v a r ia b le  o p e ra t in g  c o n 
d it io n s . D iffu s e r  tu b e s  c a n  b e  r a is e d  to ta n k  w a lk  fo r m a in 
te n a n c e  a n d  re g u la t io n  of a ir  s u p p ly  w ith o u t d e w a t e r in g  the 
a e ra tio n  ta n k . O v e r  100 in s ta lla t io n s  s in c e  1936 . A s k  fo r 
B u lle t in  17 5 .

C0M M INUT0RS a u t o m a t ic a lly  s c re e n  a n d  cu t s e w a g e  s o lid s  u n d e r  
w a te r. T h e y  e lim in a te  s c r e e n in g s  h a n d lin g  a n d  d is p o s a l, the 
w o rst n u is a n c e  in  s e w a g e  p la n ts . T h e y  a ls o  p re v e n t p u m p  
c lo g g in g  w h e n  in s t a lle d  a h e a d  of lif t  sta tio n  p u m p s . O v e r  
1,20 0  in s t a lle d  s in c e  19 3 3 . A s k  fo r B u lle t in  185.

F L U S H -K L E E N  CL0G -PR 00F SEW AGE PUMPS a re  the m o st r e lia b le  
p u m p s  m a d e  fo r s e w a g e  lift  sta tio n  s e r v ic e . T h e y  c a n n o t c lo g , 
b e c a u s e  s e w a g e  s o lid s  d o  no t p a s s  th ro u g h  th e  p u m p  im p e lle r s . 
O v e r  3,000 in s t a lle d  s in c e  19 24 . A s k  fo r B u lle t in  12 2 .

S C R U -P E LL E R  SLUDGE PUMP is  a s c re w -fe e d  c e n tr ifu g a l p u m p  
w it h  m u lt ip le  s h e a r in g  a c tio n s  a l l  the w a y  th ro u g h  th e  p u m p . 
O v e r  1,000 in s t a lle d . A s k  fo r B u lle t in  190.

CHICAGO PUMP CO. SEWAGE EQUIPMENT DIVISION

2314 Wolfram Street, C H I C A G O ,  ILL. 
Phone BRUntwkk 4110

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

REPRESEN TATIVES TH RO U GH O UT THE UNITED STATES AN D  FO REIG N  COUNTRIES
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S&àtâwstAGAIN selects

Pholo by Chicago Aerial Survey

P hoto  sh o w s  4 8  D orr C la r ifU r t  a n d  a o ra tio n  ta n k s  o f  e x is tin g  

W e s t-S o u th w e s t p la n t.  D ra w in g  i l lu s tra te s  la y o u t  o f  n e w  a e ra tio n  

ta n k s  a n d  2 4  a d d it io n a l D o rr C la r if le rs . CLARIFIERS
Expansion of the  already huge W est-Southw est P la n t o f the  S an itary  D istric t of 

Chicago to  include 24 additional 126 foot D orr Clariflers will bring to ta l 
p lan t capacity  up  to  an  unprecedented 900 M .G .D . T o tal flow trea ted  b y  the  “ D is

tr ic t’s ” th ree  activated  sludge p lan ts will jum p  to  1300 M -G .D .—every drop 
o f which will pass through D orr Clariflers.

This la te st addition culm inates 30 years of association w ith  the  “ D is tric t”—30 
years in which repeat orders have resulted in the  installation  o f a grand to ta l 

o f 137 D orr Clariflers. A dequate testim ony, this, to  th e  efficiency, 
economy and  s ta y in g  p o w er  o f a  D orr!

L et a D orr Engineer explain, w ithou t obligation, w h y  a  D orr Clarifier operates more 
efficiently—for longer periods—w ith  less operating expense. Phone, w rite or wire 

your nearest D orr Office. Or w rite for the  bulletin  “ Sedim entation”—48 
pages of factual inform ation on D orr Clariflers.



SEWAGE WORKS JOURNAL

ill

FIFTEEN MINUTES to 
MAKE AN OLD MATHEWS 
HYDRANT N o W ‘
T°dw d m

i
S sS S po„ * - * » * »  - * ■

“ i f “  a t t J ' K  o 'd  a  M a th e w s  N o m atte r how m odem -
H y d r a n t m a y b e . y ^ t e s  ^  nG

ize i t  m  k -ng 0f  sidewalks.
diggmg, no bre g new
“ T T T o ^ i C a n d p t o -  
barrel. T he today  aS

S t “ = S d a y th e y w « re ™ ta '> « < >

u ? th T 7 a W ilm e te r of each 

h y d ran t Y W e T  send

old elb°Wd  A ld  and screw in  the

s s s s s s r - — “-

M A T H E W S  H Y D R A N T S
6*f ft» P .  W O O D & M t f e t M ?
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LIN K-BELT Equipment
[ in Sewage Treatment

Circuline Sludge Collectors for the  positive removal 
of sludge from rectangular tanks. Send for Book 
1742.

Straightline Sludge Collectors for the positive re 
moval of sludge from rectangular tanks. Send for 
Book 1742.

M echanically-cleaned B ar Screens for removing the 
larger floating solids. Send for Book 1587.

T rito r Screen. A combination screen and grit 
cham ber for m edium  and small size plants. Folder 
1587.

Straightline G rit Collector and W asher. Effectively 
collects, washes and removes settled grit and sep
arates it from putrescible organic m atter. Send for 
Folder 1942.

C O N S U L T I N G  en g in eers, p u b lic  o ffic ia ls  
a n d  o p e r a t o r s  o f se w a g e  t r e a t m e n t  

p la n ts , h a v e  lo n g  k n o w n  th a t L in k -B e lt  
screens, s lu d g e  co lle cto rs, m ix in g , a e ra tio n , 
c o n v e y in g  a n d  d r iv in g  m a c h in e ry , are  d u r 
a b le , d e p e n d a b le  a n d  e co n o m ica l. A l l  L in k -  
B e lt  e q u ip m e n t is  en g in e e re d  a n d  m a n u 
fa ctu re d  in  o u r ow n p la n ts. I t  is  b u ilt  to 
la st a n d  to operate at m a x im u m  effic ie n cy. 
S e n d  fo r cata lo gs.

L I N  K - B E L T  C O M P A N Y
Chicago 9, Indianapolis 6, Philadel
phia 40, A tlanta, Dallas 1, M inne- i 
apolis 5, San Francisco 24, L o s l 

Angeles 33, Seattle  4, Toronto 8. 1
Offices in Principal Cities.

10,308

L I N K C U B E L T

SCREENS-COLLECTORS*MIXERS AERATORS



6 SEWAGE WORKS JOURNAL

In G ra v ity S e w e r  Lines: Transite’s unusual 
characteristics, proved in service in hundreds of 
communities, assure substantial savings both in 
installation and maintenance costs.

/ .  Handling costs are lo w e r

Long 13-foot lengths and light 
weight mean greater footage per 
truckload . . . fewer man-hours for 
handling to lay to line and grade.

2 . Smaller d iam eter p ipe m ay be used

Transite’s joints com
bine tightness with 
flexibility, guarding 
against infiltration. 
Thus total sewage load 
is reduced, which, cou
pled with Transite’s 
higher flow capacity, 
often permits use of 
smaller diameter pipe.

Pipe laying costs are reduced

Ú I

Four classes of pipe, to 
meet a wide range of 
strength requirements 
for all loading condi
tions, minimize need 
for costly concrete cra
dles. Transite’s long 
lengths mean fewer 
joints to assemble.

3 . Low er excavation costs are possible

Transite’s low friction 
coefficient (n=.010) 
provides greater flow 
capacity . . . permits 
flatter grades, shallow
er trenches, reduces ex
cavation costs ... es
pecially important in 
the case of rock excava
tion or wet trenches.

S. Maintenance costs go down

Made of asbestos and 
cement, Transite Sewer 
Pipe is highly corro
sion-resistant. Its tight 
joints guard against 
root trouble. And every 
length is factory-tested 
for strength and uni
formity.
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t h e s e  7 s p e c /aie c o n o m i e s

A n d  In Treatment Plants: Transite Sewer Pipe’s 
tight joints and long 13-foot lengths cut infiltra
tion to a minimum, resulting in smaller loads for 
the treatment plant to handle, and effecting im
portant economies in operation.

6. Treatment costs are less—
plant capacity conserved

By cutting down on in
filtration and reducing 
plant load, operating 
costs are lowered, con
serving plant capacity 
for increased loads in
cident to future com
munity growth.

7. Smaller treatment plants are possible

In designing new sew
age facilities, Transite 
Sewer Pipe’s reduced 
infiltration makes pos
sible smaller treatment 
plants with substantial 
savings in the initial 
cost of both buildings 
and equipment.

and for pressure mains. . .

TRANSITE PRESSURE PIPE
For the pressure portions of the sewerage system, Transite Pressure Pipe 
assures the same economies of lowered installation and maintenance 
costs. Its high flow capacity (C = 140) and freedom from tuberculation 
help keep pumping costs low.

For additional information about Transite Sewer Pipe, write 
for Brochure TR-2IA (for gravity lines) and TR-IIA (for 
pressure mains). Address Johns-Manville,22East40th Street, 
New York 16, N. Y.

Transite Sewer Pipe
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SLUDGE REMOVAL C O N T R O L

View of Rectangular Final Tanks in Activated Sludge Plant at 
B N N  M mm N N M N 9 *  Marion, Indiana, equipped with R E X  Twin Flared-Nozzle Tow-

#  m M  m M m Mb  Bro. (Consoer, Townsend & Quilan, Cons. Engrs., Chicago, III.)

REX TOW-8R0 SLUDGE REMOVER
The Rex Tow-Bro Sludge Remover is 
the only device that assures accurate 
control of sludge removal over a wide 
range of withdrawal rates. This feature, 
combined with the gentle suction action 
of the Tow-Bro, provides the ideal equip
ment for handling light, flocculent solids 
over wide ranges of removal.

Sludge can be removed as rapidly as 
desired to prevent septicity within the 
tank, without disturbing the settling 
efficiency of the tank. In one revolution 
of the Tow-Bro, all the sludge ma y be 
removed from the entire tank bottom.
The Rex Tow-Bro provides— greater 

solids concentration, greater operating 
flexibility and a clearer, undisturbed 
effluent, all with lower installation and 
operating costs.

White arrows show direction of sludge removed from  
tank bottom by Rex Tow-Bro gentle suction action.

It will pay you to investigate the pos
sibilities of the Rex Tow-Bro for your 
plant. Rex Sanitation Engineers will be 
glad to show you h o w  you can benefit 
from the exceptional advantages of the 
Rex Tow-Bro. For complete informa
tion, write Chain Belt Company, 1606 
West Bruce St., Milwaukee 4, Wisconsin.

S A N I T A T I O N  E Q U I P M E N T
Triturators •  Bar Screens • T ow -B ro  Sludge Removers •  S lo -M ixe rs  
Aero-Filters •  Rapid M ixers  •  G rit and Sludge Collectors and G rit Washers

CHAIN BELT C O MP A N Y  OF M I L W A U K E E
M e m b e r  o f  the W ate r  and S e w a g e  Works M a nu fac tu re rs  A sso c ia t io n , Inc
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eo,h8r « *  c o r r o , v s°

4  WAYS TO REDUCE 
MAINTENANCE WITH.,

Y es, Alcoa Aluminum  can cut m ain
tenance costs in sewage plants. A lum i
num can’t rust or rot or warp. I t  won’t  
splinter or crack.

W ith Alcoa Aluminium you can build 
better and save m aintenance costs at 
the same time. Four m aintenance- 
saving uses of this versatile m etal are 
illustrated on this page. For com plete 
information about Alcoa Alum inum ’s 
use in sewage plant construction, just 
phone our nearest office. A l u m i n u m  

C o m p a n y  o f  A m e r i c a , 2111 G ulf 
Building, Pittsburgh 19, Pennsylvania.

Aluminum door*-«. .
r0fl *»"'» warp. E « y ? 0 r“*'' can'f 

,y ,0 m a <nloin.

Aluminum wmw ~"—- J
w a r p .c „ „ . , rus, ^ ‘~ w o „ > rofor

"over stick.

THE MOST VERSATILE OF ALL BUILDING MATERIALS
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Complete engineering data and 
recommendations are contained 
in Bulletin No. 40. Write for a 
copy.
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A Quarter-Century o f Service 
H as P r o v e d  t h e  U n u s u a l  
S t r e n g t h  a n d  G e n e r a l  

R e l i a b i l i t y  o f

DOW DISC-ARM PIVOT
T he first valves o f this design, which were in
stalled 25 years ago, are still giving excellent 
service. An im proved type o f  butterfly valve, 
the D ow  Disc-Arm Pivot Valve takes the deflec
tion ou t o f  the low er half o f the disc by apply
ing the operating force to the p roper point. 
N ote below how  disc is held in open, partly 
open and closed positions.

The Chapman Valve Manufacturing Co.
I N D I A N  O R C H A R D , M A S S A C H U S E T T S
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A M E R I C A N  WELL WORKS E N T E R S

NEW PERIOD of GROWTH
t o  m e e t  u n p r e c e d e n t e d  d e m a n d  f or  m o d e r n  

s e w a g e  a nd i n d u s t r i a l  w a s t e  t r e a t m e n t

^ ^ I T H I N  the past year, w e have strengthened  our 
en g in eerin g  staff, m odernized  our p lant facilities, and 

created additional m anufacturing capacity to  increase  

prod u ction  four to  five tim es. Our Sanitary E ngineers  
are available for recom m en dation s on  the ty p e  o f  

treatm ent and eq u ipm en t best suited  to  your needs.

SEND FOR THESE HELPFUL BULLETINS
G R I T  R E M O V A L  D E S I G N — T h e o ry , p ra ctice , 
and m odern e q u ip m en t. B u l l e t in  N o . 2 4 9 *

P R E - A E R A T I O N  -  G R E A S E  F L O T A T I O N —
P re -tre a tm e n t for new and e x ist in g  p la n ts. B u l 
le t in  N o . 2 6 0 .

R O T A R Y  D I S T R I B U T O R S — F o r  a ll f ie ld  c o n 
d itio n s . R ecom m end ed f ilte rs . B u l le t in  N o . 2 5 7 .

S L U D G E  P U M P S — Pu m p s, P ip in g  L a y o u t, and 
P ip e  F r ic t io n  C u rv e s . B u l l e t in  N o .  2 6 1 .

S C R E E N S  —  C o m p le t e  info rm atio n  on rem oval 
and cu ttin g  of scre e n in g s. B u l l e t in  N o . 2 5 8 .

S L U D G E  R E M O V A L — C o n v e y o rs  and se d im e n 
ta tio n  tank d e sig n . B u l l e t in  N o . 2 5 3 .

A E R A T I O N  E Q U I P M E N T — A c tiv a te d  sludg e  
p la n t d e sig n  and ae ra tio n  e q u ip m e n t. B u l l e t in  
N o . 2 5 4 .

S E W A G E  P U M P S — H o r iz o n t a l and V e r t ic a l. 
S p e c if ic a t io n s , illu s tra tio n s , d im e n sio n s, se le c tio n  
ta b le s. B u l le t in  N o .  2 5 0 .

R A P I D  R A T E  F I L T E R — T re a tm e n t of d ig e s te r  
su p e rn a ta n t, laundry and in d u s tria l w a ste s. B u l 
le t in  N o . 2 6 2 .

A m e r ic a n WELL WORKS
A U R O R A ,  I L L I N O I S  • E s t a b l i s h e d  1 8 6 8  

Research ' E ngineering  ’ M an u fac tu rin g  

P U M P I N G ,  S E W A G E  T R E A T M E N T ,  W A T E R  P U R I F I C A T I O N  E Q U I P M E N T
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S ew ag e Treatm ent Plants w hich use old 
fashioned d ry in g -b ed s in the h a n d lin g  of 
sew ag e sludge add to the health-m enaee 
by p ro vid ing  breeding places for the com
mon house-fly, a carrier of m an y infectious 
diseases. W hether these d ry in g -b ed s are 
out in the open or enclosed "green-house" 
style, they form  a stagnant pool and pre
cautions taken b y operators of sew age 
plants cannot prevent their danger.

There is a sure w a y  of e lim in a tin g  the 
insect carrier in the treatm ent of sew ag e — 
it is thru the use of Eimco continuous 
vacuum  filters for slu d g e -d ry ing . In a d d i
tion, Eimco Continuous V acu u m  Filters 
offer m an y ad va n tag e s; they m ay be in 
stalled in clean, m odern b u ild in g s; d ry in g  
of sludge is alm ost instantaneous; space 
required as com pared to d ry in g -b ed s is 
one-three hundredth on an  eq u al ca p ac
ity; operating personnel is cut dow n sub
sta ntia lly ; in itia l cost is no greater than the 
in sta llatio n  of old fashioned dryin g -b ed s.

W hen you decide on a  Sew age Treat
m ent Plant, m ake it m odern — include 
Eimco Continuous V acu u m  Filters — consult 
an  Eimco Filtration Engineer. W rite to 
your nearest branch office — there is no 
ob ligation.

tin

E I M C O
THE EIMCO CORPORATION

E xe cu tive  O ff ic e *  a n d  F actories  — S a lt Lake C ity  8, U ta h : 

B ranches — 67 W a ll  St., N e w  Y o rk  5 — 111 W . W a jh in g to n  St., 

C h ica g o  ? —  M il l*  B ld g ., El Paso — 1217 - 7 th  St., S a c ra m e n to  14



14 SEWAGE WORKS JOURNAL

Fam ous  1 ac tsi

In 1856 at the Cheltenham meeting of the British Association, 
Henry Bessemer outlined the method of making steel which 
revolutionized the industry. After the establishment of a works 
in Sheffield, England, in 1860, the process spread rapidly through 
England and abroad.

During the same decade, Bitumastic Enamel —  the first product 
of its kind —  won widespread recognition in England as an out
standing protective coating for internal ship surfaces subject to 
severe corrosion. It has since been used throughout the world 
for the protection of underground and underwater metal surfaces.

Bitumastic Enamel's qualities of high viscosity, excellent adhesion 
and resistance to soil stress assure maximum protection to sewer 
pipe lines and submerged metal equipment. For concrete and 
above ground structures, another coal tar base coating, Bitumastic 
No. 50, gives long-term protection against moisture and sewage 
fumes.

W hiles Doue-H erimstoh
C O R P O R A T I O N

WESTFIELD, NEW JERSEY

N e w  York 4  • Philadelphia 8 • Cleveland 14 • Chicago 3 • Houston 2 • Tulsa 3 
Miami 36 • San Francisco 10 • los Angeles 1
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APPROVED* foü7eciï5/ ï

by M ’ S ’ A

AL L - SE RV I C E
GAS MASK

P rov id es d ep en d a b le  resp iratory safety  
w h erev er  to x ic  ga ses are en cou n tered  in 
se w a g e  w o rk s o p era tio n — sin g ly  or in 
c o m b in a tio n s  ( in c lu d in g  carbon  m o n o x  
id e )— as lo n g  as sufficient o x y g en  is present 
in air to  su p p ort life T h e  A ll-V isio n  
Facep iece, w ith  large-area len se s for un 
ob stru cted  v isio n  through  all n orm al v ie w 
in g  a n g les , assures a sn u £ , gas tig h t seal 
w ithou t pressure or  b in d in g  o n  the face. u U s  Bure,*lli
T h e  lig h tw e ig h t  h arn ess perm its upob- to „ed ^
structed w o rk in g  freedom . T h e  lo n g -liv ed  ^  0{ e° cy for re5p
A ll-Service C anister is easily  rep laceab le tes,'nB,i*<f equ'pmenl
w h en  required W rite  for latest Bulletin  p r o « - c

EA-8

M. S. A.

S p ecia lized  resp iratory p ro tectio n  for ch lo r in e  
hazards, w herever  th is gas is h and led  or  p roduced  
R e p la c e a b le  G M L  C h lo r in e  c a n is te r  fe a tu r e s  
len gth y  serv ice  life; the M ask is eq u ip p ed  w ith  
A ll-V is io n  F acep iece for m axim um  com fort and  
utility B u lletin  ED -6.

M .S. A. COMBINATION
HOSE MASK

Fresh o u ts id e  air, su p p lied  by a h and-operated  
b lo w e r  through  as m uch as 1 50  feet o f  h o se , is 
p rovid ed  by th is safety ap p lian ce  for m en w h o  
m ust enter and w o rk  in confined  atm osp heres  

w h ich  are h ig h ly  con tam in ated  or  o x y g en  d eficien t. S im p le  in o p era tio n , the  
M S.A. H o se  M ask features the A ll-V is io n  F acep iece w ith  d o u b le  over-sh ou ld er  
in h a la tion  tubes co n n e c t in g  to  supply h o se , con ta in ed  co m p lete  w ith  b low er  
in  a sturdy, trunk-type carrying case. B u lletin  EB-4.

M. S. A. CHLORINE MASK

M IN E SAFETY A P P L IA N C E S  C O M P A N Y
BRADDOCK, THOMAS AND MEADE STREETS 

PITTSBURGH 8 , PA.

I
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fT lH E  K o m lin e -S a n d e r so n  E n g in eer in g  Cor- 

p o ra tio n  h a s  b een  e s ta b lish e d  for th e  

d e v e lo p m e n t a n d  c o n s tr u c t io n  o f  e q u ip m e n t  

for th e  tr e a tm e n t  o f  sew a g e  s lu d g e  an d  in d u s 

tr ia l w a ste s .

T h e  co n cern  h a s  b een  lic en sed  by th e  I n s ta n t  

D ry in g  C orp oration  to  w ork w ith  th e  b a s ic  

p a te n t  o n  sp ra y -d ry in g  o f  sew a g e  s lu d g e . T h is  

h a s  b een  c o m b in e d  w ith  th e  w ork o f  J o h n  R. 

D o w n es an d  T h o m a s  R . K o m lin e  a t P la in fie ld ,  

N ew  Jersey .

In  order to  e ffec t c o m p le te  in s ta lla t io n s  for  

th e  c o n c e n tr a tio n , d ry in g  an d  in c in e r a t io n  o f  

sew age s lu d g e , a r r a n g e m e n ts  h ave  b een  c o m 

p le ted  for u se  o f  th e  W right Cord F ilte r  an d  

m a te r ia ls  h a n d lin g  e q u ip m e n t o f  th e  G ifford- 

W ood C om p an y .

KOMLINE-SANDERSON  
ENG INEERING  CORP.
R I D G E W O O D ,  N E W  J E R S E Y
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M odern Sewage Disposal Plants Specify

C L C F ,  LUBRICATED PLUG VALVES

You’re look in g  at the m odern, efficient pum p  

room  o f the Fort W ayne, Indiana Sewage 

D isposal P lant. Here Q .C .f i  Lubricated P lug  

Valves efficiently handle sludge, air, gas, hot 

and cold  water.

A s in  Fort W ayne m any o f our forem ost Sewage 

Engineers are finding that p lu g  valves are the 

ideal insurance against stoppages in  sew age d is
posal plants. Full-pipe area o f  C L C .fi Lubri

cated P lu g  Valves does not restrict the flow  o f  

lading. S traight-through passage m eans there 

is no change in direction to interrupt the flow  

. . .n o  turbulence to cause friction loss o f  head

pressure. There are no recesses for lodgem ent 

o f solids from  lading. Even w hen  open  C L C .fi 
P lu g  Valves have no seating surfaces exposed  

to the wear o f  lad ing —an im portant factor in  
extend ing valve life.

M odernize your sew age disposal p lant w ith  the 

m ost efficient, u p -to -d a te  valve installations. 
There is no need to disrupt present equipm ent 

as w e can supply C L C .fi Lubricated P lu g  Valves 

w ith  the same face-to-face dim ensions as ex ist

in g  gate valves. For com plete specifications and 

details o f  all types and sizes w rite  for catalogue  

3-SJ.

AMERICAN CAR AND FOUNDRY COMPANY
V a lve  D e p a rtm e n t 

30  CHURCH ST., NEW YORK 8 , N. Y.
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£ < a c k  t y o t t  ( f a v c  f y M V l

R oyer M od el "NSO," c a p a c ity  5 to 8 cub ic  
y a rd s p er hour. G a s  e n g in e  p ow ered .

R oyer "Jr." —  electric  m otor  
driven; a lso  a v a ila b le  w ith  g a s 
o lin e  en g in e . A n id e a l  unit for 
sm a ll s e w a g e  treatm ent p lan ts.

Convert your sludge disposal cost into profit

T h e  co st of c o n v e rt in g  y o u r  s e w a g e  s lu d g e  in to  a  v a lu a b le  fe r t iliz e r  u s in g  

a  R o y e r  is  d e f in it e ly  le s s  th a n  the co st of in c in e r a t in g  o r b u r y in g  it. I n 

c in e r a t io n  c a l ls  fo r a  c a p it a l  in v e s tm e n t fo r the in c in e r a t o r , o fte n  s p e c ia l  

d r y in g  e q u ip m e n t, a s  w e ll  a s  la b o r  a n d  fu e l. B u r y in g  r e q u ir e s  t r u c k in g , 

c o n s id e r a b le  la b o r ,  a n d  fr e q u e n t ly  p a y m e n t  fo r the u se  of a  b u r ia l  s ite .

BUT y o u  w o n 't  h a v e  to g iv e  it a w a y — R o y e r iz e d  s lu d g e  f in d s  a  r e a d y  

m a rk e t . F u rth e rm o re , le s s  m a n p o w e r is  n e e d e d  to p r o d u c e  fe r t iliz e r  w it h  

the R o y e r  S lu d g e  D is in t e g ra t o r  th a n  e ith e r  b u r y in g  o r in c in e r a t in g , a n d  

these  in e x p e n s iv e  m a c h in e s  w it h s ta n d  y e a r s  of a b u s iv e  s e r v ic e .

O n e  m a n  o p e ra te s  the R o y e r, a n d  a l l  th a t n e e d  b e  d o n e  is  to s h o v e l 

the s lu d g e  c a k e  in to  the h o p p e r. T h e  R o y e r  d o e s  a l l  the re st, a n d  it  w i l l  

h a n d le  s lu d g e  c a k e  c o n t a in in g  u p  to 6 0 %  m o is tu re . T h e  R o y e r  t h o r o u g h ly  

s h re d s , m ix e s , a e ra te s  a n d  fu rth e r d r ie s  the s lu d g e . S t ic k s , sto n e s  a n d  
tra s h  a re  a u t o m a t ic a lly  re m o v e d . T h e  m a c h in e  d is c h a r g e s  o nto p ile  or 

tru c k  a n  e ffe ctiv e , r e a d y -t o -u s e  fe rt iliz e r .

E v e n  if  th is  fe rt iliz e r  is  g iv e n  a w a y ,  y o u  w o u ld  b e  m o n e y  a h e a d , a s  
c o m p a r e d  w it h  the co st of in c in e r a t io n  o r b u r ia l.
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t y o c i c i  ’T f t w i e t f  r f & e a c C

H o w e v e r, v e r y  lit t le  of the h u g e  v o lu m e  of 

fe rt iliz e r  p r o d u c e d  b y  R o y e rs  is  g iv e n  a w a y . 

S e w a g e  w o rk s  u s in g  R o y e rs  f in d  a  r e a d y  m a r 

ket fo r th e ir  fe rt iliz e r , e s p e c ia l ly  a m o n g  g ro w e rs  

of fo o d  c ro p s. W hat w as to rm e ily  a n  expense  
item, is  thus converted into a  perm anent source  

of reven u e!

T w e lv e  m o d e ls — e le c t r ic  m o to r, g a s o lin e  e n 

g in e  o r b e lt -to -tra c to r  d r iv e n . A l l  th ese  a re  

s h o w n  in  o u r  S e w a g e  S lu d g e  U t il iz a t io n  D a t a -  

lo g , w h ic h  a ls o  c o n t a in s  c o m p re h e n s iv e  in f o r 

m a tio n  o n  the f e r t il iz in g  v a lu e  of s e w a g e  

s lu d g e . Y o u r  c o p y  a w a it s  y o u r  re q u e st.

ROYER FOUNDRY & MACHINE CO
1 7 6  P R I N G L E  S T . ,  K I N G S T O N ,  P A .

R oyer M odel "NSD-P," ca p a c ity  
8 to 12 cu b ic  y a rd s o l s lu d g e  per 
hour, at G reen w ich , C onn. S e w 
a g e  works.



I

20 SEWAGE WORKS JOURNAL

C l a P ipe j o in t in g  c o m p o u n d

H O L D S

EVEN IF  THE L IN E  SE T T L E S

G o o d  e n g in e e r in g  a n d  p lu m b in g  
p r a c t ic e  c a lls  for f irm  fo u n d a tio n s  
for a l l  p ip e  l in e s . E v e r y  re a s o n a b le  
p re c a u t io n  s h o u ld  b e  ta k e n  to p re 
ve n t the s h ift in g  or se ttlin g  of a  p ip e  
l in e  a fte r it h a s  b e e n  la id .  But t ry  a s  
o n e  w il l ,  it is  a lm o st im p o s s ib le  to 
e lim in a t e  m o v e m e n t of p ip e  100 p e r 
ce n t of the tim e .

T h is  is  o n e  re a s o n  w h y  C la P ip e  
Jo in t in g  C o m p o u n d  is  id e a l  for m a k 
in g  jo in ts  in  c l a y  p ip e  s e w e rs  a n d  
d r a in s . C la P ip e  fo rm s a  stro n g  a n d  
la s t in g  b o n d  w ith  the g la z e d  s u r f a c e  
of the p ip e . It r e a l ly  h o ld s  tig ht. 
N e ith e r  t im e  n o r s e w a g e  co ntent 
a ffe c ts  its  g r ip .

But, in  a d d it io n  to th is  e x c e p tio n a l 
b o n d , C la P ip e  re ta in s  its  p la s t ic it y .  
It n e v e r  c o m p le t e ly  h a rd e n s . W h e n

set it fe e ls  h a r d  a n d  lo o k s  h a r d . You 
c a n  lift  s e v e r a l s e c t io n s  of jo in te d  
p ip e  in to  the tre n c h  w ith o u t b r e a k in g  
C la P ip e  jo in ts  or h a v in g  th e m  b e n d . 
But if  y o u  e x e rt a  c o n t in u o u s  p r e s 
s u re  o n  a  C la P ip e  jo in t o v e r  a  p e r io d  
of t im e  it w il l  s lo w ly  g iv e  . . . y e t  r e 
m a in  w a te rt ig h t! And any sewer line 
that remains watertight also remains 
completely root-proof.

In  a d d it io n  to its  stro n g  b o n d  a n d  
s lig h t  p la s t ic it y ,  C la P ip e  h a s  s e v e r a l 
o the r a d v a n t a g e s :

C la p ip e  is  a c id  a n d  a lk a l i  p ro o f • 
C la P ip e  s p e e d s  u p  in s t a lla t io n  • C l a -  
P ip e  h a s  lo n g  life  • C la P ip e  m a k e s  
s e w e rs  root-proo f • C la P ip e  m a k e s  
jo in ts  w a te rt ig h t • C la P ip e  is  in e x 
p e n s iv e  to u s e  «

For com plete infor
m ation abou t in s ta l
lation  p ractices, c h a r
acteristics, tests, etc., 
on C laPipe Jointing 
Com pound w rite  for 
your free  copy of 
the new ly  pub lished  
b o o k l e t .  C L A P IP E  
J O IN T IN G  C O M 
POUND (Bulletin 226).

C L A Y  P R O D U C T S  A S S O C I A T I O N
111 WEST W A S H IN G TO N  STREET .  CH ICAG O  t ,  IL L IN O IS



UPKEEP

..The NORDSTROM Way

These Advantages 
Spell Economy

QUARTER TURN
Quick to  operate. V alve  
position  apparent at a 
glance.

SIMPLEST DESIGN
Few parts. N oth in g  to  
trap line contents.

SEALPORT” LUBRICATION
C oats and protects work
ing parts from  corrosion, 
erosion.

FULL FLOATING PLUG
A lw ays easy to  turn. 
N o n - f r e e z i n g .  N o n 
sticking.

La p p e d  p l u g s

Precision lapped b y  ex
clusive process for exact 
fit.
EXPOSED SEAT
Plug rides on pressure 
sealed lubricant.

J non  - s t i c k i n g

H ydraulic action lifts  
and frees plug.

B c o m p a c t
N o protruding stem s or 
y o k e s . O c cu p y  m in i
m um  space.

“ M n R n r .T K F A l  ”  I I I R R ir .A N T S

f

O u t -  W e a r ,  O u

Other Types on Sewage Disposal Services
In sewage treatm ent plants from M aine to  California, 
N ordstrom  V alves have established am azing service  
records th at prove their econom y. T h ey  are sim ple, 
positive, enduring. U se them  on any  service — sludge, 
gas, air, acids and caustics, water. T hey turn quickly  
and easily, last indefinitely and alw ays m aintain a 
b ottle-tigh t line.

LUBRICATED VALVES
S ûcaTtoyf

NORDSTROM VALVE COMPANY Division of Rockwell M anufacturing Co.

P ittsburgh 8 , Pa.

Nordstrom Valves con
trolling sludge lines in 
Greater Greenville, S. C. 
plant.



SEWAGE WORKS JOURNAL

r C H E M J C A L U S E R S g u i d e ] To G e n e r a l  C h e m i c a l  C o m p a n y

PRODUCT
AVAILABLE 

F O R M S  S

C O M M E R C I A L  
T R E N G T H  (Min.)

S H I P P I N G
C O N T A I N E R S

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

Aluminum
Sulfate
A12(S 0 4)3*
14H 20  approx. 
(Filter A lu m )

Commercial
&

Iron Free: 
Lum p 

Ground 
Powdered

17.25% AI2O 3

Bags 
Barrels 
Drum s 

B ulk Carloads

C oagulant for w ater and 
sewage. D ew atering con
ditioner for sewage sludge. 
1%  Sol. pH  3.4.

Aqua A m m o n i a
NH-iOH plus 
W ater 
(Am m onia  
W ater)

Colorless
Liquid

26°Be. 
(2 9 .4 %  N H 3)

Steel Drum s 
Carboys

U sed w ith chlorine to form 
chloram ines for w ater dis
infection.

A m m o n i u m
Aluminum
Sulfate
A12( S 0 4>3 •
(N H 4 ) 2S 0 4 *
24H 20
( Am m onia  
A lu m )
( Crystal A lu m )

Lump
N ut

G ranular
Powdered

11.2%  AI2O3
Bags 

F ibre Drum s

Coagulant for w ater. Ad
vantageous for pressure fil
ters. Supplies am m onia for 
chloram inę form ation.
1%  Sol. pH  3.5.

Sodium
Bisulfite,
Anhydrous
N a2S20 5
( A B S ) (Sodium
M etabisulfite)

Powdered 97.5%  N a 2S205 
(E qu iv .65 .5%  S 0 2)

F ibre Drums
Antichlor. R em ove iron 
and m anganese deposits 
from filter sand.
1%  Sol. pH  4.6.

Sodium Silicate
N a20  • X ( S i0 2) 
plus H 20  
(W ater Glass) 
(Silicate of 
Soda)

Viscous
Liquid

38° to 52°Be. 
Various ratios of 

Na-jO • S i0 2

Drums 
Tank Cars 

T ankT rucks

1. Aid in floe form ation.
2. P reven t red w ater in 

distribution lines.
1%  Sol. pH  12.7.

Sodium
Thiosulfate
N a 2 S203 • 5H 20  
(H ypo) (Sodium  
H yposulh te)

C rystals: 
Prism atic Rice 

Selected 
Universal 

•
G ranular

99.75% 
NavSjO;; • 5H jO

Bags 
Barrels 

Fibre Drums
Antichlor. W ater soluti 
is neutral.

on

in-

ms
ex-

Sulfuric Acid
H 2S 0 4 plus H 20  
(O il o f Vitriol)

Corrosive, 
oily liquid 

Various 
strengths

66°Be. 
(93.19%  H 2SO4 )

Bottles 
Carboys 
Drums 

TankT rucks 
T ank  Cars

1. Reduce pH  and  alkal
ity.

2. R egenerate carbacec 
zeolites and  ion 1 
changers.

Potassium
Aluminum
Sulfate
A12 (S 0 4)3 • 
K 2S 0 4 • 24H 20  
(Potash A lu m )

Lum p
N ut

Granular
Powdered

10.7%
AI2O3

Bags 
Fibre Drums

Coagulant for w ater. Slow, 
even ra te  of solubility de
sirable for solution pots. 
1%  Sol. pH  3.52.

Sodium Sulfite,
Anhydrous
N a 2S 0 3
( “Sulfite” )

G ranular
Powdered

98.5%
N aL»S03

Bags 
Fibre Drums

Antichlor, oxygen rem over. 
W eak  s o lu tio n s  a b so rb  
oxygen readily.
1%  Sol. pH  9.8.
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P r o d u c t s  for  T r e a t m e n t  of Wa ter,  Sewage,  and I n d u s t r i a l  W a s t e s

PR OD UC T
AVAILABLE

FORMS
COMMERCIAL 

S T R E N G T H  (Min.)
S H IP P IN G

C O N T A IN E R S
A P P L IC A T IO N S

Sodium Sulfate, 
Crystal
Na^SO t • I O H 2O 
( Glauber’s Sa lt )

Crystal & 
Needle 
Cryst.

96% 
N a2S 0 4 • lOHjO

Barrels
Bags

Drums

N eutral Solution. Boiler 
w ater treatm ent (m ainte
nance of sulfate-carbonate 
ra tio ) .

Sodium Sulfate, 
Anhydrous
N a2S 0 4

Powdered 99 .5%  N a2S 0 4 Bags
Barrels

N eutral Solution. Boiler 
water treatm ent ( mainte
nance of sulfate-carbonate 
ratio ).

Trisodium
Phosphate
N a3P 0 4 * 12H20  
( T S P )

Crystal
9 8 .5 -1 0 3 %  

N a3P 0 4 * 12H20  
(E quiv. 19%  

P 2O5 )

Bags 
Barrels 

Fibre Drums

Boiler w ater treatm ent. 
Cleaning compound.
1%  Sol. pH  11.8-12.0.

Disodium
Phosphate,
Crystal
Na ,HPO  1 • 
12H20

Crystal
98%

Na jH PO  j • 12HL>0 
(E quiv. 19.5% 

P 2O5 )

Bags 
Barrels 

F ibre Drums

B o ile r  w a ter. (C a lc iu m  
and magnesium precipita
tion.)
1%  Sol. pH  8.4.

Disodium
Phosphate,
Anhydrous
N a o H P O i

Powdered
Flake

96%  N a2H P 0 4 
( Equiv. 48%

P 2O5 )

Bags 
Barrels 

Fibre Drums
Same as Crystal, but 
stronger product.

Sodium
Fluoride
NaF
( Fluoride )

Powdered 
(w hite or 

blue 
colored: 

Nile B lue) j 
Light or 

dense

90%  and 95%  
N aF

Bags 
Barrels 

F ibre Drums

Fluorination of w ater sup
plies. (F o r  inform ation , 
c o n su lt w ith  lo ca l and  
state health  officials.)

f o r  th e  l a b o r a t o r y :  Baker & Adamson Laboratory Reagents

i f  A s a major source of Basic Chemicals 
for American Industry for alm ost half a 
century, G eneral Chem ical Company has 
long provided a w ide range o f products for 
use in the treatment of water, sewage, and 
industrial wastes. Pertinent data on such 
chemicals are com piled in this Chemical 
Users’ G uide for your ready reference.

For f u l l  in fo r m a t io n , co n ta c t n earest  
General Chem ical Sales & Technical Serv
ice office. Remember—w hen you make G en
eral Chemical your source of supply—these 
key chem icals so v ita l to your operations 
are always readily available from conveni
e n t ly  lo c a te d  p la n ts  and w a r e h o u se s  
throughout the nation!

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

Sales and Technical Service Offices: Albany • Atlanta • Baltimore 
Birmingham • Boston • Bridgeport • Buffalo • Charlotte 
Chicago • Cleveland • Denver • Detroit • Houston • Kansas City 
Los Angeles • Minneapolis • New York • Philadelphia 
Pittsburgh • Providence • San Francisco • Seattle • St. Louis 

Wenatchee and Yakima (Wash.)
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f 0 ,  m # l o w  * *

Measurement o f -
SEWAGE 
INDUSTRIAL WASTES 
SLUDGE
IRRIGATION WATER

B A / 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 Accuracy

3 .  Self-Cleaning

4 .  Adjustable Capacities

5 .  Totalize Multiple Flows 

6 * Chemical Feed Control 

7 .  F low and Ratio Controls

Ask for Bulletin 62

MU22

B A I L E Y  M E T E R  C O M P A N Y
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

M E T E R S a n d  CONTROLS fo r  SE W AG E  a n d  W A TE R
VENTURI TUBES, FLUMES, WEIRS, NOZZLES, ORIFICES • DIRECT MECHANICAL AND REMOTELY 

LOCATED REGISTERS • AIR-OPERATED, ELECTRONIC AND ELECTRIC CONTROLS.
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S a v e  W i t h

F e r r i - F l o c

T o d a y ' s  C o a g u l a n t !

Our technical sta ff is 
always a v a ila b le  fo r  
consultation. There is 
no charge fo r  the service 
and  yo u  m ay be sure 
that yo u  w ill r ec e ive  
p rom pt attention!

Ferri-Floc, the m o d e r n ,  efficient 

a n d  e c o n o m i c a l  coagulant, is 

rapidly b e c o m i n g  the m o s t  d e 

p e n d a b l e  a n s w e r  to w a t e r  or 

s e w a g e  treatment difficulties.

C l i p  H e r e

T E N N E S S E E  C O R P O R A T I O N ,
Dept. S W J., A tla n ta , G a.

G e n t l e m e n :  Please send me the free booklet on 
F erri-Floc as soon as possible!

N A M E

ADDRESS

CITY STATE
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makes DURABLE PARTS...
B e c a u s e  Everdur* com bines h ig h  stren g th  and  co rrosion  
resistance w ith  ready w o rkab ility  and w eldability , these 
copper-silicon alloys have p roven  o u ts tand ing ly  d u rab le  in  
hundreds of w ate r w orks and  sewage insta lla tions th ro u g h 
o u t the  country .

A vailab le  in  practically  all com m ercial shapes, and  in  
com positions su itab le  for h o t o r cold w ork ing , m ach in ing  
o r recasting, E verdur lends itself to  efficient, econom ical 
p ro d u c tio n  o f p arts  such as those illustrated , as w ell as to 
ligh t-w eigh t, w elded, bu ilt-up  construction  o f m ajor 
equ ipm en t.

W ater w orks and  sew age eq u ip 
m ent constructed  of E verdur is still 
in  service and  in  excellent cond ition  
after constan t use since 1927. For 
detailed  in fo rm atio n  on E verdur, 
w rite  for P ub lica tions E -l 1 and  E-6.
* R e g .  U .  S .  P a t .  O ff .

idA

S i w t c t u A ,
C O P P E R -S IL IC O N  ALLO YS
THE AMERICAN BRASS COMPANY
General Offices: Waterbury 88, Connecticut

In r  7  o}.Anacmda Copper Mining Company 
Canada: A n aco NDA A m erica n  B rass , L td  

New Toronto, Ont.
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New Additions More Than Double Capacity of 
World’s Largest Sewage Treatment Plant

T h e  e n d  o f  t h e  w a r  has p erm itted  th e  
S an itary  D is tr ic t  o f  C h ic a g o  to  proceed  w ith  
th e  lo n g -p la n n e d  ex te n s io n  to  its  fa m o u s  
S o u th w e st  P la n t , in crea s in g  its  c a p a c ity  fro m  
4 0 0  to  9 0 0  m illio n s  o f  ga llo n s d a ily . E ig h t  
h u g e  V e n tu r i M eters, a v era g in g  9 f t .  in  d ia m 
eter , w il l  m easure th e  to ta l in c o m in g  raw  
sew age. M a n y  o th e r  V e n tu r is , 5 f t  to  6 f t .  
in  size, w il l  m easure th e  retu rn  slu d g e , m ixed  
liq u or, and m ain  air flow s; sm aller sizes fo r  
w a ste  slu d g e  and in d iv id u a l air lines.

Sewage tre a tm e n t p lan ts  m us t depend, day 
in  and day o u t, upon  re liable m eters i f  there 
is to  be e ffic ien t opera tion . S i g n i f i c a n t , is  it

N O T , T H A T  t h e  N E W  ADDITION, LIKE T H E  
O R IG IN A L  P L A N T ,  W IL L  B E  E Q U I P P E D  
T H R O U G H O U T  W IT H  B U IL D E R S  V E N T U R I
M e t e r s ? In c lu d ed  w i l l  be B u ilders Secondary 
C h ron o flo  M e te r In s tru m e n ts  on a c e n tra lly  
located panel.

A ll  o v er  th e  c o u n tr y  sew age tr e a tm e n t  
p la n ts , b o th  large and sm a ll, are d ep en d in g  
up on  B uilders V e n tu r i M eters. For b u lle tin s , 
address B u ild ers-P ro v id en ce , I n c ., (D iv is io n  
o f  B u ilders Iron  F o u n d r y ) , 28  C o d d in g  
S treet, P ro v id e n c e  1, R . I.

B U IL D E R S  V e n tu r i  M ete rs  fo r  th e  n ew  
S o u th w e s t P la n t  a t  C hicago .

4 ......................... 100" Raw Sewage Meters
1 ......................  78" R etu rn  Sludge M eter
8 ......................  66" Mixed Liquor Meters
1 ......................  20" W aste Sludge M eter

6 9  A ir M eters (72" to 4 ")

B U IL D E R S  P R O D U C T S
V E N T U R I, PR O PE LO FL O  A N D  O R IFIC E  M ETERS • T Y P E  M A N D  F L O -W A T C H  IN ST R U M E N T S 
FIL T E R  C O N T R O L L E R S  A N D  GAUGES • M ASTER C O N T R O L L E R S • K E N N IS O N  NOZZLES 

C H R O N O F L O  TELEM ETER S • C O N V E Y O R  SCALES

B U IL D E R S P R O V ID E N C E
/nftvwywñZri
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A  w e l l - c a lk e d  j o i n t — a  le v e l t r e n c h  w it h o u t  h u m p s  o r  
h o l lo w s — a  t a m p e d  b a c k f i l l  i n  a l l  b u t  s a n d y  s o i l s :  t h e s e  a r e  
s im p le  f u n d a m e n t a ls  o f  g o o d  p r a c t is e  i n  l a y in g  c a s t  i r o n  
p ip e .  O b s e r v e  t h e m  a n d  y o u  g iv e  t h e  p ip e  f u l l  o p p o r t u n it y  
to  d e l iv e r  t h e  c e n t u r ie s  o f  u s e f u l  l i f e  b u i l t  in t o  i t  a t  t h e  
f o u n d r y .  F o r ,  c a s t  i r o n  p ip e ,  l ik e  a l l  m a t e r ia ls  o f  c o n 
s t r u c t io n ,  m u s t  b e  p r o p e r ly  in s t a l l e d  i f  i t  is  to  g iv e  m a x i 
m u m  s e r v ic e  w it h  m i n i m u m  m a in t e n a n c e  c o s t .  O u r  n e w  
16  m m .  s o u n d  m o t io n  p ic t u r e ,  “ I n s t a l l i n g  C a s t  I r o n  P ip e ”  
is  a v a i la b le ,  o n  lo a n ,  w it h o u t  c h a r g e ,  to  w a t e r  a n d  s e w a g e  
w o r k s  o f f ic ia ls ,  e n g in e e r in g  s c h o o ls  a n d  o r g a n iz a t io n s .  
A d d r e s s  D e p t .  M . C a s t  I r o n  P ip e  R e s e a r c h  A s s o c ia t io n ,  
T .  F .  W o lf e ,  E n g in e e r ,  1 2 2  S .  M ic h ig a n  A v e .,  C h ic a g o  3.

C A S T  i r o n  p i p e
S E R V E S
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This presentation o f the basic data and the prelim inary conclusions drawn by the  
Committee are issued as the first section o f a study on the subject. Comment and  
constructive criticism  w ill be welcomed and reviewed for incorporation in a final 
summary chapter to be presented in a  future issue, w ith  the objective o f  developing  
a h elp fu l guide in th is particular type o f sewage treatm ent plant.
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SEWAGE TREATMENT AT MILITARY INSTALLATIONS

P R E F A C E

The expansion of m ilitary installa
tions in the U nited  States under the 
exigencies of global war during the pe
riod 1940^14 brought an unprece
dented opportunity to record opera
tional experience w ith different proc
esses of sewage treatm ent. In  order 
to take advantage of the situation, the 
Committee on Sanitary Engineering of 
the N ational Research Council, D iv i
sion of Medical Sciences, under the 
chairmanship of Dr. A bel W olman, or
ganized a Temporary Subcom m ittee on 
Sewage Treatm ent, w ith Dr. F . W. 
Mohlman as Chairman.

A t the first m eeting on May 22, 1944, 
the objectives of the Subcom mittee 
were set forth as follow s: (1) To con
duct a critical stud y and review of 
design and operation of sewage treat
ment plants in m ilitary installations ;
(2) To establish usefu l norms to guide 
in the solution of future problem s of a 
sim ilar nature such as: (a) flow and 
character of sewage; (b) m ethods of 
control and analysis; (c) train ing and 
performance of operators. The inves
tigation would be nationwide in scope 
and would be directed toward an evalu
ation of perform ance of effective sew
age treatm ent processes under differ
ent clim atic conditions, yet under u n i
fied control. The study would serve 
the future in the design of projected  
m ilitary and other governm ent instal
lations and in the postwar construction  
of m unicipal works.

It was believed that the situation in  
the field presented a favorable junc
ture of circum stances for the realiza
tion of the foregoing broad objectives. 
In fu ll operation at that tim e were sev
eral hundred plants, all designed in 
accordance w ith a standardized code, 
all treating sewage of domestic charac
ter, and all using identical methods of

analysis and control. H eretofore, sur- 
yeys of sim ilar scope have been pre
cluded by the obscuring influence of 
varied industrial wastes and by the 
lack of uniform  m ethods of analysis. 
Furtherm ore, as has been pointed out 
b y  m any, operational data from  sew 
age p lants of W orld W ar I were ex
trem ely scarce; such paucity  rendered  
difficult the problem  of design during  
the recent em ergency.

The subcom m ittee fe lt  that the serv
ices of a special investigator should be 
secured to carry out the details o f the 
study in its various ramifications. Dr.
II. A. Thomas, Jr., A ssistant Professor  
in  Sanitary Engineering in the H ar
vard Graduate School of Engineering  
was selected to serve in this capacity. 
A lso actively engaged in the detailed  
work of the investigation at H arvard  
were several officers of the Sanitary  
Corps under' the supervision of Cap
tain  R. E. Ileacox.

W ith regard to the mechanism of the 
investigation, it was decided that in 
view  of available personnel and time 
the survey could best be conducted by  
means of a detailed questionnaire, 
which was sent through A rm y Service 
Commands and N aval D istricts to in 
dividual installations for the purpose 
of obtaining specific inform ation. In 
addition, m any data relating to design  
were obtained from  the Branch of E n 
gineering and Developm ent, Office of 
the Chief o f Engineers, W ar D epart
ment, W ashington, D. C. Much in for
m ation from  previous field investiga
tions was made available to the sub
comm ittee b y  the Office of the Surgeon  
General and the D ivision of Repairs 
and U tilities, Office of the Chief of 
Engineers.

W ith  the m ain bulk of data assem
bled in the organized form of the ques
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tionnaire, mem bers of the subcom m it
tee v isited  a representative portion of 
plants on m ilitary installations, becom 
ing acquainted w ith  problem s of op
eration in m ilitary establishm ents, and  
w ith operating personnel. The work 
of the subcom m ittee was resolved into  
an analysis having three phases, as fo l
low s: (1 ) detailed  description of a 
num ber of p lants of each type and size 
that could be considered characteristic 
of the program  as a w hole; (2) sta tis
tica l treatm ent of the data collected in  
order to delineate characteristics of 
design and operational resu lts ; and 
(3) specific investigations of special 
topics of interest.

The survey, which was lim ited  to 
A rm y and N avy posts in  the conti
nental U nited  States, included new  
plants as well as modified existing  
installations.

In  the m atter of obtaining special 
data of unusual and im portant nature, 
the U S P H S  laboratory and personnel 
at Cincinnati under the direction of 
Mr. H . W . Streeter rendered valuable  
service. Special investigations relat
ing to the biochem ical oxygen demand 
of m ilitary sewage were conducted at 
the W ashington, D. C. sewage treat
m ent plant b y  Mr. R. E . Puhrm an and  
Mr. P. McNamee.

It is m anifest that the success of a 
survey of this character is predicated  
upon the cooperation of officials from  
whom the basic data were obtained. 
I t  is desired to express the appreci
ation for the assistance and courtesies 
accorded the subcommittee by all these 
officials. I t  is n ot possible to make 
individual acknowledgment of every
one who contributed to the fulfillm ent 
of the objectives of the survey. The 
follow ing, however, have substantially  
participated in the survey and merit 
personal recognition :

F or the U . S. A rm y:

F irst Service Command :
Lt. Colonel R. N. Clark, SnC.
Dr. J . R. Snell

Second Service C o m m a n d :
M ajor W . M. Culley, SnC. 
C aptain J . B ethel, CE.

Third Service C om m and:
M ajor E . S. H opkins, SnC.
M ajor T. H . Stout, CE. .
Mr. F . L. V erm ette  

F ou rth  Service Com m and:
Colonel M. J . B lew , SnC.
M ajor L. H . Scott, CE.
Mr. J . E . K uruzo  

F ifth  Service Com m and:
M ajor F . D. S tew art, SnC.
Mr. R ay H . F u ller  

S ixth  Service Comm and:
C aptain P. W . Reed, SnC.
M ajor A . J . Steffen, CE.

Seventh Service C om m and:
M ajor J . E. Kiker, SnC.
Captain C. Obma, CE.
Mr. J. E. Franks 

E ighth  Service Com m and:
M ajor C. W . K lassen, SnC.
M ajor R. M. D ixon, CE.

N in th  Service C om m and:
Lt. Colonel F . M. Stover, SnC. -  
M ajor R. E liassen, CE.

For the U . S. N avy:

A rea I— Lt. Cdr. K . M. Clark 
A rea I I— Comdr. F . H . D echant 

Lt. Cdr. W . R. B enford  
Area I I I— Lt. R. H azen  
Area IV — Lt. H . E . H eck  
Area V — Capt. H . O. Lord  
Area V I— Lt. Cdr. P . L. Mc

Laughlin  
Area V II— L t. ( jg )  E . A . B ell

In addition to the foregoing officials it 
is the desire of the subcom m ittee to 
acknowledge p articu larly  the coopera
tion extended b y  Col. W . A . H arden- 
bergh, Sanitary Corps, and M ajor B.
A. Poole, Corps of E ngineers, W ash
ington, D . C., who have done m uch to 
facilitate the survey.

F in ally , recognition should be ac
corded those officers of the S anitary  
Corps who were assigned to the project 
at Cambridge: Lt. J . H . B u tler , Lt. C.
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Calmon, Capt. H . L. D abney, Capt. 
J. A. Drake, Lt. C. A . Gibbons, Lt. 
W . G. H am lin, Lt. H . G. Luley, Capt. 
R. F . Portm an, Capt. J . A . Salvato  
and Capt. J . L. Sorbel. It  was due to 
tbe d iligent effort of these men in  car
rying forw ard the tedious work of sta
tistica l analysis that fu ll realization  
of the objectives of the survey was 
possible.

The technical literature has been  
freely  used, and much m aterial has 
been obtained from  the num erous re
ports. Authorship is credited at ap
propriate places in  the body of the

report. A  list of abbreviations used  
in the report is given in Chapter I.

N ational Research Council, Com
m ittee on Sanitary E ngineering

A b e l  W o l m a n ,  Chairman 
H . E. B a b b i t t
F .  C. B is h o p p  
Y . M . E p i l e r s
G. M . F a i r
W . A .  H a r d e n b e r g h  

. J. K. H o s k i n s  
K. F .  M a x c y
C. L. P o o l
H . A . W h i t t a k e r

This presentation of the basic data and the prelim inary conclusions 
drawn by the Committee are issued as the first section of a study on the 
subject. Comment and constructive criticism  w ill be welcom ed and re
viewed for incorporation in  a final summ ary chapter to be presented in 
a future issue, with the objective of developing a h elp fu l guide in this 
particular type of sewage treatm ent plant.



C H A P T E R  I

G E N E R A L  C O N S ID E R A T IO N S

S e w a g e  T r e a t m e n t  i n  W o r l d  W a r  I

Perspective as to the overall problem  
of treatm ent of m ilitary sewage m ay  
be had at the hand of a b rief resume 
of sewage plants of W orld W ar I. 
Treatm ent at A rm y installations dur
ing 1917-18 varied from  septic sedi
m entation at N ational Guard Camps 
to complete b iological oxidation at cer
ta in  aviation fields.

Sewer system s consisted of tile, cast 
iron and concrete pipe in sizes ranging  
from 4 to 30 inches in  diameter. 
House connections were 4- to 6-inch 
terra cotta pipe. Capacities and 
grades were determined by m ainte
nance of a minimum velocity of ap
proxim ately 214 fps. Square concrete 
manholes with wooden covers at in ter
vals of 350 feet were used on the sewer 
lines. In some instances it was neces
sary to provide locks for manhole cov
ers due to dum ping of garbage and  
refuse into sewers.

D esign was predicated upon an en
visaged maximum rate of flow of be
tween 2.5 to 3 tim es the average flow. 
Observations at Camp Meade, Md. 
(36,590 m en) in' May, 1918 revealed  
an average ratio of m axim um  to aver
age flow of 1.87 and a ratio of m inimum  
to average flow of 0.26. W ater con
sum ption during May, 1918 averaged  
55 g c d ; sewage flow am ounted to 82 
per cent of this. Corresponding data  
for 23 aviation fields show per capita  
water and sewage flow figures ranging  
from  42 to 274 gallons daily. Sewage 
flow ranged from  34 to 166 percent of 
water consumption.

In general, camp sewage was found  
to be more concentrated than m unici
pal sewage. Camp Meade sewage for 
example, had a suspended solids con
tent of 276 ppm as based upon a 24-

hour com posite sam ple. U sually , avi
ation cam p sewage was more dilute 
than that at other cantonm ents. In 
m any instances the organic constitu
ents were re la tively  m uch h igher than 
in  m unicipal sewage. G reeley and 
Chase (2 6 ), after a review  o f available 
inform ation, reported that the follow 
ing data were su ggested  for W orld  
W ar I sew age:

ppm  lb /cap /day
B O D  460 0.27
Suspended so lid s 290 0.17
E ther-soluble m atter 150 0.09

The treatm ent u n its that were u ti
lized include single-story sep tic  tanks, 
Imlioff tanks, trick ling filters, contact 
beds, and in term ittent sand filters. 
Bar screens, grease traps, detritus  
cham bers, and sludge beds were com
m only provided; grit cham bers were 
also in sta lled  at a num ber of posts. 
B ar screens w ith  clear spaces of 1 to 
14/2 inches were successfu l, and re
m oved up to 6 to 10 cf per m g of 
screenings. D etritu s, consisting largely  
of putrescib le m atter, was collected  in  
am ounts of about 6 to 8 cf per mg. 
Grease traps had a holding capacity  of 
% gallon per capita and retained  as 
high as 95 percent of the grease.

A  special type of septic tank  known 
as the “ construction d iv is io n ”  septic 
tank (or “ D o ten ” tank) was used to 
a considerable extent. It  w as a hori
zontal flow, m ultiple-com partm ent tank. 
H opper bottom s in each com partm ent 
were equipped w ith sludge drawn-off 
pipes. F low  from  one com partm ent to 
the next was of the “ under and o v er” 
pattern, around appropriately  placed  
baffles. The original design  capacity  
of the “ construction d iv is io n ”  septic 
tank was 10 gallons per capita w ith  an 
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expected m inim um  detention period of 
2 hours. I t  was discovered, however, 
that rapid accum ulation of scum m ate
ria lly  reduced the detention period and 
necessitated frequent rem oval of m al
odorous sludge. As a result of a num 
ber of com plaints and investigations, 
the design allowance was increased to 
20 gallons per capita. Subsequent op
eration was im proved, in some in 
stances, w ith addition of grease traps, 
screens and detritus tanks. On the 
whole, however, the “ construction d ivi
s io n ”  septic tank was generally un
satisfactory. Separation of sludge pro
ceeded on a “  flotation ’ ’ rather than on 
a “ sedim entation” principle. Sludge 
was volum inous, greasy, undigested, 
and slow drying.

A considerable num ber of Imhoff 
tanks were used, particu larly at av i
ation camps. These were efficient and 
gave relatively  little  operating trouble. 
Sludge obtained from  them was well 
digested and dried rapidly.

Sludge beds were designed on a basis 
of 0.5 sf per capita. This frequently  
proved to be insufficient, especially for 
septic tank s lu d g e; often it was neces
sary to resort to disposal b y  burial.

T rickling filters, as designed b y  the 
construction division, had areas based  
on 30,000 persons per acre. Depths 
were of the order of, 5 to 6 ft. F ilter
ing m aterial was “ hard, durable, 
crushed rock or s la g ” capable of pass
ing a screen w ith 2 l/2-inch openings. 
Flow  distribution was accom plished by  
means of fixed nozzles. These units 
proved to be generally satisfactory. A  
high degree of nitrification in the efflu
ent was the rule. Not all trickling fil
ter plants were provided with final 
settling tanks.

In term ittent sand filters were used 
at three installations. These w ere: 
Camp Devens, 20 a cres; Camp Upton, 
22 acres; and Camp M ills, 14 acres. 
Some difficulty was experienced from  
clogging of these units when loaded to

capacity, due to excessive am ounts of 
grease.

Both autom atic and m anually con
trolled chlorination units were used. 
Chlorine was em ployed w ith varying  
am ounts of success as a substitute for 
secondary treatm ent. Dosages of 6 to 
10 ppm were common. The autom atic 
chlorinators were often unsatisfactory, 
and m anually controlled machines were 
generally favored.

A d m i n i s t r a t i o n  o f  t h e  A r m y  S e w a g e  
T r e a t m e n t  P r o g r a m  i n  

W o r l d  W a r  I I

It is pertinent to set forth concisely  
the structure and responsibilities of 
the organizations connected w ith the 
program of sewage treatm ent at m ili
tary installations. These subdivisions 
of the A rm y Service Forces were, re
spectively, the Corps of Engineers and  
the Sanitary Corps. In  order to de
lim it succinctly the points of tangency  
as to function, it is useful to consider 
the normal field of operation of each 
as regards adm inistration and control 
of u tilities at A rm y posts.

On Decem ber 16, 1941, by an A ct 
of Congress, the Office of the Chief of 
E ngineers took over the Construction  
D ivision of the Office of the Quarter
master General. Under AR 100-70  
and change No. 1 thereto, and AR  
100-80 and changes 1 to 7 inclusive  
thereto, the Chief of Engineers, under 
the authority of The Commanding 
General, A rm y Service Forces, and 
the Secretary of W ar, was charged 
with the direction of all work pertain
ing to the design and construction of 
building, structures, and u tilities for 
the A rm y (2 7 ). The work included :

(a) D esign and in itia l erection or 
installation of any building, 
structure, plant, ground facility , 
u tility  system , or other real 
property for the several agen
cies of the A rm y ;
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(b ) M aterial additions to or m ate
ria l alteration of any ex isting  
structure or fa c ility  ;

(e ) R epairs to any ex isting  struc
ture or fac ility .

(d ) Preparation of p lans and esti
mates, budgeting and allocation  
of funds, insurance of direc
tives and provisions of m eans 
for the construction, and

(e) S ettin g  up of criteria of con
struction, preparation of techn i
cal m anuals and guide specifica
tions for various component 
parts of the work.

The program  of M ilitary Construc
tion of the Office of the Chief of E n gi
neers was carried out through three 
principal echelons:

(1) The D irector of M ilitary Con
struction. Office of the Chief of 
Engineers, 'Washington. D. C.

(2) The Offices o f the D ivision E n 
gineers in the several D ivisions, 
and

(3) The Offices of the D istrict E n g i
neers in  the D istricts of each 
Division.

The Director of M ilitary Construc
tion was responsible for the initiation, 
planning, design and construction of 
sanitary sewers and sewage treatm ent 
plants in  connection w ith m ilitary en
gineering projects under the jurisd ic
tion of the Chief of Engineers. These 
duties and responsibilities were carried  
out b y  the three echelons in  a certain  
predeterm ined m anner as stated in  the 
follow ing paragraphs.

The D istrict E ngineers had the au
thority to in itiate projects o f a certain  
m agnitude upon the approval of the 
D ivision E ngineer and the D irector of 
M ilitary Construction. Office of the 
Chief of Engineers. The in itiation  of 
the sanitary sewerage projects gener
ally  took place upon requests or recom
m endations of the A rm y A ir Forces, 
Arm y Ground Forces, or A rm y Service 
Forces. The D istrict E ngineers (1)

m ade the necessary field surveys and  
investigations, ( 2 ) determ ined the n e
cessity  for  the proposed im provem ents,
( 3 ) prepared prelim inary and final es
tim ates, p lans, and specifications either 
b y  their office forces or through out
side A rchitect-E ngin eers in  accordance 
w ith  the techn ica l m anual and the 
guide specifications issued  b y  the Office 
of the C hief of E ngineers. A fter  the 
approval o f the p roject b y  the D ivision  
E ngineer and the Office of the C hief of 
E ngineers and the allocation o f funds, 
the D istrict E ngineer in v ited  b ids on 
the project and. a fter award thereof, 
was responsible for the construction  
either d irectly  or through the Post 
Engineers. The D istr ic t E ngineers  
were responsible to the D iv ision  E n gi
neers for the work perform ed in  their 
respective D istricts.

The D ivision  E ngineers had the au
thority  to in itia te projects o f a greater 
m agnitude than the D istrict E ngineers. 
The general scheme of p lann in g  and 
execution of the projects b y  the D iv i
sion E ngineer was patterned after the 
lines pursued b y  the D istrict E ngineer. 
Under the general supervision of the 
D ivision  E ngineer the projects in iti
ated in  his office were carried out by  
the D istrict E ngineers in  the D ivision.

The D irector o f M ilitary Construc
tion, Office of the C hief o f E ngineers
( 1 ) passed upon the overall necessity  
for the san itary sewerage project upon  
the basis o f reports and justifications  
subm itted b y  the D istrict and D ivision  
E ngineers. (2 ) review ed the various 
projects subm itted b y  the D istr ic t and 
D ivision  E ngineers. (31 authorized the 
allocation o f fu n d s for the project. (4 ) 
issued d irectives to  proceed w ith  the 
work and (51 exercised overall au
thority  in  connection w ith  adm inistra
tion, p lann in g  and execution  of the 
woi-k.

R ep airs and U tilit ie s  D iv is io n
The Chief of Engineei-s, xxnder AR  

100-80, w as responsible for direction  
of operation and m aintenance of A rm y
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= = = = =  L in e s  o f  c o m m a n d  fu n c tio n s .

------------ L in e s  o f  s t a f f  fu n c tio n s .

   T e c h n ic a l s u p e r v is io n .

---------------T e c h n ic a l in sp e c tio n  a n d  fo r  a d v ic e  a n d  re c o m m e n d a tio n s .

©  E sta b lish ed  opera ting  a n d  m a in tenan ce s ta n d a rd s and  p ro ced u re .

©  E s ta b lis h e d  d e s ig n  c r ite r ia .

F I G U R E  2.— O rga n iza tio n  chart sh o w in g  rela tion sh ip  o f th e  O ffice of the C hief of E n g i
n eers to  o ther  su b d iv ision s o f the  A rm y  w ith  resp ect to  utilities.

u tilities, including sewage works. This 
function  was perform ed b y  the Repairs 
and U tilities D ivision. F ie ld  super
vision and actual accom plishm ent were 
carried out through the staff organiza
tions w ith the relationship shown in 
F ig . 2.

The Service Commands were respon
sible for supervision of sewage works 
at a ll Service Force and Ground Force 
posts in  their commands, and provided  
technical inspection and recommenda
tions for A ir Force posts w ithin  the 
Service Command boundaries. The 
A ir Force Commands were responsible 
for effecting recom m endations so made. 
Each Service Command E n g in eer’s o f
fice had a group of sanitary engineers 
in the W ater and Sewage Section. 
These engineers made periodic inspec
tions of a ll posts to determ ine ade
quacy of sewage collection and treat
m ent, assist and train sewage plant 
operators, effect im provem ents in op

erating and m aintenance practices, and 
recommend m inor changes in plant fa 
cilities. In addition, they checked (1) 
operating costs, personnel required, 
and their salary, grades and qualifica
tions, (2 ) laboratory procedures and 
operating reports and (3) inventory  
control of operating and m aintenance 
supplies. Special v isits to posts were 
m ade (a ) to stu d y stream  conditions 
and p lant operation, (b ) determine 
need for m ajor alterations to plants,
(c) assist post engineers in  design of 
alterations and (d ) inspect such work  
during construction. In  the office they
( 1 ) established operating budgets for 
each post, ( 2 ) reviewed operating re
ports and (3) after engineering review  
of project requests for alterations, ad
ditions or m ajor repairs, recommended  
allotm ent of funds.

The recruitm ent and train ing of post 
operating personnel was a m ajor fu n c
tion. A id  was given to post engineers
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in  obtaining qualified sanitary en gi
neers and p lant operators. In  addi
tion to the train in g at the posts, short 
courses or conferences of 2 to 4 d a y s’ 
duration were held  annually  or even 
more frequently. These were attended  
by key sewage p lant personnel, and 
frequently  b y  post engineers and their
assistants.

A t post level, the post engineer was 
responsible for accom plishing proper 
operation and m aintenance of the sew 
age works. At as m any posts as prac
ticable, a sanitary engineer on the post 
en gin eer’s staff was made responsible 
for both water and sewage works. E m 
ploym ent of sanitary engineers in this 
capacity contributed largely to better 
plant operation and m aintenance. In  
some cases, men who did not have the 
usual professional engineering educa
tion and experience held positions 
under this grade, but m any of these 
had had extended plant operating  
experience.

S an itary  C orps

The Sanitary Corps san itary en g i
neering service was organized under 
the D irector of the S anitary E n gin eer
ing D iv ision  (Col. W . A. H ardenbergh, 
S n C .), P reven tive M edicine Service, 
Surgeon G eneral’s Office. The func
tion  of th is office was to establish  poli
cies on all san itary  engineering m atters 
for The Surgeon General and to com
m ission and assign san itary engineers 
in the S anitary Corps. The incorpora
tion of the S an itary  Corps sanitary  
engineering service in  the overall 
A rm y organization is illustrated  sche
m atically  in  F ig . 3.

A  Sanitary Corps engineer was as
signed to each Service Command Sur
g eon ’s Office where he acted as con
su ltant to the Surgeon on san itary en
gineering m atters. H e also was in di
rect technical com m and of the sanitary  
engineers at the posts, cam ps and sta

F I G U R E  3.— O rgan iza tion  chart sh o w in g  relation  of the  S an itary  C orp s to  
other su b d iv ision s of the  A rm y.
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tions w ith in  the Service Command. 
Since the Service Command Surgeon  
also was responsible for the sanitation  
at A ir Corps installations w ith in  his 
command, the Sanitary Corps officer 
made periodic inspections and con
sulted w ith the surgeons and sanitary  
engineers at A ir Corps installations.

A t posts, camps, stations and air
fields the Sanitary Corps sanitary en g i
neer was assigned to the post surgeon’s 
office and was usually  the sanitary o f
ficer for the post. The sanitary offi
ce r ’s duties brought him  in close con
tact w ith the post engineer and at 
m any bases he acted for the post engi
neer in the train ing of the sewage 
treatm ent p lant operator and in the 
technical supervision of p lant opera
tion.

In overseas theaters Sanitary Corps 
engineers were assigned to both the 
Service Forces and the Ground Forces 
where their duties were com parable to 
those in a sim ilar assignm ent w ithin  
the continental U nited  States.

The A ir S urgeon’s Office of the 
A rm y A ir Forces, through the various 
technical service and other air force 
commands, assigned sanitary engineers 
to the various air force installations. 
These officers were guided by the Sani
tary E ngineering D ivision through  
Service Command sanitary engineers.

In  general, the functions in  relation  
to sewerage and stream  pollution of 
the M edical D epartm ent and Sanitary  
Corps engineers were established b y  
Par. 18, AR 40-205, as fo llo w s:

“ a. Sewage treatm ent.

“ (1) The m edical officer responsible 
for the sanitary supervision of a sta
tion or command w ill keep him self in 
form ed regarding the public health  
laws of the S tate or m unicipality  
where in such station or command is 
m aintained. H e w ill assure com pli

ance w ith these laws so far as is pos
sible by recom m endations to proper 
authority in  regard to necessary  
changes in operation or installation, 
reconstruction or replacem ent of the 
sewage treatm ent plant.

“ (2 ) The M edical Departm ent is 
responsible for in vestigating and mak
ing recom m endations concerning the 
general typ es of sewage treatm ent 
equipm ent and appliances and their 
design factors w ith  reference to their 
sanitary su itab ility  before their final 
adoption b y  the Arm y. Investigations  
of this nature w ill be undertaken in  
cooperation w ith the service concerned  
w ith  the installation and operation of 
such p lants and appliances and said  
service w ill keep the Medical D epart
m ent inform ed of proposed installa
tions.

“ b. A nalysis of sewage.— W hile the 
Corps of Engineers is charged w ith  
the operation of all sewerage system s 
and sewage disposal plants in the 
Arm y, nevertheless, m edical officers 
w ill fam iliarize them selves w ith the 
rudim ents of sewage disposal and with  
the regulations governing the perform 
ance and interpretation of tests of 
sewage treatm ent at m ilitary stations. 
W here treatm ent p lants are installed, 
m edical officers w ill have sanitary  
supervision oyer the tests for Settle- 
able Solids and for the R elative S ta
b ility  of the effluent. W hen no com
petent Corps of E ngineers attendant 
is available to make such tests, they  
w ill be made b y  a m edical officer or a 
com petent person designated by him. 
In  case extended and detailed labora
tory surveys are required, recommen
dations outlining the necessity for 
such investigation and request for 
same w ill be subm itted to the com
m anding general of service command 
or departm ent or other higher author
i t y .”
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G e n e r a l C o n s id e r a t io n s  R e la t in g  to
S e w a g e  T r e a t m e n t  at M il i t a r y  

P o s t s

The W ar D epartm ent in  October, 
1940, in  the face of great national u r
gency, undertook the largest construc
tion  program  ever attem pted in  a 
short space of tim e. The need for can
tonm ents was precip itated  b y  the pas
sage of the Selective Service A ct of 
1940. A rchitect-E ngineers in  private  
practice were retained im m ediately b y  
the Construction D ivision, which at 
that tim e was under the Quartermaster 
General. The functions of the A rch i
tect-E ngineers were to design and su 
pervise the construction of m ilitary in 
stallations. M any of the more difficult 
problem s that had to be solved at this 
tim e related to post u tilities— water, 
sewerage, garbage disposal, and sewage 
treatm ent.

Shortly after commencement of con
struction it became evident that A rchi
tect-Engineers had divergent concep
tions as to the degree of sewage treat
ment required and methods of obtain
ing it. Accordingly, the consulting  
firms of M etcalf and E ddy, Boston, 
and Greeley and Hansen, Chicago, 
were selected to make a study of a 
representative group of projects and 
to advise as to the sim plest form  of 
sewage treatm ent adequate to meet lo
cal conditions. The decision to estab
lish such an “ Engineering B oard ” of 
these two firms was a fortunate one; 
m any of the more vexing problems 
were resolved by establishm ent of over
all policy.

P o lic y  of th e  E n g in e e r in g  B o a rd

The Engineering Board prepared a 
report in which were em bodied: (i)  a 
review of special problems of Arm y  
sewage disposal; (ii)  a best available 
estim ate of sewage quantities and char
acteristics; and (iii)  recommendations 
for appropriate loadings of sewage 
treatm ent devices.

In  developing the report (R efer
ences 19 and 21) the E n gin eerin g  
B oard was guided  b y  the fo llow ing  
considerations: ( 1 ) security  to the
p ublic h ealth; ( 2 ) sufficient treatm ent 
to preclude serious nuisan ce; (3 ) econ
om y; and (4 ) speed of design  and 
construction.

In  carrying out their instructions  
the E n gin eerin g  Board stated that the 
fo llow ing factors were taken into ac
count : (a ) character of the receiving  
body of w ater; (b ) environm ent of 
both treatm ent p lant and cam p; (c) 
degree of perm anence envisaged; (d) 
need for utm ost speed of design and 
construction; (e) safeguard ing of 
health of troops and nearb y civilians; 
and ( f )  reasonable econom y of 
construction.

S e c u r it y  to P u b l ic  H e a lt h

The E ngineering Board took the po
sition that security  to p ub lic health  
was the param ount consideration upon  
which there could be no compromise. 
In this m atter in itia l protection  
stemmed from  the use of separate sani
tary sewers. A ll sewage containing  
in fectious m aterial was passed through  
treatm ent works. W hile treatm ent 
works had by-passes, these Avere not 
used except during unusual em ergen
cies. Safeguards in th is respect, the 
Board stated, w ould be ( 1 ) the adop
tion, wherever possible, o f replicate  
units, both prim ary and secondary and
( 2 ) the use of heavy doses of chlorine 
while by-passing.

P ublic health, it was found, m ay be 
affected by any one or more o f the fo l
lowing uses of the receiving w ater : ( 1 ) 
for public water su p p ly ; ( 2 ) for bath
ing and boating; (3 ) for m aneuvers, 
including fording, bridge b uild in g, 
etc.; (4) for shellfish la y in g ; and (5)  
for w atering of dairy cattle. In  some 
cases it was anticipated that it  w ould  
be im possible to locate the ou tfa ll 
sewer at a sufficient d istance from
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bath ing and recreational areas so that 
self-purification could be relied upon. 
In  these instances, it  was conceived, 
chlorination of the effluent would be 
adequate to protect public h ea lth ; how
ever, in  certain p lants a high degree 
of BO D reduction would be indicated. 
W ith regard to m aneuvers it was be
lieved that all reasonable requirem ents 
could be m et by an effluent that did  
not look bad and that also was ade
quately chlorinated. As to the protec
tion of shellfish, it  was stated that any  
effluent w ithout objectionable odors 
and not unsightly  m ay be made harm 
less to the layings b y  adequate 
chlorination.

P r e v e n t io n  of S e r io u s  N u is a n c e

The Board interpreted the term  “ se
rious n u isan ce”  to connote the perm is
sib ility  of “ som e” nuisance. I t  was 
assumed that some discoloration, some 
turbid ity, and occasional odor would  
not he serious. The situation  would  
vary, it was foreseen, depending upon  
the location of the outfall. In any  
event, the application of chlorine to 
the final effluent would provide consid
erable latitude of control over n u i
sance. Proper chlorination of the e f 
fluent would retard the putrefactive  
decom position processes and perm it 
m aintenance of non-odorous aerobic 
stabilization. W hile the consulting  
engineers recognized that cases would  
inevitab ly  occur that dem anded a high  
degree of treatm ent, emphasis was 
placed upon the m inim um  in itia l ex
penditure that would meet the needs of 
the situation.

T r e a t m e n t  D e v ic e s

M easurement of sewage volum e was 
strongly advocated. The use of Par- 
shall and Palm er-Bowlus flumes, but 
not V enturi meters, was suggested. 
Since an im portant factor was speed, 
design was to be directed toward the 
sim plification of construction and re
duction of m aterial quantities to a 
m inim um . In order to attain  th is ob

jective, any devices entailing elaborate 
reinforced concrete were not encour
aged. In  line w ith  th is policy, sedi
m entation tanks w ith m echanical re
m oval of sludge were preferred to Im- 
hoff tanks because of the com plicated  
concrete work involved. M echanical 
screens were discouraged because of 
rather intricate concrete construction  
required; also, the cost of these units  
m ilitated against widespread adoption. 
Trickling filtration was preferred to 
the activated sludge process because of 
relative sim plicity. H igh-rate filters 
were preferred over standard trick
ling filters because of the smaller 
am ounts of m aterials inherent in their 
construction.

The Board recommended that when 
minimum average m onthly flow was 
more than 4 cfs per 1,000 population, 
screening, sedim entation, and chlorina
tion would he sufficient. For flows less 
than this amount, biological treatm ent 
was recommended. H igh-rate trick
ling filters with final chlorination were 
regarded as adequate even where the 
dilution  was at tim es reduced to zero, 
unless there existed special local condi
tions requiring a higher degree of 
treatm ent. Chemical precipitation was 
not approved because of operating cost 
and possible lack of chemicals in  a 
wartim e economy. U ntried processes 
or those w ith which experience was 
lim ited did not receive approbation.

E c o n o m y

The E ngineering Board stressed  
three factors relating to econom y:

1. A  desire to expend the least total 
m oney necessary during the existence 
of the camps to protect the public 
health and otherwise obtain acceptable 
sewage disposal;

2. Recognition of the fact that rela
tively  high operating costs m ay be in 
curred for the short period during  
which the camps m ay be used, as a 
means of m inim izing total costs;

3. Recognition of the fact that sew
age disposal is but a sm all factor con-
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F I G U R E  5. L arge tr ick lin g  filter p lant, C am p E d w a rd s, M a ss. U n its  in  fo reg ro u n d  are 
sand b ed s th at co m p le te ly  ab sorb  effluent in to  grou n d .
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trib utin g  to the success of the overall 
war effort.

In  line w ith the foregoing considera
tions, build ings were ordinarily to be 
m ade of wood and of sim ple design. 
O nly in case of serious fire hazard was 
brick construction utilized. The E n g i
neering Board favored relatively high  
loadings of sewage treatm ent devices 
such as the high-rate filter, w ith recir
culation of the effluent. F in a l polish
ing treatm ent units were not advocated.

P o licy  of W ar D epartm ent R elatin g  
to  S ew age T reatm ent

The E ngineering Board transm itted  
its report in  December, 1940. The 
recomm endations appeared as a part of 
a technical b u lletin  dated A pril 23, 
1941, by the E ngineering Branch, Con
struction D ivision, Office of the Quar
term aster General. The bulletin  was 
intended prim arily as a guide to 
A rchitect-E ngineers engaged in design  
and construction of m ilitary posts. A  
num ber of changes appeared in succes
sive editions of the bulletin, particu
larly after the Office of the Chief of 
E ngineers took over the Construction  
D ivision of the Office of the Quarter
m aster General. A t this tim e a sub
stantial amount of inform ation began  
to be available from  the field. In  June, 
1941, publication in loose-leaf form  of 
the Repairs and U tilities Manual be
gan. This manual facilitated  the work 
of the operator. In  this report it is 
referred to as the “ Engineering  
M anual.”

A rm y policy w ith regard to sewage 
treatm ent evolved over a period of sev
eral months. Progressive adjustm ents 
were made, and b y  early 1942 broad 
outlines of policy had em erged in es
sentially  their final form . Subsequent 
changes related to m atters of detail 
and interpretation. Salient phases of 
A rm y policy are presented in the fo l
low ing paragraphs.

T y p e  and D egree of T reatm ent

The E ngineering M anual states: 
‘ ‘ The degree of treatm ent required w ill

depend upon the am ount of d ilu ting  
water in the receiving stream during  
periods of m inim um  flow, the condition  
of the stream as regards pollution, and  
the use of the stream below the pro
posed point of discharge. Considera
tion should also be given to local prac
tice w ith regard to the degree of treat
m ent being provided by existing  
plants, and the anticipated occupancy  
of the p roject.”  A s to partial treat
ment, the Manual states : ‘ ‘ W here the 
effluent from  the p lant is to be dis
charged into a relatively  large stream  
with a flow sufficient to provide a m ini
mum dilution of about 4 cfs of stream  
flow per 1,000 population, sedim enta
tion tanks w ith chlorination w ill usu
ally  be sufficient. Such partial degree 
of treatm ent m ay be suitable in  cases 
where the effluent is to be discharged  
into tidal waters, or finally disposed by  
irrigation on lan d .”  For posts requir
ing additional treatm ent, the Manual 
states : “ I f  a greater degree of treat
m ent is required, consideration should  
be given to operating requirements, 
and the sim plest type of p lant should  
be used that w ill give the desired re
sults. W here more than partial but 
less than com plete treatm ent is re
quired, single-stage high-capacity fil
ters can be used to good advantage. 
Treatm ent b y  the activated sludge 
process, standard-rate trickling filters, 
or m ulti-stage high-capacity filters w ill 
provide complete treatm ent where re
quired .”  Parenthetically  it  should be 
stated that no m ention was made in  
the M anual of the effect of the degree 
of freshness of sewage upon selection  
of the type of treatm ent. R esults w ith  
certain plants showing substandard  
perform ance point up the advisability  
of m aking sewage conditions one of the 
criteria upon which the selection of 
type of treatm ent should be based.

C ritical M aterial S hortages

Current policies of the W ar D epart
m ent w ith respect to the conservation  
of critical m aterials were to be strictly  
observed. In  general this im plied
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m inim um  use of m echanical equipm ent, 
rein forcing steel, and other sim ilar 
items. W here filter stone could be se
cured at reasonable cost, standard fil
ters, which required a m inim um  
am ount of m echanical equipm ent, were 
to be given preference over high-rate 
filters. I t  is to be noted that in  this 
particular the Corps of E n g in eers’ 
policy deviated from  the original rec
ommendations by the E ngineering  
Board. The M anual states: “ The use 
of high-rate filters . . . should be con
fined to localities where stone is not 
readily available or where space lim i
tations and other factors require the 
use of such processes.” E very  effort 
was to be made to utilize equipm ent 
which could be supplied by more than  
one m anufacturer. This facilitated  
delivery. Architect-E ngineers were 
advised to investigate the ab ility  of 
equipm ent m anufacturers to make de
livery within the required time.

R elation s w ith  S tate H ealth  
D epartm ents

Instructions were issued to the effect 
that approval of all state and federal 
agencies should be obtained whenever 
required. P lants were to be designed  
to meet minimum requirements of local 
and state health departments. To this 
end the state sanitary engineer or d i
rector of the state departm ent of health 
was to be consulted. W ith but a few  
exceptions, it was found that the dic
tates of good practice from a m ilitary  
viewpoint were in  accord with state 
requirements. Some difficulty, how
ever, was encountered in correlating  
designs of different plants in the same 
service command because of slight d if
ferences in rules set forth by various 
contiguous states. Such slight differ
ences related, for example, to minimum  
sewer velocities.

S ite Selection  for S ew age T reatm ent 
P lan ts

Arm y policy was to locate plants as 
far as practicable from buildings, p ri

vate dwellings, and traveled  ways. 
Consideration also was to be g iven  to 
the direction of the p revailin g  wind. 
W ithin  lim its set b y  topography and 
location of the receiving stream , plants 
were to be situated  where they  would  
not in terfere w ith  m ilitary  operations 
and w ould be at a safe d istance from  
artillery  ranges. S ites, if  possible, 
were to be located above high  water; 
otherwise flood protection was to be 
provided. A s it developed later, how
ever, sites were not in variab ly  selected  
w ith requisite attention  to level o f flood 
waters. I t  was necessary to in sta ll a 
considerable num ber o f p lants near 
stream s for which hydrographic data 
were lacking. In  a few  cases serious 
operating difficulties were brought 
about as the result of frequent inunda
tion. In  all such instances it was pos
sible to rectify  the situation  b y  in stal
lation of levees and other flood control 
devices.

P erson n el

The im portance of adequate operat
ing personnel as a factor conducive to 
successful p lant perform ance was 
recognized from  the outset o f the pro
gram. The policy was established of 
placing sanitary engineers in  control 
of post water and sewage u tilities. O f
ficers and enlisted  men were needed  
for m ilitary purposes, and m ilitary  
personnel at camps was lik ely  to be 
changing as a progression of m ilitary  
units moved in and out of the posts. 
In order to preserve con tinu ity  o f op
eration of the u tilities, therefore, it  be
came evident that sewage p lants should  
be staffed w ith  com petent civilian  
personnel.

Because of the m anpower dem ands 
on skilled labor and technicians con
com itant w ith the war effort, it  was 
found that the field from  w hich exp eri
enced operators could be drawn was 
very much restricted. C ivil Service  
requirem ents and the u ncerta in ty  as to 
the length of em ploym ent often  made 
it difficult to attract m en w ith  requ i
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site knowledge of the art of sewage 
treatm ent.

C ertainly in  the in itia l phases of the 
program  operation was not all that 
could have been desired. Frequently  
no provision was made for operation  
u n til the cantonm ent had been com
pleted. I t  was common procedure to 
assign operation of both water works 
and sewage treatm ent plants to the 
post detachment, which more often  
than not had no com petent persons 
available. A s a result, Architect- 
E ngineers were them selves frequently  
obliged to devote a considerable 
am ount of attention to p lant operation

and train ing of operators. In  m any  
cases strong representation was neces
sary in order to obtain com petent 
operators.

Gradually, however, the personnel 
difficulties were resolved. A n im por
tant factor in  this connection was the 
program  of operator instruction car
ried forward sim ultaneously in  various 
service commands. In  addition there 
were state-sponsored short courses, and  
“ defense courses”  offered by a num ber 
of universities. Criticism  of p lant per
form ance was greatly  reduced as the 
effect of the education program  became 
m anifest.

TABLE 1.— Salary Scale for Civilian P erson n el for S ew age D isp osa l at Army P o sts

Contributory Population

Section Designation Class Base
Pay

38,000 and 
over

12,000 to 
38,000

6,000 to 
12,000

1,500 to 
6,000

No. Annual
Cost No. Annual

Cost No. Annual
Cost No. Annual

Cost

Sew age and Sanitary Engineer P-4 $3,800 1 $3,800
W ater Supv. A ssoc. Sanitary Engineer P-3 3,200 — — 1 $3,200 — — — —

A sst. Sanitary Engineer  
C lass “ A ”

P-2 2,600 — —- — — 1 $2,600 1 $2,600

Sew age Pum p A sst. San. Engr. P-2 2,600 1 2,600 1 2,600 — ■ — — - -
ing and or C hief Oper. Engr. Unci. 2,600
T reatm ent Jr. C hem ist P -l 2,000 1 2,000 1 2,000 — — — —
P lants Oper. Engrs. 

C lass “ B ”
Unci. 1,680 4 6,720 4 6,720 — — — —

A sst. San. Engr. P-2 2,600 1 2,600 1 2,600 1 2,600 — —
or C hief Oper. Engr. Unci. 2,600
Oper. E ngrs. 

C lass “ C ”
Unci. 1,680 4 6,720 4 6,720 4 6,720 — • —■

Principal Oper. Engr. Unci. 2,000 — — — — 1 2,000 1 2,000
or Jr. San. Engr. P -l 2,000
Jr. Oper. Engr. 

C lass “ D ”
Unci. 1,500 — — — — 4 6,000 4 6,000

Oper. Engr. U nci. 1,680 — — — — 1 1,680 1 1,680
Sew age D isp . P lant 

W orker
Unci. 1,320 1 1,320 1 1,320

Classification of Sewage Treatm ent Plants

Sewage Treatm ent P lan t Types Classification

P ost of C ontributory P o p u la tio n .............................................. 38,000 12,000 to 6,000 to 1,500 to
and over 38,000 12,000 6,000

C om plete T reatm en t w ith  Separate Sludge D igesters . .  
Prim ary T anks and Separate D igesters-Prim ary T reat

A A B C

m ent O n ly ....................................................................................... A B C C
D o ten  or Im hoff T anks w ith  T rickling F ilte r .................... B B C D
D o ten  or Im hoff T anks O nly or Sand F ilters O n ly ......... •—• — D D
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Salaries

The salary scale of operators and 
helpers suggested by the W ashington  
office of the D ivision of Repairs and  
U tilities (Table 1) generally compared  
favorably w ith that prevailing in m u
n icipal practice. On the other hand, 
less attractive liv ing  conditions adja
cent to m ilitary posts tended to offset 
salary differentials. On the whole, the 
turnover in civilian  operators as a re
sult of higher pay in industrial war 
projects was less than m ight have been  
expected. The policy was adopted of 
rewarding the deserving operators 
w ith progressively more im portant 
duties as larger plants were completed. 
This policy, together with that of pro
vid ing technical libraries at each post, 
proved to have a salutary effect. It 
was found that m any of the operating  
personnel would make a strenuous at
tem pt at self-education in order to bet
ter equip themselves for the work. As 
a result, a significant im provem ent in 
plant performance on a nation-wide 
scale was in evidence during the years 
1942 and 1943. The records would  
indicate that the time required to 
break in the average untrained oper
ator was of the order of 12 to 24 
months, although this varied w idely  
w ith circumstances. It was clearly evi
dent that a significantly shorter period  
of time was required to master trick
ling filter plant operation than was 
necessary in activated sludge and con
tact aeration plant operation.

D esign  C apacities of T reatm ent 
D evices

Loading's of various units are pre
sented in outline form. V alues given  
are from the E ngineering M anual as 
revised in January, 1943.

A. Average Flow (Airfields, Camps, 
and Cantonments)

1. Permanent posts— 100 gcd
2. M obilization type— 70 gcd
3. Theater of Operation typ e—

50 gcd

A verage 16-hour flow taken as 
125 percent of average 24-hour 
rate

M axim um  4-hour average rate 
taken as 175 percent of aver
age 24-hour rate

M inim um  4-hour average rate 
taken as 40 percent of average 
24-hour rate

Extrem e peak flows taken as 300 
percent of average 24-hour 
rate

B. Characteristics of Sewage
1. Suspended solids— 0.27 lb /

eap /d ay
2. BO D  (5 -d a y )— 0.20 lb /c a p /

day
3. Grease— 0.09 lb /c a p /d a y
O rdinarily sewage is expected to

be relatively  fresh and has 
good settlin g  q ualities; settled  
sewage is expected to be amen
able to treatm ent b y  biological 
treatm ent processes. 0.2 lb per 
cap per day and 70 gal per cap 
per day are equivalent to sew
age a concentration of 343 ppm  
BO D.

C. Design Capacity
1. Design capacity — authorized

population  X  capacity factor
2. Capacity F actor Table :

Capacity
Authorized Population Factor

less than  10,000 2.00
less than  20,000 1.50
less than  30,000 1.25
less than  40,000 1.10

greater than  50,000 1.00

3. Purpose of capacity  factor—  
to provide for the follow ing :

a. R easonable increases in
population that m ay oc
cur after construction.

b. V ariations in sewage flows
and uncertain ties as to 
actual sewage quantities.

c. U nusual peak flows (to  pre
vent extrem ely short de
tention  periods in sm aller 
u n it s ) .
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d. A  sufficient num ber of units  
to prom ote flex ib ility  of 
operation and to perm it 
treatm ent with any in d i
vidual p lant u n it out of 
service. Accom plished (in  
plants w ith populations 
greater than 5,000) b y  
providing the required  
capacity for settling, fil
ters, etc., in  at least two  
units each, and arranging  
the p ip ing so that any  
in dividual u n it can be 
taken out of service.

D. Hydraulic Design
1. Pipes, channels, hydraulic dis

tributors, weirs, comminu- 
tors, and flumes designed  
for peak flows 300 percent 
of 24-hour average flow.

2. Capacity of various units de
signed for 16-hour average 
flow rate equal to 125 per
cent of 24-hour average flow  
rate.

3. D etention periods to be ade
quate for average 4-hour 
flows equal to 175 percent 
of 24-hour average flow ; 
however, in general, deten
tion periods designed on 24- 
hour average flow.

E. Screens and Comminutors
Screens: hand cleaned— 1 in. to

11/2 in. 
m echanically cleaned—  

% in. to 1 in.
Screens ordinarily placed in com- 

m inutor by-pass.
F. Grit Chambers (where needed)

1. Controlled velocity  of 1 fps
2. D etention  period of 30 to 45

sec
3. G rit to be buried.

G. Measuring Devices
P arshall flu m e; other rectangular  

flum es; V enturi m eter; weirs 
(rectangular and V -notch) ; 
K ennison nozzle.

H . Primary Sedimentation Tanks
Detention 

Period 
(hours) 

Based on 
24-hour

Type of T reatm ent Average Flow
Prim ary (no recirculation) 2.5
Standard trickling filter (including

recirculation) 2.5
H igh-capacity  filter (including

recirculation) * 2.5
A ctiva ted  sludge (including

recirculation) 1.5
C ontact aeration (including

recirculation) 2.5

I. Trickling Filters
In determ ining the am ount of 

BO D applied to filters, the 
amount of BO D of the raw  
sewage assumed to be reduced  
b y  35 percent in  passage 
through prim ary sedim entation  
tanks.

1. Standard trickling filter (com 
plete treatm ent) : 600 lb of 
applied BO D per acre f t  per 
day (for filters not greater 
than 6 f t  d eep ).

2. H igh-capacity trickling filter
(interm ediate treatm ent) : 
loading to depend upon de
gree of treatm ent selected, 
but not to exceed 3,000 lb 
of applied BOD per acre ft  
per day (for filters not 
greater than 6 f t  d eep ).

Note: “ The developm ent of 
original designs to overcome 
patented processes or de
vices is, in  general, consid
ered undesirable . . .  it  is 
suggested . . . that m anufac
tu rers’ recom m endations on 
the required equipm ent and 
processes be followed. This 
w ill make it  possible to fix 
responsibilities and require 
guarantees covered b y  per
form ance b onds.”

J. Activated Sludge
Type Hours’ Detention*

D iffused  air 8.0
M echanical aeration * 12.0

* Allow 25 percent for return sludge.
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A ir requirem ents have often  been  
in excess o f i y 2 c f air per gal 
of sewage treated.

Perform ance im proved b y  (a) re
circulation of effluent and (b )  
reduction of detention period  
in  prim ary sedim entation  
tanks.

K. Contact Aeration
1. D esign  of tanks : Provision for

frequent sludge removal, 
ready access to air grids, 
contact plates, and sludge- 
r e m o v a l  equipm ent for 
cleaning and repairs.

2. Capacity of ta n k s: 156 to 175
sf of contact m edia surface 
per lb of applied BOD per 
day. Spacing of p lates: 
i y 2 in.

3. A ir requirem ents: N ot less
than i y 2 cf per gal of sew
age treated for two-stage 
process.

4. Perform ance im proved b y:
(a) recirculation of effluent;
(b) corrugated p lates; (c) 
suspension of air grid  from  
downpipes so as to facilitate  
cleaning.

L. Final Sedimentation Tanks (re
quired for trickling filter, acti
vated sludge, and contact aera
tion processes).

1. Detention period (based on
24-hour average flow) : 2.5 
hours, includ ing any recir
culation of sewage or sludge.

2. P in a l tanks to have foregoing
detention period in addition  
to any interm ediate sedi
m entation between stages of 
biological treatm ent.

3. D epth  of ta n k : 8 or 10 ft.
Overflow rates less than 800 
gal per day per sf of tank  
area (based on average 
daily  ra te ).

M. Sludge Digestion Tanks
1. C apacities :

Type of T reatm ent
Capacity (cf/cap) 

H eated Unheated

Prim ary 2.0 3.0
Standard filter 3 .0 4.5
H igh -cap acity  filter 3.0 4.5
A ctivated  sludge 4.0 6.0
C ontact aeration 3.0 4.5

2. O peration of d igesters in (a)
series and (b ) parallel.

N. Sludge Disposal
1. D igested  and air d ryin g  on

open sand beds.
2. D esign  of sludge b e d s :

(a ) 1.0 s f  per cap— under
drains provided.

(b ) 2.0 to 3.0 s f  per cap—
w ithout underdrains.

3. W et sludge disposal to out
ly in g  areas b y  m eans of 
tank truck.

O. Imhoff Tanks
1. D etention  periods in  flowing-

through com partm ent as 
specified in P art H . D is
placem ent velocity  less than  
1 f t  per m in at peak flows.

2. S ludge com partm ent to have
same cap acity  as unheated  
separate sludge-digestion  
tank (P a rt M ). S ludge ca
p acity  com puted from  a line 
18 in. below  slot.

P . Chlorination
1. Purposes: odor control (pre

ch lorination) and reduction  
of bacteria (and  B O D ) in 
effluent (postch lorination ).

2. Chlorine contact tank ; 15-min
detention  at 4-hr rate of 
peak flow ; baffles to insure 
adequate m ixing. Sufficient 
contact m ay in  some cases 
be provided  in  the outfall 
line.

Q. Oxidation Ponds (n ot included  
in  M anual, b ut representative  
of practice)

M ethod of secondary treatm ent 
fo llow in g prim ary sedim enta
tion.
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(a) D esign  capacity: 400 to 700
persons per a cr e ; 25 to 50 
lb BO D per acre ft  per 
day; 20 d a y s’ detention; 
depth 2 to 3 ft.

(b ) A rrangem ent: ponds oper
ated in  series or parallel. 
Provision should be made 
for flexib ility  of operation  
as regards flow pattern  
(d istributed  load, e tc .).

A n a l y s i s  o f  D a t a

Four aspects of sewage treatm ent 
m ay be distinguished, nam ely, design, 
loading, operation, and performance. 
It is useful in analysis to envisage per
formance as a function of loading, w ith  
the functional relationship depending  
upon design and modified by operation. 
The design of a plant is considered to 
connote the physical dimensions, num 
ber, and arrangem ent of units. Load
ing involves the flow, strength, and 
condition of the influent sewage. Op
eration is construed to mean the ma
nipulation on the part of the operating  
staff of those variables w ithin  their 
control. For example, regulation of 
volume of recirculated flow and num 
ber of tim es daily that sludge is 
pum ped to digesters are item s that fa ll 
in the domain of operation. Perform
ance represents the quality of the plant 
effluent, whether considered in the ab
solute sense or relative to the raw sew 
age (percent rem oval).

It is pertinent to consider sewage 
plant operational data as belonging to 
two categories as follow s : (a ) data that 
relate d irectly to perform ance and e f
ficiency (or exam ple, average volu 
m etric dosage of a filter in m gad) ; and
(b) data that relate indirectly  to per
formance and that m ay be used to ex
plain deviations from  the norm (for  
example, maximum instantaneous volu
m etric dosage of a filter in m gad). 
From  a m ethodological viewpoint, the 
first, (a ) is used in analysis, and the 
second, (b ) in  interpretation of vari
ations from  expected performance.

L im ita tion s of th e S urvey
Insufficient data existed to perm it 

an evaluation of the effect of the sew
age treatm ent p lant effluent upon the 
receiving water. W hile it  was the gen
eral practice at m ilitary installations  
to perform  periodically certain routine  
analyses upon samples from  the receiv
ing stream (DO, BOD, etc .), these 
were inadequate for the purpose of 
m aking a com plete and integrated  
study. In  particular, data regarding  
the amount of available dilution were 
found to be almost entirely lacking. 
Consequently the survey had to be lim 
ited to the problem  of sewage treat
ment rather than the broader problem  
of sewage disposal. Likewise it  was 
found that it  was not possible to make 
a detailed com parative study of costs 
of installation and operation. The d if
ficulty stemmed in part from  inade
quacy of data. A vailable inform ation  
relating to cost— such as power con
sum ption, for exam ple— pertained, in 
general, to overall power costs for the 
treatm ent p lant and adjoining instal
lations, including extraneous item s as 
well as the unit or process in  question. 
Moreover, it was considered that in  
view of the abnormal condition of the 
national economy during the period of 
construction, inclusion of costs was not 
advisable. Contracts for construction  
were drawn on a cost-plus-fixed-fee 
basis for all post units as a group. 
Cost data for individual units such as 
sewage treatm ent p lants could not be 
separated from  overall post costs. 
Furtherm ore, speed was essential; the 
gravity of the national situation  made 
economy a secondary consideration. 
The cost data at hand appeared to be 
of little  or no value to m unicipalities  
in a peacetim e economy.

S election  of P lan ts
In  Table 2b are listed  the sewage 

treatm ent plants from  which question
naires were received and the location  
of the posts by state and Service Com
mand or N avy Area.
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TABLE 2b .— P lan ts on Survey List

Name State
S C
or

Navy-
Area

Type of Plant
Complete

Study
Plants

(*)

(1) (2) ' (3) (4) (5)

A tterbury, Cam p Ind 5th Trickling F ilter —

A von Park A A F Fla 4th C ontact Aeration —
Baer F ield Ind 5th A ctivated  Sludge —
B arkeley, Cam p T exas 8th O xidation Ponds —
B lackland A A F Texas 8th C ontact Aeration —
B landing, Cam p Fla 4th Prim ary *

B oca R aton  A A F Fla 4th Trickling F ilter *

B ow ie, C am p Texas 8th Trickling F ilter —
B radley F ie ld  #1 Conn Ist Prim ary —
B radley F ie ld  #2 Conn Is t Prim ary —
B ragg, Fort N  C 4th Trickling F ilter *

Breckinridge, Camp K y 5th A ctivated  Sludge —
B uckley  F ield Colo 7th T rickling F ilter *

B ushnell Gen H osp U tah 9th T rickling F ilter —
B utner, Cam p N  C 4th A ctivated  Sludge *

C abaniss F ield T exas IV A ctivated  Sludge —
Callan, Cam p Calif 9th T rickling F ilter *

Cam pbell, Cam p K y 5th Trickling F ilter *

Carson, Cam p Colo 7th Trickling F ilter *

Charles, Lake A A F La 8th A ctivated  Sludge —
Chase F ield Texas IV A ctivated  Sludge —
Cherry P oin t M A S N  C III Trickling F ilter —
Claiborne #1, Cam p La 8t,h T rickling F ilter & A ctivated  Sludge *

Claiborne #2, Cam p La 8th Trickling F ilter *

C offeyville A A F K ans 7th C ontact Aeration —
Cooke, Cam p Calif 9th Trickling F ilter —
Corpus Christi N A S T exas IV Trickling F ilter —
Crowder, Cam p M o 7th Trickling F ilter *

D arnall Gen H osp K y 5th Trickling F ilter —
D avisv ille  N C T C R  I I Prim ary *

D evens, Fort M ass Ist Primary —
D ix, Fort N  J 2nd T rickling F ilter *

D rew  Field Fla 4th Trickling F ilter *

Edw ards, Camp M ass Ist Trickling F ilter —
Ellis, Cam p 111 6th Trickling F ilter —
E l Toro M AS Calif V I Trickling F ilter —
E nid  A A F Okla 8th Trickling F ilter ' —
Fannin, Camp T exas 8th Trickling F ilter —
F itzsim ons Gen H osp Colo 7th Trickling F ilter *

Forrest, Cam p Tenn 4th Trickling F ilter **

F unston , Cam p K ans 7t h Prim ary *

Gillespie, Cam p Calif VI Trickling F ilter —
Gordon, Cam p Ga 4th Trickling F ilter **

Great Lakes (G B) N T C 111 V A ctiva ted  Sludge ' *

Great Lakes (M ain) N T C 111 V T rickling F ilter *

G reenville AAF M iss 4th C ontact Aeration *

G reenville AAB S C 4th C ontact Aeration *
G ulfport A AB M iss 4th A ctivated  Sludge *

Harrison, B enj., Fort Ind 5th T rickling F ilter *
Henry, Patrick, Cam p Va 3rd Prim ary —
H ondo A A F T exas 8th C ontact Aeration *

H ood, (South), Cam p T exas 8th C ontact A eration & O xidation Ponds —
H uachuca #1, Fort Ariz 9th Prim ary —
H uachuca #2, Fort Ariz 9th Prim ary —
H utchinson  N A S K ans V C on tact Aeration
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TABLE 2b (cont. )•— P lan ts on Survey L ist

Name State
S C
or

Navy-
Area

Type of Plant
Complete

Study
Plants

(*)

G) (2) (3) (4) (5)

Jackson, F ort s  c 4 th T rickling F ilter *

Johnson, Seym our F ield N  C 4th Prim ary *

K earns A A F U tah 9th Trickling F ilter *

K eesler F ield M iss 4th T rickling F ilter *

K ilm er, Cam p N  J 2nd Trickling F ilter *

K ingsville F ield T exas IV C on tact A eration *

K lam ath  F alls M  B Oreg V III T rickling F ilter —
K nox, Fort K y 5th Trickling F ilter *

K ohler, Cam p C alif 9th T rickling F ilter —
Lam bert F ield M o V A ctiva ted  Sludge —
Langley F ield Va 3rd Trickling F ilter —
Lee, Cam p Va 3rd Prim ary —
L ivingston, Cam p La 8th T rickling F ilter —
Lockbourne A AB Ohio 5th Trickling F ilter *

M abry, D a le  AAF Fla 4th T rickling F ilter  & A ctiv a ted  S ludge —
M arch F ield Calif 9th Trickling F ilter —
M ather Field Calif 9th T rickling F ilter —
M eade, George G, Fort M d 3rd T rickling F ilter —
M echanicsburg N S D Pa II T rickling F ilter —
M em phis N A S Tenn IV A ctiva ted  Sludge —
M erced A A F Calif 9th T rickling F ilter —
M itchell Field N  Y 2nd P rim ary —
M onm outh, Fort N  J 2nd A ctiva ted  Sludge *

N ew  C astle AAF D el 2nd Prim ary —
N ew  Y ork N A S N  Y II T rickling F ilter —
O lathe N A S K ans V C on tact A eration —
P antex Ordnance T exas 8th T rickling F ilter —
Parks, Camp Calif VI O xidation  P ond s *

Peary, Camp Va III Prim ary *

P endleton / l ,  Cam p Calif V I T rickling F ilter —
Phillips, Cam p K ans 7th C on tact A eration —
P icatinny Arsenal N  J 2nd T rickling F ilter —
P ickett, Cam p Va 3rd Trickling F ilter —
Pine Camp N  Y 2nd Prim ary —
Plauche N O PO E , Camp La 8th T rickling F ilter —
Polk, (N orth), Camp La 8th T rickling F ilter —
Polk, (South), Camp La 8t.h T rickling F ilter —
Presque Isle A A B M aine Ist Prim ary —
Pueblo AAF Colo 7th C on tact A eration __
R eynolds, Camp Pa 3rd T rickling F ilter __
R ichm ond A A B Va 3rd T rickling F ilter —
R iley, Fort K ans 7th T rickling F ilter *
R oberts, Cam p Calif 9th T rickling F ilter *
R obinson, Jos. T ., Cam p Ark 8th T rickling F ilter *
Rogers, W ill, F ield Okla 8th T rickling F ilter __
R osw ell A A F N  M ex 8th C on tact A eration *
R ucker #1, Cam p A la 4th A ctiva ted  S ludge __
R ucker #2, Cam p Ala 4th C on ta ct A eration *
San L uis Obispo, Cam p Calif 9th T rickling F ilter __
San M arcos A A F T exas 8th T rickling F ilter
Savanna P roving Ground 111 6th T rickling F ilter
Scott F ield 111 6th T rickling F ilter __
S eattle  N a v a l H ospita l W ash V III T rick ling F ilter
S eattle  N A S  (Sand P oint) W ash V III T rickling F ilter
Selfridge F ield M ich 6th A ctiva ted  Sludge —
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TABLE 2b (cont.).— P lan ts on Survey List

Name State
S C 
or 

Navy 
Area

Type of Plant
Complete

Study
Plants

(*)

(1) (2) (3) (4) (5)

Shelby #1, Cam p M iss 4th A ctivated  Sludge _
S helby //2, Cam p M iss 4th A ctivated  Sludge *
Sheridan, Fort 111 6th T rickling F ilter *
Sill, Fort Okla 8th T rickling F ilter **
Sm yrna A A B Tenn 4th C ontact Aeration —

Solom ons N A T B M d III A ctivated  Sludge —

Stan  dish, M yles C., Cam p M ass 1st Trickling F ilter *
Stew art, Cam p Ga 4th Trickling F ilter —

Sw ift, Cam p T exas 8th Trickling F ilter *
T opeka A A B K ans 7th T rickling F ilter *
T otten , Fort N  Y 2nd Trickling F ilter —

T renton  N A F N  J II Sand F ilter —

Turner A A F Ga 4th T rickling F ilter *
Van D orn , Cam p M iss 4th T rickling F ilter —

W aco #1 A A F T exas 8th T rickling F ilter —

W arren, Francis E ., Fort W yo 7th Trickling F ilter **
W eingarten, POW , Cam p M o 7th T rickling F ilter —

W estover Field M ass 1st Prim ary —

W heeler, Cam p Ga 4th Primary *
W illow Grove N A S Pa II Trickling F ilter *
W ilson, W oodrow, G H Va 3rd Prim ary —

W ood, Charles, Cam p N  J 2nd Trickling F ilter —

W ood, Leonard, Fort M o 7th Trickling F ilter *

111 analyzing and com paring per
form ance of different plants of the 
same type it was found that the num 
ber of hours during the day that were 
utilized in preparing com posite sam
ples had a marked effect upon the ap
parent perform ance of a plant. S ig
nificant distortion was observed for 
plants em ploying only short sam pling  
periods. It  was therefore decided to 
retain for complete study only those 
plants w ith sam pling periods greater 
than eight hours, and in which com
posites were form ed in proportion to 
flow. D ata from other plants were u ti
lized when desirable to establish nor
mal values of design, and also for spe
cial studies. It was the opinion of the 
subcom m ittee that while an eight-hour 
sam pling period invalidated com pari
sons with plants em ploying longer sam 
pling periods, it was not w ithout value 
in routine operation at a given  
installation,

C lassification  of S urvey P lan ts

For purposes of investigation, it was 
decided that four classifications of 
plants on the survey list (Table 2b) 
would be used as follow s: ( 1 ) com
plete stud y; (2) partial study. A naly
sis would be concentrated upon the 
first “ complete s tu d y ’’ group. A  
basis of selection for th is group was 
evolved that consisted of minimum  re
quirements as to sam pling procedure, 
flow m easurement, population data, 
and laboratory analyses. These cri
teria are outlined as follow s :

A. Sam pling— m in im u m  require
m ent :

1. Period of com positing greater
than 8 hours.

2. Samples composited propor
tional to flow (including re
circulation) at intervals not 
greater than 2 hours,
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3. Four com posite sam ples per 
m onth.

B. F low :
1. M eter and recorder or counter

upon dosing tank.
2. R easonably reliab le quantita

tive in form ation as to vo l
um e of recirculation.

C. P o p u la tio n : D ata sufficiently de
tailed  to perm it evaluation  of 
equivalent population.

D. O perating D ata— m inim um  re
quirem ent :

1. Operational report for more
than an 8-month period.

2. Laboratory analyses to include
both BO D  and SS.

A bout fifty  p lants were found to 
meet the foregoing criteria; these are 
indicated  b y  an asterisk on Table 2b. 
A few  exceptions were perm itted in 
order to obtain balanced representa
tion in all treatm ent m ethods. Such  
exceptions, which are noted as they  
appear in  the sequence of the analysis, 
were allowed only after it had been as
certained that comparison w ith  other 
com plete stud y plants would be valid. 
In  Table 3 is presented a breakdown of 
com plete study plants as to d istribu
tion, type and size.

It  is apparent from  Table 3 a 
trick ling filters com prise a very sub
stantia l proportion of the total num ber 
of plants.

F ilter  C lassifica tion

In  order to fa c ilita te  classification  
of filters, a set o f sym bols (T able 3) 
was evolved for the designation of 
various filter characteristics pertaining  
to design and operation. The scheme, 
in  outline form , is as fo llo w s :

(1) As to depth: D , deep (over 4.5
fee t)  ; S, shallow  (less than
4.5 fe e t) .

(2 ) As to recirculation ratio: r, low
(under 1.0) ; R, h igh  (over
1 .0 ) ; o, no recirculation.

(3) A s to number of stages: 1, sin
gle stage; 2, two stage; etc.

(4) As to loading: H , h igh  rate; L,
low rate.

Thus, for exam ple, the u sual single 
stage standard filter w ould be desig
nated b y  the sym bol L D o-1 . The de
fining line as to loading betw een low  
rate and high rate filters was not pre
scribed precisely  b y  the subcom m ittee, 
since it is believed  that a fixed lim it 
w ould result in  an unnatural grouping

TABLE 3.— D istribution  of P lan ts in C om plete Study Group

Group Total
Location Size Loading

No.
North South Large Small Under Normal Over

Prim ary settling 6 2 4 5 1 4 2 0
Filter Do-1 10 8 2 6 4 6 2 2
F ilter D r-1 6 2 4 3 3 4 1 1
F ilter D R -1 5 1 4 4 1 2 3 o
Filter Sr-1 1 0 1 1 0 0 0 1
Filter SR-1 7 5 2 4 3 4 2 1

1
o

T w o-stage filter 
C ontact aeration

9
5

4
0

5
5

5
1

4
4

6
1
4

2
1
1
1

A ctivated  sludge 5 2 3 3 2 0
0

O xidation pond 1 0 1 1 0 0

T ota l 56 24 32 33 23 32 16 8

D  =  D eep  (over 4 .5  ft.) .
S =  Shallow  (under 4.5 ft.) , 
o =  N o  R ecirculation.

r =  Low  R ecirculation  R atio  (under 1). 
R  =  H igh  R ecirculation  R a tio  (over 1). 
1 =  Single Stage.
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of p lants w ithout due regard to the in 
tent of the designer.

The geographical distribution as 
shown in F ig . 1 indicates approxi
m ately the same num ber of p lants in  
the North as in  the South. The South 
in this connection was defined as the 
Fourth, E ighth, and, in part, N inth  
A rm y Service Commands.

N a v y  S ew age T reatm en t P lan ts

Twenty-five N avy sewage treatm ent 
plants were included in the survey as 
shown in  Table 2b. In general it was 
found that the N avy program of sew
age treatm ent was sufficiently sim ilar 
to that of the A rm y w ith respect to 
design and operation to warrant inclu
sion of a num ber of N avy installations 
in the com plete study group. A num 
ber of factors, however, operated  
against inclusion of more N avy plants. 
These factors are the fo llow ing: (1) 
N aval installations were very often on 
the periphery of a large body of water 
■—with adecpiate dilution such that 
partial treatm ent only met the needs 
of the situation; (2) the N aval sewage 
treatm ent program was in stitu ted  at 
a somewhat later date than the Arm y  
program, w ith the result that available 
operating data did not generally ex
tend over a period of tim e comparable 
to that of the A rm y; and (3) the 
policy was prevalent in some N aval 
Areas of u tiliz ing  a central laboratory  
where sam ples from  several plants 
were analyzed. W hile such procedure 
was no doubt quite satisfactory from  
the viewpoint of controlling p lant op
eration, the tim e lag entailed in  trans
m itting sam ples to the central labora
tory im paired the com parative value 
of the data w ith respect to the data 
of plants u tiliz ing  their own labora
tories. On the whole, as shown b y  an 
inspection of results of p lants deemed 
suitable for inclusion in the complete 
study group, the perform ance of N avy  
plants was sim ilar to that noted for 
A rm y installations.

P artia l T reatm en t P lan ts

A  paucity  of data was noted in the 
category of prim ary treatm ent plants, 
particularly for sm aller installations. 
The situation arose naturally  from  the 
fact that the sim pler and sm aller plants 
required less skilled operation and 
fewer analytical determ inations for 
control. However, six  prim ary treat
m ent plants of varying sizes were 
found to have adequate data. No pri
m ary plants em ploying Imhoff tanks 
are included in the complete study  
group. A  num ber of plants w ith b io
logical treatm ent in th is group, how
ever, used Imhoff tanks as prim ary  
units.

O perating P eriod  Studied

A  num ber of factors led to the selec
tion of the interval between January, 
1943 and September, 1944 as the pe
riod of operation upon which survey  
findings would be based. W hile thé 
program was essentially in fu ll sw ing  
in 1942, it was decided not to include 
this year since it represented more or 
less a “ tun ing u p ’’ period for both 
plants and operators. Moreover, a 
substantial num ber of enlargem ents 
and other modifications were being  
carried forw ard during 1942. B y
1943, however, significantly fewer al
terations were in  progress, and per
form ance at individual plants had be
come stabilized. It  was decided to ter
m inate the period of study w ith A u 
gust, 1944, because of the fact that post 
populations were becom ing sm aller at 
an accelerated rate during the fa ll of
1944, as the overseas troop movement 
reached a maximum  in  preparation for 
the great A llied  offensive of 1945. The 
period selected— January, 1943 through  
A ugust, 1944— constituted a 20-month 
period including two summers, and 
was considered adequate for the sur
vey. However, it  was not possible to 
utilize the fu ll period for all plants be
cause of such factors as: ( 1 ) physical 
alterations in progress; (2 ) d isconti
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nuities in operation or laboratory  
analysis; and (3) units out of service. 
In the event that only a few  months of 
continuous operation were available, 
every effort was made to ascertain  
whether or not the resu lts represented  
characteristic performance before in 
clusion in the com plete stud y group  
(Table 3 ).

In  order to obtain additional data 
relating to nitrification, special deter
m inations were carried out in the field 
at a number of selected posts during  
the months of September, October, No
vember, and December, 1944. The pe
riod of operation studied for each 
plant is noted at the appropriate place 
in the report.

S iz e  of P la n t s

Two additional item s remain to be 
explained in connection w ith Table 3, 
nam ely, the columns referring to size 
and to loading.

The line of d ivision between “ la rg e”  
and “ sm all” plants was arbitrarily  set 
at 1.0 mgd. B y  m unicipal standards, 
of course, all m ilitary plants studied  
were relatively sm a ll; the foregoing  
division was entirely a m atter of con
venience in  the selection of p lants of a 
given type in order to obtain, as nearly  
as possible, a representative group for 
com plete analysis.

R e la t iv e  L o a d in g

The colum n in Table 3 entitled  
“ L oad in g” refers to the num ber of 
plants in  each category that were u n 
derloaded, norm ally loaded and over
loaded w ith respect to the design  cr i
teria  as set forth  in the foregoing sec
tion. A  standardized design capacity  
of each p lant in the com plete stud y  
group was calculated, as based upon  
the princip les set forth  in the follow ing  
section. The relatively  large num ber 
of underloaded plants, as noted in Ta
ble 3, w as the consequence of the use 
of the “ capacity fa c to r”  in  calcu lating  
the population for which p lant ca

pacity was provided. N orm al loading  
was taken to be in  the range of 75 p er
cent to 133 percent of design capacity.

S ta n d a r d  D e s ig n  C a p a c it y

D esign capacities subm itted  w ith  
com pleted questionnaires from  plants  
were not com parable, it  w as found, 
since they were calculated in  accord
ance with rather w idely  d ivergent cri
teria. H ence a standard m ethod of 
calculation of design capacity  was 
evolved. In  establish ing a uniform  
and com prehensive, y e t sim ple, method  
of evaluation of the capacity  of an ex
istin g m ilitary sewage treatm ent plant, 
the follow ing princip les were consid
ered to be satisfactory  and to m eet the 
needs of the s itu a tio n :

1. Adherence, in  so far  as possible, 
to the code given  in  the E ngineering  
M anual, Chapter V II, as revised in 
January, 1943.

2. Use of the dim ensions of the prin 
cipal u n it as a basis o f evaluating over
all capacity. In com plete (and  inter
m ediate) treatm ent, the principal unit 
was construed to be the b iological unit. 
S ettlin g  and d igestion  tank sizes pro
vided ancillary m easures of plant 
capacity.

3. Use of both population  and flow 
criteria w herever feasib le.

4. D efin ition  of ‘ ‘ P ercent D esig n 7 7 as 
the fo llow in g r a t io :

A ctual population  (or flow) per
__________________ u n it volum e (or area)
D esign  population  (or flow) per

u n it vo lu m e (or area)

The design population  in the de
nom inator in th is ratio  is called  the 
‘ ‘ fa c to r7 7 and was calcu lated  in  accord
ance w ith  loadings specified b y  the 
E n gin eerin g  M anual.

E x a m p le : To find the “ fa c to r77 for a 
low  rate filter. A ssum e 600 lb BOD  
per af, 35 percent rem oval in  prim ary  
settlin g, and 0.20 lb B O D  per cap per 
day.
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Factor =  6 0 0 /0 .2 0 (1 -0 .3 5 )
=  4,620 persons per acre foot

A  list of factors is given in the fo llow 
ing section. In  order to provide a u n i
form  relation between the factors for 
population and factors for flow, 0.2 lb 
BO D  per cap per day and 70 gcd are 
predicated.

P e r c e n t a g e s  o f  D e s ig n  C a p a c it ie s  
U t il iz e d  D u r in g  L o a d in g  

P e r io d s

I. F ilters, Low and H igh Rate.

A . On Basis of P op u la tion :

Percent D esign

Average Population  
Acre F eet X Factor ^

B. On Basis o f Average Sewage
F lo w :

Percent D esign

A verage Sewage Flow , m gd s _
Acres X Factor

A

Depth of 
Filter (ft)

Low-Rate Filters 

Population
Flow

Factor
3.0 4,620 0.969
3.5 4,620 1.130

4 .0 4,620 1.290
4.5 4,620 1.450

5.0 4,620 1.620
5.5 4,620 1.780

6.0 4,620 1.940
6.5 4,620 2.100

7.0 4,620 2.260
8.0 4,620 2.590

Depth of 
Filter (ft)

High-Rate Filters 

Population
Flow

Factor
3.0 23,100 4.850
3.5 23,100 5.650

4.0 23,100 6.460
4.5 23,100 7.270

5.0 23,100 8.080
5.5 23,100 8.880

6.0 23,100 9.700
6.5 23,100 10.500

7.0 23,100 11.300
8.0 23,100 12.900

II. A ctivated  Sludge.

A . On Basis of A ctual Sewage F lo w :

Percent D esign
Average Tank Influent (gal)

Volum e of Tank (cf) X Factor ^  ^
Flow

Detention Factor
8 .0  hrs 22.5

12.0 hrs 15.0

III. Contact Aeration.

A. On Basis of P op u la tion :

Percent D esign  
_  Average Population

C ontact Surface (sf) X Factor ^
Population 

Location Factor
South  0.0493
N o rth  0.0440

IV. Settling Tanks.

A. On Basis of A ctual Sewage F low  :

Percent Design
A v Tank Infl incl Recir (gal) 

Volum e of Tank (cf) X Factor ^
Flow

Detention Factor
1.5 hrs 120.00
2.5 hrs 72.00

V. Sludge D igestion  Tanks.

A . On B asis of P op u la tion :

Percent D esign
Average Population  

Volum e of T ank (cf) X Factor ^

Type of Sludge and Digester
Population

Factor
P lain  settling, unheated 0.333
P lain settling, heated 0.500

A ctivated  sludge, unheated 0.167
A ctivated  sludge, heated 0.250

A ll others, unheated 0.222
All others, heated 0.333

T y p es of P o sts

A  variety  of types of m ilitary posts 
was included in the survey. In  accord
ance w ith expectation, some differences 
in  distribution of flow and characteris
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tics of sewage were observed. The 
type of post is noted for each p lant in  
the body of the report. Greeley and  
Chase (26) have summ arized the sa li
ent characteristics of different types of 
posts as follow s:

Cantonments for housing troops 
varied in capacity from  a few  thousand  
up to 60,000, w ith 35,000 more or less 
as an average.

Armored division posts differed from  
cantonm ents in  that mechanized artil
lery units were provided for as w ell as 
personnel. A nti-aircraft firing centers 
were included in  th is group.

Base hospitals were of various sizes 
and in some cases were adjacent to 
com m unities whose existing sewage fa 
cilities were utilized. Large variations  
in flow and violent fluctuations in  the 
concentration of sewage occurred at 
some plants in th is group.

A ir fields, although larger in area, 
were in general relatively sm all as re
gards personnel. Consequently their 
sanitation involved sm all structures. 
A common arrangem ent existed in 
which several sm all fields were grouped  
around a central field at distances of 
several m iles. A t such installations a 
single laboratory would often analyze 
samples from  all plants.

Munitions depots were staffed w ith  a 
personnel essentially civilian. More
over, such posts were occupied for the 
most part only during daylight hours. 
In  a few  cases it was believed that 
unusual ingredients, chem icals and b y 
products found their w ay into the se
wers. Consequently it  was not surpris
ing that results from  m unition depots 
exhibited a significant deviation from  
those observed at more typical in sta lla 
tions. The fo llow ing com pilation lists  
the more im portant types of posts 
encountered.

Post Types
1. A G F D ivisional Training
2. A G F Arm oured, M echanized

Cavalry, and Tank D e
stroyer Training

3. A G F
4. A G F
5. A G F

6. A A F

7. A A F

8 . A A F

R eplacem ent T raining  
H arbor D efenses  
A rtillery  T rain ing and 

A n ti-A ircraft T raining  
T actical F ie ld s and F ly 

in g  T rain ing  
T echnical T r a i n i n g  

Schools 
R eplacem ent Training  

and Reclassification  
Centers 

9. A S F  R eception Centers
10. A S F  Service Troop Training

(a) E ngineer
(b ) Q uarterm aster
(c) S ignal

11. A S F  S tagin g  A reas and Over
seas D ischarge and Re
placem ent D epots or 
Centers (troops, not 
m aterial)

12. A S F  General H ospitals
13. A S F  Ordnance D epartm ent

In du stria l F acilities
14. A S F  Ordnance D epartm ent

In d u stria l Facilities, 
not in clu d ing  indus
tria l w astes (housing  
only)

15. A S F  Internm ent Facilities
(Prisoner of W ar)

P op u la tion  D ata

Population at a post was subdivided  
into four classifications for the pur
pose of investigation . These were : 
( 1 ) resident m ilitary ; (2 ) resident 
civ ilian ; (3 ) nonresident m ilitary  and
(4) nonresident civ ilian . Of these the 
first was in variab ly  predom inant. The 
num ber of c iv ilian  residents was usu
a lly  n eg lig ib ly  sm all. Considerable 
difficulty was encountered in obtain
ing the num ber of nonresident m ili
tary personnel; for the m ost part, 
available inform ation  represented  esti
m ates only. N onresident c iv ilian  per
sonnel included day workers, office 
workers, etc. From  the num bers in  
each of the four classifications, an  
equivalent population  for the post was
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TABLE 3a.—-Distribution of Population

Post Type Av Equiv 
Pop’n

Relative Population
Equiv
Pop’nRes

Milit
Res

Civil
Nonres

Milit
Nonres

Civil

C allan R epl Trg 10,100 100 0.9 9 9 106
K earns R ep l Trg 8,940 100 6 5 * 102
Claiborne D iv  Trg 21,800 100 * 9 5 105
K nox Arm M C  and T D  Trg 52,200 100 12 8 4 108
Crowder Serv Trp Trg 29,200 100 0.7 18 8 109
Bragg A rt and A A  Trg 48,500 100 2.4 19 18 112
D ix S tg  Area and R ec Ctr 40,700 100 1.5 0 6 102
D rew  Field T act F ie lds and F ly  Trg 18,700 100 12 8 4 108
S Johnson F ield T ech  Trg 18,900 100 * 5 16 107
G ulfport F ie ld T a ct F ields and F ly  Trg 17,100 100 14 21 16 112
B oca R aton  F ie ld T ech  Trg Sch 9,000 100 0 11 15 109
K eesler F ield T ech  T rg Sch . 32,000 100 0.4 7 10 106

* N egligib le.

computed. E quivalent population was 
defined as the resident plus one-third  
of the nonresident population. The 
valid ity  of this assum ption is consid
ered in Chapter II in light of operat
ing results.

In  order to set forth  the approxi
mate distribution of population in 
various classifications, Table 3a is pre
sented. I t  should be noted that in  
m any of the plants, population esti
m ates by post engineering personnel 
had to be used in lieu of actual enu
meration. In  order to facilitate com
parison, the figures have been made 
relative to a resident m ilitary popula
tion of 100.

W hile a considerable range was 
m anifest, the follow ing distribution of 
the total population would appear to 
be typ ica l: (1) resident m ilitary, 75 
percent; (2) resident civilian, 5 per
cent; (3) nonresident m ilitary, 10 per
cent; and (4) nonresident civilian, 10 
percent. The equivalent population  
was therefore on the average about 8 
percent larger than the resident popu
lation. A vailable inform ation for gen
eral hospitals indicated a somewhat 
larger proportion of nonresidents. A t 
Fitzsim on GH, the nonresident person
nel constituted about 23 percent of the

total; at Bushnell GH, nonresidents 
constituted 37 percent of the total.

N am es, S ym b ols, and A bbreviations

The work of analysis of the survey  
was facilitated  by adoption of a stand
ardized nom enclature for various quan
tities and term s pertaining to loading  
and perform ance of a sewage plant. 
A  rational scheme of flow designation  
has been much needed since the advent 
of recirculation, which introduces a 
number of com plications. The system  
of names and sym bols is presented  
with the aid of the diagram  and ac
com panying list of Table 4. The fo l
low ing conventions were adopted : ( 1 ) 
The designation of the various fluid  
flows at different points in sewage 
plants would be based upon : (a) plant 
u n it in  proxim ity; (b) inflow or out
flow, e.g., prim ary settling tank efflu
ent; (c) in  the case of recirculated  
flow, the origin of the fluid, e.g. second
ary filter recirculation. (2 ) “ P lant 
in flu en t” would be defined as “ total 
flow ”  m inus “ by-passed flow .”

A  standardized set of abbreviations 
was worked out by the subcomm ittee 
to  apply  to the more common words 
used in connection Avith the analysis
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mgd

bol
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Name Abbreviation

T t T o ta l F low T o ta l F low
I i P lan t Influent P la n t In f
C c Prim ary S ettlin g  T an k  Influent Pri In f
D d Prim ary S ettlin g  T ank  Effluent Pri Eff
F f Prim ary F ilter (or Aerator) Influent Pri F il (or Aer) In f
G g Prim ary F ilter (or Aerator) Effluent Pri F il (or Aer) Eff
Ri ri Prim ary F ilter (or Aerator) R ecirculated  F low Pri F il (or Aer) R ecir
J j Interm ediate Settlin g  T ank  Influent In t S et In f
K k Interm ediate Settlin g  T ank  Effluent In t  S et Eff
L I Secondary F ilter (or Aerator) Influent Sec F il (or Aer) In f
M m Secondary F ilter (or Aerator) Effluent Sec F il (or Aer) Eff
R , Ti Secondary F ilter (or Aerator) R ecirculated  F low Sec F il (or Aer) Recir
N n Secondary Settlin g  T ank  Influent Sec S et In f
R ' r' Secondary S ettling T ank  Launder R ecirculated F low Sec S et Launder Recir
P V Secondary S ettling T ank Effluent Sec S et Eff
Ri Ti Secondary Settlin g  T ank R ecirculated F low Sec S et R ecir
E e P lant Effluent P la n t Eff
B b B y-passed  F low B y-p ass

of sewage treatm ent p lant performance. e ff ............ . . .efficiency
These abbreviations are presented in  
the follow ing compilation.

e ff l ...........
e le v ...........
F .............

effluent 
. e levation  

. .  . F ahrenheit

Abbreviations F ig ..........
f i l .............

. . . Figure 

. . .filter
a ............ ......... acre f in ............. . . .final
a f .......... ......... acre-feet f t ............. . . . foot
A T . . . . ......... aeration tank g .............. . . . gram
a v ......... ..........average g a l ........... . . . gallon
BO D ..........biochem ical oxygen  dem and (in g c d .......... . . . gallons per cap ita  daily

5 days a t 20° C unless other g p d ........... . . . gallons per d ay
w ise stated) g p d /s f . . . . . . gallons per d ay  per square fo

C .......... ..........Centigrade g p m ------ . . . gallons per m inute
c a p . . . . ..........capita h o r i........... . . .horizontal
c f .......... ..........cubic foot h p ............. . . horsepow er
c f /g a l .. ..........cubic feet per gallon h p -h r . . . . . . horsepow er-hour
cf m.  . . . . . .  cubic feet per m inute h r ............... . .  hour
cfs . . . . . . . .  cubic feet per second in ............... . . .in ch
C l2. . . . ..........chlorine in f ............. . . .in fluent
c o l . . . . . . . .  colum n k w ............. . . . k ilow att
c u .......... ..........cubic kw -hr. . . . . . k ilow att-hour
c y .......... ..........cubic yard l b ............... . . .pound
d ............ ..........day; daily l in ............. . . lineal
dia.  . . . ..........d iam eter m a x .......... . . .m axim um
diff. . . . ..........diffused m e c h . . . . . . .m echan ical
DO  . . ..........d issolved  oxygen m g ............. . . . m illion  gallons
d p ------ . . . .  deten tion  period m g d .......... . . . m illion  gallons da ily
d v . . . . m gad . . m illion gallons per acre daily
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m in .................. m inim um ; m inute
m l ..................... m illiliter
m o .................... m onth; m onthly
n o ......................num ber
N H 3- N ............A m m onia N itrogen
N 0 3- N ............ N itra te  N itrogen
N O 2- N ............ N itr ite  N itrogen
p ........................page, per (in connection  w ith

other abbreviations)
p op’n ...............population
p p .....................pages
p p m ................. parts per m illion
p r i .................... prim ary
p s i .................... pounds per square inch
rec ir .................recirculation
r e m ..................rem oval
r p m ..................revolutions per m inute
R S ....................relative stab ility
s e c ....................second; secondary
s e t .................... settling
s e w .................. sewage
s f ...................... square foot
s g ..................... specific gravity
s o l ....................solids
s q .....................square
S S .................... suspended solids
s s r ....................surface settlin g  rate
s y .....................square yard
te m p ...............tem perature
t o t ................... to ta l
v e l ................... velocity
v e r t ................. vertical
v o l ................... volum e
v o la .................volatile
w t .................... weight
y d .................... yard

U n it s  R e la t in g  to A r e a  a n d  V o lu m e

In the m atter of expressing loading  
and perform ance, particu larly with  
reference to filter plants, the subcom
m ittee adopted the follow ing resolu
tions as regards type of dim ensional 
units to be em ployed: ( 1) area would  
be m easured in acres, and volum e in  
acre-feet; (2 ) loading of a filter would  
be expressed (a) on a velocity basis, 
mgad, and (b ) on a w eight (BO D, 
S S ) basis, lb /a  and lb /a f . It was the 
consensus of opinion that the use of 
the “ acre” and the “ ga llon ”  in filter 
technology for nearly a century pro
vided sufficient justification to warrant 
their retention in modern practice. 
The use of the “ acre”  and the “ acre- 
fo o t”  as m easures of area and volume 
has been common in the allied fields of 
applied hydraulics; adoption of a new

set of units would constitute an en
tirely  unnecessary break with trad i
tion. The argum ent has been advanced  
in some quarters that the use of other 
dim ensional units, e.g. the cubic yard, 
results in  more conveniently sized  
num bers indicative of loading and per
form ance. This argum ent was found  
to be generally  unconvincing and, in  
specific cases, readily confuted.

The subcom m ittee recognizes the 
value of itniversal acceptance of stand
ard units, and recommends that the 
follow ing princip les be applied when  
it  becom es necessary to devise new  
u nits in  connection w ith technological 
innovations in sewage treatm ent: ( 1) 
The new m easures should be com
pounded in so far as possible from ex
isting fundam ental units (feet, acres, 
pounds, etc.) commonly em ployed in  
such a w ay that continuity w ith estab
lished usage is preserved. (2 ) A care
fu l d istinction between direct and in
verse m easures should be made so as 
to accord w ith established custom in  
analogous quantities. For example, in  
describing loading, a term such as lb 
B O D /a f would be decidedly superior 
to an inverse measure such as cf sto n e / 
lb BOD. (3) I f  more than one kind  
of m easure is required in  order to ex
press adequately loading or perform 
ance, all necessary m easures should be 
recognized. For exam ple, a volum et
ric u n it such as lb B O D /a f is inade
quate by itself as a criterion of filter 
loading, since it neglects such relevant 
considerations as filter depth and vol
ume of recirculated flow. A ll relevant 
measures should be retained in order 
to avoid inaccurate, distorted descrip
tions of design, loading, and perform 
ance. A  rational method of expressing  
filter loading is presented in Chapter
V.

M e a s u r e s  of P e rfo r m a n c e — P e rc e n t
R e m o v a l a n d  P e rc e n t  E f f ic ie n c y

In expressing the performance of a 
particular plant unit, two distinct 
kinds of measure were found to be



822 SEWAGE WORKS JOURNAL S e p te m b e r ,  1946

u sefu l and necessary for com plete de
scription. The two are defined at the 
hand of the follow ing diagram , in  
which all the letters represent w eight 
of BO D (or S S ) flowing b y  the point 
in  question each day.

m ary settlin g  tank. The longer deten
tion period in  th is tank is conducive 
to greater prim ary settlin g  efficiency; 
as a result, filter A  receives a smaller 
load than B, and per cent rem oval in 
filter A  com puted in  accordance with

S l =  prim ary settlin g  tank  
So =  secondary settlin g  tank  
F  =  filter or aeration basin

W ith  regard to the perform ance of any  
unit— say, for exam ple, the prim ary  
settling tank, S 1— the results m ay be 
expressed variously as follows :

( i)  Percent Efficiency, as based
upon total load applied to 
u nit (including that from re
circulated flow) :

Percent efficiency
=  ( 100) lb rem oved/lb  ap

plied to unit 
=  100( c -d ) /c  ( 1 )
( ii)  Percent Removal, as based

upon total load applied to 
plant :

Percent Removal
=  ( 100) lb rem oved/lb  ap

plied to plant 
=  100( c -d ) / i  (2 )

From  the foregoing definitions it is 
evident that the per cent removals for 
all units of the p lant are additive to 
100 per cent if  the percent rem aining  
in  the effluent is included. Accord
ingly, per cent rem ovals are usefu l in  
com paring one plant unit w ith another 
as to relative performance. P er cent 
efficiency, which is based upon the load 
applied to the unit in  question, is a 
criterion of perform ance u sefu l in  com
paring sim ilar units in different plants. 
F or illustration, consider the standard  
filter plants, A and B, that are id en ti
cal as to design and loading in every  
respect save that A has a larger pri-

E quation  (2) is seen to be less than 
the corresponding rem oval in  filter B. 
I t  is evidently  not correct to compare 
the perform ance of the two units as 
filters b y  com paring per cent removals.

F ilter  perform ance m ust be rated 
upon the basis o f the load applied, 
and for this purpose per cent effi
ciency, as defined b y  Equation  (1 ), is 
the appropriate measure. I t  is perti
nent to note that when recirculation is 
introduced, a general redistribution  of 
the loading and rem ovals am ong the 
various units takes place. I f , for ex
am ple, in  the foregoing illustration  
flow is recirculated about filter A, the 
applied load arb itrarily  m ay be made 
equal to that of filter B . In  fact, by 
increasing the rate of recirculation, the 
load m ay be m ade indefin itely  large. 
The im portant point, however, is that 
the biochem ical character of the load
ing changes w ith  increased recircula
tion  because an increasing proportion  
of the organic m aterial applied  has al
ready passed through the filter one or 
more tim es. C onsequently, neither the 
loading nor the perform ance can be 
expressed in an en tirely  satisfactory  
m anner b y  the sim plified concepts em
bodied in E quations (1) and (2 ) .  The 
in troduction  of recirculation  makes it 
necessary to consider the mechanism  
of sewage treatm ent in  a more funda
m ental w ay in order that perform ance 
of p lants of a typ e m ay be compared 
upon an equitable basis. Perception
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of the problem  is facilitated  b y  precise 
distinction  between prim ary and sec
ondary treatm ent.

P rim ary and Secondary S ection s of 
S ew age P lan ts

In  analyses of perform ance it  is de
sirable to subdivide the units of a 
plant into a prim ary treatm ent section  
and a secondary treatm ent section. 
Subdivision is necessary in order that 
perform ance of units such as filters 
and contact aerators may be evaluated  
in the light of the load applied. W ith  
some schemes of recirculation no d if
ficulty is presented in finding a natural 
division between the prim ary and sec
ondary sections of the plant. How-

A fter  studying several alternate 
schemes, the subcom m ittee decided that 
the fo llow ing assum ption was in gen
eral the most satisfactory w ith regard  
to analysis of m ilitary sewage p la n ts : 
W hen flow is recirculated from  filter 
effluent to prim ary settling tank inlet, 
the percent o f BO D removed from  the 
recirculated flow b y  the prim ary set
tlin g  tank is assumed to be the same 
as that actually  occurring in the sec
ondary settling tank. W ith  this as
sum ption, the problem  of d ivid ing the 
plant into the two sections is resolved. 
In  the interest of lucid ity, the follow 
ing form ulation is presented, in which 
the sym bols represent weight of BOD  
(or S S ) and are defined by the follow 
ing d iagram :

ever, when flow is recirculated through  
the prim ary settling tank, it becomes 
im possible to assess accurately that 
portion of the BOD (or S S) removed 
in the prim ary settling tank com ing 
from the raw sewage as distinct from  
the recirculated flow. Assessm ent of 
the portion attributed to raw sewage 
m ust be based upon an assum ption. 
Various assum ptions w ith differing de
grees of arbitrariness m ay be made. 
Some insight into the problem  m ay be 
had at the hand of the follow ing d ia
gram which delineates the two treat
ment sections.

Pounds applied to  primary section =  i 

Pounds rem oved by prim ary section

=  i  +  r — d —

=  i  — d +  -  rn

(n — e)

(3a)

Pounds applied to  secondary section

=  i — f i  — d +  -
(3b)

= d — -  r
n

Primary. Section— Unshaded  
Secondary Section— Shaded
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Pounds rem oved by the secondary

section  =  i —e — ( i —d - \ - - r \  
\  n J

= d —e—- r  
n

Percent efficiency of primary

e
i  — a +  - r  

section =   ?L  100

(3c)

(3d)

Percent rem oval by primary

i -  d + - r  
section =   7— —  100

Percent efficiency of secondary

d — e — - r
section =  ------------------ 100 (3f)

, ed  rn

Percent rem oval by secondary

j  ed — e  r
71

section =  t 100 (3g)

It is noted that in  accordance w ith  
the foregoing assumption, percent ef
ficiency and percent rem oval are the 
same in  the prim ary section, although  
they m ay be considerably different in 
the secondary section.

W ith other schemes of recirculation  
the form ulations vary slightly  but are 
obtained readily from  application of 
the underlying assum ption. The as
sum ption m ay be stated in  various 
ways. It  is tantam ount to com puting  
the weight of BO D (or S S ) in  the set
tled secondary effluent from  the flow 
through the filter and the strength of 
the final clarifier effluent.

Occasionally, circum stances made it 
im possible to apply  the assum ption. 
For exam ple, data relating to strength  
of filter effluent som etim es were not 
available for a num ber of m onths dur
ing the operating period stud ied; this 
precluded application of the assum p

tion and m ade it  necessary to use an
other scheme for accrediting overall 
perform ance to prim ary and secondary  
sections. Moreover, in  the case of a 
few  of the two stage filters and acti
vated sludge p lants em ploying effluent 
recirculation, lack of sam pling points 
m ade it desirable to adopt an alternate 
basis for com putation of loading and 
perform ance. A ccordingly, when the 
usual scheme could not be applied, the 
follow ing alternate assum ption was 
m ade: The percent of B O D  (or SS) 
removal from  the recirculated flow was 
assumed to be the same as that actually 
occurring in the primary  se ttlin g  tank. 
This is equivalent to the assumption 
that the percent of B O D  (or S S ) re
m oval from  the raw sewage was the 
same as the percent rem oval of com
bined flow in  the prim ary settlin g  tank. 
The form ulation for load ing and re
m oval corresponding to th is assump
tion is as fo llo w s:

Pounds applied to  prim ary section  =  i 
Pounds rem oved in prim ary

/  d \
section  =  11 — -  J i  (4a)

Pounds applied to  secondary
d . . , .

section  =  - 1  (4b)
c

Pounds rem oved in  secondary

d.section  =  - i  — e (4c) 
c

P ercent efficiency of prim ary
• . .

section  =  M — ^ j  100 (4d)

Percent rem oval by prim ary

section  =  ^1 — ^  100 (4e)

P ercent efficiency of secondary

section  =  ^1 — ê \  100 (4f)

Percent rem oval by secondary

section  =  ( ^  ~  tOO (4g)



Vol. 18, No. 5 SEWAGE TREATMENT AT M ILITARY INSTALLATIO NS 825

Tables of p lant performance denote 
which of the two assum ptions as em
bodied in E quations (3) and (4) was 
em ployed in calcu lating the data. On 
the whole, an excellent agreem ent was 
noted between resu lts for p lants at 
which an assum ption had to be made 
and those of the same typ e at which  
an assum ption was unnecessary. Such  
agreem ent pointed up the valid ity  of 
the assumptions.

A n attem pt was made to utilize  
standard prim ary settling BOD reduc
tion curves obtained from  plants w ith
out recirculation as a basis for calcula
tion of the load of settled raw sewage 
applied to the filter. However, use of 
standard removal curves in this m an
ner proved to be unsatisfactory, since 
only sm all variations in reduction oc
curred w ith differences in detention  
period. The fact that detention pe
riods were in  general quite long ac
counted for the lack of interrelation
ship.

Other factors were much more im 
portant in determ ining the settling ef
ficiency and a wide range of perform 
ance was noted. Chief of these factors 
were ( 1 ) condition of sewage and (2 ) 
condition of tank. The condition of 
sewage entering the prim ary tank was 
determined b y  characteristics of the 
sewerage system  and by the amount of 
recirculated flow. The condition of 
tank reflected (a) design of in let and  
outlet arrangem ents and (b) schedule 
of operation of sludge collection and 
removal equipm ent.

Graphs (F ig . 67) in which percent 
removal was p lotted  against detention  
period were flat (show ing an approxi
m ately constant 35 percent rem oval), 
and the influence of the im portant 
variables relating to condition of tank  
and sewage was obscured. Conse
quently, the use of standard removal 
curves, as obtained for plants without 
recirculation, would have involved the 
assigning of a nearly constant percent
age rem oval to p lants w ith recircula
tion, an assum ption at variance with

actuality. Consequently it  was de
cided that the assum ption to be used 
in calculating the otherw ise indeter
m inate am ount of removal from  the 
recirculated flow in the prim ary tank 
should involve actual settling perform 
ance in  the secondary tank. W hile 
such a procedure was no doubt arbi
trary, it did bring into p lay the para
m ount variable affecting settling effi
ciency— the condition of the sewage.

In fluence of S econdary S lud ge upon  
P rim ary S ection  P erform ance

It was the usual operating procedure 
in the m ajority of plants surveyed to 
pump sludge from  the final and inter
m ediate settling tanks to the prim ary  
tanks, from  which it would be pumped  
to the digesters along with prim ary  
sludge. Secondary sludge, however, 
was not considered to be a part of the 
load applied to the prim ary settling  
tank. I t  was presum ed that having al
ready been deposited once, the sec
ondary sludge would ordinarily settle  
again in  the prim ary tanks, particu
larly since it  was applied in concen
trated form.

In a few  instances the evidence in d i
cated that this presum ption was not 
always va lid ; occasionally the organic 
content of the prim ary effluent would  
be unduly  large, indicating that sec
ondary sludge was passing through the 
prim ary tank. A pplication  of the 
foregoing presum ption in these in 
stances, therefore, resulted in  a value 
for prim ary efficiency that w as too low  
and a filter loading that was too high. 
U sually, however, secondary sludge re
settled  readily and did not pass 
through the prim ary settling tanks.

In  a num ber of plants it  was the 
practice to run secondary sludge 
pum ps continuously so as to provide 
recirculation that m inim ized septicity, 
especially during low p lant flows at 
night. In  some p lants such recircula
tion amounted to a substantial propor
tion of the sewage flow, and the effect 
upon prim ary sedim entation efficiency
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could not be ignored. Therefore, in  
plants in w hich the proportion of flow 
from  secondary sludge pum ps exceeded  
ten  percent of the p lant influent, the 
data were analyzed in  accordance w ith  
the scheme adopted for p lants designed  
for norm al recirculation (E q uation  3 ) .  
The total w eight of BO D  (or S S ) ap
p lied  to the prim ary tank, c, was con
sidered to be the sum of that in  the 
plant flow, i, p lus that in the recircu
lated flow, r. The latter was calculated  
from  the volum e of the recirculated  
flow and concentration of the final efflu
ent. In  th is w ay secondary sludge it 
se lf was not included in the loading  
of the prim ary tank. Since the recir
culated flow, r, exclusive of the sludge 
was taken to be equal in strength to 
the settled final effluent, it  was assumed 
that no deposition from  the recircu
lated flow would take place in  the p ri
m ary tank. A ccordingly, in calculat
ing the load applied to secondary units, 
the quantity r (see diagram ) would

follow ing equations :

2 4 7
D P l  ~ J lqdt

f 1Jo Q

(5)

D P 2 =  2 4 7  | - d t  (6)

where 7  =  volum e of tank, gallons

q = in stantaneous rate of flow, 
gallons per day

D P = d eten tion  period, hours

E quation (5 ) represents the average 
tim e required by in d iv idu al particles 
of fluid to traverse the tank. Equation
( 6 ) represents the mean value of the 
“ instantaneous detention p eriod ” oc
curring throughout the day. While 
each definition has its  own particular 
advantages, it  was decided that the 
first (E quation  5) was more suitable 
as a m easure expressive o f loading. 
Moreover, detention periods are easily 
evaluated in accordance w ith  Equation

be deducted from  the w eight of BO D  
(or S S) in  the prim ary effluent, d. 
F or example, in installations where re
circulation from  secondary sludge  
pum ps constituted the sole recircula
tion for the plant, the load applied  to 
secondary units would be d m inus r.

C alculation  of D eten tio n  P eriod s

Because of the large variation in  
flow throughout the day that was 
found almost invariably to occur at 
m ilitary sewage plants, it was neces
sary to adopt some standardized  
m ethod of calcu lating detention period. 
Two definitions of average 24-hour de
tention period are suggested b y  the

(5 ) , being sim ply the quotient of tank 
volum e d ivided by average daily  flow.

The flow7 used in  calculation of de
tention  period was invariab ly  taken as 
actual flow into the unit, in clu d ing  re
circulation, if  any. E q uation  (5 ) was 
also applied  to tanks w ith  tw7o or more 
norm al flow addition  or rem oval points. 
For exam ple, the detention  period of 
a final settlin g  tank w ith  a central 
launder for rem oving recirculated  flow 
was taken to be the ratio of the total 
tank volum e to the average flow, as in 
E quation  (5 ) .  I t  is true that flow re
m oved through the launder is not held 
in the tank as long as that passing over 
the effluent w e ir ; nevertheless, the 
va lid ity  of the definition (E q uation  5) 
of detention period thus calcu lated  is



Vol. 18, No. 5 SEWAGE TREATMENT AT M ILITARY IN STALLATIO NS 827

retained; the resu lt gives the average 
tim e of passage for all particles enter
ing the tank.

It is evident that detention periods 
as calculated by Equation (5 ) do not 
take into account the possib ility  of 
“ short c ircu itin g”  or “ dead spaces”  
w ithin  the tank. Consequently, the 
values obtained represent ‘ ‘ theoretical ’ ’ 
rather than “ actu a l” detention. W hile 
the latter quantity would undoubtedly  
be more closely correlated w ith tank  
performance, the necessary data for its 
evaluation were not available.

S u rfa c e  S e t t lin g  R a te

As an ancillary measure of loading  
of settling tanks, surface settling rates 
were believed to provide sufficient in 
form ation in addition to that furnished  
by detention period to warrant calcu
lation. The surface settlin g  or “ over
flow ”  rate in  gallons per day per 
square foot of tank area represents the 
average upward velocity against which  
suspended particles m ust settle. It  was 
calculated by d ivid ing the total flow 
through the tank (including recircu
lation, if  any) by the gross horizontal 
tank area (including surface area cov
ered by weir troughs, etc .). A n equiv
alent method of evaluating surface 
settling rate which has conceptual 
value is the fo llo w in g :

g p d /s f  =  180 X  (Mean D epth, f t ) /
(D etention  Period, hr) (7)

S t a t is t ic a l  M e th o d s

The work of analysis consisted of the 
follow ing s te p s : ( 1 ) assem bling and 
cataloguing data pertain ing to each 
treatm ent m ethod; ( 2 ) establishing the 
period of study for each p lant; (3) 
consolidating and sum m arizing charac
teristics of the raw sewage; (4 ) calcu
lating and checking pertinent dim en
sions, areas and volumes, and other 
design details; (5) analyzing perfor
mance of each unit and of p lant as a 
whole w ith  respect to the load applied.

The period of study selected for each

plant was a tim e interval during which 
the loading was reasonably uniform  
as to contributory population and flow, 
and the operation consistently followed  
a more or less fixed pattern (w ith  re
spect to recirculation, units in service, 
etc .). Ordinarily, there was but one 
period of study for each p lant; in  a 
few  plants, however, two periods of 
study were obtained.

In  consolidation and analysis, cer
tain  statistical param eters were con
sistently  used, and it is pertinent to 
explain methods by which they were 
computed.

C a lc u la t io n  of O r g a n ic  L o a d in g

M onthly operating data were aver
aged over the period of study by use 
of the arithm etic mean, the result for 
each m onth being weighted in accord
ance w ith the amount of organic m atter 
as com puted from  strength (concentra
tion) and flow. For example, the over
all percent removal of BOD for a 
p lant was com puted by the follow ing  
equation :

Percent rem oval B O D  
E Q a -X 8 .3 4 -E Q iL X 8 .3 4

E Q Q .X  8.34 X 1 0 0  (8)

where

Q =  average daily flow for m onth, 
m gd

Ci — ppm  B O D  in raw sewage

Ce =  ppm  B O D  in final effluent

E  denotes sum m ation for all m onths 
in the period of study

Some of the less im portant analy
tical determ inations such as Relative 
S tab ility  were analyzed by sim ple u n 
weighted averages over the period of 
study.

The median, defined as the middle 
item  of a series arranged in  order of 
size, was used to advantage in a num 
ber of applications in which applica
tion of the arithm etic mean would  
have led to a distorted result.
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Sewage p lant data characteristically  
exhibit considerable dispersion about 
average values. In  the quantitative 
description of the “ sca tter” the usual 
statistical measures— standard devia
tion, quartile deviation, average devia
tion— were em ployed.

In  general, three m ethods of curve 
fitting were em ployed, depending upon  
the im portance attached to the gener
alization at hand. These were, in order 
of theoretical v a lid ity : ( 1 ) the method  
of least squares; (2 ) the method of 
m om ents; (3) the m ethod of averages 
applied to group medians. These m eth
ods are described in  standard sta tisti
cal textbooks.

R eliab ility  of D ata

There are in general four types of 
errors involved in sewage p lant data. 
These comprise errors in  estim ation of
(1) population, (2 ) flow, (3) strength  
of sewage (BO D  and S S ) , and (4)  
physical dimensions. The first two of 
these are usually  sim ple com pensating  
errors whose effect is non-cum ulative 
when m any sim ilar plants are investi
gated. Errors in  m easurement of 
strength are of two kinds, those made 
in sam pling and those made w ithin  
the laboratory as a result of inaccurate 
analysis. Sam pling errors m ay be 
classified further as due to (a) method 
of collection, (b) place of collection, 
and (c) amount collected (com positing  
error). Such errors are not invariably  
of the com pensating kind, and their  
effect m ay be cum ulative and thereby  
impart error to averages and norms. 
The final source of error,-that due to 
im perfect m easurem ent of physical 
dimensions, is generally  sm all and un
im portant. There are instances, how
ever, in  which estim ation of effective 
areas and volum e is difficult, such as 
in  the evaluation of the effective set
tlin g  volum e of a m ulti-com partm ent 
tank w ith hopper bottoms for sludge  
draw-off.

Overall error in m easurem ent of 
loading depends upon the m agnitude 
of error in each of the foregoing  
sources. Error in the m easurem ent of 
efficiency stem s from  on ly  two sources, 
nam ely, flow and strength. W hile 
overall error reflects errors of differ
ent types, it is u sually  true that the 
largest portion comes from  one con
tro lling  source that lim its the precision  
obtainable.

A s a general estim ate of the error 
entailed  in the survey, the following  
approxim ate probable errors are indi
cated : (1 ) population, 7.5 percent;
(2) flow, 3 percent ; (3 ) concentration  
(B O D  and S S ) , 2 p ercen t; (4 ) dimen
sions, 2 percent. These figures apply 
to overall averages for the entire pe
riod of stud y at each p lant, and not 
to the data for any particu lar day 
or month.

It is evident that the relatively  large 
error involved in  estim ation of popula
tion controls the error in  derived quan
tities indicative of loading and per
formance. F or exam ple, error in 
pounds of BO D  per capita daily  in 
raw sewage m ay be calculated by as
sum ing the fo llow in g  typ ica l data for 
a p la n t : concentration of raw sewage, 
343 ppm ; flow 1 m gd; population, 
14,300.

Probable error in concentration
=  0.02 (343) =  6.8 ppm

Probable error in flow
=  0.03 (1) =  0.03 mgd

Probable error in population
=  0.075 (14,300) =  1,070 persons

lb B O D /c a p /d a y
=  8.34 (1 db 0.03) (343 ±  6 .8) 

14,300 ±  1,070 
=  0.20 ±  0.025

A probable error of 0.025, or 12.5 
percent results from  the combination  
of errors in  concentration flow and 
population. More than h a lf o f the
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combined error comes from  im perfect 
population data.

In derived quantities that do not 
involve population, a greater precision  
obtains. For example, assume in the 
foregoing illustration  that the BOD  
in the final effluent is 34 ppm, w ith a 
corresponding probable error of 0.68 
ppm. Then the overall percent re
duction in  BO D m ay be evaluated to
gether with its probable error as fo l
lows :

Percent reduction in B O D
_  inn  (343 ± 6  8) ~  (34 ± 0 .6 8 )  

343 ±  6.8
=  90 ±  3.8

A probable error of about 4 percent is 
seen to  be introduced into the estim ate  
of overall performance of an individual 
plant. H ow ever, when a dozen plants 
are surveyed, th e probable error in 
volved  in the estim ate of their perform
ance as a group is 4 V l2, or only a 
little  over 1 percent.



C H A P T E R  I I

C H A R A C T E R IST IC S O F M IL IT A R Y  SE W A G E

E nvironm ental conditions at m ili
tary establishm ents led to production  
of sewage that differed significantly  
from  m unicipal sewage in a num ber 
of respects. The ch ief differences were 
that the sewage ( i)  tended to be more 
concentrated; ( ii)  had a greater propor
tion  of volatile m atter relative to the 
total solids; ( iii)  contained a higher 
proportion of grease; and (iv ) ex
h ibited  larger and more rapid  varia
tions in  diurnal flow.

W ith  minor exceptions, there were 
no industrial wastes in the sewage nor 
extraneous m atter that in terfered  w ith  
treatm ent; sewage in  m ilitary in stalla
tions was essentially  of a domestic char
acter. Separate sewer system s were 
the rule.

The differences between m ilitary and  
m unicipal sewage stemmed prim arily  
from  the m ilitary regim e— the sys
tem atized pattern of sleeping, working  
and eating.

The high concentration of m ilitary  
sewage was due to the fo llow ing fac
tors: (a) absence of d ilu tin g  water 
from  industrial sources (cooling and 
air conditioning) ; (b) institution  of 
water conservation program s that in 
volved reasonable d isciplinary restric
tions as to water consumption, together  
with installation of additional plum b
ing fixtures; (c) greater organic waste 
per capita from  predom inantly male 
population fed  on a high caloric diet.

The relatively low am ount of m in
eral m atter m ay be attributed to the 
sanitary sewage system  and absence 
of industrial waste. Laundry effluent 
often  was a source of difficulty. In  
am ount it was som etim es found  to be 
excessive relative to comparable civ il
ian installations. O ften one post did 
laundry work for several adjacent 
posts. The d isproportionately large

volum e of laundry waste produced in
terfered  w ith  norm al sewage treatment, 
p articu larly  when the w aste came to 
the p lan t in “ s lu g s .”  D ifferences in 
laundering practice resulted in some 
variation in sewage characteristics ob
served at certain  arm y and navy in
stallations. A t some n avy posts, for 
exam ple, the custom of requiring the 
individual to do h is own laundry, re
sulted in  relatively  large consumption 
of w ater and soap. *

Flow  of Sew age

The diurnal d istribution  of sewage 
on the whole was found  to differ only 
sligh tly  w ith the type of post. In 
typica l installations, such as divisional 
train ing and fly ing tra in in g  schools, 
the ch ief characteristic was the rapid
ity  w ith  w hich the flow w ould increase 
during the early m orning hours. This 
phenom enon was noted  in  other types 
of installations, although in plants at 
stag in g  areas and general hospitals a 
wide range of flow distribution was 
experienced and an abrupt flow ac
celeration d id  not alw ays occur. Some 
large p lants treated sewage from ad
jacent civilian  areas and flow dis
tribution approached that characteris
tic of m unicipalities.

Basis of D esign  as to Diurnal Flow  
D istribution

The E n gin eerin g  M anual of the 
Corps of E ngineers stip u lated  that the 
fo llow ing flows were to be envisaged  
in design  of sewerage system s and sew
age treatm ent p lan ts: ( 1 ) an average 
16-hr flow of 125 percent of the daily  
average flow; (2 ) a m axim um  4-hr av
erage flow of 175 percent of the daily  
average flow; (3 ) a m inim um  4-hr 
flow of 40 percent of the daily  average 
flow; (4 ) occasional extrem e peak flows
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of three times the daily  average rate. 
I t  was noted in the m anual that de
sign of the various elem ents of the 
sewage treatm ent p lant was to he based 
prim arily upon the average daily  rate 
of flow. A t installations in which non
resident em ployees worked, the flow 
allowance was prorated in accordance 
with the proportion of time spent at 
the post.

F low  M easurement

I t  was the policy to install flow 
m easuring devices in all sewage plants. 
In  a number of plants serving a popu
lation less than 5,000 recording and 
totalizing equipm ent was not provided. 
It was recommended at those posts 
where sewage was pum ped that the 
m easuring device to be placed ahead 
of the pum ping station in order to re
cord hourly variation in sewage flow. 
A t m any plants, however, this practice 
would have been inconvenient from  the 
standpoint of operation. Consequently 
m easuring devices were, as a rule, 
placed w ithin  the bounds of the treat
m ent p lant proper.

The follow ing devices were found to 
be satisfactory for measurement of the 
flow of sewage: Parshall flume;
Palm er-Bowlus flume (and other rec
tangular flumes) ; V enturi m eter; Ken- 
nison n ozzle; and weirs o f various sizes 
and shapes. The Parshall flume, when 
properly designed and installed, was 
em inently satisfactory in every respect. 
It proved to be reliable under a variety  
of operating conditions.

D ue to hasty construction occasioned  
by the urgency of the program, flumes 
were not always installed w ith requisite 
attention to details of design and con
struction. A djustm ents of dimension  
and alignm ent were necessary at some 
posts. One common difficulty noted  
was that flumes were generally too 
large in proportion to the volume of 
flow handled. This over-design could 
probably be attributed, in m any cases, 
to application of the “ capacity factor” 
in design. W hile underloading of a

p lant could usually  be handled, in  so 
far as treatm ent was concerned, by re
moval of units from  service, th is did 
not apply to flow measurement, since 
duplicate flumes were not provided. As 
a consequence, the water level at the 
throat of m any of the flumes was low  
even during peak flow; this condition  
resulted in a sacrifice of precision of 
flow measurement that could have been 
attained w ith a sm aller flume.

In  typical installations flumes were 
located ahead of prim ary settling  
tanks; w ith this arrangem ent the fo l
low ing design considerations are in 
volved: (i)  elevation of the flume floor 
to be not so high as to cause drowning  
of the trunk sewer to the plant, yet 
not so low as to occasion excessive 
turbulence by a drop toward the flume ;
( ii)  throat to be sufficiently narrow  
to obtain adequate flow regulation  
necessary for precision of measure
ment, yet not so narrow as to cause 
overtopping of flume w alls during peak  
flows or to introduce large velocities 
and accom panying turbulence in the 
tailw ater at the settlin g  tank entrance. 
Tailwater depth should not be greater 
than about % of the headwater depth  
in  order that the flume function  as a 
hydraulic control. On the other hand, 
the tailw ater should not he too low so 
as to cause high velocities at the set
tlin g  basin inlet. The foregoing con
siderations m ay be incorporated in  an 
analysis. The rating equation for the 
Parshall flume may he w ritten  as fo l
lows :

Q = ibh312 (9)

where Q =  instantaneous flow, cfs

h =  head, ft

b =  w idth of throat, ft

Taking in to  account the extrem es of 
flow

1 r O  2/3 —  O  . 2/3 13/2L I Vmax Vmin I /-»rw
o = 7  — i--- ZTJ,  (10)^ L “'max “ min J
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For exam ple, assum e Qmax -r Qmin =  8 , 
^max t̂min 0 . /5  ft

Qmax ' 3 X average daily  flow — 3Qav

T hen su bstitutin g in E quation  (10)

b =  l.OQav

Thus w ith  the foregoing assum ptions 
a 12-in. flume is indicated  for a 1-cfs 
average flow. Other factors such as 
arrangem ent of un its and relative ele
vations m ust also be considered in  
flume design.

V enturi m eters were not w id ely  used  
in sewage treatm ent p lant flow m eas
urem ent, although they gave satisfac
tory service particu larly when installed  
in plant effluent lines. Certain advan
tages accrued to m easuring devices

TABLE 5.— H ourly F low  Study, S ize and Type of P o st

Post Flow
(mgd) D ate Type o£ Station Location

Com
posite
G raph

(1) (2) (3) (4) (5) (6)

C am p Blanding  
C am p Claiborne #1 
C am p Claiborne #2 
Cam p Breckinridge 
Cam p R ucker #1

3.700
4.305
1.309
2.280
1.340

A ug 44  
A ug 44 
Sep 43 
A ug 44  
Jan 44

A G F  D iv isio n a l T raining  
A G F D iv ision a l T raining  
A G F D iv ision a l T rain ing  
A G F D iv isio n a l T raining  
AG F D iv ision a l T raining

F la
La
La
K y
Ala

F ig  6 
F ig 6 
F ig 6 
F ig 6 
F ig 6

Fort Leonard W ood  
Fort George G M eade

2.185
1.235

A ug 44  
Sep 43

A G F D iv isio n a l T raining  
A G F D iv ision a l T raining

M o
M d

F ig  7 
F ig  7

Cam p Carson  
F ort Jackson

2.290
3.560

Jul 44
M ay 44

A G F  D iv isio n a l T raining  
A G F D iv ision a l T raining

C olo  
S C

F ig  8 
Fig 8

F ort H uachuca #1 
F ort H uachuca #2  
C am p Edw ards

0.208
0.636
1.587

Jul 43 
Jan 44 
D ec  43

A G F D iv ision a l T raining  
A G F D iv isio n a l T raining  
A G F D iv isio n a l T rain ing

Ariz
Ariz
M ass

F ig  9 
Fig 9 
Fig 9

C am p Sw ift 
C am p V an D orn

1.672
2.402

Sep 44 
Ju l 43

A G F D iv isio n a l T rain ing  
A G F D iv isio n a l T raining

T ex
M iss

F ig  10 
Fig 10

Cam p A tterbury  
Cam p Butner  
Cam p Forrest 
Cam p P ick ett

2.050
2.337
2.735
2.200

A ug 44 
A ug 44 
Jul 43
D ec  43

A G F  D iv isio n a l T rain ing  
A G F  D iv isio n a l T rain ing  
A G F  D iv isio n a l T rain ing  
A G F  D iv isio n a l T raining

Ind  
N  C 
T enn  
V a

Fig 11 
Fig 11 
F ig  11 
F ig  11

Cam p Philips 1.690 M ar 44 A G F  D iv isio n a l T rain ing K ans F ig  12

W oodrow  W ilson G H 0.140 A ug 44 A SF  G eneral H osp ita l V a F ig  13

Seym our Johnson  F ield  
D rew  F ie ld  
R osw ell A A F

0.855
1.515
0.416

Sep 44 
A ug 44

A A F  T actica l F ie ld  & F ly in g  Trg  
A A F  T actica l F ie ld  & F ly in g  Trg  
A A F T actica l F ie ld  & F ly in g  Trg

N  C 
F la
N  M ex

F ig  14 
F ig  14 
F ig  14

when installed  on the effluent line, 
nam ely less tendency toward clogging  
and less rapid fluctuation in  rate of 
flow from  pum ping and other causes as 
a resu lt of the hydraulic dam ping ef
fect of treatm ent units.

The K ennison nozzle, w hile not used 
in  a large num ber of p lants, proved to 
have decided advantages. Its space 
requirem ents are m odest and the fact 
that it m ay be attached to the end of 
a p ipe or conduit m ade in stallation  pos
sible at a num ber of locations not orig
in ally  equipped for flow measurement.

In  126 p lants at which flow measure
m ent data were investigated , 72 had 
Parshall flum es and the rem aining 54 
were equipped w ith  rectangular flumes 
and weirs. Of the 56 p lants in the
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TABLE 5 (cont.).— H ourly F low  Study, S ize and Type of P ost

Post Flow
(mgd) Date Type of Station Location

Com-
posite
Graph

(1) (2) (3) (4) (5) (6)

Turner AAF  
H ondo AAF  
Enid  A A F  
M arch F ield

0.436
0.560
0.240
0.367

Sep 43  
Jun 43 
M a y  44  
Sep 42

A A F T actica l F ie ld  & F ly in g  Trg  
A A F T actica l F ie ld  & F ly in g  Trg  
A A F T actica l F ie ld  & F ly in g  Trg  
AA F T actica l F ie ld  & F ly in g  Trg

Ga
Tex
Okla
Calif

F ig  15 
F ig  15 
F ig 15 
F ig  15

F ort K nox  
Cam p H ood (South) 
Cam p Cam pbell

2.997
3.160
1.800

A ug 44  
Sep 44  
N o v  43

A G F Arm oured, M echanical 
C avalry  & T ank  D estroyer  

T raining

K y
T ex
K y

F ig  16 
F ig  16 
F ig  16

C am p Fannin
C am p Gordon
C am p R oberts
C am p Joseph T  Robinson
C am p W heeler

1.173
2 .0 2 0
1.923
0.767
1.980

A ug 44  
M ay 43 
O ct 43 
Sep 44 
Aug 44

A G F R eplacem ent Training  
A G F R eplacem ent Training  
A G F R ep lacem ent Training  
A G F R eplacem ent Training  
A G F R eplacem ent Training

T ex
Ga
Calif
Ark
Ga

F ig  17 
F ig 17 
F ig 17 
F ig 17 
F ig 17

F ort Bragg 
Fort Sill

4 .528
2.840

Jul 43
N o v  43

A G F A rtillery T raining & A nti- 
Aircraft Training

N  C 
Okla

F ig  18 
F ig 18

B uck ley  F ield  
K earns A A F

0.878
0.647

Jan 44  
F eb  44

A A F T echnical T raining School 
A A F  R epl T rg & R eel Center

Colo
U tah

F ig  19 
F ig  19

Fort D ix  
Cam p R eynolds

2.911
1.400

Aug 44  
Jun 44

A SF  R eception  Center 
A SF  R eception  Center

N  J 
P a

F ig  20  
F ig  20

B ushnell G H  
D arnall G H  
F itzsim ons G H

0.243
0.107
0.535

Sep 44 
M ar 44  
A ug 44

A SF  General H osp ita l 
A SF G eneral H ospita l 
A SF  General H osp ita l

U tah
K y
Colo

F ig  21 
F ig 21 
F ig  21

Cam p Cooke 1.330 Jan 44 A G F  D iv ision al T raining Calif F ig  22

Savanna Proving Grds 
Cam p M yles Standish

0.284
2.073

Jul 44  
A ug 44

A SF  O rdinance D ep t (housing) 
A SF  S tg  Area & D isch  & R ep l Ctr

111
M ass

F ig  23 
F ig  24

N orth Cam p Polk 0.764 Jan 44 A G F Arm, M  C & T ank D e s t  Trg La F ig  25

complete study group shown in Table 
3, 39 were equipped w ith Parshall 
flumes.

H ourly F low  Variation

Bach p lant upon the survey list that 
was equipped w ith flow recording ap
paratus subm itted a typical chart in
dicating variation in flow throughout 
the day. Considerable differences in 
flow distribution »were m anifest. H ow 
ever, it was possible to distinguish  cer
tain types of distribution by which the 
flow at most p lants could be classified. 
Accordingly, hourly flow data were 
generalized by superim posing distribu

tion curves for individual plants of a 
given type in order to obtain charac
teristic composite curves. The various 
groups from which composite curves 
were form ed are presented in Table 5, 
together w ith pertinent inform ation  
relating to p lant type, size and loca
tion. Certain plants experienced un
usual distributions of flow not amen
able to com positing; (for  example, 
Pigs. 13 and 25) these have been pre
sented to indicate the range of con
ditions observed. A ll curves of hourly  
flow distribution, composite and in d i
vidual, are shown in P igs. 6 to 25. 
These data are based upon average
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F I G U R E  6.— Typical hourly flow varia
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F I G U R E  9.— Typical hourly flow varia
tion. Composite graph of Fort Huachuca 
No. 1, Fort Huachuca No. 2 and C a m p  Ed
wards.

hourly flow s; they do not indicate short 
fluctuations nor instantaneous peaks.

The horizontal tim e axis for com 
posite curves does not in variab ly  cor
respond to tim e of day as indicated  by  
the clock. Differences between solar 
tim e and sidereal tim e, as w ell as d if 
ferences in camp routine, resulted in  
differences am ong posts as to position  
of the flow curve w ith  respect to the

tim e axis. C om positing was accom
p lished  b y  superim posing salient fea
tures of the in d iv idu al curves, such as 
m axim a and m inim a. U su a lly  the 
tim es at w hich the curves crossed the 
axis representing 100 percent of daily  
average flow during the m orning rise, 
were m ade to coincide. This usually  
involved  a sh ift o f on ly  an hour or so 
for perhaps one or two plants in  a
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com positing g ro u p ; in  the rem aining  
plants id en tity  w ith clock-time was 
preserved.

Of the types of hourly flow d istribu
tion exhibited in  F igs. 6 to 25, the fo l
lowing are the m ost common :

(1) M onomodal (F ig s. 13 and 21, 
General H osp ita ls).

(2 ) B im o d a l:
(a) W ith evening maximum

predom inant (F igs. 6 
and 20).

(b) W ith m orning maximum
predom inant (F ig . 24).

(3) Triinodal (F ig . 15, Airfields,
and F igs. 8 and 9 ).
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tion. C om p osite  graph of C am p S w ift  and  
Cam p V an  D orn .
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F I G U R E  12.— T y p ica l hou rly  flow  
variation  at C am p P h ilip s.

F I G U R E  13.— T y p ica l h o u rly  flow  varia
tion  at W o o d ro w  W ilso n  G eneral H o s 
pital.
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F I G U R E  18.— T y p ica l h o u rly  flow  varia 
tion . C om p osite  grap h  of F o r t B r a g g  and  
F o rt S ill.
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F I G U R E  15.— T y p ic a l h o u rly  flow  varia
tion . C o m p o site  grap h  o f T u rn er  A A F , 
H o n d o  A A F , E n id  A A F  and M arch F ield.
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F I G U R E  16.— T y p ica l h o u rly  flow  varia 
t ion . C om p osite  graph  of F o r t K n o x , 
C am p H o o d  (S o u th )  and C am p C am pbell.
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F I G U R E  17.— T y p ic a l h o u rly  flow  varia
tion . C o m p o site  graph  o f  C am p s F annin , 
G ordon , R o b erts, J o se p h  T  R o b in so n  and 
W h eeler .
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F I G U R E  19.— T y p ic a l h o u rly  f lo w  varia- 
tion . C o m p osite  graph  o f B u c k le y  F ie ld
and K ea rn s A A F .
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F I G U R E  20.— T y p ica l h ou rly  flow  varia
tion. C om posite  graph  o f F o r t D ix  and  
Cam p R eyn o ld s.
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F I G U R E  22.— T y p ica l h o u rly  flow  
variation  at C am p C ooke.
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F I G U R E  23.— T y p ica l h ou rly  flow  varia 
tio n  at Savanna P r o v in g  G rounds.

Most flow distributions exhib it a 
greater range of variation than would  
norm ally occur in  towns of comparable 
size. In  five of the distributions shown 
in  F igs. 6 to 25, the n ight m inimum  
fa lls to less than 30 percent of the 
daily average flow; in  eleven d istribu
tions the m orning peak exceeds 160 
percent of the daily  average; in six  
distributions the evening maximum  
exceeds 160 percent of the daily  aver
age ; in seven d istributions the flow at 
m idday fa lls below the daily  average. 
In  about one quarter of the individual

plants, the ratio of range of flow to 
the daily  average flow exceeded 200 
percent.

In  general, the flow distribution re
flected prom ptly the sequence of post 
routine affecting water consumption. 
W hile a variety  of d istributions oc
curred, typica l patterns emerge. N or
m al conditions for airfields are shown  
in  F igs. 14 and 15, and for ground  
force cantonm ents in F igs. 16 and 17. 
In some of the larger posts, such as 
Forts B ragg and S ill (F igu re 18), flow 
distribution approached that of mu-
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F I G U R E  25.— T y p ic a l h o u r ly  flow  
variation  at N o rth  C am p P o lk .

nicipalities w ith respect to uniform ity. 
H ourly flow distribution w ill be con
sidered further in a subsequent section  
in connection w ith the diurnal d istri
bution of BO D and SS loading.

Pumping Stations

A bout one-quarter of the total vo l
ume of sewage at m ilitary installations 
had to be pum ped to treatm ent plants. 
This is probably a somewhat sm aller 
proportion of pum ped sewage than is 
generally necessary for sm all m unici
palities. Posts as a rule were con
structed on sites in accordance with  
overall plans that, among other con
siderations, took into account efficiency 
of the various u tilities. However, 
topographical conditions were not a l
ways favorable. A t F ort D ix, for ex
ample, 13 sewage l if t  stations were re
quired and at F ort Monmouth 10 lift  
stations. A  breakdown of pum ping  
station data is presented in the fo llow 
ing com pilation, a§ based upon in for
m ation from  110 p lants:

N um ber of P lan ts 53 14
P ercent of Sew age P um ped 0 0 -1 0

I t  is seen that in about one-half the 
posts the flow was by grav ity ; and in  
about 10 percent the flow was entirely

pum ped; in the rest various propor
tions of pum ped sewage flow occurred.

The effect of pum ping upon sewage 
treatm ent varied. In  a considerable 
num ber of plants, poorly designed  
pum ping system s brought about vio
lent fluctuations in  the rate of flow. 
W hile certain of these p lants have been 
included in the survey in  order to de
p ict field conditions, none appear in 
studies (F ig s . 6 to 25) that are predi
cated upon precise m easurem ent of 
flow.

Flow Due to Laundry W aste

Volum es of laundry flow experi
enced at n ine posts are presented in 
Table 6, together w ith  other relevant 
data. The volum e of laundry waste 
am ounted to about 5 gcd or about 7 
percent of the tota l sewage flow. This 
figure is in line w ith  a corresponding  
estim ate of 6.5 percent b y  Gehm, based 
upon flow data collected from  four 
sm all m unicipalities.

D espite the fact that laundry waste

11 9 6 4 13
1 0-25  2 5 -5 0  5 0 -7 5  7 5 -1 0 0  100

constituted a relatively  low proportion  
of the overall volum e treated, it  some
tim es occasioned operating difficulties
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Sew
Laundry

Post Date Pop'n
(a)

age
Flow
(mgd)

Hours
Oper
ated

Flow
(mgd)

(b)
Flow
(gcd)

Remarks

(1) (2) (3) (4) (5) (6) (7) (8)

South  Cam p P olk
1 /2 5 /4 5

1 /3 1 /4 5

14,266

13,757

1.44

1.30

16

16

0.155

0.124

10.9

9.0

Fort R iley
1 /2 3 /4 5

2 /2 /4 5

4,340

3,142

0.425

0.454

C ont

C ont

0.110

0.118

— Laundry serves several 
other stations.

Fort Sill
1 /2 3 /4 5

1 /3 1 /4 5

31,399

31,594

2.250

2.100

--- 0.182

0.144

5.8

4.6

Cam p R oberts
1 /1 6 /4 5

1 /2 5 /4 5

25,913

25,631

1.353

1.572

74

7§

0.112

0.121

4.3

4.7

Fort Knox

1 /1 0 /4 5

1 /1 9 /4 5

39,582

39,531

3.83

3.93

16

16

0.036

0.036 —

Officers’ Laundry on ly , 
E .M . Laundry not 
connected to sewer 
system .

Fort Jackson — 53,800 3.21 — 0.220 4.1

Camp Crowder — 32,700 2.06 — 0.139 3.7
Laundry served addi

tional 5,000 popula
tion.

Fort Leonard W ood — 41,400 1.814 — 0.163 3.9

Cam p A tterbury — 21,600 1.77 — 0.124 5.7

(a) M ilitary population— resident and non-resident. (Included POW  in som e cases.)
(b) A ctual reported or com puted  from data  given.

by interfering w ith biochem ical proc
esses. This was to be attributed  
largely to the fact that laundry waste 
was often discharged in  “ s lu g s”  at 
times when treatm ent u n its were a l
ready carrying peak loads.

The problem  was rendered more d if
ficult at a num ber of posts at which 
laundry work was done for several 
nearby installations. The laundry at 
F ort E iley , for exam ple, served several 
other stations and the waste consti
tuted  more than 25 percent of the 
total volum e of flow. A t Camp F or
rest, Tenn., the rate of flow from  the 
laundry varied throughout the day

from  a mere trickle to 450 gpm. The 
laundry was operated 24 hours a day, 
but during the n ight sh ift on ly  one- 
third of the fu ll capacity was utilized. 
A verage flow for day sh ifts was ap
proxim ately 240 gpm  and 120 gpm  
during the n ight shift.

The follow ing com pilation is indica
tive of distribution of laundry flow:

Camp Pop’n
(approx)

Av Flow 
Laundry 

Waste 
(mgd)

Ratio 
Peak to 

Av Flow

A 15,000 0.09 2.3
B 14,000 0.07 3.2
C 56,000 0.30 2.5
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A n approxim ate figure on volum e of 
w aste appears to have been 5 gallons 
per lb of clothes laundered. In  warm  
m onths about 1.2 lb of clothes per 
capita were washed d a ily ; in  w inter  
the am ount dropped to about 0.6 lb.

In  general, laundry w aste consti
tuted  more of a problem  in the sm aller 
installations. However, by January, 
1943, m any of the more flagrant in 
stances of in terference w ith  sewage 
treatm ent had been am eliorated. In  
a num ber of cases adjustm ents were 
made in laundry practice; in  others, 
holding tanks were provided in  order 
to obtain a more uniform  distribution  
of flow to the plant. A t F ort S ill, for 
exam ple, the problem  of d istribution  
was m et b y  installation  of a holding  
basin. In  order to keep the raw sew 
age peak flow w ithin  pum ping capacity  
and to keep the second stage filters 
turning continuously at low loads, a 
holding basin was constructed at the 
laundry to im pound the waste. The 
flow from  the laundry was allowed to 
accum ulate during the day and then  
released over a 6-hr period starting at 
m idnight.

C h a r a c t e r is t ic s  of S e w e ra g e  S y s t e m  
A f f e c t in g  F lo w

The length and slope of the sewers 
carrying sewage to a p lant determ ine 
to a Certain extent the variation of 
flow. The action of the sewerage sys
tem is particu larly im portant w ith  re
spect to fluctuations of duration of the 
order of one hour. The extent to 
which m inor d iscontinuities in  flow en
tering the system  are damped out in  
passage, depends prim arily  upon the 
length and tim e of travel. A  para
m eter providing an approxim ate m eas
ure of the influence of sewers is “ lineal 
f t  of sewers per m gd (average daily  
f lo w ).”  This quantity  is roughly pro
portional to the detention period in  
sewers and, as m ay be seen from  F ig . 
26, reflects the dam ping action.

A  definite reduction in flow vari
ation, as m easured by the ratio of the

range in flow to the d aily  average, is 
observed to occur w ith  high  values of 
the param eter. The scatter of points 
on F ig . 26 is to be attr ibu ted  to the 
fact that the slope factor was not 
taken into account. Q uantitative data 
relatin g  to slope were lacking. It  is 
not expected  that sewers in  sm all cities 
and towns w ould be capable of exert
ing so m arked a reduction in  peak flow. 
The dam ping of the flow was rather 
to be attributed  to the abruptness of 
the m orning rise, w hich takes place 
w ith in  an hour or two—-a range of 
time in which sewer storage effect can 
he appreciable.

A  P«o* qverog« <s (M ax .-M ia .) *  avcragt
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F IG U R E  26.— R e la tio n  betw een length 
o f sewers and v a ria tio n  o f p la n t flow . Data 
are taken fro m  ten ty p ic a l posts. Sewer 
leng ths do n o t inc lude  house connections. 
Curves are d raw n  th ro u g h  g roup  medians.

I t  is to be em phasized that the para
m eter, lineal feet per m gd of flow, does 
not reflect the size of the installation. 
V ery little  correlation betw een the size 
of post and flow fluctuation  was ex
hibited. F igu re 27, w ith  data from 
25 posts, shows a n early  constant aver
age ratio of peak to average flow of 
about 2.0 for a population range of 
about 30 to 1. On F ig . 27, as a matter 
of reference, is included  the relation
ship between peak flow and population  
that is specified for sewer design in 
the E n gin eerin g  M anual. In  view  of 
the dam ping effect o f sewers, it  is to 
be expected that h igher peak flows will 
occur in upstream  portions of sewerage 
system s than at sewage treatm ent 
plants. The difference in the two 
curves of F ig . 27 reflects the influence
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F I G U R E  27.— R ela tio n  b etw een  p ost pop u lation  and variation  o f flow . D a ta  for  low er  
curve are taken  from  tw en ty -fiv e  ty p ica l p o sts  b ased  on flo w  at p lant. C urve is draw n  
through  group  m ed ians. D a ta  for upper curve are taken  from  O C E  E n g in eer in g  M anual, 
for sew er d esign . D ifferen ce  b etw een  cu rves reflects in part the  d am p en in g  effect o f  
sew era g e  sy stem .

of the sewerage system  and, in  part, 
a factor of safety  usual in  conservative 
hydraulic practice.

The reversal of direction in the lower 
curve does not im ply a significant 
trend in the points; it  denotes m erely  
sam pling fluctuations characteristic of 
lim ited data. The method of fitting  
that was employed, in  which the curve 
was drawn through group medians, 
has provided sim ple and objective re
sults. A ccordingly, it has been used 
w ith a num ber of graphs wherein ap
plication of the tedious method of least 
squares appeared to be unwarranted. 
The method does contain an elem ent of 
subjectiv ity  in  subdivision of points 
into groups of arbitrary size. The se
lection of group size, to a lim ited ex
tent, determ ines the trend of the re
su lting curve. This feature, however, 
can be turned to advantage. B y  try 
ing groups of different sizes in  succes
sion, the range in  location of the me
dian curve can be ascertained and an 
idea form ed as to the degree of preci
sion inherent in  the data.

D a ily  F lo w  V ariation

H aving considered the d iurnal d is
tribution  of flow, it is pertinent to take

up the m atter of variation in  flow from  
day to day throughout the week and 
month.

In  F igs. 28 to 33 are presented data 
indicating flow variation at K ingsville  
Field , F ort Jackson and W oodrow W il
son General H ospital for two months 
each. Differences in  the daily  d istri
bution between two months at the same 
plant are a sign of seasonal effects and 
differences in  post routine. D uring  
June, 1944, at K ingsville F ield , for  
exam ple, sewage flow on Sundays fe ll 
below  the m onthly average. D uring  
March, 1943, however, Sunday flow  
som etim es exceeded the m onthly aver
age. D uring both months, the weekly  
m aximum  usually  occurred on W ednes
day, Thursday or Friday.

A t F ort Jackson, Sunday minima 
were pronounced, particu larly during  
the summer months, am ounting to 
about 80 percent of m onthly average 
flow. Maxima occurred usually  on 
M ondays and F ridays. I t  should be 
observed that despite the fact that 
F ort Jackson, a d ivisional train ing  
post, is about ten  tim es larger than  
K ingsville F ield , a sm all naval air sta
tion, it exhibits a variation in daily  
flow during the month that is consider
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F I G U R E  28.— V aria tio n  in  se w a g e  flow  
d urin g  N o v em b er , 1943, at K in g sv ille  
F ie ld .

F I G U R E  29.— V a ria tio n  in se w a g e  flow 
durin g  Ju n e, 1944, at K in g sv ille  Field.

ably larger than the latter. In  m ili
tary  cantonm ents little  correlation was 
shown between size and variab ility  of 
population. In  addition to the marked  
w eekly fluctuation in  population at 
F ort Jackson during A ugust, 1943, a 
downward trend indicating troop  
m ovem ent is evident throughout the 
month. Trends upward and down
ward were common in posts surveyed.

A t W oodrow W ilson General H os
p ita l an extrem e variation in  flow m ay  
be noted. This reflects hospital rou
tine prim arily rather than large popu
lation changes. D uring Sundays the 
staff was largely  inoperative. Large 
fluctuations of flow at th e General H os
p itals were usual and account in  part 
for erratic and substandard perform 
ance som etim es noted.

R elation sh ip  B etw een  W ater  
C onsum ption  and S ew age  

F lo w

On F igs. 34 to 37 are shown the d is
tribution of daily  flow of water and  
sewage at Camp Edw ards during the  
months of M ay and February, 1943. 
W hile the d istributions follow ed the 
same trends, certain differences are 
noted. D uring May, the variation in  
water consum ption was sign ificantly  
greater than in sewage flow. Sewage 
flow did not exh ib it the m arked Sun 

day m inim a of the w ater consumption 
distribution . W ater consum ption was 
relatively  large during the first and 
second weeks and then declined during 
the last h a lf o f the m o n th ; the sewage 
flow, on the other hand, showed a slight 
but persistent increase throughout 
M ay, 1943. In  February, the water 
flow increased throughout the month, 
whereas the average w eekly  sewage 
flow rem ained n early  constant. The 
variation  in rate of flow of the two 
was about the same, however, an ab
norm ally high sew age flow peak oc
curred during the first week of Feb
ruary that had no counterpart on the 
water consum ption d istribution .

A t Camp Edw ards, the sewer system 
com prised about 62,000 f t  of mains, 
120,000 f t  o f branches, and 66,000 ft 
of b u ild ing connections for a total of 
about 47 m iles of sewers. The sewers 
varied from  6 to 24 inches in  diameter. 
G radients were generally  m oderate to 
flat. W hile in filtration  was negligible, 
surface w ater som etim es entered the 
sewer system  through unauthorized re
m oval o f m anhole covers to drain low 
areas.

F igu res 38 and 39 in dicate the vari
ation in  w ater and sewage flow during 
the week at Camp Edwards, as based 
upon a twelve-m onth record. The two 
distributions are quite sim ilar, with
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F I G U R E  30.— V aria tion  in  se w a g e  flow  
during January, 1943, at F o r t Jack son .

F I G U R E  31.— V ariation  in se w a g e  flow  
during A u g u st, 1943, at F o r t Jack son .

F I G U R E  32.

F I G U R E S  32 and 33.— V aria tion  in se w a g e  flow  during M arch and A u g u st, 1944, 
at W o o d r o w  W ilso n  G eneral H o sp ita l.
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F I G U R E  34.— V aria tion  in w ater  c o n 
su m p tion  durin g  M ay , 1943, at C am p E d 
w ards.

F I G U R E  35.— V ariation  in w ater  c o n 
su m p tion  durin g  F eb ru ary , 1943, at C am p  
E d w ard s.

F riday  and Sunday representing the 
maximum and minimum days.

F igures 40 and 41 represent the dis
tribution of flow at Camp Edwards 
over the entire year, as based upon  
m onthly average w ater and sewage 
flow. These curves d isplay a number 
of points of difference, chief of which  
is the discrepancy between water and  
sewage flow during March, 1943. The 
total sewage volum e throughout the 
year am ounted to 86 percent of water 
volume. The 14 percent difference in 
the two volum es was sufficient to ac
count for the fa ir ly  large tem porary  
disparities noted from  tim e to tim e

F I G U R E  36.— V a ria tio n  in  se w a g e  flow  
d u rin g  M ay, 1943, at C am p E dw ards.

F I G U R E  37.— V aria tio n  in  se w a g e  flow  
d u rin g  F eb ru ary , 1943, at C am p E d 
w ards.

between sewage and water flow. 
Changes in tra in in g  schedules, bivou
acking, and sewer flushing, which were 
all more or less in term ittent operations, 
affected the proportion of water enter
ing sanitary sewers.

B O D  and SS in R aw  S ew age

In Table 7 are presented data from  
44 p lants relatin g  to pounds per capita 
of BO D  and SS  in raw sewage. Col
umns (2 ) and (5 ) in  Table 7 give 
mean values as averaged over entire 
period of study. These quantities were 
averaged by w eighting the figures for 
each post according to the total BOD
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F I G U R E  39.

ro' t
2?
co
a
E3n
co
o

Time, days of

F I G U R E  38.

F I G U R E S  38 and 39.— V ariation  in  w ater and se w a g e  flow  during w eek  at Cam p  
E d w ard s. C urves rep resen t a verage da ily  v a lu es for 1943.

F I G U R E  40. F I G U R E  41.

J F M A M J J A S O N D  
Time, months

F I G U R E S  40 and 41.— V aria tion  in w ater and  se w a g e  flow  during 1943 at C am p E d w ard s. 
T o ta l se w a g e  flow  during year w a s 86 p ercen t o f to ta l w ater con su m p tion .



846 SEWAGE WORKS JOURNAL S ep tem b er, 1946

(or S S ) produced. The overall 
w eighted average for BO D  was 0.192 
lh per capita, and for SS  0.154 lb per 
capita. The value for BO D is in ex
cellent agreem ent w ith the expected  
value of 0.20 given by the E ngineering  
M anual. The value of 0.154 for SS, 
however, was considerably sm aller than  
the anticipated  value of 0.27 given in 
the M anual and in  the report of the 
E ngineering Board. I t  is sign ificantly  
lower than values norm ally occurring  
in comparable m unicipalities, A  me
dian value for 23 towns and cities w ith  
sanitary sewers, as reported by K eefer, 
is 0.18 lb per capita. These data, how
ever, give some indication of higher per

capita SS  in concentrated sewage, as 
is  shown in  the follow ing breakdown  
for the 23 p la n ts :

SS (ppm ) 0 -2 0 0  2 0 0 -3 0 0  300-400
N um ber of P lan ts 7 13 3
M edian

(lb /c a p /d a y )  0 .17  0 .18  0.22

From  this tendency, w hich is corrobor
ated by other m unicipal data, it  might 
be inferred that m ilitary  sewage with 
its characteristic high concentration  
would be high in per capita SS. Such 
was not the case, however, and no cor
relation between concentration and 
pounds per capita of suspended solids 
was found. The lack of relationship is

TABLE 7.— B O D  and S S , P oun d s per Capita per D ay  in R aw  S ew a g e

Post

BOD (lb/cap/day) SS (lb/cap/day)

Average Maximum,
Monthly

Minimum,
Monthly Average Maximum,

Monthly
Minimum,
Monthly

(1) (2) (3) (4) (5) (6) (7)

Cam p Cam pbell 0.179 0.226 0.150 0.157 0.201 0.123
C am p Crowder 0.244 0.292 0.213 0.241 0.276 0.210
F itzsim ons G  H 0.217 0.282 0.163 0.137 0.185 0.110

C am p Gordon 0.218 0.270 0.168 0.166 0.203 0.136
G reat L akes (M ain) 0.214 0.279 0.153 — — —
F ort Benj H arrison 0.201 0.301 0.129 0.188 0.351 0.122

Lockbourne A A B 0.215 0.276 0.143 0.157 0.206 0.121
F ort Sheridan 0.190 0.283 0.092 0.198 0.311 0.084
Cam p Sw ift 0.228 0.276 0.165 0.201 0.254 0.160

Turner AAF 0.211 0.290 0.128 0.195 0.335 0.118
F ort Leonard W ood 0.215 0.270 0.176 0.210 0.311 0.159
B oca R aton  A A F 0.103 0.119 0.084 0.099 0.120 0.078

B uck ley  F ield 0.213 0.279 0.154 0.144 0.189 0.112
C am p Callan 0.230 0.280 0.155 0.250 0.274 0.182
C am p Carson 0.180 0.300 0.146 0.144 0.220 0.116

C am p Claiborne #1 0.262 0.398 0.179 0.197 0.329 0.121
Cam p Claiborne #2 0.172 0.261 0.151 0.124 0.163 0.097
D rew  F ie ld 0.186 0.258 0.108 0.186 0.280 0.117

C am p Forrest 0.195 0.374 0.128 0.186 0.412 0.128
F ort Jackson 0 .183 0.212 0.128 0.150 0.198 0.124
F ort K nox 0 .170 0.212 0.115 0.159 0.200 0.109

F ort Bragg 0 .225 0.310 0.178 0.157 0.208 0.124
F ort D ix 0.167 0.239 0.113 0.174 0.250 0.121
K earns A A F 0.198 — ■ 0.250 — —■
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TABLE 7 (con t.) .— B O D  and S S , P oun d s per Capita per D ay  in R aw  S ew age

Post

BOD (lb/cap/day) SS (lb/cap/day)

Average Maximum,
Monthly

Minimum,
M onthly Average Maximum,

Monthly
Minimum,
M onthly

(1) (2) (3) (4) (5) (6) (7)

K eesler A A F 0.148 0.206 0.099 0.213 0.338 0.129
Cam p K ilm er 0.164 — — 0.185 — —
F ort Sill 0.179 0.216 0.135 0.160 0.194 0.113

C am p M yles Standish 0.281 0.398 0.159 0.110 0.162 0.069
Fort Francis E  W arren 0.264 0.386 0.169 0.166 — —
F ort R iley 0.209 0.318 0.138 0.292 0.496 0.191

C am p R oberts 0.178 — — 0.141 .—. —
Cam p Joseph T  R obinson 0.175 0.241 0.144 0.097 0.123 0.071
T opeka A  AB 0.155 — — 0.183 —• —

W illow  G rove 0.137 0.220 0.093 0.182 0.312 0.126
C am p B utner 0.175 0.251 0.144 0.155 0.204 0.108
F ort M onm outh 0.107 — — 0.110 — —

C am p Shelby #2 0.171 ' 0.249 0.086 0.148 0.222 0.082
G reat Lakes (Green B ay) 0.209 0.281 0.142 — — —
C am p B landing 0.086 0.104 0.076 0.139 0.192 0.114

D av isv ille 0.143 0.254 0.107 0.187 0.241 0.139
Cam p F unston 0.185 0.391 0.120 0.216 — —
Seym our Johnson F ield 0.189 0.284 0.144 0.151 0.226 0.109

Cam p Peary 0.260 0.354 0.133 0.209 0.250 0.137
Cam p W heeler 0.190 0.252 0.119 0.131 0.155 0.084

W eighted Average 0.192 — — 0.154 — —
A rithm etic A verage — 0.277 0.138 — 0.245 0.121
Upper Quartile 0.214 — — 0.197 — —
Lower Q uartile 0.171 — — 0.144 — —

indicated in the follow ing com pilation  
for 34 plants at m ilitary installations :

SS (ppm) 0 -2 0 0 200-300 300-400
N um ber of P lants 2 19 11
M edian

(lb /ca p /d a y ) 0.19 0.16 0.185

A sim ilar breakdown for BO D from  
36 plants on the survey list is as fo l
lows :

B O D  (ppm) 200-300 300-400 400-500
N um ber of P lants 11 17 7
M edian (lb /cap /day) 0.20 0.185 0.23

The sem i-interquartile range for 
BO D was 0.022 or about 12 percent of

the average value. H a lf the values 
fe ll w ithin  range 0.172 to 0.214. The 
dispersion of SS is somewhat larger; 
the sem i-interquatrile range is .026 or 
17 percent of the average.

Column (3) gives the amount of 
BOD on a per capita basis for each 
plant during the maximum month of 
the period of study. The figures in 
columns (4 ), (6 ) and (7) were calcu
lated in an analogous way and repre
sent the range of condition experienced  
at each plant. This range runs from  
about 80 percent to 160 percent of the 
medians of BOD and SS.

The variation in BO D and SS ex
hibited in Table 7 may be attributed
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to the follow ing fa c to rs:

(1 ) T rain ing schedules that involved
bivouacking to a significant 
degree.

(2) Laundry wastes, particu larly at
installations that did laundry  
Avork for adjacent posts.

(3 ) Im perfections inherent in evalu
a ting  population, flow and  
concentration.

(4 ) D ifferences in  efficiency of
grease recovery and trap  
m aintenance programs.

L ittle , if  any, correlation between  
BO D and SS was observed. Low values 
of BO D  Avere not necessarily associ
ated w ith Ioav values of SS. The corre
lation diagram  between BO D and SS  
(F igu re 45) exhibits w ide dispersion. 
Of the 42 plants, each represented by  
a point on F igure 45, only 13 have a 
higher SS concentration than BOD.

F igures 42, 43 and 44 are scatter dia
grams showing the relationship exist
ing between BOD and SS at F ort  
Knox, Buckley F ie ld  and Camp Camp
bell. Each point on these graphs rep
resents a m onthly average. A dditional 
pertinent inform ation is presented in  
the follow ing com p ilation :

Moreover, no significant correlation  
w ith BO D could be detected at this 
post. D ata from  m ost p lants, hoAvever, 
accorded more closely w ith  that from  
Buckley, K nox and Campbell. It is 
evident from  F igu res 42 to 45, that 
while BO D  and SS could exhibit good 
correlation in a particu lar plant, little 
relationship  between BO D  and SS Avas 
m anifest for the entire group of plants.

The correlation of BO D w ith SS, 
Avhen considered in connection Avith the 
dispersion of each, had interpretative 
value. In  form ing an estim ate of con
d itions obtain ing at a particu lar m ili
tary installation, the fo llow in g  infer
ences could be m a d e:

(a ) H igh  standard deviations and
fa ir  corre la tion : considerable 
bivouacking, excellent ana
lytica l work.

(b) H igh  standard deviations and
poor corre la tion : considerable 
bivouacking, poor analytical 
work or inadequate sampling.

(c) H igh  or low average values, or
inverse corre la tion : unusual 
conditions operative, post 
atypical.

Correlation Between BOD and S S  in  Pounds per Capita

Arithm etic M ean and S tandard Deviation

Post Flow
(mgd)

Coefficient of

BOD
(lb/cap/day)

SS
(Ib/cap/day)

Correlation* and 
Probable Error

B uck ley 0.907 0 .2 1 4 ± 0 .0 3 2 0.145 ± 0 .0 2 3 0.640  ± 0 .0 9 7
K nox 3.200 0 .1 8 0 ± 0 .0 3 1 0 .1 5 8 ± 0 .0 3 1 0 .2 1 0 ± 0 .1 6 0
R iley 0.504 0 .2 0 6 ± 0 .0 5 9 0 .3 0 0 ± 0 .1 1 7 0.031 ± 0 .2 4 0

* For perfect correlation, coefficient of correlation =  1.0; for perfect inverse correlation, coeffi
cien t of correlation =  — 1.0; if no relationship exists, coefficient o f correlation =  0.0.

Standard deviations reflect moder
ate dispersion of m onthly averages 
about the m ean for the overall period  
of study. Thus, during about %  of 
the m onths the per capita w eight of 
BO D at B uckley F ie ld  fe ll in the range
0.18 to 0.25. A  large variation  in  pro
duction of SS occurred at F ort R iley.

S ew a g e  V o lu m e P er C apita

In  48 p lants, the average volum e of 
sewage am ounted to 74.7 gallons per 
capita daily. This was in reasonable 
agreem ent w ith  an anticipated  amount 
of 70 gcd stated in the E ngineering  
M anual for airfields, camps, canton-
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m ents and troop facilities of the mo
bilization type. E arlier in  the pro
gram, however, per capita flow was 
sign ificantly higher than 70 gcd in  
m any plants.

W a t e r  C o n s e r v a t io n  P r o g r a m

In  Ju ly  1911, it was evident that 
steps to reduce water consumption  
would be necessary not only to save 
water, hut to reduce flow at sewage 
treatm ent plants. H ydraulic engineers 
were retained by each Service Com
mand and provided w ith  water leak 
detection apparatus. As a result of 
surveys of water waste, recommenda
tions were made as to installation of 
urinal flush valves, correction of leaky 
valves and more efficient use of re
frigeration cooling water. A ncillary  
supplies were installed at some posts 
for vehicle and airplane washing. Re
strictions were institu ted  as to water 
use, such as shortening of the tim e for 
shower baths during peak occupancy. 
These modifications brought about a 
notable reduction in water consump
tion. K essler and Norgaard (27) re
ported results in four posts as shown 
in the follow ing table :

M edian Flow for Three-M onth Periods (gcd)

Post
July-Sept,

1941
Oet-Dec,

1941
Jan-M ar,

1942
Apr-June, 

1942

A 119 87 41 40
B 116 — 60 46
C 100 72 78 44
D 50 38 39 40

These d a ta  r e f le c t  t h e  a m o u n t  o f  r e 
d u c t io n  t h a t  c a n  b e  a c c o m p l is h e d , b u t  
a r e  n o t  in  t h e m s e lv e s  s u f f ic ie n t ly  c o m 
p r e h e n s iv e  to  d e l im i t  t h e  c o n s e q u e n c e s  
o f  t h e  o v e r a l l  w a t e r  c o n s e r v a t io n  p r o 
g r a m . C o n s e r v a t io n  w a s  m o s t  e f f e c t iv e  
w h e n  i n i t i a l  c o n s u m p t io n  w a s  h ig h ;  
w it h  m o d e r a te  c o n s u m p t io n ,  e f fe c t s  o f  
w a t e r  c o n s u m p t io n  w e r e  o f t e n  o b s c u r e d  
b y  s e a s o n a l  c h a n g e s ,  b u t  n e v e r t h e le s s  
t h e  s u c c e s s  o f  t h e  p r o g r a m  w a s  m a n i 

fest in  the reduction of flow load at 
the plants.

R e la t io n  B e tw e e n  P o p u la t io n  
a n d  F lo w

It m ay he assumed that the sewage 
flow at a post has two components as 
follow s : ( i)  flow directly proportional 
to population, reflecting water use by 
personnel; and ( ii)  base flow, inde
pendent of population, depending more 
or less upon fixed water-use require
m ents, infiltration, etc. These com 
ponents m ay he expressed m athem ati
cally  in the follow ing equation :

Q = cP +  k (11)
where

Q = flow in gallons per day

P  =  population (actual)

c = constant of proportionality of 
com ponent (i)

k = com ponent (ii), gallons per day

W ith  this assumption, the per capita  
flow m ay be w ritten,

N orm ally it would be expected that 
the com ponent independent of popula
tion would not be high, and that sew
age flow would follow  population  
changes rather closely. Thus, if  the 
fixed flow represented 20 gallons per 
capita of design capacity, Equation  
(12) would become

Q 20
D  =  C +P P

where

actual population  
^ design population

c = 30 to  50 under typical conditions 
in  cantonm ents.

W hile the foregoing analysis held 
approxim ately for most plants, in  
others a rather surprising lack of de
pendence of flow upon population was
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F I G U R E  46.— R ela tio n  b e tw een  p op u la 
tion  and d a ily  flow  per cap ita  at D rew  
F ie ld . E q u a tio n  o f cu rve, g cd  =  1,320,000 4- 
pop u lation .

Popolotion, 1000 Persons

F I G U R E  47.— R ela tio n  b etw een  popula
tion  and d a ily  flo w  per cap ita  at C am p G or
don . E q u a tio n  o f  cu rve, g cd  =  1,800,000 4- 
p op u la tion .

T im e , hour*

F I G U R E  49.— T y p ic a l h o u r ly  variation  
in flow  and B O D . D a ta  rep resen t average  
rate for  each  hour. C o m p o site— F o r t L eon
ard W o o d , C am p C am p b ell, C am p R oberts 
and C am p S w ift.

T im e , hours

F I G U R E  51.— T y p ic a l h o u r ly  variation  
in  flow  and B O D . D a ta  rep resen t a verage  
rate for each  hour. F itz s im o n s  G eneral 
H o sp ita l.

T im e, hour*

F I G U R E  48.— T y p ica l h ou rly  variation  
in flow  and B O D . D a ta  rep resen t average  
rate for each  hour. C om p o site— C am p J o 
seph  T  R ob in son , C am p H o o d  (S o u th )  and  
F o rt S ill.
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F I G U R E  50.— T y p ic a l h o u rly  variation  
in  flow  and B O D . D a ta  rep resen t a verage  
rate for each  hour. C o m p o site— E n id  A A F ,  
L ak e C h arles A A F  and W ill R o g e r s  F ie ld .
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observed. A t Drew F ie ld  and Camp 
Gordon, for exam ple, fixed flow was 
found to be predom inant, and an ex
cellent agreem ent w ith Equation (12) 
obtained if  c was zero. The data for 
these posts are plotted on F igs. 46 and  
47 in which the curves are hyperbolas 
representing Equation (12) w ith  c 
=  0. Both posts were located in the 
southern part of the country, hence 
the data were not obscured by seasonal 
variations in  water consum ption to 
such a degree as occurred in more

northerly plants. The goodness of fit 
obtained clearly indicates a tendency  
for flow at these posts to be constant, 
regardless of population sh ift. Cor
roborating evidence appeared at other 
posts; Greeley and Chase (26) pre
sented data showing a drop in water 
pum page (in  gcd) w ith  increase in  
troop concentration that are in accord 
w ith data of F igs. 46 and 47. A d d i
tional data pertain ing to the inter-re
lationship of population, flow and con
centration are presented in loading and
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F I G U R E  52.— T y p ica l cu m ula tive  h ou rly  
load. F lo w  and B O D , p ou n ds sh o w n  as  
p ercent o f daily  to ta l. C om p osite— Cam p  
Joseph  T  R ob in son , C am p H o o d  (S o u th )  
and F ort Sill.
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F I G U R E  53.— T y p ica l cu m ulative hou rly  
load. F lo w  and B O D , p ounds sh o w n  as 
p ercen t o f  d a ily  to ta l. C om p osite— F ort 
L eonard  W o o d , C am p C am pbell, Cam p  
R ob erts and C am p Sw ift.

F I G U R E  54.— T y p ica l cu m ulative h ou rly  
load . F lo w  and B O D , p ou n ds sh o w n  as  
p ercen t o f  d a ily  to ta l. C om p osite— E nid  
A A F , L ak e C h arles A A F  and W ill R o g ers  
F ie ld .

F I G U R E  55.— T y p ica l cu m u la tive  hou rly  
load. F lo w  and  B O D , p ou n ds sh o w n  as  
percent o f da ily  to ta l. F itz s im o n s G eneral 
H osp ita l.
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perform ance charts (F igs. 73, 74, etc.) 
at num erous representative plants.

H ou rly  V aria tion  in C om p osition  of 
R aw  S ew age

Thirty-two p lants subm itted data in 
dicating flow and concentration (BO D  
and S S ) in raw sewage, as obtained  
from  analyses of sam ples collected  
every hour during typ ica l 24-hr p e
riods. The results were generalized  
by form ing com posite curves (F igures  
48 to 56) for posts of sim ilar type and 
size. F igu re 48 indicates hourly dis
tribution of flow and BO D for repre
sentative ground force installations of 
medium size, F igu re 49 for large posts, 
and F igu re 50 for airfields. Inform a
tion as to size of post, flow, and aver
age raw sewage concentration is given  
in Table 8. BOD and SS have been 
computed upon a weight basis so that 
the daily distribution of organic load 
m ay be ascertained. F igu re 51 de
picts the extreme variation in flow and 
BOD experienced at F itzsim ons Gen-

TABLE 8.— D iu m al D istribution  of Load of Typical P lan ts

Post Pop'n Flow
(mgd)

BOD
(ppm)

SS
(ppm)

Flow 
(% of Average)

BOD
(% of Average lb/hr)

Max
1-hr
Av

Max
16-hr
Av

M ax
4-hr
Av

M in
4-hr
Av

Max
1-hr
Av

Max
16-hr
Av

Max
4-hr
Av

Min
4-hr
Av

(1) (2) (3) (4) (5) (6) (7) (8) (9) (10) (11) (12) (13)

Cam p Cam pbell 
C am p R oberts 
C am p Sw ift 
Fort Leonard W ood

15,900
24,100
21,300
15,000

0.946
1.353
1.175
1.151

442
392
473
273

405
402
365
303

166
180
162
144

126
126
130
126

146
150
151 
136

35
25
20
32

197
216
194
228

134
136 
142
137

181
180
165
168

20
8
5
8

A verage 19,100 1.156 395 369 163 127 146 28 209 137 173 10

C am p H ood (South) 
Cam p J T  R obinson  
F ort Sill

41,000
32,800
31,600

2.079
1.779
2.100

419
359
312

319
285
276

153
141
142

126
120
114

139
156
124

35
41
53

209
207
186

143
137
129

160
175
151

4
8

16

A verage 35,500 2.019 363 293 144 120 140 43 201 136 162 11

L ake Charles A A F  
E nid  A A F  
W ill R ogers F ield

2,040
4,220

0.226
0.190
0.181

314
669
418

262

297

149
139
279

118
118
142

128
123
192

56
51

7

281
186
283

135
130
144

175
164
198

22
22

3

A verage 3,130 0.199 467 280 189 126 148 38 250 136 179 15

F itzsim on s G H 5,415 0.380 419 294 227 137 174 13 277 143 177 3

T im e, hours

F I G U R E  56.— T y p ic a l h o u r ly  variation  
in  S S , p ou n ds. D a ta  rep resen t average rate 
for each  hour. C o m p o site  N o . 1— Camp
J osep h  T  R o b in so n , C am p H o o d  (South) 
and F o r t S ill. C o m p o site  N o . 2— Fort
L eon ard  W o o d , C am p C am p bell, Camp 
R o b erts and C am p S w ift . C om p o site  No. 
3— E n id  A A F , L ak e C h arles A A F  and W ill 
R o g e r s  F ie ld . C urve N o . 4— F itzsim ons
G eneral H o sp ita l.
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eral H ospital. F igures 52 to 55 pre
sent tlie data of the previous graphs 
calculated on a cum ulative basis in 
the form of mass diagrams. This kind 
of plot is particularly useful in ex
hibiting the lag  of the organic load 
behind the flow.

The graphs display in a striking- 
way the rapid increase in flow and 
BOD during the morning. In all posts 
the distribution curve of BO D in 
pounds was observed to “ ou tsw in g”  
that of the flow. The bulk of organic 
load was applied in a significantly  
shorter time than was the peak volu
m etric load. A n analysis of the data 
of Figures 48 to 56 is presented in  
Table 8. The maximum 1-hr average 
flow varies from 144 percent of the 
daily average flow in the large posts 
to 189 percent in  a sm all air force in 
stallations. Sim ilar trends m ay be 
noted in the maximum 4-hr and 16-hr 
flows and in the minimum 4-hr flow. 
The small plants experienced a mark
edly greater concentration of diurnal 
load. In the fo llow ing com pilation, re
sults are compared with design expec
tation as set forth in the E ngineering  
Manual.

Flow, Percent of Average Daily Flow

Max
1-hr

Max
4-hr

Max
16-hr

Min
4-hr

Large P osts 144 140 120 43
M edial P osts 163 146 127 28
Sm all P osts (airfields) 189 148 126 38
General H ospital 227 174 137 13
Engineering M anual — 175 125 40

W ith respect to the maximum 4-hr 
flow, the design figure of 175 percent 
is seen to have been somewhat con
servative. In  a number of plants, how
ever, the hourly flow distributions dur
ing a substantial proportion of days 
were so non-uniform  as to closely ap
proach the design criterion pertain ing  
to maximum  4-hr flow. This criterion, 
it should be observed, was conceived 
prim arily as a guide for designing

units in which adequate detention pe
riod was essential. The maximum 16- 
hr flows experienced were about in 
line with design expectation. Minimum
4-hr average flows in m any posts, how
ever, fe ll below 40 percent of the daily  
average. In  a number of plants, an
aerobic conditions in settling tanks de
veloped as a result of low n ight flow 
and, because of effects concom itant 
w ith septicity, rem edial measures had 
to be taken.

The non-uniform ity of flow and or
ganic load distribution has been ana
lyzed w ith respect to the minimum  
time required for various portions of 
the daily  average load to arrive at the 
plant. The results, which are pre
sented in  Table 8a, were calculated  
from the steep portions of the mass 
diagrams (F igures 52 to 55). One- 
quarter of the total BOD load (in  
pounds) arrived in  only 3 to 4 hr; 
three-quarters arrived in 11 to 13 hr. 
Suspended solids loading exhibited a 
significantly greater concentration than  
that of BOD in most of the smaller 
p la n ts ; in larger installations, however, 
the distributions were quite similar. 
From Table 8a it is seen that 10 percent 
of the total daily flow at small plants 
arrived in a little  over an hour. H alf  
the total volum etric load was applied  
in tim es varying from  6 to 10 hr, de
pending upon the size of the post.

The characteristic rapid rate of flow 
increase in the m orning m ay be quan
titatively  stated in terms of the m axi
mum hourly rate of increase of flow 
(gcd ). W ith  a daily average of 70 
gcd, the follow ing flow accelerations 
were ty p ic a l:

Hourly Rate of 
Increase in Flow 

(gcd/hr)
Large posts 45
M edial posts 50
Sm all posts (airfields) 77
General hospital 78

The increase in  flow during the early  
m orning hours was so rapid that a
series of traveling waves was created
in the sewer system. W ave velocities
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Minimum Time of Arrival of Various Proportions of Total Daily Flow, BOD and SS Load (hr)

Per
cent

of
Load

Curve 1 (a) Curve 2 (b) Curve 3 (c) Curve 4 (d)

Flow BOD SS Flow BOD SS Flow BOD SS- Flow BOD SS

g ) (2) (3) (4). (5) (6) (7) (8) (9) (10) (11) (12) (13)

10 1.8 1.3 1.4 1.5 1.3 1.4 1.2 1.2 0.9 1.1 0.9 1.2
25 5.0 4.0 3.7 4.5 3.5 3.6 4.2 4.4 2.7 3.5 3.2 3.0
50 10.4 8.2 7.6 9.3 8.0 8.2 8.8 7.6 6.6 6.1 5.8 6.3
75 14.3 12.6 11.6 14.2 12.5 12.7 14.0 11.5 10.0 13.8 10.5 10.8
90 21.5 15.8 14.7 17.8 16.0 15.7 18.5 16.0 14.0 16.8 14.2 13.9

(a) C am p C am pbell, C am p R oberts, C am p Sw ift & F ort Leonard W ood.
(b) C am p H ood  (South), C am p J T  R obinson  & F ort Sill.
(c) Lake Charles A A F, E n id  A A F & W ill Rogers F ield.
(d) F itzsim ons G eneral H ospital.

in general exceeded the mean velocity  
of flow, consequently a flow increase at 
the p lant was experienced before the 
first significant increase in organic load 
became m anifest. The first part of the 
new flow was relatively weak sewage; 
significant BO D increase occurred 
about an hour after flow increase.

C o e ff ic ie n t of V a r ia t io n  of L o a d

The various ways of expressing the 
non-uniform ity of flow distribution  
heretofore discussed are all u sefu l only  
in connection w ith particular phases 
of design. M aximum 4-hr flow, for 
example, is an essential factor in  pro
vid ing for adequate detention period; 
maximum 16-hr flow m ust be consid
ered in design of sludge hoppers, scum  
pits and other units that are operated  
on a day-to-day schedule. Each of these 
measures, however, pertains only to a 
particular aspect of the overall load  
distribution. None of them com pletely  
characterizes the diurnal variation, 
since each is calculated upon a fixed 
time base that bears no especial rela
tion to camp routine.

It  is w orthw hile to introduce another 
measure of load variation that is based 
upon all 24 hours of record at a plant, 
and therefore is  representative of the 
flow distribution as a whole. The co
efficient of variation, Cv, which is popu
lar am ong statisticians, is suited to the

purpose at hand. It  is calculated in 
accordance w ith  the fo llow ing equa
tion :

C.2 = (X, -  100)2 (13)
¿=1

where

X  =  the flow (or B O D ), expressed as 
a percentage of the d aily  average;

Cv = coefficient of variation, expressed 
as a percentage of the m ean daily 
flow.

It is evident from  E quation  (13) 
that the more non-uniform  the flow, 
the greater the value of Cv. O nly for 
the case of a uniform  (rectangular) 
distribution does C0 become zero.

In  order to im plem ent the interpre
tative value of the coefficient o f varia
tion the fo llow in g  idealized load dis
tributions, w ith  corresponding values 
of C,„ are presented:

I. T riangular F low  D istribution  :
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M axim um  C„ w hen a = 100,

C„ =  57.7 %

II. Sinusoidal P low  D istribution  :

C =  —
’ V2

M axim um  Cv when a = 100,

Cv = 70.7%

Results reported in subsequent sec
tions indicate that the effect of di
urnal load variation upon p lant per
formance was marked. Load distribu
tion accordingly becomes a prim ary  
design consideration. V alues of the 
coefficient of variation for flow and 
BOD (pounds) represented in F igs. 
48 and 51 are given in the follow ing  
table :

Coefficient of
Variation as
Percent of

Figure Daily Average

Flow BOD

Large posts 49 31 57
M edial posts 48 40 58
Sm all posts (airfields) 50 40 62
General hospital 51 66 80

The more pronounced variation in 
daily load at sm aller installations is 
quantitatively expressed in the fore
going table; also the relative non-uni
form ity of BOD as compared w ith flow 
is indicated.

Presum ing that normal * frequency  
distribution of loading occurs, the fo l
lowing interpretation regarding C„ 
may be made— about two-tbirds of the

* In the  sta tistica l sense.

tim e the flow (or B O D ) lies w ithin  the 
range (1 0 0 -0 ,)  to ( 1 0 0 + 0 , ) .

E q u iva len t P opu lation

The proportion of the total load ar
riving at the p lant between 10 a .m .  

and 6 p . m . !  provides a basis for esti
m ating the sewage contribution of non
resident population, which, for design  
purposes (in  the Engineering M anual) 
was taken as one-third relative to resi
dent population. The proportion of 
load arriving between 10 a .m .  and 6 
p .m . ,  for various sized plants as calcu
lated from  F igs. 52 to 55, is presented  
in the follow ing com pilation :

Percent of Daily Load 
Arriving between 

1 0 a m  and 6 p m

Flow BOD
Large p lants 36 44
M edial p lants 40 43
Sm all p lants (airfields) 47 51
General hospital 49 56

These data would indicate that the 
flow factor of one-third for personnel 
working on the daytim e 8-hr sh ift is 
somewhat low. W hile it is probable 
that the assum ptions underlying the 
foregoing analysis tend to result in  an 
over-estim ation of the contribution of 
non-resident population, it is fa irly  
certain that a flow factor of one-third  
for eight working hours cannot be re
garded as entirely conservative in 
sm aller posts. The E ngineering  
M anual indicated an allowance for 
BOD and SS for personnel on an 8-hr 
sh ift equivalent to one-half that of 
resident personnel. The foregoing  
table indicates that this allowance was 
somewhat high, particularly in  medium  
sized and larger plants.

The figures in  the com pilation are 
of course somewhat higher than they  
would have been if  non-resident per
sonnel were excluded. A s shown in  
Table 3a, non-resident population aver
aged about one-sixth of the total.

t These tim es fo llow  from  the assum ption  
that sew age would require approxim ately an 
hour in passage through sewers to the trea t
m ent plant.
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Consequently a more precise estim ate 
of the contribution of non-resident 
population may be obtained by reduc
ing the figures in the foregoing com
pilation  by about 17 percent.

The follow ing factors for estim ation  
of equivalent population appear to be 
indicated :

Size of Post Flow BOD
G reater than  5,000 8 /2 4 9 /2 4
5,000 to  15,000 9/24. 9 /2 4
L ess than  5,000 1 0 /24 12 /2 4

A verage 9 /2 4 10 /2 4

Influence of L en g th  of S am pling  
P eriod

The data shown in  F igs. 48 to 56 
make possible an evaluation of errors 
inherent in com positing periods less 
than 24 hours that come as a result of 
non-uniform ity of flow. Thus a com
posite of eight samples collected every  
hour starting, say, at 8 a .m .  would  
ordinarily be more concentrated than if  
the com positing period had extended  
over a 24-hr period. A nalysis of the 
flow and organic load distribution for

17 p lants y ielded  the fo llow ing aver
age results for raw sewage BOD 
(w eigh t) when short sam pling periods 
were u tiliz e d :

Sampling Period
Duration

(hr)

Percent of 
24-hr Average 

Weight of 
BOD

8 :0 0  a m  t o  4 :0 0  p m 8 144*
8  :0 0  a m  t o  8 : 0 0  p m 1 2 140
8 : 0 0  a m  t o  1 2 : 0 0  p m 16 135
8  :0 0  a m  t o  8 : 0 0  a m 24 1 0 0

* Interpretation  : E valu ation  of the total 
daily  load of B O D  (pounds) in raw sewage 
based upon a com posite sam ple formed of 
hourly increm ents betw een  8:00 am  and 4:00 
pm would be too  high b y  a factor of 44 percent.

The foregoing table pertains to re
sults when the com posite sample is 
form ed by hourly increm ents, the vol
umes of which are proportioned in ac
cordance w ith rate of flow. In some 
plants (not included on the survey 
lis t) it  was the practice to sample with 
hourly increm ents of constant volume 
w ithout regard to flow. This proced
ure, while sim ple, does of course en
ta il some error, as shown in Table 8b, 
which presents results of tests at 18 
plants.

TABLE 8b .— Com parison of Sam ples of R aw  S ew age B O D  C om posited  
Proportional to F low  and by Equal P ortions

Post Flow
(mgd)

BOD, 
24-Hr Av 
by Equal 
Portions 

(ppm)

BOD, 
24-Hr Av 
by Flow 

(ppm)

Percent
Difference

Cam p Cam pbell 0.946 406 443 -  8.3
Lake Charles A A F 0.226 281 314 - 1 0 . 5
E nid  A A F 0.190 622 669 -  7.0
Cam p Fannin 0.571 355 409 - 1 3 .2
F itzsim ons Gen H osp 0.380 348 419 - 1 6 .9
South  Cam p H ood 2.079 352 419 - 1 5 .8
Fort K nox 3.832 196 213 -  8.0
Fort M onm outh 0.542 224 248 -  9.7
Cam p R oberts 1.353 348 392 - 1 1 .2
Cam p J T  R obinson 1.779 314 359 - 1 2 .5
Fort Sheri den 0.490 457 480 -  4.8
Fort Sill 2.100 291 312 -  6.7
Cam p M yles Standi sh 1.350 425 477 - 1 0 .8
Cam p Sw ift 1.175 399 473 - 1 5 .6
F ort F  E  W arren 0.397 437 529 - 1 7 .3
W ill R ogers F ield 0.181 368 417 - 1 1 .8
Cam p W ood 0.136 372 404 -  7.8
Fort, Leonard W ood 1.151 240 273 - 1 2 .1

• A v =  11.1%
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It is seen that sam pling bj' equal 
portions result in  an estim te of BOD  
concentration that averages about 11 
per cent too low. Such an undervalua
tion is a consequence of including a 
disproportionately large amount of 
weak n igh t sewage that dilutes the 
composite too much. It is pertinent to 
note that the greatest disparities be
tween the two m ethods of sam pling  
were not always confined to sm all posts. 
At Forts S ill and W arren, for instance, 
an error greater than 15 percent in 
evaluation of raw sewage BOD would 
have resulted, if  it had been the prac
tice at these posts to form composite 
samples from  equal portions of sewage. 
However, w ith  sam ples com posited in 
proportion to flow, 8-hr sam pling in 
small plants was found to introduce an 
appreciably greater error than was 
noted for a corresponding sam pling  
period in large plants. A  comparison 
of the effect of different sam pling pe
riods in plants of various sizes is shown ' 
in the follow ing ta b le :

Percent of 24-hr Aver
age BOD (Weight)

Sampling Period
0 to 
0.5 

mgd

0.5 to 
1.0 

mgd

1.0 to 
2.0 

mgd

2.0 to 
4.0 

mgd

8 :0 0  a m  to 4 :0 0  p m 162 149 142 127
8 :0 0  a m  to 8 :0 0  p m 150 146 139 128
8 :0 0  a m  to  1 2 :0 0  p m 134 136 137 138

The foregoing discussion pertains to 
influence of sam pling periods upon  
evaluation of BO D of raw sewage. In 
sufficient data were available to make a 
corresponding analysis for the other 
usual sam pling points, such as final

effluent. D ata reported by Caster and 
H am ilton, based upon tests at F ort 
Knox, are indicative of the influence 
of sam pling period upon evaluation of 
plant performance. R esults in  ppm, 
are as fo llo w s:

Sampling Period
Av

Flow
(mgd)

Raw
Sewage

Plant
Effluent

BOD SS BOD SS

8 :0 0  a m  to 4 :0 0  p m 4 .71 378 376 31 4 2
8 :0 0  a m  to 1 2 :0 0  p m 4.81 334 337 38 44
8 :00 a m  to 8 :0 0  a m 4 .03 2 68 286 35 46

The BO D results on raw sewage for 
the 8-hr period were 41 percent higher 
than for the 24-hr period; the SS were 
32 percent higher. On final effluent 
the 8-hr period BOD results were 12.5 
percent lower than for the 24-hr pe
riod and the SS were 9 percent lower. 
I t  is evident therefore that short samp
lin g  periods have the effect of exagger
ating p lant performance, not only from  
over-estim ation of raw sewage strength  
but also from  under-estim ation of final 
effluent concentration. The latter ef
fect, however, was relatively a minor 
one at Fort K nox since recirculation  
operated to m aintain the final effluent 
at a fa irly  uniform  strength through
out the day.

An investigation sim ilar to the one 
made at Fort K nox was carried out on 
June 17, 1944 at Camp M yles Standish  
by Snell and D onnelly. The 24-hr com
posite sampled in proportion to flow 
gave a BO D of 670 ppm and SS of 207 
p p m ; results in ppm for other sam pling  
procedures are given in the follow ing  
ta b le :

Sampling Period
Raw Sewage P lan t Effluent

BOD SS BOD SS

8 :0 0  a m  to  4 :0 0  p m  ( e v e ry  h r ) 782 355 57 26
6 :0 0  a m  t o  6 :0 0  p m  ( e v e ry  h r ) 703 295 58 27
8 :0 0  a m  t o  8 :0 0  a m  ( e v e ry  2  h rs ) 4 92 165 59 26
8 :0 0  a m  t o  8 :0 0  a m  ( e v e ry  h r ) 670 207 65 26
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lu  this table, the figures pertain  to 
sam ples com posited in proportion to 
flow. Effluent concentration at M yles 
Standish tended to be fa ir ly  uniform  
as a result o f rather heavy recircula
tion. D espite this circum stance, analy
sis indicates that a substantial discrep
ancy obtained between the 8-hr and 
24-hr sam pling periods.

The hourly data for the various 
p lants were exam ined to ascertain  
whether any short sam pling procedure 
could be devised that would give re
sults more nearly in accord w ith  the 
24-hr com positing period. However, 
the flow was so variable during the day, 
and from  day to day at m ilitary  in stal
lations, that no consistently successful 
short procedure could be found.

In  addition to short period com posit
ing, other sam pling practices were noted  
at various plants that tended to give 
a distorted representation of loading  
and performance. These m ay be listed  
as follow s: (1) form ation of com posites 
at prim ary effluent (and filter effluent) 
in proportion to sewage flow instead  
of sewage plus recirculated flow; (2)  
neglecting the collection of composite 
samples of recirculated flow. It  was the 
tacit assum ption that the average con
centration of, say, recirculated second
ary settlin g  tank effluent would be the 
same as the average concentration of 
the secondary tank effluent. This is 
an erroneous assum ption, however, for 
in order to obtain a correct evaluation

of the average concentration of recir
culated flow, it  is necessary to form a 
composite sam ple in  proportion to re
circulated flow, not sewage flow. An 
analysis of the errors entailed  in the 
foregoing practices indicated that the 
first (1 ) was of the order of 2 to 5 
percent, w hile the second (2 ) was of 
the order of 6 to 12 percent. The first 
(1 ) was not often  encountered, where
as the second (2 ) was alm ost universal.

G r e a s e  in  R a w  S e w a g e

In  Table 9 are shown results of 
grease analyses in  raw sewage at seven 
representative p lants. The concentra
tion of ether soluble m atter is seen to 
vary from  33 to 255 ppm — a variation 
of about 8 to 1. Occasional peak con
centrations noted in grab samples ran 
as high as 1.000 ppm. The low of 33 
ppm at Camp K ilm er resulted from a 
high flow during the tim e of sampling 
of 155 gcd due to infiltration of ground 

• water. The average concentration for 
the seven p lants was 164 ppm, and the 
median was 151 ppm. On a per capita 
basis, values ranged from  0.043 to 0.139 
lb d aily ; the m ean value was .08 lb/ 
cap /d ay . This value is in  excellent 
agreem ent w ith the value of 0.09 lb / 
cap /d ay  of ether soluble m aterial used 
as a design criterion.

V ariations in  am ounts of grease in 
sewage at different posts were substan
tial, reflecting differences in  efficacy of 
grease recovery programs and trap

TABLE 9.— G rease in R aw  S ew age

Post
Number

of
Analyses

Average
Pop’n

Average
Flow

(mgd)

Grease

ppm (a) lb/capita/day

(1) (2) (3) (4) (5) (6)

C am p B landing 18(b) 41,950 2.38 155 0.074
C am p C am pbell 37 40,600 2.16 160 0.071
F ort D ix 5 52,100 3.39 255 0.139
F ort Jackson 3 45,400 3.08 137 0.078
C am p K ilm er 2 15,100 2.35 33 0.043
F ort K nox 14(b) 46,500 3.31 127 0.075
Fort M onm outh 44 19,200 0.66 151 0.043

(a) W eighted. (b) M on th ly  com posites.
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m aintenance. Grease retention char
acteristics of sewerage system s also 
were a factor ; grease adhering to sewer 
walls would, at some posts, slough off 
at irregular intervals and enter treat
ment units in s lu g s .”

Excessive am ounts of grease in raw  
sewage caused operating difficulties at 
a number of plants, particularly in the 
early part of the war. Tests by the 
W ater and Sewer U nit of the Repairs 
and U tilities Branch indicated that 
grease traps outside mess halls, which 
were designed by the E ngineering  
Branch and R & U, were not satis
factory. In  addition, it was found that 
they were not cleaned properly and 
were in general insanitary. Cast-iron 
traps in kitchen sinks had unsatisfac
tory hydraulic characteristics ; they  
accumulated grease and discharged it 
in a concentrated load to the sewer. 
H igh peak discharges from sinks were 
reduced by installation  of cast-iron 
cleanout control type tees (one per 
sink) at the end of the drain pipes. 
This appurtenance successfully ironed 
out flow fluctuations, yet still perm itted  
of reasonable tim es of discharge.

A  grease trap testing program at 
the U niversity  of Iowa resulted in de
velopm ent of a recommended cast-iron 
trap of 25 gpm flow rate, w ith 50 lb 
of grease retention capacity at 90 per
cent efficiency. Later this model, 
which was installed  at m any posts, was 
made of ceramic m aterial in order to 
conserve critical m aterial. H ydraulic  
characteristics, however, w ere not 
changed.

A  num ber of reasons are advanced  
to explain the high grease content so 
characteristic of m ilitary sewage. In  
part, the large am ounts of grease may  
be attributed  to consum ption of more 
meat by a male population in a p hysi
cally rigorous mode of life . Many  
fried  foods were eaten; a fryer was 
standard equipm ent in each kitchen. 
These circum stances were conducive to 
high grease concentration in dishwater. 
A nother factor was the use of a con

siderable quantity of soap per capita. 
The physical nature of the train ing  
activities, together w ith the stress 
placed upon cleanliness, resulted in a 
substantia lly  greater num ber of shower 
baths per capita daily  than is usual in  
a civilian  population. Sodium  and cal
cium stearate and other substances 
characteristic of shower effluent col
lected on prim ary treatm ent units, 
form ing a scum of spent lather mixed  
w ith grease. A t the hydrogen-ion con
centrations prevalent, some hydrolysis  
of waste soap occurred that resulted in 
the form ation of ether-soluble deriva
tives of fa tty  acids. Consequently 
high values obtained in  the usual 
grease determ ination stemmed in  part 
from high soap consumption. Large 
laundries that were installed  at various 
cantonm ents contributed substantial 
quantities of grease in  laundry waste 
as w ell as spent soap.

Part of the grease in m ilitary sew
age came from  airplane and auto serv
ice shops. W ashing and cleaning ac
tivities, particu larly w ith gasoline, re
sulted in the carrying of grease and oil 
into sewage. A t a num ber of posts 
wash racks had to be disconnected  
from  the sanitary sewer system.

A n investigation of the grease re
m oval efficiency of various devices has 
been reported by E liassen and Schul- 
hoff (4 7 ). A  paper discussing meas
ures taken to reduce grease load at 
and near the source has been presented  
by McCaskey and Verm ette (50 ).

Establishm ent of the grease recovery  
program  by the Salvage Branch of the 
Office of the Quartermaster General 
was a significant factor in the eventual 
reduction of grease content in  sewage 
at m any posts. The Salvage Branch  
collected approxim ately six million  
pounds of grease each month. This in 
cluded interceptor grease as w ell as 
fry in g  fats and other kitchen wastes.

C om position  of M ilitary S ew age

An investigation  of characteristics of 
raw sewage at Sheppard F ield , Texas,
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TABLE 9a.— C haracteristics of R aw  S ew age at Sheppard F ie ld , T e x a s
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w 
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1 /2 6 /4 3 T ue 422 504 116 1,488 666 984 168 45 375 8.2 310 31,347 1.30
1 /2 7 /4 3 W ed 520 356 — 1,368 736 1,012 285 50 350 8.1 455 32,086 1.33
1 /2 8 /4 3 T hur 397 — — 1,568 796 1,264 220 56 340 8.5 450 32,685 1.35
1 /2 9 /4 3 Fri 522 304 20 1,524 612 1,220 215 32 310 8.1 450 33,127 1.41
1 /3 0 /4 3 Sat 439 384 60 1,540 688 1,156 310 — 370 8.3 390 37,711 1.35
1 /3 1 /4 3 Sun 539 352 48 1,572 796 1,220 260 46 380 8.2 370 35,016 1.21
2 /1 /4 3 M on 403 380 48 1,416 804 1,036 290 58 360 8.2 330 36,392 1.38
2 /2 /4 3 T ue 562 384 56 1,732 1,036 1,348 340 52 310 8.0 360 36,837 1.38

A verage 476 380 60 1,526 767 1,152 274 48 350 8.2 389 34,400 1.34

* C alcu lated  from  to ta l solids and suspended solids.

by Cox and F ix  gave results as pre
sented in  Table 9a. Each of the fig
ures represent the result obtained from  
a 24-hr com posite sam ple made up of 
increm ents proportioned according to 
flow and stored in  a refrigerator. No 
nitrates, n itrites nor dissolved oxygen  
were present in  the raw sewage. D is
solved oxygen tests were made hourly  
on grab samples. Gooch crucibles were 
used for all tests except on the first day 
when alunclum crucibles were used. 
Am m onia n itrogen was obtained by  
direct N esslerization n itrate was de
term ined by the reduction method. 
Bicarbonate dilution  water was used in  
the BO D tests.

BO D  to oxygen consum ed at Sheppard 
F ie ld  w as 1.7. This is  a considerably 
lower ratio than is usual in  municipal 
sewage where it is o f the magnitude 
of 2.5 to 3.0. The ratio of BOD to 
am m onia-nitrogen at Sheppard Field  
was about 10. In  a group of 14 repre
sentative m ilitary posts th is ratio was 
about 13. In  th is respect m ilitary  sew
age appears not to differ m aterially  
from  m unicipal sewage in cities with 
separate sew ers; there the ratio of 
BO D to am monia is o f the order of 10.

Three grab sam ples collected at Fort 
Meade were analyzed at the W ashing
ton, D. C. sewage treatm ent plant. Re
su lts are given in the fo llow ing table:

D ate Time

BOD
(ppm) SS

(ppm)
Fats

(ppm)
NHi-N
(ppm)

Fe
(ppm)

Total
Solids
(ppm)

5-Day 20-Day

4 /9 /4 5 12:45 p.m . 490 714 266 153 35 0.1 702
4 /1 9 /4 5 9:10 a .m . 610 1168 558 165 60 2.8 876
4 /2 3 /4 5 8:45 a .m . 488 1128 548 — 68 1.9 900

The low per capita flow at Sheppard  
F ie ld  was the result of the w ater con
servation program , replacem ent of au
tomatic flush valves with m anual flush 
valves on urinals, and water d iscipline  
train ing bj- the Arm y. The ratio of

A  com posite sam ple of sewage col
lected at F loyd  B enn ett F ie ld , U SN A S, 
on A pril 17-18, 1944, and tested  by the 
N ew York State D epartm ent of Health, 
gave results as fo llo w s: color, 3 ; odor, 
3; turbid ity , 450 ppm ; N H 3N, 18 ppm ;
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organic nitrogen, 24 p p m ; oxygen con
sumed, 288 ppm ; BO D, 292 p p m ; chlo
rides, 140 ppm ; alkalin ity, 252 ppm ; 
pH , 7.4; grease, 106 ppm ; total solids, 
815 ppm ; fixed  solids, 482 ppm ; dis
solved solids, 575 p p m ; suspended sol
ids, 240 p p m ; and fixed suspended  
solids, 46 ppm.

The physical condition of the solids 
in m ilitary sewage, as based upon the 
tests at Sheppard F ie ld  and F loyd  
Bennett F ield , are compared in the fo l
lowing table with average m unicipal 
sewage as estim ated by M etcalf and  
E d d y :

to be attributed in part to differences 
in com position of water supply.

pH  of R aw  S ew age

A t 22 plants the pH  in the raw sew
age ranged from  7.0 to 8.6 as based 
upon values averaged over the entire 
period of study. The median value 
was 7.4.

The pH  of the water supply of 50 
posts ranged from  6.4 to 9.2, w ith an 
average value of 7.6.

D ata pertaining to raw sewage char
acteristics, as measured by the usual 
determ inations, are presented in sub
sequent sections in connection with de-

Proportion of Suspended, Dissolved, Fixed and Volatile Constituents *

Sheppard Floyd Bennett Average
Field Field Municipal

Total S o lid s ...................................................................... 1,000 1,000 1,000
Suspended S o lid s....................................................... 250 290 370

Fixed Suspended S o lid s .................................... 40 55 120
V olatile  Suspended S o lid s ................................ 210 235 250

D isso lved  S o lid s ........................................................ 750 710 630
F ixed  D isso lved  S o lid s ...................................... 460 170 370
V olatile D isso lved  S o lid s .................................. 290 540 240

F ixed  S o lid s ................................................................ 500 225 500

V olatile  S o lid s ............................................................ 500 775 500

* R ela tive  to  a total solids value of 1,000.

A  striking difference is noted in the 
proportion of fixed solids (m ineral con
tent) in the two m ilitary sam ples as 
compared with the m unicipal. Raw  
m ilitary sludge on the basis of these 
data would be expected to have a much 
higher volatile content that would a f
fect its settling qualities. Other differ
ences in the table are n o ted ; these are

tailed  analyses of perform ance of in d i
vidual plants.

L aundry W a ste  A n alysis

A nalytical data on laundry waste of 
Camp Forrest during the fall of 1943, 
as based upon 27 determ inations made 
on composited samples, are presented  
in the follow ing ta b le :

pH Alkalinity ss BOD Total Fats

A v Cam p Forrest 9.2 227 356 459 250*
M ax Cam p Forrest 9.7 278 556 695 484*
M in C am p Forrest 8.7 178 200 277 144*
Com m ercial Laundrys 10.3 511 1,860 554

* A pproxim ately 10% free fats and remainder fa tty  acids.
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A verage laundry flow at Camp F or
rest at the period under consideration  
w as about 0.20 m gd. The laundry  
used each day approxim ately 350 lb 
of alkali, 500 lb of laundry soap and 
variable am ounts of starch, sour, 
bleach and b luing.

For purposes of comparison, results 
for com m ercial laundry in m unicipali
ties as reported by Gehm have been in 
cluded in the foregoing table. These 
figures, which are average values for  
three com m ercial establishm ents, in d i
cate a much stronger waste than oc
curred at Camp Forrest.

B O D  C haracteristics of R aw  S ew age
In F igu res 57 to 65 are shown curves 

indicating the cum ulative biochem ical 
oxygen dem and exerted by raw sewage 
grab sam ples at various plants. The 
curves represent the unim olecular  
equation for the first stage of biochem i
cal oxidation. The nitrification stage, 
it  is seen, began after 10 to 12 days 
of incubation. The data are analyzed  
in Table 10, in  which param eters of 
the unim olecular equation,

y — L  (1 -  1 0 « )  (14)

are shown. The values of L, represent
ing the ultim ate first stage demand, 
vary from  204 to 997 ppm  w ith an 
average of 517 ppm . The average
5-day BO D  is 432 ppm  which amounts 
to 84 percent of the u ltim ate, L. The 
average value of the one-day BOD is 
165, which is 32 percent of the ulti
mate, L.

The com m only accepted value of the 
reaction velocity  constant k for munici
pal sewage is 0.10 per day. The aver
age k  value observed at the 16 m ilitary  
posts listed  in  Table 10 w as 0.18 per 
day. The im plication is that military 
sewage is more rap id ly  oxidized than 
m unicipal. Q uantitatively , the differ
ence is shown in  the fo llow in g  ta b le :

Percent of Completion of Ulti
m ate First Stage BOD

In  1 Day In  5 Days Ultimate

W ith k = 0 .10 20.5 68.0 100
W ith k = 0.18 34.0 87.4 100

The variation  of k values in Table 10 
is considerable, ranging from  0.10 to

TABLE 10.— B O D  C haracteristics of R aw  S ew age. P aram eters o f U n im olecu lar  
Equation F itted  to D ata

Post Figure
Number

ss
(ppm) pH

Ammo
nia, 
as N 

(ppm)

1-Day
BOD

(a)
(ppm)

5-Day
BOD

(a)
(ppm)

U ltim ate 
First 
Stage 

BOD, L  
(ppm)

Reaction 
Velocity 

Constant, 
k, per 
day

(1) (2) (3) (4) (5) (6) (7) (8) (9)

B uck ley  F ield 63 311 8.5 52 93 256 303 0.16
C am p Claiborne #1 — 210 8.5 24 122 230 243 0.30
C am p Crowder 64 — — — 127 358 437 0.15
E nid  A A F — 319 8.0 — 205 530 605 0.18
F itzsim ons Gen H osp 59 — — — 157 485 647 0.12
C am p H ood — 436 7.0 28 235 620 721 0.17
Lockbourne A A F 61 — — — 80 185 205 0.21
F ort Logan 62 210 7.8 — 124 328 381 0.17
F ort G eorge G M eade 57 558 — 60 207 618 798 0.13
Cam p Joseph T  R obinson — 238 7.1 — 281 648 704 0.22
W ill R ogers F ield — 280 7.6 — 84 189 204 0.23
F ort Sill — 331 7.1 — 117 268 292 0.22
S ioux Falls 58 732 7.6 — 216 555 635 0.18
C am p Sw ift — 602 7.3 35 280 680 755 0.20
W aco A A F 65 187 — 17 103 287 351 0.15
Fort Francis E  W arren 60 726 8 .0 15 205 677 997 0.10

(a) B ased on theoretical curve.
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Tim«, day«

F I G U R E  57.— F ort G eorge G M eade.

£a
o'
oo

Tim«, day« 

F I G U R E  58.— S iou x  F alls .

F I G U R E  59.— F itz s im o n s  G eneral F I G U R E  60.— F o rt F ran cis E  W arren .
H o sp ita l.

F IG U R E S  57 to  60.— C ourse of b ioch em ica l ox id ation  of raw  se w a g e . Grab sam p les from  
v ariou s p o sts . C urves rep resen t u n im olecu lar equ ation  for the  first s ta g e  B O D .

Time, days

F I G U R E  61.—  
L ockb ou rn e A A B .

Time, day»

F I G U R E  62.— F o rt L ogan .

Tim e, days

F I G U R E  63.—  
B u ck ley  F ie ld .

F I G U R E S  61 to  65.— C ourse o f b ioch em ica l o x id ation  of raw  sew a g e . Grab sam p les from  
variou s p o sts . C urves represent un im olecu lar equation  for  the first s ta g e  B O D .

F I G U R E  64.— C am p C row der.

Time, day»

F I G U R E  65.— W a c o  A A F .
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0.30. AVhile some of the difference may 
be attributed  to differences in labora
tory procedure and tim e lag’ between  
sam pling and testing, it  is evident that, 
by itself, the 5-day BO D gives only an 
incom plete indication of the strength  
of sewage. In  a certain w ay the vari
ab ility  of k invalidates the usual as
sum ption that 5-day BO D is directly 
proportional to the strength of the 
sewage. This is only true if  k is a con
stant. The veracity of a ll com puta
tions of p lant and unit perform ance 
are predicated upon the assum ption  
that k provides a linear m easure of 
biologically  available organic m aterial 
in sewage.

I f  in passing through the plant, not 
only  the 5-day BO D but also the k 
value changes, then all calculated  
quantities such as percent rem oval of 
BO D tend to lose significance as quan
titative m easures of perform ance. 
Thus two p lants both having, say, a 
BO D removal of 90 percent when  
treating sewage of 300 ppm  in itia l 
BO D m ay have considerably different 
effluents, if  the k values are not the 
same in the two plants. It would ap
pear that the quantitative description  
of perform ance of sewage treatm ent 
plants w ould be placed upon a more 
theoretically  sound basis if  a"practical 
method could be established that would  
overcome present deficiencies of the 
BO D test.

P r e c is io n  of the F i v e - D a y  B O D  
D e t e r m in a t io n

In  addition  to the question of the 
in terpretative value of the BO D deter
m ination in m easurem ent o f sewage 
p utrescib ility , another problem  of 
practical im portance em erges— the re
producib ility  of the BO D test. Errors 
in m easurem ent of concentration in 
ev itab ly  have an obscuring influence 
upon evaluation of p lant and u n it per
form ance. As has been stated, errors 
in m easurem ent of concentration may 
be attributed  to: ( i)  im proper m eth

ods of collection; ( ii)  errors m ade in 
the laboratory; ( iii)  fluctuations in 
herent in sam ples of a non-homogeneous 
fluid. In order to ascertain the m agni
tude of the com bined effect o f these 
factors, a special stud y was conducted  
in the E ighth  Service Command under 
the direction of M ajor R. M. Dixon. 
Instructions were issued as follow s, by 
the Chief o f U tilities Branch in the 
Office of the E ighth  Service Command, 
Command E n g in e e r :

“ Total o f two raw sew age sam ples w ill be 
collected on d ifferent days or at different 
tim es o f  the sam e day, and 5-day BO D deter
m inations w ill be made on each sam ple. Sam
ples m ay be grab sam ples. Only one dilution 
w ill be used but nine b ottles are to be set up 
on each sam ple. D ilu tion  o f sam ples (amount 
o f  sam ple to be added to each b ottle ) should 
be based on results in previous hourly BOD 
loading study m ade on 24-hr basis.

“ D ilu tions o f  sam ple should be high enough 
to prevent any sam ple bottle  being totally  
depicted o f oxygen but set up w ithin  the dilu
tion range so that 2 ppm  o f oxygen m ay rea
sonably be expected to remain in the bottle 
at the end o f the incubation period. I f  any 
one o f  the nine tests m ade shows a total de
pletion o f  oxygen, another sam ple should be 
collected; and using  a higher dilution ratio, 
another incubation should be m ade.

“ In  reporting results o f these tests, do not 
average results o f the nine bottles incubated 
for each sam ple collected, but report BOD 
results obtained on each bottle separately. 
Only raw sew age sam ples are to  be ta k en .”

R esults subm itted by 11 plants are 
analyzed in  Table 11. Each figure in 
colum n (4) of Table 11 represents the 
arithm etic mean of 9 independent BOD  
tests set up on the sam ple. Two d ays’ 
resu lts are g iven  for each plant.

Columns (5) and (6 ) indicate the 
largest and sm allest values obtained in 
each of the sets. Columns (8) and (9) 
present the dispersion as m easured by 
the standard deviation  and the co
efficient o f variation. The average 
value of the coefficient o f variation is 
7.45 percent. In  colum n (9) the m ag
nitude of the range relative to the 
standard deviation is given. The aver
age value of this ratio is about 3.2, sug-



Vol. 18, No. 5 SEWAGE TREATMENT AT M ILITARY INSTALLATIO NS 867

TABLE 11.— P recision  of 5 -D a y  B O D  D eterm inations, M ilitary S ew age T reatm ent P lants.
S ingle D ilution, N ine B ottles

Name Flow Dilution
BOD (ppm)

s C, (Max-
Min)
t S(mgd) (%)

Mean Max Min
(a) (b)

(1) (2) (3) (4) (5) (6) (7) (8) (9)

Cam p H ood (N orth)
2.75 1 353 373 338 13.53 0.0384 2.59

2.85 1 369 385 360 8.03 0.0218 3.11

E n id  A A F
— 0.67 367 420 300 41.85 0.114 2.87

— 0.67 335 495 195 79.37 0.2369 3.78

W ill R ogers Field
— 1 272 310 210 29.06 0.1068 3.44

— 1 366 540 210 108.86 0.2974 3.03

Fort Sill
2.90 1 422 445 400 12.28 0.0291 3.66

2.60 1 439 495 410 31.10 0.0709 2.73

South C am p P olk
1.30 1.5 367 413 320 25.52 0.0695 3.65

1.50 1.4 388 393 371 7.29 0.0188 3.02

Cam p J T  R obinson
0.73 472 510 430 28.63 0.0607 2.79

— 0.73 582 630 550 24.01 0.0413 3.33

Cam p Sw ift
1 373 440 340 30.01 0.0804 3.33

— 1 240 250 230 6.46 0.0269 3.10

Camp Claiborne #1
— 1 207 220 180 14.15 0.0684 2.83

— 1 227 240 200 17.32 0.0763 2.33

Cam p Fannin
1.50 1 533 580 490 26.46 0.0496 3.41

1.00 1 585 625 550 24.01 0.0410 3.12

Lake Charles A A F
— 1 234 252 222 5.41 0.0231 5.55

— 336 362 312 15.09 0.0449 3.32

Camp Plauche N O PO E
— ■' — 436 470 400 28.48 0.0653 2.46

— — 324 350 300 18.79 0.0580 2.66

Average 27.08 0.0745 3.19

(a ) S  =  Standard D eviation .
(b) Cv = Coefficient of V ariation =  Standard D ev ia tion  -t- M ean.

gesting that the dispersion of indi- error. Thus the follow ing interpreta-
vidual BO D values about the mean of tion m ay be made regarding the result
each set takes place approxim ately in shown on Table 11— two-thirds of BOD
accordance with the norm al curve of determinations, on the average, may
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TABLE 12.— P recision  of 5 -D a y  B O D  D eterm inations, M unicipal S ew age T reatm ent  
P lan ts, Sanitary D istrict of Chicago

Sample Number 
(1945)

Dilu-
tion
(%)

Single Dilution, Nine Bottles Nine Dilutions, Original Sample

BOD (ppm)
s

(a)
c,
(b)

BOD (ppm)
s

(a)
Cv
(b)

Mean Max Min M ean Max Min

(1) (2) (3) (4) (5) (6) (7) (8) (9) (10) (11) (12)

S W Jul 25 2 172 180 160 7.1 0.041 193 200 185 4.7 0.024
S W  A ug 9 1 181 190 170 5.3 0.029 181 190 170 5.3 0.029
S W Jul 31 1 193 200 180 6.8 0.034 197 210 180 8.1 0.048
S W Ju l 26 1 222 270 200 20.4 0.092 221 240 200 11.0 0.049
S W  Jul 22 1 237 260 220 11.5 0.049 253 270 240 13.1 0.054
S W  Jul 22 1 260 290 240 16.3 0.063 248 260 240 7.9 0.031
S W  A ug 8 1 246 250 240 4.9 0.021 236 250 220 8.2 0.034
J oliet Aug 27 1 373 440 310 47.9 0.128 420 520 380 40.9 0.097
J o lie t A ug 3 1 487 540 420 37.0 0.076 445 495 370 31.5 0.071
Joliet A ug 1 1 501 600 410 54.3 0.108 436 490 295 55.2 0.127

A verage — — — — 21.15 0.064 — — — 18.59 0.056

(a) S  = Standard D eviation .
(b) Cv =  Coefficient of V ariation =  Standard D ev ia tio n  -f- M ean.

be expected to fa ll w ithin  about 7.5 
per cent of the correct value.

In  order to compare the precision  
attained in m easurement of BO D in 
m ilitary p lants w ith that in large m u
n icipal plants, tests were made at two 
laboratories of The Sanitary D istrict 
of Chicago and also at the W ashington,
D. C. treatm ent plant. R esults are 
shown in Tables 12 and 13, which are 
arranged in a m anner sim ilar to Table
11. The average values of the coeffi
cient of variation obtained are some

w hat lower than those of Table 11, 
indicating that a som ewhat higher de
gree of precision was attained  in the 
m unicipal laboratories. A nother test 
of Camp Crowder sewage, made by 
personnel of the U S P H S  on nine bot
tles each of two d ilutions, 1 percent 
and y 2 percent, gave an average co
efficient of variation of 3.25 percent.

The precision tests at The Sanitary  
D istrict o f Chicago were conducted  
u sing two different techniques in mak
ing the dilutions, as shown in  Table 12.

TABLE 13.— P recision  of 5 D ay  B O D  D eterm in ation s, M unicipal S ew age T reatm ent P lan ts, 
W ashington  D . C. S ingle D ilution , N ine B ottles

Sample Dilution
(%)

BOD (ppm)
s

(a)
(Max-Min)

S
Mean Max Min

(1) (2) (3) (4) (5) (6) (7) (8)

19 Jul 45 2 76.5 83 70 3.93 0.0514 3.31
26 Jul 45 2 110 122 104 5.37 0.0489 3.35
22 Jul 45 4 91.8 94 39 1.856 0.0202 2.69

Average — — — — ‘3.718 0.0402 3.12

(a) S  =  Standard D ev ia tion .
(b) C„ =  Coefficient of V ariation  =  Standard D ev ia tio n  -5- M ean.
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F I G U R E  66.— R ela tion  b etw een  p recision  of B O D  d eterm in ation  and stren g th  o f s e w 
age at M ain and J o lie t lab oratories, San itary  D istr ic t  o f C h icago . E ach  p oin t rep resen ts  
nine rep licate d eterm in a tio n s o f 5-day B O D  at 20° C. C urve is draw n through  group  
m edians.

The results by the two methods were 
similar. A n in teresting relation, shown 
on F ig . 66, was found to exist between  
the strength of sewage (average BO D) 
and the precision attained. H igh  con
centrations of BOD are seen to be asso
ciated with low precision of m easure
ment. It  may be inferred from  this  
that weak sewage is also more homo
geneous sewage. No sim ilar relation  
was found to apply  to the data from  
the E ighth  Service Command plants 
of Table 11. The im plication would  
appear to be that the flat grades and 
large diam eters of the Chicago trunk  
sewers bring about an appreciable 
storage of sewage in the sewer system. 
During periods of low flow, heavier

particles tend to settle; during peak 
flow, which consists of strong sewage, 
these particles are again transported  
toward the plant.

C ondition  of S ew age

M ilitary sewage norm ally arrived at 
treatm ent plants in a fresh and un- 
com m inuted condition. Odor gener
ally was slight. Color was fa irly  light, 
and black constituents indicative of 
the form ation of sulfides were not usu
ally  present. Oxygen content in raw  
sewage norm ally was low and usually  
zero during moderate and peak flow 
periods, except at plants where surface  
water entered sewers.

In the follow ing table the m onthly
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variation in average tem perature and made at 10:00 AM. G enerally the
pH  is shown for Camp Campbell, Ken- hourly variation in tem perature was
tucky, during the year 1943: slight. The follow ing table indicates

M onth Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

T em p Air (° F) 40 47 50 62 78 88 84 84 73 61 46 38
T em p Infl (° F) 68 68 68 69 74 80 82 82 80 78 73 70
pH  Infl 7.8 8.2 8.3 7.6 7.6 7.6 7.6 7.6 7.6 7.5 7.6 7.6

Tem peratures of air and sewage the change in hourly tem perature at
were m easured in m ost plants at one Camp Campbell during October 4 and
fixed hour each day. The tim e of 12, 1945 :

8 AM 9 10 l i 12 1 PM 2 3 4 5 6 7 8 9 10 11 12.

1 0 /4 /4 5 76 77 80 80 80 82 80 80 82 80 80 80 79 80 78 78 78
1 0 /1 2 /4 5 76 77 78 79 81 82 82 82 82 82 81 80 80 79 78 78 77

m easurement was selected usually  so 
that the reading would be close to the 
24-hr average. A t Camp Campbell, 
for example, the daily  reading was

Other data pertain ing to sewage con
dition are presented in subsequent 
tables that relate to loading and per
form ance of in dividual plants.



C H A P T E R  TTI

SC R E E N S, RACKS, C O M M IN U T O R S A N D  GRIT C H A M BER S

Screening

D esign  and operation of screens at 
m ilitary sewage treatm ent plants d if
fered little  from corresponding prac
tice at m unicipal plants. A ll plants 
investigated were equipped w ith either 
coarse screens or comminutors. A  com
mon installation is shown in P late 3, 
where inclined racks were placed in  
parallel w ith  a com m inutor; racks were 
used when com m inutors were out of 
service for purposes of inspection and 
repair.

As m ay be seen from  Table 14, 
screens and racks were generally in
clined 45 degrees w ith the horizontal. 
Bar openings varied from  %  to 1% in. 
with the average somewhat over an 
inch. Clear openings between bars 
averaged about 75 percent of the width  
of channel. N early all screens were 
hand-cleaned; only a few  m echanical 
screen installations were made. A ver
age amount of screening in 18 plants  
was 3.2 c f /m g  of sewage w ith a range 
of 0.8 to 9.0 c f /m g . This constituted a 
significantly greater amount of screen
ing than is usual at m unicipal plants 
utilizing racks of com parable size. For  
example, 29 plants with screens w ith 1- 
to 1%-in. openings, according to 
Keefer, gave a m edian removal of 1.6 
cf/m g. The difference is to be at
tributed prim arily to freshness of 
m ilitary sewage.

Comminutors
A high proportion of plants was 

equipped w ith com m inutors. The satis
faction of the operator w ith this equip
ment was nearly universal. In  view  
of the heterogeneous condition of the 
raw sewage, the comminutor performed  
an especially valuable service at m ili
tary installations. M aintenance prob
lems were relatively  m in or; only in a

few instances were difficulties encoun
tered. Excessive rates of tooth abra
sion were, in a number of instances, 
lessened by installation of grit cham
bers. A s may be seen from Table 14, 
the flow depth ranged on the average 
25 inches (maximum m inius minimum  
head) as a result of hydraulic control 
action of comminutors in the influent 
stream. This control-range varied from  
a maximum of 41 inches, noted at 
Camp Gordon, to a minimum of 8 
inches at Boca Raton. Continuous 12- 
to 24-liour operation of comminutors 
was usual.

Claims as to the effectiveness of the 
comminutor that appear to have been 
corroborated by field survey and re
ports of over a hundred operators are 
as follow s: (1) the labor of cleaning, 
transporting and burying screenings 
was elim inated; (2) odor problems as
sociated with screenings were obviated ;
(3) clogging of p ip ing check valves 
and pum ps by prim ary sludge was sub
stantia lly  reduced; and (4) pulsating  
flow through prim ary settling tanks 
with concom itant im pairm ent of set
tlin g  efficiency due to interm ittent 
build-up and release of head between  
screen cleanings, was done away with  
by the comminutor.

Grit Chambers

A t a number of posts, grit chambers 
were installed after the treatm ent plant 
had been in operation. Much benefit 
was derived from grit chambers at 
those cantonm ents using old sewers 
from W orld W ar I days. Such old 
sewers often had to be practically re
constructed. It  was frequently dis
covered that large quantities of grit 
had entered the system  prior to recon
struction, presum ably through man-
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P L A T E  2.— C om m in u tors at m ain  p lant, C am p C la iborne, L a.





TABLE 14.— D ata R elating to S creen s, R acks, C om m inutors and Grit C ham bers
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Screens, Racks and Comminutors

Post Screen
ings
Re

moved
(cf/mg)

Size
of

Bar
Open
ings
(in.)

Per
cent

Open
ing

Angle
with
Hori
zontal

Com
minu
tors

Range
of

Flow
Depth
(in.)

Screening
Disposal

Grit
Re

moved
(cf/mg)

Av
No.

Days
Be

tween
Clean
ings

Method of 
Disposal

(1) (2) (3) (4) (5) (6) (7) (8) (9) (10)

Cam p B landing .—. 1 £ J 8 75 90 — Burial 4.5 7 Fill
B oca R aton  A A F 2.0 3 37 40 8 Burial — — —
B u ck ley  F ield 1.1 4 91 45 27 San F ill 3.2 1 San Fill

Cam p C am pbell — 1 80 40 28 Burial — — —
Cam p Carson 1.0 1 8 78 53 36 San F ill 1.3 7 Fill
Cam p C laiborne #2 2.0 34 75 30 33 Burial — — —

C am p Crowder 1.5 U 88 22 15 Fill — — —
D av isv ille — H 68 45 27 Burial — — —
D rew  F ield __ <§ 11 80 60 26 — — — —

F itzsim ons Gen H osp 0.8 34 60 85 21 Incin 4.3 3 Incin
C am p Funston — --- — — 24 Grind — — —
Cam p Gordon — 34 76 23 41 Incin 1.1 3 Burial

Fort B enjam in  Harrison — 1 80 30 32 C om post — 1 —
Cam p P atrick  H enry 3.9 H 62 — 12 Burial 0 .6 7 Burial
Fort H uachuca jf 1 3.0 l i 85 45 28 Incin — — Inc & Fill

Fort H uachuca #2 3.0 Hr 85 45 __ Incin 2.0 7 F ill
Fort Jackson 1.0 34 67 30 18 San F ill 1.0 7 San F ill
Seym our Johnson F ield — u 76 45 — Burial 0 .9 14 Burial

Fort K nox 2.8 __ __ __ __ Incin ___ __ __
C am p Lee 9.0 1 80 45 24 Burial 2.3 3 Burial
M itchell F ield — I f 85 45 — Burial 4.0 7 Burial

N ew  C astle A A F 6.0 H 80 45 36 Incin 2.5 7 Burial
Cam p Peary 5.8 H — 60 20 Shred & Inc 2.0 7 Burial
P ine Cam p 1.0 H 85 45 24 Burial 1.0 Cont Burial

Turner A A F __ __ __ __ ___ 1.0 1 F ill
C am p W heeler 2.4 1 80 22 22 Burning 1.2 2 Burial
W oodrow W ilson Gen H osp 8.8 H 85 45 30 Incin — — —
F ort Leonard W ood 2.8 l i 77 54 21 Burial — — —

A verage
M axim um
M inim um

3.2
9.0
0.8

1.33
1.75
0.75

76
91
37

45
90
22

25
41

8

2.1
4.5
0.6

5
14

1

G rit Chambers

holes originally  equipped w ith  wooden 
covers of 1917 construction.

In the new ly constructed posts w ith  
separate sewers, grit chambers were 
generally not installed  and in  most in 
stances results justified  the omission. 
H owever, some plants, especially those

located on sandy soil, experienced diffi
cu lty  w ith grit. One troublesome 
source of grit was ashes entering 
through floor drains in  kitchens. In 
other p lants poor sewer construction, 
stem m ing in part from  the urgency and 
haste of the b uild in g program , re
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suited in much grit being in the system  
at the tim e of acceptance. In such 
instances it was necessary to install 
grit chambers in order to reduce op
erating difficulties in prim ary settling  
tanks and digesters, and excessive wear 
on comminutors. On the whole, the 
quantity of grit in both new and recon
structed lines decreased to an equilib
rium level in approxim ately an 18- 
month period. Earlier troubles were 
reduced even in plants in  which no 
grit chambers were installed.

Form idable operating problem s were 
encountered at certain posts, particu
lar! y  on the W est Coast, attributed to 
rock disintegration. A t one plant
where deep grit chambers had been  
installed between the filters and sec
ondary settlin g  tanks, rock debris had 
to be cleaned out every month. Subse
quent investigation revealed, however, 
that the quality of rock was good. 
Confirmed cases of rock disintegration

were found at Camp Haan, Camp San 
Luis Obispo and Gowan F ield . F ines  
brought in at the tim e of construction  
were responsible for this condition in 
the balance of the cases.

The rectangular grit chamber with  
velocity of about 1 fps was the design  
generally favored. Sutro weirs, Par- 
shall and Palm er-Bowlus flumes were 
em ployed for velocity con tro l; a num 
ber of installations were made, however, 
with no provision for regulation of 
velocity. Grit generally contained a 
substantial amount of organic m atter 
and, as may he seen from Table 14, 
burial was a common method of dis
posal. The average amount of grit was 
2.1 cf/m g . The m edian amount of grit 
collected at 40 m unicipal plants as re
ported by K eefer was 3.0 cf/m g. A t 
m ilitary posts, as indicated on Table 
14, the average number of days between  
cleanings was five.



CHAPTER IV

S E D IM E N T A T IO N

B a sis  of D esig n

D etention  period was made the p ri
m ary criterion of design for settlin g  
tanks at m ilitary installations. A s  
shown previously, the detention pe
riod for all prim ary and secondary  
tanks, as based upon average flow in 
clud ing recirculation, if  any, was to  be 
2.5 hours, except for activated  sludge 
prim ary tanks, where a figure of 1.5 
hours was stipulated. A lso, it  was 
specified that final tanks should be de
signed to provide overflow rates of less 
than 800 g p d /s f  as based upon average 
daily  flow, and that depths were to be 
of the order of 8 to 10 ft  deep.

In  addition to these prescribed yard
sticks of design, other rules for obtain
ing satisfactory dim ensions were ob
served that more or less determ ined  
the size and shape of settlin g  tanks at 
m ilitary posts. W ith  reference to a 
rectangular tank of dim ensions b X  d 
X  L,

the criteria applied are listed  in  the 
follow ing sch ed u le:

In  design, it was sometim es found 
expedient to v io late certain of the fore
going criteria that have a less direct 
bearing upon se ttlin g  efficiency. Usu
ally, however, adherence to the require
m ent for detention period and main
tenance of a reasonable ratio of width 
to depth resulted in dim ensions that 
met other requirem ents.

It is in teresting to observe that with 
rectangular final tanks com pliance with 
the foregoing criteria w ith  respect to 
detention period, depth, displacement 
velocity, and overflow rate results in 
a fixed design adm itting of no varia
tion. The fo llow in g equation may be 
derived from  the foregoing relation
ships between the variables :

b Q !  (l̂ maxd)
A 2^maxd/r

E xam ple :

If q =  1.0 m gd =  92.8 cfm  

î>max =  0 .50 f /m

t = 2.5 hrs =  150 min  

r = 800 g p d /s f  =  0.074 fpm  

d =  9 ft
then

b =  9 2 .8 /(0 .5 0 )  (10) =  20.7ft
L = (0.50) (1 0 )/(0 .0 7 4 ) =  67.5ft

Criterion Form ulation Prim ary Tanks Secondary Tanks

As to  detention  period Lbd/q =  t t — 2.5 hrs 1 =  2.5 hrs
As to depth dmin ^  ^  dmax dmin >  8  ft  

dmax determ ined  b y  
foundation  condi
tion , etc ., u su ally  
<  15 ft

8 ft  <  d <  10 ft

As to d isp lacem ent ve lo c ity 1. / i =  t’niiix .0.5 fpm  <  t w x 
<  1.5 fpm

0.5  fpm  <  ymax 
<  1.5 fpm

As to overflow  rate q/bL = r t  <  1,500 g p d /s f r <  800 g p d /sf

As to  weir capacity
r < *Dir

k  <  50,000 g p d /s f k  <  25,000 g p d /sf

876
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In  rectangular tanks application of 
set values of detention period, depth, 
displacem ent velocity  and overflow  
rate results in a variable ratio of width  
to length, depending upon flow through  
each tank. The greater the flow per 
tank (detention period, etc., being  
fixed) the greater the ratio of width  
to length necessary in order to satisfy  
all the criteria. W ith  the values of the 
design criteria assumed in  the example, 
the flow cannot exceed about 1.5 mgd 
per tank if  the w idth is to be m ain
tained no greater than 50 precent of 
the length.

In circular tanks some of the criteria  
applied to rectangular tanks lose sig
nificance and others m ust be substi
tuted. The foregoing requirem ent as 
to weir capacity is easily m et in the 
circular tank w ith circum ferential 
weirs, but because of the short length

of travel across the tank, it is neces
sary that a lower value be attained. 
The displacem ent velocity criterion  
loses some significance due to the rapid  
dim inution of velocities as particles 
proceed radially  from the center of 
the tank. Nevertheless, the mean dis
placem ent velocity, calculated as the 
ratio of the tank radius divided by the 
mean detention period, has been found  
to have some bearing upon tank per
formance. Accordingly, it has been 
computed in the tables that follow.

S ettlin g  T ank Perform ance

In Tables 15, 16, and 17 are pre
sented data pertaining to design, load
ing and performance of settling tanks 
at 18 typical posts. Both prim ary and 
secondary tanks with and without re
circulation are included. The number 
of tanks in each classification is indi-

TABLE 15.— D esig n  and O peration of S ettling  T anks

Post
No.
of

Tanks

Type
of

Tank
Dimensions Volume

Ratio
Av
Dis

place
ment

1000
Gal

Daily
per

Square
Feet
per

(ft) (cf)
Lgth

to
W idth

Lgth
to

Depth

Veloc
ity

(fpm)
(a)

Foot
of

Weir
(a)

Foot
of

Weir

(1) (2) (3) (4) (5) (7) (8) (10) (11) (12)

Blanding 2 Pri 70d x 11.3 94,600 — __ 0.125 8.3 18
D avisville 4 Pri 36 x 12 x 8 13,800 3.0 4.5 0.264 22.8 36
Funston 2 Pri 59 x 28.5 x 9.5(b) 23,700 2.1 6.2 0.182 18.7 59
S Johnson F ield 4 Pri 58 x 12 x 9.75 27,000 4.8 6.0 0.242 25.5 58
Peary 4 Pri 116 x 16 x 10 76,000 7.3 11.6 0.575 62.0 116
W heeler 2 Pri 74 x  16 x 11 26,000 4.6 6.7 0.420 49.8 74

Campbell 3 Sec 55d x 8.5 44,000 __ ___ 0.112 5.7 14
Crowder 1 Sec 45d x 9.67 49,000 — — 0.085 4.7 11
Fitzsim ons G H 1 Sec 35d x 10 9,620 — — 0.074 4.0 9
Gordon 2 Sec 72 x 28 .5  x  10 41,400 2.5 7.2 0.287 31.0 72

Callan 2 Pri 40.5 x 12 x 12 11,660 3.4 3.4 0.508 __ __
Drew Field 3 Pri 54 x 14 x 10 22,700 3.9 5.4 0.346 7.7 11
Knox 3 Pri 97 x 30 x 12 105,000 3.3 8.1 0.728 67.3 104
Bragg 4 Pri 74d x 10 172,000 — — 0.214 12.7 18

Callan 1 Sec 35d x 11.1 10,700 __ __ 0.211 14.2 9
Claiborne #1 2 Sec 2 1 .3 x 6 .2 x 8 2,150 3.4 2.7 2.370 165.5 17
D rew F ield 3 Sec 52 x 14 x 10 22,700 3.7 5.4 0.519 8.5 7
Bragg 4 Sec 74d x  10 172,000 —- — 0.236 11.5 18

(a) Based on actual flow. (b) D im ensions given for larger tank only.
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TABLE 16.— O peration of Settlin g  T an k s

Post
No.

Tanks
in

Service

Schedule 
Sludge 

Re
moval— 
No. per 

day

D etention Period 
(hr)

Surface Settling Rate 
(gpd/sf)

A t
Av

Flow

A t
M ax
Flow

At
M in
Flow

At
Av

Flow

At
M ax
Flow

At
Min
Flow

(1) (2) (3) (6) (7) (8) (9) (10) (11)

B land ing 1(a) 8 4.65 1.81 27.20 435 1,125 75
D av isv ille 4 3 2.26 1.69 3.10 638 850 465
F unston 1 9 5.38 2.16 — 317 791 —

S Johnson  F ield 4(a) 6 3.96 2.15 10.30 444 817 170
Peary 4(a) 3 3.45 2.92 4 .08 522 615 442
W heeler 2 8 2.92 1.26 6.80 678 1,570 292

C am pbell 2 3 4.08 2.39 16.10 408 694 103
Crowder 3 6 4.42 2.03 19.70 418 912 94
F itzsim ons G H 1 — 3.92 1.68 18.40 459 1,072 98
G ordon 2 — 4.22 1.91 16.20 429 946 112

C allan 2 6 1.51 1.06 2.26 1,430 2,040 957
D rew  F ield 3 2 2.59 1.52 6.67 693 1,184 270
K nox 2 4 2.20 1.40 3.12 648 1.050 462
B ragg 4 2 2.87 2.31 3.81 627 782 473

C allan 1 cont 1.38 0.98 2.06 1,450 2,040 970
C laiborne #1 2 — 0.15 0.094 0.33 9,600 15,300 4,370
D rew 3 eont 1.67 1.15 2.76 1,080 1,570 652
B ragg 4 cont 2.61 2.14 3.36 690 842 537

(a) Variable.

TABLE 17.— Loading and P erform ance of S ettlin g  T an k s

Post

Tank Influent Tank Effluent Reduction (%) Sludge Removed

Total
(mgd)

Recir
Ratio

BOD
(ppm)

ss
(ppm)

BOD
(ppm)

ss
(ppm) BOD SS

Gal
per
MG

Sewage

Vola
Sol

(% of
Tot
Sol)

(1) (2) (3) (4) (5) (6) (7) (8) (9) (12) (13)

B landing 1.820 0 195 311 141 125 27.3 60.0 4,100 81.0
D av isv ille 1.100 0 207 271 153 155 26.0 43.0 7,460 74.7
Funston 0.520 0 291 335 156 148 46.4 55.7 7.980 64.8
S Johnson F ield 1.220 0 349 279 207 152 40.6 45.5 17,700 75.0
Peary 3.960 0 363 291 144 128 60.4 56.2 ____ ____

W heeler 1.600 0 391 270 259 115 33.8 57.2 7,180 76.1

C am pbell 1.940 0 53 75 22 27 59.4 64.0
Crowder 2.000 0 44 90 29 32 33.0 64.5 ____ ____

F itzsim ons G H 0.440 0 118 87 68 37 42.7 57.6 ____ ___

Gordon 1.760 0 108 86 70 34 35.6 60.9 — —

Callan 1.390 0.85 235 240 197 217 16.1 9.5 10,250 78.3
D rew  Field 1.570 0.16 265 266 132 117 50.2 56.9 6,870 66.4
K nox 5.660 0.77 217 208 134 107 38.2 48.3 6,760 69.9
Bragg 10.740 1.93 169 126 147 87 13.0 31.0 8,440 79.4

C allan 1.390 0.85 118 278 77 83 34.7 70 .2
C laiborne #1 2.650 0.24 — — 71 74 — ____

D rew  F ie ld 2.650 0.79 48 63 34 35 29.2 44.6
B ragg 11.820 2.21 70 62 61 45 12.8 27.4 — —
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cated in the following' :

P rim ary
Secondary

W ithout
Recirculation

18
7

With
Recirculation

12
10

The m edian value of the ratio of 
length to w idth in rectangular tanks 
was 3.4; the ratio of length to depth 
was 6.0. The m edian value of average 
displacem ent velocity in  rectangular 
tanks was 0.42 fp m ; in circular tanks,
0.12 fpm . The m edian value of flow 
per u n it length  of w eir for rectangular 
tanks was 24,000 gallons daily  per foot

of w eir; for circular tanks, 8,300 gal
lons daily  per foot of weir.

D etention  periods, as based upon 
average flow, are shown in Table 16 for 
the four groups of tanks, along with 
other inform ation relatin g  to operation. 
Average values are as fo llow s:

Prim ary tanks  
Secondary tanks

W ithout
Recirculation

3.77 hrs 
4.16 hrs

With
Recirculation

2.58 hrs
■ 1.88 hrs

Average surface settlin g  rates in 
g p d /s f  for the four groups are the
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W ithout With
Recirculation Recirculation

506 850
429 1,072

f o l lo w in g ':

Primary tanks 
Secondary tanks

In th is breakdown, the Claiborne No. 
1 plant data have not been included; 
these two sm all tanks, which precede 
activated sludge basins, were atypical 
in design. They do indicate, however, 
performance attainable in short-deten- 
tion interm ediate units. From  the 
foregoing average values it is seen  
that of the tanks under consideration, 
those with recirculation were somewhat 
more heavily  loaded as to flow. H ow 
ever, such a condition did not occur 
generally, as m ay be seen from  F igs. 
67 to 72.

Perform ance w ith respect to re
moval of BOD is shown on Table 17. 
Average BOD results for the four 
groups are as fo llo w s:

A  d istinctly  inferior performance is 
noted in tanks with recirculated flow. 
It should be stated that the concentra
tions of BOD and SS in the tank in 
fluent were calculated (in  cases where 
direct measurements were not m ade) 
from the strength and discharge of 
both sewage flow and recirculated flow. 
H ence the performance reported rep
resents actual removal in the tanks.

Average value of volume of sludge 
produced was 8,880 gallons per m g of 
sewage for tanks w ithout recirculation, 
and 8,080 gallons per mg of sewage in 
tanks w ith recirculation. Since sec
ondary sludge was norm ally pumped to 
prim ary tanks, these figures represent 
total sludge.

The foregoing analysis for 18 posts 
as presented in Tables 15, 16 and 17 is 
prim arily intended to delim it the range 
of loading and operation in  representa
tive plants. A  more detailed and com
prehensive investigation of perform-

Primary tanks  
Secondary tanks

W ithout Recirculation

299 to 177 ppm , 39.1%  rem  
81 to 47 ppm , 42.7%  rem

Average SS results are as fo llo w s:

W ith Recirculation

222 to  153 ppm , 29.4%  rem  
79 to  61 ppm , 25.6%  rem

Prim ary tanks 
Secondary tanks

W ithout Recirculation

293 to 137 ppm, 52.9%  rem  
85 to  33 ppm , 61.8%  rem

W ith Recirculation

210 to 132 ppm , 36.4%  rem  
134 to 59 ppm, 47.4%  rem
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ance of settlin g  tanks is given in F igs. 
67 to 72 and Tables 18 and 18a. Each  
point in the figures represents norm al 
operating conditions at a p lan t for a 
3-month period. Most of the p lants in  
the com plete stud y groups are in 
cluded. Curves on F igs. 67 to 69 rep
resent fittings of the equation,

V =
aLt 

1 —(— cti (15)
which is a special case (Jc = a) of the 
equation,

y = L [1  — (1 +  at)~h,â \ (16)

that was found to fit the m ilitary sedi
m entation data best. Theoretical con
siderations ju stify  the application of 
th is equation to settlin g  efficiency data. 
The term s in the equation have the 
follow ing significance :

y = proportion of BO D  (or SS) 
rem oved at any detention  
period t.

L  =  the u ltim ate proportion of 
B O D  (or SS) rem ovable by  
sedim entation.

k /a  =  factor reflecting influence of 
turbulence, shape of tank, and 
hydraulic conditions of en
trance and exit.

V alues of L  and a, for the curves 
of best fit, are given in Table 18. The 
upper and lower curves on each graph  
pass approxim ately through the quar- 
tiles of the dispersion of points. Thus

50 percent of the points fa ll between  
the upper and lower curves and the 
rem aining 50 percent lie outside this 
zone.

F igu res 67 and 68, which apply  to 
prim ary tanks w ithout recirculation, 
exh ib it little  if  any sign ificant vari
ation in  settlin g  efficiency w ith deten
tion period. This finding is in line 
with general experience in m unicipal 
sewage treatm ent plants, where little  
im provem ent in  BO D  is noted with 
detention periods longer than 3 hours. 
F igu re 67 indicates that a somewhat 
higher efficiency (35 percent) o f BOD  
rem oval w ith  strong sewage (greater 
than 350 ppm ) occurred than with 
more diluted  sewage (less than 350 
ppm ) as shown in F ig . 68 (30 per
cen t). This tendency toward greater 
settlin g  efficiency w ith strong sewage is 
also in  line with m unicipal experience.

Rem ovals o f SS (50 to 60 percent), 
were sign ificantly  greater than BOD. 
Moreover, some increase in  SS removal 
efficiency was noted w ith detention pe
riods greater than 3 hours. Detention  
periods were com puted on a basis of 
average d aily  flow.

F igu re 70 presents resu lts obtained 
in prim ary tanks w ith recirculation. 
D etention  periods in these u n its were 
based upon a discharge that included  
recirculated flow. G enerally lower ef
ficiencies were noted in tanks w ith re
circulation when detention periods 
were less than about 3 hours. How
ever, the overall m edian removal ef
ficiency for tanks w ith  recirculation

TABLE 18.— Sedim entation  Efficiency. P aram eters of F itted  C urves

Figure Description
L  — U ltim ate 

Percent 
Reduction

a = Rate 
C onstant . 
per Day

(1) (2) (3) (4)

67 B O D  R ed u ction  in  Prim ary S ettlin g  T anks w ithou t 
R ecirculation . B O D  over 350 ppm

36.74 6.604

68 B O D  R eduction  in P rim ary S ettlin g  T anks w ithou t  
R ecirculation. B O D  under 350 ppm

35.25 1.015

69 SS R eduction  in Prim ary Settlin g  T anks w ithou t 
R ecirculation.

70.70 0.944
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TABLE 18a.— Sedim entation  Efficiency

Figure n =  Number 
of Points

Overall
Median.
Percent

Reduction

LQ ~  Lower 
Quartile

UQ =  Upper 
Quartile

Q =  Semi 
Interquartile 

Range

Standard 
Deviation 
of Median 

(a)

(1) (2) (3) (4) (5) (6) (7)

67(b) 60 35.0 31.7 38.3 3.30 0.79
68(c) 45 28.5 22.5 32.5 5.00 1.38
69(d) 89 57.3 44,5 60.0 7.75 1.53
70(e) 31 32.4 18.0 46.0 14.00 4.67
71(f) 43 49.3 40.0 60.5 10.25 2.90
72(g) 31 30.5 20.5 . 44.5 12.00 4.00

(a) Standard D ev ia tio n  of M edian =   :--------—.
(0.6745) Vn

(b) B O D  R eduction  in Prim ary S ettlin g  T anks w ithout R ecirculation. B O D  over 350 ppm
(c) B O D  R eduction  in Prim ary S ettling  T anks w ithout R ecirculation. B O D  under 350 ppm
(d) SS R eduction  in Prim ary S ettling T anks w ithout R ecirculation.
(e) B O D  R eduction  in Prim ary Settlin g  T anks w ith  R ecirculation.
(f) B O D  R eduction  in Secondary Settlin g  T anks w ithou t Recirculation.
(g) B O D  R eduction  in Secondary Settlin g  T anks w ith  R ecirculation.

(F igure 70) of 32.4 percent, as shown 
in Table 18a, is about the same as that 
for plants w ithout recirculation.

The BOD removal in secondary  
tanks w ithout recirculation, as shown 
in F ig. 71, is fa ir ly  high and uniform  
at all detention periods. The curve 
drawn through group medians, how
ever, would indicate some reduction in  
efficiency at excessively long detention  
periods, but this effect may in part be 
attributed to vagaries of random sam 
pling fluctuations. The overall median  
BOD reduction in secondary tanks 
without recirculation is 49.3 percent, 
which is notably higher than that ob
served in  prim ary tanks. A  consider
able dispersion of results for BO D re
moval efficiency in secondary tanks 
with recirculation is shown in F ig . 72. 
Again little, if  any, correlation is ex
hibited between reduction efficiency 
and detention period. M edian BOD  
removal for all tanks w ith recircula
tion is 30.5 percent, a value definitely  
lower than that of secondary tanks 
without recirculation.

Table 18a presents inform ation bear
ing upon the dispersion of the observa
tions and the reliab ility  of the median  
values that are given in column (3 ).

It is seen that the dispersion of the 
data pertaining to percent reduction  
in F igs. 67 to 69, as measured by the 
sem i-interquartile range (colum n 6 ), 
is considerably sm aller than in Figs. 
70 to 72. Consequently, the median 
values of the first three graphs are 
more precisely established than the last 
three. Q uantitative expression of the 
reliab ility  of the m edian is given by  
the standard deviation of the median 
for which an estim ate is given in the 
last column.

D ata for surface settling rates versus 
BO D and SS rem oval were plotted in 
a form  analogous to F igs. 69 to 72. A  
great dispersion was observed and 
little  correlation between surface set
tlin g  rate and removal efficiency could 
be detected. It  was inferred that sur
face settling rate was inferior to de
tention period as a measure of per
form ance in settlin g  tanks at m ilitary  
plants. This m ight not have been the 
case if  flows per unit volume of tank 
had been larger.

A dditional data relating to settling  
tanks are given in subsequent sections 
dealing with various treatm ent m eth
ods and devices.
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P L A T E  5.— S e ttlin g  tank s at W o o d r o w  W ilso n  G .H ., V a . S lu d g e  is  r em o v ed  b y  grav ity  
th ro u g h  hopper b o tto m s to  d ig e ste r s  d irectly  b eh in d  se tt lin g  tan k s.

P L A T E  6.— P rim a ry  se tt lin g  tank  at B u ck ley  F ie ld , C olo . H e lic a l scu m  rem oval 
m ech a n ism  m a y  be seen  at to p  o f s lu d g e  rem o v a l arm . M ech a n ica l rack s are sh o w n  in 
foregrou n d .
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C o m p a r is o n  of S e d im e n ta t io n  
P e rfo r m a n c e  w it h  

M u n ic ip a l 
P la n t s

Despite the circum stance that deten
tion periods in  m ilitary p lants were 
longer than those usual in  m unicipal 
practice, perform ance as measured by  
removal of BO D was d istinctly  in fe
rior. K eefer reported resu lts for 26 
m unicipal p lants in which the average 
removal of BO D  in prim ary settling  
tanks was 35.1 percent. In  these plants 
the average strength of raw sewage 
(BO D ) was 234 ppm. However, in  
m ilitary plants w ith raw sewage less 
than 350 ppm BOD the m edian removal 
was only 28.5 percent. In m unicipal 
plants with raw BOD in excess of 300 
ppm removals of BO D of 40 percent 
are norm al; snch perform ance excels 
that noted in m ilitary plants treating  
concentrated sewage.

In seeking a reason for the d isparity  
as to settling perform ance between  
m ilitary and m unicipal installations, 
the hypothesis that detention periods 
in the form er were too long m ust be 
rejected. No significant downward  
trend in data, F igs. 67 to 69, is ap
parent with increasing detention pe
riods. On the contrary the points in d i
cate a small but definite increase with  
detention periods longer than 2 hrs.

The effect of secondary sludge, which  
was not accredited as part of the p ri
mary tank, m ight in  some cases reduce 
the removal percentage somewhat since 
secondary sludge would perhaps not 
resettle com pletely. In  any event, 
however, this effect was not large and, 
moreover, secondary , sludge wasted in  
primary tanks would affect prim ary  
removal in m unicipal plants in  a sim i
lar way.

In prim ary tanks w ith recirculated  
flow another explanation for lower ef
ficiencies that pertains to vagaries of 
the BOD test m ay be advanced. P ri
mary loading was calculated as the

sum of the BO D w eight in the raw sew
age plus the BO D w eight in  the re
circulated flow. Since the putrescible 
m atter in these two fluids did not in 
general have the same reaction velocity  
constant A-, the w eights of 5-day BOD  
are not addable in  a strict sense. On 
the other hand no assum ption as to 
addition of BOD of different fluids was 
involved in m easurement of prim ary  
tank effluent BOD, since this quantity  
was m easured directly. Therefore in 
fluent and effluent BOD values were 
evaluated in essentially  different ways.

In  a few  plants analyses were made 
of BO D not only in  raw sewage and 
recirculated flow but also in the m ix
ture com prising the prim ary tank in 
fluent. U sually in  these plants the 
w eight of BOD in the m ixture did not 
differ greatly from  that of the raw  
sewage plus recirculated flow, espe
cia lly  when nitrification did not occur. 
Consequently no large amount of error 
in  measurement of prim ary tank per
form ance could be attributed to in 
adequacy of the BO D test.

I t  is believed that one factor, more 
than any other, was responsible for the 
differences in settling efficiency ob
served between m ilitary and civilian  
plants. This was non-uniform ity of 
flow. F low  at m ilitary installations, 
as has been stated, tended to be less 
uniform  than that in  m unicipalities of 
corresponding size, as a result of the 
follow ing two fa c to rs: (1 ) regim ented  
mode of life  at cantonm ents inherent 
in m ilitary train ing and (2) improper 
pum p sizes and float sw itch adjust
m ents at m any posts that were condu
cive to pulsating flow. An analysis 
indicates that the effect of irregularity  
of flow distribution upon settling e f
ficiency m ay be given quantitative  
expression.

In f lu e n c e  of F lo w  V a r ia t io n  u p o n  
S e d im e n ta t io n  E f f ic ie n c y

Consider the region in a rectilinear 
tank in the v ic in ity  of the effluent weir,
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w hich is located at the end of the 
tank :

W ith  a fixed rate of flow per unit 
length of weir q, and w ith particles 
of constant settlin g  velocity  v s, there 
exists a critical point on the water sur
face a distance M from  the weir. A  
particle a, w ith settlin g  velocity vs, re
leased at distance sligh tly  greater than 
M, w ill describe under the influence of 
gravity  and tank flow a path w ith re
versed curvature (see diagram ) and 
settle upon the bottom  of the tank.* 
On the other hand, a particle b, w ith  
the same settlin g  velocity, released at 
a distance sligh tly  less than M, w ill 
describe a sim ple curved path and be 
carried over the w eir in the effluent.

In  case of particle a, the effect of the 
settlin g  velocity transcends that of the 
radial velocity  of flow toward the weir. 
W ith  particle b the radial velocity  
overcomes the settlin g  velocity. B e
tw een the two paths lies a critical locus 
(dashed line on sketch) representing  
the path of a particle of settlin g  ve
locity  vs in which the effect of the 
settlin g  velocity  is exactly  balanced b y  
that of the radial velocity. Such a par
ticle w ould approach the end of the 
tank at a distance N  below the weir.

The locus evidently  delim its a zone 
near the weir that has no u tility  in  
sedim entation; all particles of settling  
velocity  vs inside the zone (indicated  
b y the dashed line) w ill be carried out 
over the w eir in  the effluent. A ll other 
particles of same settlin g  velocity  w ill 
be rem oved in the sludge. The effec-

* N eg lectin g  currents induced by density  
differences, w ind, and sludge removal m echa
nism , the direction o f  flow is  taken radially  
upward tow ard the weir.

tive volum e of the tank, therefore, is 
the gross volum e m inus that w ithin  the 
critical locus. For particles o f smaller 
settlin g  velocity, the critical zone will 
be larger. Indeed, w ith  slow ly set
tling particles,' M  m ay exceed the 
length of the tank, and N  the tank 
depth. E v id en tly  such particles can
not be removed by settling.

In addition to settlin g  velocity, flow 
per unit length  of w eir determ ines the 
size of the ineffective zone. I f  flow per 
u nit length of w eir is increased, the 
radial com ponent of velocity  becomes 
stronger relative to the settlin g  veloc
ity. A ccordingly, particles at greater 
distance w ill be carried over the weir 
and the critical locus m oves farther 
aw ay from  the w eir crest, thereby re
ducing the effective volum e of the tank. 
It is worth-while to ascertain the vol
ume of the ineffective zone for particles 
of size and density  occurring in sew
age. This m ay be done w ith the aid 
of the fo llow in g  diagram  :

W ith  reference to the diagram , it is 
seen that the velocity  of the particle v 
m ay be resolved into horizontal and 
vertical com ponents as fo llo w s:

dx
—  = vr cos 9 at

dy
—  =  Vr sin 9 +  vs at

T he radial v e lo c ity  vr varies inversely  
as th e d istance r from the weir.

7rr

where

q = flow per unit length of weir.
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The slope of the path of the particle is 
the ratio of the vertical and horizontal 
com ponents of velocity  which is given  
in the follow ing expression :

=  tan 0 +  — sec 6 (17)
dx vT -

The relations between the coordinates 
are as follow s :

y = r sin 6

x = r cos d

dy — r cos 6 dd +  sin 6 dr

dx = — r sin 6 dd +  cos 6 dr

Elim inating dy and dx  from  Ecpiation 
(17), and reducing to sim plest form, 
the follow ing relation is obtained :

dv 2(7
-j- — (tan 6) r =  sec 8 (18)Clu VffTT

The distance N  at which the critical 
locus intersects the end of the tank is 
located at a depth such that the up
ward velocity of flow exactly equals 
the settling velocity of the group of 
particles under consideration.

2 q

TVVs
Thus, the coefficient on the right hand  
side of Equation (18) is seen to be the 
dimension N. Integrating this equa
tion, a final relation is obtained for the 
coordinates of the critical locus.

r =  — 1 — - 0  sec 6 (19)
rsL J

when

6 = 0, r = M  =  —
Vs

Hence, the essential dim ensions of the 
ineffective zone are :

N  =  2 q/ivvs and M  = q/v,
The volume per u n it length of weir 
bounded by the critical locus is ob
tained from  Equation (19) by further

in tegra tion :

V = § f rl2r*de =  ( - l o g , 2) - ^  (20)J  0 \  7T J Vs

V =  0.441 q2/v32

In general, the ineffective volume for 
geom etrical conditions other than those 
assumed for purposes of illustration  
(circular tanks, weir troughs, etc.) 
w ill be given by an equation sim ilar 
to (20) of the form :

V  =  kq^/vs2 (21)
where

k =  constant, 0.35 to  0.55

Equations 20 and 21 indicate that 
the volume of a settling tank that is in 
effective for settling particles of a given  
size range is a quadratic function  of 
the ratio of the flow in tensity  and the 
settling velocity. This is a significant 
fact that has an im portant bearing  
upon the influence of irregularity of 
flow upon settling efficiency. I f  the 
flow per u n it length of weir is doubled, 
then the ineffective volum e for p a r ti- ' 
cles of a particular size is quadrupled. 
The same is true for all settleable par
ticles— an increase in flow intensity  re
duces effective settling volume at a dis
proportionate rate. Q uantitative as
pects of the foregoing analysis are set 
forth in  an example.

Example: To determ ine the ineffec
tive volume in a rectangular settling  
tank for sewage particles of average 
settling velocity due to upward flow 
toward weir.

A ssu m e:

q =  35,000 g a l/d a y /lin ea l ft (com 
m on value during day)

=  195 c f/h r /lin ea l ft

vs =  3 to  7 ft/h r , say 5 ft/h r  

Ineffective volum e from Equation 20

V = 0.441 (q/vs)2 =  0.441 (1 9 5 /5 )2 
=  670 cf for each lineal foot of weir.
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W ith the conditions assumed, the 
critical zone would extend from  a dis
tance of about 40 f t  from  the weir and 
all the w ay to the bottom  of the tank. 
It is seen therefore that the ineffective  
volum e m ay constitute a substantial 
proportion of the total. A t lower flows 
and for more rap id ly  settlin g  particles, 
the ineffective volum e is of course 
sm aller. W ith  slow ly settlin g  particles 
such as the ligh t p inpoint floe som e
tim es noted in the v ic in ity  of effluent 
weirs in  activated sludge secondary  
tanks, the ineffective volum e w ould be 
even larger than that estim ated in the 
foregoing exam ple, which pertains to 
average conditions.

The effect of flow irregu larity  is 
quantitatively  indicated  b y  consider
ing the follow ing two ca ses:

I. F low  is assumed to be in term it
tent due to the action of pum ps; 50 
percent of the tim e no flow occurs and  
50 percent of the flow is tw ice the aver
age, that is, 390 c f /h r / l in  ft. The pe
riod of the cycle is of the order of 20 
m inutes. The average value of the in 
effective volum e then is

V  — 2 [0  +  4 X  670 ] =  1,340 cf.

W ith  this pattern of flow distribu
tion, therefore, the ineffective volume 
becomes twice as large even though the 
average flow remains the same. The 
effective volum e is reduced dispropor

tionately and settlin g  efficiency is im
paired.

II. F low  is assumed to be sinusoidal 
during the 24-hr period reflecting  
water use trariation w ith post routine.

q = q -f- a sin 2 irt
where

q =  in stantaneous rate of flow 

q = average daily  flow  

2a = m ax flow m inus m in flow 

t = tim e

A verage value of the ineffective 
volume.

0.441 r  , ,
=  — 'r_ JoIV

dt°-441 r ,  . „ «=  —  I (q +  a sin 2id)2<
V s %J 0

0 .4 4 1 /  a2 \  
v  - — ( * ’ +  2 )  <22>

If  the flow ranges from  25 percent 
to 175 percent of the d aily  average, 
then the value of a, the lialf-range will 
be 75 percent of the average. W ith  
num erical values assum ed in the ex
ample, the ineffective volum e w ill be

0.441
V = —^ — [(1 9 5 )2+ (0 .5 ) (0 .7 5 X  195)2]  =52

=  860 cf.

TABLE 19.—-List of Prim ary T reatm ent P lan ts

Post State
SvC

or
Navy

Type of 
Station

Date
Plant

Completed

Date 
Major 

Additions 
or Al

terations 
Completed

Operating Period 
Studied

(1) (2) (3) (4) (5) (6) (7)

Cam p B landing Fla 4th D iv  T rg Jul 41 D ec  43  
Jan 44

M ar 43 to  F eb  44

D a v is  v ille R  I I N a v y  Trg Feb  43 M ar 43 Jul 43  to  A ug 44
Cam p F unston K ans 7th Arm ., M C  & 

T  D  Trg
M ar 41 A ug 43 Jun  43 to  A ug 44

Seym our Johnson  F ield N  C 4th T a ct F ie ld s & 
F ly  Trg

Apr 43 — M ay 43 to  M ar 44

Cam p Peary Va III N a v y  Trg M ar 43 M ay  43 N o v  43 to  Sep 44
C am p W heeler Ga 4th R ep l Trg Apr 41 --- M ay  43 to  Jun 44
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T A B L E  20.— General Data Relating to Primary Treatment Plants

P09t

Approx
Plant
Elev
(ft)

Range
of

Sewage
Influent

Temp
(°F)

Average
Sewage
Influent

pH

Lineal 
Feet of 
Sewers 

per 
C apita 

(a)

Sam

Hours
per
Day

•fling

Average 
Number 

per M onth

(1) (2) (3) (4) (5) (6) (7)

Blanding — 74-94 7.5 6.8 24 30
D avis ville 24 6 6-73 7.1 2.5 8 5
Funston 1,045 5 9-76 7.3 1.5 16 25
S Johnson F ield — 6 5-90 7.7 3.8 22 30
Peary 25 6 1-90 8.4 3.0 24 5
W heeler — 60-89 6.8 6.4 19 23

TA BL E 21.— Units in Primary Treatment Plants

Plant Units

Post Screens
or

Racks
Commin-

utors
G rit

Chambers
Primary
Settling
Tanks

Chlorine
Contact
Tanks

Digestion
Tanks,
Heated

Digestion
Tanks,

Unheated
Sludge
Beds

(1) (2) (3) (4) (6) (9) (10) (11) (12)

Blanding 2 2 1 2 1 2 2 16
D avisville 1 1 0 4 0 2 0 8
Funston 1 0 0 2 0 1 0 4
S Johnson Field 1 1 1 4 0 1 0 10
Peary 1 1 0 4 1 1 2 24
Wheeler 1 0 1 2 0 2 0 5

TA B L E  22.— Design Capacities and Loading of Primary Treatment Plants

Post

Num
ber of 

Months 
in 

Oper
ating 

Period 
Studied

Population Flow

Design
Capac

ity
(a)

Actual

Design
(mgd)

(a)

Actual

Aver
age

Maxi
mum

Mini
mum

Aver
age

(mgd)

Maxi
mum
(mgd)

Mini
mum
(mgd)

Gal
per

Capita
Daily

(1) (2) (3) (4) (5) (6) (7) (8) (9) (10) (11)

Blanding 12 97,500 34,300 47,700 14,400 6.82 1.82 4.72 0.32 53.2
D avisville 14 14,200 13,200 15,600 11,600 0.99 1.10 1.47 0.80 82.9
Funston 15 24,400 6,890 11,900 4,210 1.71 0.52 1.33 0.00 77.4
S Johnson Field 11 27,900 18,900 22,800 15,700 1.95 1.22 2.25 0.47 64.8
Peary 11 78,100 46,200 61,300 3,180 5.47 3.96 4.68 3.35 85.7
W heeler 14 26,700 26,600 31,100 23,600 1.87 1.60 3.70 0.69 57.8

(a) D esign  capacities are based chiefly on criteria in O CE E ngineering M anual (1943). 
See T ext. F igure in col (3) based upon detention  period of 2.5 hours and 70 gal per capita.
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TABLE 22a.— P ercen t of D esig n  Capacity  
U tilized  in Prim ary T reatm ent P lan ts

Post
Prim ary
Settling

Tank
(%)

Sludge
Digester

(%)

Sludge
Beds
(%)

(1) (2) (5) (6)

Blanding 27 72 .51
D avisv ille 110 202 123 (a)
F unston 31 21 34
S Johnson Field 63 91 66
P eary 72 89 95
W heeler 85 129 177

(a) Covered sludge beds.

This value is 28 percent larger than  
that for uniform  flow. It  is evident 
therefore that irregularity of flow, a 
salient characteristic of m ilitary sew

age, was a principal source of difficulty 
in obtaining efficient se ttlin g  tank per
form ance.

P r im a r y  T r e a t m e n t  P la n t s

A n analysis of six  prim ary treatment 
plants w ith  separate sludge digestion 
is given in Tables 19 to 25 and Figs. 
73 and 74. In this analysis the view
point is of perform ance of plants as 
entities rather than only of settling  
units. Four of the prim ary plants 
(Table 19) were at A rm y posts and 
two at N avy installations. Three plants 
were located in the South. It should 
be noted that the length  of sampling  
period (8 hours per day) at Davisville 
was short and hence comparison with

TABLE 23.— B O D  Loading and Perform ance of Prim ary T reatm ent P lan ts

Post

P lan t Influent Detention Period, Hours

Final
Eff

(ppm)

Overall
BOD

Removal
(%)Flow

(mgd)

BOD

At
Av

Flow

At
Max
Flow

At
Min
FlowPPM

Pounds
per

Capita
Daily

(1) (3) (4) (5) (16) (17) (18) (36) (40)

B landing 1.82 195 0.086 4.65 1.80* 27.20* 141 27.3
D a v isv ille 1.10 207 0.143 2.26 1.69 3.10 153 26.0
F unston 0.52 291 0.185 5.38 2.16 — 156 46.4'
S Johnson F ield 1.22 349 0.189 3.96 2.15 10.30 207 40.6
Peary 3.96 363 0.260 3.45 2.92 4.08 144 60.4
W heeler 1.60 391 0.190 2.92 1.26 6.80 259 33.8

* One tank  in service.

TABLE 23a.— SS  Loading and Perform ance of Prim ary T reatm ent P lan ts

Post
Flow
(mgd)

P lan t Influent

Suspended Solids Final
Effluent
(ppm)

Overall
SS

Removal
(%)

PPM
Pounds per 

Capita 
Daily

(1) (3) (4) (5) (9) (14)

Blanding 1.82 311 0.139 125 60.0
D av isv ille 1.10 271 0.187 155 43.0
F unston 0.52 335 0.216 148 55.7
S Johnson F ield 1.22 279 0.151 152 45.5
Peary 3.96 291 0.209 128 56.2
W heeler 1.60 270 0.131 115 57.2
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TABLE 24 .— Sludge D ata R elating to Prim ary Treatm ent P lan ts

Post

Number 
Months 
in Oper

ating 
Period 
Studied

Sludge Digester
Schedule 
of Sludge 
Loading

Total 
CF per 
Capita 

(a)

Heated, 
Percent 
of Total 
Volume

Covered, 
Percent 
of Total 
Volume

Average
Operating
Tempera

ture
(°F)

Primary 
to Sludge 

Digesters— 
Times 

per Day

(1) (2) (3) (4) (5) (6) (9)

Blanding 12 5.1 45 71 8 5-90 8
D avisville 14 1.5 100 100 93-104 3
Funston 15 14.1 100 100 91 9
S Johnson Field 11 3.3 100 100 90 6
Peary 11 4.4 33 100 85-90 3
W heeler 14 2.4 100 100 90 8

(a) Based on actual population, T able 22 col (4).

TABLE 24a.— Sludge D ata R elating to Prim ary T reatm ent P lants

Post

Gallons 
Raw 

Sludge 
per MG 
Sewage

Volatile Solids, 
Percent of 

Total Solids

Sludge Disposal

SF
per

Capita
(a)

No.
Months
Sludge
Drawn

per
Year

Sludge 
Drawn 
Y early 
from 

Digesters 
(cf/cap)

Sludge
Removed

Yearly
from
Beds

(cf/cap)
Raw

Sludge
Digested

Sludge

(1) (10) (11) (12) (13) (14) (15) (16)

Blanding 4,100 81.0 58.0 1.95 _ 1.2 _
D avisville 7,460 74.7 47.6 0.81(b) 12 3.2 ' —
Funston 7,980 64.8 — 2.91 • 8 — —
S Johnson Field 17,700 75.0 — 1.53 — — —
Peary — — 42.5 1.05 8 1.6 —
Wheeler 7,180 76.1 59.0 0.54 12 1.5 0.5

(a) Based on actual population, T able 22 col (4).
(b) C overed sludge beds.

TABLE 25.— Chlorination and Effluent D isposal in Primary T reatm ent P lants

Post

Chlorination Receiving W ater Body

Points of 
Application 

Used

Residual
Chlorine

(ppm)
Name Type

(1) (2) (3) (4) (5)

Blanding — — — Flowing Stream
Davisville Pre 0.6 Atlantic Ocean Tidewater
Funston — — Kansas River Flowing Stream
S Johnson Field — — Neuse River Flowing Stream
Peary Post 0.6 York River Tidewater
Wheeler -- Flowing Stream
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the other plants is som ewhat impaired. 
Aside from  this lim itation, records of 
analytical work and operation at D avis- 
ville were exceptionally  com plete and 
representative of perform ance of p ri
m ary p lants under conditions ex isting  
in a m ilitary regime.

The size of p lants, as m easured by 
design flow, varied from  0.99 m gd at 
D avisville to 6.82 mgd at B landing. 
The design capacities were calculated  
as being that flow which in passing  
through the tank would have experi
enced a detention period of 2.5 hrs. 
D esign  population was calculated on 
the presum ption that per capita flow 
would be 70 gal. A ctual per capita  
flow (colum n 11, Table 22) averaged  
70.3 gcd. On this basis, which was 
sim ilar to that stipulated  by the Arm y

7 0

5  6 00
1  5 0  

*  4 0

3 0

ssp ’"

Time, months

F I G U R E  74.— L o a d in g  and perform ance 
of prim ary sed im en ta tio n  u n its at Camp 
P ea ry .

o  14041
■ä 120O
-  100
<u
Ï  8 0

1

\ BOC),po inds ~ y \ \

■ A
A

° W j

\ / \
opulc tion

\

T im e , m o n th s

F I G U R E  73.— L o a d in g  and p erform ance  
o f  prim ary se d im en ta tio n  u n its at C am p  
F u n sto n .

E n gin eerin g  M anual, all plants were 
underloaded w ith  respect to contribu
tory population. W ith respect to flow, 
all but one of the p lants were under
loaded. The ratio (stated  as a per
cent) of actual load to design load, 
varied from  27 percent at Camp Bland
ing to 110 percent at D av isv ille; aver
age percent of design  capacity utilized  
was 65 percent. This general condition  
of underloading was met in some of the
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1

P L A T E  7.— Sm all se tt lin g  tank  at N a v a l S upply  D ep o t, Spokane, W a sh .

P L A T E  8.— S econ d ary  se tt lin g  tank at F o r t K n o x , K y.
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P L A T E  9.— E ffluent w eirs at C am p H o o d , T e x a s .

P L A T E  10.— F in a l se tt lin g  tank  at M ain P la n t, C am p C la iborne, La.
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posts by removal of units from service 
in ol'der to avoid excessive detention  
periods. D avisville and Camp W heeler 
were overloaded as to sludge digestion  
and drying facilities as indicated in 
Table 22a.

Columns (5 ) , (6 ) , (9) and (10) in 
Table 22 refer to extrem es of popula
tion and flow, the highest and lowest 
monthly average during the period  
studied. Columns (17) and (18) in 
Table 23 are based upon average val
ues of daily  maximum and minimum  
flows.

Concentration of raw sewage varied  
from 195 ppm BO D at B land ing to 
391 ppm at W heeler. The former post 
had an exceptionally low per capita  
BOD, which stemmed in  part from  
training activities that involved biv
ouacking at points removed from  the 
sewerage system . A t B landing, in
filtration was estim ated to be 10,000 
gallons per m ile per day. Grease was 
excessive and laundry waste consti
tuted about 9.5 percent of the flow. At 
Davisville, grease was reported as ex
cessive during the period of operation  
studied. The relatively lower BOD  
performances at B land ing and D avis
ville are chiefly to be attributed to 
grease. Prechlorination at D avisville  
was successful in retarding septic ac
tion and aided in m aintaining the tank 
surface clear. Sludge hoppers had to 
be reconstructed witli steeper sides in 
order to concentrate sludge at the out
let pipe. Before alteration, it had been 
difficult to remove the entire sludge 
content without pum ping large quanti
ties of sewage. The D avisville plant 
was one of few  with glass-covered  
sludge beds.

D igester capacity at D avisville was 
small relative to other prim ary plants. 
Temperatures as high as 104° F  had to 
be m aintained in order to ameliorate 
conditions brought about by grease. 
Scum and grease accum ulation under 
digester covers constituted an operat
ing difficulty. Lime was added, de

pending upon pH . Sludge was well 
digested.

Perform ance of the p lant at Camp 
Funston  is representative of small m ili
tary prim ary plants. As may be seen 
from  F ig . 73, loading and removal ex
hibited considerable variation over the 
period of study. It is pertinent to 
note, however, that perfect inverse re
lation between loading and perform 
ance did not occur. B ivouacking in 
fluenced to a marked degree the rela
tion between population and BOD  
load (lb .) . D uring the fa ll and winter 
of 1943, population at Funston  
dropped rapidly, yet the weight of 
BO D in the influent exhibited a con
tinued rise. Perform ance during this 
period was relatively poor.

Laundry wastes at Seymour Johnson  
F ield  amounted to about 25 percent of 
the flow during the period of opera
tion studied. This accounted in part 
for the relatively low l’emoval of SS  
relative to BOD. Grease was not a 
problem ; no unusual operating diffi
culties were encountered as to opera
tion. Lime added to raw sewage was 
found to be of value in odor control. 
Diurnal variation in flow was m arked; 
long detention periods occurred. Sub
sequent to the period of operation stud
ied, flow decreased and one tank only  
was retained in service. Sludge was 
removed by gravity into a well from  
which it was pumped. It may be seen 
from Table 24a that this arrangement 
did not produce a concentrated raw 
sludge. However, no difficulties with 
supernatant occurred; the liquor, 
which was quite clear, was returned to 
the plant through the influent sewer 
line.

A  notable removal of BOD was re
ported at Camp Peary. Raw sewage 
had a high pH (Table 20). At the 
tim e of inspection, a distinct floe was 
noticeable in the plant influent. An 
unusually effective inlet arrangement 

'induced even distribution of flow. 
S ettling tank effluent was chlorinated
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w ith an average dosage o f 107 lb pei
nig; an average residual of 0.6 ppm  
was m aintained. O yster beds in  the 
York R iver constituted  the reason for 
chlorination. Contact o f about one 
hour at average flow was obtained in  
the 36-in. effluent line that extended
2.500 f t  into the river.

On F ig . 74 are presented loading  
and perform ance curves for Camp 
Peary. A  fa ir ly  d istinct inverse pro
portionality  is evident between loading  
and perform ance. C oncentration of 
BO D in  the effluent follow ed popula
tion changes. F luctuations in BO D

were greater than for S S ; th is was 
noted generally  in prim ary tank per
formance.

A t Camp W heeler perform ance was 
norm al w ith  grease causing the prin
cipal operating difficulties. An ar
rangem ent was devised whereby scum 
was skimmed off into a manhole and 
grease extracted by heating in a gas- 
fired oven. The spent m aterial was 
then burned. E xtracted  grease was 
turned into the general collection for 
m aking explosives. The p lant effluent 
was discharged into a sw ift creek with 
a flow of 3 to 5 mgd.



CHAPTER V

T R IC K L IN G  F IL T E R S

Selection of Plants

More than one-half of sewage treat
ment plants installed  at m ilitary posts 
during W orld W ar II included trick
ling filters. From  an approxim ate 
total of about 300 filter plants, 34 
were selected for com plete study. It  
is pertinent to note that the selection  
of filter plants was based upon com
pleteness and reliab ility  of design and 
operational d a ta ; it  was not based up
on performance. The attem pt was to 
emphasize normal rather than excep
tional experience. Consequently, the 
results depict what actually occurred 
in filter plants as a group, w ithout 
special emphasis upon a few p lants that 
happened to operate under unusually  
propitious circum stances conducive to 
outstanding results. It is sufficient to 
say that w ith every type of trickling  
filter installed  there were instances of 
notable perform ance as well as of sub
standard performance.

In selecting the plants for complete 
study, attention was given to size, geo
graphical location, and relative num 
bers of each type.

Classification

In order to record performance, it 
was desirable to establish a scheme of 
classification. The usual classification  
of filters into two categories, standard  
and high capacity, was not suitable for 
m ilitary installations. It  was found  
that any fixed lim it as to load, arbi
trarily selected to differentiate low  
capacity from  high capacity units, re
sulted in unsatisfactory and un
natural groupings of filters w ithout 
regard to actual design. A  number of 
filters operated w ith loads in  the zone 
between the usual low capacity and 
high capacity loading; designation of 
these as high capacity or standard

units would have been an arbitrary and 
unjustifiable procedure.

Rate vs Capacity

Another objection to classification as 
to capacity is that the term  is m is
leading. W ithin  broad lim its, set by  
size of media and provisions for ven
tilation, all filters have the same ca
pacity— the real d istinguish ing vari
able is the rate of application of load. 
A side from  ancillary aspects, such as 
ventilation and hydraulic capacity, a 
standard filter is potentially  a high  
capacity filter— it would perform as 
such if  loaded accordingly. Conse
quently, rate is a more apposite term  
than capacity. The terms high rate 
and low rate filter are used to connote 
the total volume treated d a ily ; they do 
not pertain  to rates obtaining over 
short periods of time.

In the opinion -of the subcommittee^ 
there has been an exaggeration of the 
importance of continuity of flow ap
plied to filters when intervals between  
dosage at a particular point are meas
urable in  seconds. It  is to be pointed  
out that discontinuities in flow are 
most marked at the surface. The filter 
bed itself interposes a detaining action  
that tends to distribute the percolating  
flow uniform ly w ith respect to time. 
Tests indicate that the more irregular 
the rate of flow at the surface, the 
more efficient the dam ping and dis
tributing action of the filter. A  high  
instantaneous rate at the top of the 
filter becomes substantially reduced as 
it percolates under the retarding in 
fluence of the biological gels on the 
media. This effect is m anifest at all 
filters whether dosed w ith rotary dis
tributors or by means of nozzles. A t  
F ort Sheridan, for example, it was ob
served that while the filter was dosed

897
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for 4 m inutes out of 20, effluent con
tinued to flow from  the filter for 16 
m inutes out of 20.

D istribution  of flow w ith respect to 
area appeared to have a more direct 
relation to efficiency than m omentary 
flow irregularities at the surface. 
A gain, however, w ith respect to areal 
distribution, it is essential to differ
entiate between distribution at the 
surface and distribution across a hori
zontal plane below the surface. P er
colating flow applied in  a non-uniform  
m anner acquires a certain amount of 
horizontal m otion that tends to produce 
a more uniform  distribution. F lu id  
applied  at a point on the surface of 
granular m aterial travels downward  
approxim ately in a 15° cone.

Classification of Filters

Three attributes of design and opera
tion of filters provided a logical basis 
of classification, which is outlined as 
fo llo w s:

(a) As to depth. Deep or shallow. 
A verage depth of media greater 
or less than 4.5 ft.

(b) A s to amount of recirculation. 
R ecirculation ratio through fil
ter greater or less than 100 per
cent.

(c) A s to number of stages. Single 
or m ulti-stage. Operation of fil
ters in  series.

On the basis of this m ethod of group
ing, the 34 p lants are subdivided into  
the various categories. The number of 
plants in each division is indicated in 
the fo llow in g:

D ivision  I :  D eep filters w ithout re
circulation— 10 plants.

D ivision I I : D eep filters w ith  recircu
lation— 11 plants.

(a) Low recirculation ratio— 6 
plants.

(b) H igh  recirculation ratio— 5 
plants.

D ivision  I I I : Shallow  filters w ith re
circulation— 8 plants.

(a) Low recirculation ratio— 1 
plant.

(b) H igh  recirculation ratio— 7 
plants.

D ivision  IV  : Two-stage filters- 
plants.

-9

In the two-stage p lants at F orts Sill 
and W arren, it  was possible to analyze 
separately the operating resu lts for the 
first-stage filtration includ ing inter
m ediate settlin g. A ccordingly, these 
plants appear in  two divisions. At 
Camps F orrest and Gordon, both 
single-stage and two-stage filtration  
were u tilized  during different periods. 
These p lants also appear in  two divi
sions. In discussing operation, the 
four divisions are exam ined in the fore
going order w ith the view  of setting  
forth  conditions conducive to devia
tions of perform ance from  the normal. 
F in a lly , a discussion and generaliza
tion  of filter p lant perform ance as a 
whole is presented, in clu d ing  the effect 
of organic load, volum etric loading, re
circulation ratio, and p lant dimensions 
(absolute and relative size of the vari
ous u n its) .

I .  D e e p  F il t e r s  W it h o u t  R e c ir c u l a t io n

In Tables 26 to 38 is presented an 
analysis of the design, loading, opera
tion and perform ance of ten  filter 
plants that did not em ploy recircula
tion. Two of the posts, Camp S w ift  
and Turner A A F , were in the South; 
the others were located in m iddle la ti

tudes of the nation. N ine p lants were 
at A rm y posts; one was at a naval in 
stallation , the Great Lakes Naval 
T rain ing Center. The period of opera
tion investigated  at each p lant varied  
from  12 to 20 months. A ll but two of 
the p lants (G reat Lakes and Lock-
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bourne) m ay be considered as standard  
rate p lants w ith load concentration  
varying w ithin  the usual range.

In  order to facilita te comparison of 
the size of the p lants relative to load
ing, a design population factor of 4,620 
persons per acre-foot was utilized. 
This factor was in accord w ith  loadings 
for standard rate filters as specified by  
the Arm y E ngineering M anual. Most 
of the p lants in  the division were actu

ally designed upon criteria that were 
sim ilar to this figure. The p lant at 
Lockbourne, however, was actually de
signed for a population of 12,000 per
sons per acre-foot, a factor interm edi
ate between the standard and high rate 
range. A t Great Lakes, the prim ary  
section of the main p lant was actually  
designed for 45,000 persons, whereas 
the filters were designed for only  
17,000. The entire prim ary effluent,

TA B L E  26.— List of Deep Filter Plants Without Recirculation

P o s t S t a t e
S v C

o r
Navy

T y p e  o f  
S t a t i o n

D a t e
P l a n t

C o m p l e t e d

D a t e  
M a j o r  

A d d i t i o n s  
o r  A l t e r 

a t i o n s  
C o m p l e t e d

O p e r a t i n g
P e r i o d

S t u d i e d

(1) (2) ( 3 ) (4) (5 ) (6) (7)

Cam p Cam pbell K y 5th Arm, M C  & 
T D  Trg

O ct 42 Jul 43 Aug 43 to Aug 44

Cam p Crowder M o 7th Serv Trp  
Trg

M ay 42 Jul 43 Jul 43 to Aug 44

F itzsim ons Gen H osp Colo 7th G en H osp Sep 42 M ay 43 Jan 43 to Aug 44
Great L akes (M ain) 111 V N a v y  Trg A ug 42 O ct 44 M ar 43 to  Oct 44
Fort B enjam in Harrison Ind 5th Rep Trg N o v  41 Apr 43 Jan 43 to  A ug 44
Lockbourne A AB Ohio 5th T act F ields & 

F ly  Trg
Jul 42 --- Jan 43 to Aug 44(a)

Fort Sheridan 111 6th R ec Ctr O ct 41 D ec 42 Jan 43 to  A ug 44
Camp Sw ift T exas 8th D iv  Trg Jun 41 D ec 42 M ar 43 to Aug 44
Turner A A F Ga 4th T act F ields & 

F ly  Trg
Sep 41 --- Jul 43 to  Sep 44

Leonard W ood M o 7th D iv  Trg Apr 41 Aug 43 Jan  43 to  A ug 44

(a) O ct 43 to  M ay 44 om itted .

TA B L E  27.— General Data Relating to Deep Filter Plants Without Recirculation

Post
Approx
Plant
Elev
(Ft)

Range of 
Sewage 
Influent 
Temp 
(°F)

Average
Sewage
Influent

pH

Lineal 
Feet of 
Sewers 

per 
Capita 

(a)

Sampling

Hours
per

Day

Average
Number

per
Month

G) (2) (3) (4) (5) (6) (7)

C am pbell 430 6 7-84 7.5 5.6 24 25
Crowder 1,200 5 4-96 7.5 5.3 24 8
F itzsim ons G H 5,340 7 0-98 7.4 1.9 24 10
G t Lakes (M ain) — — — 3.2 24 25
Benj Harrison 760 4 0-80 7.4 9.0 24 8
Lockbourne AAB — 54-78 8 .0 — 16 25
Sheridan 660 4 7-80 7.7 5.4 14 6
Sw ift — 71-93 7.5 2.6 24 30
Turner AAF — 67-89 7.3 — 24 10
Leonard W ood 910 3 8-88 7.7 8.2 24 8

(a) B ased on design population, T able 29, col (3).
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P l a n t  U n i t s

P o s t
Sc

re
en

s 
or 

R
ac

ks

C
om

m
in

ut
or

s

! 
G

rit
 

C
ha

m
be

rs
 

1 1 
Im

ho
ff

 
T

an
ks

 
1

Pr
im

ar
y 

Se
ttl

in
g 

| 
T

an
ks

Fi
lte

rs

Se
co

nd
ar

y 
Se

ttl
in

g 
T

an
ks

C
hl

or
in

e 
C

on
ta

ct
 

T
an

ks

D
ig

es
tio

n 
T

an
ks

—
 

H
ea

te
d

D
ig

es
tio

n 
T

an
ks

—
 

U
nh

ea
te

d

Sl
ud

ge
 

B
ed

s

O
th

er
 

U
ni

ts

( 1 ) ( 2 ) ( 3 ) (4) (5 ) (6) (7) (8) (9) ( 1 0 ) d p ( 1 2 ) ( 1 3 )

C am pbell 1 1 0 0 3 4 2 1 2 l 11 (a)
Crowder 1 0 0 0 2 5 3 1 2 l 22 (b)
F itzsim on s G H 1 2 1 0 1 4 1 1 2 0 4 (o)
G t L akes (M ain) 0 2 0 0 4 2 2 1 2 l 9
Benj Harrison 2 2 0 2 0 1 . 2 2 0 0 6 id)
L ockbourne A A B 1 1 0 2 0 2 1 0 0 0 4 ( e )
Sheridan 1 0 2 0 2 1 1 2 2 0 11
Sw ift 1 1 0 0 3 4 3 0 0 2 22 _
Turner A A F 0 1 1 0 2 2 2 1 0 1 2 _
Leonard W ood 1 0 0 0 2 5 2 1 2 0 14 —

(a) Step  aerator on effluent. . ( d )  G rease sk im m ing tank.
(b) Grease interceptor. (e) Preaeration for grease flotation.
(c) 1.0-m g storage reservoir for effluent.

T A BL E 29.— Design Capacities and Loading of Deep Filter Plants Without Recirculation

P o s t

N u m 
b e r  o f  

M o n t h s  
i n  

O p e r 
a t i n g  

P e r i o d  
S t u d i e d

P o p u l a t i o n F l o w

D e s i g n
C a p a c 

i t y
( a )

A c t u a l

D e s i g n
( m g d )

( a )

A c t u a l

A v e r 
a g e

M a x i 
m u m

M i n i -
m u h i

A v e r 
a g e

( m g d )

M a x i 
m u m
( m g d )

M i n i 
m u m
( m g d )

G a l
p e r

C a p i t a
D a i l y

( 1 ) (2 ) (3 ) ( 4 ) (5 ) ( 6 ) ( 7 ) (8 ) (9 ) ( 1 0 ) ( 1 1 )

Cam pbell 13 54,700 38,700 46.800 34,400 3.830 1.940 3.30 0.49 50
Crowder 14 57,700 29,200 35,600 23,500 4.040 2.000 4.35 0.45 68
F itzsim m ons G H 20 15,200 6,600 8,400 5,300 1.060 0.440 1.03 0.09 67
G t Lakes (M ain) 20 21,000 57,800 65,900 45,800 1.470 3.790 6.10 2.31 66
Benj Harrison 20 15,500 12,400 15,700 9,200 1.090 1.170 1.96 0.42 94
Lockbourne A A B 12 2,300 4,120 4,600 3,700 0.161 0.372 0.81 0.18 90
Sheridan 20 13,900 7,100 10,500 3,800 0.973 0.557 0.84 0.40 78
Sw ift 18 55,900 31,800 41,800 20,800 3.910 1.830 3.66 0.30 58
Turner A A F 15 8,500 3,130 4,000 2,700 0.595 0.374 0.73 0.12 119
Leonard W ood 20 51,400 38,500 48,700 32,300 3.600 1.810 3.45 0.48 47

(a) D esign  capacities are based chiefly on criteria in  O C E E ngineering M anual (1943). See tex t.

however, was applied to the filters, ex
cept during heavy rains. I t  is im 
portant to point out therefore, that ap
plication  of a single design factor of 
4,620 persons per acre foot is w ar
ranted only because variations in  the 
in ten sity  of loading are brought forth

in a succinct m anner so as to facilitate  
com parison.

E xcellen t sam pling procedures were 
em ployed in p lants of th is division. 
The 11 p lants of Table 27 were se
lected from  a much larger num ber of 
sim ilarly designed p lants, and samp
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ling was a prim ary consideration in 
selection. Twenty-four-hour, on the 
hour, sam pling was the rule at most of 
the plants in the group. A n average 
of 15 composite sam ples were analyzed  
each month at each plant.

Average population varied from  
3,130 at Turner A A F , to 57,800 at the 
Great Lakes U SNTC . F low s varied  
from 0.372 mgd to 3.79 m gd in the 
division. F low  expressed on a per 
capita basis varied from 47 to 119 gal
lons daily w ith an average of 74.

Median values for percent of design  
capacity utilized, as calculated from  
Table 30, are as fo llo w s:

(i)  Prim ary settling tanks, 60 per
cent.

( ii)  F ilter  units, 64 percent.
( iii)  Secondary settling tanks, 73 

percent.
(iv ) Sludge digesters, 74 percent,
(v ) Sludge beds, 63 percent.

It is to be noted that the use of the 
median in this connection precludes the

TABLE 30.— Percent of Design Capacity Utilized in Deep Filter Plants Without Recirculation

P o s t
P r i m a r y
S e t t l i n g

T a n k
(%)

F i l t e r
(%)

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

T a n k
(%)

S l u d g e
D i g e s t e r

(%)

S l u d g e
B e d s
(%)

(1) (2 ) (3 ) ( 4 ) ( 5 ) (6 )

C am pbell 50 71 61 77 70
Crowder 67 51 57 60 60
Fitzsim ons G H 64 43 64 66 66
G t Lakes (M ain) 97 276 122 117 250(a)
Benj Harrison 92(b) 80 77 89(b) 69
Lockbourne AAB 97(b) 179 72 96(b) 46
Sheridan 25 51 73 47 47
Sw ift 55 57 64 70 53
Turner AAF 52 37 77 62 49
Leonard W ood 49 75 73 96 79

(a) T ank truck also used for disposal of liquid sludge. (b) Im hoff tank.

TABLE 31.— Design and Description of Filters in Deep Filter Plants Without Recirculation

N  u m b e r
D i m e n s i o n s —  

L e n g t h  b y A r e a
( a c r e s )

V o l u m e
( a f )

F i l t e r  M e d i a

P o s t o f
F i l t e r s

W i d t h  o r  
D i a m e t e r

( f t )
D e p t h

( f t ) T y p e S iz e
( i n . )

(1 ) (2 ) ( 3 ) ( 4 ) (5 ) (6 ) (7 ) ( 8 )

Campbell 4 1 a t 150d 
3 a t 154d

1.69 11.83 7 Lim estone U - 4

Crowder

Fitzsim ons G H

G t Lakes (M ain) 
Benj Harrison  
Lockbourne AAB

Sheridan

5

4

2
1
2

1

152d 
1 at 125d 
3 a t 70d 

136d 
148x125 

48d

206x106

2.08

0.55

0.668
0.42
0.083

0.50

12.48

3.30

4.54
3.36
0.50

3.00

6

6

6.8
8
6

6

L im estone  
Trap R ock & 

Granite  
Lim estone  
Lim estone  
Slag
Lim estone & 

G ranite

1 2-3

11-3

2 ) -4  
2  2 

21-31

2 J - 4

Sw ift

Turner A A F

4

2

155d

80d

1.73

0.23

12.11

1.84

7

8

Lim estone & 
Crushed G ravel 

Slag

3

11-3

Leonard W ood 5 142d 1.82 11.13 6.12 L im estone 2 è -4
4 -6
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TA B L E  32.— B O D  Loading and Performance of Deep Filter Plants Without Recirculation

P o s t

P l a n t  I n f l u e n t P r i m a r y  T r e a t m e n t  S e c t i o n

F l o w
( m g d )

B O D D e t e n t i o n  P e r i o d  ( h r ) B O D

P P M
P o u n d s

p e r
C a p i t a
D a i l y

A t
A v

F l o w

A t
M a x
F l o w

A t
M i n

F l o w
I n f

( p p m )
E f f

( p p m )
R e m o v a l

(%)

( 1 ) ( 3 ) (4 ) ( 5 ) ( 1 6 ) ( 1 7 ) ( 1 8 ) ( 1 9 ) ( 2 0 ) ( 2 1 )

C am pbell 1.940 '4 2 7 0.179 5.0 3.0 19.8 427 265 38.0
Crowder 2.000 430 0.244 3.7 1.7 16.5 430 283 34.2
F itzsim ons G H 0.440 390 0.217 3.9 1.7 18.4 390 312 20.0
G t Lakes (M ain) 3.790 390 0.214 2.6 1.6 4.2 390 306 21.6
Benj H arrison 1.170 257 0.201 2.7(a) 1.6(a) 7 .5(a) 257(a) 148(a) 42.5(a)
L ockbourne A A B 0.372 285 0.214 2.6(a) 1.2(a) 5 .3(a) 285(a) 145(a) 49.1(a)
Sheridan 0.557 291 0.190 9.8 6.5 13.7 291 174 40.2
S w ift 1.830 473 0.228 4.6 2.3 28.1 473 234 50.6
T urner A A F 0.374 212 0.211 4.8 2.5 15.5 212 149 29.7
Leonard W ood 1.810 547 0.215 5.1 2.7 19.3 547 277 49.3

(a) Im hoff tank.

T A B L E  33.— B O D  Loading and Performance of Deep Filter Plants Without Recirculation

S e c o n d a r y  T r e a t m e n t  S e c t i o n

F i l t e r  L o a d i n g F i l t e r  O n l y — P e r f o r m a n c e

P o s t F l o w
P o p ’n

p e r
A c r e -
F o o t

B O D B O D

M G D M G A D I n f
( p p m )

L B /
A F D

L B /
A D

E f f
( p p m )

L B /
A F D

R e 
m o v e d

E f f i 
c i e n c y

(%)

R e 
m o v a l
(%)

( 1 ) ( 2 2 ) ( 2 3 ) ( 2 4 ) ( 2 5 ) ( 2 6 ) ( 2 7 ) ( 2 8 ) ( 2 9 ) ( 3 0 ) ( 3 1 )

C am pbell 1.940 1.15 3,270 265 363 2,540 53 290 80.0 49.7
Crowder 2.000 0.96 2,340 283 377 2,260 44 319 84.5 55.6
F itzsim on s G  H 0.440 0.80 4,140 312 720 4,330 118 449 62.2 49.7
G t L akes (M ain) 3.790 5.66 12,730 306 2,130 14,500 — —. — _
Benj H arrison 1.170 2.78 3,690 148 429 3,420 61 252 58.8 33.8
Lockbourne A A B 0.372 4.48 8,240 145 903 5,420 61 523 57.9 29.5
Sheridan 0.557 1.11 2,370 174 269 1,610 79 148 54.6 32.7
Sw ift 1.830 1.06 2,620 234 295 2,060 54 227 76.8 38.0
Turner A A F 0.374 1.63 1,700 149 253 2,020 22 216 85.4 59.9
Leonard W ood 1.810 1.00 3,460 277 377 2,310 71 281 74.5 37.7

distorting influence of high values at 
Great Lakes and Lockbourne, which  
are atypical as previously explained. 
The foregoing sum m ary makes it evi
dent that the p lants generally  were 
loaded less than three-quarters of de
sign capacity as given  in the E ngineer
ing M anual. Such a degree of under

loading is to be attributed  to a large 
extent to application of the “ capacity 
fa c to r .”

W ith  the exception of the plants at 
F ort Sheridan and F ort Benjam in  
H arrison, all filter p lants in  D ivision  
I were equipped w ith  rotary distribu
tors. Largest diam eter of filters was
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155 f t  at Camp S w ift. Most filter beds 
had an average depth of 6 ft. Use of 
limestone for m edia was common. 
Media size ranged from  i y 2 to 4 
inches, w ith most of the stone ranging  
from 2 to 3y2 inches.

The median concentration of BOD

in the plant influent was 390 p p m ; on 
a per capita basis the BOD amounted  
to 0.211 lb daily.

Average detention periods varied  
from 2.6 to 9.8 hours. The latter figure, 
which obtained at Fort Sheridan, was 
subsequently reduced by installation of

TABLE 34.— B O D  Loading and Performance of Deep Filter Plants Without Recirculation

P o s t

S e c o n d a r y  T r e a t m e n t  S e c t i o n  ( C o n t )

O v e r 
a l l

P l a n t
B O D
R e 

m o v a l
( % )

F i n a l  E f f l u e n t

F i l t e r  a n d  S e c o n d a r y  S e t t l i n g  P e r f o r m a n c e

D i s 
s o l v e d

O x y 
g e n

( p p m )

R e l a 
t i v e
S t a 

b i l i t y
( % )

D e t e n t i o n  P e r i o d  ( h r ) B O D

S e t t l i n g  T a n k C o n 
t a c t

T a n k
a t

A v
F l o w

F i n a l
( p p m )

L B /
A F D

R e 
m o v e d

E f f i 
c i e n c y

< % )

R e 
m o v a l

( % )A t
A v

F l o w

A t
M a x
F l o w

A t
M i n

F lo w r

( 1 ) ( 3 2 ) ( 3 3 ) ( 3 4 ) ( 3 5 ) ( 3 6 ) ( 3 7 ) ( 3 8 ) ( 3 9 ) ( 4 0 ) ( 4 3 ) ( 4 4 )

Campbell 4.1 2.4 16.1 0.54 22 333 91.7 57.0 95.0 7.3 _
Crowder 4.4 2.0 19.7 0.80 29 338 89.7 59.0 93.2 3.0 —
Fitzsim ons G H 3.9 1.7 18.4 0.33 68 573 78.2 62.6 82.6 1.5 21
Gt Lakes (M ain) 2.0 1.3 3.3 — 89 1,510 71.0 55.6 77.2 — —
Benj Harrison 3.2 1.9 9.0 0.23 22 365 85.2 49.0 91.5 7.4 —
Lockbourne AAB 3.5 1.6 7.0 — 32 700 77.8 39.6 88.7 2.7 —
Sheridan 3.4 2.3 4.8 1.35 49 194 72.0 43.0 83.2 7.0 46
Swift 3.9 2.0 24.1 — 27 261 88.4 43.7 94.3 1.8 82
Turner AAF 3.2 1.7 10.4 0.55 14 229 91.6 63.7 93.4 3.3 94
Leonard W ood 3.4 1.8 12.9 0.34 28 339 90.0 45.6 94.9 3.0 72

TABLE 35.— SS  Loading and Performance of Deep Filter Plants Without Recirculation

S u s p e n d e d  S o l i d s

P o e t  •
P l a n t  I n f l u e n t P r i m a r y  T r e a t m e n t  

S e c t i o n
S e c o n d a r y  T r e a t m e n t  

S e c t i o n
O v e r a l l

P l a n t
R e m o v a l

( % )P P M
P o u n d s

p e r
C a p i t a
D a i l y

E f f l u e n t
( p p m )

R e m o v a l
( % )

F i n a l  E f f  
( p p m )

E f f i c i e n c y
( % )

R e m o v a l
( % )

( 1 ) ( 2 ) ( 3 ) ( 4 ) ( 5 ) ( 9 ) ( 1 2 ) ( 1 3 ) ( 1 4 )

Campbell 374 0.157 145 61.2 27 81.4 31.5 92.7
Crowder 423 0.241 188 55.6 32 82.9 36.9 92.5
Fitzsim ons G H 246 0.137 135 45.2 37 72.6 39.8 85.0
Gt Lakes (M ain) — — — — — — — _
Benj Harrison 233 0.183 131 43.7 34 74.1 41.7 85.4
Lockbourne A A B 208 0.157 96 53.8 23 76.1 35.1 88.9
Sheridan 301 0.198 112 62.8 41 63.4 23.6 86.4
Swift 418 0.201 117 72.0 19 83.8 23.5 95.5
Turner A A F 196 0.195 89 54.6 13 85.4 38.9 93.5
Leonard W ood 523 0.205 157 70.0 22 86.0 25.8 95 .8
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T A B L E  36.— Sludge Data Relating to Deep Filter Plants Without Recirculation

P o s t

N u m b e r
M o n t h s

i n
O p e r 
a t i n g

P e r i o d
S t u d i e d

S l u d g e  D i g e s t e r
S c h e d u l e  o f  S l u d g e  

L o a d i n g

T o t a l
C F
p e r

C a p i t a
( a )

H e a t e d ,
P e r c e n t

o f
T o t a l

V o l u m e

C o v e r e d ,
P e r c e n t

o f
T o t a l

V o l u m e

A v e r a g e
O p e r 
a t i n g

T e m p e r 
a t u r e
( ° F )

S o u r c e
o f

S l u d g e

S e c o n d 
a r y  t o  

P r i m a r y  
S e t t l i n g  
T a n k s —  

T i m e s  
p e r  

D a y

P r i m a r y  
t o  

S l u d g e  
D i g e s t 

e r s —  
T i m e s  

p e r  
D a y

(1) (2) ( 3 ) (4) (5) ( 6 )  . (7) (8) (9)

Cam pbell 1 2 4.2 72 1 0 0 90 P ri(b) 3 2
Crowder 2 0 3.6 66 1 0 0 91 Pri(b) 6 12
F itzsim ons G H 2 0 4.5 1 0 0 1 0 0 98 Pri(b) — 96
G t Lakes (M ain) — 2.8 79 1 0 0 98 Pri(b) C ont 6
Benj H arrison (c) 20 5.1 0 — — — — —
Lockbourne A A B (c) 12 4.7 0 — — — — —
Sheridan 2 0 6.4 1 0 0 1 0 0 92 Pri(b) — 2-4
Sw ift 24 6.4 0 1 0 0 — Pri(b) — —
Turner A A F 15 7.2 0 1 0 0 82 Pri(b) 4 6
Leonard W ood 20 3.1 1 0 0 1 0 0 93 Pri(b) 3 8

(a) B ased  on actual population, T able 29, col (4). (b) Includes scum . (c) Im hoff tanks.

T A BL E 37.— Sludge Data Relating to Deep Filter Plants Without Recirculation

G a l l o n s

V o l a t i l e  S o l i d s ,  
P e r c e n t  o f

S l u d g e  D i s p o s a l

T o t a l  S o l i d s

P o s t
R a w N o . S l u d g e S l u d g e

S l u d g e  
p e r  M G  
S e w a g e R a w

S l u d g e
D i g e s t e d

S l u d g e

S F
p e r

C a p i t a
( a )

M o n t h s
S l u d g e
D r a w n

p e r
Y e a r

D r a w n
Y e a r l y

f r o m
D i g e s t e r s

( c f / c a p )

R e m o v e d
Y e a r l y

f r o m
B e d s

( c f / c a p )

( 1 ) ( 1 0 ) ( 1 1 ) ( 1 2 ) ( 1 3 ) ( 1 4 ) ( 1 5 ) ( 1 6 )

C am pbell 3,885 69.2 46.7 1.42 10-12 4.5 0.9
Crowder 4,780 74.0 53.4 1.65 12 7.0 1.7
F itzsim on s G H 5,640 80.3 61.8 1.51 10 6.5 1.4
G t L akes (M ain) — — — 0.40 — — —

Benj H arrison — — 52.4 1.45 10-12 6.3 0.9
Lockbourne A A B — — 56.9 2.18 9-11 — —

Sheridan 12,700 70.0 64.0 2.12 10-12 6.3 1.6
Sw ift 10,400 65.2 46.9 1.90 12 4.6 1.5
T urner A A F 16,840 82.0 46.1 2.04 — 4.3 1.2
Leonard W ood 9,060 71.0 52.4 1.26 12 7.2 1.6

(a) B ased  on actua l population , T ab le 29, col (4).

recirculation facilities. The m edian  
value of BO D rem oval in prim ary set
tlin g  was 40 percent. The m edian  
value of concentration of prim ary e f
fluent was 250 ppm.

In  Table 32, it  m ay be noted that 
colum ns (4 ) and (19) are identical. 
In  p lants w ithout recirculation, p lant 
influent and prim ary settlin g  tank in 

fluent are id en tica l; this is not the case 
in p lants w ith  recirculation through 
prim ary tanks. In order to maintain  
a sim ilarity  of arrangem ent of tables 
in the various filter d ivisions, num
bers of colum ns in corresponding 
tables are made the same so that com
parison is rendered easy.

On Table 33 are presented data in
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dicative of volum etric and BO D load
ing'. M edian value of m gad is 1.13; 
median value of the lb B O D /a f is 377; 
and lb B O D /acre is 2,420. Median 
concentration of filter effluent was 61 
ppm BO D, corresponding to a removal 
of 44 percent of in itia l BO D in the 
filter alone. Percent efficiency * on the 
average was 70.5 percent. That is, the 
filters of D ivision  I removed 70.5 per
cent of the BOD load applied to them.

A comparison of the foregoing per
formance w ith that attained in m unici
pal practice is instructive. In  an in 
vestigation of sewage p lant perform 
ance by the U S P H S  in  1923 (P u b lic  
Health B u lletin  132), the follow ing  
average results for seven trickling  
filter plants were reported :

Raw Sewage BO D, 118 ppm  
Filter Influent BO D, 95 ppm  
Percent BOD Removal, F ilter  only,

45%
Percent BOD Efficiency, F ilter  only,

80%.

It is evident that w ith these relatively  
dilute m unicipal sewages the filter re
moval was about the same as that in  
m ilitary installations. However, the

* For definitions of percent removal and 
efficiency see Chapter I.

percent efficiency in the m unicipal fil
ters is significantly higher than in the 
m ilitary. This is in line with the in 
ten sity  of organic load applied per unit 
volume in the two groups. The mu
n icipal filters received a sm aller weight 
of BO D per acre-foot daily  and, ac
cordingly, efficiencies were higher.

H atch presented data pertain ing to 
loading and perform ance of eight Ohio 
trickling filter plants for the period  
1927-31 as follow s :

A verage BO D S ettling Tank Effluent, 
129 ppm

A verage F ilter  Loading, 188 lb B O D / 
acre-foot

Percent Efficiency of F ilter,*  76.5 
percent.

A  lower load in tensity  and correspond
in gly  higher efficiency in these m unici
pal p lants again is exhibited as com
pared to the trickling filters at m ilitary  
installations.

In  Table 34 the additional removal 
of BOD b y  secondary settling is in d i
cated. Median value of detention pe
riod in secondary tanks was 3.4 hrs. 
A verage percent removal of in itial 
BO D in raw sewage that occurred in

* N o t including removal in secondary set
tlin g  tanks.

TABLE 38.— Chlorination and Effluent D isposal in D eep  F ilter P lan ts W ithout R ecirculation

11

li '
C h l o r i n a t i o n R e c e i v i n g  W a t e r  B o d y

y
il
y .

P o s t P o i n t s  o f  
A p p l i c a t i o n  

U s e d

R e s i d u a l
C h l o r i n e

( p p m )
N a m e T y p e

- (1) ( 2 ) ( 3 ) ( 4 ) ( 5 )

Campbell P ost 0.3 L ittle  W est Fork Creek Flow ing Stream

s
Crowder P ost 0 . 2 Buffalo Creek D ry  R un (2 M i) to  

F low ing Stream
Fitzsim ons G H Pre & P ost 0 . 2 T oll G ate Creek F low ing Stream
Gt Lakes (M ain) Pre & P ost — Lake M ichigan Lake
Benj Harrison P ost 1.0 Fall Creek F low ing Stream
Lockbourne AAB- P ost — L ittle  W alnut Creek F low ing Stream

n Sheridan P ost 0 .3 Lake M ichigan Lake
L Swift N one — P iney Creek F low ing Stream

• Turner AAF N on e — F lin t R iver F low ing Stream
Leonard W ood P ost 0 . 2 B ig P iney  River D ry  R un ( 4 |  M i) to  

Flow ing Stream
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filter and secondary settlin g  was 51.9 
percent. This figure includes rem oval 
due to oxidation and settlin g  in  chlo
rine contact chambers, if  any. Gener
ally, however, rem oval in chlorine con
tact cham bers was neglig ib le. Use of 
chlorine had in general been m inim ized  
at the tim e of investigation  by orders 
em anating from  Service Command and 
N avy Superintending C ivil E ngineer  
Offices. Consequently, the difference 
in m edian rem ovals o f colum ns (39) 
and (31) ( 5 1 .9 - 4 4 .0  =  7.9% ) is a t
tributed  to secondary tanks.

The average value of percent effi
ciency of the secondary treatm ent sec
tion (colum n 38) was 83.6 percent. 
The average concentration of final e f
fluent of plants, D ivision I, was 38 
ppm . I f  the results for Lockbourne 
and Great Lakes are excluded, the 
average concentration in  p lant effluent 
was 32 ppm, corresponding to a sec
ondary section rem oval of 336 lb /a f .  
A verage overall p lant rem oval o f BOD  
was 89.4 percent. O m itting results for 
Lockbourne and Great Lakes, the aver
age overall p lant BO D rem oval for 
plants in  D ivision  I was 91.4 percent, 
a value that compares favorably with  
the best m unicipal trick ling filter per
form ance. A verage perform ance of 
plants in  D ivision  I, w ith respect to 
rem oval of SS, is summ arized in the 
fo llo w in g :

Raw Sewage, m edian SS, 337 ppm  
Raw Sewage, m edian SS, 0.196 lb /c a p /  

day
Prim ary Section Effluent, m edian SS, 

140 ppm
Prim ary Section, m edian removal, 

58.4%
P lan t Effluent, mean SS, 28 ppm  
Secondary Section, mean SS  efficiency, 

78.4%
Secondary Section, mean SS rem oval, 

33.0% ‘
O verall P lan t, mean SS rem oval, 90.6%

It is evident that rem oval of SS  in  
filter p lants w ithout recirculation is

high and in line w ith  BO D perform 
ance. It  is p ertinent to note that the 
average suspended solids loading of 
plants of D ivision  I, as expressed upon 
a per capita basis, was somewhat 
higher than usual in  m ilitary  plants 
(T able 35 ).

D ata  relating to sludge digestion 
and disposal are g iven  in Tables 36 
and 37. A dd itional sludge data for 
plants at Camps Cam pbell and Crow
der and F itzsim m ons General Hospital 
are analyzed in  detail in a subsequent 
section on sludge digestion.

P erform an ce of In d iv id u a l P lan ts of 
D iv is io n  I

Camp Campbell, K y.
A t Camp Cam pbell, the operating 

period investigated  extended from Au
gust, 1943 through A ugust, 1944. An 
additional filter and digester were com
pleted in Ju ly , 1943 to provide for an 
expected increase in  post population. 
These units resulted in im proved per
form ance ; overall p lant removal of 
BO D  during March, A p ril and May, 
1943, was 89.1 percent, whereas during 
the corresponding period in 1944 a
95.0 percent overall BO D  removal oc
curred. Grease was excessive in the 
plant influent but was largely  removed 
in the prim ary ta n k s; scum removed 
from  these u n its am ounted to about 
250 gpd. Laundry flow constituted as 
high as 10 percent of the total flow. 
The sewer system  consisted of 190,500 
f t  of sewers of diam eters of 6 to 30 
inches; house laterals totaled 114,100 
f t  of 4- to 6-inch pipe. The final efflu
ent at Cam pbell passed over a step 
aerator made up of a series of five 
fa lls ;  channel w idth was 8 ft. The re
ceiv ing stream  afforded little  dilution, 
however, the degree of treatm ent at
tained was sufficient to perm it of 
bridge-bu ild ing tra in in g  activ ity  down
stream  from  the plant.

A s m ay be seen from  F ig . 75, the 
variation of population  and flow7 at 
Camp Cam pbell was of the order of
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10 to 20 percent during the period in 
vestigated. Perform ance was u n i
form ly high ; BO D removal varied from
90.5 percent to 97.5 percent, and SS  
from 84.9 percent to 96.5 percent. A  
relatively heavy BO D load during Oc
tober and Novem ber, .1943 was handled  
without im pairm ent of final effluent. 
Effluent dissolved oxygen during the 
summer months was about 6.5 ppm and 
during w inter averaged about 8.5 ppm. 
No particular difficulties w ith sludge 
digestion or supernatant disposal 
occurred.

——
ROD—* — _

'¿-SS

E

•Cs s DD
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F IG U R E  75.— L o a d in g  and p erform ance o f  
trick ling filters at C am p C am pbell.

Gamp Crowder, Mo.

The low rate filter at Camp Crowder 
as originally constructed was placed in 
operation in May, 1942. In  Ju ly , 1943 
an extension to the plant was installed, 
consisting of an additional filter, a sec

ondary settling tank and a storage d i
gester. A  chlorine contact tank was 
placed in operation in A ugust, 1944; 
a grease interceptor utilizing diffused 
air was installed  in December, 1943.

M onthly averages of ether-soluble 
m aterial at different points throughout 
the p lant during 1944 are indicated in  
the follow ing ta b le :

M o n t h R a w
( p p m )

P r i m a r y
E f f l u e n t

( p p m )

F i l t e r
E f f l u e n t

( p p m )

F i n a l
E f f l u e n t

( P P m )

Jan 1,136 623 243 123
Feb 608 439 209 109
M ar 605 354 210 127
Apr 700 450 154 122
M ay 1,040 594 332 251
Jun 900 — — — .

Jul 620 331 59 48
Aug 583 278 103 52

As may be seen, the grease content was 
substantial; this was reflected in high 
per capita production of BOD (Table
32).

Considerable improvement in  the 
skim ming of indoor grease traps was 
accomplished through an educational 
program started in June, 1944. The 
grease intercepter at the plant brought 
about better grease removal, but due 
to the turbulence engendered by d if
fused  air, only a sm all percentage of 
grease was recovered at the intercep
ter ; the bulk appeared on the settling  
tanks. Laundry wastes constituted  
about 7 percent of the flow.

The chief operating difficulty 
stemmed from  fau lty  perform ance of 
the sludge rem oval mechanism in one 
of the prim ary settling tanks. This 
unit failed  a num ber of times, particu
larly in cold weather, necessitating re
m oval of the tank from  service for sev
eral days. M any minor im provements 
were made by the operator that con
tributed to efficiency. A  list of these is 
of interest as being indicative of the 
type of m odification found to be use
fu l by an enterprising operator of a 
W orld W ar II sewage treatm ent
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plant— one that was generally  con
ceded to be orig inally  well designed  
and con stru cted :

(a) In stallation  of a sludge cleanout 
connection in sludge piping.

(b ) Construction of a crane for 
handling grease from  the inter- 
cepter.

(c) Installation  of drain lines from  
the drip traps.

(d ) Construction of chemical feed  
tank for ap p ly ing  alum and 
borax to the sludge.

(e) Installation  of an extra waste 
gas burner.

( f )  D ecking over all open flumes.
(g ) Installation  of hot w ater tank  

for cleaning and w ashing of 
units and equipm ent.

(h) Construction of wooden sluice  
gates at dosing chambers.

( i)  A ddition  of handrails and con
crete walks around units for 
safety.

( j)  Provision for stream  of sewage 
to im pinge upon edge of filter 
bed in order to wash Psychoda 
larvae down wall.

(k) P ip in g  of hot water to labora
tory.

(1) A ddition  of cleanout hand-hole 
on suction side of sewage pum ps 
at lif t  station.

Media size in the filters at Camp 
Crowder was 1%  to 3 inches, which  
was the sm allest recorded in  low rate 
filters. F ilters u sing stone of th is size 
— Crowder, F itzsim ons and Turner 
A A F— gave an average rem oval of 55 
percent (not includ ing that in sec
ondary se ttlin g ), which was sign ifi
cantly  higher than the overall average 
filter rem oval of 44 percent for the 
division.

The filters at Crowder were equipped  
w ith  dosing tanks. The cycle consisted  
of 5- to 8-m inute dosages w ith  8- to  
11-m inute rest intervals. F ilters were 
not by-passed during peak flows, but 
occasionally during extrem ely heavy  
rain the entire p lant was by-passed.

D igestion of sludge interposed 110 
serious operating difficulties. Scum 
was not a p rob lem ; grease was trouble
some only in raw sludge piping. Su
pernatant pH  was 7.2, and solids 
ranged from  0.54 to 1.13 percent, of 
which the volatile content varied from 
60 to 79 percent. The average amount 
of supernatant was about 160,000 gal 
per m onth. A lthough the plant was 
designed for supernatant return to 
plant influent, m ost supernatant was 
actually  d ischarged to sludge beds.

S ludge from  digesters was originally 
applied  to beds to a depth of six  inches. 
H owever, as a resu lt o f a fly problem, 
the depth was reduced to three inches. 
No decrease in d ryin g  tim e Avas noted 
w ith  use of alum.

It  m ay be noted from  F ig . 76 that 
the percent rem oval of BO D and SS at

IOO
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F I G U R E  76.— L o a d in g  and  p erform ance of 
tr ick lin g  filters at C am p C row der.
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Camp Crowder was not appreciably  
affected by changes in organic and 
volum etric loading of the order of 20 
percent, the average for the period of 
study. No significant- seasonal change 
in perform ance was evident.

Fitzsimons General Hospital, Colo.

The data for Fitzsim ons are of con
siderable interest since they pertain  to 
sewage treatm ent at a general hospital. 
The chief differences between m ilitary  
hospitals and other posts of compara
ble size were as follow s: (i)  composi
tion of sewage; ( ii)  areal concentra
tion of population, affecting sewage 
condition and rate of arrival at treat
ment plants. The inherent nature of 
activities at hospitals led to introduc
tion of certain substances, both organic 
and inorganic, into sewage that nor
mally were not found at other posts 
(blood plasma, d isinfectants, etc .). 
Moreover, population was concentrated  
in a sm aller area at hospitals; lineal 
feet of sewers per capita was usually  
less than 2. The relatively  short sewer 
system, together w ith the regim ented  
pattern of life  in these hospitals, re
sulted in extreme variations of flow at 
sewage treatm ent plants (F ig s. 21, 32, 
33, and 51).

At Fitzsim ons General H ospital the 
population variation was g ra d u a l; dur
ing the period of study it changed  
from a minimum of 5,300 in March, 
1944 to a maximum of 8,230 in May, 
1943. The sewage was fresh and warm  
due to the short length of run to the 
plant. Grease was n orm al; rem oval at 
traps was adequate as a result of a 
regular schedule of m aintenance.

Four rotary filters were installed  at 
Fitzsimons (Table 31 ). Only the three 
small filters were used in norm al opera
tion during the period of investiga
tion. The large filter was installed to 
handle expected additional population  
and laundry waste. As m ay be seen  
from Table 33, the organic load was 
higher than norm al for low rate filters

and perform ance was about in line 
with loading.

A ll p lant effluent flowed through a 
reservoir of approxim ately 1 m g ca
pacity. W ater from  the reservoir was 
used for irrigation as needed. The 
reservoir was not considered a plant 
unit (Table 34). The storage pro
vided did not contribute m aterially to 
removal of organic m ateria l; in fact, 
some sam ples indicated an increase in 
BOD in  passage through the reservoir. 
Increase in BOD in storage reservoirs 
and ponds was not an uncommon oc
currence in m ilitary posts where such 
units existed. These anomalous obser
vations are to be attributed to fixation 
of organic m atter by photosynthetic  
processes and to irregular release of 
anaerobic decom position products from  
benthal deposits.

Great Lakes Naval Training Station, 
III.

The main plant at the Great Lakes 
N aval Training Center affords an in 
teresting exam ple of perform ance of a 
heavily loaded filter that was origi
nally  designed for a low rate of load 
application. As explained previously, 
the prim ary and secondary sections of 
this p lant were designed for different 
pop u lation s; in actual operation, how
ever, all sewage was routed through  
the filters. These units had fa irly  
coarse m edia and were able to handle 
the load with fair efficiency. H igh  de
gree of treatm ent was not considered  
necessary in view  of d ilution afforded 
the effluent b y  Lake M ichigan.

Prim ary settling perform ance was 
su bstan dard ; three settling tanks were 
rebuilt in  order to im prove settling  
and to elim inate conditions conducive 
to septicity. Preaeration equipm ent at 
the prim ary settling tank influent was 
installed subsequent to the period of 
operation investigated.

Thin sludge together w ith relatively  
lim ited digestion and sludge bed ca
pacity made it necessary at Great
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Lakes to make provision for hauling  
liquid  d igested sludge from  the plant. 
This was accom plished w ith a 1,200- 
gal tank truck that was capable of 
hauling the equivalent of one bed of 
sludge in two days. M uch of the liquid  
sludge carried by truck was deposited  
upon low -lying waste land in the v ic in 
ity  of the p o s t ; some was applied  to 
lawns. A ll areas dosed were heavily  
grassed and no dust nuisance occurred. 
Odor did not constitute a problem .

Fort Benjamin Harrison, Ind.

Operation at F ort B enjam in  H arri
son was norm al; sewage did not con
tain  excessive am ounts of grease and  
laundry waste constituted  only 5 per 
cent of the flow. Infiltration, however, 
was excessive and caused the concen
tration of the raw sewage to be con
siderably less than normal. This did  
not have an adverse effect upon set
tling. F ixed  nozzles d istributed  sew
age upon filters from  tw in  dosing  
chambers w ith  an average dosing cycle  
of about ten  m inutes. D urin g  heavy  
precipitation, flow had to be by-passed  
around the filters. The filters u n 
loaded twice each year, u sually  in  
March and Novem ber, w ithout in tro
ducing difficulty in operation. A  
grease skim m ing tank em ploying d if
fused air was installed, but the unit 
was not particu larly effective in re
moval of grease, and, moreover, per
m itted of disposition of organic solids 
w ith grit.

Lockbourne A A B , Ohio

The treatm ent p lant at Lockbourne 
A A B , as previously explained, was de
signed for a population loading of 12,- 
000 persons per acre-foot. Sewer 
gradients were flat and infiltration was 
large. Grease content was norm al; 
traps in  all m ess halls were cleaned at 
least tw ice a week. A  grease flotation  
unit installed  ahead of prim ary set
tlin g  tanks operated successfu lly , and 
was in  part responsible for notable

BO D removal in prim ary settlin g  in 
the Im hoff tanks. F ilters  were dosed 
w ith  sewage from  m otor-driven rotary 
distributor arms. D ifficulty due to 
breakage of a d istributor arm drive 
resulted in one of the filters being out 
of service during the w inter of 1943-44, 
during which period performance 
dropped considerably. This period is 
om itted in the analysis (Tables 33, 34, 
and 35).

Fort Sheridan, III.
A t F o rt Sheridan infiltration and 

grease were n ot ex cessiv e; no laundry  
waste entered sewers except a small 
am ount from  officers’ quarters. As 
previously stated, p lans were in effect 
at the tim e of survey for installation  
of recirculation facilities that would 
reduce detention periods in settling  
tanks. Poor workm anship was the 
cause of considerable leakage in an in
verted siphon connecting the Parsliall 
flume and filter dosing chambers. This 
structure was subsequently replaced 
w ith an open channel of reinforced  
concrete.

An unu sually  low efficiency in filtra
tion occurred (T ables 33 and 34). It 
is believed that this is to be attributed  

• to the fo llow in g factors: ( i)  excessive 
prim ary detention w ith septic filter in
fluent; ( ii)  clogging of m edia— pooling 
occurred at various tim es and control 
m easures such as resting and chlorina
tion were in stitu ted ; and ( iii)  high ap
plication rates as a resu lt o f interm it
tent dosing. W ith  discharge through 
nozzles taking place for only 4.5 min
utes out of 25, a rate of about 9 mgad 
occurred during the peak flow period— 
a value much larger than that in other 
plants of the division.

W et sludge was disposed of by tank 
truck at Fort Sheridan, as well as 
upon d rying beds.

Camp Sw ift, Texas
The sewage p lant at Camp S w ift is 

an exam ple of a large low rate trick
ling filter plant operating under typi-
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eal m ilitary conditions and giv in g  ex
cellent perform ance. Raw sewage was 
concentrated and, rather large popu
lation fluctuations occurred during the 
period of stu d y; despite these circum 
stances the p lant effluent most of the 
time had a BO D of less than 35 ppm. 
D uring one-half the months studied, 
the plant removed more than 95 per
cent of the raw sewage BOD. Sus
pended solids removal was equally e f 
fective. U nloading periods were not 
discernible.

Prolonged resting periods were pos
sible through rotating the use of three 
of four available filters. Some grit 
trouble in the secondary sludge return  
line was caused b y  filter rock debris.

No unusual difficulties were encoun
tered in connection with sludge diges
tion and disposal. However, addi
tional sludge beds would have eased 
operation during the rainy season.

Turner A A F , Ga.

The plant at Turner A A F  afforded 
a good exam ple of perform ance of a 
relatively small standard rate filter 
plant. As m ay be seen from  Table 30. 
the plant was loaded to less than 50 
percent capacity insofar as filter units  
were concerned.

Grease was excessive in the raw sew
age, but was neglig ib le in the prim ary  
settling tank effluent. A grease trap  
was installed ahead of the grit cham
ber. No laundry waste was included  
in the sewage.

A moderate amount of pooling upon  
the filters was controlled by gouging  
the pooled area w ith metal rods. U n 
loading occurred in  fall and spring. 
A notable removal of BOD was a t
tained by the filters (colum n 31, Table
33). Media size was relatively  small.

Sludge digestion and disposal units 
operated in a satisfactory manner de
spite the fact that an unusually thin 
raw sludge was produced.

A s m ay be seen from  F ig . 77, a sub
stantia l variation in loading occurred  
during the operating period investi
gated. The average daily  w eight of  
BO D treated during Ju ly , A ugust, and  
September, 1943 was 540 lb. w hile dur
ing this same period in 1944 it was 942 
lb. Overall plant removal of BOD for 
the summer months in 1943 was 93.9 
p ercen t; and with the marked increase 
in load during the summer of 1944 re
moval dropped to only 89.6 percent. 
This is indicative of the ab ility  of the 
trickling filter to w ithstand load vari
ation without serious deterioration of  
performance.
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F I G U R E  77.— L o a d in g  and p erform ance of 
tr ick lin g  filters at T u rn er A A F .

Fort Leonard Wood. Mo.

No unusual operating problem s were 
encountered at Fort Leonard ''Mood. 
The plant did not have a comminutor 
and some difficulty was experienced
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w ith  clogging of filter nozzles. The 
p lan t in fluent was unu sually  concen
trated ; BO D  in the raw sewage was 
547 ppm . Grease was not excessive ; 
laundry waste constituted 9 percent of 
the flow.

The four original filter d istributors 
were rem odeled by changing the braces

and adding w heels to the end of each 
distributor arm that ran along the 
filter bed walls.

A  thick layer of scum  cut down ca
p acity  in  the digesters. Supernatant 
from  the prim ary digester contained
2,500 to 7,000 ppm  of suspended solids 
and that from  the secondary digester

T A BL E 39.— List of Deep Filter Plants With Recirculation

P o s t S t a t e
S v  C  

o r  
N a v y  
A r e a

T y p e  o f  
S t a t i o n

D a t e
P l a n t

C o m p l e t e d

D a t e  
M a j o r  

A d d i t i o n s  
o r  A l t e r 

a t i o n s  
C o m p l e t e d

O p e r a t i n g  P e r i o d  
S t u d i e d

( 1 ) ( 2 ) ( 3 ) ( 4 ) ( 5 ) ( 6 ) ( 7 )

B oca  R aton  A A F F la 4th T ech  T rg Sch Apr 43 — A ug 43 to  Jul 44
B uck ley  F ield Colo 7th T ech  Trg Sch D ec 42 — Apr 43 to  Aug 44
C am p Callan C alif 9th R epl Trg Apr 41 Jun 44 Jan 43 to D ec 43
C am p Carson Colo 7th D iv  Trg Jun 42 Jun 43 A ug 43 to Aug 44
C am p Claiborne #1 La 8th D iv  Trg M ar 41 Apr 43 M ay 43 to Aug 44
C am p C laiborne #2 La 8th D iv  Trg Apr 43 — Apr 43 to Aug 44
D rew  Field Fla 4th T act F ie lds & Feb 43 N o v  43 S ep t 43 to Aug 44

F ly  Trg
C am p Forrest (a) T enn 4th D iv  Trg O ct 42 S ept 43 Jan 43 to Aug 43
C am p Gordon (b) Ga 4th R epl Trg Jan 42 Jun 43 Jan 43 to  D ec 43
F ort Jackson S C 4th D iv  Trg A ug 42 Sept 43 Apr 43 to  Aug 44
Fort K nox K y 5th Arm M C & Apr 42 — Jan 43 to  M ay 44

T  D  Trg

(a) S ingle stage filtration prior to  A ugust, 1943.
(b) Single stage filtration prior to  D ecem ber, 1943.

T A B L E  40.— General Data Relating to Deep Filter Plants With Recirculation

P o s t
A p p r o x

P l a n t
E l e v
( F t )

R a n g e
o f

S e w a g e
I n f l u e n t

T e m p
( ° F )

A v e r a g e
S e w a g e
I n f l u e n t

p H

L i n e a l  
F e e t  o f  
S e w e r s  

p e r  
C a p i t a  

( a )

S a m p l i n g

H o u r s
p e r

D a y

A v e r a g e
N u m b e r

p e r
M o n t h

to ( 2 ) ( 3 ) ' ( 4 ) ( 5 ) ( 6 ) (7 )

B oca R aton  A A F —  ' 7 4 -88 7.4 4.1 24 10
B uck ley  F ield 5,480 7 4-92 8.6 2.9 24 25
Callan — 0 6-83 7.4 11.0 24 10
Carson — 6 3-77 7.2 4.1 24 12
Claiborne #1 105 7 0 -9 6 7.4 3.9 24 9
Claiborne #2 90 6 1 -8 4 7.4 5.8 24 8
D rew  Field 16 72-101 7.4 .— 16 25
Forrest — 5 0-86 7,2 5.4 24 30
Gordon — 5 6 -8 6 7.1 7.1 24 30
Jackson ÍG0 67-91 7.0 9.6 24 30
K nox 640 5 2 -8 0 7.3 4.4 24 25

(a) B ased  on design population, T ab le 42, col (3).
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TABLE 41.— Units in Deep Filter Plants With Recirculation

913

P l a n t  U n i t s

P o s t
Sc

re
en

s 
or 

R
ac

ks

C
om

m
in

ut
qr

s

G
rit

 
C

ha
m

be
rs

| 
Im

ho
ff 

T
an

ks

Pr
im

ar
y 

Se
ttl

in
g 

T
an

ks

Fi
lte

rs

Se
co

nd
ar

y 
Se

ttl
in

g 
T

an
ks

C
hl

or
in

e 
C

on
ta

ct
 

T
an

ks

D
ig

es
tio

n 
T

an
ks

—
 

H
ea

te
d

D
ig

es
tio

n 
T

an
ks

—
 

U
nh

ea
te

d

Sl
ud

ge
 

B
ed

s

O
th

er
 

U
ni

ts

(1) (2) (3) (4) (5) (6) (7) ' (8) (9) (10) an (12) (13)

Boca R aton  A A F 1 0 0 0 2 2 2 1 0 2 10
Buckley F ield 1 1 1 0 1 2 1 1 1 0 8
Callan 1 0 0 0 2 1 1 1 2 0 5
Carson 1 0 l 0 3 4 3 0 2 1 6
Claiborne #1 0 2 0 0 2 1 2 1 2 1 18 (b)
Claiborne #2 1 0 0 0 2 2 2 1 2 0 13 (b)
Drew Field 2 4 0 3(c) 3 2 3 1 2(d) 0 16
Forrest 1 0 0 0 3 3 4 1 2 1 18
Gordon 2 1 1 0 2 4 2 1 2 1 5
Jackson 2 0 2 0 2 4 3 0 2 2 16
Knox 1 0 0 0 3 1 2 1 2 0 0 (e) (f)

(b) Grease flotation  tanks.
(c) Im hoff tanks not used.
(d) T w o-story digestion tanks, upper story on ly heated.
(e) Lagoons; 4  in number; 1.44 m cf, 10 ft deep.
(f) Step aerator on discharge and 150-ft splash falls.

TABLE 42 .— D esign  C apacities and Loading of D eep  F ilter P lan ts W ith Recirculation

P o s t

N u m 
b e r  o f  

M o n t h s  
i n  

O p e r 
a t i n g  

P e r i o d  
S t u d i e d

P o p u l a t i o n F l o w

D e s i g n
C a p a c 

i t y
( a )

A c t u a l

D e s i g n
( m g d )

( a )

A c t u a l

A v e r 
a g e

M a x i 
m u m

M i n i 
m u m

A v e r 
a g e

( m g d ) '

M a x i 
m u m
( m g d )

M i n i 
m u m
( m g d )

G a l
p e r

C a p i t a
D a i l y

(1 ) (2 ) ( 3 ) (4 ) ( 5 ) (6 ) (7 ) (8 ) ( 9 ) ( 1 0 ) ( 1 1 )

Boca R aton  A A F 12 21,800 9,000 10.700 7,600 1.53 0.510 2.08 — 57
Buckley Field 17 22.200 11,600 15,700 7.400 1.55 0.907 1.36 0.35 78
Callan 12 7.600 10,100 10,800 9,000 0.53 0.753 1.33 0.29 75
Carson 13 64.200 26,400 34,200 14,300 4.50 1.540 3.28 0.61 58
Claiborne #1 16 70.000 25.000 31,000 10,500 4.90 2.130 3.60 0.65 85
Claiborne #2 17 31,000 21,800 33,800 14,900 2.17 0.986 1.70 0.44 45
Drew Field 12 19,800 18,700 25.700 14,000 1.39 1.360 2.48 0.40 73
Forrest 8 39,800 32,100 41,100 22,700 2.79 2.150 4.83 0.83 67
Gordon 12 33.800 32,100 43,000 21,700 2.37 1.760 3.88 0.46 55
Jackson 17 47.100 47.000 58,200 30,900 3.30 3.220 5.96 1.00 68
Knox 17 86,400 52,200 58,100 47,200 6.05 3.200 6.69 1.57 61

(a) D esign capacities are based chiefly on  criteria in O CE E ngineering M anual (1943). See tex t.

varied from  250 to 2,000 ppm. Super
natant from  both digesters was re
turned to the prim ary settlin g  tank. 

Subsequent to the period of investi

gation, recirculation facilities (final 
settling tank to plant an d /or filter in 
fluent) were installed to reduce long  
detention periods in the settling tanks.
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II. D e e p  F i l t e r s  w i t h  
R e c i r c u l a t i o n

A n analysis of perform ance of sew 
age treatm ent plants w ith deep filters 
and u tiliz in g  recirculation is presented  
on Tables 39 to 52. Of the eleven posts 
represented, seven were located in  the 
South and the rem ainder were in  the 
central part of the country. A ll p lants  
were at A rm y posts. Three of the 
plants— B uckley F ield , Camps C lai
borne $ 2  and Gordon-—were loaded in  
the norm al range of standard rate fil
ter plants. Other p lants had higher 
load concentrations. A  num ber of

these were loaded in the so-called “ in
term ediate zon e” between high rate 
and standard rate loading.

Comparison of filter size relative to 
loading is facilita ted  by application of 
a single design factor of 23,100 persons 
per aere-foot. This factor is five times 
larger than that used in p lants o f D ivi
sion I. A ctual loading, population and 
volum etric, is compared w ith  design 
population  in  Tables 42 and 43.

As based upon actual population, 
post sizes varied from  9,000 at Boca 
Raton A A F  to 52,200 at F ort Knox; 
corresponding flow ranged from 0.51

TABLE 4 3 .— P ercen t of D esig n  C apacity U tilized  in D eep  F ilter P la n ts W ith R ecirculation

P o s t
P r i m a r y
S e t t l i n g

T a n k
( % )

F i l t e r
( % )

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

T a n k
( % )

S l u d g e
D i g e s t e r

(%)

S l u d g e
B e d s
(%)

(1) (2 ) (3 ) (4) ( 5 ) (6 )

B oca  R aton  A A F 116 41 25 47 51
B u ck ley  F ield 60 52 39 73 39
C allan 165 134 180 48 32
Carson 36 41 75 54 49
Claiborne #1 82 36 1,710 36 42
C laiborne #2 64 71 64 68 51
D rew  F ield 97 94 149 95 38
Forrest 66 81 169 88 74
Gordon 59 95 59 71 64
Jackson 70 99 — 94 105
K nox 74 60 46 99 —

TABLE 4 4 .— D esign  and D escription  of F ilters in D eep  F ilter P lan ts W ith R ecirculation

P o s t
N u m b e r

o f
F i l t e r s

D i m e n s i o n s  — 
L e n g t h  b y  
W i d t h  o r  
D i a m e t e r  

( f t )

A r e a
( a c r e s )

V o l u m e
( a f )

F i l t e r  M e d i a

D e p t h
( f t ) T y p e S i z e

( i n . )

( 1 )  • ( 2 ) ( 3 ) ( 4 ) ( 5 ) ( 6 ) ( 7 ) ( 8 )

B oca R aton  A A F 2 66d 0.157 0.942 6 Slag M ax of 4
B u ck ley  F ield 2 145d 0.758 4.80 6.33 Gravel 1 4 - 2 1
Callan 1 55d 0.054 0.327 6 G ranite 2 -3
Carson 4 73d 0.384 2.78 7.25 G ranite 2 - 4 '
C laiborne #1 1 155d 0.433 3.03 7 G ranite 3 -4
C laiborne #2 2 155d 0.866 6.64 7.67 G ranite U - 3
D rew  Field 2 63d 0.143 0.858 6 _ 2 -4
Forrest 3 70d 0.265 1.66 6.25 2 | - 4
Gordon 4 130d 1.22 7.32 6 G ranite 2 4 -4
Jackson 4 75d 0.407 2.04 5 G ranite 2 -3
K nox 1 2 0 9 x 134 0.642 3.74 5.83 L im estone 1 1 - 4  A 1 2 a 2
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TABLE 45 .— B O D  Loading and Perform ance of D eep  F ilter P lants W ith Recirculation

P o s t D i a g r a m

P l a n t  I n f l u e n t R e c i r c u l a t i o n

F l o w
( m g d )

B (

P P M

) D

P o u n d s
p e r

C a p i t a
D a i l y

R i
( m g d )

(a )

r 2
( m g d )

( b )

R a t i o  
T o t a l  
R  t o  
P l a n t  

I n f

(1 ) ( 2 ) (3 ) (4 ) (5 ) ( 1 0 ) ( 1 2 ) ( 1 4 )

Boca R aton  A A F 0.510 217 0.103 1.830 0 3.58

Buckley Field ^o-O ^o 0.907 325 0.213 0.464 0 0.51

Callan ^o-O-o1- 0.753 369 0.230 0.636 0 0.85

Carson ~ O t O — O r 1.540 368 0.180 0 2.387 1.55

Claiborne #1 ~ 0 ] 0 " " 0 j i .  , K > - 2.134 368 0.262 0 0.516 0.24

Claiborne #2 Jo -O o 1 0.98G 456 0.172 0.329 0 0.33

Drew Field ^ O t C ^ O t 1.358 302 0.186 0.216 1.080 0.95

Forrest
~ 0 - t O — O r

2.149 321 0.180 0 3.690 1.72

Gordon 1.760 450 0.206 2.880(c) - ( c ) 1.64(c)

Jackson - O - t O t O t 3.217 319 0.183 0 4.135 1.28

Knox -io—Q-L-O 3.202 332 0.170 2.457 0 0.77

(a) R i =  R ecirculation to  prim ary treatm ent section.
(b) R 2 =  R ecirculation to secondary treatm ent section.
(c) R ecirculation filter effluent to  filter influent.

TABLE 4 6 .— B O D  Loading and Perform ance of D eep  F ilter P lan ts W ith Recirculation

P r i m a r y  T r e a t m e n t  S e c t i o n

P o s t
F l o w

( m g d )

D e t e n t i o n  P e r i o d  ( h r ) B O D

A t
A v e r a g e

F l o w

A t
M a x i m u m

F l o w

A t
M i n i m u m

F l o w
I n f l u e n t

( p p m )
E f f l u e n t

( p p m )
R e m o v a l

( b )
(%)

( 1 ) ( 1 5 ) ( 1 6 ) ( 1 7 ) ( 1 8 ) ( 1 9 ) ( 2 0 ) ( 2 1 )

Boca R aton  A A F 2.340 1.1 0.64 _ 69 _ _
Buckley Field 1.371 4.2 3.1 7.0 233 168 25.7
Callan 1.389 1.5 1.1 2.3 235 197 18.8
Carson 1.540 4.7 2.2 11.7 368 255 30.8
Claiborne #1 2.134 3.1 1.8 10.0 368 211 42.8
Claiborne #2 1.317 3.9 2.5 6.7 355 156 56.8
Drew Field 1.574 2.6 1.5 6.7 265 132 51.0
Forrest 2.149 3.8 1.7 9.8 321 234 27.1
Gordon 1.764 4.2(a) 1.9 16.2 450 275 38.8
Jackson 3.217 3.6 1.9 11.5 319 218 31.7
Knox 5.659 2.2 1.4 3.1 217 134 34.0

(a) B ased  upon both  prim ary se ttlin g  tanks being in service.
(b) C alculated in accordance w ith  E quation  (3e), C hapter I.
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S e c o n d a r y  T r e a t m e n t  S e c t i o n

P o s t

F i l t e r  L o a d i n g F i l t e r  O n l y — P e r f o r m a n c e

F l o w  t o  F i l t e r
( a ) P o p ’n

p e r
A c r e -
F o o t

B O D B O D

I n f
( p p m )

( b )

L B /
A F D

(o )

L B /
A D
(c )

E f f
( p p m )

L B /
A F D

R e 
m o v e d

E f f i 
c i e n c y

( % )
(c )

R e 
m o v a l

( % )M G D M G A D

(1 ) ( 2 2 ) ( 2 3 ) ( 2 4 ) ( 2 5 ) ( 2 6 ) ( 2 7 ) ( 2 8 ) ( 2 9 ) ( 3 0 ) ( 3 1 )

Boca R aton  A A F 2.340 14.90 9,550 6 8 1,170 7,000 27 852 — —

B u ck ley  F ield 1.371 1.809 2,418 168 382 2,410 52 276 72.4 53.7
C allan 1.389 25.70 30,900 197 5,750 34,900 118 2,820 48.8 39.6
C arson 3.927 10.23 9,500 126 1,180 8,520 — — — —
C laiborne #1 2.650 6.13 8,240 183 1,240 8,660 — — — —
C laiborne #2 1.317 1.521 3,285 156 245 1,880 56 164 67.4 29.1
D rew  Field 2.654 18.55 21,800 93 1,950 11,700 48 1,148 58.7 28.8
Forrest 5.839 22.10 18,650 129 2,530 15,900 91 1,110 43.9 32.0
Gordon 4.64 3.81 4,390 — 555 3,330 109 337 60.7 37.1
Jackson 7.349 18.10 23,000 — 2,870 14,400 — — — —
K nox 5.659 8.82 13,960 134 1,560 9,120 67 845 54.0 35.7

(a) Includes recirculation.
(b) W eighted  average including B O D  of recirculated flow.
(c) C alculated in  accordance w ith  E q u ation  (3), C hapter I.

TABLE 48 .— B O D  Loading and Perform ance of D eep  F ilter P la n ts W ith R ecirculation

P o s t

S e c o n d a r y  T r e a t m e n t  S e c t i o n  ( C o n t )

O v e r 
a l l

P l a n t
B O D

R e 
m o v a l

(%)

F i n a l
E f f l u e n t

F i l t e r  a n d  S e c o n d a r y  S e t t l i n g  P e r f o r m a n c e  (c )

D i s 
s o l v e d

O x y 
g e n

( p p m )

R e l a 
t i v e
S t a 

b i l i t y
(%)

D e t e n t i o n  P e r i o d  ( h r ) B O D

S e t t l i n g  T a n k C o n 
t a c t

T a n k
a t

A v
F l o w

F i n a l
( p p m )

L B /
A F D

R e 
m o v e d

E f f i 
c i e n c y

(%)

R e 
m o v a l

(%)A t
A v

F l o w

A t
M a x
F l o w

A t
M i n
F l o w

(1) ( 3 2 ) ( 3 3 ) ( 3 4 ) ( 3 5 ) ( 3 6 ) ( 3 7 ) ( 3 8 ) ( 3 9 ) ( 4 0 ) ( 4 3 ) (4 4 )

B oca R aton  A A F 9.9 2.4 _ _ 16 1,095 _ _ 92.8 3.7 _
B uckley  F ield 6.3 4.2 16.2 — 23 346 90.4 67.1 92.8 4.7 —
Callan 1.4 1.0 2.0 0.36 77 4,280 74.5 60.5 79.3 1.0 23
Carson 3.3 2.3 4.4 — 45 972 82.3 57.0 87.8 3.9 53
Claiborne #1 0.15(a) 0 .09(a) 0 .33(a) — 71 823 66.3 38.0 80.8 2.7 —
Claiborne #2 3.9 2.5 6.7 0.92 31 206 84.2 36.5 93.3 4.6 —
D rew  Field 1.6 1.2 2.8 0.43 34 1,505 77.0 37.7 88.7 2.8 30
Forrest 1.5 1.0 1.9 0.36 70 1,780 70.2 51.2 78.3 3.2 —
Gordon 4.2 1.9 16.2 0.30 70 413 74.6 45.7 84.5 4.7 42
Jackson 2.8(b) - ( b ) - ( b ) - ( b ) 73 1,910 66.3 45.5 77.2 2.1 —
K nox 5.4 2.6 11.0 0.43 24 1,390 89.2 58.7 92.7 7.1 82

(a) Sm all in term ediate se ttlin g  tank . (c) Includ ing con tact tank , if any.
(b) O verall average; variab le num ber of tanks in  service.



TA BL E 49.— SS Loading and Performance of Deep Filter Plants With Recirculation

Vol. 18, No. 5 SEWAGE TREATMENT AT M ILITARY INSTALLATIONS 917

S u s p e n d e d  S o l i d s

P o s t
P l a n t  I n f l u e n t P r i m a r y  T r e a t m e n t  

S e c t i o n
S e c o n d a r y  T r e a t m e n t  

S e c t i o n
O v e r a l l

P l a n t
R e m o v a l

(%)P P M
P o u n d s

p e r
C a p i t a

D a i l y

E f f l u e n t
( p p m )

R e m o v a l
(%)

F i n a l
E f f l u e n t

( p p m )
E f f i c i e n c y

(%)
R e m o v a l

(%)

( 1 ) ( 2 ) ( 3 ) ( 4 ) ( 5 ) (9) ( 1 2 ) ( 1 3 ) ( 1 4 )

Boca R aton  A A F 209 0.100 74 _ 16 92.5
Buckley Field 220 0.144 62 61.1 14 83.6 32.5 93.6
Callan 371 0.250 217 9.6 83 74.7 67.8 77.4
Carson 296 0.144 121 59.2 33 72.6 29.6 88.8
Claiborne #1 276 0.197 112 59.5 74 34.3 13.9 73.4
Claiborne #2 329 0.124 110 56.7 30 78.9 34.2 90.9
Drew Field 302 0.186 117 56.2 35 73.3 32.2 88.4
Forrest 285 0.160 129 54.8 50 61.0 27.5 82.3
Gordon 365 0.167 134 63.3 34 74.6 27.4 90.7
Jackson 260 0.150 112 57.0 44 62.8 27.1 84.0
Knox 310 0.159 107 46.3 29 82 .7 44.4 90.7

TA BL E SO.— Sludge Data Relating to Deep Filter Plants With Recirculation

P o s t

N u m b e r
M o n t h s

i n
O p e r 
a t i n g

P e r i o d
S t u d i e d

S l u d g e  D i g e s t e r S c h e d u l e  o f  S l u d g e  
L o a d i n g

T o t a l
C F
p e r

C a p i t a
( a )

H e a t e d ,
P e r c e n t

o f
T o t a l

V o l u m e

C o v e r e d ,
P e r c e n t

o f
T o t a l

V o l u m e

A v e r a g e
O p e r 
a t i n g

T e m p e r 
a t u r e
( ° F )

S o u r c e
o f

S l u d g e

S e c o n d 
a r y  t o  

P r i m a r y  
S e t t l i n g  
T a n k s —  

T i m e s  
p e r  

D a y

P r i m a r y  
t o  

S l u d g e  
D i g e s t 

e r s —  
T i m e s  

p e r  
D a y

(1) (2 ) ( 3 ) (4) (5) (6 ) (7) (8) (9)

Boca R aton AAF 12 9.5 0 100 87 Pri(b) 6 12
Buckley Field 17 4.1 100 100 92 Pri(b) 24 48
Callan 12 6.2 100 100 90 Pri(b) C ont 6
Carson 13 6.3 61 — 8 2-90 Pri(b) — —
Claiborne #1 16 9.0 79 100 8 8 (b) ( c ) — 24
Claiborne #2 17 4.4 100 100 90 Pri(b) 8 12
Drew Field 12 3.8 50(d) 100 8 8 Pri(b) C ont 2
Forrest 8 4.0 56 — 70-92 Pri(b) 3 6
Gordon 20 4.8 67 100 90 Pri(b) 8 8
Jackson 17 3.9 47 100 85 Pri(b) 12 12
Knox 17 3.0 100 100 97 P it(e) C ont 4

(a) Based on actua l population, T able 42, col (4).
(b) Includes scum .
(c) Sludge to  d igestion  tanks from prim ary and secondary settlin g  tanks and from w asted  

activa ted  sludge tank.
(d) T w o-story tanks.
(e) S ludge from  prim ary settlin g  tanks was drawn to sludge p it for lim ing, observation  and  

sam pling. (Scum  w as also drawn to  sludge p it.) Sludge and scum  from sludge p it 
was pum ped to  digestion tanks four tim es per day.
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TABLE 51 .— Sludge D ata R elating to D eep  F ilter P la n ts W ith R ecirculation

V o l a t i l e  S o l i d s ,  
P e r c e n t  o f

S l u d g e  D i s p o s a l

P o s t

G a l l o n s
R a w

T o t a l  S o l i d s
N o . S l u d g e S l u d g e

S l u d g e  
p e r  M G
S e w a g e R a w

'S l u d g e
D i g e s t e d

S l u d g e

S F
p e r

C a p i t a
( a )

M o n t h s
S l u d g e
D r a w n

p e r
Y e a r

D r a w n  
Y  e a r l y  

f r o m  
D i g e s t e r s  

( c f / c a p )

R e m o v e d
Y e a r l y

f r o m
B e d s

( c f / c a p )

(1) (10) (11) ( 1 2 ) ( 1 3 ) ( 1 4 ) ( 1 5 ) ( 1 6 )

Boca R aton  A A F 15,100 72.0 _ 1.96 — — —

B u ck ley  F ield 7,830 73.8 48.0 2.58 10 4.1 0.4
C allan 10,250 78.3 70.0 3.16 — — —
Carson 7,180 79.5 54.4 2.05 10 3.3 0.6
C laiborne #1 2,120 70.0 47.0 2.37 12 9.1 1.3
C laiborne #2 16,580 60.0 — 1.96 — — —
D rew  F ield 6,870 66.4 — 2.61 — — —
Forrest 6,350 67.5 50.8 1.35 11 5.3 1.8
G ordon 13,400 79.6 63.5 1.56 12 6.9 1.6
Jackson 16,200 78.6 53.5 0.95 11 — —
K nox 6,760 69.9 48.0 (b) — 8.1 —

(a) B ased  on actual population, T able 42, col (4).
(b) Lagoons on ly— 4 in number; 4 acres to ta l surface; 1.44 m cf volum e. Supernatant liquor 

discharged to  lagoon.

TABLE 52.— Chlorination and Effluent D isp osa l in D eep  F ilter P lan ts W ith R ecirculation

C h l o r i n a t i o n R e c e i v i n g  W a t e r  B o d y

P o s t P o i n t s  o f  
A p p l i c a t i o n  

U s e d

R e s i d u a l
C h l o r i n e

( p p m )
N a m e T y p e

( 1 ) ( 2 ) ( 3 ) (4 ) (5 )

B oca R aton  A A F — — — D rainage C anal (J M i) to  Tide 
W ater

B uck ley  Field P ost 0.2 Sand Creek F low ing Stream  
D ry  a t T im es

Callan P ost 0.5 Creek in Sorrento—  
Soledad V alley

D ry  R un (}  M i) to Flowing  
Stream

Carson P ost 0.14 F ou n ta in  R iver F low ing Stream  
( l i  M i) to  R iver

C laiborne #1 — — Barber Creek D ry  R un
C laiborne #2 — — Barber Creek D ry  R un
D rew  Field — — T am p a B a y T ide W ater
Forrest P ost 0.3 — D ry  R un
Gordon — — Spirit Creek F low ing  Stream
Jackson — — Gills Creek F low ing  Stream
K nox P ost 0.3 M ill Creek F low ing  Stream

mgd to 3.20 mgd. A verage per capita  
sewage flow was 66 gallons. M edian  
values of percent of design utilized  
(Table 43) m ay be summarized as fo l
lows :

( i)  Prim ary settlin g  tanks, 64 per
cent.

( ii)  F ilter  units, 71 percent.
( iii)  Secondary settlin g  tanks, 64 

percent.
(iv ) S ludge digesters, 71 percent.
(v ) S ludge beds, 50 percent.

It is evident that th is group of plants 
was loaded at less than 75 percent of
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design capacity as set forth  in the 
Engineering M anual. A ll filters in the 
group were equipped w ith rotary dis
tributors, w ith the exception of the 
one at F ort K nox where fixed nozzles 
were utilized. Granite m edia were 
characteristic ; size ranged from  i y 2 
to 4 inches.

Median concentration of p lant in 
fluent BO D was 332 ppm, -a value 
somewhat sm aller than occurred in  
plants of D ivision I. Per capita pro
duction of BOD amounted to 0.183 lb 
daily. Recirculation ratios were varied  
considerably (colum n 14, Table 45). 
Mean value of recirculation ratio was 
1.18. Prim ary tank detention periods 
varied from 1.1 to 4.7 hours, and were 
generally somewhat lower than oc
curred in filter plants w ithout recircu
lation.

As may be seen from column (19 ), 
the prim ary settlin g  tank influent con
centration was significantly reduced in 
plants em ploying recirculation through 
the prim ary section of the plant. 
Median removal in  the prim ary section  
was 32.8 percent. It is pertinent to 
call attention to the fact that percent 
removal figures in column (20) of 
Table 46 were calculated on the basis 
of estimated removal from raw sewage, 
not including BOD of recirculated  
flow. The approach has been explained  
in detail in Chapter I.

A wide range of volum etric dosing  
rates was utilized, as may be seen from  
Table 47. F ilter influent was much 
more dilute than in the plants of 
Division I in which there was no re
circulation. .M edian value of filter in 
fluent BOD was 134 ppm — about one- 
half that for plants of D ivision  I.

Average efficiency, as calculated  
from column (30) for filters, was 58 
percent; average removal was 36.6 per
cent. Average BOD of final effluent 
was 44 ppm. Efficiency of the second
ary treatm ent (filtration plus sedim en
tation) was 77.5 percent; removal was
49.8 percent. These two items, which

are presented in  columns (38) and  
(3 9 ), are based upon perform ance in
(i)  filters; ( ii)  secondary settling  
tanks and ( iii)  prim ary settlin g  tanks, 
in cases where flow was recirculated  
through these units. Average value of 
overall plant removal of BOD was 86.2 
percent. V alues of dissolved oxygen  
in plant effluent varied from  1.0 to 7.1 
ppm, with an average value of 3.7 
ppm.

Average loading and performance 
data w ith respect to SS m ay be sum
marized as follow s:

Raw Sewage, m edian SS, 296 ppm  
Raw Sewage, median SS, 0.159 lb /c a p /  

day
Prim ary Section Effluent, mean SS, 118 

ppm
Prim ary Section, mean removal, 57.1 

percent
P lant Effluent, mean SS, 42 ppm  
Secondary Section, mean SS efficiency,

69.9 percent 
Secondary Section, mean SS removal,

33.7 percent.
Overall P lant, mean SS removal, 86.6 

percent.

D ata pertain ing to sludge digestion  
and disposal are given in Tables 50 
and 51.

Perform ance of Individual P lan ts of 
D iv isio n  II

Boca Raton A A F , Fla.

A t Boca Raton A A F  an unusually  
low per capita production of BOD was 
observed. This m ay in part be a t
tributed to sam pling difficulties w ith  
in term ittent flow due to irregular 
pump operation. Samples were col
lected every 2 hours. Moreover, the 
plant was not equipped w ith a com- 
m inutor and a non-uniform  distribu
tion of organic load came as a result of 
interm ittent release of accumulated  
solids w ith rack cleaning.
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Grease was norm al ; no laundry  
waste w as discharged to sewers. Over
all p lant perform ance was high  con
sidering the rate of load application. 
U nfortunately , sufficient data were not 
available from  this p lant to assess the 
perform ance of individual units.

Buckley Field, Colo.

Grease and laundry w aste did not 
cause operational difficulties at Buck
ley  F ield . A tten tion  should be di
rected to the design of the settlin g  
tanks (P la te  6) a t th is post. These 
were made quite shallow  on the theory  
that sedim entation efficiency is a fu n c
tion of surface area, not depth. The 
side w ater depth of the tanks was 5 ft.

The original in let baffle was open at 
the bottom  and local high velocities of 
the inflowing sewage created turbu
lence that in terfered  w ith  settling. In 
stallation  of a bottom baffle rectified  
this condition.

Considerable grit appeared in the in 
fluent during rainy weather. W hile a 
grit chamber was not included in the 
original plans, the forehay of the Par- 
shall flume w as operated as a sand  
trap, from  which as much 3.2 cf of 
grit was removed per m g'treated.

Both filters gave a little  trouble 
from  ponding, hut this condition was 
readily controlled by rodding. Media 
size was som ewhat sm aller than usual 
for this type of filter.

F ilter  perform ance was excellent ; 
these un its removed 53.7 percent of 
BO D applied. In  com bination w ith  
secondary sedim entation, the filters re
moved 67.1 percent of applied  BOD. 
Kemoval o f SS  in prim ary settlin g  
was considerably more efficient than  
BO D ; overall p lant rem oval of SS  was 
in  line w ith  that o f BO D. A s may be 
seen from  F ig . 78, the w eight of BO D  
in the p lant influent varied from  60 
percent to 142 percent of the average 
during the period of stu d y; percent 
removal o f BO D, however, did not de-

erease sign ificantly  w ith th is increase 
in load. In  general the load in g and 
perform ance of the p lan t at Buckley  
F ie ld  were in  the range of those of a 
standard rate filter.

*100 
§ 9 0

SSjr" \ -00\

E 160 

1̂40
r ■SS

\
BC ° 1

/
- /

—
/

-----

/

F I G U R E  78.— L o a d in g  and p erform ance of 
tr ick lin g  filters at B u c k le y  F ie ld .

Camp Callan, Calif.

The p lant at Camp Callan afforded 
an excellent exam ple of perform ance of 
a heavily  loaded filter u tiliz in g  a rela
tively  low recirculation ratio. Sewage 
was pum ped to the p lan t interm it
ten tly . Grease in  the influent was 
neglig ible and no laundry w aste was 
present. E xcess capacity at one of the 
l if t  stations caused frequent periodic 
surges of flow at the p lant. This ex
cess capacity was also conducive to 
septicity , which in  part accounts for 
com paratively low BO D  rem oval in  pri
m ary sedim entation. The filter at Cal
lan was loaded more h eavily  than any 
other filter in the group (colum n 26),
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yet its removal, together w ith that of 
secondary settling, was com paratively  
higher. E xcellen t performance at Cal- 
lan, in part, m ay be attributed to the 
warm equable clim ate of southern  
California.

Prom a study of results at Callan, 
it may be concluded that under favor
able circum stances a high rate filter 
plant with typical m ilitary sewage can 
handle alm ost twice the load specified  
by the E ngineering M anual for high  
rate filters and yet give a rem oval of 
75 percent to 80 percent. I t  is p erti
nent to note, however, that w ith  m ili
tary sewage removals of this m agni
tude are not sufficient to produce good 
effluent. The effluent at Callan was 
poor, having a BO D of 77 ppm.

Camp Carson, Colo.

Grease content in the sewage at 
Camp Carson at the tim e of the survey  
was normal and it was practically all 
removed in the prim ary settling tanks. 
Laundry waste form ed a substantial 
part of the flow (1 5 % ); the camp 
laundry at Carson furnished laundry  
service for a ll nearby arm y installa
tions.

The original p lant at Carson, con
sisting of screen, flume, two prim ary  
settling tanks, two filters, two final set
tling tanks, recirculating pumps, two 
digesters, and four sludge drying beds 
was placed in operation in  June, 1942. 
In June, 1943 additions to the p lant 
were made, consisting of one prim ary  
tank, two filters, one secondary tank, 
one sludge storage tank and two 
sludge drying beds. The additions 
were necessary because of increase in  
post population.

In  view of a ltitude and m eteorologi
cal factors in  central Colorado, it  was 
of interest, in  connection w ith analysis 
of performance of the p lant at Camp 
Carson, to ascertain whether a seasonal 
influence upon perform ance existed. 
The data pertain ing to overall plant 
removal of BO D and SS are summar

ized in the fo llow ing ta b le :

Period

Wt in Plant 
Influent 

Ob)

Percent Over
all Plant 
Removal

BOD ss BOD SS

Jan to  M ar 1944 
Jun to A ug 1944

3,090
5,773

.2,412
4,449

88.2
89.3

88.3
88.3

It is probable on the basis of these re
sults that an appreciable seasonal in 
fluence e x is ts ; the filters would appear 
to have a significantly greater capacity  
for rem oval during the warm months.

D ata pertain ing to loading and per
form ance at Camp Carson are pre
sented in F igu re 79. Load varied from  
55 to 140 percent of the average of 
period studied. Seasonal effects, how-
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F I G U R E  79.— L o a d in g  and perform ance o f  
tr ick lin g  filters at C am p C arson.
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P L A T E  12.— P rim a ry  filter at F o r t S ill, O k la .
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ever, tended to com pensate the differ
ence in load so that effluent quality  re
mained about the same.

Pew difficulties’ were encountered in  
operation of sludge digesters, however, 
no provision was made for recirculation  
of sludge in the storage tank, w ith  the 
result that the bottom sludge at tim es 
became too dense and viscous to move 
freely, therefore line stoppage oc
curred. D ried sludge was used as a 
fertilizer base upon various areas of 
the m ilitary reservation ; some dried  
sludge was sold to a m anufacturer of 
commercial fertilizer.

Camp Claiborne, La.

Two sewage p lants were operated at 
Camp C laiborne; the main plant, No. 
1, had about twice the capacity of the 
west plant, No. 2. It  was difficult to 
separate the camp population precisely  
into two contributory groups. The 
split was made on the basis of popula
tion reports from the Arm y Service 
Force Training Center, which group  
was presumed to be largely in the 
west camp. Consequently, the popu
lations reported in column (4). of 
Table 42 m ust be taken as approxi
mate estimates.

The main p lant (No. 1) was placed  
in operation in March, 1941, but with  
subsequent population increase it be
came necessary to expand sewage 
treatment facilities at the post. A c
cordingly, the original p lant was en
larged. Due to topographical condi
tions, it was necessary to make provision  
for part of the increased population by 
construction of a second p lant (No. 2). 
The new units were placed in operation  
in April, 1943.

The original construction at the main  
plant consisted of 2 comminutors, 1 
Parshall flume, 1 grease flotation unit, 
1 primary settlin g  tank, 4 aeration bays 
for m echanical activated sludge aera
tion, 1 secondary settlin g  tank, 1 chlor
ine contact tank, 2 digesters, and 8 
drying beds.

The main p lant enlargem ent con

sisted of a grease flotation tank, a pri
m ary settlin g  tank, a high rate filter, 
an interm ediate settlin g  tank, an aera
tion tank w ith several bays, a final 
settlin g  tank, a sludge digester and  
sludge beds.

In  the m ain p lant about 70 percent 
of the sewage came from  lif t  stations, 
and flow was largely interm ittent due 
to the action of pumps. The sewer sys
tem consisted of 52 m iles of sew ers; 
gradients were very flat and sewage 
entered the p lant in a stale condition  
w ith a strong odor. Grease content was 
not excessive at the time of the sur
vey ; laundry waste comprised 10 per
cent of the flow. The difference in  per 
capita sewage flow at the two plants  
m ay in part be attributed to the fact 
that such establishm ents as the post 
laundry and bakery which served both 
camps were connected to sewers of the 
m ain plant.

As was usually  the case in  southern  
plants, it was found that optim um  set
tlin g  efficiency was attained only by  
continuous operation of sludge collec
tion mechanisms. In this way the set
tlin g  tank bottoms were kept free from  
accum ulation of anaerobic deposits of 
raw sludge.

As indicated on the diagram in 
Table 45, the prim ary effluent was 
routed to the filter. The analysis of 
the main p lant in Tables 42 to 50 per
tains only to the filtration stage of 
treatm ent and does not include per
formance of activated sludge units. 
Consequently, removals attained are 
those of first-stage treatm ent and do 
not constitute overall p lant removal. 
In order to indicate the BOD removals 
that occurred in various sections of the 
plant, the follow ing table is p resen ted :

R a w
S e w a g e
( p p m )

P r i
E f f .

( p p m )

I n t e r 
m e d i a t e  
S e t .  E f f .  

( p p m )

P l a n t
E f f .

( p p m )

Sep 43 338 197 48 16
O ct 43 377 192 89 14
N o v  43 392 217 77 19
D ec  43 403 238 68 21
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Overall average rem oval of BO D  
during the 16-month period studied  for 
the filtration stage, includ ing prim ary  
and interm ediate settlin g, was 80.8 per
cent; for the entire p lant the average 
was 96.4 percent. A s m ay be seen from  
Table 49, SS rem oval by the filter was 
abnorm ally low. Further data p ertain 
ing to perform ance of the m ain p lant 
at Camp Claiborne are presented in  a 
subsequent section relatin g  to n itrifica
tion.

The w est p lant at Camp Claiborne, 
which treated rather concentrated sew
age, gave typ ica l perform ance as a low  
rate filter w ith  low recirculation ratio. 
A  notable rem oval o f BO D  and SS  
occurred in  prim ary sedim entation  
(Table 46 and 49 ).

Drew Field, Fla.
The p lant at Drew F ie ld  was placed  

in operation in February, 1943. A  
battery of three Im hoff tanks was 
added in November, 1943. The popula
tion at the post, however, was n ot in 
creased as had been expected, and the 
Imhoff tanks were not used as regular 
treatm ent units during the period of 
the survey. Sew age arrived at the 
p lan t in term ittently  from  3 lif t  sta
tions.

A n  excessive am ount of grease oc
curred in  the raw sewage, w hich was 
largely  rem oved in  the prim ary set
tlin g  tanks. Nozzles on the rotary  
filter d istributor were of the cen tr ifu 
gal type w ith  rem ovable cover. They 
were connected to d istributor arms 
through a h alf union, 90° street ell, 
short n ipple, and p ipe clamp. V en til
ation was provided consisting of two  
forced-draft blowers for each of the 
two filters. A ir was w ithdraw n from  
the filters by the blowers through a 
central well.

The Drew F ie ld  p lant provided an
other exam ple of a filter w ith a loading  
that fe ll into the interm ediate zone 
between the usual ranges for standard  
and high rate p lants. Perform ance, 
too, was interm ediate between that of

standard and high rate filters. An 
unusually  large rem oval occurred in 
the prim ary tanks.

Camp Gordon, Ga.
Some difficulty w ith  grease was en

countered at Camp Gordon; this was 
attributed  to u nsatisfactory  design of 
grease interceptors at mess halls. Scum 
boxes at the effluent of prim ary set
tlin g  tanks operated successfu lly  and 
grease content in  prim ary effluent was 
sm all. I t  was estim ated that 40 to 50 
gallons of scum  were removed daily. 
D ifficulty also was experienced with 
sand that entered the sewer system  
through low m anholes and broken 
sewer lines. The grit accum ulated in 
the prim ary se ttlin g  tank and the prob
lem was m et by in stallation  of a sand 
trap ahead of the com m inutor, and also 
by repairing broken lines and raising 
manholes.

R ecirculation at Gordon was around 
filters only. H ow ever, at the time of 
the survey, consideration was being 
given  to recirculation of final effluent 
through the prim ary settlin g  tanks be
cause of low n igh t flow and septic con
ditions. The filter was loaded in the 
usual standard rate range, but BOD 
rem oval was som ewhat lower than nor
mal. SS  rem oval w as about in  line 
w ith loading. In January, 1944 dis
tribution  of flow to the four filters was 
modified so that, in  effect, two-stage 
filtration w ithout in term ediate settling  
occurred. A ccordingly, perform ance at 
Gordon subsequent to January, 1944 
has been analyzed in the section on 
two-stage filter p lants (Tables 67 to 
84).

Fort Jackson, S. C.
R esu lts at the p lant at F ort Jackson 

are of particu lar interest in  view of 
the fact that filter load ing approxi
m ated that speecified as a design cri
terion in  the E n gin eerin g  Manual.

The history of expansion of sewage 
treatm ent facilities a t F ort Jackson is 
typ ical of d ivisional train in g posts. A
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2.0-mgd p lant (biological treatm ent, 
single-stage d igester) was placed in op
eration in February, 1941; in  the con
struction of th is p lant, the original 
1917 plant was incorporated as an in 
tegral part. In  A ugust, 1942, addi
tional construction was placed in  op
eration that increased capacity to 5.0 
mgd. Two second-stage digesters were 
added in September, 1943. Raw sewage 
was typical as to concentration, and 
diurnal variation in flow was about 
average for cantonm ents of the same 
size. Pum ped sewage constituted about 
25 percent of the total.

Grease content during October, 1943 
was 120 ppm (see also Table 9) ; sub
sequent corrective m easures brought 
about a reduction. Laundry wastes 
were discharged into a creek during the 
period of the survey and did not enter 
the sewer system.

Some operating difficulties were ex
perienced as a result of stale sewage 
from the north camp. This section of 
the post was connected to the system  
by a 1.5-mile force main, 12 to 16 in. 
in diameter, in  which velocities often  
became very low. The distance from  
the farthest point served in  the north 
camp to the p lant was 5.25 miles.

Effects of excessive detention periods 
at night were largely overcome by aug
menting nocturnal flows w ith  water 
from a sm all stream, W ildcat Creek. 
This was accom plished by installation  
of control gates on a manhole near the 
stream. The gates were operated

utilize more effectively the kinetic en
ergy of flow in scouring the upper sur
faces of the media. This modification, 
together with augm entation of noctur
nal flow, largely elim inated the Psy- 
choda problem.

Rem oval of organic m atter in  pri
m ary settling at F ort Jackson was 
about average, however, the secondary 
section gave perform ance somewhat 
lower than average for the loading. 
This is probably to be attributed to 
the septic p lant influent and to the 
effect of supernatant which was re
turned from  digesters. A  significant 
im provem ent in  performance was noted  
subsequent to installation for addition
al d igester capacity in September, 
1943.

Fort Knox, Ky.
The record of operation of the p lant 

at F ort K nox affords an outstanding  
exam ple of the value of skilled and in 
telligen t operation in the attainm ent 
of effective treatm ent. D iurnal d is
tribution and concentration of plant 
influent were normal. Three sm all lif t  
stations operated interm ittently  to dis
charge about 0.65 mgd of sewage into  
the gravity system. This constituted  
about 20 percent of the average volume 
of sewage treated. Infiltration was 
somewhat greater than average, and 
during the rainy season affected the 
distribution of flow. D ata pertaining  
to grease content are presented in the 
fo llow ing ta b le :

J u n
’4 3 J u l A u g S e p Oct N o v D e c J a n

'4 4 F e b M a r A p r M a y J u n J u l

Raw Sewage (ppm) 161 133 206 170 129 199 126 94 91 114 90 98 80 85
Pri Eff. (ppm) — 38 60 52 39 57 89 39 50 67 42 50 44 40

manually so as to divert 100,000 gal
lons for 8 hours during the n ight into  
the sewer system . The point o f diver
sion was about 1.5 m iles from the plant.

Nuisance from  filter flies was suc
cessfully abated by turning nozzles on 
distributor arms straight down so as to

A  sm all dose of alum (2.8 ppm ) was 
applied to the prim ary settlin g  tank  
influent; the operators were convinced  
that alum im proved grease removal 
during settling.

The fo llow ing difficulties in  opera
tion were exp erienced :
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(i)  M aterial dropping from  fine 
screens caused clogging of fixed nozzles. 
I t  required about 6 to 8 m an-hours a 
day to keep nozzles in  w orking con
dition. A dditional fine screens of 1/4-  
in. hardware cloth were installed  di
rectly  behind the original screens, 
which m odification effectively protected  
the nozzles and resulted in a savin g of 
about 6 m an-hours a day.

( ii)  Cycles o f operation in the two 
dosing tanks fa iled  to fo llow  each other 
closely enough, so that there was an 
excessively long period in which there 
was no flow into either tank. D uring  
th is period the flume leading to the 
dosing tanks would fill up and p ri
m ary effluent would sp ill over into the 
by-pass channel. This condition was 
corrected by shortening blow p ipes and 
m aking other adjustm ents in  the dosing  
tanks.

( iii)  P artia l b locking of sewage flow  
into the prim ary settlin g  tanks oc
curred by im proper introduction of re
circulated flow at this point. R ecircu
lated trick ling filter effluent entered the 
influent header channel at an off-center 
point. D ue to turbulence, th is created  
an unbalanced distribution  of load in  
the prim ary settlin g  tanks w ith  the re
su lt that the am ounts of sludge re
m oved from  each tank varied. More
over, the unbalanced distribution  par
tia lly  defeated the purpose of recircu
lation  since some of the sewage did not 
receive enough filter effluent to freshen  
it properly. The relatively  low re
m oval of suspended solids (46.3 per
cent) in  prim ary se ttlin g  m ay in part 
be attributed to unequal d istribution  
of load in the prim ary tanks. A  change 
in recirculation of secondary sludge  
from  four one-hour periods daily  to 
continuous operation, resulted in  im 
proved settlin g  in  the prim ary settlin g  
tanks and a reduction of approxim ately  
one-third of the am ount of chlorine 
required to m aintain  a satisfactory  
residual in the p lant effluent. This 
m odification, which m aterially  altered  
the recirculation ratio, was institu ted

subsequent to the period of operation  
analyzed in  the tables. Perform ance 
of filters and secondary se ttlin g  units 
at K nox w as excellen t in  relation to 
the load applied.

No unusual problem s of operation  
were encountered at P ort K nox in con
nection w ith  sludge d igestion. Lime 
was added to sludge tw ice daily  at the 
sludge w e ll; 50 pounds were used at 
each application. The supernatant had 
the fo llow in g  a n a ly s is :

A verage B O D  17,000 ppm
pH 7.4
T o ta l solids 0.85%
V olatile solids 61.2%

The" supernatant was not returned 
to the p lant but was routed to a lagoon. 
Total volum e of supernatant during a 
20-month period am ounted to 40 per
cent of the volum e of the raw sludge 
pum ped.

Pour lagoons at K nox augmented 
digester capacity and took the place of 
sludge d rying beds. The lagoons had 
dim ensions as fo llo w s:

L a g o o n Top Area 
( s f )

E f f e c t i v e  V o l u m e  
(c f )

1* 49.400 389,000
2 41,000 350,000
3 53.000 459,000
4 27,000 240,000

* N o . 1 L agoon used for supernatant liquor.

Sludge applied  to lagoons was well di
gested; total solids am ounted to 6.8 
percent, vo latile solids 48.0 percent. 
A nalysis of sludge rem oved from la
goons was as fo llo w s:

A s h ......................................................................  54.9%
T o ta l organic n itr o g en ............................... 2.1%
T o ta l a m m o n ia .............................................. 2.6%
A vailab le phosphoric a c id ........................  1.50%
C itrate insoluble phosphoric a c id   0.24%

No nuisances, flies or odors, were re
ported in connection w ith  the opera
tion  of the lagoons.

A n aeration ladder, includ ing a 30- 
ft section provid ing step aeration was 
installed  (P la te  16) in  the effluent
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channel. There was an additional 
drop of 150 f t  in the natural channel 
before the effluent reached a small 
stream.

III. S h a l l o w  F i l t e r s  W i t h  
R e c i r c u l a t i o n

The eight plants w ith  shallow filters 
that are analyzed in  Tables 53 to 66 
form a fa irly  homogeneous group from  
the standpoint of design. Three of the 
posts, Forts B ragg and S ill and Kees- 
ler A A F, were located in  the South. 
All plants in D ivision  III  were at arm y  
installations; all were designed as high- 
rate filters. The period of operation  
surveyed at each post varied from  11 
to 20 months.

A  design population factor of 23,100 
persons per acre-foot was utilized as a 
design criterion in order to facilitate  
comparison. It is noted that the same 
factor was em ployed w ith  plants of 
D ivision I I  pertain ing to deep filters 
w ith recirculation. A ctual loading is 
compared w ith design loading as calcu
lated w ith the foregoing criterion on 
Tables 56 and 57.

A s based upon actual population, 
post sizes varied from  8,940 at Kearns 
to 48,500 at Bragg. F low s ranged  
from  0.76 mgd at W arren to 3.67 mgd 
at Bragg. A verage per capita sewage 
flow w as 76 gallons. M edian values of 
percent of design utilized (Table 57) 
m ay be summ arized as fo llo w s:
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( i)  P rim ary settlin g  tanks, 79% .
(ii)  F ilter  units, 73% .
( iii)  Secondary settlin g  tanks, 94%.
(iv )  S ludge digesters, 76% .
(v ) S ludge beds, 62%.

I t  is evident that this d ivision  of 
plants was underloaded to about the 
same degree as other divisions, a condi
tion that reflected the effect of applica
tion  of the “ capacity fa c to r .”

A ll filters were circular and had ro
tary  d istributors. M edia size ranged  
from  %  to 4 inches, w ith  an average

value that was sign ifican tly  smaller 
than u tilized  in  the deep filters of the 
divisions p reviously  exam ined. Aver
age depth  o f m edia w as 3.35 f t ;  all 
units had depths less than 4.0 ft. Aver
age concentration of B O D  of p lant in
fluence was 333 ppm , a value in  agree
m ent w ith  that o f D iv ision  II. Per 
capita production o f B O D  had a me
dian value of 0.188 pound. Recircula
tion ratios varied  from  0.51 to 10.5 
w ith  a m edian value of 2.80. A s may 
be noted in Table 59, prim ary recircu-

TABLE 53.— List of Shallow  F ilter P la n ts  W ith  R ecirculation

P o s t f S t a t e
S v C

o r
N a v y

T y p e  o f  S t a t i o n
D a t e
P l a n t

C o m p l e t e d

D a t e  
M a j o r  

A d d i t i o n s  
o r  A l t e r 

a t i o n s  
C o m p l e t e d

O p e r a t i n g  P e r i o d  
S t u d i e d

(1) (2) (3) (4) (5) (6) (7)

F ort Bragg N  C 4th A rt & A A Trg A ug 41 — M a y  43 to  Aug 44
F ort D ix N  J 2nd Stagin g  Area & 

R ec Ctr
Jun 43 N o v  43 A ug 43 to  Jul 44

K earns A A F U tah 9th R ep  Trg & R eel 
Ctr

D ec  42 — A ug 43 to  Jun 44

K eesler A A F M iss 4th T ech  T rg Sch D ec  41 D ec  42 Jan 43 to Aug 44
C am p K ilm er N  J 2nd Stagin g  A rea & 

R ep l D ep o t
O ct 42 M ar 44 A ug 43 to  Jul 44

F ort Sill O kla 8th A rt & A  A  R ep  
Trg

O ct 41 --- Jan 43 to  Aug 44

C am p M yles Standish M ass 1st S tag in g  Area & 
R ep l D ep o t

Jun 43 --- Sep 43 to  Aug 44

F ort Francis E  W arren W y o 7th Serv T rp Trg Jan 42 Jan 43 Jan 43 to  Aug 44

TABLE 54.— G eneral D ata  R elatin g  to Shallow  F ilter P la n ts  W ith  R ecirculation

P o s t
A p p r o x

P l a n t
E l e v
( f t )

R a n g e
o f

S e w a g e
I n f l u e n t

T e m p
( ° F )

A v e r a g e
S e w a g e

I n f l u e n t
p H

L i n e a l  
F e e t  o f  
S e w e r s  

p e r  
C a p i t a  

( a )

S a m p l i n g

H o u r s
p e r

D a y

A v e r a g e
N u m b e r

p e r
M o n t h

( 1 ) ( 2 ) ( 3 ) ( 4 ) ( 5 ) ( 6 ) ( 7 )

Bragg — 5 6 -8 5 7.0 12.3 24 30
D ix — 3 6 -8 0 7.0 4.9 24 4
K earns A A F — 5 7 -8 2 7.7 2.6 24 25
K eesler A A F — 7 2-91 7.3 — 24 25
K ilm er — 4 4 -8 2 7.4 — 24 22
Sill — 6 1 -8 5 7.5 — 24 9
M yles S tandish — 3 3 -7 8 7.4 3.9 24 30
F  E  W arren 6100 52-71 7.6 — 24 9

(a) B ased  on design population , T ab le 56, col (3).
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P l a n t  U n i t s
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T
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H
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Sl
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B
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s

O
th

er
 

U
ni

ts

( 1 ) ( 2 ) ( 3 ) ( 4 ) ( 5 ) ( 6 ) ( 7 ) ( 8 ) ( 9 ) ( 1 0 ) ( i d ( 1 2 ) ( 1 3 )

Bragg 1 2 1 0 4 2 4 1 2 0 10 ( a )
[ ( b )

D i x 2 0 2 0 2 2 2 1 2 0 36 ( c )
(d)

Kearns A A F 1 1 1 0 1 1 1 0 2 0 2 2
Keesler A A F 1 0 1 0 3 3 3 0 3 0 17
Kilmer 2 0 1 0 2 2 2 0 2 1 4 0

[ ( b )
Sill 1 0 1 0 1 2 1 0 1 0 10 (d)

1(e)
M yles Standish 2 2 2 0 2 2 2 1 2 0 10 (f)
F E  Warren 2 1 1(g) 0 1 2 1 1 2 0 6 (e)

(a) T w o flocculation tanks.
(b) Triturator.
(c) Old D o ten  tank , 82,500 cu. ft. U sed for grease, scum  and supernatant.
(d) G rease flotation  tank .
(e) U n its  g iven  apply on ly to  first-stage filtration.
(f) S ludge lagoon.
(g) C om bination grit rem oval and grease flotation  by air.

TABLE 56.— D esign  C apacities and Loading of Shallow  Filter P lan ts W ith R ecirculation

P o s t

N u m 
b e r  o f  

M o n t h s  
i n  

O p e r 
a t i n g  

P e r i o d  
S t u d i e d

P o p u l a t i o n F l o w

D e s i g n
C a p a c i t y

( a )

A c t u a l

D e s i g n
( m g d )

( a )

A c t u a l

A v e r 
a g e

/
M a x i 
m u m

M i n i 
m u m

A v e r 
a g e

( m g d )

M a x i 
m u m
( m g d )

M i n i 
m u m
( m g d )

G a l
p e r

C a p i t a
D a i l y

(1 ) ( 2 ) ( 3 ) ( 4 ) ( 5 ) ( 6 ) ( 7 ) ( 8 ) ( 9 ) ( 1 0 ) ( 1 1 )

Bragg 16 51,300 48,500 56,400 37,200 3.59 3.670 6.270 1.030 76
Dix 12 53,000 40,700 52,100 31,300 3.71 2.340 4.050 0.790 58
Kearns AAF 11 34,900 8,940 16,000 4,480 2.44 0.780 1.690 0.118 87
Keesler A A F 20 47,100 32,000 41,300 20,500 3.30 2.590 5.970 0.700 81
Kilmer 12 39,000 24,000 34,000 16,300 2.73 2.340 3.490 1.170 98
Sill 20 19,500 (b) 40,200 51,700 33,000 1.37(b) 2.820 4.200 1.300 70
Myles Standish 12 25,000 14,600 18,900 9,920 1.75 0.920 — — 63
F E Warren 20 6 ,240(b) 10,300 14,300 6,250 0.44(b) 0.760 1.420 0.353 74

(a) D esign  capacities are based chiefly on criteria in O CE Engineering M anual (1943). 
See text.

(b) B ased  on first-stage filters only.
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TABLE 57.— P ercen t of D esign  Capacity U tilized  in Shallow  F ilter P la n ts  W ith  R ecirculation

P o s t
P r i m a r y
S e t t l i n g

T a n k s
(%)

F i l t e r
(%)

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

T a n k
(%)

S l u d g e
D i g e s t e r

(%)

S l u d g e
B e d s
(%)

(1) (2 ) ( 3 ) (4) ( 5 ) (6)

Bragg 87 95 96 73 75
D ix 92 77 92 79 81
K earns A A F 87 26 150 30 8(a)
K eesler A A F 52 68 71 107 86
K ilm er 60 61 65 79 40
Sill 148 206(b) 157 144 110
M y les S tandish 71 58 71 49 49
F  E  W arren 62 165(b) 145 52 46

(a) N atu ra l sand beds.
(b) B ased  on first-stage filters on ly .

TABLE 58.— D esig n  and D escrip tion  of F ilters in  Shallow  F ilter P la n ts  W ith  R ecirculation

P o s t
N u m b e r

o f
F i l t e r s

D i m e n 
s i o n s —  

L e n g t h  b y  
W i d t h  o r  
D i a m e t e r  

( f t )

A r e a
( a c r e s )

V o l u m e
( a f )

F i l t e r  M e d i a

D e p t h
( f t ) T y p e S iz e

( i n . )

(1) ( 2 ) ( 3 ) ( 4 ) ( 5 ) ( 6 ) (7) ( 8 )

Bragg 2 134d 0.648 2 .22 3.42 _ 14-24
D ix 2 130d 0.610 2.29 3.75 — 14-24
K earns A A F 1 155d 0.430 1.51 3.50 G ravel M

K eesler A A F 3 i 2 -8 5 d 0.522 2.04 3.90 2-G ranite 2
\ l - 1 2 0 d 1-Slag 4

K ilm er 2 125d 0.564 1.69 3.00 L im estone 1-24
Sill (a) 2 85d 0.260 0.845 3.25 — 1-3
M y les S tandish 2 lOOd 0.361 1.08 3 .00 G ranite 1-24
F  E  W arren (a) 2 50d 0.09 0 .27 3.00 G ravel 14-24

(a) F irst-stage  filters on ly .

lation (colum n 10) w as generally  
som ewhat sm aller than secondary re
circulation (colum n 12).

A s m entioned previously, it  was pos
sib le to analyze separately  the per
form ance of the first stage of filtration  
at F orts S ill and W arren; the data in  
Tables 55 to 63 pertain  to first-stage 
filtration only. O verall p lant perform 
ance at these two posts is presented in  
the fo llow in g  section on two-stage fil
ters. The first-stage filters at S ill and  
W arren were h eavily  loaded and, as 
expected, partia l treatm ent only was 
attained.

D etention  periods, which were so cal
culated as to include effect o f recircu

lated  flow, varied  from  1.68 to 4.75 hrs 
w ith  a m edian value of 3.19 hrs. Pri
m ary settlin g  tank influent was consid
erably d ilu ted  b y  prim ary recircula
tion. A verage prim ary influent BOD 
concentration in p lants u tiliz ing  pri
m ary recirculation ( R J  was 175 ppm, 
representing an effective d ilution  of al
m ost two to one. A verage removal in 
prim ary settlin g  tanks was 27.2 per
cent, a value som ewhat lower than the 
average for all filter plants.

W ith  the re la tively  high recircula
tion ratios of m any of the plants, volu
m etric dosage rates Avere high, varying  
from  11.1 to 31.9 m gad.

Concentration of filter influent va-
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TABLE 59.— B O D  Loading and Perform ance of Shallow  F ilter P lan ts W ith R ecirculation

P o s t D i a g r a m

P l a n t  I n f l u e n t R e c i r c u l a t i o n

F l o w
( m g d )

B O D

R ,
( m g d )

( a )

R î
( m g d )

( b )

R a t i o  
T o t a l  
R  t o  

P l a n t  
I n fP P M

P o u n d s
p e r

C a p i t a
D a i l y

(1 ) ( 2 ) (3 ) ( 4 ) ( 5 ) ( 1 0 ) ( 1 2 ) ( 1 4 )

Bragg j O t O ^ > t 3.670 356 0.225 7.074 8.145 4.15

Dix - k h r O 1 ^ 2.343 348 0.167 3.231 3.235 2.82

Kearns AAF - i o T O k H 0.777 273 0.198 2.787 5.382 10.50

Keesler. AAF —k > — c ^ > - 2.592 218 0.148 3.194 — 1.26

Kilmer - 4 0 - t - 0 - L-<4>t 2.339 201 0.164 1.724 2.066 1.86(c)

Sill (d) k K K ^ D - O - 2.820 305 0.179 1.440 — 0.51

M yles Standish ^ < > T - 0 - L C > r 0.916 537 0.281 2.100 2.100 4.59

F E W arren(d) < > j O - O j xÇ > - O j - 0.759 429 0.264 — 2.108 2.77

(a) R i =  R ecirculation  to  prim ary treatm ent section.
(b) R a =  R ecirculation to  secondary treatm ent section.
(c) T ota l R  includes 0.288 m gd secondary sludge return to  primary.
(d) First stage of filtration alone considered here; for analysis of entire p lant see T ables 67

to 84.

TABLE 60.— B O D  Loading and P erform ance of Shallow  F ilter P lants W ith R ecirculation

P r i m a r y  T r e a t m e n t  S e c t i o n

P o s t
F l o w

( m g d )

D e t e n t i o n  P e r i o d  ( h r ) B O D

A t
A v e r a g e

F l o w

A t
M a x i m u m

F l o w

A t
M i n i m u m

F l o w

I n f l u e n t
( p p m )

( a )
E f f l u e n t

( p p m )
R e m o v a l

(%)
( b )

( 1 ) ( 1 5 ) ( 1 6 ) ( 1 7 ) ( 1 8 ) ( 1 9 ) ( 2 0 ) ( 2 1 )

Bragg 10.742 2.87 2.31 3.81 169 147 11.6
D ix 5.574 2.70 2.07 3.75 177 32 21.7
Kearns A A F 3.564 2.87 2.28 3.52 90 58 37.3
Keesler A A F 5.786 4.75 3.00 7.05 119 115 —
K ilm er 4.351 4 .12 3.26 5.64 128 89 34.1
Sill 4 .26 1.68 1.27 2.62 231 175 24.3(c)
M yles Standish 3.016 3.51 2.64 4.55 220 138 46.3
F  E  W arren 0.759 4 .02 2.14 8.65 429 359 15.3

(a) W eighted  average, calculated from plant influent and recirculation.
(b) C alcu lated  in  accordance w ith  E quation  (3).
(c) C alculated in accordance w ith  E quation  (4).
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S e c o n d a r y  T r e a t m e n t  S e c t i o n

P o s t

F i l t e r  L o a d i n g F i l t e r  O n l y  P e r f o r m a n c e

F l o w
P o p ’n

p e r
A c r e -
F o o t

B O D B O D

M G D M G A D
( a )

I n f
( p p m )

(b)

L B /
A F D

(e)

L B /
A D
( c )

E f f
( p p m )

L B /
A F D

R e 
m o v e d

E f f i 
c i e n c y
(%)
( c )

R e 
m o v a l
(%)

(1) ( 2 2 ) ( 2 3 ) ( 2 4 ) ( 2 5 ) ( 2 6 ) ( 2 7 ) ( 2 8 ) ( 2 9 ) ( 3 0 ) ( 3 1 )

Bragg
D ix
K earns A A F  
K eesler A A F  
K ilm er  
Sih

M yles Stand ish  
F  E  W arren

18.887
8.809
8.947
5.786
6.417
4.260

5.116
2.867

29.2
14.4  
20.8  
11.1
11.4
16.4  
(e)

14.2  
31.9
(e)

21,800
17,800
5,920

15,700
14,200
47,600

(e)
13,550
38,100

(e)

109
93
36

115
72

175

109

4,340  
2,320  

792  
2,370  
1,530  
6,450  

(d) (e) 
2,030  
8,520  

(e)

14.900  
8,720  
2,780  
9,320  
4,590

20.900  
(d) (e)

6,100  
25,500  

. (e)

70
54

42
45

81

2,745
1,250

1,735
865

1,085

63.3
53.9

72.9
56.3

53.3

55.8
42.3

75.3  
37.1

28.5

(a) Includes recirculation.
(b) W eighted  average includ ing B O D  of recirculated flow.
(c) C alcu lated  in  accordance w ith  E q u ation  (3).
(d) C alcu lated  in  accordance w ith  E q u ation  (4).
(e) B ased  upon first-stage filtration.

ried from  36 to 175 ppm , w ith  a m e
dian value, 109 ppm , that was sm aller 
than for filters considered in  foregoing  
divisions. On a w eight basis, the BO D  
loading varied from  792 to 8,520 lb /a f  
daily. The item s in colum ns 26 and 27 
were calculated in  accordance w ith  the 
m ethod presented in  the section “ P r i
m ary and Secondary Sections of Sew 
age P la n ts”  (C hapter I) ; accordingly, 
the loading data pertain  to B O D  in  
raw settled  sewage and do not include  
BO D  in recirculated  flow. The influ
ence of recirculation  upon perform 
ance w ill he considered in a subsequent 
section, along w ith  a discussion of the 
effect o f loading upon rem oval in  
trick ling  filter plants.

The average value of percent effi
ciency of filter u n its w as 60.2 percent. 
This value is som ewhat sm aller than  
the corresponding figure (70.5 per
cent) for filters w ithout recirculation  
(T able 33, colum n 30) that were much  
less h eavily  loaded. N evertheless, in

view  of data from  a num ber of labora
tory and sem i-plant scale tests that 
have appeared in the literature since 
1935, the actual reduction  of BOD by 
high rate filters at m ilitary  installa
tions, not in clu d ing  secondary sedi
m entation, was rem arkably high. The 
average BO D  efficiency of the second
ary sections, includ ing secondary set
tlin g  (colum n 3 8 ), was 75.8 percent. 
Thus the filters alone induced about 
four tim es the rem oval that occurred 
in  secondary settlin g  units. H ence the 
concept that h igh  rate filters act essen
tia lly  as b iological coagulating agents 
would not appear to be applicable to 
heavily  loaded filters at m ilitary  posts. 
The contribution  to overall rem oval by 
secondary se ttlin g  was relatively  small.

The average value of rem oval in  fil
ters p lus secondary settlin g  was 58.4 
percent, w hich was som ewhat over 
twice the rem oval occurring in  primary 
settlin g  in the p lants o f D ivision  III. 
Overall p lant rem oval o f BO D  aver-
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TABLE 62.— B O D  Loading and Perform ance of Shallow  F ilter P lan ts W ith R ecirculation

P o s t

S e c o n d a r y  T r e a t m e n t  S e c t i o n  ( C o n t )

O v e r 
a l l

P l a n t
B O D

R e 
m o v a l
(%)

F i n a l  E f f l u e n t

F i l t e r  &  S e c o n d a r y  S e t t l i n g  P e r f o r m a n c e  ( a )

D i s 
s o l v e d

O x y 
g e n

( p p m )

R e l a 
t i v e
S t a 

b i l i t y
(%)

D e t e n t i o n  P e r i o d  ( h r ) B O D

S e t t l i n g  T a n k C o n 
t a c t

T a n k
a t

A v
F l o w

F i n a l
( p p m )

L B /
A F D

R e 
m o v e d

(f)

E f f i 
c i e n c y

(%)
( 9

R e 
m o v a l

(%)
(f)

A t
A v

F l o w

A t
M a x
F l o w

A t
M i n

F l o w

(1) ( 3 2 ) ( 3 3 ) ( 3 4 ) ( 3 5 ) ( 3 6 ) ( 3 7 ) ( 3 8 ) ( 3 9 ) ( 4 0 ) ( 4 3 ) ( 4 4 )

Bragg 2.61 2.14 3.36 0.34 61 3,500 80.7 71.3 82.9 1.8 12
Dix 2.70 2.07 3.74 0.57 28 2,080 89.9 70.3 92.0 3.1 —

Kearns AAF 1.66 1.45 1.86 — 21 705 88.8 60.0 92.3 3.4 60
Keesler AAF 3.53 1.53 9.80 — 30 2,060 86.4 89.5 86.0 1.8 —

Kilmer 3.83 3.07 5.08 — 44 1,030 67.0 44.2 78.2 4.5 49
Sill 1.05 .80 1.64 — 85 4,060 63.0 47.9 72.2 — —

(c) (c) (c) (b) (d) (g) (d) (g) (d) (g) (d)
M yles Standish 3.52 2.68 4.54 1.12 54 1,660 81.3 42.6 90.0 3.5 —

F E Warren 1.06 .86 1.24 0.60 173 4,300 50.5 42.7 58.0 — . —

(e) (c) (c) (e) (b) (d) (d) (d) (d)

(a) Including chlorine con tact tank, if any.
(b) Interm ediate se ttlin g  tank  effluent.
(c) Interm ediate settlin g  tank.
(d) F irst-stage filtration only.
(e) Including detention  tim e in weir chamber.
(f) C alcu lated  in  accordance w ith  E quation  (3).
(g) C alcu lated  in accordance w ith  E quation  (4).

TABLE 63.— SS Loading and Perform ance of Shallow  F ilter P lan ts W ith Recirculation

S u s p e n d e d  S o l i d s

P o s t
P l a n t  I n f l u e n t P r i m a r y  T r e a t m e n t  

S e c t i o n
S e c o n d a r y  T r e a t m e n t  

S e c t i o n
O v e r a l l

P l a n t
R e m o v a l

(%)P P M
P o u n d s

p e r
C a p i t a
D a i l y

E f f l u e n t
( p p m )

R e m o v a l
(%)
( a )

F i n a l
E f f l u e n t

( p p m )

E f f i c i e n c y
(%)
( a )

R e m o v a l
(%)
( a )

(1 ) (2 ) (3 ) ( 4 ) ( 5 ) ( 9 ) ( 1 2 ) ( 1 3 ) ( 1 4 )

Bragg 249 0.157 87 32.0 45 73.7 50.2 82.2
Dix 364 0.174 118 42.4 51 75.8 43.8 86.2
Kearns A A F 345 0.250 73 34.2 30 87.0 57.2 91.4
Keesler A A F 314 0.213 122 32.1 52 75.5 51.2 83.3
Kilmer 228 0.185 83 46.3 44 64.1 34.4 80.7
Sill 273 0.160 95 51.7 55 58.6 28.3 80.0

(b) (c) (b) (c) (b) (c) (c)
M yles Standish 211 0.110 63 30.9 21 85.7 59.2 90.1

(b)
F E Warren 269 0.166 210 22.0 96 54.2 42.2 64.2

(c) (c) (c) (c)

(a) C alculated in accordance w ith  E quation  (3).
(b) C alculated in  accordance w ith  E quation  (4).
(c) F irst-stage filtration only.
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TABLE 64.— Sludge D ata R elatin g  to Shallow  F ilter P la n ts W ith R ecirculation

Post

Number
Months

in
Oper
ating

Period
Studied

Sludge Digester Schedule of Sludge 
Loading

Total
CF
per

Capita
(a)

Heated,
Percent

of
Total

Volume

Covered,
Percent

of
Total

Volume

Average
Oper
ating

Temper
ature
(°F)

Source
of

Sludge

Second
ary to 

Primary 
Settling 
Tanks— 
Times 

per Day

Primary 
to 

Sludge 
Digest
ers— 
Times 

per Day

(1) (2) (3) (4) (5) «(6) (7) (8) (9)

B ragg 16 4.1 100 100 9 8 -8 5  (c) P ri(b) C ont 2
D ix 12 3.8 100 100 8 6 -7 6 Pri — 4
K earns A A F 11 10.1 100 100 9 5 -1 0 0 P ri(b) 6 or more 6
K eesler A A F 20 2.7 100 *100 85 P ri(b) — 5
K ilm er 12 4.2 68(e) 100 90(e) P ri(b) C on t 1
Sill 20 2.1 100 100 88 Pri (b) C ont 20
M yles S tandish 12 6.1 100 100 90 Pri C ont 3 or 4
F  E  W arren 20 5.8(d) 100 100 9 5 -8 6 Pri (b) C ont 48

(a) B ased  on actu al population , T ab le  56, col (4).
(b) Includes scum  from  prim ary tank.
(c) Larger va lu e  refers to  prim ary tank.
(d) T w o-story  tray-typ e prim ary digester.
(e) T w o h eated  prim ary un its; one u nheated  secondary un it.

TABLE 65.— Sludge D ata  R elatin g  to Shallow  F ilter P lan ts W ith R ecirculation

G a l l o n s

V o l a t i l e  S o l i d s ,  
P e r c e n t  o f  

T o t a l  S o l i d s

S l u d g e  D i s p o s a l

P o s t
R a w N o S l u d g e

S l u d g e  
p e r  M G  
S e w a g e R a w

S l u d g e
D i g e s t e d

S l u d g e

S F
p e r

C a p i t a
( a )

M o n t h s
S l u d g e
D r a w n

p e r
Y e a r

D r a w n
Y e a r l y

f r o m
D i g e s t e r s

( c f / c a p )

R e m o v e d
Y e a r l y

f r o m
B e d s

( c f / c a p )

( 1 ) G O ) ( 1 1 ) ( 1 2 ) ( 1 3 ) ( 1 4 ) ( 1 5 ) ( 1 6 )

Bragg 8,440 79.4 58.8 1.34 12 4 .7 _
D ix 7,460 75.6 58.0 2.09 — — —
K earns A A F 3,630 79.5 — 13.30(b) — — —
K eesler A A F 13,300 74.8 59.3 1.17 12 3.5 —
K ilm er 5,000 77.0 60.0 2.50 12 5.8 0.9
Sill 5 ,900 79.0 — 0.91 10 — —
M yles S tandish 12,500 74.9 — 2.06 — — —
F  E  W arren 4,890 84.4 76.7 2.16 10 4.1 1.1

(a) B ased  on actu a l p opu lation , T ab le 56, col (4).
(b) N atu ra l sand beds.

aged 81.3 percent. A verage value of 
overall p lant rem oval o f BO D  in those 
plants loaded w ith  from  2,000 to 4,500  
lb /a f  daily  (colum n 26) was 87.7 per
cent. A verage value of dissolved o xy 
gen in the p lant effluent for all p lants  
in the d ivision was 3.0 ppm.

The average loading and perform 

ance of p lants w ith  shallow  filters with 
respect to SS  m ay he summ arized as 
fo llo w s:

Raw Sewage, m edian SS, 271 ppm  
Raw Sewage, m edian SS, 0.170 lb /c a p /  

day
Prim ary Section Effluent, 91 ppm  
Prim ary Section, m ean rem oval, 33.1%
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TABLE 66.— Chlorination and Effluent D isposal in Shallow  F ilter P lan ts W ith R ecirculation

C h l o r i n a t i o n R e c e i v i n g  W a t e r  B o d y

P o s t P o i n t s  o f  
A p p l i c a t i o n  

U s e d

R e s i d u a l
C h l o r i n e

( p p m )
N a m e T y p e

( 1 ) ( 2 ) ( 3 ) G ) ( 5 )

Bragg — — — F low ing  Stream
D ix P ost 0.5 T ributary o f Crosswick  

Creek
Flow ing Stream

K earns AAE — — Jordan R iver F low ing Stream
K eesler A A F — — B ack  B a y  of B iloxi T idew ater
Kilm er — — R aritan  R iver T idew ater
Sill — — C ache Creek F low ing Stream
M yles Standish Post 0.7 H orton ’s Pond D r y  R un (4 M i) to  6 

Acre P ond
F E  W arren — — Crow Creek Flow ing  Stream

Plant Effluent, 48 ppm
Secondary Section, mean SS efficiency, 

72.0%
Secondary Section, mean SS removal, 

46.0%
Overall P lant, mean SS removal, 

82.3%

Data pertaining to sludge digestion  
and disposal for plants of D ivision  III  
are presented in  Tables 64 and 65. A  
detailed analysis o f sludge digestion  
and drying at Fort B ragg and Camp 
Kilmer is included in a subsequent 
section on sludge digestion.

Perform ance of In d iv idu al P lan ts  
of D iv is io n  III

Fort Bragg, N. C.
The plant at Fort B ragg was rela

tively large and loaded nearly to ca
pacity. A bout 25 percent of the sew
age flow to the p lant was pum ped from  
low areas. Infiltration and grease 
were normal. Sewage reached the 
plant in a condition somewhat less 
fresh than average, the sewer system  
being long for the population served. 
Gradients in  sewers were moderate. 
The chief operating difficulty resulted  
from broken rubber tire treads on the 
wheels o f the sludge rem oval mecha
nisms. Some treads lasted on ly  3 
weeks before failure, and wheels had

to be returned for retreading. The 
condition was attributed  to the poor 
quality  of rubber obtained during the 
war.

The soil is  sandy at F ort Bragg, and 
w ith the old sewer system  of th is per
m anent post, the grit detriter served  
a usefu l function . Two large coagu
lating basins w ith  stirring m echanisms 
were installed  ahead of the prim ary  
settlin g  tanks. The coagulating basins 
provided a detention period of about
2.5 hrs at average flow. No chemical 
coagulants were used. The basins did 
not im prove settling performance, 
which was low (Tables 60 and 63). 
On the other hand, the aerating and  
m ixing action of the basins appeared  
to have some value in  m aintain ing high  
efficiency of b iological treatm ent on 
the filters (Tables 61, 62 and 63 ). A  
history of loading and perform ance at 
the F ort Bragg p lant is presented in  
F ig . 81.

The orifice p lates on the filter d is
tributors required cleaning two or 
three times per week to remove such  
obstructions as leaves and grease balls. 
W ith the exception of one tim e when  
the p lant was first placed in  operation, 
no filter clogging or pooling occurred. 
In  this instance the condition was cor
rected b y  allow ing the filter to rem ain  
out of operation for 48 hrs, w ith  appli-
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P L A T E  14.— R o ta ry  d istr ib u tor  on  filter at M ain  P la n t, C am p C la ib orn e, L a.
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F I G U R E  81.— Loading and performance of trickling filters at Fort Bragg.

cation of calcium  hypochlorite to 
ponded areas. U nloading of filters 
took place in  the w inter m onths, from  
December through February. A t the 
time of inspection unusually  large 
numbers of Achorutes viaticus were 
seen on the filter surface; Psychoda 
larvae were n otab ly  absent. D D T  was 
used at th is p lant for insect -control.

Lime and scum  form ed rather thick  
layers in digesters, but th is condition  
did not in terfere w ith  operation. Su 
pernatant was generally  of fa ir  qual
ity; it  was routed to the head of plant 
and also to the sludge drying beds.

Fort F ix , N. J.
F ort D ix, as in  W orld W ar I, was 

a S tagin g  A rea and unusual conditions 
of loading were imposed upon the

sewage treatm ent plant. Population  
sh ifts were sudden and extrem e; at 
certain periods, the changes took place 
on a sem i-weekly and even daily  basis. 
The flow m ight be about 2.0 m gd for 
several days and then increase to 3.0 
m gd for a week. V ariations in  popu
lation were even more extreme. The 
new  high rate p lant at F ort D ix  was 
com pleted in  A pril, 1943 to supple
m ent the old p lant which was over
loaded throughout 1942. The new  
plant, which was constructed on a plot 
adjacent to the original plant, also 
provided capacity to handle waste 
from  a new  post laundry.

In  addition to the usual equipm ent 
for high rate filtration, grease removal 
equipm ent was installed. The grease 
removal tank had a capacity of 4,410
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cf and contained a m echanical flotation  
unit. N earby was a deep grease col
lection p it serving as a sump and con
nected by a 6-inch pum p lin e to the 
prim ary settlin g  tank of the original 
plant. Grease was not pum ped to the 
digesters of the new  plant. Ether- 
soluble m aterial w as excessive in the 
raw  sewage, and the grease rem oval 
equipm ent functioned  well.

One of the ch ief operating difficul
ties was due to inadequate size (6- 
inch) of the pipe line connecting the 
grease skimmers on the settlin g  tanks 
to the grease p it. This line often  be
came clogged because of the excep
tional am ount of grease. Leaves in  
the late autum n also caused clogging.

Other operating difficulties at D ix  
stem m ed from  inadequate provision  
for drainage and for by-passing of 
individual units.

L aundry w astes constituted  15 to 20 
percent of the flow but did not in tro
duce any serious problem . A t tim es 
a considerable am ount of grit appeared  
in the in flu en t; during periods of high  
flow some of the grit w ould pass 
through the grit chamber and settle in 
grease rem oval units, where it w as re
moved w ith  difficulty.

Rem oval of BO D  in  prim ary tanks 
was rather low, but th is was more than  
offset by the exceptionally  high effi
ciency of filtration (T able 6 2 ). The 
filters at D ix  received approxim ately  
four tim es the organic load per unit 
volum e usually  applied  to low rate 
plants, yet BO D rem oval compared  
favorab ly  w ith that attained in stand
ard filter plants. The outstand ing per
form ance of the p lant at P ort D ix  
pointed  up the adaptab ility  of the high  
rate filter to the extrem e conditions  
of loading that occurred in staging  
areas.

The p lant effluent at F ort D ix  was 
discharged into a potable w ater su p p ly  
(Crosswick Creek to Delaw are R iver). 
A ccordingly chlorine at the rate of 50 
to 60 lb per m g was added. A  sm aller 
am ount of chlorine m ight have been

used considering the degree of treat
m ent, but a 30-inch, 900-foot reinforced  
concrete pipe that connected the sec
ondary tanks w ith  the chlorine contact 
tank, rem ained 75 percent fu ll all the 
tim e, due to flat gradients. The veloc
ity  at average flow was less than 1 fps. 
D eposits of organic m atter that could 
now readily be rem oved, form ed in  this 
line, and the chlorine demand was 
thereby increased.

Camp Kearns, Utah
The record of sew age treatm ent at 

Camp K earns is of in terest since the 
filter u n it there, w hich was designed  
for high rate operation, was loaded to 
only a sm all fraction  of capacity. Sew
age arrived at the p lant b y  gravity. 
D urin g heavy precip itation , the flow 

. at the p lant was increased by about
500,000 gallons daily . Considerable 
am ounts of sand were rem oved from  
the grit chamber. No provision for 
velocity control w as made in the grit 
removal channels, and these u n its were 
not en tirely  satisfactory. The grease 
content was low and laundry waste 
was not a problem .

The flow was sm aller than expected  
and it was necessary to change the 
throat of the P arsh all flume from  24 
to 12 inches in  order to increase preci
sion of m easurem ent. The new throat, 
which w as made of plywood, was cali
brated w ith  a trian gular w eir in  the 
grit chamber. W hile fluctuations dur
ing the m onth were marked, this non- 
u niform ity  was not reflected to a great 
extenh in  w ater consum ption. Lawn 
sprinkling and other uses of water that 
were more or less independent of popu
lation  accounted for a large proportion  
of flow.

The recirculation ratio, 10.5, was 
high ; th is m ay be attributed  to fixed 
recirculation capacity  and lower sew
age flow than provided for in design. 
Perform ance in both prim ary and sec
ondary sections o f the p lan t was ex
cellent and in line w ith  the relatively  
low rate of load application  as based
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on raw settled  sewage. The wooden 
overflow weirs were subject to sw elling, 
and it was necessary to plane the crests 
from tim e to tim e to keep them level.

The filter was set en tirely  above 
ground w ith  ventilator holes through  
the w all below  the grating at intervals  
of about 6 ft. This construction, which  
was common in the W est (P la te 13), 
made it im possible to flood for fly con
trol. However, due to good d istribu
tion and ventilation, flies never became 
numerous at the K earns plant.

S ludge digester capacity was more 
than ample and no serious operating  
difficulties were encountered in d iges
tion. Cracks in the dome of the d iges
ters perm itted gas to escape; this cir
cumstance increased cost of operation, 
since fuel had to be purchased. D ur
ing the last m onths of operation in
vestigated, liquid  digested sludge was 
discharged by gravity  from the diges
ters into a tank truck and spread upon  
post grounds. Soil in  the region was 
porous and odor problem s did not 
develop.

Keesler Field, Miss.
Perform ance of the p lant at Keesler 

A A P was fa ir ly  typ ica l of perform 
ance of high rate filters at southern  
posts. The filter u n its were loaded to 
about two-thirds capacity. Sewer 
gradients were moderate, and infiltra
tion normal ; odor was slight, but with  
some sulfide detectable. Grease was 
not excessive and laundry waste consti
tuted about 5 percent of the flow. The 
plant was generally w ell designed and  
operated. Some difficulty stemmed  
from lengthy detention periods in  pri
mary settling tanks. Installation  of 
water nozzles on these tanks im proved  
scum removal. F ilters could not be 
flooded, but at this p lant fly breeding  
was not a problem .

The chief difficulty pertained to 
scum form ation in the secondary di
gester due to grease. Supernatant 
quality was variable, but usually  con
tained less than 0.5 percent solids; it

had a pH  of 7.2. I t  was returned to 
plant influent. In  the relatively warm  
clim ate of the G ulf Coast, gas was 
needed as a fu e l for heating digesters 
only during the w inter months. W et 
digested sludge was applied  to drying  
beds and also hauled to airfields for 
soil conditioning.

Use of sludge, both w et and dry, to 
promote growth of grass upon denuded  
areas near landing strips was a com
mon practice at flying fields, particu
larly  in  the more arid regions. The 
am ount of sand and grit carried into  
the air during windstorm s was thereby  
reduced. It  is im possible to evaluate 
precisely the enormous saving that this 
practice effected throughout the war 
in lessening the rate of deterioration  
of airplane engines from  internal 
abrasion.

Camp Kilmer, N. J.
The record of sewage treatm ent at 

Camp K ilm er is indicative of the diffi
culties that beset operation in a plant 
subjected to the extreme population  
fluctuations that occurred in  m ilitary  
staging areas. Loading on the average 
was less than two-thirds of design ca
pacity. A verage values do not, how
ever, convey an adequate description  
of lo a d in g ; population at Kilm er 
would change from , say, 5,000 to 40,- 
000 overnight. Treatm ent units that 
had been nearly  id le would be taxed  
to capacity w ithin  a ' space of a few  
hours. The situation  demanded the 
utm ost flex ib ility  of operation.

A bout 50 percent of the sewage at 
Camp K ilm er was pum ped interm it
ten tly  to the plant from  two autom atic 
pum ping stations. F low  through the 
plant was further influenced b y  the 
operation of a m echanical bar screen  
controlled by a tim e clock that was set 
to cause operation during a fixed pro
portion of the tim e. This unit, w ith  
excessive screen accum ulation, caused  
backing up of flow in sewers and in 
duced pulsations. Instantaneous rates 
occurred as high as four-thirds the aver
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age d a ily  flow. W ith  installations of 
th is type, chance synchronization of 
the sam pling schedule w ith  the tim e  
clock m ay result in  a d istorted  evalu 
ation of loading and perform ance.

In filtration  into the sewers at K ilm er  
was considerable. W hen the sewer sys
tem  and treatm ent p lant were in itia lly  
placed in  operation, in filtration  consti
tu ted  70 percent to 300 percent of the 
average flow. A fter  com pletion o f a 
program  of surface w ater drainage at 
the post, in filtration w as reduced to 
15 to 150 percent of flow. P er capita  
flow of sewage (T able 56, colum n 11) 
was the h ighest of all p lants in  D iv i
sion III .

The grit cham ber at the K ilm er  
plant fu lfilled  a u sefu l function , par
ticu lar ly  during the earlier period of 
the war w hen the high  infiltration car
ried considerable am ounts of sand into  
the sewer system .

Perform ance of the prim ary section  
of the p lan t was norm al; long deten
tion  periods occurred. The reduction  
of B O D  and SS that took place in  the  
filters qnd secondary settlin g  units, 
however, was defin itely substandard. 
N um erous investigations were made 
and it  was concluded that the poor 
perform ance of the filters, which were 
loaded at about three-fifths the rate  
specified as a design criterion in  the  
E n gin eerin g M anual, was caused by  
clogging resu lting from  a flourish
ing growth of su lfu r bacteria, Tliio- 
bacteriales, p rin cip ally  Beggiatoa alba. 
The office of the Service Command E n 
gineer, the P ost E ngineer organiza
tion, representatives of the N ew  Jersey  
A gricultu ral E xperim ental Station and  
equipm ent m anufacturers were con
cerned w ith  the problem — one that was 
unique in  the h istory of the high rate 
filter. I t  was foun d  that the su lfur- 
u tiliz in g  organism s could be k illed  b y  
superchlorination; b u t after being  
killed, the organism s would not slough  
from  the m edia.

O nly w ith  a considerable passage of 
tim e did the dead grow ths wash off

and pass through the filter. W ith  the 
cleaning of the filters, perform ance 
im proved. E xcavation  of p ipes con
n ecting the prim ary clarifier w ith  the 
biofilter brought forth  the fa ct that 
su lfur organism s had been thriv in g  in 
underground conduits and in  the sur
rounding soil. The w ater su pp ly  at 
the post contained only 35 ppm  of 
su lfate (as S 0 4= ) ; the ground water 
near the p lant, however, had a high 
su lfu r content. The cells o f the filter 
growth were observed to be filled with 
m ulti-colored su lfu r granules.

In  addition  to the clogging  caused 
b y  the su lfu r organism s, some odor 
nuisances developed; these were con
trolled  b y  chlorine. L ife  o f rubber 
squeegees on the skim m ers of settling  
tanks w as sh o r t; th is was rem edied by 
placing a sheet m etal reinforcem ent 
behind the rubber on the squeegee 
fram e.

No serious operating problem s were 
encountered at Camp K ilm er in  con
nection w ith  sludge d igestion  and dis
posal. D igesters were provided with 
agitation  equipm ent, w hich was oper
ated about 3 hr each day. Scum and 
grease were not troublesom e. Super
natant was of fa ir ly  good quality; it 
was a lig h t straw  color and contained
0.2 percent to 0.3 percent of solids.

Camp Myles Standish, Mass.
The S tag in g  A rea and Replacement 

D epot at Camp M yles Standish, like 
other deploym ent centers near the 
ports of em barkation, experienced a 
constant turnover o f personnel, with 
large and irregular variations in  post 
population. The h igh  rate filter at 
M yles S tandish  perform ed satisfac
tor ily  under the non-uniform  loading 
and gave an effluent that m et the re
quirem ents o f the receiving water and 
its environs. In  all respects, the rec
ord at th is p lan t reflected the sk ill and 
a b ility  o f the operating staff; the 
grounds about the p lant were m ain
tained in an u n u su a lly  attractive con
dition. U n til A pril, 1943, sewage at
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Camp M yles Standish  was treated in 
a settling lagoon and chlorinated w ith  
tem porary post-m ade apparatus. In  
April, the settlin g  u n its o f the new  
plant were in  operation and in June, 
1943, com plete b iological treatm ent 
commenced.

A ll but 15 percent of the flow came 
to the p lant by gravity . Pum ping  
from two lif t  stations, however, was 
interm ittent in  the extrem e, and occa
sional peak flows of stale sewage were 
experienced. Infiltration was n eg lig i
ble. Grease was excessive at the tim e 
of the survey; during some weeks as 
much as 16,000 lb of scum were re
moved. Corrective measures, particu
larly at mess-halls, were effective and 
reduced the grease load h v  approxi
mately two-thirds. Grease in  the p ri
mary effluent was norm ally less than  
75 ppm. No regular laundry wastes 
were discharged to the sewers.

It is worthwhile to describe some of 
the modifications that were effected by  
the operating staff. These were neces
sitated by m inor im perfections in de
sign and construction. I t  is n ot to be 
inferred from  the follow ing discussion  
that the situation  at M yles Standish  
was unusual ; the p lant was considered  
to be well designed. In  all plants, 
however, w ith the haste and urgency of 
wartime construction, a num ber of er
rors of commission and omission were 
were inevitable. The follow ing were 
typical :

1. As constructed, the No. 1 diver
sion chamber at the head of the 
plant received recirculated filter 
effluent and secondary sludge on 
one side, w hile on the other the 
supernatant was returned. M ix
ing was inaedquate and as a re
sult, supernatant flowed through  
the east h alf of the plant, where
as most of the recirculated flow 
passed through the west side. 
Therefore the filters, which oper
ated in parallel, were loaded d if
ferently . B y  extending the super

n atant p ipe to the center of the 
chamber and by p lacing a 45° 
sleeve on the discharge end of the 
recirculation line, an even dis
tribution of the various fluids was 
effected.

2. In  the original installation, both 
secondary sludge lines discharged  
into a common 4-inch pipe, and 
thence into the 12-inch recircula
tion  line. To correct this, the 
sludge p ipe from  the w est sec
ondary settlin g  tank w as changed  
to deliver into the prim ary re
circulation w et well.

3. A s originally  constructed, the 
concrete in let w all to the recircu
lation  wet w ell was somewhat too 
high. This resulted in effluent 
leaving the p lant during extrem e
ly  low flows instead of being re
turned ahead of the filters to effebt 
a constant high rate of dosage. 
To remedy the situation, the wall 
between No. 4 diversion chamber 
and the recirculation w ell was cut 
through, thereby perm itting fu ll 
flow to the well.

4. Some trouble was experienced  
w ith tipp in g of distributor arms 
on the filters at seasons of the 
year when large variations oc
curred in diurnal tem perature. 
The cause was unequal tension of 
gu y rods on the arms. The only  
recourse was to adjust turn- 
buckles as frequently as required.

5. A t the tim e of construction, steel 
was a critical m aterial and p ly 
wood was substituted wherever 
possible. M ost of the control 
gates throughout the p lant were 
of %-inch plywood. W eirs, too, 
were constructed of wood. These 
sp lit at the lam inations w ithin  
an 8-month period and had to be 
replaced with m etal weirs. Con
trol gates were reinforced w ith  
steel strips bolted together so as 
to prevent sp litting.
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Alum inum  su lfate was added in  
varying am ounts to digested sludge be
fore application  to sand drying beds. 
A lum  in powder form  was dosed at 
sludge shear gates. Optimum dosage 
was 400 ppm. D ryin g  tim e on the 
average was reduced from  10 to 14 
days to 4 to 5 days. Solids were buoy
ant and drainability  was enhanced. 
Cracking of sludge cake w as noticed  
som etim es as early as the second day. 
One difficulty experienced w ith  alum  
w as that if  the cake was not rem oved  
im m ediately after drying, it  became 
difficult to p ut through the grinding  
machine.

A ctivated  carbon was tried  on an 
experim ental basis as an aid in  reduc
ing drying tim e. H owever, it  was not 
found  to im prove appreciably the 
d rainability  of digested sludge.

In  F igu re 81 are presented data re
la tin g  to loading and perform ance of 
the M yles Standish  p lant during the 
period of operation investigated. In  
general, the perform ance w as uniform  
and rather independent of loading. A  
sharp increase in  BO D in  February, 
1944 was handled w ithout perceptible 
effect upon the quality  of the effluent. 
H owever, it  m ay be noted that the New  
E ngland  w inter of 1943M4: induced  
some deterioration in  performance.

Forts Sill and Warren

The data for the first stage of filtra
tion  at F orts S ill and W arren have 
been included in tables of D ivision  II I

1
BOD-.

/A 'si .....
\ f

BO[)~ V

---
— -S.?Z

for purposes of com parison. Detailed  
discussion of the p lants at these posts 
is presented in  the fo llow ing section.

IV . T w o - S t a g e  F i l t e r  P l a n t s

In  Tables 67 to 84 an analysis of 
loading and perform ance at n ine two- 
stage trick ling filter p lants is pre
sented. These installations could not 
be treated as a homogeneous group  
since considerable differences in  design  
are exhibited. A lm ost every conceiv
able scheme of recirculation (Table 
74) was represented. L oading varied  
pver a wide range. Some p lants u til

ized interm ediate settlin g  between the 
first and second stage of filtration, others 
did not. Indeed, the on ly  feature of 
design  common to a ll p lants was the 
arrangem ent of filter u n its in series.

No attem pt was made a priori to set 
up design criteria to establish the ca
pacity  of filter units. Other units, in
cluding interm ediate settlin g  tanks, 
were rated in accordance w ith  design

1943 1944
Time, months

F I G U R E  82.— Loading and performance of 
trickling filters at C a m p  Myles Standish.
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P L A T E  16.— A eration  ladder for p lant effluent, F o r t K n o x , K y.
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T A B L E  67.— List of Two-Stage Filter Plants

P o s t S t a t e
S v C

o r
N a v y

T y p e  o f  
S t a t i o n

D a t e
P l a n t

C o m p l e t e d

D a t e  
M a j o r  

A d d i t i o n s  
o r  A l t e r 

a t i o n s  
C o m p l e t e d

O p e r a t i n g  P e r i o d  
S t u d i e d

(1) (2) (3) (4) (5) (6) (7)

C am p F orrest (a) T enn 4th D iv  Trg O ct 42 Sep 43 Sep 43 to  A ug 44
C am p G ordon (b) Ga 4 th R ep Trg Jan  42 Jun 43 Jan 44 to  A ug 44
F ort R iley K ans 7th A rm , M e & 

T D  Trg
Sep 43 --- Sep 43 to  A ug 44

C am p R oberts C alif 9th R ep  Trg M ar 41 --- Jan  43 to  A ug 44(c)
C am p Joseph T  R obinson Ark 8th R ep  Trg O ct 40 M ar 43 Jun  43 to  Sep 44
F ort Sill Okla 8th A rt, A A  & 

R ep  T rg
O ct 41 --- Jan 43 to  A ug 44

T opeka A A B K ans 7th T act F ie ld  & 
F ly  T rg

N o v  42 --- Apr 43 to  D ec  43

F ort Francis E  W arren W yo 7th Serv Trp Trg Jan  42 Jan 43 Jan  43 to A ug 44
W illow  G rove P a II — O ct 42 — J u l 43 to  A ug 44

(a) T w o-stage filtration after A ugust, 1943.
(b) T w o-stage filtration  after D ecem ber, 1943.
(c) O m itting M arch and April, 1943.

T A B L E  68.— General Data Relating to Two-Stage Filter Plants

Post
Approx
Plant
Elev
(Ft)

Range
of

Sewage
Influent
Temp
(°F)

Average
Sewage
Influent

pH

Sampling

Hour*
per

Day

Average
Number

per
Month

(1) (2) (3) (4) (6) (7)

F orrest _ 5 0 -8 6 7.2 24 30
Gordon — 5 6 -8 6 7.1 24 30
R iley — 57-71 7.4 24 8
R oberts — 6 6 -9 4 7.9 24 30
J T  R obinson 460 5 8 -8 5 — 24 —
Sill — 6 1 -8 5 7.5 24 9
T opeka A A B — 5 0 -8 0 7.4 24 10
F  E  W arren 6,100 52-71 7.6 24 9
W illow  G rove 320 4 3 -8 8 8.0 24 30
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TABLE 69.—Units in Two-Stage Filter Plants

945

P l a n t  U n i t s

P o s t

Sc
re

en
s 

or 
R

ac
ks

C
om

m
in

ut
or

s

G
rit

 
C

ha
m

be
rs

Im
ho

ff 
T

an
ks

Pr
im

ar
y 

Se
ttl

in
g 

T
an

ks

Fi
lte

rs

Se
co

nd
ar

y 
Se

ttl
in

g 
T

an
ks

C
hl

or
in

e 
C

on
ta

ct
 

T
an

ks

D
ig

es
tio

n 
T

an
ks

 
(H

ea
te

d)

D
ig

es
tio

n 
T

an
ks

 
(U

nh
ea

te
d)

Sl
ud

ge
 

B
ed

s

O
th

er
 

U
ni

ts

( 1 ) ( 2 ) ( 3 ) ( 4 ) ( 5 ) ( 6 ) ( 7 ) ( 8 ) ( 9 ) ( 1 0 ) ( i d ( 1 2 ) ( 1 3 )

Forrest 1 0 0 0 3 5 ( b ) 3 1 2 l 18 (a)
Gordon 2 1 1 0 2 4(c) 2 1 2 l 5
Riley 1 1 0 0 1 2(d) 1 0 1 0 6
R oberts 1 0 0 0 1 2(d) 1 1 1 l 8 (e)
J T  Robinson 2 0 0 0 2(d) 2 0 1 l 18 (f)
Sill 1 0 1 0 1 4(c) 1 0 1 0 1 0 (g)

(h)
Topeka A A B 1 0 0 0 1 2(d) 1 1 1 0 4
F E  Warren 2 1 l( i) 0 1 3(j) 1 1 2 0 6 (h)
W illow Grove 1 0 0 0 2 2(d) 1 1 1 0 6

(a) Four interm ediate se ttlin g  tanks.
(b) Three ls t-sta g e  filters and tw o second-stage.
(c) T w o lst-sta g e  filters and tw o second-stage.
(d) One ls t-sta g e  filter and one second-stage.
(e) S tep  aerator for final effluent.
(f) T w o aeration tanks for grease rem oval.
(g) T riturator and grease flotation  tank.
(h) One interm ediate se ttlin g  tank .
(i) C om bination grit rem oval and grease flotation by air. 
(j) T w o lst-sta g e  filters and one second-stage.

TABLE 70.— C apacities and Loading of T w o-Stage F ilter P lan ts

Post

Number
of

Months
in

Oper
ating

Period
Studied

Population Flow

Actual Actual

Aver
age

Maxi
mum

Mini
mum

Aver
age

(mgd)

Maxi
mum
(mgd)

Mini
mum
(mgd)

Gal
per

Capita
Daily

(1) (2) (4) (5) (6) (8) (9) (10) (11)

Forrest 12 18,400 30,800 10,100 2.200 4.240 0.990 115
Gordon 8 25,400 26,500 24,300 1.800 3.580 0.460 71
R iley 12 4,900 5,920 3,980 0.504 0.940 0.240 102
Roberts 18 33,200 38,400 28,600 1.880 4.050 0.420 57
J T  R obinson 16 28,600 39,900 22,300 1.680 — — 59
Sill 20 40,200 51,700 33,000 2.820 4.20 1.30 70
Topeka A A B 9 4,200 5,250 3,570 0.367 0.495 0.156 88
F E W arren 20 10,300 14,300 6,250 0.760 1.420 0.350 74
W illow G rove 14 1,080 1,320 810 0.123 — — 114
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P o s t
P r i m a r y
S e t t l i n g

T a n k
(%)

I n t e r m e d i a t e
S e t t l i n g

T a n k
(%)

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

T a n k
(%)

S l u d g e
D i g e s t e r

(%)

S l u d g e
B e d s
(%)

( 1 ) ( 2 ) ( 4 ) ( 4 a ) ( 5 ) ( 6 )

Forrest 68 146 69 51 43
G ordon 60 — 60 56 51
R iley 56 — 56 29 33
R oberts 119 — 123 130 32
J T  R obinson 64 — 44 62 69
Sill 148 236 157 144 110
T op ek a A A B 106 — 96 59 44
F  E  W arren 62 235 145 52 46
W illow  G rove 61 — 76 26 45

T A B L E  72.— Design and Description of First-Stage Filters in Two-Stage Filter Plants

P o s t
N u m b e r

o f
F i l t e r s

D i m e n 
s i o n s —  

L e n g t h  b y  
W i d t h  o r  
D i a m e t e r  

( f t )

A r e a
( a c r e s )

V o l u m e
( a f )

D e p t h
( f t )

F i l t e r  M e d i a  

T y p e S iz e
( i n . )

(1) ( 2 ) ( 3 ) ( 4 ) ( 5 ) ( 6 ) ( 7 ) (8 )

F orrest 3 70d 0.265 1.66 6.25 _ 2 1-4
Gordon 2 130d 0.608 3.65 6.0 G ranite 2 | - 4
R iley 1 75d 0.101 0.404 4.0 L im estone lè - 3
R oberts 1 90d 0.146 0.438 3.0 T rap R ook 1 -3 |
J T  R obinson 1 135d 0.329 1.40 4.25 Q uartzite lè - 6
Sill 2 85d 0.260 0.845 3.25 — 1-3
T op ek a A A B 1 51d 0.047 0.188 4.00 L im estone l i - 2 1
F  E  W arren 2 50d 0.09 0 .27 3.00 R iver G ravel 11-21
W illow  G rove 1 38d 0.026 0.078 3 .00 G ranite 1 -2 Î

T A B L E  73.— Design and Description of Second-Stage Filters in Two-Stage Filter Plants

P o s t
N u m b e r

o f
F i l t e r s

D i m e n 
s i o n s —  

L e n g t h  b y  
W i d t h  o r  
D i a m e t e r  

( f t )

A r e a
( a c r e s )

V o l u m e
( a f )

D e p t h
( f t )

F i l t e r  M e d i a  

T y p e S iz e
( i n . )

( 1 ) (2 ) ( 3 ) ( 4 ) ( 5 ) ( 6 ) ( 7 ) (8 )

Forrest 2 163d 0.960 6.00 6.25 2 i - 4
Gordon 2 130d 0.608 3.65 6.00 G ranite 2 | - 4
R iley 1 75d 0.101 0.404 4.00 L im estone 1 j —3
R oberts 1 90d 0.146 0.438 3.00 T rap R ock l - 3 j
J T  R obinson 1 145 x 295 0.982 5.89 6.00 Q uartzite l i - 6
Sill 2 130d 0.608 3.05 5.00 — 1-3
T opeka A A B 1 51d 0.047 0.188 4.00 L im estone 1 | - 2 |
F E  Warren 1 108d 0.210 1.680 8.00 G ranite 2 -3
W illow  Grbve 1 38d 0.026 0.078 3.00 G ranite 1-2^
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TABLE 74.— B O D  Loading and Perform ance of T w o-S tage F ilter P lan ts

P l a n t  I n f l u e n t

B O D
P o s t D i a g r a m

F l o w
( m g d )

P P M
P o u n d s

p e r
C a p i t a
D a i l y

(1 ) ( 2 ) ( 3 ) ( 4 ) ( 5 )

Forrest 2.197 215 0.214

Gordon - o - k > - - - - - - - - - - - - - o » - o - 1.796 397 0.235

R iley - * -0 — C H - - - - - - - - - -0 — 0 - 0.502 244 0.209

R oberts - 1O t O j t - O — o ^ - 1.878 378 0.178

J T  R obinson - ^ o — o —1- - - - - - - - - O — o — 1.680 358 0.175

Sill — * - o — o — o - j l - o — o — 2.820 305 0.179

Topeka A AB - £ q — o - i — £ - 0 — O 1- 0.367 210 0.154

F E  Warren — o - M o — o J - ^ O - o 1- 0.759 429 0.264

W illow Grove " ^ o — O - 1— f—o — O r - 0.123 144 0.137

I
!
I!

TABLE 75.— B O D  Loading and P erform ance of T w o-Stage F ilter P la n ts

P o s t
P o p ’n

p e r
A c r e -
F o o t

R a t i o  
F i r s t - S t a g e  

F i l t e r  t o  
T o t a l  F i l t e r

R a t i o  
S e c o n d - S t a g e  

F i l t e r  t o  
T o t a l  F i l t e r

R i
( m g d )

( a )

R e c i r c

R a t i o  
R i  t o  
P l a n t  

I n f

j l a t i o n

r 2
( m g d )

( b )

R a t i o  
R 2 t o  
P l a n t  

I n fA r e a V o l u m e A r e a V o l u m e

(1 ) ( 2 4 ) (6 ) ( 7 ) ( 8 ) ( 9 ) ( 1 0 ) (ID ( 1 2 ) ( 1 3 )

Forrest 2,400 22 22 78 78 2.858 1.30 — —
Gordon 3,470 50 50 50 50 2.88(c) 1.60(c) —■ —
Riley 6,070 50 50 50 50 1.180 2.35 1.180 2.35
Roberts 37,900 50 50 50 50 4.538 2.41 4.773 2.54
J T  Robinson 3,930 25 19 75 81 1.28 0.76 — —
Sill 10,300 30 22 70 78 1.44 0.51 —■ —
Topeka A AB 11,200 50 50 50 50 0.450 1.22 0.492 1.34
F E Warren 5,280 30 14 70 86 2.108 2.78 0.492 0.65
W illow Grove 6,930 50 50 50 50 0.259 2.10 0.299 2.43

(a) F irst-stage recirculation.
(b) Second-stage recirculation.
(c) R ecirculation of filter effluent to  filter influent.
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TABLE 76.— B O D  Loading and Perform ance of T w o-S tage F ilter P la n ts

P o s t

P r i m a r y  T r e a t m e n t  S e c t i o n

F l o w
( m g d )

D e t e n t i o n  P e r i o d  ( h r ) B O D

A t
A v e r a g e

F l o w

A t
M a x i m u m

F l o w

A t
M i n i m u m

F l o w
I n f l u e n t

( p p m )
R e m o v a l

(%)
( a )

(1 ) ( 1 5 ) ( 1 6 ) ( 1 7 ) ( 1 8 ) ( 1 9 ) ( 2 1 )

F orrest 2.197 3.7 1.9 8.2 215 25.2
G ordon 1.796 4.2 2.07 8.1 397 35.1
R iley 1.682 4.5 3.5 5.3 121 25.9
R oberts 6.416 2.1 1.6 2.7 169 9.3
J T  R obinson 2.960 3.9 — — 239 27.8
Sill 4 .260 1.7 1.7 1.7 231 24.3(b)
T opeka A A B 0.817 2.8 2.5 3.8 126 20.2
F  E  W arren 0.760 4.0 2.1 8.6 429 15.3
W illow  G rove 0.382 4.1 — — 73 48.0

(a) C alcu lated  in accordance w ith  E qu ation  (3).
(b) C alcu lated  in  accordance w ith  E q u ation  (4).

TABLE 77.— B O D  Loading and Perform ance of T w o-S tage F ilter P lan ts

S e c o n d a r y  T r e a t m e n t  S e c t i o n

F i r s t  S t a g e  F i l t r a t i o n  a n d  S e t t l i n g

P o s t

F i l t e r  L o a d i n g P e r f o r m a n c e

F l o w  t o  F i l t e r B O D D e t e n t i o n  P e r i o d  
( h r ) B O D

M G D M G A D I n f
( p p m )

L B /
A F D

( a )

L B /
A D
( a )

A t
A v

F l o w

A t
M a x
F l o w

A t
M i n

F l o w

E f f
( p p m )

L B /
A F D
R e 

m o v e d

E f f i -
c i e n c y

t % )
( a )

R e 
m o v a l

(% >

(1 ) ( 2 2 a ) ( 2 3 a ) ( 2 5 a ) ( 2 6 a ) ( 2 7 a ) ( 3 2 a ) ( 3 3 a ) ( 3 4 a ) ( 3 6 a ) ( 3 7 a ) ( 3 8 a ) (3 9 a )

Forrest 5.055 19.06 _ 1,780 11,500 1.70 1.21 2.24 _ _
Gordon 1.796 2.96 258 1,060 6,370
R iley 1.682 16.66 92 1,880 7,520 — — — 69 1,165 62.0 45.9
R oberts 4.538 31.10 149 8,680 26,100 — — — 148 6,980 80.4 51.7
J T  R obinson 2.960 8.98 167 2,600 11,030 — — — 81 1,780 68.8 49.8
Sill 4.260 16.38 175 6,440 20,900 1.06 1.06 1.06 85 4,070 63.0 47.8

(b) (b) (b)
T opeka A A B 0.817 17.36 86 2,730 10,900 — — — 57 1,794 65.8 52.4
F  E  W arren 2.867 31.9 221 8,520 25,500 1.06 0.86 1.24 181 4,300 50.5 42.7
W illow  G rove 0.382 14.70 40 988 2,960 — — — 41 448 45.5 23.7

(a) C alcu lated  in  accordance w ith  E q u ation  (3).
(b) C alcu lated  in  accordance w ith  E q u ation  (4).
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T A B L E  78.— B O D  Loading and Performance of Two-Stage Filter Plants

83
El

51
«

1
lil
111

S e c o n d a r y  T r e a t m e n t  S e c t i o n

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

P o s t

F i l t e r  L o a d i n g P e r f o r m a n c e

F l o w  t o  F i l t e r B O D D e t e n t i o n  P e r i o d  ( h r )

M G D M G A D I n f
( p p m )

L B / A F D
( a )

L B / A D
( a )

S e

A t
A v

F l o w

t t l i n g  T a r  

A t
M a x
F l o w

i k

A t
M i n

F l o w

C o n 
t a c t

T a n k
a t

A v
F l o w

(1 ) ( 2 2 b ) ( 2 3 b ) ( 2 5 b ) ( 2 6 b ) ( 2 7 b ) ( 3 2 b ) ( 3 3 b ) ( 3 4 b ) ( 3 5 )

Forrest 2.200 2.29 — — — 3.60 1.86 7.99 0.35
Gordon 4.680 7.69 — — — 4.14 2.08 8.1 0.29
Riley 1.684 16.7 45 714 2,850 4.48 3.54 5.29 —

Roberts 6 .653(b) 45.6(b) 70(b) 5 ,280(b) 15,800 2.02 1.52 2.59 0.55
J T  Robinson 1.680 1.71 81 192 1,150 5.64 — — —

Sill 2 .820 4 .64 86 658 3,290 1.59 1.07 3.45 —

Topeka AAB 0.859 18.3 33 930 3,720 2.72 2.37 3.64 0.39
F E Warren 1.252 5.97 133 678 5,430 1.72 1.13 2.55 0.60
Willow Grove 0.422 16.2 20 910 2,730 3.27 — — 1.14

(a) Based upon effluent of first-stage filtration.
(b) Includes se ttled  raw sewage.

T A BL E 79.— B O D  Loading and Performance of Two-Stage Filter Plants

P o s t

S e c o n d a r y  T r e a t m e n t  S e c t i o n

O v e r 
a l l

P l a n t
R e 

m o v a l
( % )

F i n a l  E f f l u e n t

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

C o m b i n e d  F i r s t  a n d  
S e c o n d  S t a g e

F i n a l
D i s 

s o l v e d
O x y 
g e n

( p p m )

R e l a 
t i v e
S t a 

b i l i t y
( % )

P e r f o r m a n c e P e r f o r m a n c e

F i n a l
E f f

( p p m )

L B / A F D
R e 

m o v e d

E f f i 
c i e n c y

( % )

R e 
m o v a l

( % )

L B / A F D
R e 

m o v e d
(a)

E f f i 
c i e n c y

( % )
(a)

R e 
m o v a l

( % )
( a )

(1) ( 3 6 ) ( 3 7 b ) ( 3 8 b ) ( 3 9 b ) ( 3 7 ) ( 3 8 ) ( 3 9 ) ( 4 0 ) ( 4 3 ) ( 4 4 )

Forrest 15 _ _ _ 349 90.8 68.1 93.3 2.9 93
Gordon 48 — — — 432 81.7 53.1 88.2 5.3 —
Riley 34 364 51.1 14.3 762 81.6 60.2 86.1 5.4 —
Roberts 53 3,370 (c) 64.0 24.8 5,170 84.5 76.5 85.8 1.2 —
J T Robinson 27 128 67.1 15.0 447 89.8 64.8 92.6 2.7 90
Sill 26 455 69.5 19.4 1,232(b) 88.8(b) 67.2(b) 91.5 3.2 91
Topeka A A B 15 687 73.8 20.1 1,240 91.1 72.6 92.8 5.4 94
F E  Warren 66 431 63.6 26.8 967 82.0 69.5 84.8 4.0 —
Willow Grove 11 397 73.8 20.9 423 85.7 44.6 92.6 — —

(a) C alculated in  accordance w ith  E quation  (3).
(b) C alcu lated  in accordance w ith  E quation  (4).
(c) Influent includes settled  raw sewage. (See design flow).
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TABLE 80.— S S  Loading and P erform ance of T w o-S tage F ilter P lan ts

P o s t

P l a n t  I n f l u e n t P r i m a r y  T r e a t m e n t  
S e c t i o n

S e c o n d a r y  T r e a t m e n t  
S e c t i o n

P P M
P o u n d s

p e r
C a p i t a
D a i l y

E f f l u e n t
( p p m )

R e m o v a l
(%)
( a )

F i r s t  S t a g e  F i l t r a t i o n  a n d  S e t t l i n g

E f f l u e n t
( p p m )

E f f i c i e n c y
(%)
( a )

R e m o v a l
(%)
( a )

(1) ( 2 ) (3 ) ( 4 ) (5 ) (6 ) ( 7 ) (8 )

Forrest 217 0.216 102 52.8 __ __ __

G ordon 278 0.166 120 56.8 — — —
R iley 340 0.292 85 56.3 89 39.9 17.4
R oberts 299 0.141 109 32.9 108 65.3 31.1
J  T  R obinson 197 0.097 86 34.5 61 52.7 34.6
Sill 273 0.160 95 51.7(b) 55 58.6(b) 28.3(b)
T op ek a A A B — — — — — — —
F  E  W arren 269 0.166 210 22.0 96 54.2 42.2
W illow  G rove 192 0.182 — — — — —

(a) C alcu lated  in accordance w ith  E q u ation  (3 )’
(b) C alcu lated  in accordance w ith  E q u ation  (4).

TABLE 81.— S S  Loading and P erform ance of T w o-S tage F ilter P la n ts

P o s t

S e c o n d a r y  T r e a t m e n t  S e c t i o n

O v e r a l l
P l a n t

R e m o v a l
(%)

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

C o m b i n e d  F i r s t  a n d  
S e c o n d  S t a g e

F i n a l
E f f

( P P m )

E f f i c i e n c y
(%)
( a )

R e m o v a l
(%)
(a)

E f f i c i e n c y
(%)
( b )

R e m o v a l
(%)
( b )

(1 ) (9) GO) ( 1 1 ) ( 1 2 ) ( 1 3 ) ( 1 4 )

Forrest 23 _ _ 84.3 39.7 92.5
Gordon 16 — — 80.9 34.9 91.7
R iley 45 49.6 13.0 69.8 30.4 86.7
R oberts 54 49.8 17.9 73.3 49.1 81.9
J  T  R obinson 21 65.7 20.2 83.8 54.8 89.3
Sill 21 60.6 12.1 83.7(c) 40 .4(c) 92.1
T opeka A A B 20 — - — — — 92.7
F  E  W arren 36 62.9 22.5 82.9 64.7 86.7
W illow  G rove 10 — — 88.8 40.1 94.9

(a) B ased  upon effluent of first-stage filtration.
(b) C alcu lated  in accordance w ith  E q u ation  (3).
(c) C alcu lated  in  accordance w ith  E q u ation  (4).
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TABLE 82.— Sludge D ata R elating to T w o-Stage F ilter P lants

Number
Sludge Digester Schedule of Sludge 

Loading

Post

Months
in

Oper
ating

Period
Studied

Total
CF
per

Capita
(a)

Heated,
Percent

of
Total

Volume

Covered,
Percent

of
Total

Volume

Average
Oper
ating

Temper
ature
(°F)

Source
of

Sludge

Second
ary to 

Primary 
Settling 
Tanks— 
Times 

per Day

Primary 
to 

Sludge 
Digest
ers— 
Times 

per Day

(1) (2) (3) (4) (5) (6) (7) (8) (9)

Forrest 12 7.0 56 56 75-91 Pri(b) 
Inter Set.

3(c) 6

Gordon 8 6.0 67 100(d) 8 8 -90 Pri — 8
Riley 10 10.2 100 100 88 Pri(b) C ont 12
Roberts 20 2.8 50 100 95 Pri(b) C ont 148
J T  Robinson 16 5.8 52 100(e) 8 5 -90 Pri(b) C ont 48
Sill 20 2.1 100 100 88 Pri(b) Cont 20
Topeka A A B 9 5.0 100 100 9 0 -9 2 Pri C ont 12
F E Warren 20 5.8 100 100(f) 8 6 -95 Pri (b) C ont 48
W illow Grove 14 11.5 100 100 8 5-95 Pri(b) 12 12

(a) B ased  on actual population, T able 70, col (4).
(b) Includes scum  and grease.
(c) S ludge pum ped to in term ediate settlin g  tank.
(d) T w o floating covers and one fixed wooden cover.
(e) One floating and one fixed wooden cover.
(f) T ray digester.

TABLE 83.— Sludge D ata R elating to T w o-Stage F ilter P lants

P o s t

G a l l o n s  
R a w  

S l u d g e  
p e r  M G  
S e w a g e

V o l a t i l e
P e r c e

T o t a l

R a w
S l u d g e

S o l i d s ,  
n t  o f  
S o l i d s

D i g e s t e d
S l u d g e

S F
p e r

C a p i t a
( a )

S l u d g e  '

N o
M o n t h s
S l u d g e
D r a w n

p e r
Y e a r

D is p o s a l

S l u d g e
D r a w n
Y e a r l y

f r o m
D i g e s t e r s

( c f / c a p )

S l u d g e
R e m o v e d

Y e a r l y
f r o m
B e d s

( c f / c a p )

(1) ( 1 0 ) ( 1 1 ) (1 2 ) ( 1 3 ) ( 1 4 ) ( 1 5 ) ( 1 6 )

Forrest 6,580 65.1 51.5 2.34 11 6.9 2.2
Gordon 12,000 79.5 65.0 1.97 12 . 5.5 2.4
Riley 4,660 54.9 — 3.20 — — —
Roberts 6,280 75.3 60.8 3.13 12 7.6 1.4
J T  R obinson 10,000 74.0 — 1.50 12 4.6 1.7
Sill 5,900 79.0 — — — — —
Topeka A A B 5,450 73.6 46.0 2.29 9 5.7 1.2
F  E  Warren 4,880 84.4 76.7 2.17 10 4.1 1.1
W illow G rove — — — 2.24 — — —

(a) B ased on actual population, T able 70, col (4).
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TABLE 84.— Chlorination and Effluent D isp osa l in T w o-S tage F ilter P lan ts

P o s t

C h l o r i n a t i o n R e c e i v i n g  W a t e r  B o d y

P o i n t s  o f  
A p p l i c a t i o n  

U s e d

R e s i d u a l
C h l o r i n e

( p p m )
N a m e T y p e

(1) (2) (3) (4) (5)

Forrest _ _ _ D ry  R un
G ordon — — Spirit Creek F low in g  Stream
R iley — — K an sas R iver R iver
R oberts P ost 0.06 Salinas R iver F low in g  Stream
J  T  R obinson — — F iv e  M ile Creek D ry  R un
Sill — — C ache Creek F low ing  Stream
T op ek a A A B P ost 0 .40 — D ry  R u n
F  E  W arren — — C row  Creek F low in g  Stream
W illow  G rove P ost 0.36 Park Creek F low in g  Stream

factors used in  pervious sections. The In  order to establish the general 
percent of design capacity of these distribution of load am ong the various 
units is presented on Table 71. units o f two-stage filter plants, the
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F I G U R E  83.— L o a d in g  and p erfo rm a n ce  o f  tw o -s ta g e  filters at C am p J o se p h  T  R ob in son .
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F IG U R E  84.— L o a d in g  and p erform ance o f tw o -s ta g e  filters at F o r t F ra n cis  E  W arren .

following table is p resen ted :

A v e r a g e
P e r c e n t

E f f i c i e n c y

A v e r a g e
P e r c e n t

R e m o v a l

B O D SS B O D SS

Primary Section 26 44 26 44
First-Stage F iltration* 62 54 44 31
Second-Stage F iltration* 66 58 20 17
Combined F irst and Sec

ond-Stage F iltration* 86 81 64 44
Overall P lant R em oval 90 90 90 90

* Including subsequent settling , if any.

It is evident that a high degree of 
treatment was attained  in  two-stage 
filter plants. The quality of the efflu
ent from these p lants was comparable 
to that from  standard rate filters and 
was d istinctly  superior to that from  
single-stage high rate filters.

It  w ill be noted that the average 
BO D and SS  removed in the first stage  
of filtration was about twice that re
moved in the second stage. The aver
age removal in the prim ary section was 
about in  line w ith that observed in 
other single-stage filter p lants em ploy
ing recirculation. In  general, the per
cent rem ovals of the various units  
should be additive to the overall p lant 
rem oval in  accordance w ith the defini
tion  of percent removal, as defined in 
E quation (2 ) . Owing to the fact, how
ever, that the averages in the foregoing- 
table were com puted from  groups con
taining different num bers of plants 
(in  some plants the perform ance of 
each stage of filtration could not be 
com puted separately), the additive rule 
does not hold exactly.
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F I G U R E  85.— L o a d in g  and p erform an ce of 
tw o -s ta g e  filters at W illo w  G rove N A S .

P erform an ce of In d iv id u a l P lan ts  
of D iv is io n  IV

Camp Forrest, Tenn.
A  considerable variation of popula

tion occurred at Camp F orrest during  
the tw elve m onths of operation in vesti
gated. The p lant at this post was 
enlarged two times. The first addition, 
which was placed in operation in  
March, 1941, consisted of one prim ary  
settlin g  tank, one high rate filter, and  
two secondary settlin g  tanks. A  sec
ond addition consisting of two stand 
ard filters, three final settlin g  tanks, 
a secondary digester, and n ine sludge 
drying beds was com pleted in A ugust, 
1943. The expected increase in  p opu
lation  for which p lant additions were 
installed  did not m ateria lize; in  fact 
the population decreased. The m edian

population during the first six  months 
of 1943 (29,000) was nearly tw ice that 
of the corresponding period of 1944.

The m edian BO D  of the p lan t efflu
ent during the first h a lf o f 1943 was 
58 ppm . D urin g the first h a lf of 1944, 
w ith the new  p lant u n its and with 
reduced population, the m edian efflu
ent BO D  was 14 ppm . A dditional data 
relatin g  to perform ance before and 
after the tim e that two-stage filtration  
was adopted are contained on Tables 
47-49  and 77-81. I t  is evident there
fore that, during the period of survey, 
the p lan t was u n d erload ed ; the organic 
loading of the first-stage filters was 
only 1,780 lb BO D per acre-ft. The high 
degree of treatm ent attained  was in 
line w ith the relatively  ligh t loading.

Infiltration into the sewer system  at 
Camp F orrest was excessive and the 
effect m ay be noted in the large per 
capita sewage flow. Grease at times 
was excessive, the difficulty being at
tributed to inadequate trap m ainten
ance. L aundry w astes also were larger 
than norm al (see Table 70 ).

A n increase in  the per capita pro
duction of BO D  during w inter months 
was evident at Camp Forrest. This 
phenom enon, which was noted at a num
ber of other d ivisional train in g posts, 
was attributed  to decreased amounts 
of bivouacking during colder months. 
Lack of an alytical data unfortunately  
m ade it  im possible to analyze complete
ly  the perform ance of first- and second- 
stage filters.

A  num ber of schemes of recirculation  
were used in connection w ith  the first 
stage of filtration. These included re
circulation ( i)  from  effluent of second
ary settlin g  tank to filter influent; (ii) 
from  filter effluent to filter influent;
( iii)  from  filter effluent to primary 
settlin g  tank influent. The flow dia
gram  indicated  in Table 74 indicates 
but one of the recirculation schemes 
used. No recirculation  w as used 
about the second-stage filters.

D esp ite a relatively  large digester 
capacity at Camp Forrest, it was neces

— ....... ......i - t ....... ....... - c - _
BOd \ •

SS 7.... ..
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sary occasionally to lime the sludge  
when the p l l  fe ll below 7.0. The 
quality of supernatant, however, was 
generally satisfactory; it ran 2,000 to
3,000 ppm of total solids w ith a pH  
in the range 6.8 to 7.5 from  the prim ary  
digester and 8.0 to 11.0 from the sec
ondary digester.

The operation of the p lant at Camp 
Gordon has been discussed in a pre
vious section.

Fort Riley, Kan.
Performance of the' two-stage trick

ling filter plant at F ort R iley  was 
erratic during the operating period in 
vestigated. W hile grease in the p lant 
influent was negligible, laundry wastes 
were excessive, constituting about a 
third of the flow. D uring the period  
of 12 months from September, 1943 to 
September, 1944, the population at the 
post declined from  5,302 to 4,237; the 
ppm BOD of the final effluent varied  
from 78 to 12 as based upon m onthly  
averages. The settlin g  tanks and 
sludge handling units at the F ort R iley  
plant were large in  relation to the load  
applied, as m ay be seen from  Table 71. 
Detention periods were long, and re
movals in settling were only fair.

W hile the filter medium was, accord
ing to specifications, to be 1^2 in - to 
3 in. in size, an inspection indicated  
that some sm aller sizes of stone were 
present. It  was not determ ined whether 
the smaller aggregate was due to dis
integration. However, clogging and 
pooling occurred on three occasions 
during the summer of 1944. On each 
occasion flooding rem edied the diffi
culty. U nloading of filters was noted  
on one occasion in A pril, 1944. The 
end gates of the filter distributor arms 
were opened daily  and a hose inserted  
in order to clean the orifices.

The two filters at R iley, which were 
operated in series, were identical as to 
design and construction. Removal of 
BOD in the prim ary filter (45.9% ) 
was more than three times that in the 
secondary filter (14.3% ). As would be

expected, a much sm aller d isparity was 
note„d in  the efficiencies of these units. 
Overall removal of BO D was 86.1 per
cent, of SS 86.7 percent. This figure is 
somewhat low for a two-stage filter p lant 
not heavily  loaded. A breakdown of 
the data indicates that during much of 
the tim e a rem oval of BOD in excess 
of 90 percent occurred. However, dur
ing certain months performance fell 
considerably below the average. For  
exam ple, during October, 1943, when 
the sludge line from the prim ary set
tlin g tank to the sludge pump became 
clogged for a few  days w ith sand and 
weeds, the plant effluent averaged 78 
ppm of BOD.

W ith ample digester capacity, no 
difficulties w ith sludge digestion were 
encountered at F ort R iley except dur
ing in itia l phases of operation when an 
acid condition required addition of 
lime. D ried digested sludge was 
ground and used as fertilizer at the 
post nursery and on flower beds and 
lawns on the post.

Camp Roberts, Calif.

The two-stage filter p lant at Camp 
Roberts accom plished an extraordinary  
amount of removal of organic m atter in 
filters that were heavily loaded. In 
filtration was moderate, occurring prin
cipally  during the rainy season. Grease 
was not excessive at the tim e of the 
survey. A  program of instruction for 
m ess-hall personnel was effective in 
im proving m aintenance of grease traps. 
Laundry w astes were present but not 
excessive. , Sewage tem perature at 
Camp Roberts, which was situated in 
southern California, was higher than  
at other two-stage filter plants, and it 
is likely that this was a significant 
factor in the attainm ent of high effi
ciency in the biological units. The 
population loading of the p lant during  
the 18 months of operation investigated  
was fa irly  uniform , but diurnal varia
tion in flow at the p lant was marked. 
The per capita flow was low and sew
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age was somewhat more concentrated 
than at most two-stage filter plants.

Settling tanks were loaded in excess 
of capacity specified by the Engineer
ing Manual, having detention periods 
only slightly more than two hours. 
Performance of primary settling tanks 
(Table 76) was poor, particularly 
with respect to the removal of BOD.

Filter loading at Camp Roberts was 
the highest of all trickling filter plants 
surveyed. Nearly three times the BOD 
load specified in the Engineering Man
ual was applied to the primary filter. 
I t  should be noted that the recircula
tion scheme utilized at this plant (Ta
ble 74) placed the two filters partly in 
series and partly in parallel, the ratio 
depending upon plant flow. Thus, dur
ing periods of peak flow, the secondary 
filter received a considerable propor
tion of settled raw sewage. Theoreti
cally, this recirculation scheme is par
ticularly effective in bringing about an 
optimum distribution of the daily or
ganic load between the first- and sec
ond-stage filter in a two-stage plant. 
Results corroborate this conclusion. 
The filters were of the same size and 
shape. The recirculation ratio was 
about the same for both filters. The 
first-stage filter, however, effected about 
twice as much BOD removal as the 
second.

As may be seen from Tables 80 and 
81, both filters were considerably less 
effective in removal of SS as compared 
to BOD. Dissolved oxygen in the efflu
ent of this heavily loaded plant aver
aged 1.2 ppm.

Prechlorination for odor control was 
practiced. An ammoniacal odor was 
noticeable from the filter units. The 
trap-rock media in the filter had the 
following size distribution (by weight) : 
5 percent retained on 3 in. passing 
through 3V2-in. mesh; 1 percent (not 
more than) passing through 1-in. mesh.

No serious operating difficulties per
taining to sludge digestion or disposal 
were encountered at Camp Roberts. 
The primary digester was maintained

at 95° F and the secondary digester, 
which was unheated, attained a sum
mer temperature of 86° F. Agitation 
equipment operated 24 hours daily. 
Lime was used only during the initial 
phases of operation. Digested sludge 
was disposed of upon drying beds. 
Lagoons, originally provided, were con
verted into sludge drying beds by fill
ing in with sand without provision for 
drainage. This arrangement proved to 
be unsatisfactory and tile underdrains 
were installed. The effluent discharged 
over a step-aerator into Salinas River, 
which was virtually dry during four 
or five months of the year.

Camp Robinson, Ark.
At Camp Joseph T. Robinson, a 

World War I standard trickling filter 
without final settling was modernized 
to form a two-stage plant. ‘Primary 
settling tanks consisted of (1) two 
old rectangular Doten tanks, revamped 
and equipped with sludge collecting 
mechanism and (2) a modern, circular 
tank with usual appurtenances. The 
first-stage filter was a new shallow high 
rate unit with a rotary distributor. 
Media consisted of blue quartzite with 
an admixture of slate and ranged in 
size from i y 2 in. to 6 in. The second- 
stage low rate filter, which dated from 
World W ar I days, was rectangular 
in plan and was dosed with fixed 
nozzles. This unit was divided into two 
equal sections, each supplied by a twin 
alternating dosing tank. At 2.0 mgd 
the dosing tank filled in 8 minutes and 
discharged in 3 minutes. The medium 
was similar to that of the first-stage 
filter. As indicated on the diagram of 
Table 74, recirculation was provided 
only at the first-stage filter.

Practically all of the sewage reached 
the plant by gravity. Sewer gradients 
were moderate and infiltration not ex
cessive. The sewage contained an ex
cessive amount of grease. Laundry 
waste comprised about 5 percent of 
the total flow. Grease was removed in 
two separation tanks with mechanical



down-draft aerators. The detention 
period was about 20 minutes, as based 
upon average flow. The units per
formed satisfactorily, removing a high 
percentage of the grease.

The settling tanks were underloaded 
with respect to criteria stated in the 
Engineering Manual. Removal in pri
mary settling was only fair. Efficiency 
of the first-stage filter was 68.8 per
cent, as based. upon reductions occur
ring in the filter itself as well as that 
portion of the primary settling tank 
considered as part of the secondary 
treatment section. The efficiency of 
the first stage of filtration would, of 
course, have been notably improved 
if an intermediate settling tank had 
been provided. As based upon actual 
performance of the final settling tanks, 
it was estimated that the efficiency of 
the first stage of filtration with inter
mediate settling would have been 82.5 
percent.

The second-stage low rate filter at 
Camp Robinson effected the reduction 
of 67.1 percent of the applied load of 
BOD. This high efficiency, however, 
must in part be attributed to action of 
the first-stage filter, since there was 
no intermediate settling to remove sol
ids agglomerated by the initial unit. 
The efficiency of the combined first- 
and second-stage filters for BOD was
89.8 percent and was 83.8 percent for 
SS. The final effluent had an average 
value of 27 ppm BOD and 21 ppm SS.

In Figure 83 are presented data per- ' 
taining to loading and performance at 
Camp Robinson during the period of 
operation investigated. Performance 
was remarkably uniform despite fluctu
ations in loading.

The efficiency of the plant at Camp 
Robinson was impaired by poor diges
ter supernatant which was returned to 
the head of the plant. The volume 
of supernatant returned averaged
17,000 gpd. A heavy scum layer in the 
first-stage digester was controlled by 
raising the temperature sometimes as 
high as 100° F. At the time of visit,
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a line to carry supernatant from the 
first-stage to the second-stage digester 
was being installed, together with mod
ifications that would permit settling 
of supernatant in one-half of the sec
ond-stage digester before return to the 
plant inlet. Due to an excessive or
ganic content of liquor draining from 
sludge drying beds it was necessary to 
install means for returning it to the 
raw sewage.

Fort Sill, Okla.

The two-stage trickling filter plant 
at Fort Sill had a remarkable record of 
performance. It successfully treated 
sewage from a considerably larger 
population than was provided for in 
the original design. Sewer gradients 
were moderate and infiltration normal ; 
sewage arrived at the plant in a fresh 
condition. At the time of the survey, 
the amount of grease in the raw sew
age was small. Laundry waste con
stituted about 9 percent of the total 
sewage flow. A holding basin for 
laundry waste was installed so that 
it could be discharged to the plant at 
a uniform rate over a six-hour period 
starting at midnight. This flow aided 
in maintaining continuous operation 
of the trickling filters.

One defect in the data pertaining 
to the plant at Fort Sill should be 
noted, although it would not appear 
to be important. No regular samples 
were taken of raw sewage, but rather 
the strength of plant influent was as
sumed to be that of the primary in
fluent. Numerous composited samples 
of raw sewage and primary tank in
fluent indicated that differences in 
concentration at these sampling points 
were so small as to be negligible. Ac
cordingly, for convenience, only 
samples of primary plant influent were 
taken regularly.

The per capita production of BOD 
and SS based upon the concentration 
of samples of primary influent and 
actual plant flow was normal (Tables

M ILITARY INSTAL LATIO NS 957
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74 and 80) ; hence no large error in 
estimation of strength of raw sewage 
was entailed in the procedure adopted 
at the plant. Performance of the pri
mary settling tank was fair. Some im
provement in primary performance 
resulted from installation of a pump 
to control recirculation from the final 
clarifier to the raw sewage wet well. 
Difficulty was experienced with the 
original design of the sludge recircula
tion return line from the final settling 
tank during peak flow because of lack 
of head. During the peak loads no 
return occurred, resulting in line stop
page. Installation of a 200 gpm pump 
in the line rectified the difficulty.

The first-stage filters at Fort Sill re
ceived a BOD load of 6,440 lb per 
acre-ft as based upon settled raw sew
age. These filters, together with inter
mediate settling, removed 63.0 percent 
of this applied load, corresponding to 
a removal of nearly one-half (47.8%) 
of the entire BOD load of the plant. 
This high degree of efficiency is to be 
attributed to the following factors: (i) 
warm temperature without extreme 
seasonal variations; (ii) rather small 
size of media with large contact area; 
(iii) absence of grease in excessive 
amounts; (iv) uniform application of 
flow to filters, which operated at a con
stant rate of 16.4 mgad regardless of 
the rate of flow into the plant; and 
(v) absence of returned supernatant, 
which was routed to lagoons.

Performance of the first-stage filters 
with respect to removal of SS was less 
effective than with respect to BOD ; 
nevertheless, a considerable reduction 
occurred relative to the size of the 
units.

No samples of filter effluent were 
regularly collected at Fort Sill. As a 
consequence it was not possible to 
evaluate the distribution of load be
tween primary and secondary sections 
of the plant in accordance with Equa
tion (3) as developed in Chapter I. 
Instead it was necessary to base the 
distribution upon actual performance

in the primary settling tank in accord
ance with Equation (4).

The second-stage filters at Fort Sill 
were constructed over an area that in
cluded the old World War I fixed noz
zle filter bed. The filter media and 
drainage arrangement in the old beds 
were not disturbed. The remaining 
area of the new filters was constructed 
over a new underdrainage system. 
Ventilation in the new construction 
area consisted of 8-in. vitrified tile 
risers with a 3.0-ft spacing around the 
circumference. There was some pool
ing of water in the old portion of bed 
where the medium was not disturbed 
during construction. This condition 
was improved somewhat by agitation 
of the media to a depth of 18 inches 
with an air-hammer.

These filters were loaded with 658 lb 
BOD/af; they operated with an effi
ciency of 69.5 percent. The loading 
was in the range of standard filters, 
but removal was only about three- 
quarters of that usual in standard fil
ters. The reason was that “ treatabil
ity ”  of a first-stage filter effluent is sig
nificantly less than that of raw settled 
sewage, with the result that efficiencies 
of secondary filters are less than those 
of primary filters for equal loadings. 
This phase of performance will be con
sidered quantitatively in a subsequent 
section of this report.

Some unloading occurred in the 
second-stage filters at Fort Sill during 
abrupt weather changes in the early 
spring and late fall. The rotary dis
tributors of the second-stage filters 
were dosed from two dosing tanks. 
Flow was usually continuous; dosing 
cycles, when they occurred, had a pe
riod of about 15 minutes.

Efficiency of the combined first and 
second stage of filtration was 88.8 per
cent. The overall loading for both fil
ters based upon raw settled sewage was 
about 1,400 lb per acre-ft—a value less 
than one-half that stipulated by the 
Engineering Manual for single-stage 
high rate filters. As calculated on this



Vol. 18, No. 5 SEWAGE TREATMENT AT M ILITARY IN STALLATIO NS 959

basis, therefore, the loading of the 
plant was not at all heavy—indeed it 
was considerably lighter than that of 
many single-stage filter plants. Overall 
plant performance at Fort Sill, how
ever, was high; BOD removal was 91.5 
percent and SS removal was 92.1 per
cent. Relative stability was high ; con
centration of plant effluent was 26 ppm 
of BOD.

Little trouble was experienced at 
Fort Sill from scum accumulation in 
the sludge digester during the period 
of operation reviewed. Excess grease 
caused considerable foaming during 
the breaking-in period. Subsequent to 
this time, however, grease was largely 
removed from a scum chamber near 
the primary settling tank. As may be 
seen from Table 82, the digester at 
Fort Sill was more heavily loaded than 
digesters at other two-stage filter 
plants. The digester did not produce 
a returnable sludge liquor. Lagoons 
were constructed to receive the super
natant liquor, which was in effect a 
thin sludge. Occasionally supernatant 
was returned to sand drying beds. 
The sludge was well digested and no 
odor problems developed in connec
tion with disposal.

Topeka A A B , Kan.

Results of the trickling filter plant 
at Topeka AAB are of interest in that 
they indicate a rather typical perform
ance of a small two-stage plant under 
conditions operative at military estab
lishments. The sewer system was flat. 
The sewers were fairly tight, but in
filtration was somewhat more than nor
mal due to the circumstance that a 
large part of the sewer system had to 
be laid in rock trenches. Ground 
water drained into these trenches, the 
only outlet of which was through the 
sewers. While no rapid rise in flow 
occurred immediately after rain, the 
volume of fluid reaching the plant was 
greater than average over an extended 
period following the storm. Grease in

the plant influent was negligible and 
no laundry wastes were present.

As may be seen from the diagram of 
Table 74, no intermediate settling was 
provided at Topeka AAB; the rate of 
recirculation was about the same for 
both filters. On some occasions it was 
necessary to discontinue recirculation 
temporarily in order to accommodate 
unusually high peak flows.

Flow measuring equipment was not 
available at the plant until October, 
1943, at which time a flow-meter was 
installed in a Parshall flume built when 
the plant was constructed in 1942. 
Figures for flow prior to October, 
therefore, are estimates. However, in
ternal evidence would indicate that the 
estimates were reliable. Sufficient 
data pertaining to SS were not avail
able to permit of an adequate analysis.

Performance of primary settling at 
Topeka AAB with respect to removal 
of BOD was somewhat low. The first- 
and second-stage filters were similar as 
to size and shape. Some trouble was 
experienced with filter clogging due to 
undersized rock and improper media 
placing. The size range specified in 
design was 1^4 to 2% in. It was 
necessary to dig up and relay parts of 
the beds to eliminate clogging. Chlo
rination also aided in reducing the 
clogging. The first-stage filter received 
a BOD load of 2,730 lb/af, which was 
not far from the load stipulated in the 
Engineering Manual for single-stage 
high rate filters (3,000 lb /af). A 65.8 
percent reduction was effected in this 
filter. With intermediate settling, it 
was estimated that the first-stage filtra
tion efficiency would have been about 
72 percent. The second-stage filter re
ceived a BOD loading about one-third 
that of the first-stage filter, and its ef
ficiency was accordingly higher (73.8 
percent). The efficiency of the com
bined first- and second-stage filters was 
91.1 percent. The overall loading cal
culated as the quotient of the pounds 
of BOD of raw settled sewage divided 
by the total volume of both filters in
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acre-ft was 1,360—a value intermediate 
between the usual loadings of standard 
and high-rate filters.

The sludge digestion tank at Topeka 
AAB was equipped with an agitation 
device which was operated continu
ously. Scum and grease were never 
troublesome. Supernatant was dis
charged to the raw sewage at the head 
of the plant. The effluent from the 
plant was discharged into a dry run; 
chlorine, about 10 lb per day, was used 
to prevent nuisance downstream.

Fort Francis E. Warren, Wyo.
The two-stage filter plant at Fort 

Francis E. W arren did not give as 
high a degree of treatment as other 
two-stage plants of similar design and 
loading. The plant was constructed 
in two major phases. Work on the 
original plant was started in January, 
1941, and it began to function as a 
complete unit in May, 1941. At this 
time the plant consisted of two clari- 
fiers, two high rate filters, and a sludge 
digester.

The performance of the plant from 
June, 1941 to January, 1942 was poor, 
although it was not loaded to design 
capacity. The final effluent averaged 
169 ppm of BOD and 106 ppm of SS. 
The difficulties were attributed to large 
amounts of grease in the sewage. The 
grease also contributed to the some
what erratic behavior of the digester 
during the initial stages of operation.

The digester was of the tray type 
with the lower, secondary section built 
underground and the upper or pri
mary section above ground and cov
ered with a veneer of hollow tile. The 
cover was of the fixed type. Only the 
upper section was heated. The con
tents of this section were agitated with 
mixing and scum-breaking equipment. 
Gas production was irregular and con
siderable quantities of lime were re
quired. During this early phase of 
operation the digester capacity, includ
ing both upper and lower sections, 
amounted to 3.2 cf/cap. One difficulty

stemmed from inability to seal cracks 
around the dome of the digester. The 
supernatant during this period aver
aged 1.47 percent solids, and difficulty 
was experienced with clogging of the 
supernatant return line. Sludge dry
ing was retarded due to lack of under
drains in the sand beds.

In view of operational experience 
and expected increase in post strength, 
the plant at Fort W arren was enlarged 
and revised. The additions included a 
grease and grit chamber, a final filter 
and a final clarifier. Additional di
gester capacity also was provided and 
the new digester, a rectangular, earth- 
covered tank, was placed in operation 
in January, 1943. Provision was made 
for heating this unit but heat was not 
utilized until the middle of 1943.

During the operating period at the 
Fort Warren plant investigated in this 
report (January, 1943 to August, 
1944), two-stage filtration was utilized. 
In this period the grease content was 
norm al; grease traps serving mess-halls 
were cleaned regularly. No laundry 
wastes entered the p lan t; separate 
laundry waste treatment facilities were 
operated.

The population at the post was ap
proximately 50 percent larger than 
during the first year of operation. The 
primary settling tank was loaded to 
62 percent of capacity; intermediate 
and final tanks, however, had signifi
cantly shorter detention periods. 
Sludge handling capacity was about 
twice that stipulated by the Engineer
ing Manual for a population of the size 
actually present at the post.

The sewage at Fort Warren was 
more concentrated (429 ppm BOD) 
than at any other two-stage filter plant 
studied. BOD removal in the primary 
settling tank (15.3%) was considerably 
lower than average; performance with 
respect to SS was also poor. The first- 
stage filters were heavily loaded (8,520 
lb BOD/af) ; performance, howpver, 
was distinctly inferior compared to 
similarly loaded filters at other plants.
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The effluent from the intermediate set
tling tank averaged 181 ppm of BOD 
and 96 ppm of SS. BOD efficiency of 
the first stage of filtration, not includ
ing reduction in primary settling, was
50.5 percent. The media in the first- 
stage filters were small ( l 1/^ to 2% in.) 
but no clogging or pooling occurred. 
Recirculation took place at a constant 
rate. Flow to the filters was composed 
of raw settled sewage plus a sufficient 
volume of settled sewage from the in
termediate settling tank to keep the 
pumps operating at a constant rate 
throughout the day. The magnitude 
of this constant rate of application 
was altered from time to time, with an 
average value of 2.11 mgd.

The final filter had a volume more 
than six times as large as the combined 
volume of the first-stage filters. Media 
size in this unit was 2 to 3 inches, and 
media depth was 8 ft. The rate of 
volumetric dosage upon this filter was 
about 20 percent of that upon the high 
rate filters. The efficiency of the final 
filter was low as compared to final fil
ters in other similarly loaded two-stage 
plants. Flow (including recircula
tion) to the secondary filter at Warren 
was maintained at a constant rate. 
Unloading periods were observed.

The BOD loading as computed upon 
an overall basis (raw settled sewage 
BOD per acre-ft of total filter volume) 
was 1,180. This value was about twice 
the usual design load for standard fil
ters. The Warren plant, however, 
failed to turn in a performance com
parable to heavily loaded plants in the 
standard filter range. The overall 
BOD efficiency of the combined first- 
and second-stage filters was 82 percent 
(Table 79) ; overall plant removal was
84.8 percent. In connection with the 
interpretation of operating results at 
Fort Warren, attention should be di
rected to the fact that the mean annual 
temperature in Wyoming was notably 
lower than that at the majority of the 
two-stage filter plants investigated.

In Figure 84 are shown data per

taining to the variations in loading and 
performance at Fort Warren through
out the period of investigation. In 
particular, it may be noticed that per
formance with respect to the removal 
of BOD was erratic. Variations in 
loading were of the order of 80 percent 
to 100 percent of the average.

Even with the additional digester ca
pacity provided in January, 1943, 
sludge digestion was not satisfactory. 
Sludge as drawn from the secondary 
digester was incompletely digested; it 
had a volatile content that averaged 
72 percent. Difficulty was sometimes 
experienced with the supernatant 
drawoff device, which was difficult to 
regulate. Supernatant was not of good 
quality; it was returned to the head 
of the plant. Sludge from intermedi
ate and final settling tanks was also 
returned to the grease, and grit cham
ber. Regular composite samples were 
taken from this chamber and it is pos
sible to estimate the weight of organic 
matter returned to the head of the 
plant in the form of supernatant and 
secondary sludge. Total weight of 
BOD in the plant influent averaged 
2,716 lb per day, whereas the grease 
and grit chamber effluent averaged 
3,592 lb of BOD per day. Therefore 
the weight of BOD returned to the 
head of the plant averaged 776 lb, or 
28 percent of the weight of BOD in 
the raw sewage.

Willow Grove Naval A ir Station, Pa.
Results of operation of the plant at 

Willow Grove Naval Air Station are 
indicative of performance of a two- 
stage filter plant not heavily loaded. 
Sewer gradients were moderate and 
infiltration was not excessive. No 
laundry wastes were handled by the 
plant during the period of the survey. 
Grease traps at mess-halls were cleaned 
regularly and grease in the raw sewage 
was not excessive. Water consumption 
at the post was relatively large and 
the raw sewage was less concentrated 
than that at any other two-stage plant.
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Percent removal of BOD in primary 
settling (48%) was greater than that 
of other plants in the division. The 
efficiency of the first-stage filter was
45.5 percent, while the efficiency of the 
second-stage filter was 73.8 percent. 
The disparity between the two effi
ciencies does not stem so much from 
the difference in rate of load applica
tion as from the fact that no inter
mediate settling was provided. Part 
of the settleable organic matter ag
glomerated in the first filter was de
posited in the final settling tank.

The filter media at Willow Grove 
NAS were small, and not over 5 per
cent passed through 1-in. mesh. No 
ponding occurred. A high degree of 
treatment was attained. The BOD ef
ficiency of the combined first- and 
second-stage filters was 85.7 percent, 
and the overall plant BOD removal 
was 92.6 percent. SS overall removal 
was 94.9 percent. I t  may be noted in 
Figure 83 that plant performance was 
rather independent of load variations; 
some seasonal influence, however, ap
peared to be manifest.

Digester capacity relative to actual 
population at Willow Grove NAS was 
unusually large and no difficulties with 
sludge digestion were experienced.

Scum and grease were not troublesome.
The plant effluent was discharged 

into a waterway that was used for a 
public water supply. Accordingly, 
chlorine was added to the plant efflu
ent ; residual tests were made every 
two hours.

G e n e r a l iz a t io n  o f  R e s u l t s  o f  
F il t e r  P e r f o r m a n c e

The data pertaining to trickling fil
ters at military installations, presented 
heretofore, cover a wide range of con
ditions. In Figures 86 and 87 are 
shown the relationships between BOD 
loading and removal for single-stage 
filters. A general decrease in efficiency 
may be observed with higher loadings. 
Figure 86 includes most of the low rate 
filters; Figure 87 includes most of the 
high rate filters. The form of diagram 
used in these figures is not suited to a 
precise evaluation of the decrease of 
efficiency with increased organic load
ing ; moreover, it does not bring out the 
effect of other important variables such 
as recirculation and filter depth upon 
performance. The figures do, how
ever, indicate a salient general trend.

I t  is evident that the relationship 
between loading and performance of 
trickling filters is not a simple one, due

F I G U R E  86.— Relation between loading and performance in plants without recircula
tion. Loading is based upon raw settled sewage. Removal includes that in settling tanks 
subsequent to filtration. Each point represents average for a single-stage plant for period 
of study.
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F I G U R E  87.— Relation between loading and performance in plants with recirculation. 
Loading is based upon raw settled sewage. Removal includes that in settling tanks sub
sequent to filtration. Some points represent first stage filtration in two-stage plants.

to the many variables that are in
volved. Elucidation of the relation
ship has been obstructed in the past 
by employment of a number of differ
ent methods of rating of the loading 
and performance.

After considerable investigation and 
study, the subcommittee has come to 
the belief that the simplest and most 
direct measure of filter loading is the 
average weight of BOD in the settled 
sewage applied to the filter per day. 
This does not include recirculated 
BOD. To be sure, recirculation has 
an important bearing upon perform
ance, but this can better be taken into 
account in another fashion. Besults 
indicate that recirculated BOD has a 
“ treatability” that is essentially dif
ferent from the BOD in raw settled 
sewage. Consequently, the two sub
stances cannot be indiscriminately 
combined to form a useful measure of 
loading. A more logical and useful 
method for evaluation of the influence 
of recirculation is set forth in subse
quent paragraphs.

Mechanism of Biological Sewage  
Treatm ent

It is worthwhile to view the process 
of biological treatment of sewage from

a broad objective view that embraces 
all treatment methods including filters, 
submerged contact surfaces, and acti
vated sludge. While it might appear 
that the various treatment methods are 
essentially different, it is readily shown 
that they all have certain fundamental 
points of similarity. In general it may 
be stated that the degree of treatment 
attained in each will depend upon the 
following factors : ( 1 ) magnitude of 
the organic load treated per unit of 
time; (2) amount of biologically active 
growth, whether sessile or free-floatiug ;
(3) adequacy of air-liquid interface;
(4) time of contact between organic 
load and biological growth; (5) de
gree of agitation and turbulence at the 
interface of growth and sewage and (6) 
provision made for settling of agglom
erated material and detached excessive 
growths. The importance of each of 
these factors may vary in the different 
methods of treatment. Moreover, the 
degree of control over each factor that 
may be exercised will not be the same 
in different processes. For example, 
in the activated sludge process, the 
amount of biologically active growth 
at a given plant can be varied over 
wide limits by regulating the rate of 
sludge waste and return. In a trick
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ling’ filter plant, however, the amount 
of active growth is relatively fixed, be
ing determined by the dimensions of 
the filter. In the application of the 
foregoing principles to any particular 
method it is rational to base the formu
lation primarily upon only the most 
important of the foregoing factors. 
Within a framework of reference 
thereby established, it is then possible 
to evaluate the effect of secondary 
variables.

Factors Im portant in Trickling  
Filter Perform ance

With regard to treatment upon 
trickling filters it is evident from Fig
ures 86 and 87 that the magnitude of 
the BOD load, relative to the volume 
of the filter, is more or less directly 
related to efficiency. The amount of 
biologically active growth is depend
ent primarily upon the dimensions of 
the filter, including those of the media.

On the basis of the results at hand, 
it would appear to be an oversimplifi
cation to presume a simple direct pro
portionality between the surface area 
of the contact media and the volume of 
growth. Such a condition would only 
obtain if the growth were a thin film 
confined to the surface of the stones. 
This is not the case, since in some 
filters growths of large dimensions were 
found in some of the interstices.

I t would appear that the volume of 
growth in a biological filter is propor
tional to the diameter of the media 
raised to an exponent between one and 
two. Only in the case of a very thin 
film would the exponent approach two. 
If  the growth completely filled the in
terstices, the exponent would be zero. 
Moreover, it is not possible to resolve 
the matter merely upon the question of 
the volume of growth, since the im
portant thing is the volume of active 
growth.

While the size of the filter and the 
media establishes the amount of space 
available for biologically active growths, 
the rate of application of load is the

determining factor in the matter of 
how much growth will appear in the 
space available. In this connection 
both organic loading (lb BOD/af) and 
volumetric loading (mgad) are signifi
cant, and both depend upon the 
amount of recirculation as well as upon 
characteristics of the plant influent.

The two types of loading, however, 
tend to have opposite effects upon the 
amount of growth. The greater the 
amount of available organic matter 
passing through a horizontal plane 
within a filter each day, the greater 
will be the food supply for the organ
isms, and hence the greater the growth 
in the plane. In this respect high 
loadings and high recirculated flows 
favor growth of active biological mat
rices. On the other hand, high rates 
of dosage per unit area increase the 
scouring action throughout the bed; 
projecting growths of loosely attached 
material are continuously detached and 
carried into the settling tanks. Such 
flushing tends to limit the amount of 
growth in the filter, which may or may 
not be desirable.

Of the two types of loading, organic 
and volumetric, the former has the 
greater influence upon efficiency, as 
may be seen from a comparison of 
Figures 86 and 87 with Figure 89. In 
these figures, filters with media depths 
less than 4.5 f t are considered to be 
shallow filters and those more than 4.5 
ft deep are considered to be deep filters. 
Almost no relation between volumetric 
rate of dosing (mgad) and efficiency 
is exhibited in Figure 89. In this plot 
a number of shallow filters with large 
rates of volumetric dosing may be ob
served to have high efficiencies. This 
performance was obtained only with 
use of high recirculation ratios and 
does not imply a particular advantage 
pertaining to shallow filters. In the 
plants studied, it happened that the 
shallow filters installed usually had 
relatively large recirculation ratios. 
Deep filters usually were operated with 
smaller amounts of recirculation.
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While no particular correlation be
tween rate of volumetric dosage per se 
and BOD efficiency of filtration and 
subsequent settling is noticeable, the 
results would appear to indicate that 
a redistribution of the individual unit 
removals occurs in filters and in sec
ondary settling tanks with increased 
velocities of percolation. High veloci
ties induce a greater rate of sloughing 
of growths, with the result that the 
efficiency of secondary settling tanks 
increases at the expense of a decrease 
in efficiency of filters. The combined 
removal, however, appears to be rather 
insensitive to variations in rate of vol
umetric dosage itself, exclusive of the 
effect of the returned organic load.

Effect of R ecirculation on 
Perform ance

A number of effects may be advanced 
to explain the influence of recirculation 
upon performance of trickling filter 
plants in military installations. These 
may be listed in what would appear to 
be their order of importance with re
gard to BOD efficiency, as follows:

1. Part of the organic matter in the 
raw settled sewage is brought into con
tact with the filter media more than 
once. This increases contact time and 
distributes the load more uniformly 
with respect to depth. Also, the re
turned organic material contains a 
variety of active microorganisms not 
found in large numbers in raw sewage,
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thereby continually providing the seed
ing of appropriate species for all 
depths.

2. The diurnal organic load is dis
tributed more uniformly throughout 
the 24-hr cycle if recirculated flow 
passes through one or more of the 
settling tanks. Recirculation enables 
the plant to continue to operate at 
night, even if flow into the plant be
comes small. The effect is evidently 
enhanced when recirculation is pro
vided through both primary and sec
ondary settling tanks, particularly 
when these units are large.

3. Maintenance of flow in settling 
tanks during nocturnal hours of low 
flow (or seasons of low dry weather 
flow) precludes long detention periods 
and other conditions conducive to sep- 
ticity. Recirculation through primary 
tanks reduces scum formation and 
freshens stale sewage. Recirculation 
through secondary tanks may be ar
ranged so as to remove secondary 
sludge continuously. Generally sec
ondary sludge has a high rate of bio
chemical oxygen demand and, if not 
removed regularly, it depletes the dis
solved oxygen and impairs the stability 
of the plant effluent.

4. Increased flow improves the uni
formity of distribution over the filter 
surface, increases sloughing of growths, 
thereby reducing the tendency toward 
clogging. Higher velocities and con
tinual scouring, particularly near the 
top of the filter, render the environ
ment less favorable for the growth of 
filter flies.

5. Continual seeding of the raw sew
age with active microorganisms and en
zymes in recirculated flow induces hy
drolysis and oxidation in the mixed 
fluid and increases the rate of bio
chemical stabilization.

Certain disadvantages pertaining to 
recirculation may be mentioned (aside 
from increased expense due to pump
ing and the necessity for larger set
tling tanks). The adverse effects are 
as follows: (i) temperatures are re

duced as a result of a number of passes 
of the fluid through the filter and in 
cold weather this causes a lowering of 
the rate of biochemical activity; in ex
treme conditions troublesome ice form
ation on the filter surface may be in
duced; (ii) the dilution of settling tank 
influent with recirculated flow tends 
to bring about a small but significant 
reduction in settling efficiency; and 
(iii) the amount of sludge solids to be 
handled in digesters is increased some
what, since recirculation increases the 
ratio of agglomerated material to oxi
dized material. From the viewpoint of 
cost, these effects ordinarily are only 
of minor importance in an appraisal 
of the advantages of recirculation.

T ypes of Recirculation

The various arrangements for pro
viding recirculated flow at military 
sewage plants may be classified as fol
lows :

I. As to units through which re
circulated flow is passed.
(1) Primary settling tank and 
filter.
(2) Filter and secondary set
tling tank.
(3) Primary settling tank, filter 
and secondary settling tank.
(4) Filter only.

II. As to variation in recirculated 
flow throughout the 24-hr cycle:
(1) Recirculated flow (R) main
tained constant at all times.
(2) Recirculated flow plus plant 
influent (R +  I) maintained 
constant at all times.
(3) Recirculated flow constant 
part of the time (e.g. during the 
night) and zero during the re
maining part of the cycle.

No important difference in perform
ance between plants employing pri
mary recirculation (I —1) and those 
employing secondary recirculation (I 
— 2) was manifest in the data. Minor
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advantages for each type have been 
cited. A large number of military 
plants utilized both primary and sec
ondary recirculation (I — 3), and the 
results indicate that these plants, on 
the whole, gave definitely better per
formance than the others. It must be 
pointed out, however, that most mili
tary ' plants had large settling tanks 
and night flow was ordinarily low. 
Consequently recirculation at many 
posts was necessary in order to avoid 
the effects accompanying septicity. In 
utilizing recirculation to avoid anaer
obic conditions, the filter, at the same 
time, was made to continue its function 
of removing organic matter long after 
the plant influent had fallen to its 
night-flow level. Municipal plants 
with smaller settling tanks and fairly 
uniform flow during the 24-hr cycle 
undoubtedly would not obtain as much 
benefit from recirculation as did mili
tary plants.

The number of military plants that 
utilized recirculation about the filter 
only (1 — 4) was too small to permit 
assessing properly the merits of this 
scheme. Certainly it did not improve 
the freshness of primary settling tanks, 
nor did it bring about a more uniform 
distribution of the diurnal organic 
load. The data that are available 
would indicate that, in the absence of 
these two effects, performance suffered. 
The plant at Camp Gordon, for ex
ample, which employed recirculation 
from filter effluent to filter influent, was 
loaded in the standard filter range but 
operated with a BOD efficiency of only 
81.7 percent and produced an effluent 
with a BOD of 48 ppm.

With regard to variation of recircu
lated flow throughout the 24-hr period, 
no outstanding advantage for any par
ticular scheme is apparent from the 
data. However, a number of plants, 
such as those at Fort Sill and Camp 
Roberts that utilized “ equalized”  flow 
(II-2 ), had records of exceptional 
performance, and it would appear that 
some advantage may be accredited to

this scheme. However, a statistical 
analysis of the data for all plants indi
cates that recirculation in nearly any 
form brought about an improvement 
in performance that was significantly 
larger than the differences in perform
ance noted between different schemes 
of recirculation.

I t is useful to formulate the general 
effect of recirculation upon plant per
formance. The most direct approach 
consists of a careful consideration of 
the most important effect of recircula
tion—the returning of part of the or
ganic matter to pass through the filter 
again.

Relation B etw een Recirculation  
Ratio and Num ber of Passes  

Through Filter

I t is possible to develop a quantita- 
.tive expression for the average number 
of times water particles in the influ
ent sewage pass through a filter with 
a given recirculation ratio. To fix the 
ideas, consider the following recircula
tion scheme in which the recirculation 
ratio is one:

Half of the flow leaving the secondary 
settling tank (S2) is returned to the 
plant influent. If  the progress of, say, 
1. cubic foot in the plant influent is 
traced through the plant to the effluent, 
the following statements are seen to 
be true: (a) one-half of the flow passes 
through the plant and leaves with the 
effluent and the remaining half is re
turned to pass through the filter twice; 
(b) one-half of this remaining half 
(one-quarter of the original) is re
turned to pass through the filter three 
times, etc. Evidently the average num
ber of passes made by the particles in 
the original unit volume is given by 
the sum of the following series:

§(1) H t(2) +  |(3) -f- x§-(4) +  • • ■ = 2  
Some particles, it is seen, will be re-
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turned to pass through the filter many 
times, and one-half of the flow will 
pass through but once. However, when 
the recirculation ratio is one, the flow 
on the average passes through the 
filter twice.

In a more general way, when the re
circulation ratio is (R / l ), the average 
number of passes is given by the sum 
of the following expression:

R 1 (1) R (2)

R — \— ?+  /  I R  + 1 ]
(3)

+ =  1 +
R

(23)

the availability of the remaining or
ganic matter is reduced, since the filter 
growths tend to extract the more read
ily transferable substances first. The 
diminution may be taken into account 
by a “ weighing factor,” p, which re
flects the amount and availability of 
organic matter remaining after each 
passage relative to the initial amount. 
The average number of passes of the 
organic material will be given by the 
sum F  of the following series, which is 
obtained by modifying Equation (23) 
with the “ weighting factor” p:

F  =
R  +  I (1) (1)

Thus the average number of passes 
through the filter is equal to the circu
lation ratio plus one. If, for example, 
the recirculation ratio is 2.5, then the 
average number of passes would be 3.5.

The average number of passes made 
by the incoming water in the sewage is 
not to be confused with the average 
number of passes of the incoming or
ganic matter. The two average values 
are not identical, for the plant removes 
organic matter in each pass, whereas 
the water particles, excepting for neg
ligible amounts removed in sludge and 
by evaporation, are not affected by the 
plant.

The foregoing analysis for numbers 
of passes of water may be used as a 
guide in a formulation for the average 
number of passes of the organic matter. 
It may be assumed that, to a fair de
gree of approximation, a constant pro
portion of the organic material is re
moved with each passage. There are 
many data in trickling filter literature 
corroborating this assumption. There
fore, with each passage a diminution 
of the original organic matter occurs, 
not only because of the splitting of 
flow at the point of recirculation, but 
also because of the biochemical activity 
of the filter. Another fact is perti
nent: not only is part of the organic 
matter removed -in each passage, but

R

R

— r— i+ / I R  + / J

— f— T+  /  Lä  +  / J

(2)(p)

(3)(p)2 +

F =
i + f (24)

The numerical value of p, on the basis 
of data from military trickling filter 
plants, appears to be about 0.90. Anal
ysis of performance of individual 
plants gave values of p between 0.81 
and 0.95, with an average of 0.90. The 
data were not sufficiently detailed and 
precise to permit of a precise evalua
tion of p for plants in the South as 
compared with those in the North. 
However, an overall value of about 
0.90 would appear to be fairly well 
established. Thus, for example, if the 
recirculation ratio at a plant was 2.5, 
then the average number of passes of 
the organic material would, in accord
ance with Equation (24), be 2.24.

E ffective Filter Volum e
The amount of contact, both on an 

areal and a time basis, between the 
filter media and organic matter de
pends upon the filter dimensions and 
the number of passes: it is in fact 
given by the product of the volume of
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the filter V  and the number of passes 
F. The greater the effective contact 
VF  the greater will be the efficiency. 
On the other hand, the greater the 
applied load (w =  weight of BOD in 
raw settled sewage), the lower the effici
ency, since the available effective volume 
will be taxed more heavily and cannot 
develop a sufficient amount of active 
growth to produce as high a degree of 
treatment. Therefore, the quantity 
that primarily determines efficiency in 
a trickling is w /VF. The efficiency E  
is a function of the load per unit of 
effective volume (lh BOD per equiva
lent acre-foot).

In  Figure 88 are plotted the data for 
all trickling filter plants, including 
standard filter plants without recircu
lation. In these plants, F  is one, and 
actual filter volume coincides with ef
fective filter volume. In all cases the 
actual volume V  was taken as the gross 
volume, that is, the product of the 
surface area A  and the depth of the 
media d.

The validity of the foregoing reason
ing is substantiated by the distribution 
of the plotted points in Figure 88. A 
distinct drop in efficiency may be noted 
with increased valjies of the parameter 
w /V F  ; moreover, all divisions of filters 
are seen to be well distributed above 
and below the curve of best fit. These 
circumstances indicate that the para
meter, lb BOD per equivalent acre-foot, 
retains validity for all types of filters 
used at military installations, includ
ing deep and shallow filters, standard 
filters, and filters with high as well as 
with low recirculation ratios.

The curve of best fit has the equation,

Percent Efficiency
100

1 + 0.0085\/ÿrp
(25)

While Equation (25) is empirical, it 
does conform to reasonable expectation 
that with low loading efficiency will 
approach 100 percent, and that with

high loading efficiency will approach 
zero, asymptotically. Moreover, the 
form of Equation (25) was found to 
fit sewage treatment plant data more 
precisely than any other equation with 
two arbitrary constants. The same 
form of equation has been found to 
apply in connection with the analysis 
of contact aeration and activated 
sludge plant performance.

To a large extent, the deviation of 
plotted points from the curve in Figure 
88 may be attributed to variation in 
mean annual temperature. Most of the 
points falling above the curve corre
spond to southern plants, while north
ern plants had efficiencies that more 
often than not were less than those 
given by the curve.

Efficiency of Second-Stage Filters
The analysis leading to the formu

lation of Equation (25) applies to 
single-stage filter plants, and also to the 
first-stage filters in two-stage plants 
from which sufficient data were avail
able to permit of a separate analysis 
of the two filters. The approach, how
ever, is general and may be applied 
to second-stage filters.

In this application, it is necessary to 
take account of the fact that the BOD 
in the effluent of the first stage is con
siderably less “ treatable” than that 
in raw settled sewage. The “ treat
ability” depends upon the proportion 
of the initial organic matter removed 
in the first stage, because the filter 
growths tend to assimilate or otherwise 
remove the more readily available or
ganic compounds first. Consequently, 
if, say, 1,000 lb of BOD from a first- 
stage filter were applied to a second- 
stage filter, the efficiency would be dis
tinctly less than if 1,000 lb of BOD in 
raw settled sewage were applied to the 
same filter. In fact, a considerably 
larger weight of raw settled sewage 
BOD may be applied so as to bring 
about an efficiency equal to that with 
the 1,000 lb of BOD of first-stage efflu
ent. This larger weight of BOD may
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be termed the “ equivalent first-stage 
load.” The “ equivalent first-stage 
load” is defined as that weight of raw 
BOD which, if applied to the second- 
stage filter, would, in accordance with 
Equation (25), induce an efficiency 
equal to that resulting when the actual 
second-stage BOD is applied. The 
various loadings may be exemplified 
with the aid of a diagram of a two- 
stage filter.

— 0 ^ “© ---- @""0 ©  0 “®“

where
w = pounds of BOD in the raw 

settled sewage, the first-stage 
load.

w' = pounds of BOD in the inter
mediate settling tank effluent, 
the second-stage load. 

e = pounds of BOD in the plant 
effluent.

If Ei represents the efficiency of the 
first-stage filter, then

w' = u>(l -  Ex) (26)

If Ei represents the efficiency of the 
second-stage filter, then

e = w'( 1 -  Ei) (27)
The organic matter represented by w' 
is not as readily available or transfer
able to filter growths as that repre
sented by w. The equivalent first- 
stage loading of filter, F., is equal to 
a factor /  multiplied by the loading 
w'. In accordance with the definition 
of equivalent loading, a quantity of 
raw BOD, (fw '), when applied to a 
filter of the dimensions of F.,, will be 
treated with an efficiency of E.,. The 
factor /  evidently depends upon the 
“ treatability” of w', which in turn 
depends upon E t. By an analysis of 
available data for second-stage filters, 
it has been ascertained that the value 
of f  may approximately be evaluated 
by the following expression :

1
/  =

With this modification, it is possible to 
apply Equation (25) to second-stage 
filters ; for this purpose it is written in 
the following form :

E i  —
100

1 +  0.0085a/ i
w

(29)

1 VF{ 1 -  EiY
For convenience, the foregoing anal

ysis of performance of trickling filters 
has been summarized below and ar
ranged in systematic form with worked 
examples. The examples have been de
vised to represent military practice 
based upon design criteria specified 
by the Engineering Manual. In order 
to facilitate computations, a graph of 
the relation between reduction in pri
mary and secondary treatment sections 
and overall plant removal is presented 
in Figure 90. The distinction between 
primary and secondary treatment sec
tions is explained in Chapter I, as are 
the definitions of percent efficiency and 
percent removal.

TABLE 85.— Filter Efficiency Formulation

L o a d  in  
L B  B O D  

p e r  
E q u i v a l e n t  
A c r e - F o o t  

( a )

P e r c e n t  
E f f i c i e n c y  
o f  F i l t e r

( b )

L o a d  i n  
L B  B O D  

p e r  
E q u i v a l e n t  
A c r e - F o o t

P e r c e n t  
E f f i c i e n c y  
o f  F i l t e r

100 92.2 1,600 74.6
200 89.2 1,800 73.5
300 87.2 2,000 72.5
400 85.4 2,500 70.2
500 84.0 3,000 68.2
600 82.8 4,000 65.0
800 80.6 5,000 62.5

1,000 78.7 6,000 60.2
1,200 77.3 8,000 56.8
1,400 75.8 10,000 54.0

(a)
lb BOD in settled raw sewage 

Filter Area X Equivalent Depth
w w

(1  -  E iY
(28)

A X d X F VF
where

F = recirculation factor
= I +  R /I  

(1 + 0 .1  R /I)2 
R /I  = recirculation ratio
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TABLE 86.— T rickling F ilter Effluent B O D  W ith  V arious L oad ings and R ecirculation  R atios.
S in g le -S ta g e  F iltration

Dosing Rate* 
of Settled 

Raw Sewage 
(mgad)

BOD of 
Settled 

Raw Sewage 
(ppm)

Effective F ilter D epth  =  A ctual D ep th  X Recirculation Facto r!

3 6 9 12 15 18

2.0 100 16.5 12.4 10.4 9.0 8.0 7.3
200 44.4 33.0 28.4 24.8 22.4 20.8
300 77.4 59.4 49.5 44.4 40.2 37.2

4.0 100 22.2 16.5 14.2 12.4 11.2 10.4
200 57.0 44.4 37.4 33.0 30.4 28.4
300 98.7 77.4 66.6 59.4 54.0 49.5

6.0 100 25.8 19.8 16.5 14.8 13.4 12.4
200 65.8 51.6 44.4 39.6 36.0 33.0
300 112.5 89.4 . 77.4 69.6 63.9 59.4

8.0 100 28.5 22.2 18.7 16.5 15.2 14.2
200 72.2 57.0 49.6 44.4 40.6 37.4
300 123.0 98.7 85.5 77.4 71.4 66.6

12.0 100 32.9 25.8 22.2 19.8 18.0 16.5
200 82.0 65.8 57.0 51.6 47.6 44.4
300 — 112.5 98.7 89.4 82.5 77.4

16.0 100 36.1 28.5 24.8 22.2 20.3 18.7
200 — 72.2 63.6 57.0 52.6 49.6
300 — 123.0 108.3 98.7 91.8 85.5

20.0 100 38.7 31.0 26.8 24.0 22.2 20.7
200 — 77.4 68.0 62.0 57.0 53.6
300 — —- 116.1 106.2 98 .7 93.0

* D o es not include recirculated flow.

t  R ecirculation  factor =  F  =  -(1 +  Q1Q R /I)2

(b) Single-Stage Filtration:

Percent Efficiency
_  100

1 +  0 . 0 0 8 5 ^ / ^  

Second-Stage Filtration:

Percent Efficiency
 100
~~ 1 +  0.0085 fw r 

1 - E i  * V F
where

100Ei = percent efficiency of first- 
stage filtration

and
w' = lb BOD in effluent of first- 

stage filtration.

E xam ples of U se of Filter Formula

Assume: flow '= 1 mgd; concentra
tion of BOD in raw sewage = 308 ppm; 
35 percent removal in primary settling; 
concentration of BOD in primary tank 
effluent = (1 — 0.35)308 = 200 ppm; 
weight of BOD in primary tank efflu
ent = 200(1) (8.34) = 1,668 lb.

Example (i) Standard filter— no recircu
lation:

G iven :o \  of filter = 2.78acre-ft 
Depth of filter = 6.0 ft 
Area of filter = 0.463 acre 

Find: Concentration of BOD in 
plant effluent and overall 
percent reduction in BOD.
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Loading;
w = 1,668 lb
Recirculation factor = F = 1 

(no recirculation)
w 1,668 

VF = 2.78 = 600

Substituting in filter efficiency 
equation,

Percent Efficiency 
100

— i—  — 82.8%1 +  0.0085 V 600
(See also Figure 88 and correspond

ing table of efficiencies.)
Concentration of BOD in plant 

effluent = (1 -  0.828)200 = 34 
ppm

Percent overall reduction in BOD

(See also Figure 89.)

Example (ii) High rate filter— with recir
culation:

O y O — O p

Given: Vol of filter* = 0.556 acre-
ft

Depth of filter = 3.0 ft 
Area of filter = 0.185 acre 
Recirculation ratio = 1.5 

Find: Concentration of BOD in 
plant effluent and overall 
percent reduction in BOD.

Loading;
Recirculation factor

1 +  1.5

w

= F = 

1668
(1 + 0 .15); = 1.89

= 1,580

Percent Efficiency 

100
1 +  0.0085 V l  580

= 74.8%

Concentration of BOD in plant 
effluent = (1 — 0.748)200 = 50 
ppm

Percent overall reduction in BOD 

1 nn 308 — 50 w
=  l 0 0 ~ A 0 8 ~  =  S 3 -7 %

Example (iii) Two-stage filter:

VF (0.556) (1.89)
Substituting in filter efficiency 

equation,

* V olum e of filter is 20 percent of volum e of 
filter of E xam ple (i).

~O rO —O r Q - O -
Given:

First Second
Stage Stage

V olum e* (acre-ft) 0 .70  2.08
D ep th  (ft) 3 .0  6.0
Area (acres) 0.233 0.347
R ecirculation ratio 0.50 0.0

* T o ta l volum e sam e as in E xam ple (i).

Find: Concentration of BOD in 
plant effluent and overall 
percent reduction in BOD.

First-stage filtration—loading; 
Recirculation factor

w 1668
(I +  0.05)2 

1,750VF (0.70) (1.36)

Substituting in filter efficiency 
equation,

Percent Efficiency 
100

1 +  0.0085 V l  750
= 73.7%

Concentration of BOD in effluent 
of first-stage filtration,

(1 -  0.737)200 = 53 ppm
Weight of BOD in influent of sec

ond-stage filtration,

53(1)(8.34) =  440 lb
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Second-stage filtration—loading;
Recirculation factor = F = 1 

(no recirculation)
1 -  E  = 1.000 -  0.737 = 0.263 

(from efficiency of first stage)

Equivalent first-stage loading, 
w'

VF( 1 -  E)2
440

(2.08)(1)(0.263)2 3,060
Substituting in filter efficiency 

equation,
Percent Efficiency

1 0 0  ■, rr?
~  1 +  0.0085V3070 ~~ 6 9

Concentration of BOD in effluent 
of second-stage filtration,
53 = (1.000 -  0.679) = 17 ppm

Percent overall reduction in BOD 
308 -  17

=  1 0 0 - 308 =  9 4 .6 %

Example (iv) Two-stage filter:

~ ~ Q ~ f O — O y ~f O ~ O p

Given:

V olum e* (acre-ft) 
D ep th  (ft)
Area (acres)

First
Stage

0.277
3.0
0.0925

Second
Stage

0.277
3.0
0.0925

R ecirculation  ratio f 0 .75  0.75

* T o ta l vo lum e sam e as in  E xam ple (ii). 
t  T o ta l volum e of recirculated flow sam e as 

in  E xam ple (ii).

Find: Concentration of BOD in 
plant effluent and overall 
percent reduction in BOD.

First-stage filtration—loading;
Recirculation factor

1 +  0.75

w

= F — 

1668
(1 +  0.075)2 = 1.51

= 3,990VF (0.277)(1.51)
Substituting in filter efficiency 

equation,

Percent Efficiency 
100

1 +  0.0085 V3990 65'° ^
Concentration of BOD in effluent 

of first-stage filtration,
(1.00 -  0.65) (200) = 70 ppm

Weight of BOD in influent of sec
ond-stage filtration,

70(1) (8.34) = 585 lb 

Second-stage filtration— loading :
Recirculation factor = F = 1.51 
1 -  E  = (1.000 -  0.650) = 0.350
Equivalent first-stage loading:

w
VF(1 -  E f

585
(0.277) (1.51) (0.350)2 11,400

Substituting in filter efficiency 
equation,

Percent Efficiency 
100

1 +  0.0085 Vl 1400 52A^°
Concentration of BOD in effluent 

of second-stage filtration,
70(1 — 0.524) = 33 ppm

Percent overall reduction in BOD
308 -  33

=  100 308 = 89.4%

Recirculation Factor
The recirculation factor (Equation 

24), which has been defined as the 
mean number of passes of organic ma
terial through the filter, has properties 
that are of significance. The value of 
the recirculation factor F  increases 
with the recirculation ratio E/1  until 
a maximum value is attained. The 
maximum value of F  and the corre
sponding x^alue of R /I  are given in the 
following expressions:

F =1 max —

R / I f i  =

l

4p(l -  p)
2 p -  1
1 -  p

(30)

(31)
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When the constant p in Equation 
(24) has the value 0.90, then the fol
lowing numerical relationships exist 
between the recirculation factor F  and 
the recirculation ratio R /I:

Recircu
lation
Ratio
(RID

Recircu
lation
Factor

(F)

Recircu
lation
Ratio
{RID

Recircu
lation
Factor

(F)

0.0 1 . 0 0 4.0 2.55
0.5 1.36 6.0 2 . 7 3

1.0 1.65 8.0 2.78*
2.0 2.08 10.0 2.75
3.0 2.37 15.0 2.56

* M aximum.

It is seen that with p =  0.90, the 
greatest effect that recirculation 
through a given filter can produce is 
to make the effective volume 2.78 
times as large as the actual volume. 
The increase in efficiency that results 
will depend upon the load intensity. 
The capacity of a plant is measured by 
the equivalent volume and the extent 
to which recirculation may be em
ployed to enhance the actual volume is 
delimited by Equations (24) and (25).

Optimum R elative Size of F ilters 
. in Series

In the design of two-stage filters, 
Equations (25) and (29) may be used 
to ascertain the most effective volume 
of the second stage relative to that of 
the first stage. The usual design prob
lem is the following : given the load w 
of raw settled sewage and the weight 
of BOD in the effluent e as calculated 
from the degree of treatment desired, 
find the equivalent volume of both fil
ters, V1F 1 and V2F2, such that the -total 
equivalent volume is a minimum—that 
is, no larger than necessary.

A divergence of opinion as to the op
timum relative sizes of filters in two- 
stage plants has been exhibited in de
signs at military posts. As may be 
seen from Tabie 75, the first- and 
second-stage filters at a number of in
stallations had the same dimensions ; at

others cantonments, however, the 
second-stage units were made larger 
than the first. This latter design often 
came about from the fact that second- 
stage filters were added to existing 
single-stage plants to provide addi
tional treatment in order to handle ex
pected increases in post population. 
While the additional capacity and de
gree of treatment was always attained 
at these posts, it is pertinent to inquire 
■whether the same overall performance 
might not have been attained with a 
smaller total equivalent volume of me
dia, had it been possible to design these 
installations originally as two-stage 
plants. It is evident, though perhaps 
not obvious, that for a given situation 
a balanced design must exist such that 
the load w is equitably distributed be
tween the two filters so that the desired 
effluent e is attained with a minimum 
total effective volume.

Mathematically stated, the problem 
is the following: given w and e, find 
V iF i and V2F 2, subject to the condition 
that the sum V1F1 -f- V2F 2 is a minimum.

The overall efficiency E is set by the 
conditions of the problem,

E  = (1 -  E1)( 1 - E 2) = -  (32)
w

I t is convenient to introduce three 
quantities t, u, and v that relate to 
equivalent volume per pound of raw 
settled sewage applied,

„ V iF i +  V2F 2
aLw

v ,f2
a2w

constant = 0.0085
(Equation 25).

If the quantities t and u are substi
tuted in Equations (25) and (29) and 
the resulting expressions for E\ and E2 
are introduced into Equation (32), the

where
a =
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following relation between t and u may 
be derived:

E H 2 = 1 U
+ E \  1 + u + u2) - 2 E  (33)

The required minimum equivalent vol
ume may then be evaluated by setting 
the derivative of t with respect to u 
equal to zero. This operation yields 
the following expression involving u :

(1 +  2m) (1 +  u)2 = E~2 (34)

I t  is possible next to find the optimum 
values of u and t from Equations (33) 
and (34) for any fixed value of E. 
Finally, from the definitions of t and u 
the optimum equivalent volumes of the 
two stages in acre-feet may be evalu
ated. The result of this computation 
for a range of values of performance is 
presented in Table 86a.

TABLE 86a.— E fficiency of T w o-S tage F ilters  
of Optim um  S izes

Percent 
Efficiency 

of Combined 
F irst and 
Second 

Stages of 
F iltration 

(a)

Pounds 
BOD per 

T otal 
Equivalent 
Acre-Foot 

(b)

Percent 
of Total 

Equivalent 
Volume in 
F irst Stage 

(c)

Percent 
of Total 

Equivalent 
Volume in 

Second Stage 
(d)

94 320 44 56
92 510 45 55
90 750 45 55
88 1,060 46 54
86 1,440 46 54
84 1,850 47 53
82 2,360 47 53
80 2,920 47 53

(a) E  =  (w — e)/w 

where
e = lb BOD in plant effluent.

w
(b) V iFi +  V2F 2

where

w = lb of BOD in raw settled sew
age.

Ei, F 2 = recirculation factors for first 
and second stages (Equation 
24).

Ei, V2 = actual volumes (acre-ft) in 
first and second stages.

(c) Percent of total equivalent vol-
. „ 1 0 0  ViFx

ume in first stage = - . T7 „
I K l  T  V 2r 2

where EiFi, V2F2 = equivalent volumes 
of first and second stages.

(d) Percent of total equivalent volume, . 100 V 2F 2
111 -  v TF, +  V,F,

The salient result of the foregoing 
analysis is that the minimum equiva
lent volume is obtained when the first- 
and second-stage filters are made about 
the same size. Although the exact solu
tion indicates that a somewhat better 
balance occurs when the second filter is 
made slightly larger or is given more 
recirculation, the advantage is not suf
ficiently marked to offset the conve
nience of having duplicate units with 
all dimensions and pumping capacities 
identical.

The analysis shows the exceptionally 
high degree of treatment afforded by 
two-stage filters when the load is bal
anced equitably between the filters. 
Performance equivalent to that of 
standard filters may be obtained in 
two-stage filters with a total equivalent 
volume of only one-third or one- 
quarter of that required in standard 
filters.

The presentation of the principles 
of balanced design may be imple
mented with an example.

Example (v) Two-Stage Filter— Balanced 
Design:

Assume conditions of Example (i);
Given: w = 1,668 lb

e = 92% efficiency of com
bined first- and second- 
stage filters.

Find: The equivalent volume of first- 
and second-stage filters such 
that the total equivalent vol
ume is a minimum. 

e = (1 — E)w
= (1 -  0.92) (1668) = 133 lb
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From Table 86a, for 92 percent effi
ciency,

w
ViF i +  F2F2 = 510

Therefore the total equivalent volume 
would be

FiFi +  V2F2 =  1668/510 = 3.27

Again from Table 86a, for 92 percent 
efficiency, the first-stage filter should 
constitute 45 percent of the total, 
and the second-stage filter 55 percent 
of the total.

0.45(3.27) = 1.47 equivalent acre-ft, 
first stage 

0.55(3.27) = 1.80 equivalent acre-ft, 
second stage

The BOD efficiency, however, would 
not differ materially from 92 percent if 
both filters were made of equal capacity 
and designed with 3.27/2 = 1.63 equiv
alent acre-ft each.

I t must be recognized that the fore
going analysis has been based upon a 
BOD rating of performance. The val
ues of p in Equation (24) and a in 
Equations (25) and (29) for BOD do 
not necessarily apply to SS perform
ance. Available data would appear to 
indicate that insofar as SS perform
ance was concerned, a somewhat better 
quality of effluent was obtained when 
the second-stage filter had a larger vol
ume and a smaller recirculation ratio 
than the first.

If the design does not include an

TABLE 87.— Nitrification D ata at Various P lan ts

Post Diagram

Filter Dimensions

Area
(acres)

D epth
(ft)

Volume
(af)

g ) (2) (3) (4) (5)

D o-1
Cam pbell

F itzsim ons G H

Benj H arrison

Sw ift

Leonard W ood

D R -1
Carson

D rew  Field

Jackson

K nox

SR-1
Bragg

K earns A A F
T w o Stage  

Gordon

F  E  W arren

Claiborne #1*

1.69

0.55

0.42

1.73

1.82

0.384

0.143

0.407

0.642

0.648

0.430
0.608
0.608
0.09
0.21
0.433

7.0

6.0 

8.0 

7.0  

6.12

7.25

6.0

5.0

5.83

3.42

3.50
6.0
6.0
3.0
8.0

7.0

11.83

3.30

3.36

12.11

11.13

2.78

0.858

2.04

3.74

2.22

1.51
3.65
3.65  
0.27  
1.68
3.03

* T rickling filters follow ed b y  activated  sludge unit.
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Post

P lan t
Influent

Prim ary
Settling

Tank
Filter Effluent Final Effluent

Flow
(mgd)

BOD
(ppm)

BOD
(ppm)

NHs-N
(ppm)

BOD
(ppm)

NHa-N
(ppm)

NOz-N
(ppm)

NOa-N
(ppm)

BOD
(ppm)

N H 3-N
(ppm)

NOz-N
(ppm)

NO3-N
(ppm)

(1) (2) (3) (4) (5) (6) (7) (8) (9) (10) (11) (12) (13)

C am pbell 0.933 432 262 29.1 27 4.2 2.97 13.9 20 3.9 2.96 14.4
F itzsim on s G H 0.402 401 278 19.9 114 14.4 0.45 0.42 73 12.1 0.36 0.51
Benj H arrison 0.708 237 113 21.1 — • 6.1 0.64 0.98 19 6.3 0.52 1.00
Sw ift 1.493 424 191 27.4 30 10.3 — 10.2 15 9.7 — 11.8
Leonard W ood 1.553 465 220 44.2 76 10.0 1.8 12.6 15 9.2 1.8 17.7

Carson 0.592 259 180 14.3 __ 6.8 0 .98 1.47 37 8.0 0.63 1.33
D rew  F ield 1.109 254 78 25.1 30 21.4 — 1.01 21 18.2 — 0.92
Jackson 2.835 369 252 29.0 84 23.0 0.27 0.62 61 20.4 0.33 0.47
K nox 3.106 308 138 15.7 75 14.1 0.15 0.20 23 13.4 0.94 1.00

Bragg 3.029 343 123 33.5 58 32.5 Tr Tr 46 32.0 Tr Tr
K earns A A F 0.577 250 52 26.0 32 22.0 2.05 11.35 18 22.0 1.80 10.50

Gordon 1.458 342 236 22.6 88 17.4 0.71 4.71 52 16.6 0.95 4.10
F  E  W arren 0.559 496 410 46.1 170 44.4 0.38 0.10 55 21.9 1.20 5.75

C laiborne #1 2.129 372 177 32.0 89 24.0 0 .5 0.65 13 11.3 1.0 4.8

N o te :  F igures are averages from  O ct to  D ec , 1944.

TABLE 89.— N itrification A nalysis at V arious P la n ts

Post
Total

Recircu
lation
Ratio

BOD
Removal— 

Primary- 
Settling

(%)

Nitrification Analyses

Filter Loading

MGAD

BOD NHs-N

Inf
(ppm) LB /A FD Inf

(ppm) LB/AFD

(1) (14) (15) (16) (17) (18) (19) (20)

C am pbell N on e 3 9 0.55 262 172 29.1 19.1
F itzsim on s G  H N on e 30 0.73 278 283 19.9 20.2
Benj H arrison N on e 52 1.68 113 199 21.1 37.0
Sw ift N on e 55 0.86 191 197 27.4 28.2
Leonard W ood N on e 53 0.85 220 256 44.2 51.5

Carson 2.74 30 5.76 76 320 9.7 25.4
D rew  F ield 1.17 64 16.80 52 974 22.6 298.0
Jackson 1.60 32 18.10 135 2930 23.8 337.0
K nox 0.77 27 8.56 138 1563 15.7 117.0

Bragg 6.61 0 35.6 89 3900 33.0 420.0
K earns A A F 13.30 15 19.2 32 678 23.0 142.0
G ordon 1.96 31 7.1 138 392 19.1 37.6
F  E  W arren 5.45 17 34.5 —- 980 — 101.0

5.05(a)
C laiborne # l(b ) 0.20 52 5.89 163 1040 31.0 188.0

(a) F low s to  1st and 2nd filters, respectively .
(b) All figures app ly  to  1st stage of filter p lan ts on ly .
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TABLE 90.— Nitrification Analysis at Various Plants
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Filter and Secondary Settling Performance

Post
BOD

Overall
BOD

Removal
(%)

NHs-N NO2 and NOs-N

LB/AFD
Removed

Efficiency
(%)

Removal
(%)

LB/AFD
Removed

Efficiency
(%)

LB/AFD
Produced

LB per 
LB of 
BOD 

Removed

(1) (21) (22) (23) (24) (25) (26) (27) (28)

Campbell 159 92 56 95 16.5 87 11.40 0.072
F itzsim ons G H 210 74 51 82 8.0 39 0.88 0.004
Benj Harrison 165 83 40 92 25.9 70 2.68 0.016
Swift 181 92 42 96 18.2 65 12.10 0.067
Leonard W ood 238 93 44 97 40.7 79 22.60 0.095

Carson 256 80 56 86 11.1 44 3.49 0.014
Drew Field 745 77 27 91 100.4 34 8.75 0.012
Jackson 2,220 76 52 84 101.0 30 9.20 0.004
Knox 1,402 90 65 92 23.8 20 13.42 0.010

Bragg 3,380 87 87 87 56.4 13 0.009 Tr
K earns AAF 619 91 78 93 71.4 50 39.0 0.063

Gordon (a) 306 78 54 85 9.9 26 8.4 0.027
F E  W arren (a) 848 87 72 89 57.7 52 16.6 0.020

Claiborne #1 (b) 518 50 24 76 47.0 25 7.75 0.015

(a) T w o-stage filtration.
(b) All figures app ly  to  1st stage or filter p lants only. In the activated  sludge un it 0 .06 lb of 

NO 2 and N O s were produced per lb of B O D  rem oved.

intermediate settling tank, a somewhat 
lower degree of treatment may be ex
pected than that indicated in the fore
going formulation. However, the 
analysis for balanced design retains 
validity if some adjustment is made 
for less satisfactory settling.

Nitrification

In normal operation at the majority 
of military sewage treatment plants 
routine nitrogen determinations were 
not made. In order to obtain infor
mation relating to nitrification occur
ring in various types of filters, a spe
cial study was made at a selected group 
of plants during the last four months 
of 1944. It should be stated that the 
scope of the special nitrogen study was 
limited to a determination of the 
amount of nitrification that occurred

at different plants, and not to the value 
of nitrification.

The data are presented in Tables 87 
and 88 and are analyzed in Tables 89 
and 90. Since post strengths gener
ally declined during September to De
cember, 1944, the loading at many of 
the plants differed somewhat from that 
during the main period of investiga
tion (January, 1943 to August, 1944). 
Accordingly, BOD data are included 
in the nitrification tables in order to 
indicate the loading of the various 
plants.

In plants employing recirculation, 
the weights of BOD and NH3 applied 
to the filter (columns 18 and 20) were 
based upon raw settled sewage in ac
cordance with Equation (3).

Three of the five standard filters 
(Division I) produced a considerable 
amount of nitrite and nitrate. In the
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standard filters at Fitzsimons General 
Hospital and Fort Benjamin Harrison, 
nitrification was small. These plants 
operated with a lower overall BOD re
moval than other standard filters.

During the autumn of 1944 no par
ticular .change in nitrifying activity 
could be discerned with the decrease in 
temperature. Data are given for three 
posts in the following tab le :

Post 1944
D ata

P lan t
Flow

(mgd)

Raw
Sewage
BOD
(ppm)

P lan t
Effluent

BOD
(ppm)

NOa-N in 
P lan t 

Effluent 
(ppm)

C am p S w ift Sep 1.60 393 13 11
O ct 1.52 411 12 12
N o v 1.59 447 15 13
D ec 1.27 452 23 11

F ort Leonard W ood O ct 1.82 449 12 17
N o v 1.66 457 16 16
D ec 1.18 497 17 21

F ort F  E  W arren O ct 0.65 451 67 3
N o v 0.61 525 50 7
D ec 0.42 526 45 9

None of the single-stage high rate 
filters that were investigated produced 
a marked degree of nitrification. The 
plant at Kearns AAF, while designed 
as a high rate filter, was loaded to only 
a small fraction of capacity, and dur
ing this period operated with a recir
culation ratio of 13.3. The sum of ni
trite plus nitrate at this post was 12.30 
ppm—a value comparable to that of 
the standard filters in Division I. The 
two-stage plant at Camp Gordon, 
which was also loaded in the standard 
filter range, produced an effluent with 
4.10 ppm of N 03. At Fort F E W ar
ren a concentration of 5.75 ppm of 
nitrate was produced with a BOD load
ing of 980 lb BOD per acre-ft daily.

The BOD loadings at the two-stage 
plants were calculated on the basis of 
weight of BOD in raw settled sewage 
per acre-ft of combined first- and 
second-stage filter volume. The plant 
at Fort W arren was the only one with 
filters loaded beyond the normal range 
of standard filters that produced a sig
nificant amount of nitrate. However, 
on a total filter volume basis, this plant 
was not loaded heavily.

Although data were not available, it 
is probable that nitrification did fall 
off during the subsequent winter 
months, at least in the northern plants.

Data for the plant at Camp Clai
borne No. 1 are included as a matter 
of interest. This plant consisted of 
a filter followed by an activated sludge 
unit. The figure of 4.8 ppm of nitrate 
for Claiborne in Table 88 pertains to 
the activated sludge effluent. All fig
ures in Tables 89 and 90, however, ap
ply only to the filter plant, and do not 
indicate the action of the activated 
sludge unit. The filter did not induce 
much nitrification; results at Claiborne 
are in line with those at other filters 
that were loaded beyond the standard 
filter range. A moderate amount of 
nitrification took place in the activated 
sludge units.

In generalizing the nitrogen results, 
the most useful measure of the degree 
of nitrification appeared to be the 
BOD loading of filters on an equiva
lent acre-ft basis. While the filter 
loadings in Table 89, column 18 are 
based upon actual volumes, a better 
correlation with nitrate (and nitrite)
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concentration was obtained with 
equivalent volumes. The data would 
indicate that no significant degree of 
nitrification occurred in plants with a 
daily BOD load in excess of 500 lb per 
equivalent acre-ft. A few plants, how
ever, such as those at Fort Benjamin 
Harrison and Camp Carson, did not 
produce a significant amount of nitrate 
despite low loading.

The data in Tables 89 and 90 are 
plotted in Figures 91 to 94. The 
curves have been plotted through group 
medians. Figure 92 indicates the vari
ation in the efficiency of ammonia re
moval with various loadings. This 
graph is similar to Figures 86 and 87. 
Thirty to forty percent of the applied 
ammonia was removed. In high rate 
plants this removal was brought about 
by assimilation of ammonia in the syn
thesis of filter growths that constantly 
sloughed and appeared as secondary

F IG U R E  91.— R ela tio n  b etw een  th e  
pounds o f n itr ite  and n itra te  n itro g en  p ro 
duced per pound  o f B O D  rem o v ed  and th e  
filter d osa g e  in  m gad .

IOOO 2 0 0 0  3 0 0 0  4 0 0 0

Filter Looding, Ib /o fd  BOD

F I G U R E  93.— R ela tio n  b etw een  the  
am ou n t o f n itr ite  and n itrate n itro g en  p ro
duced  and th e  filter B O D  load in g .

F IG U R E  92.— R ela tio n  b etw een  th e  load in g  
and rem o v a l o f  am m on ia  n itrogen .

F I G U R E  94.— R ela tio n  b etw een  the  
p ou n ds o f n itr ite  and n itrate n itro g en  p ro 
duced  per pound o f B O D  rem oved  and the  
filter B O D  load in g .

sludge. In some of the low rate plants, 
a considerable part of the applied am
monia was oxidized to nitrites and ni
trates, as may be seen by comparing 
columns 25 and 27 in Table 90. The 
data in Figure 92 indicate a signifi
cantly greater relative ammonia re
moval with light loading than with 
heavy loading.

Figures 91, 93, and 94 show in vari
ous ways the decrease in nitrification 
with increase in rates of load applica
tion. In Figure 91, the plotted point 
for Kearns AAF stands apart from 
the configuration of the others; this is 
accounted for by the unusually high 
recirculation ratio used. The plant 
was loaded to only a small fraction of 
capacity. Figure 91 gives further evi
dence that the volumetric rate of 
dosage (mgad) was not a suitable 
parameter for measuring performance 
in plants with recirculation. The
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straightline of best fit in Figure 93 has trate but at the same time had rela-
a rather small slope. The ratio of ni- tively small volumes. A better method
trite plus nitrate produced to filter of indicating variations in nitrification
volume, however, is not a direct meas- with loading is presented in Figure 94,
ure of nitrification. Indeed, the ratio which clearly shows the falling off of
tends to be constant, since high rate nitrite and nitrate production with in
filters produced little nitrite and ni- creased rate of load application.



CHAPTER VI

C O N TA C T A E R A T IO N  P L A N T S

Selection of P lants

Contact aeration plants were con
structed at about 50 Army installa
tions and at numerous Navy installa
tions. Except for minor variations, 
these plants were all of one type, but 
modifications or additions often had to 
be made in order to secure satisfactory 
operation. Under favorable conditions 
of loading and sewage concentration, 
good effluents were obtained, with over
all removals of BOD averaging 80 per
cent to 95 percent in the plants selected 
for study. When strong stale sewage 
had to be treated, however, or when 
difficulties developed in the aeration 
system originally installed, effluents 
were unsatisfactory, odors became in
tense and first-aid measures had to be 
applied in order to keep the plants in 
service. By close and continuous at
tention to operation or by suitable re
modeling or additions practically all 
plants were eventually enabled to con
tinue in operation.

Five plants for which adequate data 
were available were selected for com
plete study. The raw sewage received 
by them ranged in strength from 186 
to 357 ppm of BOD and from 233 to 
265 ppm of suspended solids. These 
five plants were considered to be repre
sentative of the more successful plants 
of this type. Other plants, in which 
such radical changes had been neces
sary as to remove them from the cate
gory of contact aeration, were visited 
or their operating results reviewed.

In municipal and industrial practice 
numerous attempts had been made, 
principally in Germany prior to this 
development, to install fixed surfaces 
in aeration tanks for the purpose of 
securing the benefits of biological oxi
dation and precipitation inherent in 
both the activated sludge process and

in trickling filters. All such plants, 
experimental or otherwise, however, 
had not survived the test of time in 
municipal practice, except in a few 
small towns in Southern states.

Arrangem ent of Plants

The type of contact aeration plant 
constructed at military installations 
comprised (1) preliminary settling 
tanks, (2) primary aeration units in 
which vertical asbestos plates are sup
ported above horizontal pipe-grid aera
tors, (3) intermediate settling tanks,
(4) secondary aeration units identical 
as to arrangement but not always as 
to size with the first-stage units and
(5) final settling tanks. The bases of 
design specified in the Army Engineer
ing Manual were:

(1) Preliminary settling—2.5 hr.
(2) Primary aeration—156 sf of 

surface per lb of BOD applied 
daily (6.4 lb of BOD applied 
daily per 1,000 sf).*

(3) Intermediate settling—1.5 hr.
(4) Secondary aeration—same load

ing as for primary aeration.
(5) Final settling—2.5 hr.
The tanks were frequently grouped 

on three sides of a rectangle, with the 
primary settler and primary aerator in 
series on one side, the intermediate 
settler at right angles on the second 
side and the final aerator and final 
settler in series on the third side, the 
central area being used for the housing 
of control devices, valves and sludge 
receivers.

The asbestos plates which provided 
the contact surface were usually flat 
but sometimes corrugated. They were

* A s shown later in  th is chapter, the daily  
BOD loading in lb per sf-hr appears to  be 
a  more relevant m easure.

983
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about %  in. thick, usually 4 by 8 ft 
in plan and hung' or supported at right 
angles to the direction of displacement 
with approximately 1.5-in. spaces be
tween the plates. The top of the plates 
was submerged about 4 in. Air was 
admitted below the plates by a pipe 
grid perforated with orifices 1/16 to 
1/8 in. in diameter spaced to direct the 
rising air bubbles between the plates, 
and sufficient in number to provide 
uniform distribution of air.

Below the air grid the tanks were 
constructed with hopper bottoms for 
sludge collection and removal. In 
spite of the slope of the hoppers, how
ever, sludge removal was not always 
found to be complete. At certain 
plants (Hondo and Waco No. 1), there

fore, the hopper was later filled in so 
that sludge could not accumulate be
low the contact units. In some larger 
plants (such as Hood) sludge collecting 
mechanisms were installed in troughs 
under the air grids.

D escription of Plants

In Tables 91 to 100 is presented an 
analysis of the design, loading, opera
tion and performance of the five con
tact aeration plants included in this 
study. Although this discussion is lim
ited to these five plants, they are con
sidered sufficient in number and variety 
to demonstrate the characteristics of 
contact aeration for the treatment of 
sewage at military installations. The 
five plants are : Greenville AAP, Miss.;

T A B L E  91.— List of Contact Aeration Plants

Post State
Sv c  

or 
N avy

Type of 
S tation

D ate
Plant

Completed

D ate 
M ajor 

Additions 
or Alter

ations 
Completed

Operating Period 
Studied

(1) (2) (3) (4) (5) (6) (7)

G reenville A A F, M iss M iss 4th T a c t F ield  & 
F ly  Trg

Apr 42 — Jul 44 to  N ov  44

H ondo A A F T exas 8th T act F ie ld  & 
F ly  Trg

--- — M ay 43  to  Jun 43

K in gsv ille  F ield T exas IV N a v a l Air 
Station

Feb 43 — Apr 43 to  Jul 44

R osw ell A A F N  M ex 8th T a c t F ie ld  & 
F ly  Trg

Jul 42 M ay 43 Jul 44 to M ar 45

C am p R ucker Ala 4th D iv  Trg A ug 42 — Jul 44 to  N o v  44

T A B L E  92.— General Data Relating to Contact Aeration Plants

Post
Approx
Plant
Elev
(ft)

Range
of

Sewage
Influent

Temp
(°F)

Average
Sewage
Influent

pH

Lineal 
F eet of 
Sewers 

per 
Capita 

(a)

Sampling

Hours
per
Day

Average
Number

per
M onth

. (2) (3) (4) (5) (6) (7)

G reenville A A F, M iss ___ 8 2 -8 8 7.8 24 30
H ondo A A F — _ 7.6 ___ 24 20
K in gsv ille  F ield — 75-91 7.5 7.2 24 8
R osw ell A A F — 7 3 -100 7.6 21.8 24 9
Rucker — 6 7 -8 7 7.3 11.5 24 30

(a) Based on design population.
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(1) (2) (3) (4) (5) (6) (7) (8) (9) (10) ( i n (12) (13) (14)

G reenville A A F, M iss 1 0 0 1 1 1 1 1 1 i 0 4
Hondo A A F 1 0 0 2 2 2 2 2 0 0 i 4 _
K ingsville F ield 1 1 0 1 1 1 1 1 l 0 l 3 —
Roswell A A F 1 1 0 1 1 1 1 1 0 1 i 9 —
Rucker 1 0 1 2 2 2 2 3 0 2 2 11 (a)

(a) T w o grease flotation tanks.

T A BL E 94.— Design Capacities and Loading of Contact Aeration Plants

Post

Num
ber of 

Months 
in 

Oper
ating 

Period 
Studied

Population Flow

Design
Capac

ity
(a)

Actual

Design
(mgd)

(a)

Actual

Aver
age

Maxi
mum

Mini
mum

Aver
age

(mgd)

Maxi
mum
(mgd)

Mini
mum
(mgd)

Gal
per

Capita
Daily

(1) (2) (3) (4) (5) (6) (7) (8) (9) (10) (11)

Greenville A A F, M iss 5 3,780 3,276 4,120 2,780 0.264 0.355 0.550 0.159 108
Hondo A A F 2 5,160 7,420 — — 0.362 0.556 — — 75
K ingsville F ield 15 6,570 3,908 4,887 2,458 0.460 0.446 — — 114
Roswell A A F 9 4,190 5,740 6,474 5,479 0.293 0.429 0.785 0.095 75
Rucker 5 27,000 — — — 1.890 1.594 2.930 0.510 —

(a) A s based upon area of contact plates.

Performance of Individual Plants

Greenville AAF, Miss.

The Greenville AAF plant was com
pleted in April, 1942. It was designed 
for a population of 3,780. The operat
ing period studied extended from 
July through November, 1944. During 
this period the connected population 
averaged 3,276, or 87 percent of de
sign, and the sewage flow averaged 
0.355 mgd, or 108 ged. At average 
flow, the primary settling tanks pro
vided 2.98 hr of detention and reduced 
the BOD from 273 to 138 ppm, or 49 
percent, and the suspended solids from

Hondo AAF, Texas; Kingsville Field, 
IV Naval Area, Texas; Roswell AAF, 
New Mexico; and Camp Rucker, Ala.

TABLE 95.— Percent of Design Capacity 
Utilized in Contact Aeration Plants

Post
Primary
Settling
Tanks

(%)

Aera
tion

Tanks
(%)

Final
Settling
Tanks

(%)

(1) (2)' (3) (5)

Greenville A A F , M iss 84 87 107
Hondo A A F 105 144 55
Kingsville F ield 87 60 111
Roswell A A F 82 137 105
Rucker 77 84
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SEW AGE WORKS JOURNAL September, 1946

Design Operation

Post No
of

Aera
tion

Tanks

Aera
tion

Volume
(cf)
(a)

Aera
tion

Tank
Sur
face
Area
(sf)

Type
of

Con
tac t

Plates

Total 
N um 
ber of 
Ori
fices

Size
of

Ori
fice

Open
ing
(in.)

No
of

Blow
ers

Total 
Rated 
Capac

ity  
(sf / 

min)

Appld
Air
(cf/
gal)

CF/
M IN
per
SF

Tank
Sur
face

CF
per
LB

BOD
Appd

CF
per
LB

BOD
Rem

(1) (2) (3) (4) (5) (6) (7) (8 ) ' (9) (10) (11) (12) (13)

G reenville A A F, 2 6,500 650 corr 1,343 1 /8 4 750 1.99 0.75 1,725 2,250
M iss

H ondo A A F 2 6,65.0 740 plane 2,660 5 /6 4 2 1,000 1.35 0 .70 1,455 2,410
K in gsv ille 2 7,440 993 plane 5,440 1 /8 3 600 1.75 0 .55 2,250 3,170
R osw ell A A F 2 8,195 826 — — — • 4 640 2.15 0 .78 1,375 1,890
R ucker 4 65,500 5,460 plane 63,320 1 /8 3 7,000 4.21 0.86 2,560 2,990

(a) T ota l volum e including con tact p lants.

TABLE 97.— B O D  Loading and Perform ance

Post Average
(mgd)

Prim ary Settling

Average
Detention

Time
(Hours)

BOD
Influent
(ppm)

BOD
Effiuent

(ppm)
Removal

(%)

(1) (3) (4) (5) (6) (7)

G reenville A A F, M iss 0.355 2.98 273 138 49
H ondo A A F 0.556 2.38 215 111 48
K ingsville  F ield 0.446 2.86 186 93 50
R osw ell A A F 0.429 3.04 310 187 40
R ucker 1.594 1.62 357 197 45

TABLE 98.— B O D  Loading and Perform ance

First Stage Aeration and Settling

Aeration Tank Interm ediate 
Settling Tank

Post
LB

BOD
per
1000
SF

Contact
Surface

LB
BOD
per
1000
CF

Aeration
Volume

Av
D eten

tion
Time
(hr)

D.O.
(ppm)

Av
D eten

tion
Time
(hr)

D.O.
(ppm)

Eff
BOD
(ppm)

Eff
(%)

Re
moval

'■%>

(1) (10) (11) (12) (13) (14) (15) (16) (17) (18)

G reenville A A F , M iss 12.9 119.0 1.49 2.4 2.34 1.2 51 63 32
H ondo A A F 12.3 155.0 0.86 0.3 1.06 0.0 77 31 16
K in gsv ille  F ie ld 6.8 93.0 1.18 — 1.57 0.6 55 41 21
R osw ell A A F 17.1 142.0 1.72 1.4 1.16 — 107 43 26
R ucker 10.9 77.0 3.5 — 2.23 — 78 60 33
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TABLE 99.— B O D  Loading and Perform ance

Second Stage Aeration and Settling

Aeration Tank Final Settling 
Tank

Over

Post LB
BOD
per

1000
SF

Con
tact

Surface

LB
BOD
per

1000
CF

Aera
tion

Volume

Av
D eten

tion
Time
(hr)

D.O.
(ppm)

Av
Deten

tion
Time
(hr)

D.O.
(ppm)

BOD
Eff

(ppm)
Eff
(%)

Re
moval

(%)

all
Re

moval
(%)

(1) (19) (20) (21) (22) (23) (24) (25) (26) (27) (28)

Greenville A A F, M iss 5.30 48.7 1.35 1.4 2.3 1.0 32.0 37 7.0 88.0
Hondo A A F 8.55 107.0 0.86 0.9 4.6 0.0 44.0 43 15.5 79.5
Kingsville Field 3.99 54.9 1.18 — 2.2 2.1 27.0 51 15.0 86.0
Roswell AAF 9.78 110.0 0.95 4.0 2.4 3.7 51.0 52 18.0 84.0
Rucker 4.66 33.0 3.24 — 3.1 3.8 28.0 64 14.0 92.0

TABLE 100.— SS Loading and Perform ance

Suspended Solids

Post

P lant Influent
■ Primary 

T  reatm ent 
Section

Secondary Treatm ent Section

Over
all
Re

moval
(%)

Interm ediate Settling 
Tank

Final Settling 
Tank

PPM
LBS
per

Capita
Daily

Eff
(ppm)

Re
moval
(%) Eff

(ppm)
Effi

ciency
(%)

Re
moval
(%)

Eff
(ppm)

Effi
ciency

(%)

Re
moval
(%)

(1) (2) (3) (4) (5) (6) (7) (8) (9) (10) (11) (12)

Greenville A A F, M iss 256 0.231 90 65 33 63 22 19 42 5.5 92.5
Hondo A A F 233 0.146 65 72 50 23 6.5 31 38 8.2 86.7
Kingsville F ield 257 0.244 105 59 70 33 13.6 45 36 9.7 82.3
Roswell AAF 264 0.165 106 60 54 49 19.7 30 44 9.1 88.8
Rucker 265 — 141 47 69 51 27.2 20 82 18.5 92.7

256 to 90 ppm, or 65 percent. The 
gross aeration volume of the contact 
units was 3,400 cf for the first stage 
and 3,100 cf for the second stage, a 
total of 6,500 cf. At average flows this 
provided a net aeration period of 1.49 
hr in the first stage and 1.35 hr in 
the second, a total of 2.84 hr. The 
total gross aeration period was 3.3 hr.

The surface area of the contact plates 
was 24,420 sf in the first stage and 
21,780 sf in the second stage, a total of 
46,200 sf. Owing to the corrugations, 
the effective areas of contact were 20 
percent to 25 percent larger than the

foregoing figures. Tank surface areas 
were 340 sf in the first stage and 310 
sf in the second stage, a total of 650 sf.

In the first stage, the applied BOD of 
138 ppm represents a daily loading of
12.9 lb per 1,000 sf of contact surface, 
or 119.0 lb per 1,000 cf of gross aera
tion volume. In this stage the BOD 
was reduced to 51 ppm.

The daily loading of the second stage 
(51 ppm of BOD in 0.355 mgd) was
6.9 lb per 1,000 sf of contact surface, 
or 48.7 lb per 1,000 cf of gross aeration 
volume.

Air consumption was 1.99 cf per
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gallon, 0.75 efm per sf of tank area, 
1,725 ef per lb of BOD applied and
2,250 cf per lb of BOD removed.

The final BOD was 32 ppm, giving 
an overall reduction of 88.0 percent. 
The final SS content was 19 ppm, an 
overall reduction of 92.5 percent.

The results obtained were satisfac
tory but the air requirement was quite 
high per lb of BOD removed as com
pared to activated sludge experience 
with domestic sewage, where values 
vary within the range of 500 to 1.500 
cf of air per lb of BOD removed. The 
shallower depth employed in the con
tact aeration process, however, entails 
less power for compression of air.

Hondo A A F , Texas

The Hondo AAF plant was com
pleted in 1942. The operating period 
studied ran from May through Oc
tober, 1943. During this period and 
later, various experimental modifica
tions were investigated in attempts to 
improve aeration and other operating 
difficulties. W ith the entire plant in 
operation, the aerators were under
loaded with respect to the design cri
terion of 6.4 lb of applied BOD per
1,000 sf of contact surface. In order 
to increase the loading, flow was routed 
through one-half the plant. The data 
pertaining to Hondo AAF in Tables 
95 to 100 are based upon this method 
of operation. Under this condition 
Hondo received a loading in excess of 
design averaging 7,420 population, or 
144 percent of the design population 
of 5,160. The design flow was 0.362 
mgd and the actual flow 0.556 mgd, 
or 75 gcd.

Preliminary settling reduced the 
BOD from 215 to 111 ppm, or 48 per
cent, and the suspended solids from 
233 to 65 ppm, or 72 percent. This 
high efficiency of clarification was ac
complished in 2.38 hr of detention. 
Aeration periods were only 0.86 hr in 
both stages, a total of 1.72 hr. This 
resulted in high volumetric and surface 
loadings, even though the applied BOD

was only 111 ppm. The BOD was 
reduced to 77 ppm after intermediate 
settling and to 44 in the final effluent, 
yielding an overall removal of only
79.5 percent. Suspended solids were 
reduced from 233 to 31 ppm, or 86.7 
percent.

Air consumption at Hondo was the 
lowest among the five plants studied 
when it was expressed as cf per gallon 
(1.35), but it was not low in terms of 
cf per lb of BOD removed (2.410).

The experimental work carried out 
at Hondo and the results obtained are 
discussed later.

Kingsville F ie ld, Texas

The Kingsville Field plant was com
pleted in February, 1943. The opera
ting period selected was from April, 
1943 through July, 1944. Kingsville 
is a Naval air station with a design 
population of 6,570 but having an 
actual connected population of only 
3.908, or 60 percent of design. The 
flow was 0.446 mgd, or 114 gcd, re
sulting in the weakest sewage among 
the five plants surveyed. Primary set
tling reduced the BOD from 1*86 to 
93 ppm, or 50 percent, and the sus
pended solids from 257 to 105 ppm, or 
59 percent.

Surface and volume loadings were 
low, and the contact aeration periods 
were 1.18 hr in each of the two stages.

Air consumption was 1.75 cf per 
gallon (a large amount considering.the 
low BOD applied) and averaging
2,250 cf per lb of BOD applied, or the 
excessive amount of 3.170 cf per lb 
of BOD removed. In spite of this 
large amount of air the intermediate 
BOD was 55 ppm, heing reduced to 
this figure from 93 ppm in the pri
mary effluent, and the final BOD was 
high (27.0 ppm), giving an overall 
BOD removal of 86.0 percent. The 
suspended solids were reduced from 
257 ppm in the raw sewage to 45 ppm 
final, or 82.3 percent. These removals
are disappointing in view of the low 

«
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P L A T E  17.— C on tact aeration  p lant as R o sw e ll A A F , N . M ex. T h ree  se tt lin g  tank s and
four aeration  b a sin s  are sh o w n .

P L A T E  18.— C on tact aerators, sh o w in g  p late  arran gem en t at H o n d o  A A F , T e x a s .



990 SEWAGE WORKS JOURNAL September, 1946

loading that obtained and the excessive 
amounts of air that were used.

Operating records note that the aera
tors were cleaned daily. In spite of 
the large amount of air used the opera
tor stated that one of the chief diffi
culties was “ insufficient air for the 
proper oxidation of the organic matter 
of the sewage.” Undoubtedly the air 
was unevenly distributed and allowed 
the plate growths to accumulate in cer
tain areas that did not receive enough 
air.

Roswell AAF , New Mexico
The Roswell AAF plant in New 

Mexico was completed in July, 1942. A 
new blower was added in 1943, also 
an additional digester and five sludge

drying beds. The plant, designed for 
a population of 4,190, actually handled 
sewage from 5,740 people during the 
period July, 1944 through March, 1945. 
The flow was 0.429 mgd, or 75 gcd, 
giving a detention period of 3.04 hr in 
the primary settling tank and reduc
ing the BOD from 310 to 187 ppm, 
or 40 percent and the suspended solids 
from 264 to 106 ppm, or 60 percent.

First-stage aeration reduced the 
BOD of the settled sewage from 187 to 
107 ppm and second-stage aeration 
gave a reduction to 51.0 ppm, giving an 
overall removal of 84.0 percent. Sus
pended solids were reduced from 264 
(raw) to 30 ppm (final), or 88.8 per
cent.

Air supply was high per gallon (2.15

lOOi
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F I G U R E  96.— B O D  red u ction  in p rim ary  se tt lin g  ta n k s o f co n ta c t aera tio n  p lan ts.
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ef) but it was the lowest among the 
five plants per lh of BOD applied and 
removed (1,375 and 1,890 cf, respec
tively).

Camp Bucher, Ala.
Camp Rucker was a large training 

camp in Alabama for which a contact 
aeration plant was designed and in
stalled in August, 1942. The results 
of operation were unsatisfactory, with 
a poor effluent in 1942 and 1943. An 
activated sludge plant was accordingly 
designed and installed in 1944, practi
cally doubling the treatment facilities 
and providing for an expected popula
tion of 59,000 which, however, was not 
reached. The population actually de
clined to around 21,500 during the pe
riod of this survey, July through No
vember, 1944. Consequently the con
tact aeration plant was required to 
handle a population below the design 
figure of 27,000, and all units were 
lightly loaded. The flow was 1,594 
mgd, compared with the design flow 
of 1.890 mgd.

Primary settling reduced the BOD 
from 357 to 197 ppm, first-stage con
tact aeration to 78 ppm, and second- 
stage aeration and final settling to 28.0 
ppm, giving an overall reduction of 
92 percent. Suspended solids were 
reduced from 265 in the raw sewage

daily and 2,990 cf per lb of BOD re
moved. These are excessive quantities 
of air.

D iscussion  of Results
As shown in Figure 96, the efficiency 

of primary settling was relatively high 
in the plants studied. Comparison 
may be had w'ith Figure 68, since all 
but one of the sewages had a BOD 
below 350 ppm.

If the detention periods provided in 
three settling tanks of the process are 
totalled, it is found that they aggre
gate 5.0 to 8.0 hr, while the combined 
detention periods in the two aeration 
tanks varied from 1.7 to 6.7 hr. Rela
tive to the settling allowance, there
fore, the aeration period was brief, 
thus accounting for the high loadings 
of BOD per 1,000 cf of net aeration 
volume and suggesting that contact 
aeration, as practiced, was in the na
ture of high rate operation with result
ing inferior effluents.

The question arises as to what is the 
governing design or operating factor 
of contact aeration units. Is it the 
amount of air used, or is it the aera
tion period or the contact surface or a 
combination of the last two items ? The 
individual relations to BOD efficiency, 
based on settled sewage, were as fol
lows :

Post
BOD

Efficiency
(%)

Air Supply Net
Aeration

Period
(hr)

Contact Surface 
(lb of BOD 
applied per 
1,000 sf-hr)CF per 

Gallon
CF per LB of 

BOD Removed

H ondo 60.4 1.35 2,410 1.72 3.56
K ingsville 70.8 1.75 3,170 2.36 1.44
Roswell 72.8 2.15 1,890 2.67 3.21
G reenville 76.8 1.99 2,250 2.84 2.40
Rucker 85.8 4.21 2,990 6.74 0.84

to 20 in the final effluent, a reduction 
of 92.7 percent.

A large amount of air was available 
from one 5,000-cfm and two 1,000- 
cfm blowers. Consequently the air 
consumption averaged 4.21 cf per gal
lon, or 2,560 cf per lb of BOD applied

As shown in Figure 95, the efficiency 
of the plants studied increased appar
ently systematically as the overall 
aeration period was lengthened. A 
similar relationship can be demon
strated for overall air supply (cf per 
gallon), but no similar systematic
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trend could be shown with the other 
individual design or operating factors. 
I t stands to reason, however, that the 
extent of contact surface must play a 
part, and it is shown in the following 
schedule and in Figure 97 that it does 
in fact, if it is recognized that it is the 
repeated sweeping of the sewage past 
the growths on the contact plates that 
must be the basis of contact aeration 
as a biological sewage treatment pro
cess.

stage and second-stage aera
tors, respectively.

Vi, V2 = vol (net) of first-stage and 
second-stage aerators, respec
tively.

T i, T2 = detention period in the first- 
stage and second-stage aera
tors, respectively. 

b = wt BOD in settled sewage ap
plied to first-stage aerator.

It is evident that the efficiency of the 
process is dependent upon (1) the total

Post

BOD Efficiency (%) BOD Applied per 1,000 SF-H R of 
C ontact Aeration

F irst
Stage

Second
Stage

Over
all

F irst
Stage

Second
Stage

Over-
all

H ondo 31 43 . 60.4 14.2 9.9 3.56
K ingsville 41 51 70.8 5 .8 3.4 1.44
R osw ell 43 52 72.8 10.0 10.3 3.21
G reenville 63 37 76.8 8 .6 4.0 2.40
R ucker 60 65 85.8 3.1 1.4 0.84

\
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F I G U R E  97.— E ffic ien cy  o f co n ta c t aera 
tors. P lo tte d  p o in ts  in d ica te  perform ance  
o f  first sta g e , seco n d  s ta g e  and com b in ed  
first and se co n d  s ta g e s  at five co n ta c t aera
tion  p lan ts.

The validity of the parameter, BOD 
applied daily per 1,000 sf of contact 
surface per hour of aeration, may be 
explained with the aid of the follow
ing diagram of a contact aeration 
p lan t:

where
Q = flow.

Ai, A o = area of contact plates in first-

amount of biological film, which is pro
portional to the area of contact, and
(2) the time of contact of the sewage 
with the contact surface, as measured 
by the detention period in the aeration 
basins. The maintenance of aerobic 
conditions in the flowing sewage is, 
however, a prerequisite.

With the foregoing notation, the effi
ciency, ei, of BOD reduction in the first 
aeration basin and intermediate settling 
tank would be a function of the quan
tity b/AiTi, where Tx =  Vi/Q. In the 
second stage, the efficiency, e2, is meas
ured by the quantity 6(1 — e^/AzTi, 
where T2 =  Vz/Q. Also, for the over
all secondary treatment section, the 
efficiency would be determined by the 
quantity b /(A x +  A2)(Ti +  T2). In a 
sense, the quantity A  X T may be 
termed “surface-hours;” when it is large 
relative to the load, high efficiencies 
may be expected. On the other hand, 
if the loading is high relative to the 
surface-hours available in the plant, low 
efficiencies will result.

Consider the effect upon the efficiency 
of the first stage of aeration at a plant
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with the quantities b and Ai fixed and 
the volume V\ (conceived of as being) 
variable. If V\ is compressed to, say, 
half its initial value so that the spacing 
of plates is reduced 50 percent, the 
parameter b/Ai remains unchanged. 
The efficiency, however, will surely be 
reduced since the average particle of 
sewage must now pass through the tank 
in half the time formerly available for 
biochemical activity.

An interesting alternate interpreta
tion of the parameter “weight per area
time” may be derived from the defini
tion of detention period, T = V/A,  as 
follows:

J l  =  A x Q
A T  A A V

The parameter is resolved into two 
components, both of which have value 
as a measure of efficiency, namely: 
(1) weight of BOD per unit area of 
contact surface and (2) volume of 
flow applied per unit time per unit 
volume of aeration tank. Thus the 
quantity on the horizontal axis of Fig
ure 97 is expressive of both organic 
and volumetric load—neither of which 
taken separately constitutes a wholly 
satisfactory measure of performance.

It is significant to note that, taken as 
a group, the second stage points on 
Figure 97 follow the trend exhibited 
by the first-stage points. This would 
indicate that no significant difference 
existed between the kind of organic 
material entering the second stage and 
the first. The “ treatability” of the 
material entering the second stage is 
about the same as in the raw settled 
sewage. Accordingly, the efficiency is 
a function only of magnitude of the 
load relative to the “ surface-hours” 
available.

This finding is at variance with the 
concept of this type of plant as a 
“ condensed stream” where self-puri
fication is carried forward by a succes
sion of different organisms, each util
izing the waste products of the 
preceding species. The analogy pre

sumed by some to exist with the meta- 
biosis of stream purification would ap
pear to lack factual basis in the contact 
aeration process. It seems more likely 
on the basis of the foregoing evidence 
that the greater part of the stabiliza
tion is attained within the zoogleal 
matrix where sewage matters are first 
absorbed from fluid, and that soluble 
end products, with exception of per
haps ammonia and nitrite, are rela
tively dilute and unavailable to down
stream growths. Coagulated material 
and synthesized growths are also un
available to subsequent microbe species, 
since this material continuously sloughs 
off and settles, leaving the aerobic re
gime entirely.

Contact aeration, when operating un
der favorable conditions, would appear 
to have a purification mechanism not 
greatly different from a biological 
viewpoint from other conventional 
methods of sewage treatment such as 
trickling filtration and activated 
sludge. From the standpoint of main
taining and controlling the physical 
environment (rate of transfer of dis
solved gases, hydraulic turbulence, 
etc.) in the vicinity of the substrate, 
there would appear to be very real 
differences between contact aeration 
and other established methods of treat
ment.

Figure 97 may be used to ascertain 
the performance that normally would 
be expected with a plant designed in 
accordance with criteria set forth by 
the Army Engineering Manual. This 
may be shown by an example:
Assum e: 2,000 population; 0 .2  lb B O D /ca p /d a y ; 
70 gcd, and 40 percent rem oval of B O D  in 
primary settling.

W eight of B O D  in raw settled  sew age =  0.20  
(1.00 -  0 .40)(2 ,000) =  240 lb B O D  applied.

240
T his w ould require -~r X  1,000 =  37,500 sf of

0.4
contact area.

Assum ing an aeration volum e of 90 cf per 1,000  
sf of contact area (average va lue based upon a 
number of p lants as constructed), th e  volum e  
of th e  aeration un its w ould be 37.5 X 90 =  
3,370 cf or 25,300 gallons.
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T h e p lan t flow  w ould  be 2,000 X  70 =  140,000  
gpd.

T h e deten tion  period during aeration  (including  

b oth  first and second stage) w ould  be qq^  

=  4 .34  hr.

T h e  loading of the  aerators on  a “ surface-hour”
240

basis w ould  accordingly be ■ -  =  1.48
oi.O  / \  t .o 4

lb B O D  applied per 1,000 sf-hr.

From  F igure 97 th e  efficiency of th e  aerators 
w ould  be ab ou t 75 percent. T h e w eigh t of 
B O D  passing in to  the  effluent w ould am oun t to  
240(1 — 0.75) =  60 lb , w hich corresponds to  
an overall p lan t rem oval of

T h e effluent of th e  p la n t w ould contain

s i i r a o j  - 51 B 0 D -

O perating Problem s
Many contact aeration plants re

quired rigid attention to prevent the 
release of hydrogen sulfide odors. Oc
casionally a milky appearance was im
parted to the sewage in the first-stage 
aerator when hydrogen sulfide was con
verted to free sulfur. The space be
tween the plates had to be cleaned 
frequently. In some plants this was 
accomplished by means of an air-jet
ting pipe which was inserted between 
the plates. Sludge was freed and fell 
to the bottom of the tank but plate 
growths soon reached their original 
bulk again.

On the other hand some plants, such 
as those at Blacklands, Rucker, and 
Greenville, S. C., were eventually prac
tically free from odor, and green 
growths were present on the plates and 
dissolved oxygen in the first aerator 
effluent. Light loadings and high water 
consumption (over 100 gcd) contrib
uted mainly to this satisfactory con
dition whenever uniform air distribu
tion could be maintained.

One of the major problems encoun
tered was the maintenance of uniform 
air diffusion through the perforated 
pipe grids. Special investigations were 
undertaken at Hondo to accomplish

this. Results were reported in May, 
1944.

Orifices in the black iron pipe tended 
to enlarge by rusting, or else to plug 
up with slime or calcium carbonate. 
In order to get at the air grids, it was 
necessary to drain the tanks, remove 
part of the contact plates and to build 
a scaffolding for the workmen below 
the grids in the hoppers. In some 
plants grids had been redesigned to be 
turned parallel with the flow line, and 
removed without disturbing the asbes
tos plates, but this was not tried at 
Hondo. At Hondo, plastic plugs were 
inserted into the header with a 5/64-in. 
orifice drilled in each plug. The orifices 
were faced up rather than down. At 
first the orifices were effective in giving 
much better distribution of air but 
they were gradually clogged by biologi
cal growths so that after six weeks dif
fusion was as bad as before.

Next, porous tubes and porous plates 
were compared with the original grid. 
The results with porous tubes were 
much better than with any of the other 
types. The tubes were finally placed 
along the center flow line, giving a 
two-roll circulation up and over the 
plates. This immediately gave better 
results and obviated a large amount 
of maintenance work.

The sludge hoppers on one side of 
the aeration chambers had been filled 
in, with no adverse effect on the efflu
ent, and gave relief from the necessity 
of frequent removal of sludge of high 
moisture content.

The air supply was split so that 
approximately 60 percent was used in 
the first aerator and 40 percent in the 
second. This effected improvement in 
the DO and reduced the odor consider
ably.

The intermediate settler was by
passed during one test period, but this 
was not found to be beneficial.

The results of these experiments at 
Hondo were helpful in improving the 
operation of the contact aerators.

In some of the larger installations
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other types of treatment were added 
to augment the contact aeration plant 
or to take the load off the aerators at 
which odors were pronounced. At 
Camp Hood, effluent ponds were con
structed and placed in operation in 
May, 1943. These had an area of 40 
acres and received a loading of about 
33 lb of BOD per acre per day, with 
a displacement period of 14 days. At 
Sheppard Field, where the contact 
aeration plant had been installed for 
a population of 25,000 operating diffi
culties such as breaking of sludge-re- 
moval mechanisms, failing contact 
plates, plugging of air orifices and pro
duction of odors led to installation of 
a trickling filter in September, 1943 to 
take care of half of the population, 
which at times was up to 44,000. At 
Camp Rucker an activated sludge plant 
was installed in 1943 to handle a popu
lation increase expected to reach 
54,000. As stated before, however, the 
original population of 29,000 fell to 
21,500 and the original contact aera
tion plant was again able to handle 
the load.

At one of the smaller plants, Waco 
AAF, the first-stage contact aeration 
tank was emptied and used as a spiral- 
flow aeration tank, with return of some 
sludge and effluent from the secondary 
settling tank. Odors were reported to 
have disappeared and effluents im
proved, but records are inadequate for 
inclusion in this report.

Frequent practice in a number of 
plants was to recirculate final effluent 
back through the primary settling or 
first aeration tank. No detrimental re
sults and often improved results indi
cated that it was unnecessary to segre
gate the biological life in zones, as was 
originally claimed to be an element 
of the process.

The difficulties of operation of con
tact aerators—high maintenance labor 
requirements and more than occasional 
odor nuisances—indicate that contact 
aerators are less desirable for use in 
military camps than are trickling fil
ters. No superiority of contact aera
tion over activated sludge treatment 
has been demonstrated.
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A C T IV A T E D  SL U D G E  P L A N T S

Selection of Plants

Activated sludge plants were con
structed at about 20 Army installations 
and a number at Navy installations. 
Although these included a number of 
mechanical aeration plants at smaller 
military camps, the data available for 
only the four diffused air and single 
combined mechanical aeration and dif
fused air plants listed in Table 101 
met the requirements for inclusion in 
this survey. Of the plants selected for 
study, all the Army plants were of the 
diifused air type. The single Navy 
plant at Green Bay, Great Lakes, Illi
nois, was a mechanical aeration plant 
in which aeration had been supple
mented with diffused air. Two of the 
Army plants were situated in Missis
sippi (Gulfport and Shelby No. 2) and 
one each in North Carolina (Butner) 
and New Jersey (Monmouth). The 
plants served design populations from 
12,800 to 41,600.

Basis of D esign

According to the Army Engineering 
Manual, the following displacement pe
riods in hours based upon the 24-lir 
average rate of flow were used in de
signing units for activated sludge

plants:
Hours

Prim ary Settlin g  T a n k s .........................  1.5
A eration Tanks:

D iffused  Air P la n ts ................................... 8.0
M echanical Aeration P la n ts ................. 12.0

F inal Settlin g  T a n k s ........................................ 2.5

In designing the aeration tanks and 
final sedimentation tanks, an allow
ance of 25 percent for sludge return 
was included in the average rate of 
flow.

The sludge digestion tank capacities 
were 4.0 cf per cap for heated tanks 
and 6.0 cf per cap for unheated tanks.

D e s c r ip t i o n  a n d  P e r f o r m a n c e  
o f  P l a n t s

General Data

The general data relating to the 
activated sludge plants studied are 
listed in Table 102. The minimum 
sewage temperatures ranged from 51° 
to 67° F and the maximum tempera
tures from 78° to 84° F. There were
1.9 to 13.4 lineal feet of sewer per 
capita. The sewage had an average 
pH of 7.2. The sampling period cov
ered 18 hr at Monmouth and 24 hr at 
the other plants. Samples were col-

TABLE 101.— List of A ctivated S ludge P lan ts

Post State
S v C

or
Navy

Type of 
Station

Date
Plant

Completed

Date 
Major 

Additions 
or Alter

ations 
Completed

Operating Period 
Studied

(1) (2) (3) (4) (5) (6) (7)

Camp Butner N  C 4th D iv  Trg A ug 42 Sep 43 .Jan 43 to A ug 44
Gulfport A A B M iss 4th T act F ields & Apr 43 O ct 43 M ay 43 to  M ar 44

F ly  Trg Apr 44 to N o v  44
Fort M onm outh N  J 2nd Signal Corp Sep 40 Sep 43 Apr 43 to Jul 44
Camp Shelby #2 M iss 4th D iv  Trg Jun 43 — Jun 43 to Sep 44
Great Lakes (Green B ay) 111 V N a v y  Trg. N o v  43 Aug 43 Jan 44 to  O ct 44



998

TABLE 102.— G eneral D ata  R elating to A ctivated S lu dge P lan ts

SEWAGE WORKS JOURNAL September, 1946

P o s t
A p p r o x

P l a n t
E l e v
( f t )

R a n g e
o f

S e w a g e
I n f l u e n t

T e m p
( ° F )

A v e r a g e
S e w a g e
I n f l u e n t

p H

L i n e a l  
F e e t  o f  
S e w e r s  

p e r  
C a p i t a  

( a )

S a m p l i n g

H o u r s
p e r

D a y

A v e r a g e
N u m b e r

p e r
M o n t h

( 1 ) ( 2 ) ( 3 ) (4 ) ( 5 ) (6 ) (7 )

Butner 265 5 3 -8 4 7.2 10.0 24 30
G ulfport A A B — 6 0 -8 4 7.2 4 . 4 24 30
M onm outh . — 5 1 -8 3 7.3 6.2 18 30
Shelby #2 — 2 8 -8 2 7.2 13.4 24 22
G reat L akes (G B) — 6 7 -7 8 — 1.9 24 25

(a) B ased  on design  population , T ab le 104, col (3). 

TABLE 103.— U n its in A ctivated S ludge P lan ts

P l a n t  U n i t s

P o s t
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s

( 1 ) ( 2 ) ( 3 ) ( 4 ) (5 ) ( 6 ) ( 7 ) ( 8 ) ( 9 ) ( 1 0 ) ( i d (1 2 )

B utner 1 1 1 0 5 5 5 0 2 2 2 4
G ulfport A A B 1 0 1 0 2 3 2 1 0 3 8
M onm outh 1 2 0 0 2 4 2 2 1 2 6
S h elb y  # 2 1 0 1 0 2 3 2 1 1 1 2
G reat Lakes (G B) 0 1 0 0 2 4 2 0 1 1 8

leeted and analyzed on 22 to 30 days 
each month. The plant units compris
ing the treatment works are listed in 
Table 103.

D esign Capacity and Loading
Table 104 gives a comparison of de

sign and actual populations, and of 
flows. At Camp Butner and Gulfport 
AAB the average populations contrib
uting sewage were about 75 percent of 
the design values, and the average 
flows were 56 and 75 percent, respec
tively, of the design figures. At these 
plants, the maximum populations and 
flows roughly equalled the design 
values.

At Fort Monmouth the average 
population served was 73 percent

greater than the -design population, 
while the average flow was 30 percent 
less than the design flow. This appar
ent anomaly is explained by the fact 
that the average daily per capita sew
age flow was only 36 gallons.

At Camp Shelby No. 2 the greatest 
difference between design and actual 
values of the group occurred, for the 
average population and flow reached 
only 23 percent of design values. The 
actual average population and flow 
was respectively 80 and 72 percent of 
design at the Green Bay plant at 
Great Lakes. In contrast to the low 
per capita flow recorded at Monmouth, 
three of the plants received flows very 
close to the 70 gcd value assumed for 
Army systems.
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P L A T E  22.— P rim a ry  se tt lin g  and  m ech an ica l aerators at M ain  P la n t, 
C am p C laiborne, La.



TABLE 104.— D esign  C apacities and Loading of A ctivated  S lu dge P la n ts
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P o s t

N u m 
b e r  o f  

M o n t h s  
i n  

O p e r 
a t i n g  

P e r i o d  
S t u d i e d

P o p u l a t i o n F l o w

D e s i g n
C a p a c 

i t y
( a )

A c t u a l

D e s i g n
( a )

( m g d )

A c t u a l

A v e r 
a g e

M a x i 
m u m

M i n i 
m u m

A v e r 
a g e

( m g d )

M a x i 
m u m
( m g d )

M i n i 
m u m
( m g d )

G a l
p e r

C a p i t a
D a i l y

(1) (2) (3) (4) (5) (6) (7) (8) (9) G O ) (11)

Butner 20 41,600 30,800 43,200 19,300 2.912 1.620 2.220 1.080 53
G ulfport A A B 8 22,600 17,100 19,800 12,800 1.582 1.180 1.530 0.920 69
M onm outh 16 12,800 17,200 23,500 11,800 0.900 0.626 0.841 0.505 36
Shelby #2 16 34,700 8,000 10,900 1,652 2.429 0.563 0.840 0.160 . 71
G reat L akes (G B) 10 27,400 22,000 23,500 18,400 1.920 1.489 1.700 1.330 68

(a) D esign  capacities are based chiefly on criteria in O C E E ngineering M anual (1943). 
See tex t. C olum n (3) capacities based upon detention  period in  th e  aeration tank .

Percent of D esign  U tilized
The percentages of design capacity 

utilized are shown in Table 105. Based 
on a designed aeration period of 8 
hours, only 28 percent of the aeration 
capacity was utilized at Shelby No. 2, 
and only 71 to 78 percent at the other 
three diffused air plants.

The primary settling tanks were 
utilized from 24 percent of design at 
Shelby No. 2 to 111 percent at Great 
Lakes. A reasonable percentage of sec
ondary tank design capacity was util
ized at all plants except at Shelby No. 
2, where utilization was only 26 per
cent. The sludge digester design ca
pacity was more than ample at Shelby 
No. 2, Gulfport, and Butner. It was 
about right at Monmouth, but it was

insufficient at Great Lakes. The de
signed sludge bed area proved to be 
about correct at Great Lakes and more 
than ample at all other plants. None 
of the plant units at Shelby No. 2 
were anywhere near fully put to use. 
Only 21 to 32 percent of the design 
capacity of the various units was en
gaged. At Great Lakes, on the other 
hand, the percentage utilized ranged 
from 92 to 146 percent.

D esign  of A eration Basins

Design data for aeration basins, air 
distribution systems and air supply 
blowers are given in Table 106. There 
was considerable variation in the ratio 
of tank length to tank width at these 
plants. Of the diffused air plants,

TABLE 105.— P ercen t of D esig n  Capacity U tilized  in A ctivated  S lu dge P lan ts

P o s t  .
P r i m a r y
S e t t l i n g
T a n k s

(%)

A c t i v a t e d
S l u d g e
T a n k s
(%)

S e c o n d a r y
S e t t l i n g
T a n k s

(%)

S l u d g e
D i g e s t e r s

(%)

S l u d g e
B e d s
(%)

(1) (2 ) (3 ) (4) ( 5 ) (6)

Butner 32 71 86 64 51
G ulfport A A B 75 78 82 58 60
M onm outh 54 73 104 95 69(a)
Shelby #2 24 28 26 32 21
G reat L akes (G B) 111 - ( b ) . 93 146 92

(a) C overed sludge beds.
(b) C om bined m echanical and diffused air.
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TABLE 106.— D esign  and D escription of Aeration B asins

P o s t
N o
o f

B a 
s i n s

D i m e n s i o n s —  
L  x  W  x  D  

( f t )

T o t a l
V o l u m e

( c f )

A i r  D i s t r i b u t i o n  S y s t e m A i r  S u p p l y  B l o w e r s

T u b e s A r r a n g e m e n t

N o . H P
T o t a l

C a p a c 
i t y

( c f m )
P S I

N o . D i a
( i n . )

N o
o f

R o w s

S p a c 
i n g
( f t )

( 1 ) ( 2 ) ( 3 ) ( 4 ) ( 5 ) ( 6 ) (7 ) (8 ) ( 9 ) ( 1 0 ) ( 1 1 ) ( 1 2 )

Butner 5 2 0 0 x  1 5 x 1 0 .7 160,000 — — 2(b) 7.5(b) 4 60 6,000 6
Gulfport AAB 3 122 x 20 x 12 88,000 114 3 2 0.8 4 90 2,500 6
M onm outh 4 58.5 x 1 9 .5 x  11 50,000 124 3 4 2.0 2 40 2,400 5
Shelby #2 3 100 x 30 x 15 135,000 366 5 2 — 3 75 4,500 8
Great Lakes (G B) 4(a) 36 x 36 x 10.3 160,000 192 — - ( c ) — 1(d) 50 15,000 3

(a) T w elve aerator cells arranged 3 in a row in 4 continuous aeration bays.
(b) O ne-sf p late held in vertical position in single longitudinal row of double plate holders 

traversing center of basin; to ta l p la te area 1800 sf.
(c) Side w all of each  entrance cell.
(d) A dditional blower installed  fall of 1944.

Butner had the highest (13.3 to 1) and 
Monmouth the lowest (3 to 1). Butner 
was the only plant that used diffuser 
plates. A total of 1,800 plates was 
provided in a single longitudinal row 
of vertical, double-plate holders. The 
individual plates were 1 ft square and 
the total plate area was 12 percent of 
the surface area. In the other plants, 
from 114 to 366 aeration tubes, 3 or 
5 in. diameter, were arranged in rows 
of two to four tubes. The tube spacing 
was 0.8 ft at Gulfport and 2.0 ft at 
Monmouth. The depth to the diffuser 
tubes was 10.7 ft at Monmouth.

The diffused air plants were pro
vided with two to four blowers, rated 
at 20 to 75 hp each, and capable of 
delivering 2,400 to 6,000 cfm of free 
air at pressures of 3 to 8 psi. The 
cubic feet of air supplied per gallon 
of sewage was as follows: Gulfport 
1.95, Butner 2.89, Monmouth 2.90, and 
Shelby No. 2 4.0. These values are 
greatly in excess of those normally em
ployed in municipal practice.

The mechanical aerator at Great 
Bakes included 12 aerator cells ar
ranged in three rows of four continu
ous aeration bays. Each aerator re
quired 5 hp at 860 rpm. These units 
failed to maintain dissolved oxygen in

the mixed liquor, and it was necessary 
to add diffused air by installing 192 
teardrop diffuser tubes of 80 perme
ability, 6 ft below the surface, along 
the side walls in the first cells. The 
air thus supplied amounted to 1.52 cf 
per gallon.

Operation of Aeration Basins
Figures for total flow, aeration pe

riod and air supply are shown in Table 
107. The total flow to the aeration 
basins, including returned sludge var
ied from 0.82 mgd at Monmouth to 2.55 
mgd at Butner. At average flows, all 
plants except Shelby provided aeration 
periods between 9 hr (Butner) and 12 
hr (Great Lakes). At maximum flow 
these aeration periods were reduced to 
between 5.5 hr (Monmouth) and 9.3 
hr (Great Lakes). At Shelby No. 2 
the aeration periods were excessive, 
ranging from 11.8 hr at maximum flow 
to 56.8 hr at minimum flow, with 28.9 
hr at average flow.

The hourly air supply per sf of tank 
surface was 6.1 at Great Lakes and 
varied between 10.4 (Shelby No. 2) and
13.0 (Butner) for the diffused air 
plants.

Excepting Shelby No. 2, the volume 
of air supplied per lb of applied BOD
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T A B L E  107.— Operation of Aeration Basins

Post

Total
Flow

to
Basin

(a)
(mgd>

Aeration Period (hr) Air Supply

At
Av

Flow

A t
Max
Flow

At
Min
Flow

1000
CF

Daily

C F per 
SF 

Tank 
Surface 
Hourly

C F
per
Gal

Sewage

CF/LB
BOD

Applied

CF/LB
BOD

Removed

(1) (2) (3) (4) (5) (6) (7) (8) (9) (10)

B utner 2.55 9.0(c) 6.5 17.9 4,687 13.0 2.89 1,300 1,590
G ulfport A A B 1.67 10.3 6.2 16.8 1,902 10.8 1.95 1,330 1,620
M onm outh 0.82 10.9 5.5 33.4 1,814 16.6 2.90 1,230 1,585
S helby #2 0.84 28.9 11.8 56.8 2,247 10:4 4.00 2,470 2,650
G reat L akes (G B) 2.39 12.0 9.3 18.7 2 ,265(b) 6 .1(b) 1.52(b) 605(b) 690(b)

(a) T ota l flow includes p lan t in fluent flow and returned sludge.
(b) C om bined m echanical and diffused air.
(c) Variable num ber of tank s in  service.

T A B L E  107 cont.— Operation of Aeration Basins

Post

R eturned Sludge W asted Sludge Mixed Liquor

1000
Gal

Daily

Percent
of

Sewage
Flow

s s
(ppm)

30-Min
Settle-

able
Solids
(ml/1)

Sludge
Index

1000
Gal

Daily

Percent
of

Sewage
Flow

No
of

Passes
SS

(ppm)

30-Min
Settle-

able
Solids
(ml/1)

A (1) (11) (12) (13) (14) (15) (16) (17) (18) (19) (20)

B utner 927 57.0 2,465 750 381 29.1 1.8 32 1,143 398
G ulfport A A B 490 50.1 1,191 740 628 18.0 1.8 28 592 375
M onm outh 199 31.9 3,848 790 584 17.8 2.9 11 1,497 390
S h elb y  #2 277 49.2 1,855 — 280 28.2 5.0 10 889 260
G reat L akes (G B) 750 50.2 2,560 — 1,026 150.0 10.0 5 845 830

varied from 1,230 to 1,330 cf at the 
diffused air plants. These values are 
in line with those given by Greeley
(54) for the Easterly Cleveland, Ohio, 
and Pasadena, Calif, municipal plants. 
At Shelby, 2,470 cf of air was supplied 
per lb of applied BOD. This is almost 
three times the average value for muni
cipal plants studied by Greeley (54). 
The ratios of air volumes per lb of 
BOD removed relative to those per lb 
of BOD applied were 1.22, 1.22, and 
1.29 at Butner, Gulfport and Mon
mouth, respectively. The correspond
ing ratios were 1.07 for Shelby No. 2 
and 1.14 for Great Lakes.

Returned Sludge

At Fort Monmouth, where the most 
concentrated returned sludge was ob

tained (3,848 ppm of suspended sol
ids), this sludge equalled 31.9 percent 
of the total flow. At the other plants, 
the returned sludges contained only 
1,191 to 2,560 ppm of suspended sol
ids, and constituted between 49.2 and 
57 percent of the total flow. These re
turned sludges yielded between 740 and 
790 ml per liter of settleable solids in 
30 minutes, as shown in Table 107.

Data on the amounts and character 
of the sludge wasted and ou the char
acter of the mixed liquor are also given 
in Table 107. It will be noted that the 
percentage of sludge wasted was very 
low, at only 1.8 to 5.0 percent of the 
sewage flow. As a result, the number 
of passages of the sludge through the 
diffused air plants averaged between 
10 and 32. At Great Lakes, the wasted
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sludge amounted to 10 percent of the 
sewage flow and the sludge passed 
through the units 5 times.

The suspended solids in the mixed 
liquor was relatively low, ranging from 
592 ppm at Gulfport to 1,497 ppm at 
Monmouth. The average settleable 
solids in the mixed liquor ranged from 
260 to 830 ml.

The sludge volume index (ml per 
gram) for the mixed liquor was as 
follows for the average, maximum, and 
minimum months:

Average
Month

Maxi
mum

M onth

M ini
mum

M onth

Butner 381 959 120
Gulfport AAB 467 1,021 45
Monmouth 586 1,855 62
Shelby N o. 2 279 486 103
Great Lakes (GB) 1,026 1,159 893

The very high average monthly in
dices suggest that the mixed liquor at 
all plants was bulking a good part of 
the time. At Butner, for instance, the 
indices were below 100 only in July 
and August, 1943 and for parts of the 
months of April and May, 1944. 
Throughout the remainder of the sur
vey period the sludge was bulking bad
ly. During the last four months of 
the study period, the monthly sludge 
index at Gulfport was maintained be
low 100, but this was the only plant 
that showed such improvement. Lime 
was added to the returned sludge. By 
contrast, the indices at Shelby No. 2 
were over 400 during the last four 
months of the study period. These 
high values explain why it was im
possible to carry more suspended sol
ids in the mixed liquor and returned 
sludge of these plants. Maximum in
dividual sludge indices varying from 
1,660 to 3,846 were observed at all of 
these plants.

The mean DO values found in the 
influent and effluent of the aeration 
basin and in the final effluent were as

follows :

Aeratio

Influent
(ppm)

n Tank

Effluent
(PPm)

Final
Effluent
(ppm)

B utner 0.0 2.9 0 .8
G ulfport AAB 1.3 3.0 1.1
M onm oufh — 2.3 2.1
Shelby N o. 2 — 3.5 2.3
G reat Lakes (GB) 1.4* 0.8* 0.7

* A verage of three grab sam ples during study  
b y U . S. Public H ealth  Service in N ovem ber, 
1944.

These data suggest clearly that, ex
cept for Gulfport and perhaps Shelby 
No. 2, the dissolved oxygen at the in
fluent end of the aeration tank was 
rather low and frequently inadequate. 
The values for the aeration tank at 
Great Lakes were obtained when both 
the mechanical and diffused air aera
tors were in operation.

B O D  and SS Loadings and 
Performance

The BOD loadings and performance 
of the primary settling tanks are shown 
in Table 108. The average BOD of 
the raw sewage at these plants ranged 
from 224 ppm at Gulfport to 397 ppm 
at Butner. At the sewage flows indi
cated, the daily per capita BOD con
tribution ranged from 0.107 lb at Gulf
port to 0.207 lb at Great Lakes. The 
average BOD was reduced by primary 
settling to 175 ppm at Gulfport, 194 at 
Shelby, 266 at Butner, 280 at Great 
Lakes, and 284 at Monmouth. The 
poorest percentage removal of BOD 
by primary settling was obtained at 
Great Lakes (16.7%), at an average 
detention time of 1.6 hr. With deten
tion times of 2 to 3 hr, percentage 
removals of BOD were 19.7, 21.9, and
32.9 at Monmouth, Gulfport and 
Shelby No. 2, respectively. Butner 
attained 33.0 percent removal in the 
primary tank, the highest performance 
in this group. As a whole, BOD re
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TABLE 108.— B O D  Loading and P erform ance of A ctivated  S lu dge P la n ts

Post

Plant Influent Prim ary Settling Tank

Flow
(mgd)

BOD D etention Period (hr) BOD

PPM
Pounds

per
Capita
Daily

A t
Av

Flow

At
Max
Flow

At
Min
Flow

Inf
(ppm)

Eff
(ppm)

Removal
(%)

(1) (3) (4) (5) (16) (17) (18) (19) (20) (21)

B utner 1.62 397 0.175 — (a) - ( a ) - ( a ) 397 266 33.0
G ulfport A A B 0.98 224 0.107 2.0 1.0 5.2 224 175 21.9
M onm outh 0.62 354 0.108 2.8 1.2 24.7 354 284 19.7
S helby #2 0 .56 289 0.171 3.1 1.0 10.0 289 194 32.9
G reat Lakes (G B) 1.49 363 0.207 1.6 1.2 3.5 335(b) 280 16.7

(a) Variable num ber o f tanks in  service.
(b) C alcu lated  from  B O D  in raw sew age and B O D  in returned sludge flow exclusive of BOD  

of sludge itself.

TABLE 108 cont.— B O D  Loading and P erform ance of A ctivated  S lu dge P lan ts

Post

Aeration Basin Loading

Flow (mgd) BOD

Plant
Influent

Returned
Sludge

T otal 
Flow

1,000 GPD  
per Foot 

Tank Lgth 
for One 

Hour 
(d)

PPM
(c)

Pounds per 
1.000 CF 
Aeration 

Basin 
Volume 

(a)

(1) (3) (12a) (22) • (23a) (25) (26a)

B utner 1.62 0 .93 2.55 18.3 188 24.9
G ulfport A A B 0.98 0.49 1.47 28.8 127 17.6
M onm outh 0.62 0.20 0 .82 29.2 231 31.5
Shelby #2 0.56 0.28 0.84 54.2 134 7.0
G reat L akes (G B) 1.49 0.75 2.24 44.5 217 25.3

(c) C alcu lated  from  B O D  of prim ary se ttlin g  tank  effluent and B O D  in returned sludge 
exclusive o f B O D  of sludge itself.

(d) Area of cross-section aeration basin  X  7.5 X  24 -F (1 +  proportion returned sludge).

movals were relatively low (Figures 
67 and 68).

As shown in Table 109, the concen
tration of suspended solids in the plant 
influents varied from 172 ppm at Gulf
port to 376 ppm at Great Lakes. These 
values represent from 0.082 to 0.237 
lb of suspended solids per capita per 
day. The removal of suspended solids 
by primary settling was relatively low, 
ranging from 34.3 percent at Gulfport 
to 48.8 percent at Butner.

Aeration basin loadings are pre

sented in Table 108. The BOD of the 
mixed liquor influent varied from 127 
ppm at Gulfport to 217 ppm at Great 
Lakes. These values were calculated 
from the measured BOD values for the 
primary effluent by adding the meas
ured BOD of the final effluent as that 
of the returned sludge. On this basis, 
the quantity in pounds of BOD applied 
per 1,000 cf of aeration basin volume 
ranged from 7.0 for Shelby No. 2 to
31.5 for Monmouth. The 7.0-lb load 
at Shelby amounts to only about one-
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third of the load recorded at most 
municipal installations. All other 
BOD loading values are in line with 
municipal experience.

Table 108 shows the detention pe
riods for average, maximum, and mini
mum flows through the secondary set
tling tanks. The longest detention pe
riods obtained at Shelby No. 2 were 
4.86, 1.99 .and 9.5 hr for the average, 
maximum and minimum flows. At the 
other plants the detention periods 
were more in line with municipal prac
tice and varied at average flows from

2.31 hr at Butner to 3.17 hr at Gulf
port. The greatest spread in deten
tion time (1.2 to 7.28 hr) occurred at 
Monmouth.

The combined performance of the 
aeration and secondary settling units 
is shown in Tables 108 and 109. Cal
culation of the suspended solids values 
for the influent to the aeration basins, 
given in column 4 of Table 109, fol
lowed the procedure previously as that 
outlined for BOD.

Shelby No. 2 produced an effluent 
with an average BOD of 13 ppm and

TABLE 108 cont.— B O D  Loading and Perform ance of A ctivated Sludge P lants

Performance of Aeration Basin and 
Secondary Settling Tank

Dissolved Oxygen 
(ppm)

Secondary Settling 
Tank Detention 

Period (hr)

BOD Over
all

Post LB
BOD
Re

moval
(%)

At
Av

Flow

At
Max
Flow

At
Min
Flow

Final
Eff

(ppm)

Re
moved

per
1000
CF

Basin
Vol

Effi
ciency

(%)

Re
moval
(%>

Basin
Inf

Basin
Eff

Final
Eff

(1) C32) (33) (34) (36) (37a) (38) (39) (40) (41) (42) (43)

Butner 2.31 1.67 4.57 49 18.3 81.3 54.7 87.7 0.0 2.9 0.8
Gulfport AAB 3.17 1.89 5.37 31 13.4 82.4 64.2 86.1 1.3 3.0 1.1
Monmouth 2.39 1.20 7.28 63 22.9 77.7 62.3 82.0 2.3 — 2.1
Shelby #2 4.86 1.99 9.50 13 6.3 93.3 62.7 95.6 — 3.5 2.3
Great Lakes (GB) 2.60 1.88 3.80 37 20.7 87.8 73.0 89.7 — — —

TABLE 109.— SS  Loading and Perform ance in Activated Sludge P lants

Suspended Solids

Post
P lan t Influent Prim ary Settling 

Tank
Aeration Basin and Secondary 

Settling Tank Overall
P lant

Re
moval

(%)PPM
Pounds

per
Capita
Daily

Effluent
(ppm)

Re
moval

(%)
Influent
(ppm)

Effluent
(ppm)

Effi
ciency

(%)

Re
moval

(%)

(1) (2) (3) (4) (5) (4a) (9) (12) (13) (14)

Butner
Gulfport A AB  
M onmouth 
Shelby #2 
Great Lakes (G B)

350
172
360
250
376(a)

0.154
0.082
0.110
0.148
0.237(a)

179
113
208
130
195(a)

48.8
34.3
42.2
48.1
44.3(a)

125
89

190
92

147(a)

30
40

131
15
35(a)

83.3  
64.6 
37.0
88.4  
83.4(a)

42.6
42.4
21.4  
46.0
46.4(a)

91.4
76.7
63.6
94.1
90.7(a)

(a) Based upon only 2 . m onths operation; daily  com posite sam ples during Septem ber and  
October, 1944.



a suspended solids content of 15 ppm. 
This was the only plant in this group 
that produced an effluent comparable 
to that from a large, well operated, 
municipal activated sludge plaut. This 
plant, with the lowest loading in the 
group, gave an aeration basin and sec
ondary tank efficiency of 93.3 percent 
for BOD and 88.4 percent for sus
pended solids. The percentage re
moval of BOD and suspended solids 
by these units was -62.7 and 46.0 per
cent, respectively. The overall remov
als for Shelby No. 2 were 95.6 percent 
for BOD and 94.1 percent for sus
pended solids.

Great Lakes gave the next best per
formance with overall plant removals 
of 89.7 and 90.7 percent for BOD and

1006

suspended solids, respectively. The 
performance at Butner was slightly 
lower for BOD (87.7%) and slightly 
higher for suspended solids (91.4%). 
The loading and performance curves 
for Butner, as shown in Figure 98, 
indicate that the performance was rela
tively uniform during the study period 
except for the month of December, 
1943, when the greatest effluent de
terioration took place at a time when 
population, BOD and suspended solids 
loads were below average.

At Gulfport, the average overall 
BOD removal fell to 86.1 percent and 
the suspended solids removal perform
ance deteriorated to 76.7 percent. The 
average suspended solids content of the 
effluent was 40 ppm because of long
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periods of poor operation associated 
with bulking sludge.

The poorest performance of all is 
that recorded for Monmouth, where the 
overall BOD and suspended solids re
movals were only 82.0 and 63.6 percent, 
respectively. At this plant 42.2 per
cent of the suspended solids were re
moved by the primary tank in contrast 
with only 21.4 percent by the aeration 
basin and secondary tank. This indi
cates a definite failure of the secondary 
part of the treatment process at Mon
mouth, which may have been caused, 
in part at least, by the discharge of 
photographic wastes into the sewage 
reaching this plant. Loading and per
formance curves for 16 months of op
eration at Fort Monmouth are shown 
in Figure 99. These curves show that 
with a slowly falling population load 
the plant did not perform satisfac

torily from June to December, 1943. 
During most of this time, the final efflu
ent averaged between 40 and 120 ppm 
of BOD and 160 ppm or more of sus
pended solids. From July until Octo
ber, 1943, iron salts were added to the 
aeration tank as in the Guggenheim 
aeration process. The mean BOD and 
suspended solids contents of the efflu
ent during this period were 75 and 201 
ppm, respectively. The results ob
tained during this summer period of 
operation indicated, therefore, that 
addition of iron salts did not improve 
the activated sludge process at Fort 
Monmouth.

Sludge D igestion  and Drying
The waste activated sludge at all the 

plants studied was digested with pri
mary sludge in separate sludge diges
tion tanks. Two to four digestion 
tanks were provided at each plant for 
digestion in two stages. Pertinent de
sign data and the schedule of sludge 
loading are presented in Table 110. 
One or two tanks at Butner, Mon
mouth, and Great Lakes were equipped 
with floating covers. One tank at 
Shelby No. 2 was open. The remain
ing tanks had fixed covers. Mechani
cal stirring was provided only at Mon
mouth. A 300-gpm pump was in
stalled on a tank cover at Great Lakes 
for recirculation. At least one tank 
was heated at each plant, except at 
Gulfport, where no heat was provided. 
The average temperature of heated 
tanks was 90 to 95° F.

The plants studied were provided 
with sludge drying beds, all of which 
were open except at Monmouth, where 
they were glass covered. Figures for 
per capita area and data on sludge 
disposal are given in Table 110.

Operators at all plants except Mon
mouth reported that the sludge drawn 
was well digested. Operating difficul
ties were reported for Monmouth and 
for Gulfport. The unheated tanks at 
Gulfport gave poor digestion in winter. 
At all plants, sludge gas was burned
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T A B L E  110.— Sludge Data Relating to Activated Sludge Plants

Post

Number
M onths

in
Oper
ating

Period
Studied

Sludge Digester Schedule of Sludge 
Loading

Total
CF
per

Capita
(a)

Heated,
Percent

of
Total

Volume

Covered,
Percent

of
Total

Volume

Average
Oper
ating

Tem per
ature
(op)

Source
of

Sludge

Secondary
to

Prim ary 
Settling 
T anks— 

Times 
per Day

Primary 
to 

Sludge 
Digest
ers— 

Times 
per Day

(1) (2) (3) (4) 15) (6) (7) (8) (9)

B utner 20 7.5 50 100 8 5 -9 0 Pri cont _
G ulfport A A B 12 10.3 0 100 5 0 -9 0 Pri cont 8
¡Monmouth 12 5.6 21 100 8 5 -9 0 Pri (b) con t(c) 3 -6
S helb y  #2 15 14.8 54 46 90 Pri cont 12
G reat L akes (G B) 10 5.4 50 100 9 5 -1 0 0 Pri (b) cont 6

(a) B ased  on actual p opu lation , T ab le 104, col (4).
(b) A lso from  vacuum  flotation  unit and scum  pit.
(c) 25%  to  aeration  basin.
(d) C overed sludge beds.

T A B L E  110 cont.— Sludge Data Relating to Activated Sludge Plants

Post

Gallons 
Raw 

Sludge 
per MG 
Sewage

Volatile Solids, 
Percent of

Sludge Disposal

lo ta i

Raw
Sludge

ooiias

Digested
Sludge

SF
per

Capita
(a)

No
M onths
Sludge
Drawn

per
Year

Sludge
Drawn
Yearly
from

Digesters
(cf/cap)

Sludge
Removed

Yearly
from
Beds

(cf/cap)

(1) (10) (11) (12) (13) (14) (15) (16)

B utner 23,260 73.6 53.4 1.95 10 5.6 1.5
G ulfport A A B 8,490 72.1 51.7 1.67 — — . —

M onm outh 6,870 75.6 57.1 0 .39(d) 5 — 1.7
Shelb y  #2 7,920 — 50.7 4.80 • 5 9.2 0.5
G reat L akes (G B) 18,700 83.6 — 1.09 — — —

T A B L E  111.— Chlorination and Effluent Disposal in Activated Sludge Plants

Post

Chlorination Receiving W ater Body

Points of 
Application 

Used

Residual
Chlorine

(ppm)
Name Type

(1) (2) (3) (4) (5)

B utner R et Sludge (a) — K nap p  o f R eed s Creek F low ing  Stream
G ulfport A A B R et Sludge — B ayou  Barnard T idew ater
M onm outh R et Sludge (b) — T rib u tary  to  Shrew sbury R iver T idew ater
Shelb y  #2 N on e — D a v is  Creek F low ing Stream
G reat L akes (G B) R et Sludge — — F low ing  Stream

(a) O ccasionally  to  control bulking.
(b) A lso pre- and postch lorination .
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to heat digesters, offices, laboratories, 
or control buildings. Additional in
formation on sludge digestion at But
ner and Shelby No. 2 is included in 
Chapter VIII.

Chlorination

Shelby No. 2 was the only plant of 
the group studied at which chlorine 
Avas not used at some point. At Butner 
the returned sludge was chlorinated 
occasionally. At Monmouth and Great 
Lakes the returned sludge was chlo
rinated continuously or almost con
tinuously for the purpose of control
ling bulking and conditioning the acti- 
A-ated sludge. At Monmouth, the chlo
rine was applied to the final effluent in 
a contact chamber having a 30-min de
tention period. Chlorine was also 
added to the raAv sewage at Monmouth 
in order to control odors. Data on 
chlorination and effluent disposal are 
given in Table 111. No information 
was available on the quantities of chlo
rine used, the doses applied or resid
uals found.

Operating Problems

No difficulties with diffuser clogging 
Avere experienced at Butner, Gulfport 
or Monmouth. At Shelby No. 2 the 
tubes became clogged after the blowers 
had been shut doAvn for a period. The 
tubes were therefore removed and 
cleaned Avith caustic. At Great Lakes, 
although no trouble Avas noticed, the 
tubes were removed and cleaned with 
acid every 10 months.

Tapered aeration was practiced at 
all plants except Monmouth, but the 
method of obtaining it was different at 
each plant. At Butner the air enters 
the diffuser plate at the influent end of 
the aeration tank and, due to friction 
loss and the passage of some air 
through the plates, tapered aeration 
resulted. At Shelby No. 2 tapered 
aeration Avas obtained by the arrange
ment of the tubes, while at Gulfport 
it Avas accomplished by reduction of 
the header sizes. The mechanical

aerator at Great Lakes was supple
mented by the addition of diffused air 
through tubes in the first one-third 
of the aeration bays, thus producing 
tapered aeration. Although tapered 
aeration undoubtedly reduced aeration 
costs, there seems to be a reasonable 
doubt that aeration Avas sufficient for 
most satisfactory operation at some of 
the plants. This Avas certainly true at 
Great Lakes.

Control T ests

The tests used in the control of plant 
operation were as follows:

On the mixed liquor: (1) dissolved 
oxygen; (2) suspended solid; (3) 
sludge volume (30-min) and (4) 
sludge index.

On the return sludge: (1) suspended 
solids; and (2) sludge volume.

It was the practice at the better 
operated plants to determine the dis
solved oxygen content and the sludge 
Amlume of the mixed liquor at two or 
more points twice daily. The sus
pended solids contents were deter
mined from a composite sample of 
mixed liquor and the sludge indices 
were calculated from these data. The 
usual tests to determine plant perform
ance were also made.

For the purposes of this study it Avas 
unfortunate that the percentage of ash 
in the mixed liquor solids Avas not de
termined regularly so that a correla
tion of this variable Avith the sludge 
index could have been made for mili
tary  sewage. Although the control 
tests used may not be as adequate as 
desired, they gave a reasonable indica
tion of operation trends and suggested 
to an alert experienced operator Avhat 
changes should be made in operation 
to attain  and m aintain best plant 
performance.

It was suggested by one operator 
that nitrite and nitrate nitrogen deter
minations should be made on the mixed 
liquor for control purposes. These 
tests certainly should be added as con
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trol tests if the plant is loaded and 
operated in a manner conducive to 
nitrification.

Sludge B ulking and A ssociated  
Sym ptom s of Substandard  

Performance

Operators gave various answers to 
the question of frequency and cause 
of sludge bulking. The report from 
Shelby No. 2 stated that very little 
bulking had been experienced and the 
report from Gulfport that no hulking 
had been experienced during the last 
eight months of operation. In con
trast, Monmouth reported continuous 
and persistent bulking. Great Lakes 
reported occasional bulking and But- 
ner reported that the sludge index was 
usually around 300, but that bulking 
with loss of sludge over the weirs did 
not occur until the index reached 400 
or more. These reports indicate that 
there was no uniform opinion as to 
what constitutes a bulking sludge. In 
municipal sewage works practice, a 
mixed liquor with an index of 150 or 
more may be considered to represent a 
bulking sludge. The percentages of 
the time that the average sludge index 
for the month was over various limits 
are listed below for each of the Army 
p lan ts:

Post

No. of 
M onths 

of 
Opera

tion

Percentage of Time 
During Which the 

Average Sludge Index 
was Above the 
Stated Value

150 200 300 400

B utner 20 80 75 65 35
G ulfport A A B 16 75 69 56 56
M on m outh 16 69 62 56 56
Sh elb y  N o . 2 16 69 62 50 25

These data indicate that all these 
plants produced bulking sludge during 
a considerable portion of the time, if 
bulking limits are set by municipal 
standards.

The causes of bulking may be at
tributed to differences in composition

of military and domestic sewage, to 
poor operation and control of the plant 
or to faulty design and construction of 
the plant.

Excessive detention periods in the 
primary tank are sometimes considered 
a cause of bulking. In the group of 
plants studied, Shelby No. 2 had the 
longest detention period (3.1 hr) in 
the primary tanks at average flows and 
this was increased to 10 hr at minimum 
flow. Yet Shelby No. 2 had the least 
bulking of all plants. Gulfport and 
Great Lakes, which both had shorter 
and more normal primary detention 
periods, experienced much more severe 
bulking. Monmouth had an unusually 
long primary detention period at 
minimum flows and experienced bulk
ing conditions very similar to those 
at Gulfport. On the basis of this 
evidence, long primary detention pe
riods can hardly be considered a pri
mary cause for bulking at military 
installation.

The differences between municipal 
and military sewage which should be 
considered as possible factors include: 
(a) irregular distribution of flow; (b) 
excessive grease content; (c) higher 
BOD values and rates of biochemical 
oxidation and (d) higher volatile con
tent. The indications are that all of 
these factors are implicated in the phe
nomenon of bulking. The poor opera
tion of the activated sludge process as 
a result of shock loads and excessive 
grease content has been observed in 
municipal practice. However, there is 
evidence (55) that the correlation be
tween grease content of the returned 
sludge and the sludge index at Army 
plants is low.

The feeding of a strong, easily oxi
dized sewage to returned sludge of 
low adsorptive power produces condi
tions conducive to the growth of non- 
zoogleal organisms such as Sphaero- 
tilus natans and other free swimming 
organisms. Once these conditions are 
allowed to occur, an undesirable sludge 
is produced having a relatively lower
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content of dense zoogleal masses and 
a higher content of loose diffuse sludge 
particles and organisms. Although 
claims have been made that there is a 
difference in the biological activity and 
oxidizing quality of good sludge and 
bulking sludge, these have not been 
proved.

The BOD load per day per pound 
of suspended solids in the mixed liquor 
and secondary tanks is worth examin
ing. At Gulfport, the monthly aver
age load expressed in this way was 
decreased from 0.38 to 0.41 in the sum
mer of 1943 to 0.07 in the fall of 1944. 
This was accomplished by a reduction 
in the BOD load and an increase in the 
suspended solids content of the mixed 
liquor. It was accompanied by an in
crease in plant efficiency and a de
crease in sludge index. On the basis 
of the Gulfport results, the load should 
be kept under 0.2 lb of BOD per pound 
of suspended solids in the aeration and 
secondary settling tanks if proper 
sludge indices and efficient plant op
eration are to be maintained.

In one example of bulking at Army 
plants, it has been shown (55) that 
high volatile content of the sludge had 
no correlation with sludge index. 
However, the mineral constituents or 
ash of the sludge have the highest spe
cific gravity of the sludge constituents 
and contribute to its settling qualities. 
Sludges with ash contents of 20 per
cent or more are not as likely to give 
trouble as those of lower ash content. 
In the case just referred to, the ash 
varied between 23 and 32 percent, and 
it was shown that a factor other than 
ash content, which factor could be con
trolled by chlorination, was of much 
more importance in bulking.

It has also been shown experimen
tally in a pilot plant (56) that the 
BOD load per pound of suspended 
solids in the aeration tank is more im
portant than the ash content. Never
theless, activated sludges containing 
only 10 to 15 percent of ash do not 
settle well. Twenty-one activated

sludge samples from Great Lakes aver
aged 13.0 percent ash and eight from 
Baer Field averaged 14.4 percent. 
Sludges of such low ash content have 
low settling rates even when they are 
not bulking. Analyses of 87 samples 
of return sludge at Monmouth before 
chemicals were added to the aeration 
tank showed a mean ash content of
15.6 percent.

M ethods of Elim inating Bulking
It is interesting to note that at 

Shelby No. 2, where an amount of air 
far in excess of that normal to munici
pal plants was used, where the BOD 
load was lowest and where the longest 
final settling periods were available, the 
least bulking occurred and no method 
to control bulking had to be instituted. 
At all other plants, various methods— 
including leveling off the flow, addition 
of chemicals, and chlorination—were 
tried to control bulking.

During the months when the Butner 
plant had ample aeration capacity, one 
aeration tank was used as a reservoir 
for primary effluent. I t was filled dur
ing the morning peak flow, aerated 
during the day and pumped to the 
plant influent during the night. This 
procedure reduced the variation in 
flow as well as the variation in BOD 
and nitrogenous loading. This method 
was successful but it could not be used 
when the plant carried the full design 
load. There was also the danger of 
clogging the plates each time the tank 
was pumped out.

Addition of Chemicals
At Gulfport milk of lime solution 

was added at a rate of 600 lb per day 
to the returned sludge for a period of 
a week and the rate of sludge return 
was increased. The addition of lime 
was continued throughout the last four 
months of the study when the best op
erating results were obtained at Gulf
port. At Monmouth, where continuous 
bulking difficulties occurred, attempts 
at control were made by the addition
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of calcite to the primary influent and 
by the addition of ferrous sulfate to 
the aeration tank, but these practices 
were abandoned. It is believed that 
a considerable part of the difficulties 
of operation at Monmouth stemmed 
from photographic wastes that entered 
the sewer system. Despite attempts to 
prevent this, the data would indicate 
that these toxic wastes had a material 
effect upon performance.

Chlorination
As stated previously, chlorination of 

returned sludge was used at four of 
these plants to control sludge bulking. 
The dose used varied from 7.0 to 10.0 
ppm. The period of chlorination 
varied from intermittent application 
for a day or two to continuous applica
tion. This reduced the sludge indices 
very materially and permitted an in
creased rate of sludge return. This, 
in turn, reduced the BOD load per unit 
of activated sludge in the aeratidn 
tanks as already mentioned for Gulf
port. Experience with chlorination of 
returned sludge at three of these plants 
confirmed the report of Tapleshay
(55).

Recirculation of Plant Effluent
Results of a study of the effect of re

circulation of plant effluent have been 
presented by Koruzo (51) for plants 
in the Fourth Service Command. Dur
ing 1945 recirculation of final chlo
rinated effluent to the head of primary 
tanks was practiced at Fort Monmouth. 
This was done at night, on weekdays 
and all day on Sundays. The recircu
lation ratio was about 0.35 not includ
ing recirculated activated sludge. The 
effect on plant effluent was immediate, 
with bulking conditions considerably 
ameliorated.

Bulking at Monmouth had been 
nearly continuous since 1941. Recircu
lation was considered to reduce but not 
eliminate bulking. During the period 
January to October, 1945, the median 
population was 9,300 and the median

ppm SS in the plant effluent was 32. 
However, during February, 1945, an 
average of 129 ppm SS occurred, indi
cating that bulking occurred. Air at 
the rate of about 1,200 cf per lb raw 
BOD was applied during the period 
recirculation was practiced.

Improvement of performance with 
recirculation of plant effluent was be
lieved to result from the elimination 
of septic conditions occurring in set
tling tanks during the night when flow 
was low. Dissolved oxygen in the 
plant effluent during January to Octo
ber, 1943 averaged 3.2 ppm, which is 
significantly higher than that noted in 
Table 108. Recirculation also effected 
a more uniform distribution of the di
urnal organic load. At Monmouth, in 
assessing the value of recirculation, ac
count must be taken of the reduced 
plant load during the period recircula
tion was used.

Generalization and A nalysis

To determine whether there was any 
change in the relationship between the 
quantity of BOD removed and that 
applied with change in sludge index, 
the data available for Gulfport were 
analyzed. To this purpose the daily 
data for all months in which neither 
chlorine nor coagulants were added to 
the returned sludge or mixed liquor 
were selected for study. The daily 
data for two typical months when lime 
was added daily were also examined. 
The results of this study are sum
marized in Table 112. It will be ob
served that the coefficient of correla
tion r  between BOD load and BOD re
moval was high for every month of 
study.

An examination of the sludge in
dices and the slopes a of the curves 
represented in Table 112 indicates that 
there was no correlation between these 
parameters. Neither could correlation 
be found between the sludge index and 
the intercept h of the curves (Table 
112) for the period when special treat
ment was not used to control the index.
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TABLE 112.— Gulfport AAB.— Correlation Between B O D  Removal and B O D  Load and the 
Relation of the Sludge Index to this Correlation

M onth
Treatm ent 
to  Control 

Bulking

Sludge
Index

(ml/gm)

Number
of

Observations

Value of 
Correlation 
Coefficient 

(r)

Constants for Linear Curve 
of Best F it

a* f>t

1943
Jun N on e 527 24 0.87 0.95 540
Jul N on e 579 11 1.0 0.82 870
Aug N on e 659 27 0.93 1.11 240
Sep N on e 695 30 0.85 0.84 480
D ec N on e 1,021 30 0.85 0.85 400

1944
Jan N on e 906 31 0.97 1.01 170
Feb N on e 695 27 0.90 0.97 370
M ay Lim e T r’tm en t 163 31 0.99 0.99 63
Aug L im e T r’tm en t 67 31 0.99 0.95 96

M ean
Jun to  Feb N on e 726 — 0.91 0.94 439

M ean
May & Aug Lim e 115 .— 0.99 0.97 79.5

* a = rate of change in  rem oval relative to  load, 
f  6 =  load a t w hich  no rem oval is obtained.

Post
Number

of
M onths

Included

(l)
Load

Average
Sludge
Index

(F)

Coefficient
of

Correlation
(r)

Constants for Linear Curve 
of Best F it

(X)
o(2) b

Gulfport 14 0.253 436 .82 1799 - 1 9
M onm outh 19 0.435 584 .83 1488 - 9 3

(1) A verage pounds of B O D  per pound of suspended solids in the aeration and secondary  
tanks.

(2) E quation  of curve Y  = aX  +  b.

However, a great difference was noted 
in the mean values of b for the periods 
when lime was added and when it was 
not added. Much higher applied loads 
could be successfully treated with than 
without lime. The mean curves repre
senting the relations between the BOD 
removal and loading at Gulfport could 
be represented by the equations

y = 1.10a- — 48-1 (No lime used) 
y = 1.03x — 82.2 (Lime used)

where

.r = the applied BOD load in pounds,

and

y = the quantity of BOD removed in 
pounds.

This curve and a similar one ob
tained for two months when lime was 
used are plotted in Figure 100. The 
vertical distances between these curves 
indicate the improvement in BOD re
movals obtained at any applied load. 
I t is evident that the use of straight 
lines in fitting data of this type is for 
convenience only. The equations rep
resent actual results only in the vicin
ity of values of actual loading. At ex
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F I G U R E  100.— R ela tio n  b e tw e e n  B O D  app lied  and rem o v ed  at G ulfport.

treme loadings, the equations are not 
valid.

The relationship between the average 
BOD load per pound of suspended 
solids in the aeration and secondary 
settling tanks and the sludge index was 
studied at Gulfport and Monmouth. 
These were the only plants at which 
the number of aeration, and settling 
tanks in use were known at all times. 
The data obtained are summarized in 
Table 112.

These data indicate that there was 
a high degree of correlation between 
the average BOD load per pound of 
suspended matter and the sludge index 
for the month. The equations for this

relationship a re :

Gulfport, Y = 1799X — 19 
Monmouth, Y  = 1488X — 93

These curves, together with the under
lying data, are plotted in Figure 101. 
It should be pointed out in connection 
with these curves that loadings below 
0.3 lb of BOD per pound of suspended 
solids were obtained at these plants 
only by special treatment to control the 
sludge index. This was accomplished 
by the addition of lime at Gulfport 
and hy chlorination at Monmouth.

Comparison w ith  M unicipal Plants

In Figure 102 are showm data for

Gulfport o-
Monmouth *-

Y - I799X-I9
Y = I488X-931200

OOO

aoo

F I G U R E  101.— R ela tio n  b e tw een  s lu d g e  in d ex  and B O D /S S  ratio .



Vol. IS, No. 5 SEWAGE TREATM ENT AT M ILITARY INSTALLATIO NS 1015

various municipal and military acti
vated sludge plants relating to effi
ciency of aeration and secondary set
tling, with BOD loading as expressed 
upon an “ SS-hour” basis. This 
method of rating loading reflects both 
the amount of biologically active mate
rial and the effective time for biochemi
cal reaction. In this respect it is simi
lar to the parameters used in the analy
sis of trickling filters (Figure 88) and 
contact aeration plants (Figure 97). 
A somewhat similar parameter, called 
the coefficient of interfacial contact,

+  Municipal
0  M ilitary plants
□  Plants with industrial waste 
CC Chicago, Calumet
CN Chicago, Northside
C Cleveland, East
1 Indianapolis
MO Milwaukee, old
M N Milwaukee, new
T Toronto
P Peoria
RC Rockville Center
SA San Antonio
Sp Springfield
NY New York, W ard’s Island
B Butner
G Gulfport
M Monmouth
S Shelby
GL G reat Lakes

F IG U R E  102.— E ffic ien cy  o f  m unicipal 
and m ilitary  activa ted  slu d g e  p lan ts. P o in ts  
representing m un icip a l p lan ts are b ased  
upon operating  resu lts  for on e-y ea r  period . 
Upper curve is fitted to  p o in ts  rep resen tin g  
m unicipal p lan ts n o t g r e a tly  in flu en ced  b y  
industrial w a stes . L o w e r  cu rve is fitted  to  
points rep resen tin g  m ilitary  p lan ts e x c e p t
ing M onm outh .

was proposed by Harris, Cockburn, 
and Anderson (57), and shown to be 
an appropriate measure of efficiency.

Two curves are fitted to the data 
plotted in Figure 102. The upper 
curve pertains to municipal plants not 
greatly influenced by industrial wastes. 
The lower curve applies to the military 
plants excluding Monmouth. The 
shape and location of the two curves 
bring out clearly the differences in ef
ficiency manifest between military and 
municipal plants.

D iscussion
An examination of the data in the 

foregoing tables shows that activated 
sludge plants in military installations 
did not give higher percentages of re
movals of BOD or SS than did a num
ber of other types of plants. Because 
of the large quantities of air used per 
gallon of sewage treated, these acti
vated sludge plants, furthermore, were 
expensive to operate.

The operating and analytical data 
obtained indicate that as designed at 
present, activated sludge plants are not 
sufficiently flexible to handle the vari
ations in flow and load that are to be 
expected in military posts. With the 
best available control and operation, 
very light sludge indices (over 200) 
were obtained during the greater part 
of the time. To prevent the loss of 
sludge over effluent weirs, application 
of chlorine or coagulants to the re
turned sludge and constant vigilance 
on the part of the operating staff were 
required.

Many problems remain to be solved 
before smooth operation of military 
activated sludge plants can he assured, 
and much additional research is needed 
in the activated sludge process as ap
plied to military sewage.



CHAPTER VIII

SL U D G E  D IG E S T IO N  A N D  D IS P O S A L

For the study of sludge treatment 
methods, plants considered as gener
ally representative have been listed 
with pertinent data in Tables 113 to 
116. The tabulations represent plants 
with primary treatment alone, with 
low and high rate trickling filters and 
with activated sludge treatment. The 
only primary treatment plant listed 
is also the only plant listed with glass- 
covered sludge drying beds.

Of the trickling filter'plants, the di
gestion space provided averaged 4.2 
cf/cap based on the actual number 
served during the loading period. Sim
ilar figures were 11.2 cf/cap for the 
activated sludge plants and 1.5 cf/cap 
for the primary treatment plant. The

Engineering Manual (January, 1943) 
stipulated design figures of sludge di
gester volumes to be 3.0 cf/cap for 
trickling filter plants, 4.0 cf/cap for 
activated sludge and 2.0 cf/cap for 
primary treatment plants. These de
sign values were 50 percent larger with 
unheated tanks.

All but one of the plants listed used 
two-stage digestion, while the one pri
mary plant used single-stage digestion. 
Of the twenty tanks represented, 13 
were equipped with floating covers, 4 
had fixed covers (1 with stirring 
mechanism), and 3 were open. The 
proportion of digestion space heated 
varied from 50 to 100 percent, with 
secondary digesters generally left un

T A B L E  113.— Digester and Sludge Bed Data at Several Posts

Digesters Sludge Beds

Post
No. of 
Units

Total
Volume

(cf)

CF
per
Cap

Opera
tion

Type
Cover

Stir
ring

Mech
anism

Per-
cent
of

Total
Vol

Heated

Av
Temp
(°F)

No.
of

Beds

Total
Area
(sf)

SF
per
Cap

(1) (2) (3) (4) (5) (6) (7) (8) (9) (10) (11) (12)

C am pbell(b) 2 Pri
1 Sec

164,000 4.2 Stage 2 F lo N o 72 90 11 55,000 1.4

Crowder (b) 1 Pri
2 Sec

109,000 3.7 Stage 2 F lo  
1 F ix

N o 66 91 22 48,400 1.7

F itzsim ons G H (b) 1 Pri
1 Sec

30,000 4.5 Stage 2 F lo N o 100 98 4 10,000 1.5

B ragg(c) 1 Pri
1 Sec

199,000 4.1 Stage 2 F lo N o 100 98 10 65,000 1.3

K ilm er(c) 2 Pri
1 Sec

102,000 4.3 Stage 2 F ix  
1 F lo

Y es 68 90 40 60.000 2.5

B utner(d) 2 Pri
2 Sec

230,000 7.5 Stage 2 F lo
2 Open

N o 50 90 24 60,000 1.9

Shelby #2(d) 1 Pri
1 Sec

117,700 14.8 Stage 1 F ix  
1 Open

N o 54 90 12 38,400 4.8

D av isv ille (e) 2 Pri 19,600 1.5 Parallel 2 F lo N o 100 98 8 10,700(a) 0.8(a)

(a) G lass covered drying beds.
(b) L ow  rate filter.
(c) H igh  rate filter.
(d) A ctiva ted  sludge.
(e) Prim ary sed im entation .

1016
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Raw Sludge Added to Digesters

Post
GAL/MG

Sewage

Total Solids Volatile Solids

Percent
of

W et
Sludge

LB/CF
per
Mo

LB
per

1,000
Pop’ll

LB
per

MGD
Sewage

Percent
of

Total
Solids

LB/CF
per
Mo

LB
per

1,000
Pop'n

LB/MG
Sewage

(1) (13) (14) (15) (16) (17) (18) (19) (20) (21)

Campbell 3,885 7.17 0.833 115.6 2,310 69.2 0.576 80.1 1,590
Crowder 4,780 6.14 1.366 167.0 2,440 74.0 1.010 123.7 1,803
Fitzsim ons G It 5,640 2.86 0.602 89.8 1,346 80.3 0.484 72.1 1,080
Bragg 8,440 2.03 0.805 108.2 1,430 79.4 0.640 86.1 1,137
Kilmer 5,000 3.06 0.893 124.2 1,274 77.0 0.687 95.8 982
Butner 14,300 1.50 0.387 94.8 1,796 73.6 0.285 69.8 1,320
Shelby #2 14,100 1.47 0.252 122.3 1,730 — — — —

D avisville 7,640 1.56 1.660 80.6 974 74.7 1.240 60.1 727

N ote: C ols 14, 15, 16, 17, 19, 20 and 21 com puted from SS rem oval in se ttlin g  tanks.

heated. The temperature of the di
gesting sludge in heated tanks ranged 
from 90 to 98° F, averaging 93° F.

The quantities of raw sludge solids 
in Table 14 were estimated from the 
suspended solids decrease through set
tling tanks. It was found that this 
method afforded a more precise esti
mate of amounts of sludge solids than 
direct measurement from sludge 
samples. From the data it would ap
pear that the obtaining of fair sludge 
samples was difficult under conditions 
operative in military sewage plants. 
Poor correlation was often found to ex
ist between estimates of quantity of 
sludge solids by direct measurement 
and by drop in SS through primary and 
secondary settling tanks. The follow
ing table indicates the degree of inter
relation observed at various posts :

Generally the degree of correlation 
between the two methods of measure
ment at a particular post was found 
to be of a low order; for a group of 
plants, higher correlations between av
erages were found. The study would 
indicate that unless a very thorough 
sludge sampling procedure is followed, 
SS data should be used to estimate 
weight of sludge solids. The usual 
sampling of sludge resulted in an over
evaluation of solids. The error per
tained only to raw sludge quantities; 
digested sludge as drawn from diges
ters was more homogeneous and ordin
ary sampling procedures sufficed to 
provide reliable estimates of solids.

In the plants listed, the total solids 
in the raw sludge added to the digesters 
varied from 1.47 percent for Shelby 
No. 2 (activated sludge) to 7.17 per

Post
No

M onths
Analyzed

Av W t of Solids in Sludge 
Pumped to Digesters Daily 

(lb per 1,000 ppm) Coef of Correlation 
and Probable Error

From SS 
Decrease

From Sludge 
Samples

Camp P ickett 14 105 113 — 0 .0 6 ± 0 .1 9
Fort Leonard W ood 20 170 188 0 .1 8 ± 0 .1 5
10 T rickling F ilter P lants _* 115 151 0 .8 8 ± 0 .0 7

* A verage of 16 m onths’ operation a t each plant. D ata  are based on overall averages for 
entire period a t each post.
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TABLE 115.— G as P roduction; S ludge D raw n From  D ig esters

Post

Gas Produced Sludge Drawn from Digesters

CF
per
Cap

Daily

CF/LB
Vol

Added

CF/LB
Vol
De

stroyed

GAL / 
MG 

Sewage
pH

T otal Solids Volatile Solids

Per
cent
of

W et
Sludge

LB/
MG

Sewage

LB
per

1,000
Pop’n

Per
cent
of

Total
Solids

LB/
MG

Sewage

LB
per

1,000
Pop'n

(1) (22) (23) (24) (25) (26) (27) (28) (29) (30) (31) (32)

C am pbell 0.97 12.9 17.3 1,893 7 .0 5.74 881 41.2 46.7 411 19.3
Crowder 1.79 14.5 21.4 2,096 7.3 6.29 1,098 75.0 53.4 584 39.8
F itzsim on s G H 1.32 18.3 31.2 1,992 7.2 4.38 730 48.8 61.8 446 29.8
Bragg 0.93 10.8 15.5 1,256 7.4 5.60 590 44.6 58.8 347 26.2
K ilm er 1.06 11.1 14.5 1,218 7.7 4.20 428 41.7 60.0 256 25.0
B utner 1.40 19.4 29.8 2,180 7.4 4.80 867 45.7 53.4 463 24.4
Shelby #2 — — — 2,660 6.8 3.30 720 51.0 50.7 366 25.9
D av isv ille 0.62 10.4 13.9 787 7.0 5.91 388 32.1 47.6 185 15.3

N o te: C ols 23 and 24 com puted  from  SS rem oval in  se ttlin g  tanks.

TABLE 116.— S lu dge— A s Applied to D rying B eds

Post

Sludge Applied to Drying Beds Sludge Removed

Months
per

Year
Sludge

Applied

Av
D epth

(in.)

CF
per

1,000
Pop’n
Yearly

Total
D epth

(in.
per

year)

Total Solids Volatile
Solids

CF/SF 
Y early

CF
per

1,000
Pop’n
Yearly

Total
Depth

(in.
per

year)
Percent

of
W et

LB/Y R/
SF

Percent
of

T otal

(1) (33) (34) (35) (36) (37) (38) (39) (40) (41) (42

Cam pbell 10 9 4,205 37.6 5.7 11.2 46.7 0.61 868 7.8
Crowder 12 6 6,780 51.0 6.3 16.5 53.4 0.98 1,620 12.2
F itzsim on s G H 10 9 6,500 43.0 4.4 11.8 61.8 0.91 1,380 10.9
Bragg 10 14 4,650 41.6 5.6 14.5 58.8 0.72 969 8.7
K ilm er 12 7 5,800 27.8 4.2 6.1 60.0 0.34 860 4.1
B utner 10 7 5,626 34.7 4.8 8.7 53.4 0.76 1,492 9.2
Shelby #2 5 — 9,230 23.0 3.3 3.9 50.7 0.12 548 1.4
D av isv ille 12 6 3,180 47.0 8.7 21.2(a) — — — —

(a) C overed sludge beds.

cent for Campbell (low rate filter). 
Ordinarily the wettest sludge would 
be expected in activated sludge plants, 
while that with the greatest percentage 
of solids would be expected in primary 
treatment. Probably the low figure 
of 1.56 percent total solids for Davis- 
ville resulted from sludge pumping be
yond the minimum requirements as 
shown by column (13). The raw vola
tile solids in the plants listed fall in 
the upper part of the range which is

expected in separate municipal sys
tems. As shown in the tabulation, this 
figure varied from 69.2 percent to 80.3 
percent, averaging 75.5 percent.

Of the eight plants listed, sludge gas 
production figures were available at 
seven. Mean production of the six 
complete treatment plants was 1.25 cf/ 
cap daily, while at the single primary 
treatment plant the corresponding fig
ure was 0.62. The seven plants gave 
gas yields of 13.9 cf/lb of volatile
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P L A T E  24.— F ir st-s ta g e  d ig ester  at C am p J o sep h  T  R o b in son , Ark.
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P L A T E  26.— S lu d g e  b ed s at C am p W h ee ler , Ga.
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matter added and 20.5 ef/lb of vola
tile matter destroyed. Both of these 
figures are slightly higher than is 
usual in municipal experience. The 
average destruction of solids added to 
the digesters of the listed plants was
69.0 percent of the volatile solids and
57.1 percent of the total solids.

The digested sludge of the eight 
plants averaged 7.2 in pH, 5.0 percent 
total solids and 54.1 percent volatile 
solids. The latter figure, while higher 
than general municipal practice, re
flects the higher volatile solids content 
of military sewage.

All digested sludge was dried on 
conventional drying beds. The sludge 
beds were open with the exception of 
Davisville, the primary treatment 
plant, which had glass-covered beds. 
As indicated in the table, loadings were 
generally light,'amounting to only 10.4 
lb of dry solids per sf annually in the 
complete treatment plants and 21.2 lb 
of dry solids per sf annually in the 
primary treatment plant with covered 
sludge beds. Accepted figures for mu
nicipal practice are 25 to 40 lb per 
sf annually.

Of the open drying beds, the average 
sludge production in inches per year 
was 40.0. The corresponding depth for 
dried sludge was 7.6 inches per year. 
The digested sludge data on Table 115 
were based on operating data, repre
senting twelve-month periods in order 
to avoid distortion due to seasonal in
fluences.

The general selection of sludge dry
ing beds over other means of sludge 
dewatering gave the plants an inexpen
sive method of sludge dewatering which 
in general was satisfactory. The suc
cess of the method was predicated up
on adequate underdrainage, which was 
lacking in a few instances. The install
ation of mechanical dewatering devices 
would not have been justified because 
of the general availability of land at 
the plant sites and the availability of 
labor in camps. The lack of skilled

operation which vacuum filters would 
have required and the saving of criti
cal materials in construction and chem
icals in operation also were factors. 
Many of the plants serving military 
installations were too small for overall 
economical justification of mechanical 
dewatering devices. The location of 
many camps in portions of the country 
where favorable weather occurred was 
a contributing factor to the successful 
operation of sludge drying beds.

At a number of plants, liquid di
gested sludge was distributed over land 
areas in the cantonment. This method 
of disposal was tried initially on an 
experimental basis at several posts in 
the Third Service Command, the Great 
Lakes Naval Training Station and a 
number of other posts. The results 
appeared to justify the method from 
an economic standpoint under condi
tions existing at some military estab
lishments.

The medical aspects of the problem 
were in general recognized by official 
personnel in Service Command and 
Navy Area headquarters. The danger 
inherent in an unrestricted program 
of wet sludge disposal without regard 
to such factors as (a) latitude, (b) 
soil condition (perviousness), (c) type 
of sludge (moisture and degree of di
gestion) and (d) wind direction and 
velocity were emphasized by wartime 
investigations demonstrating existence 
of parasitic organisms, such as Ascaris 
lumbricoides and Tricuris trichiura in 
military sewage sludge. Wet sludge 
disposal at military hospitals might 
under unfavorable conditions be an ex
ceedingly undesirable practice.

Aside from questions of medical sig
nificance, it is pertinent to point out 
that economic conditions favoring wet 
sludge disposal at certain military 
posts may not be operative in a post 
war civilian economy. Plants at mili
tary posts were often located near ex
tensive tracts of comparatively open 
uninhabited land. Moreover, the effect
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upon the perviousness of the soil of 
continual dosing over a period of sev
eral years has not been established. 
The cost of obtaining and maintaining 
the requisite number of tank trucks at 
a cantonment for motorized divisions

would undoubtedly be different from 
that in a municipality. The availabil
ity and cost of labor in the post-war era 
may be expected in general to differ 
markedly from availability and cost of 
labor during World War II.



CHAPTER IX

OXIDATION PONDS

A number of plants at military in
stallations utilized oxidation ponds to 
attain secondary treatment. These 
units consisted of large open basins,
2 to 3 feet deep, into which settled raw 
sewage was introduced. The ponds 
were usually connected in series. De
sign capacities were in the range of 
400 to 700 persons per acre (25 to 50 
lb BOD/af). Detention periods were 
of the order of 20 to 30 days.

While the idea of oxidation ponds is 
not new, recent developments have 
tended to make them more advanta
geous in military installations. The 
introduction of the modern bulldozer 
and other heavy earth-handling equip
ment into construction practice has 
made the excavation and the cleaning 
of large basins more practicable. The 
required area was available at many 
posts. In arid regions the recharging 
of ground water that may be concomi
tant with sewage treatment in oxida
tion ponds also constitutes a considera
tion in connection with their use.

Data were examined from three large 
posts where oxidation ponds were in
stalled. Two of these were in Texas 
at army installations—Camp Hood and 
Camp Barkeley. The third was at a 
US Naval Station at Shoemaker, Cali
fornia. Exceptionally complete data 
were available from this plant. The 
following description is a condensation 
of a report by Caldwell and Ackerman 
of the Twelfth Naval District.

Oxidation Ponds at USNS, 
Shoemaker, Calif.

The Shoemaker facilities consisted 
of primary settling with separate

sludge digestion, oxidation ponds and 
a final chlorine contact pond. The 
plant effluent was discharged into 
Alamo Creek, a tributary of Alameda 
Creek which was used for recreational 
purposes. The four oxidation ponds 
were connected in series and had di
mensions as indicated in the following 
schedule:

Pond Area
W. s. Elev. (ft) Bottom

Elev
(ft)No. (acres)

Maximum Normal

1 4 327.5 327.0 324.5
2 26 327.5 327.0 324.0
3 25 327.5 327.0 324.5
4 46 326.3 325.8 322.5

The overall volume of the oxidation 
ponds including the chlorine contact 
pond was about 300 acre-feet.

Sampling
Samples of raw sewage and primary 
effluent were composited hourly using 
equal volumes. The plant effluent com
posite was made up from four equal 
spot samples collected at six-hour in
tervals. Diurnal variation of organic 
matter in the plant effluent was not 
marked because of the equalizing action 
of the ponds. Therefore samples of 
effluent taken at six-hour intervals 
were adequate. All composites were 
refrigerated during the collection pe
riod and analyzed immediately there
after. Samples for bacteriological 
analysis were collected each day. 
Plantings were made from one to 
twenty-four hours after collection.

Operating results for a twelve-month 
period, starting in August, 1944, are
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presented in the following table:

Pop’n
Sewage

Flow
(mgd)

Algae 
Final 
Eff* 
(ml / 

liter)

Coliform 
Bacteria** 

(organisms/ 
100 ml)

Dis
solved
Oxy
gen

Final
Eff

(ppm)Pri
Eff

Final
Eff

A v 40,000 3.71 0.13 107 10s 8
M ax 51,000 4.13 0.55 108 103 15
M in 29,000 2.92 Tr 106 101 0

* B ased  upon 9 m onths of operation. 
** M edian va lue of coliform  index.

SS (ppm) BOD (ppm)

Raw Pri Final Raw Pri Final
Sewage Eff Eff Sewage Eff Eff

A v 254 95 54 236 143 34
M ax 310 115 140 260 180 50
M in 205 70 25 180 100 20

The average per capita flow of sew
age was 93 gal daily; the per capita 
production of BOD was 0.18 lb daily, 
of SS 0.19 lb daily. Removal in pri
mary settling was 63 percent for SS 
and 39 percent for BOD. Efficiency 
of the oxidation ponds was 43 percent 
for SS and 76 percent for BOD. Re
moval in the oxidation ponds was 16 
percent for SS and 46 percent for 
BOD. Overall removal was 79 percent 
for SS and 85 percent for BOD.

SS in oxidation ponds increased dur
ing the summer by the growth of algae 
that imparted an emerald green color 
to the sewage. There was evidence that 
most algal cells started to decompose 
during the 5-day incubation period and 
therefore increased BOD values. When 
algal metabolism was low, the BOD in 
plant effluent fell as low as 10 ppm. 
The monthly average for February to 
May, 1945 was less than 20 ppm.

Algae
The total volume of algae in the efflu

ent was determined in an Imhoff cone 
by killing the algae with formaldehyde 
and allowing them to settle overnight. 
The tests were not started until No

vember, 1944 and the values in the 
above table were based upon a 9-month 
period. Samples collected from the re
ceiving stream indicated a marked 
diminution in the algae concentration 
in the downstream samples. At no 
time, however, were odors of decaying 
algae noted. Odors at the plant were 
not particularly objectionable, but were 
noticeable during certain periods. 
Microscopic examinations were made 
several times to determine the species 
of algae present. Euglena was norm
ally predominant; Pandorina was also 
found; on one occasion Chlorella was 
present. Relatively few crustaceans 
were found.

Bacterial Efficiency
The ponds had a remarkable ability 

to remove coliform organisms. Indi
vidual samples very often would show 
no positive presumptive tubes in 10-ml 
portions. No chlorine was used during 
the period reported. Bacterial density 
was not invariably low; occasionally 
samples would contain as high as
10,000 coliform organisms per 100 ml. 
The average drop in bacterial concen
tration through the ponds, however, 
was about 107 organisms per milliliter. 
I t was not precisely established what 
element in the environment was re
sponsible for the notable bacterial effi
ciency; pH values, though often high, 
were not responsible. The most plaus
ible explanation is that other sapro
phytic organisms in the heterogeneous, 
teeming flora and fauna of the ponds 
were better adapted to survival in the 
competition for food.

Effect of Chlorine
During August 1944, experiments 

were carried out to determine the effect 
of chlorine upon algae and bacteria in 
the plant effluent. Chlorine dosages 
varied from 12 to 15 ppm. Algae were 
partially killed and settled out in the 
chlorine contact pond, which had an 
area of 3.2 acres. The algae reduction 
was shown by a corresponding reduc
tion in turbidity in the effluent. A dis
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tinct fishy odor developed at the point 
of chlorination.

Coliform bacteria increased some
what despite chlorination. When 
chlorination was stopped, coliform bac
teria density decreased. Chlorine defi
nitely altered the aquatic environment 
in favor of the coliform organisms.

Alkalinity
Algal activity during daylight hours 

often was such that carbon dioxide 
and the bicarbonate ion concentration 
were reduced to the extent that phenol- 
phthalein alkalinity became as high as 
100 ppm (as CaCOj). Total alkalinity 
remained nearly constant at 400 ppm 
(as CaC03). During September, 1944 
an average of 200 ppm of carbonate 
alkalinity was transformed. This rep
resented'a CO, consumption of at least
3,000 lb/day. This figure does not in
clude free CO, produced by bacterial 
action. Periods of high phenolphtha- 
lein alkalinity corresponded with pe
riods of high pH and turbidity in the 
plant effluent,

Dissolved Oxygen
Algal action induced a high degree 

of supersaturation of dissolved oxygen 
in the oxidation ponds. No special 
apparatus was used in collection of 
samples; hence results for supersatur
ated samples may be slightly low. Re
agents were added immediately after 
sample collection. The average DO in 
the effluent varied from a trace to 15 
ppm. Results for individual days var
ied from 0 to 25 ppm. Low values 
occurred in winter when photosyn
thetic activity was low.

Nitrogen Tests
Ammonia nitrogen averaged 20 to 

30 ppm in the primary effluent, while 
nitrites and nitrates were not present 
in appreciable concentrations at this 
point. Reduction of ammonia in the 
oxidation ponds was greatest during 
the summer; less than 1 ppm of NH.r N 
was found in the plant effluent during 
September, 1944. Accompanying the

decrease in ammonia was an increase 
in nitrate and nitrite. The increase in 
nitrite and nitrate was less than the 
reduction in ammonia; the difference 
went to synthesis of algae and other 
microorganisms. The highest monthly 
average concentration of nitrite in the 
plant effluent observed was 0.4 ppm. 
Nitrate concentration also was rela
tively low. This, however, does not 
imply that nitrifying bacteria were not 
active.

Nitrates constitute one of the most 
available forms of nitrogen for plank
ton that absorb their nourishment 
through the cell membrane. Such or
ganisms are stimulated in their growth 
by even small concentrations of nitrate 
when, as was the case at the Shoe
maker ponds, the source from which 
nitrate is produced is abundant, name
ly, ammonia.
Diurnal Variation

On August 23 and 24, 1944, a 24-hr 
test was made of the Shoemaker ponds. 
DO, pH and alkalinity were determ
ined approximately every two hours, at 
seven sampling stations. At each sta
tion composite samples were collected 
in proportion to flow. These samples 
were analyzed for BOD, SS, NHS-N, 
N 02-N, NOs-N, etc. Results are indi
cated in the table at top of page 1026.

It is of interest to note that the 
quality of the effluent of Pond No. 2, as 
measured by the BOD and SS tests, 
was better than that of any other pond 
except the chlorine contact pond. The 
increase in BOD and SS in the last 
ponds was due to a proliferous growth 
of algae. The algal growth was ac
companied by a reduction in ammonia 
with first an increase and then a de
crease in nitrification. After chlorina
tion, bacterial aftergrowths produced 
carbon dioxide at a rate greater than 
algae could use it, and pH decreased. 
The reduction in algae, after chlorina
tion, was evidenced by the sharp re
duction in turbidity, SS and BOD.

The sewage flow during the 24-hr 
period was 3.75 mg. Dissolved oxygen
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Sample NHa-N
(ppm) fo

NCh-N
(ppm) pH Turbidity

(ppm)
ss

(ppm)
BOD
(ppm)

R aw  Sew age 17 0.08 0 7.4 200 145 170
S ettled  Sew age 15 0.08 0 7.5 140 80 95
E ff.-P ond  1 15 0.08 0 7.8 130 54 60
E ff.-P ond  2 12 0.12 0.04 8.4 80 64 40
E ff.-P ond  3 6 0.16 0.28 9.0 180 115 45
E ff.-P ond 4 1 0.12 0.04 9.1 170 110 45
Eff.-C hlorine C on tact  

Pond* 4 0.12 0.02 8.1 50 35 25

* Chlorine added.

values Varied considerably during the 
day. The ranges observed at various 
sampling points are indicated in the 
following schedule:

Sampling Point
Dissolved Oxygen (ppm)

Maximum Minimum

R aw  Sew age 4.0 1.0
Pond N o . 2 15.0 2.0
P ond  N o . 3 25.0 7.5
P ond  N o . 4 14.0 4.0

Maintenance of Ponds
No mosquito nuisance from the ponds 

developed; at the time of visitation, 
no larvae were found in the littoral 
regions. Water plant growth was not 
marked. The surface of the down
stream ponds was free from scum and 
no evidences of sludge deposits were 
detected. At the time of inspection, 
the ponds had been operating continu
ously since January, 1943 when they 
were installed. No sludge had been 
removed from the ponds.
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Editorials

T H E  NRC REPO RT

Each year since 1941 a special effort 
has been made to assemble outstanding 
editorial material for the September 
Convention Number of T h i s  J o u r n a l . 
Consequently, there was considerable 
satisfaction in the completion of ar
rangements to publish in this issue the 
valuable contribution that has come 
from the Subcommittee on Sewage 
Treatment of the Committee on Sani
tary Engineering, National Research 
Council.

But there is another reason that the 
NRC report is appropriately featured 
at this time. The 1946 Convention 
Number commemorates the first an
nual meeting of the Federation since 
the conclusion of World War I I ;  it is 
only fitting that it also perpetuates the 
work of the hundreds of sanitary engi
neers, chemists and others who de
signed, built, operated and adminis
tered the sewage works that served the 
Army and Navy so well during the 
great conflict. The record of these 
men honors our profession.

Particular credit for the report is 
owing to the Repairs and Utilities Divi
sion of the Office of the Chief of Engi
neers and to the Sanitary Corps of the 
Army. These agencies were mainly 
responsible for the overall supervision 
given military sewage works, for the 
training of operators and for the com
plete records that were compiled. 
Without these things the accomplish
ment of the subcommittee would have 
been impossible.

This report represents probably the 
most comprehensive analysis of mass 
sewage works operation data that has 
ever been attempted. It is a statistical 
masterpiece and will be referred to 
many times as an example of proper

and thorough statistical analysis. 
Moreover, it is an exceedingly practical 
piece of work in that it holds to the 
fundamental purposes of the various 
sewage treatment units and concen
trates the huge volume of original data 
into values of loading and performance 
that are easy to understand and apply.

Many readers will note that the 
regular J o u r n a l  style sheet was cast 
aside in the publication of this report. 
The writer feels that the abbreviations 
are somewhat extreme although he fa
vors in general the “ periodless” abbre
viations presently recommended by the 
American Standards Association. It is 
also believed that some of the tables 
might have been consolidated to ad
vantage. Editorial concessions were 
made, however, because of the apparent 
desire of the subcommittee to present 
the report in this form and because a 
limited time was available for prepar
ing the manuscript for the printer.

The report is of such general techni
cal excellence that it is not easy to se
lect “ highlights” for specific atten
tion ; it is more than likely that the 
interest of each reader will center upon 
different parts. The writer is particu
larly impressed with the chapter on 
trickling filters, which contains infor
mation of great and timely value on 
loadings and performance of conven
tional and high rate trickling filters, 
and on the benefits and limitations of 
recirculation. He is also intrigued by 
the mathematical analysis of the influ
ence on sedimentation efficiency of vari
ation in weir overflow rates at settling 
tanks. A third item of personal in
terest is the care used throughout the 
study in selecting proper reporting
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units; this is especially noteworthy in 
the discussions on contact aeration and 
activated sludge where the parameters 
“ weight (load) per contact area- 
tim e” and “ weight (load) per weight 
(mixed liquor solids)-time,”  respec
tively, are employed to interesting ad
vantage. There are many other points 
that might have been given similar 
mention as “ highlights.”

The subcommittee has been painfully 
careful, and properly so, to confine all 
conclusions to the conditions of sewage 
flow and character encountered in mili
tary sewage works. This does not 
mean, however, that the report has no 
value beyond its usefulness in the 
event that extraordinary numbers of

military installations ever again be
come necessary. Practically every 
finding in the study is adaptable to 
municipal sewage works practice, if 
proper adjustment is made, of course, 
for the differences in sewage charac
teristics and flow rates and for the 
divers industrial wastes that are en
dowing each municipal sewage works 
with specific individual traits. The 
work should be a significant technical 
reference for the sewage works field 
in the impending years of intense 
activity.

The Federation takes pride in its 
selection as the vehicle to carry the 
NRC report to those who will be able 
to use it to best advantage.

20TH ANNUAL M EETIN G  IN 1947 TO BE CONCURRENT 
W IT H  AW W A CO N FEREN CE AT SAN FRANCISCO

As this issue goes to press, the Board 
of Control of the Federation has over
whelmingly approved, by letter ballot, 
a recommendation by the Meeting 
Place and Executive Committees that 
the Twentieth Annual Meeting of the 
Federation be held at San Francisco 
during the week of July 21, 1947, the 
meeting to be held separately but con
currently with the 1947 Conference of 
the American Water Works Associ: 
ation. This two-fold attraction will 
undoubtedly draw the largest gather
ing of sanitary engineers and others 
engaged in the water and/or sewage 
works fields that has ever been 
assembled.

Neither of the international organi
zations consider the 1947 arrangement 
to be a precedent for their future an
nual meetings. With AWWA sched
uled to meet in California in 1947 and 
the Federation largely committed to 
hold its first postwar meeting there, it 
was deemed impracticable to hold an

entirely separate Federation meeting 
on the Pacific Coast only three months 
after the AWWA Conference at San 
Francisco. The decision was clinched 
by the fact that ample hotel accommo
dations and meeting facilities have 
been guaranteed for the concurrent 
meetings in July. Conditions are such 
at this time that a year is all too short 
to reserve hotel and other accommo
dations for a national technical 
conference.

Except for the joint manufacturers 
exhibit, the meetings are planned to 
be conducted separately, in so far as 
possible. The Municipal Auditorium 
at San Francisco is arranged ad
mirably for the purpose. Separate 
and non-conflicting social and enter
tainment events are also be to ar
ranged.

Further details will be forthcoming 
later.

W. H. W.



Federation Affairs

A P R E V I E W  O F  T H E  N I N E T E E N T H  A N N U A L
M E E T IN G

Royal Yorlc Hotel, Toronto, Can., October 7-9, 1946 

★
i

I n  C o n j u n c t i o n  W i t h  
T h i r t e e n t h  A n n u a l  C o n v e n t i o n  

T h e  C a n a d i a n  I n s t i t u t e  o n  S e w a g e  a n d  S a n it a t io n

★

Canada, in her autumnal splendor, is ready to welcome those who will attend 
the Nineteenth Annual Meeting of the Federation at Toronto’s beautiful Royal 
York Hotel on October 7-9, 1946. The Canadian Institute on Sewage and Sani
tation is renowned for the excellence of its own meetings; on this occasion, the 
Institute performs its functions as host to the Federation through Dr. A. E. 
Berry and his several convention arrangement committees, all of which have 
worked long and hard to make the first international meeting in Canada a 
memorable one. Technically and socially, the Nineteenth Annual Meeting is 
certain to be a huge success!

T H E  P R O G R A M

SUNDAY EVENING— OCTOBER 6

7:00 Pre-Registration—Convention Floor Foyer
Inspection of Exhibits—Banquet Hall and Hall A

8:30 Choral Concert—Concert Hall
The Leslie-Bell Singers

MONDAY MORNING— OCTOBER 7

9:00 Registration—Convention Floor Foyer
Inspection of Exhibits—Banquet Hall and Hall A

10:30 Nineteenth Annual Meeting Called to Order by President J. K. Hos
kins—Tudor Room 

General Business Session
11:00 Sewage Treatment at Toronto

William Storrie, Partner, Gore and Storrie, Consulting Engineers, 
Toronto, Canada 

Discussion
Almon L. Fales, Metcalf and Eddy, Boston, Mass.

12:00 The Clubroom—Roof Garden
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12:30

2:30

3:15

4:00

4:45

5:30

5:30
7:15

10:00

FEDERATION LUNCHEON—Concert Hall
Greetings to the Federation

Hon. R. H. Saunders, Mayor, Toronto, Canada
Environmental Sanitation in the Field of Public Health

Dr. J. T. Phair, Deputy Minister of Health of Ontario, Toronto, 
Canada

MONDAY AFTERNOON— OCTOBER 7 

Ball Room

Presiding: Francis S. Friel, Vice-President, FSWA
Characteristics and Methods for Treatment of De-inking Wastes

Dr. W. W. Hodge, Senior Fellow, Mellon Institute of Industrial 
Research, Pittsburgh, Pa., and

Philip F. Morgan, Research Engineer, National Council for 
Stream Improvement (of the Pulp, Paper and Paperboard 
Industry), Kalamazoo, Mich.

Discussion
William S. Wise, Chief Engineer, Connecticut State Water Com

mission, Hartford, Conn.
Industrial Alcohol Production from Sulfite Waste Liquor

H. G. Joseph, Alcohol Plant Superintendent, Ontario Paper Co., 
Thorold, Ontario, Canada

Discussion
Prof. R. G. Tyler, University of Washington, Seattle, Wash.

Standards of Stream Sanitation
H. W. Streeter, Sanitary Engineer Director, W ater and Sanita

tion Investigations, U. S. Public Health Service, Cincinnati, 
Ohio

Discussion
Milton P. Adams, Executive Secretary-Engineer, Michigan Stream 

Control Commission, Lansing, Mich.
The Hypochlorite Process for Treatment of Wool Scouring Wastes
and the Recovery of Wool Grease

Harry A. Faber, Research Chemist, The Chlorine Institute, Inc.,
New York City.

Discussion
Joseph L. Campanella, Chemical Engineer, Fields Point Mfg. Co., 

Providence, R. I.
Adjourn Session

MONDAY EVENING— OCTOBER 7

The Clubroom—Roof Garden
DINNER AND ENTERTAINMENT—Concert Hall
Address

Hon. Russell T. Kelley, Minister of Health, Province of Ontario
The Clubroom—Roof Garden
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9:00

11:45
12:30

2:30

3:30

TUESDAY MORNING— OCTOBER 8 

Concert Hall

Presiding: H. S. Nicklin, President, CISS
Scum Control in Digesters

H. S. Rankin, The Dorr Company, Inc., Engineers, New York 
City

Discussion
ITarry E. Schlenz, Vice-President, The Pacific Flush Tank Com

pany, Chicago, III.
Incineration Problems

George J. Schroepfer, Professor of Sanitary Engineering, Uni
versity of Minnesota, Minneapolis, Minn.

Discussion
Mark B. Owen, Partner, Moore and Owen, Consulting Engineers, 

Indianapolis, Ind.
Sludge Heating

Henry J. Miles, Associate Professor of Civil Engineering, Univer
sity of Southern California, Los Angeles, Calif.

Discussion
Willem Rudolfs, Chief, Dept, of Water and Sewage Research, New 

Jersey Agricultural Experiment Station, New Brunswick, 
N. J.

Present Status of Sludge Gas Utilization
Richard H. Gould, Director, Division of Engineering and Archi

tecture, Department of Public Works, New York City
The Clubroom—Roof Garden
Canadian Institute Business Luncheon—Crystal Ball Room, 17th 

Floor, King Edward Hotel

TUESDAY AFTERNOON— OCTOBER 8 

Ball Room

Presiding: J. K. Hoskins, President, FSWA
Financing Sewage Systems and Sewage Treatment

Francis S. Friel, Partner, Albright and Friel, Inc., Consulting 
Engineers, Philadelphia, P a .; Vice-President, FSWA

Discussion
F. M. Veatch, Partner, Black and Veatch, Consulting Engineers, 

Kansas City, Mo.
British Developments in Sewage Purification Practice

John Hurley, Manager and Chemist, Sewage Disposal Dept., Tet- 
tenhall, Wolverhampton, England; President, Institute of 
Sewage Purification

Discussion
F. W. Mohlman, Director of Laboratories, The Sanitary District 

of Chicago, Chicago, 111.; Advisory Editor, FSWA
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4:30 The Army Sewage Treatment Program
Harold A. Thomas, Jr., Faculty Instructor in Sanitary Engineer

ing, Graduate School of Engineering, Harvard University, 
Cambridge, Mass.

Discussion
Rolf Eliassen, Professor of Sanitary Engineering, New York Uni

versity, New York City 
5:30 Adjourn Session

TU ESD AY EVENING— OCTOBER 8 

5:30 The Clubroom—Roof Garden
7:15 ANNUAL DINNER AND DANCE—Concert Hall and Ball Room
9:00 The Clubroom—Roof Garden

W ED N ESD AY MORNING— OCTOBER 9 

Concert Hall

Presiding: H. S. Nicklin, President, CISS 
9 :00 The Operators Forum

Activated Sludge Problems 
Trickling Filter Problems 
Sludge Disposal Problems
Sewer Regulations i
Sewage Chlorination Problems 
Combined Sewer Overflows 

12:00 Award of Convention Attendance Cup
Adjournment of Nineteenth Annual Meeting

T E C H N I C A L  P R O G R A M  C O M M E N T S

It will be evident from the foregoing that Program Chairman F. W. Gilcreas 
and his committee have done another commendable job in assembling a technical 
program of diversified and timely papers, to be presented and discussed by ac
knowledged leaders in their fields. New developments, design and operation 
practices, industrial waste problems, British trends, financing and other topics 
are represented—all of them of great current interest and value.

The Operator’s Forum on Wednesday morning, a tried and proved feature 
of Federation programs, will be conducted under the leadership of the Canadian 
Institute. The discussion subjects that have been selected are certain to pro
voke active and productive forums.

There is something worthwhile here for everyone in the field!

E X H I B I T S

The exhibit of sewage works equipment and supplies will be particularly com
plete and interesting because exhibitors will include member companies of the 
Canadian Sanitation Equipment Manufacturers Assn. in addition to the Water 
and Sewage Works Manufacturers Assn. The Royal York offers extraordinary 
facilities for a show of this kind and those attending the meeting will be im
pressed with the exhibit of postwar products that has been developed under the 
supervision of Secretary-Manager Arthur T. Clark of the WSWMA.
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S O C IA L  F U N C T I O N S

A departure from former meetings is the replacement of the stag smoker 
with the Canadian Institute Dinner and Entertainment on Monday evening, 
October 7. The Hon. Russell T. Kelley, Provincial Minister of Health of On
tario, known throughout Canada as an entertaining speaker, will give a short 
address at the dinner. Ladies are invited to this function as well as the Federa
tion Dinner-Dance on Tuesday evening, October 8.

Another feature new to annual meetings of the Federation will be the “ Club 
Room” sessions which will precede and follow both of the evening events. Re
freshments will be served and fellowship will be the prevailing theme. The 
Club Rooms are made possible through the joint courtesy of the Canadian Sani
tation Equipment Manufacturers Assn. and the Water and Sewage Works Manu
facturers Assn.

L A D I E S  E N T E R T A I N M E N T

The Canadian Institute is reputed for the caliber of entertainment provided 
at its conventions for the ladies. The Ladies Entertainment Committee, headed 
by Mrs. J. B. Kinney, has planned a series of events that will more than up
hold this tradition.

Beginning with the choral concert on Sunday eA'ening, the ladies’ program 
gets into full swing on Monday. Following the Federation Luncheon, they will 
be taken by bus to the Ontario Provincial Parliament Buildings for a tour and 
reception by The Hon. Albert Matthews, Lieutenant Governor of Ontario, and 
Mrs. Matthews. The Monday program closes with the Dinner-Entertainment 
and Club Room in the evening.

On Tuesday, the ladies will enjoy a luncheon at the “ Old Mill,” transporta
tion by bus being furnished. An afternoon bridge party and the evening 
Dinner-Dance and Club Room will complete another delightful day. Wednes
day is left open for shopping and sight-seeing.

Ladies headquarters at the Royal York will be in the Library, on the Main 
Mezzanine, one of the most interesting rooms in the hotel.

I N S P E C T I O N  T R I P S

Provision will be made as desired for those wishing to visit the 10-m.g.d. acti
vated sludge plant at North Toronto; the new primary sewage treatment plant, 
now under construction, which will serve Toronto proper; the municipal incin
eration plants and the municipal water works. No arrangements are being made 
to handle large groups on these trips.

In addition to the above, Toronto boasts many historical and other points of 
interest. A tour of the city will be well worth the time required.

S U G G E S T I O N S  O N  E N T E R I N G  C A N A D A

No passport is required of those entering or leaving Canada, but proof of 
identification may be requested upon re-entry to the United States. An old pass
port, birth certificate, driver’s license, Selective Service registration card or 
similar document will be acceptable for such proof. Naturalized citizens should 
carry their naturalization certificates.

Gasoline and oil sufficient for 300 miles of driving, 50 cigars, 200 cigarettes 
and two pounds of tobacco may be taken into Canada duty free. Automobile 
travelers should carry their state license cards, Gasoline is more expensive in
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Canada but purchasers should note that the Imperial Gallon used in Canada is
20 per cent larger than the U. S. gallon.

Visitors from the United States who have been in Canada 48 hours or longer 
may take back duty free articles aggregating up to $100 in value, if such articles 
are for personal or household use, souvenirs or curios not for sale. The exemp
tions for members of the same family may be grouped.

Until recently, there was a 10 per cent premium on U. S. money when con
verted to Canadian funds. The Canadian and U. S. dollars are now adjusted 
to equal value, however, and the two currencies are equally acceptable through
out Canada.

H O T E L  A C C O M M O D A T I O N S

A bustling industrial city and an attractive haven for vacationists, Toronto 
has a number of fine hotels. Occupancy has been very heavy in recent months, 
however, and Dr. B erry’s Local Arrangements Committee has expended consid
erable effort in securing allocations of rooms for the use of those attending the 
Federation meeting.

Accommodations have been reserved for about 600 persons in six Toronto 
hotels, and these are being made available first to those attending from the 
United States. Members of the Canadian Institute are generously fulfilling 
their obligations as hosts by securing accommodations wherever and however 
they may be found. The total registration for this meeting is expected to reach 
a record-breaking 800 or more.

Those who do not already have a letter or card from Dr. Berry advising that 
accommodations have been assigned should write or wire immediately for reser
vations. Bequests should he addressed to Dr. A. E. Berry, Sanitary Engineer
ing Division, Ontario Department of Health, Toronto 8, Ontario, Canada. 
Room-sharing arrangements utilizing double rooms to the greatest possible ex
tent will be necessary to accommodate the heavy anticipated registration.

TORONTO BECKONS IN OCTOBER!



SEWAGE WORKS EQUIPMENT  
AND SUPPLIES*

A n a c o n d A
from mine to consumer

TH E AMERICAN BRASS COMPANY

General Offices: W ATERBU RY 88, CONNECTICUT

C O P P E R -S I L I C O N  A L L O Y S  F O R  S E W A G E  T R E A T M E N T  E Q U I P M E N T

This strong, highly corrosion-resist
ant group of alloys, typified by The 
American Brass Company’s Everdur 
Metal, has given superior service in the 
sewage equipment field for nearly two 
decades.

Everdur, made in several types, con
sists essentially of copper and silicon, 
with controlled additions of other ele
ments. The tensile strength, in 
wrought form, ranges from a minimum 
of 50,000 p.s.i. for annealed tank plates 
to approximately 100,000 p.s.i. in cold 
worked forms. Everdur alloys all pos
sess high fatigue resistance and resist
ance to corrosion equal to or better 
than pure copper. There are Everdur 
alloys adjusted for hot working and

for cold work, and, with two excep
tions, these metals are readily welded 
by either the oxy-aeetylene torch or the 
carbon arc.'

Applications
The principal applications of Ever

dur for sewage treatment are as fol
lows : coarse and fine screens, swing 
gates, built-up sluice gates, coarse bar 
rack aprons, effluent weirs and scum 
weirs, scum baffles and brackets, 
troughs, screen hoppers, orifices, bas
kets, anchors, ladders, float gage chain, 
valve springs, manhole steps, walk
ways, bars and plates, bolts and nuts, 
electrical metallic tubing and rigid 
conduit.

F I G U R E  1.— A ir filter o f secon d ary  
room  of th e  W a rd ’s Islan d  se w a g e  trea t
m ent p lant. F ram ew o rk  o f filter structure  
and filter h o ld ers is o f w eld ed  and b o lted  
E verdur sh e e t and strip . R eta in in g  m esh  
for filter is  p erforated  E verd ur sh eet. F a b 
ricated  by  A m erican  F ilter  C o., Inc.

F I G U R E  2.— C ontrol m ech an ism  of 12- 
in. d iam eter E verdur float tub es. D es ig n e d  
b y K ra jew sk i-P esa n t M fg. Corp. for the  
W a rd ’s Islan d  se w a g e  trea tm en t p lant, N e w  
Y ork  C ity.
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Advantages

Because of high strength, corrosion- 
resistance and weldability, copper- 
silicon alloys have effected considerable 
economies in equipment previously 
made of heavy iron castings. Rela
tively lightweight wrought sheets of 
Everdur, assembled by welding, pro
vide much lighter, more easily operated 
and more durable equipment.

These copper alloys cost less than 
most high strength corrosion-resistant 
alloys and not only meet many of the 
definitely determined corrosion prob
lems of sewage treatment, but also pro
vide the necessary additional protec
tion where the forces of corrosion are 
variable.

< - ------------------ — ---------------------------------------------------------------- 9 '5 ’A " ------------------------------------------------------------------------------------------ >

F I G U R E  3.— M ore than  100 o f  th e se  E verd u r w eir  p la tes, 3 /1 6  in . th ick , w ere  in sta lled  
in  th e  con crete  ta n k s o f th e  C o n ey  Is la n d  se w a g e  trea tm en t w o rk s. T h e  3 /1 6 -in . s lo ts  are 
4 in. lo n g , m illed  on  3 /8 - in . cen ters and relieved  on  the  u n d ersid e . P la te s  are anchored  
w ith  1-in. b y  2 -1 /2 -in . E verd ur b o lts .

AM ERICAN CAR AND FO UN DRY COMPANY

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

The ACF Lubricated Plug Yalve, 
produced by American Car and 
Foundry Company, has been proved 
eminently successful in sewage treat
ment plant applications. This valve is 
constructed with a cylindrical type 
plug by means of which full pipe area 
is obtained as well as the elimination 
of possible hard turning that might be 
due to the wedge effect of a taper.

The full pipe area feature is espe
cially desirable in handling sewage and 
sewage sludge, which materials are usu
ally flowed under low pressures and in 
heavy consistency. Materials in sus
pension are sheared off when operating 
the valve and there are no pockets or 
recesses in which foreign particles may 
lodge.

As compared with other types the 
ACF Lubricated Plug Valve is quick 
operating, and compact in construc
tion, lending itself readily to close in

stallations. There are no wearing sur
faces exposed to the lading when in 
the open position and on flow. All 
vital seating surfaces are sealed away 
from the fluid passageway when in the 
open position.

ACF Lubricated Plug Valves can be 
supplied in the regular standard rec
tangular port type having full pipe 
area, or they can be supplied with full 
round port having port area cross- 
section the same as standard pipe in 
any given size. Full area valves can 
be supplied in sizes up to and includ
ing 16 in.

The Company has available, upon 
request, a descriptive bulletin No.
S-2M-2-46 giving suggested specifica
tions for their inclusion in sewage 
works designs. This bulletin also con
tains a list of representative sewage 
treatment plants that are equipped

^



with these valves handling such servi- gas, compressed air, caustics, hot and 
ces as raw sewage, sludge, by-product cold wmter, and acids.
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F IG U R E  1.— A C F  L u b ricated  P lu g  V a lv e s  in S lu d g e  P u m p  R oom  of se w a g e  treatm en t
plant at P eru , I llin o is .

TH E AMERICAN CONCRETE P IP E  ASSOCIATION

228 North LaSalle St., Chicago 1, III.

Formed in 1907 at Ames, Iowa, the 
Interstate Cement Tile Association 
changed its name to The American 
Concrete Pipe Association in 1912, at 
which time national offices were estab
lished on West Washington Street, 
Chicago. In 1916 the association was 
reorganized as a branch of the Port
land Cement Association with special 
emphasis on investigation, research 
and the preparation of technical mate
rial. By 1945 the industry had grown 
to such an extent that the association 
established offices independent of the 
Portland Cement Association at 228 
North LaSalle Street, Chicago, with ac
tivités expanded to include all phases 
of a trade association.

The American Concrete Pipe Asso
ciation is the national authoritative

spokesman for the concrete pipe indus
try  in the United States and to a large 
extent throughout the world. It is 
made up of 150 member companies in 
the United States, with active members 
in Canada, Mexico, South America, 
British Isles, Sweden, Holland, France, 
Switzerland, Egypt, South Africa, In
dia, Australia, New Zealand and the 
Hawaiian Islands.

The objects of the association in
clude the advancement of the art and 
science of making concrete pipe; the 
encouragement of intercourse between 
men engaged in the manufacture of 
concrete pipe and the establishment of 
a central point of reference and union 
for those engaged and interested in the 
concrete pipe industry.

The affairs of the American Con
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crete Pipe Association are managed by 
a Board of Direction representative of 
the entire industry, members of which 
are elected for a three-year term in 
such order that one-third of the Board 
is changed each year. The Board of 
Direction meets at least once a year 
and part of the Board, acting as an Ex
ecutive Committee, meets once a year. 
This Board has entire charge of manag
ing the affairs of the association, in
cluding assessment of dues, determina
tion of policies and employment of 
staff. The Board is elected by a nomi
nating committee which in turn is 
elected by the President and the term 
of office of the President is one year.

The headquarters of the industry as
sociation are located in the Builders 
Building in Chicago and include a li
brary of the most authoritative infor
mation 011 concrete pipe assembled 
anywhere in the world. The activities 
of the association are concentrated on 
national advertising, direct promotion 
and the preparation of authoritative 
technical literature having to do with 
the concrete pipe industry. Because of 
the fact that concrete pipe is used on 
all types of public improvements the 
promotional activities are directed to 
informing the officials and engineers of 
the federal, state and municipal gov
ernments regarding the qualities and 
performance of concrete pipe. The 
members of the industry are apprised 
weekly, by means of a weekly letter 
from the Managing Director, of the 
up-to-the-minute news items pertinent 
to the concrete pipe business. From 
time to time bulletins having to do with 
technical phases of manufacturing and 
laying concrete pipe have been pre
pared for distribution by the members 
of the industry. Because of the de
mand for these bulletins it is very diffi
cult to keep them in print. Neverthe
less one bulletin having to do with the 
irrigation and drainage phase of the 
industry is available to the members 
at this time, as well as a 275-page man
ual “ Concrete Pipe Lines,”  a new re

print of which has just been obtained 
from the printers. The demand for 
these bulletins is so widespread that 
they are continuously being sent to all 
states of the Union and many foreign 
countries.

Formed as a loose partnership of 
members of the industry, the associ
ation is in the process of being incorpo
rated as a not-for-profit corporation 
in the state of Illinois. Its expenses 
and cost of operation are financed by 
the members after a schedule of dues 
has been determined by the Board of 
Direction yearly. Sufficient funds are 
retained in the bank to run the associ
ation for the succeeding year and all 
the income of the association is spent 
in the direct interest of the industry. 
The national adA’ertising is pro-rated 
among the leading national technical 
and engineering journals. Moneys are 
appropriated for engineering research 
having to do with hydraulics and the 
performance of concrete pipe. The di
rect promotion is carried on by staff 
members in Washington and, as time 
and money permits, in every state of 
the Union and many of the large cities.

During the Avar a headquarters was 
maintained in Washington Avith a paid 
staff m em ber whose duty it Avas to in
form  gOA7ernm ent engineers of the engi
neering qualifications of concrete pipe 
and to keep the industry informed of 
affairs in the governm ental bureaus 
which w ould influence in any w ay the 
concrete p ipe industry.

Annually the association holds a 
convention which is attended by many 
of the leaders of the industry. This 
convention is held each year in a dif
ferent city of the United States. The 
program of the meeting contains up- 
to-the-minute technical presentations, 
speeches by figures of national promi
nence in the field of business or general 
neAvs interest and a dinner and enter
tainment for members, guests and their 
Avives. The meeting is preceded by a 
Board of Direction meeting at which 
policy matters are determined. Fob
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'lowing the Board meeting there is an 
open meeting of the association at 
which every member company has the 
right and the duty to approve or dis
approve the actions of the Board and 
to propose new items for approval or , 
discussion by the entire industry. Be
cause the industry is small, it is pos
sible for each member company to take 
an active and important part in the 
affairs of its trade association.

Concrete pipe was used by the Ro
mans in the year 80 for building a 
water supply system for what is the 
present city of Cologne. It -has been 
used continuously since then with ever 
increasing adaptability to more and 
wider fields. The standardization of 
specifications, improvement in manu
facturing equipment and the applica
tion of Inany new methods to the manu
facture and installation of concrete 
pipe have opened up ever-increasing

fields, especially during and since the 
first AVorld War. The industry pro
duces a product which is permanent 
in every sense of the word. It is so 
durable that many projects using con
crete pipe are being designed with a 
life expectancy exceeding 100 years. 
I t  is made of local materials which are 
in abundant supply. It is made with 
local labor under extremely competi
tive conditions, thus insuring a very 
economical product. Since its original 
use in water supply systems, the use of 
concrete pipe has grown with the 
growth in population until it occupies 
a very special sphere being employed 
universally in culvert construction, all 
types of drainage work, for irrigation, 
for city sewers and for pressure water 
supply systems.

H o w a r d  F .  P e c k w o r t h ,
Managing Director

BUILDERS-PROVIDENCE, INC.

D i v i s i o n  o f  B u i l d e r s  I r o n  F o u n d r y  

28 Codding St., Providence 1, R. I.

R E C E N T  M E T E R I N G  D E V E L O P M E N T S  F O R  S E W A G E  W O R K S

Propellor Type Meter for Clear 
Effluent

For totalizing the flow of water 
and clear effluent, Builders-Providence, 
Inc., Providence, R. I., offers the Pro- 
peloflo Meter (Figure 1) whose unique 
Venturi design creates uniform veloc
ity distribution where the flow meets 
the propeller. This greatly increases 
the accuracy of this type of meter over 
an unusually wide range of flow. Loss 
of head is reduced to a minimum by 
streamlining the propeller bracket, 
bub and nose, resulting in definite sav
ings in pumping costs.

The Propeloflo Meter is complete in 
itself and may be installed in any posi
tion, from horizontal to vertical, as 
easily as a corresponding length of

pipe. The totalizer, protected by a 
clear plastic bonnet, reads directly in 
gallons or cubic feet, and the Pro
peloflo has ample power to drive sec
ondary instruments or proportioning 
devices. For intermittent flow it is 
ideal as it resumes operation without 
attention when the drained line is re
filled. Low first cost, simple mainte
nance, and long life are added qualities 
of this improved meter.

Meter for Primary Sludge

To insure continuous operation of 
Venturi meters handling primary 
sludge and liquids that are especially 
difficult to meter, Builders-Providence, 
Inc., has developed a simple and in
genious flushing arrangement known
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F I G U R E  1.— C u taw ay  v ie w  o f P ro p e lo flo  m eter.

SIGHT FLO INDICATORS

F I G U R E  2.— F lu sh  ch eck  sy s te m  for  p rim ary  s lu d g e  m eters.

as the Plush-Check System (Figure quire frequent cleaning under such
2). Since the annular chambers of operating conditions, the usual cham-
the standard Venturi tube would re- bers in the tube are omitted and single

large vents are substituted at inlet and 
throat. A small flow of clear water is 
injected continuously into the Venturi 
tube through Sightflo Flushing Indi
cators and special check valves, ef
fectively preventing solids from clog
ging the vents and small piping to the 
instrument. This system, requiring a 
minimum of attention, has solved the 
problem of measuring primary sludge 
in numerous sewage treatment plants.

Meter for Open Flow
The accurate metering of raw sew

age, sludge, and trade waste in par
tially filled pipes and channels has long 
been a difficult problem. The Kenni- 
son Nozzle, made by Builders-Provi- 
dence, Inc., meets the metering needs 
of the small sewage treatment plant 
under such conditions. I t  consists of
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an open pipe contracted to a special 
shape at the outlet end; low head, wide 
flow range, suspended solids and debris 
no longer interfere with accurate 
metering.

A typical Kennison Nozzle meter in
stallation is shown in Figure 3. The 
nozzle casting is bolted to the pipe 
through which the sewage flows with 
free discharge at the shaped end. 
Leveling lugs are provided on the noz

zle and the top is left open for easy 
inspection or cleaning. At the bottom, 
near the inlet flange, a relatively large 
pressure pipe connects, through a sedi
ment chamber, to the open float well 
of the recording instrument. This in
strument may be Builders Type M or 
Flo-Watch, and for distance transmis
sion the Chronoflo Telemeter is avail
able. Kennison Nozzles are furnished 
for pipe sizes of 6 in. to 36 in.

THE CARBORUNDUM COMPANY

R e f r a c t o r ie s  D iv is io n

Perth Amboy, N. J.

“A L O X I T E ” A I R  D I F F U S E R  T U B E S  A N D  P L A T E S

The value of “ Aloxite” ceramically 
bonded aluminum oxide porous dif
fusers for aeration purposes has been 
well established over many years 
through installation in almost all 
phases of primary and secondary sew
age treatment.

Uniform air diffusion with “ Alox
ite” tubes and plates (Fig. 1) is as
sured by the product uniformity 
achieved in exact manufacturing meth
ods. High structural strength is built 
into “ Aloxite” porous products, im
parting to them the ability to with
stand reasonable installation and han
dling conditions. Another factor pro
moting operating economy is the low

F I G U R E  1.— “ A lo x ite ” porou s tube and  
p late d iffusers.

wet pressure loss for any given perme
ability of porous diffuser.

Resistance to corrosion or attack by 
solutions or gases encountered in sew
age treatment is inherent in ‘ ‘ Aloxite ’ ’ 
plates and tubes. They have proved 
both physically and chemically inert 
in this kind of service.

Diffuser tubes are available in sizes 
necessary to fit various types of as
sembly equipment and to conform to 
aeration tank requirements. The use 
of tubes has become increasingly popu
lar because of lower overall cost and 
simplicity of installation and removal 
for servicing under many conditions.

Where aeration by the use of dif
fuser plates is specified, standard size 
“ Aloxite” plates 12 in. square by 1 
in. thick are generally used. In addi
tion, special shapes can be made to fit 
all types of tank designs.

The Carborundum Company does 
not supply complete assembly equip
ment or plate and tube holders. Many 
sewage works equipment manufac
turers, however, will gladly quote on 
and furnish improved types of equip
ment using “ Aloxite” diffusers.

For further information on “ Alox
ite” porous diffuser tubes and plates, 
write for Engineering Bulletin No. 1.
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CAST IRON PIPE RESEARCH ASSOCIATION

Peoples Gas Bldg., Chicago 3, III.

Cast iron pipe is used extensively in 
the activated sludge process of sewage 
treatment for influent, effluent and dis
tribution conduits; air mains and 
headers; sludge drawoff lines and 
drains—all of which must necessarily 
be absolutely tight to insure against 
leaks which result in power losses or 
nuisances. I t  is the standard material 
for these purposes since more than 90 
per cent of the pipe used in all types 
of treatment plants is cast iron pipe.

In recent years pressure sewers have 
become more common, partly due to 
the improvement in the manufacturing 
of pumping equipment and partly be
cause of the realization that pressures 
may be safely maintained in cast iron 
sewers. An important feature of a 
pressure sewer is that it can follow the 
contour of the ground surface. Thus 
the initial cost of a sewer is reduced 
due to the size factor and to the fact 
that a shallower trench than is usually 
required for gravity sewers, is possible.

In 1928 a 14-in. cast iron pipe waste 
sludge line was placed in operation for 
The Sanitary District of Chicago. The 
waste sludge from the activated sludge 
process at the North Side sewage treat
ment works is pumped at a pressure 
of 90 p.s.i. through this line some 87,- 
950 ft. for disposal at the West Side 
sewage treatment works. This line was 
tested for leakage at a pressure of 175 
p.s.i. for 90 min. The allowable rate 
of leakage was 2,400 gal. per 24 hr. 
per mile of pipe. The leakage found 
was 1167 gal. per 24 hr. per mile of 
pipe. Friction tests were made on the 
line immediately after it was placed in 
operation and again after 21/?  yr. of 
operation. The first test indicated a

value of C in the Williams and Hazen 
formula of 141. The second test indi
cated no signs of clogging or increased 
roughness.

Cast iron pipe is an economical mate
rial for sewers and sewage treatment 
plants. The test of time has demon
strated the ability of cast iron pipe to 
resist effectively the corrosive action 
of sewage liquids and gases.

A permanently tight sewer or sludge 
line is obtainable with cast iron pipe. 
No infiltration of water to overload 
sewage capacities of sewers and sewage 
treatment works. No leaks of putres- 
cible matter, since the joints of a cast 
iron sewer are tight and stay tight.

The ability of cast iron pipe to meet 
service stresses is due to great beam 
strength, compressive strength and im
pact resistance. These factors, plus 
effective resistance to corrosion, keep 
maintenance costs down to a negligible 
minimum.

When installations should be as 
nearly permanent as men and mate
rials can make them, the long life and 
great structural strength of cast iron 
pipe assure the lowest cost per service 
year. If mains are abandoned or re
located, cast iron pipe has a definite 
salvage value.

Pipe can be furnished with bell and 
spigot ends, plain ends, flanged ends, 
threaded ends, with integral stuffing 
box type mechanical joints and also 
with ends prepared for special types 
of couplings.

If  specific information concerning 
special applications of cast iron pipe is 
desired, we invite you to write us for 
additional information.
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CHAIN BELT CO.
M ilw aukee,  Wis.

During the past year, the Chain Belt 
Company has completed the field test
ing, under full scale operation, of two 
new items of Rex sanitation equipment. 
The test data secured has proven their 
value and demonstrated their sound
ness of design. These units are the 
Rex Verti-Flo Clarifier, a highly effi
cient sedimentation unit, and the Rex 
Pressurator, a grease removal unit.

The Rex Verti-Flo Clarifier
The Rex Verti-Flo Clarifier (Figure 

1) employs a unique exclusive cellular 
construction obtained by dividing a 
conventional sedimentation basin with 
proper weirs and baffles. A unit of ex
cellent hydraulic characteristics is thus 
provided that has many outstanding 
advantages. The system of baffling in
sures that all parts of the settling basin 
are used, with the result that the actual 
detention period is very close to the

theoretical. This simply means that 
accurate flow distribution has been ob
tained and short circuiting eliminated.

A second advantage is the extremely 
long weir length obtained by dividing 
the settling tank into cells. The ad
justable V-notched weirs allow close 
regulation of the quantity of effluent 
withdrawn from each cell and provide 
for very low uniform upward veloci
ties. Effluents of exceptionally low 
turbidities are assured.

The Verti-Flo construction will per
mit the application of a greater load 
to a smaller tank, and also the han
dling of a varying rate of flow, without 
performance suffering to any great ex
tent. Tests of a unit now in full time 
operation prove that a Verti-Flo Clari- 
fier having a 1.5-hr. detention will per
form better than a conventional set
tling basin having a 6-hr. detention 
period.

F I G U R E  1.— P la n  and sectio n a l é lév a tio n  of R ex  V erti-F lo  Clarifier.
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F I G U R E  2.— V ertica l se c tio n  o f R e x  P ressu ra to r .

In applications where a sludge or 
slurry blanket can be maintained with
out fear of septicity, the Verti-Flo 
Clarifier can be operated as a thick
ener, with the slurry being used for the 
straining or filtering of fine solids.

Sludge is removed from the tank 
bottom or maintained as a fluid blan
ket immediately below the baffles, 
through the use of the usual sludge col
lecting equipment.

Existing basins may be remodeled to 
provide greater capacity or improved 
results by using the exclusive Rex 
Verti-Flo principle. New tanks can be 
kept to a minimum size without loss of 
efficiency.

The Rex Pressurator

Aeration of a liquid containing 
grease and other minute floatable or
ganic solids will usually result in in
creased removal of the floatable mate

rials. Plain aeration, however, has the 
disadvantage that the air is momen
tarily entrained in the liquid in rela
tively large bubbles which rise to the 
surface too rapidly to provide proper 
buoyancy for the organic solids in the 
liquid. Thoroughly diffused fine air 
bubbles are much more effective in that 
they adhere closely to the organic sol
ids and transport them slowly to the 
surface.

The Rex Pressurator (Figure 2) * 
provides a means for supersaturating 
a liquid under pressure with dissolved 
and entrained air. When the liquid is 
then restored to atmospheric pressure 
in a conventional sedimentation basin, 
the excess air will come out of solution 
in a multitude of extremely small 
slowly-rising bubbles. These bubbles 
adhere to grease particles and minute 
particles of organic solids, elevating 
them to the surface for removal by 
skimming. The amount of air required
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averages approximately 0.02 cu. ft. per 
min. per gal. of waste treated.

The Rex Pressurator is entirely auto
matic in operation and is provided 
with complete control and safety 
features.

Two automatic valves are provided, 
one of which causes an excess of air to 
be exhausted to the atmosphere in the 
event that the volume of waste should 
decrease, the other of which causes the 
air supply to be cut off in the event 
the waste flow should cease entirely. 
In addition, a relief valve is built into 
the Pressurator.

A low working pressure of 5 p.s.i. 
has proved entirely adequate and the

tank need provide only about one min
ute detention for thorough saturation 
of the liquid.

The unit can be installed readily in 
front of existing flotation tanks and 
will greatly improve grease removals 
with a minimum of initial investment 
and operating expense. Tests of a full- 
scale unit handling packinghouse 
wastes indicate that the revenue ob
tained from increased grease recovery 
will pay the equipment cost within two 
year’s time.

Chain Belt Company engineers are 
available for consultation regarding 
the application of either of the above 
described devices to existing problems.

CHICAGO PUMP COMPANY
2314 Wolfram St., Chicago 18, III.

“ P A C K A G E ” S E W A G E  P L A N T S , W I D E  B A N D  A I R  D I F F U S I O N  S Y S T E M  
W I T H  S W I N G  D I F F U S E R S , C O M M I N U T O R S  F O R  S C R E E N I N G  A N D  

C U T T IN G  C O A R S E  S E W A G E  S O L I D S , S C R U - P E L L E R  P R I M A R Y  
S L U D G E  P U M P S , F L U S H - K L E E N  S E W A G E  L I F T  S T A T I O N S ,

R A W  S E W A G E  P U M P S , P L U N G E R  S L U D G E  P U M P S ,
W A T E R  S E A L  P U M P I N G  U N I T S

Chicago Pump Company has made 
the following exclusive contributions 
of specialized equipment that solve 
specific problems in the handling and 
treatment of sewage and industrial 
wastes: “ Package” plants for complete 
sewage treatment serving small commu
nities, airports, housing projects, and 
industrial plants; Chicago Wide Band 
Air Diffusion System with Swing Dif-

F I G U R E  1.— “ P a c k a g e ” p lant d evelop ed  
b y C h icago  P u m p  C o. fo r  co m p lete  trea t
m ent o f se w a g e  o f sm all com m u n ities.

fusers for uninterrupted flexible aera
tion to meet variable operating condi
tions of sewage works serving popu
lations of 5,000 upward; Comminutors 
for the elimination of sewage screen
ings handling and disposal and the 
prevention of pump and pipe line clog
ging; Flush-Kleens for the prevention 
of sewage pump clogging ; and Scru- 
Pellers for primary sludge pumping 
without clogging trouble.

Chicago “ Package” plants (Figure 
1) give effective, low-cost, nuisance- 
free complete sewage treatment for 
populations up to 5,000. They are 
compact, tailored to requirements, sim
ple to operate, odorless, and may be lo
cated near dwellings. They were de
veloped twelve years ago specifically 
to handle the characteristic small com
munity sewage flow and strength con
ditions, with semi-automatic operation.
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F I G U R E  2.— “ C h ica g o ” W id e  B a n d  A ir
D iffu s io n  S y ste m  w ith  S w in g  D iffu sers.

More than 100 Chicago “ Package” 
plants are in successful operation.

The Chicago Wide Band Air Diffu
sion System with Swing Diffusers 
(Figure 2) was developed more than 
ten years ago to increase the overall 
efficiency of activated sludge plants. 
Swing Diffusers can be raised to the 
tank walk for tube cleaning and for 
simple re-arrangement of diffuser tube 
spacing to conform with oxygen de
mand, without dewatering the tank or 
interrupting operation. The wide 
band of diffused air provides greater 
oxygen absorption, eliminates center

F I G U R E  3.— C o m m in u to rs e lim in a te  th e  
n u isan ce o f  sc r e e n in g s  h a n d lin g  and d is 
p osal.

coring, requires less air for optimum 
circulation and effects power economy 
through the reduced hydrostatic head 
on the elevated diffuser tubes. More 
than 100 plants are equipped with 
Chicago Wide Band Swing Diffusers. 
Many more are installed in industrial 
waste treatment plants and in chemical 
processing plants.

Comminutors (Figure 3) were de
veloped twelve years ago to eliminate 
the nuisance of sewage screenings han
dling and disposal. Installed in the 
raw sewage channel, they provide sub
surface automatic screening and cut
ting of sewage solids without removal 
from the channel. Comminuted parti
cles settle readily in the primary tank 
and are pumped to the digester. In
stalled in lift stations ahead of raw 
sewage pumps they prevent pump clog-

F I G U R E  4.— F lu s h -K le e n  C lo g -P ro o f  
S e w a g e  P u m p  for  lift  sta tio n s.

ging by cutting sewage solids before 
they reach the pumps. More than 
1,200 Comminutors have been installed.

Flush-Kleen Clog-Proof Sewage 
Pumps (Figure 4) were developed in 
1924. More than 3,000 units have since 
been installed in lift stations, buildings 
and ships. The Flush-Kleen system is 
clog-proof because a screen in the inlet 
keeps sewage solids from entering the 
pump. The screen is automatically 
backwashed and the solids are flushed

ft

F I G U R E  5.— S c r u -P e lle r  P rim ary  
S lu d g e  P u m p .

SOLIDS
DISCHARGED

HERE

SOLIDS 
RETAINED 
HERE-----
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out the discharge pipe. Sewage enters 
the wet basin through the pump when 
it is idle. Operation is automatically 
controlled by float.

Scru-Pellers (Figure 5) were devel
oped fourteen years ago especially for 
pumping primary sludge. Since that 
time more than 1,000 have been in
stalled. The pump has a screw-feed

and continuous multiple shearing ac
tions all the way through the pump, 
which cut solids that clog ordinary 
pumps. There are ball bearings on 
both sides of the impeller that keep the 
pump in perfect balance and prevent 
vibration and strain on the shaft under 
heavy loads. The pump is built sturdy 
enough for severe shocks.

CLAY PRODUCTS ASSOCIATION

111 West Washington St., Chicago 2, III.

ClaPipe Jointing Compound for Use 
with Clay Pipe Sewers

ClaPipe Jointing Compound is one 
of the most revolutionary forward 
steps in hot-pour jointing compounds 
in the past 25 years. It was developed 
by the Armour Research Foundation 
for the Clay Products Association, ex
pressly for use with vitrified clay pipe.

Specifications were for a jointing- 
compound that would forfc a leak- 
proof bond with the surface of clay 
pipe, a joint which would not dry out, 
shrink, crack, or pull away from the 
pipe, and which was both alkali and 
acid resistant.

Hundreds of laboratory and field 
tests using vitrified clay pipe prove 
that ClaPipe Jointing Compound 
meets all the above requirements and 
many others.

ClaPipe is the ideal compound for 
making root-proof joints with clay 
pipe. It forms a strong and lasting 
bond with the glazed surface of the 
pipe. It really holds tight. Neither 
time nor sewage content affects its grip.

But, in addition to this exceptional 
bond, ClaPipe retains its plasticity. It 
never completely hardens. When set 
it feels hard and looks hard. You can 
lift several sections of jointed pipe into 
the trench without breaking or bend
ing ClaPipe joints. Should there be 
a slight settlement or shift in the pipe 
line, however, a ClaPipe joint will

slowly give—yet remain watertight ! 
And any sewer line that remains water
tight also remains completely root- 
proof.

Impartial tests of ClaPipe Jointing- 
Compound made by the Pittsburgh 
Testing Laboratory show the follow
ing performance :

Adhesion Tests
Glazed vitrified clay briquettes hav

ing 1-in. square surfaces were jointed 
together with ClaPipe Jointing Com-

F I G U R E  1.— R ack s o f  th is  k ind m ake it 
sim p le to  pour severa l C laP ip e jo in ts  at a 
tim e in ad van ce o f in sta lla tion . P ip e  is  
k ep t in true a lig n m en t w h ile  p ouring.



1050 SEW AGE W ORKS JO U R N A L Septem ber, 1946

pound and tested in tension at the rate 
of 600 lb. per min. The average 
strength was 214 lb. per sq. in.

Hydrostatic Tests

Pressure tests were conducted on
6-in. glazed vitrified clay sewer pipe. 
Pipe were jointed by packing with jute 
and pouring the ClaPipe Jointing 
Compound in vertical position (Figure 
1). The pipe was plugged in such a 
manner that the point under test was 
unrestricted. Results:

(a) Pipe tins cored either end:
Pressure accepted—36 lb. per sq. 

in.
Failure—at joint in jointing com

pound.
(b) Pipe scored lo th  ends:

Pressure accepted—60 lb. per sq. 
in.

Failure—at joint and weep holes 
in barrel simultaneously.

THE DORR
570 Lexington Avenue

New Type MA Digester
Both mixing and gas storage are 

combined in a single tank in a new 
type of digester now offered by The 
Dorr Company. Known as the Type 
MA, it is designed for smaller plants 
where sizes from 20 ft. to 40 ft. diam. 
are required. The mixer is mounted 
in the center of the gas holder crown 
and rises and falls with the movement 
of the holder.

The mixing capacity is much greater 
than formerly used and is sufficient to 
turn over the entire contents of the 
tank in about 30 minutes. In opera
tion, only an hour or so will be neces
sary for daily mixing of raw and di
gesting sludge as well as submergence 
of any scum. Supernatant can be 
drawn just prior to mixer operation.

Resistance to Acid and Alkali
Specimens of ClaPipe Jointing Com

pound were submerged in 0.1N HCL,
0.1N H N 03, 0.1N H 2S 0 4 and 0.01N 
NH4OH for 35 days.

There was no loss in weight and no 
disintegration of the specimens.

Plastic Flow
Two-in. cubes were cast of ClaPipe 

Jointing Compound and placed under 
compression at room temperature with 
the following results:

(a) Maximum load accepted, at load
ing rate of 0.10 in. per min. was 1,540 
p.s.i. The compound was found to de
form without fracturing under load 
due to plastic flow. The jointing com
pound plastic flow was such that sup
porting strength was gradually re
leased to equilibrium in 2 min., 20 sec.

(b) Comprehensive literature on the 
use and performance of ClaPipe Joint
ing Compound will be gladly fur
nished including the complete Pitts
burgh Tes^ng Laboratory report.

COMPANY
, N ew  York 22, N. Y.

The gas storage provided is sufficient 
to hold about 30 to 40 per cent of the 
average daily output, which should 
iron out any hourly fluctuations. Su
pernatant draw-off is provided with an 
adjustable sleeve valve operated by 
handwheel, thus eliminating the trou
blesome regulation by overflow rings. 
Provision is made for drawing down 
the water level in the digester as much 
as 5 ft.

All safety devices have been fur
nished including pressure-vacuum re
lief devices, with flame trap and explo
sion proof motor.

Dorr Clarifiers

An important feature provided on 
all Dorr primary clarifiers is the auto
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matic scum skimmer. The entire sur
face of the circular tank is swept by 
the skimming arm and the accumulated 
scum is trapped in a recess formed by 
the arm at the periphery of the tank. 
As the mechanism slowly revolves, the 
floating scum trapped in the recess 
passes along a submerged inclined 
shelf. The sloping shelf rises until it 
is out of the sewage, w7here it termi
nates in a scum trough. The trapped 
material is deposited in this trough 
and passes through an opening in the 
tank wall into a scum sump. Neoprene 
wipers effectively prevent escape of the 
scum once trapped and the whole de
vice assures complete automatic re

moval of scum from the tank surface. 
Manual removal or operation is un
necessary.

Repair and replacement costs on 
Type S Dorr Clarifiers have been ex
tremely low, according to a survey re
cently conducted among users who 
have operated them for ten years or 
more. Fifty-one users of a total of 95 
units said they had spent a total of 
$2934 for repairs, or $30.90 per unit. 
This represents 72/100 of one per cent 
of the original purchase price of the 
equipment. Assuming these installa
tions to average ten years old, the an
nual cost of repairs and replacements 
is 0.072 per cent of the original cost.

GALE OIL SEPARATOR COMPANY, INC.
52 Vanderbilt Ave., New York 17, N. Y.

W A S T E  A C I D , O I L  A N D  G R E A S E  P O L L U T I O N  P R E V E N T I O N  S Y S T E M S

During the war, little attention was 
paid to the question of the pollution of 
the rivers of this country, as all 
thoughts and efforts were given to the 
development of instruments of war so 
that it would come to an end in the 
shortest period of time. Some of the 
new plants which were constructed, 
however, did make provision in their 
plans for oil and grease removal sys
tems. A few made provision for waste 
acid treatment systems.

The engineers of this company in
stalled in the Buick Company plant at 
Flint, Mich, two separator systems 
which removed the oil and grease from 
the plant wastes and prevented it from 
getting into the Flint River. Other 
systems were installed in the P ratt and 
Whitney Aircraft Co. plant at East 
Hartford, Conn., and others in the Re
vere Copper and Brass plant in Chi
cago. In the latter plant, the systems 
were so designed that the cooling water 
coming from the rolls was cleansed of 
its oil, grease and sediment, and this 
water passed through heat exchangers

where the temperature was reduced 
and the water used over and over again 
mi the rolls. This made it possible to 
eliminate construction of a large sewer 
main at that plant and effected a sav
ing not only in water costs but also in 
plant investment.

In a government war plant at Hale- 
thorpe, Md., operated by the Revere 
Copper and Brass Co., Inc., the engi
neers of this company designed and 
installed an acid neutralization system. 
This industry manufactured magne
sium tubes by a process involving use 
of such acids as sulfuric, nitric and 
muriatic. The Gale Acid Neutraliza
tion System received the contents of 
all of these acid tanks as they were 
dumped, and neutralized them before 
disposal to the sewer. The system was 
operated continuously to the close of 
the war.

The Gale Acid Neutralization Sys
tem has since been improved so that it 
is now possible, where large volumes 
of acid wastes are handled, to effect 
some recovery from the residue. Thus,
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part of the operating expense is re
turned in usable by-products. The 
system is more economical than is neu
tralization by slaked lime, since lime 
treatment produces a large volume of 
sludge, the disposal of which is diffi
cult and costly.

A neutralization system was also in
stalled in a plastics manufacturing 
plant for the treatment of highly acid 
wash waters. The neutralized water is 
heated in boilers and recirculated for

continuous use. This plant has thus 
saved many thousands of dollars in 
water costs and, most important, has 
been able to avoid discharge of any 
polluting wastes to the nearby fishing 
stream which would otherwise have 
had to take such wastes.

Among the other new developments 
being studied by the chemists and engi
neers of the Gale Oil Separator Co. are 
methods of reclaiming oils that are re
moved from waste waters.

GRUENDLER CRUSHER AND PULVERIZER COMPANY
2915-21 N. M arket S t., St. Louis, Mo.

Sanitary engineers of municipalities 
have found that Gruendler equipment 
eliminates the nuisance of undesirable 
material and waste products clogging 
sewage and sludge valves and piping. 
New patented features make possible

uninterrupted flow notwithstanding 
frequent quantities of prevailing rag 
stock. The Gruendler Shredder is of 
the swing hammer design with double
end cutting hammers revolving inside 
a cylindrical shredder plate at 1,200

F I G U R E  1.— L in eu p  o f G reundler G arb age Sh red d er u n its  read y  for  cra tes and sh ip 
m en t to  th e  U . S. N a v y  for  in sta lla tio n  on  b a ttle sh ip s  and m erch a n t m a rin e; hu n dred s of 
th e se  sh red d ers w ere  em p lo y ed  in  th e  w ar effort.
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F ig . 371-61—G ruendler G arbage Shredder w ith H oppor and Apron Conveyor, used in connection w ith Sewage D isposal P lant.

F I G U R E  2.— D ia g ra m  sh o w in g  G ruendler G arbage Shredder w ith  hopper and apron  
co n v ey o r , u sed  in co n n ec tio n  w ith  se w a g e  trea tm en t p lant.

to 1,800 r.p.m. Capacities are 500 to
8,000 lb. per hour. Motors are direct 
connected, and range from 5 to 70 h.p.

The Gruendler Shredder is outstand
ing because of its patented features 
such as Non Clogging Grate Bars, 
Safety Tramp Iron Catchers and Im
proved Water Spray Flushers.

The Gruendler Sewage Screenings 
Shredder also makes an ideal connec
tion with an incinerator—by grinding, 
mixing, and preparation in one opera-_ 
tion, it prepares product for most ef
ficient combustion and proper feeding.

Gruendler Shredders are dependable 
and of sturdy construction with sealed 
bearings to withstand continuous op
eration. The safety features of the 
Gruendler Tramp Iron Catcher is note
worthy, since foreign matter such as 
cans or metal pieces, which is ungrind- 
able, is easily removed through the ac

cess door provided. The shredders are 
built in many sizes and can be fitted in 
most difficult plant arrangements, tak
ing a minimum of space, and the many 
designs meet sewage works require
ments for higher efficiency. The grind
ing of sludge to uniform sizes for com
mercial fertilizer is another operation 
performed by Gruendler’s Hammer- 
Type Cake Breakers.

Hundreds of Gruendler Shredders 
have been selected by the U. S. Navy 
as standard equipment on battleships 
and merchant vessels.

Blueprints and sewage works lay
outs, together with specifications, will 
be gladly furnished municipal engi
neers, plant superintendents or plant 
designers by the Gruendler Crusher 
and Pulverizer Company. Address 
Plant and General Offices in St. Louis 
6, Mo.

HARDINGE COMPANY, INC.
York, Pennsylvania

The sanitation equipment manufac
tured by Hardinge Company, Incorpo
rated, of York, Pennsylvania, includes 
Circular and Rectangular Tank Clari- 
fiers, Digesters, and Automatic Back
wash Rapid Sand Filters.

Hardinge Clarifiers
Hardinge Clarifiers are used for 

sludge collection, sludge concentration,

and skimming in plants treating do
mestic and industrial sewage, and in 
municipal water treatment plants. 
The Hardinge Clarifier consists pri
marily of a mechanically operated 
slow-moving scraper in the bottom of 
the tank, which scraper moves settled 
solids to a discharge hopper, concen
trating them during the operation.

When used in circular tanks, the col
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lecting scrapers of the Hardinge Clari
fiers are of the rotating type, while on 
rectangular tanks, Hardinge employs 
a reciprocating design.

Hardinge Digesters

The Hardinge Digester mechanism, 
which is used in sewage sludge diges
tion tanks, consists of sludge scrapers, 
rotating scum-breaker arms, and a gas 
dome in the tank top for collection and 
removal of liberated gas.

Hardinge Automatic Backwash' 
Rapid Sand Filter

The newest product is the Hardinge 
Automatic Backwash Rapid Sand F il
ter (Figure 1), which is used for the 
treatment of sewage, industrial wastes, 
and water supplies. The filter consists 
of a compartmented sand bed with 
under drains, together with a backwash

and cleaning mechanism traveling on 
the sidewalls of the tank.

Tests recently completed at the New
ton Falls Paper Mill, Newton Falls, 
N. Y., show that the Hardinge Auto
matic Backwash Sand Filter which was 
put into operation on January 1, 1946 
is removing 97.4 per cent of the sus
pended solids from the raw reservoir 
water which is being filtered without 
the use of any chemicals. The ABW 
Filter has been in continuous operation 
since the installation was completed. 
It has not been necessary to add any 
sand to the filter bed or to change the 
sand.

The filter automatically backwashes 
the sand bed as the head builds up. 
The backwash mechanism on the New
ton Falls installation operates four 
times a day, cleaning a portion of the 
bed in each operation. The filter 
media consists of a sand bed lO1/^ in. 
deep supported on 114-in. Aloxite 
porous plates.
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HERSEY MANUFACTURING CO.

D r y in g  M a c h i n e r y  D iv is io n

“E” and Second Sts., South Boston 27, Mass.

H E R S E Y  D I R E C T  H E A T  D R Y E R S  F O R  S E W A G E  S L U D G E  A N D  
I N D U S T R I A L  W A S T E  B Y - P R O D U C T  R E C O V E R Y

Heat dried activated sludge is gen
erally accepted as a safe fertilizer of 
good value as a plant food. Undigested 
primary sewage sludge is also well- 
endowed with plant nutritional ele
ments and may be rendered hygieni- 
cally safe for fertilizer utilization by 
heat drying. In some cases it has 
proved profitable to heat-dry digested 
sewage sludge for sale as fertilizer.

Hersey Direct Fired Rotary Dryers 
(Figures 1 and 2) afford an efficient 
and economical method of drying sew
age sludge to a low moisture content 
while destroying any bacteria and

other forms of life that might create a 
health hazard in the use of the material 
for fertilizer. Hersey Dryers may 
also be used, to increase overall effi
ciency, for partial removal of moisture 
as a preliminary to incineration.

Many industrial wastes responsible 
for stream pollution problems contain 
by-products of good market value. 
Recovery of such by-products is often 
accomplished by removal of the solids 
from the wastes and by heat-drying 
them to a low moisture content. Her
sey Dryers afford a practical means of 
obtaining saleable by-products from

F IG U R E  1. H e r se y  D irec t F ired , D o u b le  In term ed ia te  F eed  D ry in g  S y stem , app licab le
to  d ry in g  o f se w a g e  slu d g e  and in d ustria l w a stes .
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F I G U R E  2.— T h e  H e r s e y  D ir e c t  F ired  D ry er  in  a stra ig h t co u n ter-cu rren t sy stem .
T h is  un it is  g a s  fired.

cannery wastes, distillery wastes, fish 
scrap, fru it pomace and similar indus
trial residues.

All of the following advantages may 
be secured in Hersey D ryers:

1. Full thermostatic control equip
ment for automatic adjustment of feed 
rate variations.

2. Hersey saw-tooth buckets, which 
expose a maximum surface of the ma
terial to the air or gases, giving high 
evaporating efficiency.

3. ImproA^ed seals, either metal-to- 
metal or nonmetal-to-metal, prevent 
leakage between the stationary and ro
tating members.

4. Equipment throughout with roller 
and ball bearings gives long life with 
a minimum power requirement and in
volves only moderate lubrication.

5. Correct and permanent alignment 
of the shell driving gears is insured by

mounting the ring gear on one of the 
running rings so that it is not ad
versely affected by shell temperature 
variations, etc.

6. Conveyor plates at the feed end 
carry the material away promptly, 
eliminating spillage at the curb.

7. The conical lower thrust wheel 
and running ring give true rolling and 
long life. Ample adjustment is pro
vided to compensate for wear.

8. A variable speed feeder can be 
furnished, if desired.

9. Arc welded construction is used 
wherever practicable to give increased 
strength and improved appearance. 
The shell is butt welded and the buck
ets are continuous fillet welded. The 
supporting strands are of welded 
structural steel and the truck wheels 
on which the dryer rotates are cast 
alloy steel. Fabricated steel running 
rings are optional.



Vol. 18, No. 5 SEW AGE W ORKS E Q U IP M E N T  AND S U P P L IE S 1057

10. Hersey Dryers may be con
structed from practically any material 
to suit the needs of the product to be 
dried; mild or stainless steel, monel, 
copper, nickel clad steel and wood are 
some of the materials available.

Hersey Dryers are the result of com
petent engineering backed by the accu
mulated knowledge of over 60 years 
of widely varied drying experience. 
Booklet and “ Requirements Sheet’’ 
gladly furnished on request.

INFILCO INC.
325 West 25th Place, Chicago 16, III.

A C C E L O -F I L T E R S , A C C E L O  B I O X  P R O C E S S , A C T I V A T O R S , C L A R I F IE R S ,  
S K IM M E R S , R O T A R Y  D I S T R I B U T O R S , A U T O M A T I C  D O S I N G  S I P H O N S ,  

A U T O M A T I C  P R O P O R T I O N E R S , A C C E L A T O R S , C H E M IC A L  F E E D E R S ,  
M I X E R S , G R I D U C T O R S , C O A G U L A T O R S , V E N T U R I  T U B E S  

A N D  C O N T R O L L E R S

New Developments
Since the w ar’s end, research and de

velopment personnel have been able to 
concentrate on new and improved 
equipment for water, sewage and trade 
waste treatment. Keynoting this pro
gram is development of a completely 
new unit for trade waste treatment. 
This unit will also ease the problems 
at municipal plants which handle trou
blesome industrial wastes along with 
domestic sewage. Progress also con
tinues in the development of a new grit 
removal mechanism.

In existing equipment, improve
ments include a modified PD Clarifier 
Drive, changes in the Hydraulic Skim
mer and the Griductor.

PD Clarifier Drive
Friction drive, incorporated in the 

newly modified PD Clarifier, has been 
substituted for the older rack-and- 
pinion type of assembly. The new 
drive mechanism is impelled by a verti
cal motor reducer, which is driven by 
a weather-proof ball bearing motor. 
Keyed with the output shaft of the 
motor reducer, there is a drive wheel 
with a tire of synthetic rubber vul
canized to the wheel rim. This tire is 
acid-resistant and of proper durometer 
hardness. Tire contact with the tank 
sidewall is below the liquor surface.

Hydraulic Skimmer

A change has been made in the Hy
draulic Skimmer that eliminates a cen
trifugal pump, formerly connected 
with the suction pipe. A quick- 
opening automatic scum valve has been 
substituted.

As used with both PD and WS 
Clarifiers, this automatic scum valve is 
operated by a lever from a cam fixed 
to the outer end of the skimmer arm. 
This design assures quick opening and 
closing of a rubber-covered ball-type 
valve. The design also includes provi
sion for a non-operating position, so 
that if desired, the skimmer arm cam 
may pass without opening the scum 
discharge valve.

This new scum removal design con
tinues to include all of the advantages 
of the former method. Elusive scum is 
not removed by mechanical means. 
With the Hydraulic Skimmer, scum is 
removed positively and efficiently by 
surface currents and skimmer plates 
that direct material to the removal 
pipe.

Griductor

Teeth of the Griductor have been 
changed in design, and the rotating 
discs, in which the teeth are inserted, 
have been extended beyond the station
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ary grid. These modifications in de
sign result in double screening action.

The Griductor comprises a semi
circular stationary • screen grid, with 
slots of sufficient width to permit 
mounting a series of rotatable circular 
screen cutter plates or discs in such a 
manner that the assemblies form screen 
slots both above and below each cutter 
plate. The discs extend outward be
yond the face of the grid and form, in 
effect, a coarse screen.- As these screen 
discs with the cutter teeth are rotated, 
the intercepted screenings are dis
lodged from the screen element and 
moved to an adjacent stationary cut
ting bar or comb. Reduction of the 
size of the solids is accomplished by the 
engagement of the cutting comb with 
the teeth fixed to the edge faces of the 
rotating screen cutter plate (Figure
1), thus causing a shearing action. 
The teeth are staggered on the cutter 
plate in such a manner that only one 
tooth at a time can transmit a cutting 
load.

Set screws hold each tooth firmly in 
a deep slot in the discs. This assures 
positive holding action, and as the 
teeth are set in deep recessions, the cut
ting load stress is transmitted to a 
substantial area of the plate. The

F I G U R E  1.— C lose -u p  v ie w  o f  p rec is io n -  
m ade G riductor to o th , m o u n ted  in  ro ta tin g  
disc.

tooth and the holders are also designed 
in such a way that radial adjustment 
is possible. Thus proper cutting clear
ance can be easily maintained.

The two cutting edges of the teeth 
and the edges of the stationary combs 
are made of the most durable material 
available for service of this nature. 
Both the teeth and the cutter combs 
may be removed easily, which facili
tates occasional sharpening. Complete 
extra sets of cutting bars are available 
with each Griductor installation.

The rotating assembly of screen cut
ter plates is driven by a vertical motor
ized reducer through a flexible coup
ling. The motor is suitable for out
door, all-weather service. Two anti
friction type bearings, one placed at 
both the upper and lower ends of the 
removable shaft housing, take botli 
vertical thrust and horizontal align
ment loads. The rotating screen cutter 
plates are mounted on and keyed to 
the vertical shaft so that the entire as
sembly may be removed by disconnect
ing the flexible coupling and removing 
four capscrews.

In the standard assembly of the 
Griductor, the unit is mounted on a 
plate frame, set in the concrete of the 
screen channel and the vertical motor
ized reducer is mounted on the station
ary grid. However, when necessary, 
the Griductor is furnished with an ex
tended shaft so that the motorized re
ducer may be mounted on a floor or 
other structural support any reason
able distance above the channel bot
tom. I t  is also possible to position the 
motorized reducer above the Griductor 
as desired by inserting a flanged spacer 
piece between the top of the grid frame 
and the base of the reducer.

Sewage solids too large to pass 
through the slots between the station
ary screen grid and the rotatable 
screen cutter plates are intercepted 
and intermittently subjected to the 
shearing and cutting action of the cut
ter teeth and combs, until they are 
reduced to pieces sufficiently small in 
size to pass through the screen slots.

Griductors are available for either
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right-hand or left-hand operation. 
This permits the use of duplicate units 
in individual channels for standby and 
peak load services. Dual units may be 
installed also in a single channel where 
required by high sewage flow rates or 
by the screening and cutting demand 
of an abnormal sewage or industrial 
waste.

The Griduetor motor control may be 
either manual or automatic. If auto
matic, intermittent service is preferred, 
the starter may be operated either by 
an adjustable timing device or by an 
actuating mechanism responsible to the 
actual screening and cutting demand 
as measured by a head differential. 
Irrespective of the type of control 
used, the Griduetor motor will be 
started and stopped independently of 
the rate of sewage flow.

Direct Recirculation and Accelerated 
Biological Oxidation

Benefits of immediate and direct re
turn of aerobic organisms to an aerobic 
process have been demonstrated by the 
steadily increasing number of success
ful Accelo-Filter installations (Figure
2). Many of these plants, too, have 
been built at a saving in cost, through 
the advantage of being able to use 
smaller sedimentation tanks.

Concrete Dome-Supported Digesters
There has also been steady growth 

in the numbers of Infilco Digester in
stallations. These are available for re
inforced concrete dome covers, sup
ported either in the vortex circulator 
type or the sludge scraper-scum 
breaker type, for either single stage 
or two stage operation.

INNIS, SPEIDEN AND CO.
117 Liberty St., New York, N. Y.

F e r r ic  C h l o r id e  a s  a  C o a g u l a n t  f o r  S e w a g e  a n d  I n d u s t r ia l  W a s t e s

The chemical treatment of sewage 
and industrial wastes is an effective 
and economical method of increasing 
the efficiency of primary treatment 
plants. Such treatment requires but

little plant construction or capital in
vestment. I t  provides a high overload 
capacity and flexibility in proportion
ing to produce the degree of purifica
tion required. Seasonal loads are han-
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died with the ferric chloride treatment.
Ferric chloride coagulates sewage 

and industrial wastes, thus causing 
more rapid precipitation in sedimen
tation plants and faster filtering 
through vacuum filtration systems. It 
is most effective in the pretreatment of 
industrial wastes which offer change 
in characteristics almost hourly.

Experience has shown that ferric 
chloride is also an economical coagu
lant for sewage and a wide range of 
industrial wastes.

For Coagulating Sewage

Ferric chloride provides an inexpen
sive and efficient method of dealing 
with plant overloads and reduces origi
nal plant investment by increasing the 
capacity of the sedimentation plant.

Amount of Ferric Chloride Required
The accepted procedure in determin

ing the dose of Ferri-Clor required to 
coagulate a given sewage is to set up 
“ jar tests” with the sewage to be 
tested. Two-qt. mason jars and stock 
solutions of ferric chloride and lime, 
consisting of 10 grams per liter of dis
tilled water, are used. Place one liter 
of sewage to be tested in each of sev
eral mason jars. Add to the sewage in 
each jar successively larger doses of 
ferric chloride stock solution. Stir all 
samples thoroughly for several minutes 
and let stand for 1 hour. Observation 
of the several samples will determine 
the best dosage. If  lime is required to 
provide sufficient alkalinity for satis
factory coagulation, follow the same 
procedure outlined for ferric chloride. 
The amount in pounds of ferric chlo
ride or lime required equals the num
ber of ml. used in the selected test 
times 10 times total sewage flow 
(m.g.d.) times 8.33.

For Sludge Conditioning

Ferric chloride is accepted as the 
agent most efficient from the stand

point of performance and cost for the 
coagulation of sludge prior to its de
watering in the filter.

Amount of Ferric Chloride Required

Using the Buchner funnel test, the 
time periods required for the vacuum 
to break with varying quantities of 
coagulant are recorded. Two to three 
minutes is satisfactory and 1 to i y 2 
minutes is very good and should be 
used for plants where the sludge is 
held, as in batch mixing.

Various combinations of ferric chlo
ride and lime should be tested until 
the relative quantities for optimum 
operation are determined.

The approximate quantities of chem
ical to be used in the plant can be de
termined from the laboratory tests, 
provided, of course, that the same 
strength chemicals are used in the 
plant. The quantity of ferric chloride 
solution in gallons per 1,000 gallons 
of sludge in the test and the quantity 
of lime in pounds per 1,000 gallons of 
sludge will be 42 times the grams used 
per 200 ml. of sludge.

Preparation of Ferric Chloride 
Solution

The main difficulty in dissolving fer
ric chloride arises from the fact that 
the saturated solution' is heavier than 
water. This means that the liquid in 
a simple container may have a layer 
of pure water at the top, even with 
undissolved crystals at the bottom. To 
overcome this difficulty, three methods 
have been developed:

1. Automatic gravity circulation by 
placing the salt on a wooden grid, 
elevated or suspended one-half 
way in the tank.

2. Mechanical mixing by (a) stir
ring, (b) by air agitation, and
(c) liquid recirculation.

3. Melting: Ferric chloride melts at 
98.6 to 102.2° F. and so can read-
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ily be liquefied by relatively small 
amounts of beat from exhaust or 
live steam, flue gases, oil, gas or 
electricity. The dissolved salts 
can be poured into the water.

FERRI-CL.,OR is Innis, Speiden 
and Company’s registered name for 
ferric chloride developed and manu
factured especially for sewage and 
water treatment use.

JOHNS-MANVILLE
22 East 40th St., New York 16, N. Y.

Johns-Manville has recently pub-: dustry.” It contains over 100 photo-
lished a 78-page brochure entitled graphs of actual installations of the
“ Products for the Sewage Works In- many Johns-Manville products in sewer



systems and sewage treatment plants 
throughout the country.

Typical of the applications included 
a re : insulation of digesters, boilers, 
steam and hot water lines, sludge in
cinerators and furnaces; packings for 
sewage and sludge pumps, etc.; gasket- 
ing for chlorinator piping; Transite 
ventilators on digester control vaults; 
Transite Sewer Pipe for gravity lines; 
Transite Pressure Pipe for force 
mains; Transite Industrial Vent Pipe 
for venting gases, vapors, etc.; Asbes
tos-Ebony control panels and instru
ment boards in treatment plants; 
Chemstone for gates in settling tanks
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and for table tops in laboratories; 
Transite Sheets for building construc
tion ; acoustical materials for noise 
control in laboratories, offices and 
pump rooms; roofing and shingles for 
administration buildings, digesters, 
pumping stations, etc.; waterproofing 
materials for sludge tanks; refractories 
for sludge incinerators and air pre
heaters ; and many other products for 
use in the construction, operation and 
maintenance of sewage works.

A copy of this brochure may be ob
tained by writing Johns-Manville, 22 
E. 40th Street, New York 16, New 
York.
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KOMLINE-SANDERSON ENGINEERING CORPORATION
Box 444, Ridgewood, New Jersey 

S E W A G E  S L U D G E  D R I E R S  A N D  F U R N A C E S

The Komline-Sanderson Engineer
ing Corporation has been formed for 
the purpose of developing and mar
keting machinery and equipment for 
the treatment of sewage and industrial 
wastes.

Active partners in the concern are 
Thomas R. Komline and W alter H. 
Sanderson. Both men have recently 
returned from service in the U. S. 
Army, the former having served in the 
Sanitary Corps and the latter in the 
Airborne Engineers. For eight years 
prior to the war, Mr. Komline was en
gaged in the development of the sludge 
drier and other equipment at the sew
age treatment plant at Plainfield, New 
Jersey, and Mr. Sanderson has been ac
tive in the heavy construction field for 
fifteen years.

Arrangements have been made with 
the Instant Drying Corporation for the 
use of the basic patent on the spray- 
drying of sewage sludge, and this has 
been combined with the work of John 
R. Downes and Mr. Komline at Plain
field. This drier (Figure 1) has been 
operating with complete satisfaction

since 1938 on a digested sludge of 15 
per cent solids content.

Thickened sludge is sprayed into the 
drying chamber by the special high
speed centrifugal atomizer and sub
jected to the drying effect of the hot 
gases from the furnace. The dried 
material settles to the floor, from which 
it is removed continuously by the rake, 
while the spent gases are vented by the 
fan. The action of the atomizer in 
breaking the solid sludge into droplets 
permits rapid evaporation of moisture 
from the solid particles. This rapid 
evaporation in turn  quickly cools the 
gases so that the sludge does not over
heat. When burning sludge, a pul
verizing fan is used for blowing the 
dried sludge into the furnace.

The apparatus will be known in the 
sanitary field as the Komline-Sanderson 
Sludge Drier and Furnace.

In order to make complete installa
tions for solids handling, the Komline- 
Sanderson Engineering Corporation 
has been licensed to (1 ) work with the 
W right Cord Filter and (2) incorpo
rate in their operations the materials
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handling equipment manufactured by 
the Gifford-Wood Company, Hudson, 
New York.

The Cord Filter installed at Perth 
Amboy, N. J., has demonstrated its 
ability to filter sewage sludge with no 
blinding, clogging, or scale formation, 
with high, sustained solids output. 
A Wright Filter is now being installed 
at the Plainfield plant, with the pur
pose of obtaining factual data on the 
performance of the drier on filter cake.

The Gifford-Wood Company was es
tablished in 1814, and builds a com
plete line of equipment for the convey
ing and handling of grit, sludge, ash, 
chemicals and other materials.

The Komline-Sanderson Engineer
ing Corporation offers complete equip
ment for the treatment of municipal 
and industrial wastes. Inquiries are 
invited from interested consultants and 
sanitarians.
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LAKESIDE ENGINEERING CORPORATION
222 W est Adams St., Chicago 6, III.

Spiraflo Clarifier
The Spiraflo Clarifier (Figure 1) for 

use in water and sewage treatment was 
first installed in a municipal sewage 
treatment plant at Flora, 111., about 
1935, but because of an existing patent 
covering the collecting of sludge to a 
common point and pumping it to the 
digester, these clarifiers had to be 
withdrawn from the market until said 
patent expired (about 1942). After 
that date the improved Spiraflo was re
introduced. Several installations have 
since been made and this unit is being 
incorporated in the design of a number 
of sewage treatment plants.

The Spiraflo is unique in that it has 
both a long influent and effluent weir, 
the influent weir being the total length 
of the bottom of the skirt which is sus
pended adjaceht to the wall of the 
round or hexagonal tank. In the case 
of clarifiers equipped with scraper 
mechanisms (non-hopper bottomed), 
tanks with side water depths of about 
9 ft. are recommended in order to 
provide a deep skirt. A 2-hour de
tention has been found to be ample

and this may later be reduced to a 
shorter period in view of the excellent 
results produced at the Flora, 111. 
plant. A 9-ft s.w.d. and a 2-hour de
tention result in an overflow rate, at 
the average design flow, of 800 gal. 
per sq. ft. in 24 hours.

At Flora, 111., with an average flow 
slightly in excess of 0.6 m.g.d., the pri
mary Spiraflo has a detention of about
1.65 hours and an overflow rate a little 
above 1,000 gal. per sq. ft. per day. 
The raw sewage B.O.D. (domestic) 
averages between 200 and 250 p.p.m. 
and the average B.O.D. removal by the 
primary clarifier runs between 55 and 
60 per cent without any pretreatment. 
The Flora plant is of the activated 
sludge type and also includes a final 
Spiraflo clarifier identical to the pri
mary. The overall B.O.D. removal 
runs between 96 and 98 per cent as 
an average.

At Brownwood, Texas a 56-ft. diame
ter primary Spiraflo handles 2 m.g.d. 
with a 2-hour detention and with a 
raw sewage B.O.D. ranging between 
300 and 350 p.p.m. The average re

F I G U R E  1.— T h e  L a k esid e  Sp iraflo  C larifier.
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moval by the clarifier runs about 65 
per cent, with an average suspended 
solids removal of between 75 and 80 
per cent. This clarifier does not have 
any pretreatment ahead of it.

The Spiraflo affords excellent grease, 
oil and scum removal; it gives actual 
detentions which run much nearer the 
theoretical than is usually the ease with 
conventional types. If, in the case of 
stale sewages, it is desired to preaerate 
the sewage before settling, this can be 
accomplished in the race of the Spira
flo without requiring the construction 
of separate preaeration units.

The use of the Spiraflo means a 
smaller load to be handled by secondary 
treatment; hence, the better the plant 
effluent, with a lower recirculation re
quirement for trickling filters and a 
lower air requirement in the case of 
activated sludge.

Information regarding these units 
will be gladly supplied upon request.

Filter Distributor
The Lakeside trickling filter dis

tributor (Figure 2) is now simplified 
to the use of straight arms and may be 
obtained for high capacity filters or for 
conventional filters. Both types are 
equipped with centrifugal nozzles of 
an improved design. The nozzles have 
covers equipped with lugs so that they 
can be easily removed and replaced

without in any way disturbing the ori
fice. The cover has an angle of dis
charge which prevents matches and 
solids up to % in. in diameter from 
lodging in the nozzle. The connection 
between the nozzle and the distributor 
arm has a means whereby the throat 
of the nozzle can be cleaned without 
removing the nozzle.

The roller bearing in the top of the 
column, where it is away from possible 
sewage contamination, has been in
creased in size. The several roller 
guide bearings near the base of the 
column are large and adjustable. A 
person sitting on an arm of the dis
tributor does not prevent its rotation.

A specially designed mercury catch 
basin is provided at the base of the 
column so that even though the mer
cury blows from the seal, it is posi
tively caught in the compartment and 
can easily be recovered. The mercury 
well is deep and is designed for operat
ing heads of 7 or 8 ft.

Sewage Samplers

The Trebler Sampler is now availa
ble in three types—one with a %-in. 
scoop width for sampling creamery or 
other wastes which do not carry large 
solids, while the other two types have 
a scoop width of % in. for handling 
sewage containing relatively large sol
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ids. One of the latter is for use with 
a 90 degree V-notched weir and the 
other is for straight weirs. The scoops 
are interchangeable on the machine.

These machines are low in cost, easy 
to move from one location to another,

but they are all designed to be used 
in connection with weirs. Later they 
will likely be available for use with 
Parshall flumes. The machines are 
time clock controlled so that the sam
pling period can be set at will.

LAMOTTE CHEMICAL PRODUCTS COMPANY
Towson 4, M d.

LaMotte Chlorine Control Units 
(New Series)

The LaMotte Research Department 
has completed a thorough survey of 
the improved application of chlorine in 
the form of free chlorine, hypochlorites 
and chloramines as sterilizing agents 
in the treatment of water, sewage and 
a host of industrial uses. As a result 
of these studies a complete new -line of 
LaMotte Chlorine Control Units has 
been made available, paralleling the re
cent advances in the more effective 
chlorination procedures. This new 
equipment embodies the latest develop
ments in the use of the O-Tolidine 
method for the determination of active 
chlorine.

The factors contributing to the ac
cepted standardization of the new 
method, such as color development, pH 
and composition of the o-tolidine re
agent have been incorporated in the 
LaMotte procedure along with a new 
series of interchangeable 15 mm. chlo

rine color standards embracing the 
entire useful range. These achieve
ments simplify the actual tests, as well 
as the apparatus, since the standards 
are not only of uniform dimensions for 
the complete range but are inter
changeable in all LaMotte Chlorine 
Comparators as well as in the standard 
LaMotte pH comparators.

The LaMotte Chlorine Block Com
parator (Standard Model) (Fig. 1) 
consists of 10 chlorine color standards 
(15 mm.), values 0.1, 0.2, 0.3, 0.4, 0.5, 
0.6, 0.7, 0.8, 0.9 and 1.0 p.p.m. chlo
rine* ; 1 ampoule of distilled water; 
three 10 ml. test tubes; one 0.5 ml. pi
pette with nipple and 50 ml. of o-toli
dine reagent. This equipment is con

* The above selection  o f  standards is  taken 
from  the fo llow in g  lis t  o f  standards which 
are availab le for  inclusion  in  the Standard  
Chlorine Comparator in  selected sets o f 10 
color standards. V alues 0.1, 0.2, 0.3, 0.4, 0.5, 
0.6, 0.7, 0.8, 0.9, 1.0, 1.5, 2.0, 3.0, 4.0, 5.0, 
6.0, 7.0, 8.0, 9.0 and 10.0 p.p.m .

F I G U R E  1.— T h e  L a M o tte  C h lorin e B lo ck  C om p arator (S ta n d a rd  M o d e l) .
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tained in a polished wooden ease, the 
top of which serves as a comparator 
for color readings. The arrangement 
of tubes in the comparator eliminates 
any errors due to color or turbidity of 
the sample, such as may be encountered 
in raw water, sewage and industrial 
wastes.

The LaMotte Roulette Chlorine Com-

F IG U R E  2.— T h e  L a M o tte  R o u le tte  C h lo
rine C om parator— A  W id e -R a n g e  U n it.

parator (Fig. 2) was designed as a 
permanent installation in plants or 
control laboratories. I t  covers the 
whole useful chlorine range from 0.1 
p.p.m. to 10.0 p.p.m. Standards are 
always in place in a revolving drum 
and readings may be made under any 
light conditions since the unit is 
equipped with a special internal dalite 
reading arrangement. Accuracy and 
speed in making chlorine readings are 
assured with the use of this unit. I t  is 
sold complete with color standards, 
ortho tolidine reagent and all necessary 
calibrated glassware. The accessory 
box containing the reagent, test tubes 
and pipette may also be used for read
ings not obtainable near the original 
unit.

LINK-BELT COMPANY

S a n i t a r y  E n g i n e e r i n g  D iv is io n

Chicago— San Francisco— Philadelphia

Straightline Scum Breakers
Link-Belt Straightline Scum Break

ers for circular or rectangular sludge 
digestion tanks have been in successful 
operation for the past 16 years. One 
of the most recent installations has 
been made at the sewage treatment

plant of the Radford, Virginia, Ord
nance Plant of the Hercules Powder 
Company.

This scum breaker (Figure 1) has 
been installed in a digestion tank of 
improved design so that the equipment 
and tank have the following distinctive

F I G U R E  1.— L in k -B e lt  S cu m  B reaker at th e  R adford , V irg in ia , O rdnance  
se w a g e  trea tm en t plant.
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features:

(a) Positive prevention of scum 
mats.

(b) Rugged construction resulting 
in long life.

(c) A supernatant liquor with low 
solid content.

(d) A low digested sludge with
drawal rate which results in no 
gas loss and the elimination of 
the possibility of explosive mix
tures due to carelessness.

(e) Low first cost of construction 
and low maintenance costs on 
mechanical equipment.

The Straiglitline Scum Breaker is 
operated at the slow speed of 1 f.p.m. 
Scum is broken up- or conveyed to one 
of the tanks where it is submerged by 
the action of the paddles. Supernatant 
liquor or digested sludge is discharged 
from the tank by pumping raw sludge 
into the digester. The digested sludge 
flows into a sludge sump where it is 
stored until sufficient quantity is accu
mulated to fill one sludge drying bed, 
thus preventing the loss of sludge gas. 
Safety devices such as an emergency 
overflow, pressure relief and vacuum 
relief valves are provided.

Rotoline Skimmer
The Link-Belt Rotoline Skimmer 

automatically removes the scum from 
the surface of settling tanks and sepa
rates the scum from the excess water 
in a scum trap. The scum may be 
pumped to the digester and the excess 
water is returned by gravity to the 
effluent channel of the settling tank.

The Rotoline Skimmer thus removes 
a dense scum without the use of elec
trical motors or mechanical equipment.

Air Diffuser Units
Many applications have been found 

for the Link-Belt A ir Diffuser Unit. 
Some of these applications a re :

(a) Activated sludge aeration tanks.
(b) Pre-aeration tanks.
(c) Grease aeration and flotation 

tanks.
(d) Chemical mixing tanks.
(e) Carbon dioxide addition to ex

cess lime-softened water.
(f) Hayes Process contact tanks.
These units are very effective, eco

nomical and simple in operation be
cause they provide the desired aeration 
or mixing at low pressure and are 
easily removed for cleaning.

F I G U R E  2.— L in k -B e lt  R o to lin e  S k im m er.
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GALVANIZED
GALVANIZED

F I G U R E  3.— L in k -B e lt  A ir D iffu ser  U n it.

The units consist of two end and one 
center casting which supports two 3-in. 
inside diameter by 24-in. long porous 
tubes as shown in Figure 3.

Link-Belt Spray Nozzles

The highly efficient Link-Belt spray 
nozzles are finding wide use wherever 
water sprays are required. Two of the 
uses in sewage treatment plants are the 
wetting down of scum in the gas vents 
and the removal of the surface scum 
from the settling compartments of Im- 
hoff tanks, as shown in Figure 4.

These spray nozzles are also used to

clean Link-Belt Revolving Drum 
Screens, Water Intake Screens and 
Vibrating Screens.

F I G U R E  4.— L in k -B e lt  Spray  N o z z le s  
rem o v in g  scum  from  an Im h off tank.

MAGNETITE FILTER CORPORATION

10 East 40th St., New York 16, N. Y.

The Magnetite Filter Corporation 
offers a completely automatic sand fil
ter which makes possible the moderni
zation of sewage treatment plants by 
the simple addition of this single unit 
to strain filterable solids from the plant 
effluent.

To the sewage works overloaded by 
increased flows or made inadequate by 
new sanitation requirements, the addi
tion of a Magnetite filter will provide 
both capacity enlargement and better 
treatment. The Magnetite filter will 
out-perform an increase of sedimenta
tion capacity in removing settleable 
solids and, in addition, will remove a 
good percentage of non-settleable dis
persed solids.

In general, filtration is the most eco

nomical method of removing solids 
normally passing through the final set
tling tank of a treatment plant.

Many primary sewage treatment 
plants, burdened with new problems, 
may approach chemical treatment per
formance without the use of chemicals. 
The installation of a Magnetite filter 
will account for removals of 40 to 50 
per cent of the suspended solids reach
ing the filter, thus usually giving a 
total plant efficiency on the order of 80 
per cent removal of suspended solids.

Where chemical treatment or chlo
rination of the effluent are employed, 
the installation of a Magnetite filter 
will very much reduce the amount of 
chemicals or chlorination required. 
In fact, in some localities it has been
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possible to eliminate chemical treat
ment altogether during the winter 
months.

When a Magnetite filter is installed 
to treat the effluent, two benefits are 
obtained: First, in chemical treatment 
and activated sludge plants, it is only

necessary to produce floe that will filter 
and not one that will settle; and sec
ond, the filter offers complete protec
tion against “ bulking” and “ floating 
sludge” in activated sludge plants, 
and against “ unloading” of trickling 
filters.

MINE SAFETY APPLIANCES COMPANY
Pittsburgh 8, Pa.

For the sewage works field Mine 
Safety Appliances Company provides 
a variety of equipment especially 
adapted to the particular safety re
quirements of the men employed in 
sewage service operations. MSA is 
the oldest and largest manufacturer of 
safety equipment in the world. Its 
products have become the standard for 
worker protection in every industry. 
Here is some of the company’s out
standing protective equipment for sew
age works safety.

Chemox Oxygen Breathing 
Apparatus

The MSA Chemox Oxygen Breath
ing Apparatus (Figure 1) provides 
complete respiratory protection where 
insufficient oxygen or contamination 
by toxic gases renders air unbreath- 
able. The Chemox is self-generating 
and completely self-contained. The 
wearer simply breathes into the easily- 
replaceable Chemox Chemical Canister 
and pure oxygen is immediately 
evolved in a quantity to meet any 
breathing requirement.

Before the canister is exhausted, a 
pre-set alarm bell rings as a warning 
to withdraw to fresh air. The MSA 
Chemox is a product of years of re
search and its effective performance 
has been proved under the most exact
ing battle conditions in the Navy 
throughout the war. Each Chemox 
Chemical Canister supplies pure oxy
gen to the wearer for one hour. Sim-

F I G U R E  1.— M S A  C h em o x  O x y g e n  
B r ea th in g  A p p aratus.

ply inserting a fresh canister prepares 
the Chemox for instant use.

All-Service Gas Mask

When sufficient oxygen is available 
to sustain life but is contaminated by 
toxic gases usually encountered around 
sewage treatment plants, such as chlo
rine, hydrogen sulfide, sulfur dioxide, 
ammonia—singly or in combination, 
including carbon monoxide—the MSA 
All-Service Gas Mask (Figure 2) pro
vides dependable respiratory protec
tion, approved by the U. S. Bureau of 
Mines. The chemical canister of the 
All-Service Mask can be easily and
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F IG U R E  2.— M S A  A ll-S e r v ic e  G as M ask.

quickly replaced when required. The 
lightweight harness permits complete 
freedom of movement.

Demand Mask
Complete respiratory protection for 

sewage works personnel who must 
enter unbreathable atmospheres is also 
provided by the MSA Demand Mask 
(Figure 3). The Demand Mask fur-

gauge mounted on the chest fitting 
shows the amount of oxygen in the 
cylinder at all times. The cool inhaled 
gas keeps the mask’s All-Vision face- 
piece completely fog-free. The MSA 
Demand Mask is quickly and easily put 
on and is comfortable to wear.

Combination Hose Mask
The MSA Combination Hose Mask 

features a safety belt whereby a man 
may be safely removed from a deep 
pit, tank or sewer manhole. This mask 
furnishes the wearer fresh air from 
outside the danger zone by means of a 
blower, thus giving protection from all 
gases, smokes and fumes and oxygen 
deficient atmospheres.

Rubberized Protection Suit
Especially adapted to the require

ments of sewage works operations is 
the MSA Rubberized Protection Suit. 
The gas-proof, moisture-proof suit is 
made of heavy rubberized double
texture black material which is hand 
doubled, stitched, cemented, strapped, 
and vulcanized at all seams. Boots 
and gloves are permanently attached, 
and the suit is adaptable for wearing 
with either an All-Service Gas Mask 
or Oxygen Breathing Apparatus.

F I G U R E  3.— M S A  D em a n d  M ask.

nishes oxygen or certified pure air in a 
refillable cylinder for a 30-min. period 
of hard exertion. Flow of the breath
ing gas is automatically regulated by 
the wearer’s breathing, and a pressure

F I G U R E  4.— M S A  C om bustib le  
G as A larm .

Combustible Gas Alarm
For 24-hour safety in modern sew

age works) Mine Safety Appliances 
Company provides the MSA Com
bustible Gas Alarm (Figure 4), which
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continuously samples confined atmos
pheres to determine concentration of 
combustible gases in the air. The 
Combustible Gas Alarm combines ex
treme sensitivity with precise accuracy 
in operation. When the concentration 
of combustible gases in the air reaches 
a predetermined limit the alarm gives 
instant audible and visible warning.

Explosimeter
Quick, accurate testing for gas ex

plosion hazards on the job is provided 
by the MSA Explosimeter (Figure 5). 
Compact, light in weight, the Explosi-

F I G U R E  5.— M S A  E x p lo s im eter .

meter is a portable combustible gas 
indicator which can easily be operated 
by any workman. It is sturdily con
structed and simply designed to with
stand hard everyday usage in sewage 
plant service.

First Aid Materials
Complete, up-to-date first aid equip

ment is a vital requirement for all sew
age works operations, inside and out. 
Mine Safety Appliances Company pro
vides a variety of first aid kits for 
every emergency—containing unit-
packaged sterile bandages of all sizes 
and types and individual, hermetically- 
sealed ampoules of stimulants and anti
septics for fast, economical administra
tion. MSA’s Type D filler system pro
vides groups of first aid fills in quanti
ties of 10 to 36 units. The units fit like 
blocks into the kits so that they are in
stantly accessible and easily replaced 
and re-ordered.

NICHOLS ENGINEERING AND RESEARCH CORP.
60 Wall Tower, New York 5, N. Y.

The Nichols Duohearth Incinerator
Nichols Engineering and Research 

Corporation has developed and in
stalled during the current year a com
bination unit for the disposal of sew
age sludge along with municipal gar
bage and rubbish. The equipment is 
known as the Nichols Duohearth In 
cinerator. There has long beten a need 
for a single unit in which all classes 
of municipal wastes could be disposed 
of in a simple and economic manner. 
Previous attempts to dispose of wet 
sludge or screenings in a conventional, 
manually stoked incinerator have all 
been unsuccessful. Any operator who 
has attempted this will bear witness to 
the impracticability of incinerating 
wet sludge along with garbage and 
rubbish in the conventional type 
incinerator.

The Nichols Duohearth Incinerator 
consists of a mechanicalty stoked gar
bage and refuse incinerator, over 
which is superimposed a drying hearth 
for predrying the sludge prior to its 
combustion in the lower refuse incin
erator compartment.

Garbage and combustible rubbish 
are burned in a Nichols Monohearth 
mechanically stoked type refuse incin
erator, which is a cylindrical furnace 
having a slowly revolving cone in the 
center. Attached to the cone are ad
justably pitched arms which stoke the 
refuse while it is being dried and 
burned. In  the annular ring sur
rounding the cone, and under the area 
swept by the arms, a solid cast iron 
drying hearth is used. Surrounding 
this in the annual area out to the 
periphery of the furnace walls are a
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series of dumping grates through 
which supplementary air is blown for 
combustion of the rubbish.

The cone and arms are perforated 
and are cooled by means of air which 
then enters the mass of refuse piled 
over the cone in the center. In this 
manner efficient drying and intimate 
contact of air with the burning mate
rial is assured.

Garbage and rubbish are charged 
through the large hollow rotating shaft 
at the top center of the incinerator.

Superimposed over the Monohearth 
refuse incinerator compartment are 
one or more conical firebrick hearths 
on which the sewage sludge is de
hydrated by utilizing some of the waste 
hot gases from the Monohearth refuse 
incinerator compartment. The amount 
of hot gases from the refuse incinerator 
which is drawn across the upper sludge 
drying hearth is controlled by a re
fractory damper, and the balance of the 
refuse incinerator gases pass directly 
to the combustion chamber and stack.

The hollow shaft in the sludge drier 
compartment is rotated by a separate 
driving mechanism. Rabble arms with 
teeth or plows are attached to the shaft 
and the teeth plow and stir the sludge 
during its passage across the upper 
drying hearth. In this way intimate 
contact of the wet sludge with the hot 
gases from the refuse incinerator is 
assured. The dried sludge falls 
through a center discharge opening in 
the drying hearth so that it lands upon 
the top of the pile of burning refuse 
where final combustion of the sludge 
takes place.

Gases from drying and burning are 
positively deodorized by mixing with 
the high temperature gases from the 
refuse incinerator.

The Nichols Duohearth fills a long 
felt need in the economic disposal of 
all municipal sludge, screenings, grit, 
garbage and combustible rubbish in a 
single unit.

A Nichols Duohearth combined rub
bish and sludge incinerator unit was 
placed in operation during ,tbe early 
part of 1946 at a plant in Pearl River, 
New York and the operation of this 
unit has been of particular interest 
because of the great variation of char
acteristics and quantities of sludge, 
filter cake, industrial wastes, molds, 
slurries, etc., which it had been called 
upon to dry and incinerate.

During the past year two new 
Nichols Multiple Hearth sewage sludge 
incinerator installations were placed in 
operation. The plant at East Chicago, 
Ind. is handling a filter cake from a 
biochemical process of sewage treat
ment. The plant at the city of Dear
born, Mich, includes an additional in
cinerator unit which was required to 
supplement the capacity of the original 
Nichols Multiple Hearth Incinerator. 
Greatly increased sludge quantities at 
Dearborn, due to the war and to 
growth from industrial activities, re
quired increased sludge incinerator 
capacity, and after 12 years of satis
factory operation of the first Nichols 
Multiple Hearth sludge incinerator the 
city installed a duplicate unit. Both 
incinerator units at Dearborn are oper
ated when sludge quantities require.

NORDSTROM VALVE COMPANY

A  D i v i s i o n  o f  R o c k w e l l  M a n u f a c t u r i n g  C o m p a n y  

Pittsburgh, Pa.

Nordstrom Lubricated Plug Valves plants because of their leak-resistant,
Nordstrom Valves are well adapted non-sticking and positive shut-off con

to the requirements of Sanitation De- struction. Made in a wide range of
partments for use in sewage disposal sizes and for various pressures.
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“Sealdport” Lubrication
The “ Sealdport”  method of valve 

lubrication forces “ Nordcoseal” Lubri
cant under high pressure between the

L u b rica n t S y s te m  in  N o rd stro m  V a lv es .

plug and body, making the valve leak- 
resistant and freeing the plug to as
sure easy operation. Simply turning 
a screw at the top of the valve com
pletely covers both seat and plug sur
faces with a film of lubricant.

Lubricant grooves in the valve body 
and plug are so arranged that the 
lubricant cannot be blown from the 
valve by the fluid or pressure in the 
line. The Nordstrom method of 
“ Sealdport” lubrication has made 
practical the use of plug cock valves 
as large as 30 inches in size and as
sures the most satisfactory service for 
sewage disposal plants.

In the phantom view shown, the 
lubricant grooves on the plug and in

C u t-a w a y  v ie w , N o rd stro m  V a lv e .

the valve body may be clearly seen. 
These grooves form an interconnecting 
system which conducts the lubricant to 
the lower end of the plug in either 
open or closed positons of the valve.

The principle of high pressure 
“ Sealdport”  valve lubrication may be 
easily traced through the entire valve 
in the phantom view.

Also is shown plug assembled within 
valve body and with the especially de
signed gland and yoke in place. 
Should neglect to lubricate occur, valve 
will remain tightly seated because all 
unbalanced pressure is in a downward

direction and can be readily freed by 
inserting a stick of Nordstrom Lubri
cant and turning down the screw.

Standard Dimensions

Made in one pattern are Nordstrom 
Valves that have standard gate valve 
face-to-face dimensions and embody all 
the advantages inherent to the general 
Nordstrom line, including the patented 
“ Sealdport”  method of lubrication 
and plug lifting features that make 
operation easy and positive at all 
times. I t  is now economical to replace 
valves of other types with these lubri
cated plug valves since they can be in
stalled without altering existing pipe 
dimensions.

N o rd stro m  V a lv e  w ith  standard  
fa c e -to -fa c e  d im e n sio n s .
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PACIFIC FLUSH TANK CO.
4241 Ravenswood Ave., Chicago, III.

Heater and Heat Exchanger with 
Automatic Gas and Oil Firing

In connection with the digestion of 
solids separated from sewage in a di
gestion tank, it is necessary to main
tain the temperature of the digesting 
mass within rather close limits.

Heretofore the heating of digestion 
tanks has been largely accomplished by 
the burning of the gas generated in the 
digestion process and complete reliance 
has normally been placed upon suffi
cient gas being available to be burned 
to maintain the digester temperature.

It has been observed, however, that 
when undue cold weather is encoun
tered, there may not be sufficient gas 
to maintain the digester temperature. 
With a drop in the digester tempera
ture the rate of gas production drops, 
further reducing the amount of gas 
available for heating. If this vicious 
cycle continues, the lowered tank tem

perature will cause the digestion rate 
to drop to such a low point that the 
digestion process may have to be 
started anew, with dependence on 
auxiliary fuel for heating.

The combination gas and oil firing 
features of the digester heater and heat 
exchanger unit makes possible the 
maintenance of digester temperatures 
within the desired limits without man
ual control by the operator. When 
sufficient gas is available, the unit op
erates entirely on gas as a source of 
fuel supply and continues to use this 
gas to the extent that heat is required 
in the digester system. When the sup
ply of gaseous fuel drops, which results 
in a reduction in the pressure at the 
gas supply main, a liquid fuel such as 
oil is fed automatically to the burner 
of the unit.

The smallest unit manufactured by 
Pacific Flush Tank Co. is shown in 
Fig. 1.

F I G U R E  1. A u to m a tic  g a s and oil fir ing  ty p e  of heater and heat exch an ger.



1076 SEW AGE W ORKS JO U R N A L Septem ber, 1946

Description of Controls and Control
Circuits
One method employed for accom

plishing the automatic control of the 
firing of a gaseous fuel or a liquid fuel 
is indicated in Figure 2. A longitudi
nal cross-section of the heater and heat 
exchanger unit is taken through the 
combustion chamber and fire tubes. 
The gas and oil burner is also shown 
in cross-section.

A combination of standard electrical 
and pressure control devices are shown 
in diagrammatic form and are used in 
the automatic control of the burning 
of the two different types of fuel as 
described hereafter.

The initial starting or stopping of 
the unit is accomplished by completing 
the power circuit at main fused knife 
switch (a) which serves to energize 
magnetic starter (c) which, in turn, 
completes the circuit, allowing the unit 
to come into operation if the system 
requires heat.

Push button (b) in the circuit is 
used for manual restarting of the unit 
after main fused knife switch (a) is 
in closed position, in case of any fail

ure of the unit to start initially or in 
later sequences.

Thermostatic mercury switch (d) 
may be set to maintain any desired 
range of temperature in the water bath 
of the heater unit. The requirements 
of the heating of the water bath are 
dependent upon passage of the mate
rial to be heated through coils im
mersed in this bath. When heating of 
the bath is required, thermostatically 
controlled switch (d) causes the mag
netic starter or relay (e) to be ener
gized if the gas pressure is low, or 
causes gas valve (i) to be energized if 
sufficient gas pressure is available, and 
at the same time causes a current to 
pass through the ignition coil (f), 
which creates a high tension spark at 
spark gap (g) for a period of approxi
mately 25 seconds (or continuously, if 
desired).

If sufficient gas is available to exert 
a pressure at pressure switch (h), a 
circuit is closed which allows the elec
trically operated valve (i) to open, al
lowing gas to pass into chamber (j) of 
burner unit (x) and thence through 
nozzles (k) into combustion chamber
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where it is ignited by spark gap (g) 
previously referred to. Pressure regu
lator (1) is inserted in the line for the 
purpose of controlling the pressure of 
the gas fed into the burner chamber 
regardless of the varying pressure ex
isting in the gas line at point (m).

In the event that there is not suffi
cient gas available for burning, the 
pressure at switch (h) drops to a low 
setting point which, in turn, starts the 
motor (n) of oil pump (o). When a 
pre-set pressure of, say, 90 p.s.i. is ob
tained, pressure switch (p) opens, al
lowing gas valve (i) to close off the gas 
supply completely. The unit is then 
operating, using a liquid fuel.

During the oil cycle, oil is spread 
out through nozzle (q) and is ignited 
by spark gap (g) or by the combustion 
of gas in the combustion chamber 
which has not been completely shut 
off in the previous cycle.

When the quantity and pressure of 
the gas increases, switch (h) again 
comes into operation to shut off the oil 
pump (o) and motor (n). As soon 
as the pressure in the oil line set at 
pressure switch (p) drops to some pre
determined setting, say, 70 p.s.i., elec
trically operated gas valve (i) is al
lowed to open, resuming the burning 
of the gaseous fuel.

During the time that the unit is call
ing for heat either by the burning of 
liquid or gaseous fuels, fan motor (r) 
is in operation, causing an exhaust by. 
means of fan (s), which draws in com
bustion air through ports (t).

The fan is started initially when 
main fused switch (a) is closed, and 
is in operation approximately 10 sec
onds before either of the fuel lines con
trolled by valve (i) or motor (n) of oil 
pump (o) may allow fuel to enter the 
burner unit (x ).

When the heating of the unit is satis
fied, mercoid switch (d) shuts off the 
supply of gas or oil fuel and also the 
draft induced by fan (s), by stopping 
motor (r).

In the system flame safety devices 
are provided of a standard type which

depend upon the electrical conduc
tivity of a flame. A circuit is com
pleted from the ground circuit of the 
unit through the flame to flame rod 
(u) which acts upon Flame-o-trol unit 
(v) so as to allow the various opera
tions previously indicated to take place 
as long as there is the presence of a 
flame. In the event that the unit 
should be calling for heat and the flame 
goes out, Flame-o-trol unit (v) is actu
ated in such a manner as to close off 
all fuel supplies of gas from (m) or oil 
from (y) and exhaust fan (s), and 
cause alarm horn (w) to signal a 
warning. Prior to giving this warning, 
however, the unit in a cyclic manner 
attempts to relight the gases by auto
matically energizing the spark coil (f) 
and allowing one of the fuel lines to 
open momentarily, the gas fuel line 
opening at valve (i) first if gas pres
sure is available at switch (h). If  the 
flame does not satisfy the completion 
of the circuit as controlled by Flame-o- 
trol unit (v), the entire system is shut 
off and remains in the warning state, 
requiring the operator to make manual 
adjustments before the unit can be re
started. Such manual starting is at
tempted by depressing push button
(b), after a flame failure shut-off.

Although only one general method 
of operation is indicated by this cir
cuit, connections are possible by means 
of additional settings on a dual type 
mercoid switch similar to (d) to allow 
the liquid fuel to be supplied to the 
burner unit (x) at nozzle (q) at the 
same time that gaseous fuel is supplied 
at gas nozzles (k), in case there is suf
ficient gaseous fuel at supply line (m) 
to allow proper burning but the gase
ous fuel is not sufficient to satisfy heat 
requirements of the unit as determined 
by a predetermined low temperature 
setting of mercoid switch (d) reflect
ing the temperature of the water bath 
by bulb (z). The same general circuit 
shown is used under this latter control 
condition. Manually operated gas 
valve (aa) is used to shut off the gas 
supply if desired by the operator.
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P IT T S B U R G H  E Q U IT A B L E  M E T E R  D IV IS IO N

R o c k w e l l  M a n u f a c t u r i n g  C o m p a n y  

Pittsburgh, Pa.

Pittsburgh-Em pire W ater M eters

Pittsb urgh-E nipire W ater Meters 
have for years been used by large and 
small m unicipalities alike throughout 
the country. Their excellent construc
tion, maintained accuracy, and long 
life have been thoroughly proven on 
hundreds of thousands of installations. 
In sewage treatment plants they are 
recommended for measuring the heated 
water circulated through digestion 
tanks, and all cold water piped for

various uses throughout the plant. 
Hot water meters are of a special con
struction to operate under high tem
peratures.

Em co M eters for Sew age Gas
It has become common practice in 

the design and operation of sewage 
disposal plants to utilize the gas gen
erated during sludge digestion as a 
source of heat and power. Since mod
ern engineering methods have demon
strated that accurate measurement is

Em pire O scillating P iston  W ater M eter. P ittsburgh D isc  T ype H o t W ater Meter.

Specifications of Emco Meters for Sludge Gas

M eter
No.

Size of Conns, 
(in.)

Length
(in.)

W idth
(in.)

Height
(in.)

W eight
(lb.)

Capac 
Cu. F t. per 

Specific G

H -inch
Pressure

Absorption

ities— 
hour of 0.6 

ravity Gas

2-inch
Pressure

Absorption

0 %, 1 or 1% 9%e 8% n % 38 175 350
1 1, I K  or IK n % 9 % 14% 46 275 550
2 I K  or IK 12% 10 K 16% 67 350 700
2% 2 20% 14 25% 227 850 1,800
3 2 or 3 22K 16K 271% 6 305 1,200 2,500
4 3 or 4 27 % 19% 32% 506 1,700 3,800
5 4 40 20% 51% 1,000 5,000 10,000

Note: Capacity ratings of gas meters are usually based on a gas of 0.6 specific gravity. 
To correct for gas having a higher or lower gravity, the following formula should be used:

R„ =  R  —■=■ where: R a =  rating for gas having specific gravity G 
V G

G =  specific gravity of gas 
R =  rating in table above
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E m co Sludge Gas M eter.

a necessary part of the control of any 
process, the metering of this gas is an 
important matter and the choice of 
meter, one that should be given care
ful consideration.

Experience has proven that the con
ventional meter used for measuring 
manufactured and natural gas will not 
operate satisfactorily on this type of 
service due to the destructive effect 
which sewage gas has on materials com
monly employed in the construction of 
gas meters. For this reason Emco 
meters for sewage gas are especially 
constructed from materials which labo
ratory tests and years of field experi
ence have proven resistant to the ac
tion of this gas. The outer case is of 
heavy cast iron with interior coated 
with a special preparation. A special 
tannage and treatment is given to the 
diaphragms.

R O O T S -C O N N E R S V IL L E  B L O W E R  CORP.

Connersville, Ind.

While the Roots-Connersville Blower 
Corp. of Connersville, Ind., is best 
known as the pioneer builder of rotary 
positive blowers, this company, estab
lished in 1854, has built a great many 
centrifugal units during recent years, 
some of which have found application 
in the large sewage treatment plants 
over the country.

Roots-Connersville is c u r r e n t l y  
stressing what it describes as its “ dual
ability” to furnish either type of 
blower on a completely unbiased basis, 
depending upon the requirements of 
the particular application for which 
the blower is to be used.

Illustrated in Figures 1 and 2 are 
two typical Roots-Connersville installa
tions, one showing the centrifugal type 
of blower and the other the rotary 
positive type. The centrifugal instal
lation (Figure 1) is located at thç Ja
maica sewage treatment works in New 
York City, and comprises three 3-stage 
units each having a capacity of 15,000 
c.f.m. at 7% p.s.i., all direct coupled 
to 700 hp. motors.

Figure 2 shows two dual-impeller 
blowers installed in the sewage treat

ment plant at Cranston, R. I., each 
unit being rated at 1,500/2,500/4,000 
c.f.m., respectively, operating at a 
speed of 600 r.p.m. at a pressure of 
6y2 p.s.i. These dual-impeller blowers 
are direct connected to 150 hp. motors. 
Due to the dual-impeller design, a 
plant is able to regulate its air supply 
to the varying load demands by simply 
selecting any one of the three capaci
ties available. This is done by by
passing the chamber not required for 
the particular cycle of operation, thus 
giving 1,500 c.f.m. or 2,500 c.f.m. by 
utilizing only the smaller or larger 
chambers, or a total combined output 
of 4,000 c.f.m. when both of the cham
bers are used at full capacity.

Blowers built by Roots-Connersville 
have found wide application in acti
vated sludge type plants of all sizes. 
They are also used for the trickling 
filter process, or wherever air is re
quired in large quantities, produced as 
economically as possible.

In recent years there has been a dis
tinct trend to the use of digester gas 
for fuel in engines designed to burn



1080 SEWAGE WORKS JOURNAL September, 1946

F IG U R E  2.— T w o dual-im peller rotary positive blow ers installed at the Cranston, R. I.,
sew age treatm ent plant.
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it, and for this type of drive the Roots- 
Connersville rotary positive blower 
has been found to possess inherent 
characteristics which make it the choice 
of many plant operators so utilizing  
gas. Records are on file which defi
nitely establish the economies to be 
gained by utilizing sludge gas as en
gine fuel, one such showing a saving 
of $6,000 per year over the cost of 
purchased electric power.

W hile the installations shown here 
illustrate larger size plants, Roots- 
Connersville builds blowers ranging 
from 10 c.f.m. to 50,000 c.f.m., up to 
pressures of 30 p.s.i. in standard de
signs, and can also offer equipment for 
higher pressures and larger volumes. 
In addition to its line of blowers, 
Roots-Connersville also builds a-com
prehensive line of meters for measur
ing digester gas.

R O Y E R  F O U N D R Y  A N D  M A C H IN E  CO.

Kingston,'Pa.

D e m a n d  f o r  S l u d g e  F e r t i l i z e r  C o n t i n u e s  t o  G r o w

Fertilizer made from sewage sludge 
was used to a much greater extent dur
ing the war years than ever before. 
While the fertilizing values in sewage 
sludge have long been known, it took 
war’s unprecedented demand for 
greater food production to bring it 
into its own. In addition, hundreds 
of naval and military establishments 
installed Royers and used the sewage 
product to beautify lawns at their 
bases and camps.

Sewage treatment plants with proper 
facilities for converting sludge into an 
applicable fertilizer report that they 
could have sold much larger quantities 
than they were able to produce— a vol
ume which is, of course, limited to the 
amount of sludge available.

These same sewage works also re
port that there is no falling off this 
year in the demand for sludge ferti
lizer— in fact, it has increased. This 
is due to two causes. Sludge fertilizer 
proved its ability to increase food 
crops during recent years more than 
ever before. Its value has become 
known to more people, from Victory 
gardeners to the largest commercial 
growers. Also, more American-pro
duced food than ever is needed over
seas— to combat stark starvation in a 
number of lands. As one sewage works

superintendent puts it: “ I ’d sure feel 
heartless if we were burning or bury
ing our sludge now .”

The sewage sludge that comes from  
the drying beds, caked and full of 
lumps, is hardly in condition for use 
as a fertilizer, although it has been 
used to a limited extent. Screening 
and other primitive methods of break
ing up the sludge cake are laborious 
and fall far short of making the ferti
lizing elements in the sludge fu lly  ef
fective. However, sludge cake can be 
converted into a ready-to-use and mar
ketable fertilizer— at a cost no greater 
than that of burying or incinerating 
the sludge. A growing host of sewage

F I G U R E  1.— S h o w in g  th e  a c t io n  o f  t h e  
“ c o m b in g  b e l t ”  in  d i s i n t e g r a t i n g  s lu d g e  
c a k e  in  t h e  h o p p e r  o f  t h e  R o y e r .
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treatment plants, in cities large and 
small, 'have eliminated the expense of 
sludge disposal, and in its place are 
enjoying a steady revenue by means 
of the Royer Sludge Disintegrator.

The Royer is a compact, ruggedly 
constructed, portable or stationary 
machine for the rapid, economical dis
integration of sewage sludge from the 
drying beds. Its operation is shown 
in Figure 1. Sludge cake is shovelled 
by one or more men into the hopper.

The machine employs an endless belt 
of tough, resilient composition, upon 
which are mounted rows of steel teeth 
or sprigs to accomplish the thorough 
shredding, mixing and aerating of the 
sludge cake. The belt travels at an 
angle of 45 deg., and the teeth are so 
shaped and the rows so closely spaced

that caked, lumpy or matted material 
deposited upon the belt cascades, roll
ing over and over on the belt as it is 
combed by the teeth. The material is 
reduced to pea size and carried to the 
discharge end, where it is automati
cally discharged onto truck or stock 
pile.

Sticks, stones and other trash gravi
tate to the bottom of the belt, where 
they are periodically removed by 
means of a gate. The Royer reduces 
the moisture of the sludge, which is 
aerated twice— on the belt and again 
on the discharge. The machine turns 
out an effective and ready-to-use ferti
lizer. A high strength fertilizer may 
be obtained by mixing enriching chem
icals with the sludge in the machine. 
Fertilizer produced with the Royer is

F IG U R E  2.— R oyer Sludge D isintegrator converting sludge into fertilizer
at Charlotte, N . C.
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being sold under a multitude of trade 
names by sewage works throughout the 
land (Figure 2).

The Royer is available in twelve sta

tionary and portable models; electric 
motor, gasoline engine or belt-to-tractor 
driven, with a size for every sewage 
treatment works.

S IM P L E X  V A L V E  A N D  M E T E R  CO M PA N Y  
6725 Upland St., Philadelphia 42, Pa.

Sim plex Air Release V alve

The Simplex Air Release Valve auto
matically vents air obstructions that 
might otherwise cause loss of operating 
efficiency or damage to pipe lines and

non-collapsible float is buoyed by the 
water in the line until a condition 
arises which tends to create a vac-

pumps. Simple, rugged construction 
assures dependable service. One lever 
movement operates a tightseating 
needle valve, actuated by a heavy glass 
ball float. Types available for pres
sures up to 1,250 lbs. per sq. in—  
tested to several times the service work
ing pressure.

Type “ B ” Sewage Air Release 
Valves are especially designed to meet 
the particular conditions of sewage 
service and eliminate shutdowns caused 
by trapped air and gases from decom
posing organic matter. A permanent 
hose connection makes it possible to 
accomplish routine periodic back- 
flushing merely by opening the water 
valve to allow clear water to fill the 
release valve and the system. The 
flush is quickly and easily completed 
without dismantling any part of the 
installation.

Sim plex Air Inlet Valve

Eliminates the possibility of collapse 
of pipe line walls due to sudden drop 
in pressure in gravity flow line. The

uum—then the buoying effect of the 
water is lost, the float drops from its 
seat, to admit air and destroy the vac
uum. The Air Inlet Valve serves an
other useful purpose in allowing es
cape of air from summits while filling 
lines after shutdown.

Type MO Meter

Indicates, records and totalizes fluid 
flow rates. Consistent high accuracy 
over wide flow range (up to 32.5 to 1) ;

extreme sensitivity to every change in 
flow; simplicity of design, trouble-free 
operation, minimum maintenance cost.
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Evenly graduated, direct reading flow 
scale and chart. Floor stand, wall 
bracket or panel board mounting.

Air D ifferential F low  Meter
For Liquids Containing  

Suspended Solids

Corrosive fluids are measured with
out directly touching this highly accu
rate instrument, since the differential 
head is measured directly from the 
primary device and then transmitted  
to the meter through the medium of 
air. Therefore, the meter is unaffected 
by the fluid being measured, and gives 
trouble-free service year in and year 
out. The Simplex Air Differential 
Meter may be placed at any elevation 
regardless of the pressure in the line. 
It may be installed to integrate, record 
and totalize in any com bination; the 
chart is of the evenly spaced, direct 
reading ty p e ; flow measurement is 
easily read over the entire range of 
the meter.

T ype MS F low  Rate Meter

Accurately indicates, records and 
totalizes flow rate. Bell-shaped float 
automatically extracts the square root

of the law of flow and makes possible 
the direct reading chart— evenly grad
uated from 10 to maximum. The arm 
of the recording pen connects directly 
with the float for inevitable accuracy 
of transcription and sensitivity to flow 
change.

Sim plex M anom eters

Simplex Manometers are used with 
Venturi tubes, flow nozzles, and ori
fice plates for flow measurement of

water, steam, air, etc. They are avail
able in fixed types (Type M AB) for 
permanent installation or portable 
models (Type MAC) for field use. 
Extra high-accuracy units, Type MAP, 
have been designed for the Simplex 
W -K  method of turbine flow meas
urement and for laboratory testing. 
There are also special models (Type 
M AD) for filter plant use to measure 
both rate of flow and loss of head, 
especially where low head conditions 
exist and vacuums may be present.

Sim plex Air Operated Filter Gauges

These operate on the same principle 
as the air differential flow meter and 
can be placed at any elevation since 
the differentials produced at the pri
mary devices are transmitted to the 
gauges through the medium of air. 
Both loss of heg,d and ratb of flow may 
be measured by application of this 
system. Added advantage is the free
dom of the mercury cylinders from 
contact with the liquid being measured. 
Extreme accuracy of measurement by 
this means may be obtained.

Sim plex Parabolic Flum e Meter

A new form of measuring device 
designated specifically for installation 
in pipes flowing part fu ll or sewers or 
channels where low head conditions 
exist. The flume section permits grad
ually increasing velocity without mate
rially decreasing the depth of liquid 
at measuring section, tending to pro
vide self-scouring features. It is ap
plicable to measurement of water, sew
age or industrial wastes and operates 
in conjunction with a float operated 
Type M SF meter which can be ar
ranged for indoor, wall or floor mount
ing, or outdoor mounting in weather
proof case. The meter is capable of 
measurement over a long range of flow 
with consistent accuracy. Mechanical 
connections betw.een flume and meter, 
or distance electrical transmission, can 
be provided as desired.
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Sim plex Air Meters

Designed generally along the same 
lines of the MS mercury cylinder in 
strument, these meters are specifically 
adapted to the measurement of air 
flowing through pipelines under such 
conditions that warrant the use of pri
mary devices such as Venturi tubes, 
flow nozzles on orifice plates. The 
standard form is designed to operate 
with maximum differential of 6 in. of 
water, but cylinders for other differ
entials can be furnished. Meters em
ploy circular, evenly spaced daily or 
weekly charts and are of indicating, 
recording, or totalizing types or vari
ations thereof. Floor stand or wall 
bracket mounting is optional.

Sim plex Sew age and Sludge Control 
Equipm ent

Specially designed equipment utiliz
ing two Venturi tubes or rate control
lers as primary devices operating in 
conjunction with a proportional con
trol setting, which permits the flow to 
be varied through both primary de
vices over a predetermined range with 
an equal flow through each unit. The 
control feature is such that the flow 
through one primary device can also 
be proportioned against flow through 
the second primary device in a ratio of 
25 to 70 or 70 to 25, or any inter
mediate setting. This equipment is 
adaptable for installations in filter 
plants, sewage treatment plants or in
dustrial installations.

"tx

T E N N E S S E E  C O R PO R A T IO N
619-27 Grand Bldg., Atlanta 1, Ga. 

F E E D IN G  F E R R I-F L O C

F e r r i - F l o c ,  a commercial ferric sul
fate sold under that trade name, has 
found wide application in sewage and 
industrial waste treatment and water 
purification plants over the United 
States in recent years. A  great deal 
has been written on various types of 
treatment and applications of the 
chemical, but very little has been said 
about the method of feeding and/or 
putting the material into solution. 
This article is devoted to the proper 
feeding and solution equipment, with 
particular attention paid to the smaller 
plants.

Iron salts in one form or another 
have always been well-known in the 
sewage treatment field. Up until the 
last six or seven years the only avail
able forms of iron were ferrous sulfate 
and ferric chloride. These two chemi
cals were available at a price that was 
not prohibitive for use as a coagulant. 
Ferric sulfate at that time had not

been developed in a commercial form.
About five years ago the Tennessee 

Corporation introduced a form of fer
ric sulfate (under the trade name 
“ F e r r i - F l o c ” ) that could be marketed 
at a price that made it competitive 
with other forms of coagulants. This 
material is a partially hydrated ferric 
sulfate. It is a stable free-flowing salt, 
granular in shape and can be fed 
through any standard dry feed equip
ment. As it is partially hydrated it is 
easy to handle, safe to ship in bulk 
cars, and can be stored in open bins 
over a considerable period of time. 
Furthermore, being partially hydrated 
it does not pass through a gummy 
stage when going into solution. Highly  
important, it does not require careful 
proportioning of water to the salt. 
The chemical contains approximately 
the same amount of heat of solution as 
other partially hjMrated salts. This
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small amount of heat aids in putting 
the material into solution.

Probably the most important re
quirement in feeding any chemical in 
sewage or water treatment plants is 
getting the material into complete solu
tion. This is overlooked in many 
plants, both large and small. It is 
even more important with the use of 
ferric sulfate. In a number of plants 
where coagulants other than iron salts 
are used, the chemicals are more or less 
flushed into the main volume of water. 
In this manner a large portion of the 
chemical immediately settles to the bot
tom of the tank and is lost as far as 
coagulating value is concerned. This 
is true with aluminum salts as well as 
iron salts.

As stated before, F erri-Floc can be 
used in any standard dry feed equip
ment, with only a few modifications. 
The feeder should be equipped with a 
dissolving pot constructed of stainless 
steel, lead, rubber-lined, or earthen
ware, and equipped with some means 
of mechanical agitation. The size of 
this pot depends upon the maximum  
dosage required to treat the water and 
should afford 20 to 30 minutes reten
tion time.

In order to obtain optimum coagu
lating value, the F erri-F loc solution 
should be diluted as much as possible 
before being applied to the water. 
This dilution should take place after  
complete solution has been reached. 
Complete solution will be indicated 
when the solution has a dark reddish- 
brown color. An arrangement such as 
a box or a funnel should be fitted to 
the overflow of the solution tank, where 
additional water can be added for the 
necessary dilution.

Another type of solution tank can 
be constructed from an earthenware 
crock of the required size, depending 
on the necessary dosage, and a hole

sandblasted into this of sufficient size 
to accommodate a rubber hose to con
vey the solution to the point of appli
cation. A wooden baffle can be placed 
in the crock so as to prevent short- 
circuiting of the solution and to insure 
the fu ll retention time.

A L ightning mixer, equipped with 
a stainless steel shaft and propeller, 
has proved to be the most efficient 
means of agitation. However, a num
ber of plants have constructed their 
own mixer by using a small ball
bearing motor and fitting it with a 
stainless steel shaft of desired length.

A t the present time there are on the 
market a number of highly efficient 
chemical feed machines that have been 
designed to meet the demand for an 
accurate and fool-proof feeder. These 
devices are usually equipped with a 
lead-lined solution tank with a stain
less steel agitator and a meter suitable 
for measuring the solution water flow. 
These machines are available at a mod
erate cost.

Care should be taken to handle the 
chemical in stainless steel, lead, rubber, 
or earthenware while it  is in solution. 
It is not necessary to take any special 
precautions while the material is in 
the dry state. It can be handled as 
any dry chemical and stored in steel 
or concrete bulk hoppers regardless of 
climatic conditions.

The Tennessee Corporation main
tains a staff of technically trained field 
men, with the sole object of giving 
users and potential users of F erri- 
F loc assistance in their water and sew
age treatment problems. These men 
are available without any obligation. 
Inquiries will be welcomed for any 
additional information. A  copy of a 
24-page booklet containing information 
of interest to both water and sewage 
works personnel will gladly be fur
nished upon request.
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U N IT E D  ST A T E S P IP E  A N D  F O U N D R Y  C O M PA N Y

General Offices: Burlington, N. J.

Cast Iron Pipe for Sewers

The use of cast iron pipe for sewers 
is steadily increasing throughout the 
country. Many new sewage treatment 
plants are being built, some in con
junction with new sewer systems and 
others to augment existing systems. 
Furthermore, major revisions are being 
made in large numbers of existing  
treatment plants, not only to increase 
their capacity but to provide more 
complete treatment that will produce 
an effluent of better quality. Treat
ment costs m oney; the amount of 
money is almost directly proportional 
to the volume treated. Logically, 
therefore, every gallon of water that 
seeps into the mains through leaky 
joints, cracked pipe or from other 
sources not only crowds the sewer but

costs good money to convey it through 
the various treatment stages.

Cast iron pipe possesses three out
standing properties that are most im
portant for present day sewer con
struction :

1. Tight pressure type joints that 
prevent infiltration, thereby reducing 
treatment costs and incidentally elimi
nating trouble with tree roots.

2. Compressive strength to resist 
heavy earth loads due to deep fills over 
the pipe. Beam strength to withstand 
stresses caused by earth movement. 
Bursting strength to resist internal 
pressure when used as a force main or 
when pressure might occur tempo
rarily due to floods.

3. Long life that has been proven 
by years of satisfactory service, conse

F IG U R E  1.— Installing 14-in. and 18-in. flexible joint cast iron pipe for dual line sewer  
siphon across the Passaic River, Fair Lawn, N . J.
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quently permitting a low annual 
amortization charge on the original 
investment.

There are many instances in various 
parts of the country where cast iron 
pipe has been installed in sewage works 
for flow mains, force mains, stream 
crossings (Figure 1), outfall sewers 
and in treatment plants.

Cast iron flow lines are generally in
stalled where the pipe is laid in water 
saturated soil, to eliminate troublesome 
and costly infiltration.

Cast iron force mains are being in
stalled at a steadily increasing rate 
due to the growing demand for sewage 
treatment. Treatment plants are usu

ally located some distance away from 
the more densely populated sections of 
a community. Frequently, it is not 
possible to have gravity flow to the 
plant. In those cases the sewage flows 
into a sump and is then pumped 
through a force main to the treatment 
plant.

Cast iron outfall sewers have been 
widely and satisfactorily used to con
vey sewage, in most cases treated and 
in some cases untreated, out into a 
body of water for final disposal.

Cast iron pipe and fittings are used 
extensively to transport the sewage 
through the various treatment stages.

T H E  V A P O R  R E C O V E R Y  SY ST E M S C O M PA N Y
Compton, Calif.

E F F I C IE N T  P O S T W A R  D E S IG N  O F  S E W A G E  G A S C O N T R O L

“ Know-how” and experience gained 
through the closest co-operation with 
sanitary engineers, Army engineers in 
the installation of over 3,000 sewage 
treatment plants are now incorporated 
in all “ V arec” approved equipment. 
The strictest and most rigid conform
ity  to exacting designs and specifica
tions has developed higher quality, e f
ficiency, and craftsmanship now avail
able to the sewage works field.

“ V arec” Relief Valve, F ig. No. 78 
(Figure A ), is designed for use in 
water, oil, air, steam, or gas service. 
It may be installed on the discharge 
side of every pump and on pressure 
gas holder domes as safety valves. An  
inside spring is housed in an air-tight 
bonnet. The smooth-lifting valve plug 
is of the regrinding type. It  is a 
sturdy, high capacity, top-guided valve 
featuring an accurate spring action, 
easy adjustment, low percentage of 
“ blow-down” and low maintenance 
costs. It seats sealtight for long ex
tended periods of time. Adaptations 
and accessories make the F ig. No. 78

(inside spring) and F ig. No. 79 (out
side spring) valves (Figures A  and B, 
respectively) efficiently suited to any 
demands in the sewage treatment 
plant.

Further research, on the “ Varec” 
approved Pressure Relief and Vacuum  
Breaker Valve, F ig. No. 20C, gives 
greater service through the use of 
HYCAR in the seats of the hyperbolic 
inner valves. A synthetic rubber 
product, Hycar remains resilient at 
temperatures below zero, is highly re
sistant to heat and is non-soluble in 
sewage service. “ V arec” approved 
Drip Ring eliminates condensate on 
the seats. F ig. No. 20C with the 
“ V arec”  approved F l a m e  A r r e s t e r ,  

Fig. No.. 50A, form unit Fig. No. 58C, 
the “ Guardian of Sewage Gas Con
tro l” in the treatment plant.

“ V arec”  approved Pressure Relief 
and Flame Trap Assembly, Fig. No. 
440, consists of a diaphragm operated 
regulator, flame trap, and thermal 
shut-off valve. It maintains a pre
determined back pressure, passing sur-
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F IG U R E  A.— “V arec” R elief Valve, F ig.
No. 78 (inside spring).

plus gas to burner and stops flame 
propagation. The patented telescopic 
flame trap element simplifies inspection 
and maintenance.

“ Varec” approved Flame Trap As
sembly consists of Flame Trap and 
Thermal Shut-off Valve. Installed in 
all gas lines supplying gas utilization 
equipment, it arrests flame propaga
tion. Non-corrosive and stainless steel 
construction makes inspection and 
maintenance simple.

“ Varec” Sensitive Pressure (Reduc
ing) Regulator (single-port), Fig. No. 
387, maintains upstream or down
stream pressure to within 0.5 in. of 
water of predetermined pressure.

“ Varec” Super Sensitive Pressure 
(Reducing) Regulator (double-port), 
Fig. No. 187, maintains upstream and 
downstream pressure to within 0.2 in. 
of water of predetermined pressure. 
Standard working parts are 18-8 S.S. 
with synthetic rubber diaphragm. 
Non-corrosive.

“ V arec” Back Pressure Check 
Valve, Fig. No. 211A, is installed in 
relatively low pressure gas line. Pre
vents back-flow through meters. Non
chattering, non-pulsating, non-corrosive 
and non-sparking.

“ V arec” Sampling Hatch Covers 
are installed on digester domes. Avail
able in several combinations of mate
rials, non-corrosive, gas-tight, self- 
closing, spark-proof; Fig. No. 42A  
Flanged and Fig. No. 48 Screwed.

“ Varec” Sediment Trap and Con
densate Drip Trap Assembly, Fig. No. 
232D, are of cast iron construction, 
18-8 S-S. working parts. Hand oper
ated or automatic.

“ V arec” Manometers, Fig. No. 216A, 
are accurate, with aluminum housing, 
bronze fittings. Pyrex glass. Auto
matic—fireproof— safe. Available in 
single or triple tubes, open or push
button control type.

“ Varec” Manhole Covers, Fig. No. 
220A, are installed on digester and gas

F IG U R E  B.— “Varec” Relief Valve, F ig. 
N o. 79 (outside spring).
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holder domes and afford quick and 
easy access. Equipped with square, 
graphite-impregnated, fire-proof gas
ket, gas-tight and non-sparking.

“ V arec” W aste Gas Burners, Fig. 
No. 236, are installed wherever dis
posal of surplus gas is a problem. The 
unit has adjustable air intake in  the 
venturi tube, and pilot valve adjust
able from the outside. Long, heavy 
cast iron draft stack insures proper 
draft and complete combustion.

“ V arec” Flame Check, F ig. No. 
51A, is a positive flame stop for small 
lines, having five 40-mesh fire screens, 
is acid resisting, and affords easy in 
spection and maintenance.

The “ V arec” Testing Laboratory 
includes what is probably the largest 
and most up-to-date capacity finding 
apparatus in existence. It accurately 
determines pressure loss and flow ca
pacities up to 500,000 cu. ft. per hr.

Physical constants and characteris

tics of most gases are generally 
known, but fixed characteristics change 
when a fixed gas becomes mixed with 
foreign elements. Their reaction—  
even to corrosive qualities— can be de
termined only by thorough analyses 
and test investigation, because per
centages by volume and varying rates 
of flow are important controlling 
factors.

A ll “ V arec” equipment is tested to 
exact field application, whether for 
pipe line or tank. A  large vessel re
duces velocity head to a true static 
head which is important in testing for 
true capacity or pressure loss.

Use of this “ V arec” flow testing ap
paratus is offered free of charge to our 
customers and friends at any time for 
flow testing or for checking flow curves 
of any device. Its rated capacity is
500,000 cu. ft. per hr. of air (specific 
gravity 1.0) at 8 ounces (13.864 inches 
of water) per sq. in. pressure.

W A L K E R  PR O C E SS E Q U IP M E N T , INC.
33 H oyt Place, Aurora, Illinois

IM P IN G E M E N T  A E R A T IO N

F ob. t h e  A c t iv a t e d  S l u d g e  P r o c e s s  O f f e r s  M a n y  A d v a n t a g e s

Walker Process Equipment, Inc., in 
troduces to the sewage and waste treat
ment field for the activated sludge 
process a new aeration unit, “ The Im
pingement Aerator.” This revolution
ary design replaces the diffuser tube 
and plate systems accepted for years 
as the standard universal means for 
diffused air aeration.

The principle involved consists of 
opposing water and air jet streams 
discharging against a double cone 
which causes physical contact of the 
two masses at the periphery. The sud
den dissipation of energy at this con
vergent point sets up multitudinous 
shearing planes which reduce the air 
to minute particles. This impingement

F IG U R E  1.— D ouble cone of the Im 
pingem ent A erator sh ow ing  how  the sud
den dissipation of energy at the air-water 
convergent point sets up im pingem ent con 
tact.
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contact at the convergent point can be 
likened to a semi-colloidal mill action 
(Figure 1).

Functioning of. U nit
The functioning' of the unit is sim

ple. Settled sewage or aeration tank 
liquor is pumped under a pressure of 
approximately 5 to 10 p.s.i. into the 
water manifold of the assembly. Air 
is compressed sufficiently to overcome 
the leg of water and is discharged into 
the air manifold of the assembly. 
Pressures in excess of the water leg 
are required by jet aerator units. 
This, however, is not true of the Im
pingement Aerator. The compressed 
air is entrained by the opposing water 
action and the entire mixture is d if
fused through the aeration tank, caus
ing circulation and aeration of the 
tank contents.

The presence of thousands of small 
pin-point bubbles is characteristic of a 
well-operating aeration unit. This is 
physically observed when this unit is 
operating in a tank. When the aerator 
is shut off, these pin-point bubbles 
continue to break at the surface for an 
extended period.

The volume of air required to oper
ate this unit is less than 3 c.f.m. per

1.000 cu. ft. of tank volume. This is 
approximately equal to 0.15 cu. ft. per 
gal. of sewage treated. As is standard 
practice in all diffused aeration sys
tems, standby blower capacity is rec
ommended. For the Impingement 
Aerator we recommend the use of suf
ficient blowers to provide 10 c.f.m. per
1.000 cu. ft. of tank volume. This is 
approximately equal to 0.5 cu. ft. per 
gal. of sewage treated. W ith this ar
rangement the amount of air or oxy
genation rate can then be varied from 
less than 0.15 to 0.5 cu. ft. per gal. of 
sewage treated, in order to suit the job 
requirements. This can be accom
plished through valving and variation 
in blower capacities.

The source of diffusing liquid for 
supplying the aeration units in acti
vated sludge plants is normally the 
aeration tank. In some cases it may 
be the final settling tank or final efflu
ent. For preaeration the primary ef
fluent is used. Standard sewage 
pumps are used to circulate these liq
uids through the Impingement Aerator.

20% O xygen Absorption

In contrast to diffuser tubes and 
plates, which cause an oxygen absorp
tion of approximately 3 to 5 per cent,

F IG U R E  2. Com plete Im pingem ent Aeration installation show ing relationship and posi
tion of equipment. L egend: A, W ater H eader; B, Im pinger; C, Air M anifold; D , W ater  
M anifold; E , Air Header.
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the Impingement Aerator causes an 
absorption above 20 per cent. It 
can be said conservatively that to 
achieve oxygenation comparable to 
that of diffused tube and plate sys
tems, only a sixth as much air is 
required.

The maintenance problem resulting 
from clogged pores and diffuser plates 
is eliminated with the Impingement 
Aerator. Since the air discharge holes 
are large, they do not clog and do not 
require periodic cleaning. Because of 
the large discharge orifices, there is no 
accumulated back pressure on the 
blowers, as is characteristic of the 
pressure build-up with porous tubes 
and plates. The non-clogging feature 
of the Impingement Aerator (Figure

2) makes it unnecessary to use either 
air filters or liquid strainers.

The Impingement Aerator need not 
be installed at dead level in the tank 
since it is not critical to variations in 
mounting. The standard assembly ar
rangement for the unit is in a fixed 
position near the bottom of the tank, 
with the water manifold located above 
the air manifold. To meet individual 
job requirements, other positions can 
be used.

E xisting installations of porous tubes 
and plates can be be revamped by re
placement with Impingement Aerators'. 
Existing air lines and blowers can be 
utilized.

Complete information on Impinge
ment Aeration will be furnished on 
request.

W A L L A C E  A N D  T IE R N A N  CO., INC. 
Newark 1, N ew  Jersey

D isinfection of Sew age

The need for sewage disinfection can
not today be overlooked. W ith increas
ing population the growing demands on 
water supplies necessitate using sources 
of supply hitherto considered unsuit
able. The increasing popularity of 
swimming has led to the use of the most 
available bathing beaches, lakes and 
watercourses. The national resentment 
against the pollution of streams and 
river is gaining momentum. A ll of 
these have centered the attention of 
sanitarians on sewage treatment. As 
a final measure of securing complete 
health protection, sewage disinfection, 
with chlorine, is accepted practice.

Odor Control

The control of obnoxious odors from  
sewage treatment works, long outfall 
sewers and other disposal plant appur
tenances is distinctly a field for chlori
nation. Neutralization of hydrogen 
sulfide (the gas responsible for these

obnoxious odors), or prevention of its 
formation by controlled application of 
chlorine, is not only quite practicable 
but also satisfactory in results and 
economy of operation.

B .O .D . Reduction
Treatment plants discharging efflu

ents into watercourses having extreme 
seasonal variation in flow have profited 
from controlled chlorination to reduce 
biochemical oxygen demand. Field  
tests have often shown a reduction in 
the 5-dav B.O.D. of more than 30 per 
cent.

Other A dvantages
Similarly, chlorine prevents filter 

“ ponding.” The filters are unloaded 
of their organic accumulations. Sur
face algae growths are killed and 
washed out.

Technical Inform ation
Wallace & Tiernan representatives 

will gladly discuss any specific sewage
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chlorination problem. Technical bul- will be sent free on request. Address
letins on the many phases of sewage Wallace & Tiernan Company, Inc.,
chlorination and W & T Chlorinators Newark 1, N. J.

Y E O M A N S B R O T H E R S C O M PA N Y
1411 Dayton S treet, Chicago 2, 111.

S E W A G E  P U M P S , P N E U M A T IC  S E W A G E  E JE C T O R S , R O T A R Y  A IR  
C O M P R E S S O R S , V A C U U M  P U M P S , S E W A G E  T R E A T M E N T  

E Q U IP M E N T

Yeomans Pneum atic Screenings and 
Sludge Ejectors

During the past three years Yeomans 
engineers have been studying and con
ducting experiments on the problem of 
handling screenings in the smaller 
sewage treatment plants. Screenings 
handling is probably the most bother
some problem confronting the average 
plant operator. Hand raking screens 
and placing screened material in trash 
cans, or wheelbarrows, for removal and 
burial has been a nuisance which is no 
longer necessary. Continuous or inter
mittent operation of sewage grinders 
can also be dispensed with by the use 
of Yeomans Brothers Company Screen
ings Ejector.

Yeomans’ efforts have been directed 
toward perfection of a device to relieve 
the operator of the screenings handling 
problem, and at the same time perform  
other highly important functions about 
the plant. A fter exhaustive experi
ment and test the pneumatic screen
ings and sludge ejector (P ig. 1), an 
entirely mechanically controlled unit 
whose versatility is practically without 
limit, has been perfected.

Raw sewage entering the screen 
channel is conducted to the underside 
of a horizontal, submerged bar screen 
from where it must flow upward 
through the bars, and all sereenable 
material is intercepted on the under
side of the screen and retained in a 
small hopper in the bottom of the 
channel.

To clean the screen the operator

merely opens a gate in the inspection 
well and the head of water in the chan
nel backwashes the screen and hopper 
into the inspection well from which it 
flows by gravity into the ejector which, 
when filled, discharges its contents di
rectly to the digestion tanks, thus by
passing pumps, settling tanks and 
other structures.

Sludge piping in the primary set
tling tank is arranged to discharge to 
the inspection well, where the operator 
can observe the consistency of the ma
terial being drawn and prevent exces
sive amounts of water from being sent 
to the digestion tank, resulting in a 
reduction in the amount of supernatant 
liquor to be handled by the plant. All 
sludge drawn from the primary tank 
flows by gravity from the inspection 
well to the pneumatic ejector, whence 
it is automatically discharged to the 
digester.

The skimming pipe on the primary 
tank is also connected to the inspection 
well so that when the tank is skimmed, 
the scum is discharged to the well, then 
to the ejector and finally to the di
gester. The sludge withdrawal pipe in 
the digester also has a connection to 
the ejector so that sludge may be with
drawn from the bottom of the tank and 
discharged by the ejector to the upper 
regions of the digester for recirculation.

The ejector can also be used for de- 
watering any of the tanks in the plant 
and is especially effective in handling 
settled activated sludge in the event 
that the aeration unit is down. The
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F IG U R E  1.— Y eom an T ype S S S  Pneum atic Screenings and Sludge E jector.

unit provides automatic screenings 
handling and at the same time per
forms all of the duties generally as
signed to the plunger type sludge 
pump. The screenings ejector is of the 
mechanically controlled type for safe 
operation in hazardous locations. The 
special drop type inlet valve is sealed 
during the discharge cycle and the 
minimum size is six inches.

Yeom ans “Package” Aerifier

Continued refinement of this unit 
has developed it to a point where it 
has been accepted for installation in 
small activated sludge plants all over 
the world. The economy of the com
bination aeratioh tank and final set
tling tank in one concrete structure is 
well demonstrated by numerous recent 
installations of this type of treatment 
in communities of from 500 to 4,000 
population.

The Yeomans mechanical surface 
aerator, which is the heart of the 
“ Aerifier,” has been known and ap
preciated by sanitary engineers for 
many years. The unusual ability of 
this machine to maintain a spiraling 
circulation of the entire aeration tank 
contents, and at the same time dis
tribute the mixed liquor over the sur
face of the tank in thin layers of finely 
divided particles, has long been an out
standing feature.

Pum ping of enormous quantities of 
liquor is not required with this ma
chine as non-settling velocities are 
maintained in all portions of the tank 
through the unique design of the aera
tion cone. Intimate mixing of the acti
vated sludge and settled sewage is as
sured and a consistently high dissolved 
oxygen content in the aeration com
partment is maintained with ease.

The “ Aerifier in conjunction with
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the “ Stream line” sludge collecting 
mechanism in the primary tank and 
the pneumatic screenings and sludge 
ejector provides an inexpensive “ Pack
age” activated sludge plant that in
cludes all of the advantages of the large 
plant, yet through compact arrange

ment, the cost of these advantages has 
been held to a minimum. The “ Pack
age Aerifier” plant produces remark
able results, reductions in B.O.D. aver
aging 95 per cent and suspended solids 
90 per cent, and operating costs are al
ways in the lower brackets.
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P.F.T.
EQUIPMENT

•
Floating Cover Digesters

S ludge  Gas C o n tro l 
Equipments

Supernatant Treaters

Supernatant Selectors

Supernatant Gage, Sight 
Glass & Sampler

Pre-Aerators and Grease 
Removers 

Rotary Distributors 

Twin Tank Controls 

Alternating Siphons 

Sewage Siphons

Digester H ea te rs  and 
Heat Exchangers 

Sprinkling Filter Nozzles

Vertical Aeration Plate 
Holders

Sludge Pumps 

Sludge Samplers 

Fl«sh-Tank Siphons and 
Regulators

T H IS  tremendous cumulative total of proposed sewer and 
sewage treatment construction, as estimated by E n gi

neering  N ew s-R eco rd , is the equivalent of IO  years' 
construction at the h ig h e s t  p rev ious yearly  rate of
$ 1 6 0 ,0 0 0 ,0 0 0  in 1939-
That these facilities are badly needed is demonstrated by a 
recent official report of the U. S. Public Health Service, 
which stated that 13,915 of our 16,752 communities of all 
sizes need additional facilities for collecting and treating 
their sewage.
The above gives an idea of the task that lies before those 
who plan, build and operate sewage treatment plants, and 
those who design, engineer and produce the equipment.
In these new and expanded sewage treatment plants, P.F.T. 
equipment will figure prominently.
There will be numerous P.F.T. installations; both of the 
equipments which have long and impressive service records, 
such as P.F.T. Floating Covers, Sprinkling Filters, Rotary 
Distributors and Sludge Gas Control Equipment; and also 
the equipments which P.F.T. has developed in recent years 
to improve sewage works operation, such as Supernatant 
Selectors, Aeration Plate Holders and Digester Heaters and 
Heat Exchangers.
Is your P.F.T. literature file up-to-date? Bulletins on any 
of the equipment listed will be gladly mailed upon request.

- * J a n &  C o .
R A V E M S W O O D  A V E N U E ,  C H IC A G O  

NEW YORK CHAitOTTE.H.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

L o s  A n g e l e s — S a n  F r a n c i s c o — T o r o n t o



30 SEWAGE WORKS JOURNAL

O r ig in a l  W o o d c u t  b y  L y n d  W ard

W h en  a grow in g  c o m m u n ity  d ec id e s  to  c o n s tr u c t  a su p 
p ly  l in e  to  ta p  n ew  so u rces  o f  w a ter  su p p ly , i t  p la n s  for  
fu tu r e  as w ell as p r e se n t n eed s . I t  is  lo g ic a l, th erefo re , 
th a t  lo n g -liv e d  c a s t  iron  p ip e  sh o u ld  so fr e q u e n tly  be  
g iven  th e  p re feren ce  over  
o th e r  m a te r ia ls , even  a t  a 
h ig h e r  f ir s t - c o s t .  F or  
th is  ty p e  o f  c o n s tr u c t io n  
s h o u ld  b e  p e r m a n e n t  
c o n s tr u c t io n . T h e  p ip e  
sh o u ld  be b o u g h t  o n c e , 
la id  o n c e , an d  c o s t  l i t t le  
or n o th in g  to  m a in ta in .
U . S. C ast Iron P ip e , in  
su p p ly  l in e  serv ice , h a s  
b een  m e e t in g  th e se  re
q u ir e m e n t s  fo r  m a n y  
years in  a ll p a rts  o f  th e  
c o u n tr y .

u « s *
c a s t  i i o n

P I P E
U. S. PIPE &  F O U N D R Y  CO. 
General Offices: Burlington, N. J.

Plants and Sales Offices throughout 
the V. S. A.
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N O R T O  N

O P E R A T O R S  o f  a c t iv a t e d  s lu d g e  s e w a g e  p la n ts  r e p e a t - 
e d ly  se le ct N o rto n  P o ro u s P la te s  a n d  P o ro u s T u b e s  for 
m a x im u m  e ff ic ie n c y  a n d  m in im u m  o p e r a t in g  costs in a ir  
d if fu s io n . T h e  su cce ssfu l s e rv ic e  o f  N o rto n  P o ro u s M e d iu m s 
re su lts  fro m  the k n o w -h o w  o f N o rto n  e n g in e e rs  w h o  e x e r 
c is e  th e  c lo se st co n tro l o v e r  such e s s e n t ia l q u a lit ie s  a s  
p e r m e a b il it y ,  p o ro s ity , p o re  s iz e  a n d  w e t p re ssu re  loss. 
P io n e e rs  in the  f ie ld  o f fu se d  a lu m in a  d iffu s e rs , N o rto n  
P o ro u s P la te s  a n d  T u b e s  a r e  the m o d e rn  m e d iu m  fo r 

a c t iv a t e d  s lu d g e  s e w a g e  p la n ts .

NORTON CO M PA NY —  Worcester 6, Mass.
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T H E

THE GUARDIAN OF 
SEWAGE GAS CONTROL
P A C E  S E T T E R  S I N C E  1 9 2 8

FIGURE NO. 58C

“ VAREC ” Approved P res
s u re  R e l i e f  a n d  V a cu u m  
Breaker Valve with Flame

<--------  Arrester

Installed on digesters and gas 
holder domes, it affords emergency 
Pressure and Vacuum Relief and 
prevents flame entrance from at
mospheric disturbances. Equipped 
with telescopic Flame Arresting 
element for easy inspection and 
maintenance. Pure aluminum. 
Non-corrosive. Sizes 2" to 10".

“VAREC” Approved W aste Gas Burners

Installed wherever disposal of surplus gas is a problem. FIG.
Unit has adjustable air intake in the venturi tube, pilot valve NO.
adjustable from outside. Sizes 2"—3"—4”. 236

<--------  FIGURE NO. 440
Unit consists of Diaphragm-operated 

Regulator, Flame Trap, and Thermal 
Shutoff Valve. Maintains a predeter
mined back pressure, passing surplus gas 
to Burner. Stops flame propagation. 
Patented telescopic flame trap element 
simplifies inspection and maintenance. 
Manufactured of pure aluminum and 18-8 
stainless steel. Non-corrosive. Sizes 2" 
to 6".

FIGURE NO. 450
“ VAREC” Approved Flame Trap 

Assembly
Flame Trap and Thermal Shutoff 

Valve. Installed in all gas lines supply
ing gas utilization equipment. Arrests 
flame propagation. Easy inspection and 
maintenance. Aluminum and stainless 
steel. Non-corrosive. Sizes 2" to 8".

FIGURE NO. 220A 
“ V A R E C ” A pproved M anhole. 

Covers

Installed on digester and gas holder 
domes, affords quick and easy access. 
Nonsparking. Gastight. Sizes 18" and 
20".

FIGURE NO. 51 
“ V A R E C ” A 
p r o v e d  F l a n  

Check
Acid resisting. Uni 

type fitting. Posit: 
flame stop for sir 
lines. Sizes 34"—2

FIGURE 
NO. 216A 

“ V A R E C ” Ap
proved M anom e

ters
Single or Triple tube. 

Open or push-button 
control types. Accu
rate. Aluminum hous
ing. Bronze fittings. 
Pyrex glass. Sizes 6" 
to 36".

FIGURE NO. 387
“ V A R E C ” Approved 
Sensitive Pressure Reg

ulator—Single Port
Maintains upstream or 

downstream pressure to 
within 0.5" of water of 
predetermined pressure. 
Aluminum body. 18-8 
stainless steel trim. Sizes 
2" to 6".

FIGURE NO. 211A
‘V A R E C ” Approved 

Back Pressure Check 
Valve

Installed in relatively 
low pressure gas lines. Pre
vents back flow. Non-chat
tering, non-pulsating, non- 
corrosive, non-sparking. 
Sizes 2" to 6".

FIGURE NO. 187
“ V A R E C ” Approved 
Super Sensitive P res
s u r e  R e g u l a t o r — 

Double Port
Maintains upstream or 

downstream pressure to 
within 0.2" of water of 

redetermined pressure ,  
tandard working parts 

18-8 stainless steel with 
synthetic rubber diapliragm. 
Sizes Y i” to 10".

FIGURE NOS. 48 & 
42A

“ V A R E C ” Approved 
Sam pling Hatch Covers

For use on digester 
domes. Available in sev
eral combinations of ma
terials. Non-corrosive, gas- 
tight, s e l f - c l o s i n g ,  
sparkproof. Flanged and 
Screwed. Sizes 4" to 10".

FIGURE NO. 232D 
“ V A R E C ” Approved 
Sediment Trap and 
Condensate Drip Trap 

Assembly 

Cast iron construction. 
18-8 stainless steel work
ing parts. Hand operated 
or automatic. Sizes 2" 
to 4".

THE VAPOR RECOVERY SYSTEMS C O M PA N Y
C O M P T O N  • C A L IF O R N IA  • »J.S.A. —  C a b l e  A d d r e s s  VA RE C  C O M P T O N  (A l l  C od e s) 
N E W  Y O R K  C ITY  —  C H IC A G O , ILL. —  H O U ST O N , TEX. —  TULSA, O KLA . 

A g e  n c ie s  E v e r y w h e r e

Send for " V a r e c "  C a ta lo g  S -3  
fo r  com plete  S e w a g e  G as 

C ontro l Equ ipm ent.
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D I R E C T  R E C I R C U L A T I O N

I ncreases  b i o l o g i ca l  treatment ef f i c iency wi thout  necess i tat ing  a n y  

i n c r e a s e  in s i z e  of  e i t he r  p r i m a r y  or f i n a l  s e d i m e n t a t i o n  t a nk s .  

Ask for Bulletin 6200.

I N  F  I L  C  O
INCOIf OIATEO

325  W EST 25th  PLACE • C H IC A G O  16, ILL.
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Why not PUT YOUR SEWAGE TREATMENT PLANT IN
GOOD CONDITION right no WITH CAST IRON PIPE

Showing CLOW CAST IR O N  flanged pipe and fittings installed in 
the Sewage Treatment Works for the City of Grand Rapids, Michigan.

From stocks on hand, we can furnish CAST IR O N  P IP E — sizes 3 to 12 inches 
in 18 foot lengths— with same outside diameters as steel pipe. You can cut, 
thread, and fit this pipe R IG H T  ON T H E  JOB. Use it to replace other kinds 
of pipe which may have corroded to the point of failure.

CAST IRO N 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 o f CAST IRO N F IT T IN G S for each type of joint.

J A M E S  B. C L O W  &  S O N S
201-299  N .  T a im a n  A v e n u e  

C H I C A G O  12 , I L L

N A T I O N A L  C A S T  I R O N  PIPE
( A  D iv is io n  of J a m e s  B. C lo w  S o n s) 

B I R M I N G H A M  2 , A L A .
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A L B R IG H T  &  FRIEL, INC. 
F R A N C IS  S. F R IE L  

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  IN D U S T R IA L  

W A S T E  P R O B L E M S  
A IR F IE L D S , R E F U S E  IN C IN E R A T O R S  

IN D U S T R IA L  B U IL D IN G S  
CITY  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 LO C U ST ST . P H IL A D E L P H IA  2

ALVORD, BURDICK  & HOW SON  
Engineers

C h arle s  B. B u rd ick  L ou is R. H ow son 
D onald  H . M axwell

W a te r  W orks, W a te r  P u rifica tion , 
F lood  Relief, Sew erage, Sewage 
D isposal, D ra inage, A ppra isals , 

P o w e r G eneration  
Civic O p era  B u ild in g  C hicago

B L A C K  &  V E A T C H
C o n su ltin g  E n g in eers  

4706 B ro a d w ay , K a n sa s  C ity , Mo.
Sew erage, Sew age D isposa l, W a te r  S upply , W a te r  P u rific a tio n , E lec tric  L igh ting , 
P o w er P ia n ts ,  V a lu a tio n s , S pecial In v e s tig a tio n s , R ep o rts  an d  L a b o ra to ry  Service 
E .  B .  B l a c k  N . T .  V e a t c h ,  J e .  A . P. L e a b n e d  H .  F .  L u t z

F . M. V e a t c h  J .  F . B b o w s  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 r s

C l i n t o n  L .  B o g e e t  F e e d  S. C h i l d s
H o w a r d  J .  C a e 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 e e i g  R o b e r t  J .  M c C a r t h y

W a t e r  Supp ly  a n d  P u rific a tio n
Sew erage a n d  Sew age T re a tm e n t 

F lood C o n tro l a n d  D ra in ag e
R efuse D isposal 

C ity  P la n n in g — In v e s tig a tio n s — R ep o rts  
624 M ad ison  A venue, N ew  Y o rk  22, N. Y.

BOWE, ALBERTSON & ASSOCIATES
Engineers

Sewerage— Sewage Treatm ent 
W ater Supply—Purification 
Refuse Disposal—Analyses 

Municipal—Industrial Projects 
V aluations—Reports—Designs

110 William Street New York 7, N. Y.

B U C K , S E IF E R T  A N D  J O S T
C onsulting Engineers 

(FORMERLY NICHOLAS S. HILL ASSOCIATES)
Specializing in Sewerage and Sewage Disposal, 

W ater Supply and W ater Purification, 
Valuations and Reports 

Chemical and Biological Laboratories 

112 E a s t 19 th  S tr e e t  New Y ork 3, N. Y.

BU RG ESS & NIPLE
C iv i l  a n d  S a n i ta ry  Engineers

Water Supply and Purification 
Sewerage and Sewage Treatment

568 E a st Broad S treet  
C o lu m b u s 15, O hio

BURNS & McDONNELL ENGINEERING CO.
McD0NN*LI/-SmITH-BaLDWTN-TiMANU&-McD0NN*LIi

Consulting Engineers since 1897

Waterworks, Light and Power, 
Sew erage, R e p o r ts , D es ig n s ,  
Appraisals, Rate Investigations.

Kan in  City 2, Mo. 107 Weit Linwood Blvd.

T H O M A S  R .  C A M P
C o n su ltin g  E n g in eer

Water Works and Water Treatment 
Sewerage and Sewage Treatment 
Municipal and Industrial Wastes 

Investigations and Reports 
Design and Supervision 

Research and Development 
Flood Control

6 B eacon S t. B oston  8, M ass.

Take advantage of the services of these outstanding consultants!
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(C o n tin u e d  fro m  p reced in g  p age)

THE CHESTER ENGINEERS
Water Supply and Purification, Sewerage 
and Sewage Treatment, Power Develop
ment and Applications, Investigations 
and Reports, Valuations and Rates.

2 1 0  E . P a r k  W a y  a t  S a n d u s k y ,  
P i t t s b u r g h  1 2 ,  P a .

CONSOER, TOWNSEND & ASSOCIATES

Water Supply—Sewerage—Flood Con
trol & Drainage—Bridges—Ornamen
tal Street Lighting—Paving—Light 
and Power Plants. Appraisals.

C h ic a g o  T im e s  B ld g . ,  211 W .  W o c k e r  D r iv e

DE LEUW, CATHER & C O M PA N Y
W a te r  Supply  Sew erage
R ailro ad s  H ig h w ay s

G rade  S e p a ra tio n s— B ridges— S ubw ays 
L ocal T ra n s p o r ta tio n

In v e s tig a tio n s  —  R ep o rts  —  A p p ra isa ls  
P la n s  an d  S up erv is io n  o t C o n stru c tio n

20 N o rth  W ac k e r  D riv e  C hicago  6
505 C o lo rad o  B ldg . W a s h in g to n  5

F A Y , S P O F F O R D  & T H O R N D IK E
E N G I N E E R S  

C h a r l e s  S I. S p o f f o b d  
J o h n  A t e r  C a b b o l l  A . F a r w e l l
B i o n  A . B o w m a n  R a l p h  W . H o r n e

W a te r  Supp ly  an d  D is tr ib u tio n — D ra in a g e  
Sew erage a n d  Sew age T re a tm e n t— A irp o r ts

In v e s tig a tio n s  a n d  R e p o r ts  * 
D esigns V a lu a tio n s

S up erv is io n  o f C o n s tru c tio n  
B o sto n  N ew  Y ork

E D W A R D  A .  F U L T O N
C o n su ltin g  E n g in e e r

In v e s tig a tio n s ,  R e p o r ts , V a lu a tio n s , D e 
s ig n  a n d  C o n s tru c t io n — W a te r  S u p p ly  a n d  
P u r if ic a tio n  P l a n t s ; S ew e rag e  a n d  S ew 
ag e  T re a tm 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 am s a n d  
F lo o d  C o n tro l.

3 South Meramec Avenue Saint Louis, Miitouri

I .  M .  G L A C E
Consulting Sanitary Engineer

Sew erage  a n d  Sew age T re a tm e n t 
W a te r  Supp ly  a n d  P u r if ic a tio n  

I n d u s tr ia l  W as te s  D isposa l 
D esign, C o n stru c tio n , a n d  S u p erv is io n  of 

O p e ra tio n
1001 N. Front St. Harrisburg, Penna.

G A N N E T T  F L E M IN G  C O R D D R Y  & C A R PE N T E R , INC.
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  
I N D U S T R I A 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 I N G  —  A P P R A IS A L S  

I N V E S T I G A T I O N S  &  R E P O R T S  

H A R R ISB U R G , PA. • NEW  Y O R K , N . Y .

W I L L I A M  A.  G O F F
C onsu lting  Engineer

P r iv a te  an d  M u n icipal E n g in ee rin g  
Sew erage, Sew age D isposa l 

W a te r  Supp ly  a n d  T re a tm e n t 
G arbage, R efuse , In d u s t r ia l  W astes  

D esign, S u p erv is io n , V a lu a tio n s , R ep o rts  
B ro a d  S t. S ta tio n  B ld g ., P h i la d e lp h ia

G R E E L E Y  &  H A N S E N
Engineers

Samuel A. Greeley Paul Hansen (1920-1944)
Paul E. Langdon Kenneth V Hill
Thomas'M. Niles Samuel M. Clarke

W a te r  Supp ly , W a te r  P u r if ic a tio n  
Sew erage, Sew age T re a tm e n t 

F lood  C o n tro l, D ra in a g e , R efuse  D isposa l 
220 S. S ta te  S tree t, C h icago  4 

180 B ro a d w a y , N ew  Y o rk  7

Take advantage of the services of these outstanding consultants!
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H A V E N S  A N D  E M E R S O N
C on su ltin g  Engineers

W . L. H av en s  C. A. E m erso n  
A  A  B u rg e r  F . C. T o lles  F . W . J o n e s

W ate r , S ew age, G a rb a g e . In d u s t r ia l  
W as te s, V a lu a t io n s .—L a b o ra to r ie s  

L e a d e r  B ld g . W o o lw o rth  B ld g . 
C leveland  14 N ew  Y o rk  7

H O R N E R  &  S H I F R I N
C o n su ltin g  E n g in eers

W . W. H o b n e b  S. W. J e n s  
H . S h i f b i n  E. E . B l o s s  

V. C. L i s c h e b  

A irp o r ts  — H y d ra u lic  E n g in e e r in g  — 
S ew erag e  a n d  S ew age  T re a tm e n t — 
W a te r  S u p p ly  — M u n ic ip a l E n g in e e rin g  

— R e p o r ts  
S he ll B n lld in g , S t. L o u is  3, M isso u ri

J O N E S  & H E N R Y
F obm ebly  H . P . J o n es  & Co. 

H abvey P . J ones  T h om as  B. H e n b y

Consulting Engineers
W ater Supply , W a te r  P u r ific a tio n , S ew er
age, Sew age T rea tm e n t, G arbage, In d u s 
tr ia l  W as te  D isposa l, V a lu a tio n s .

S ecu r ity  B ldg. T o led o  4, O hio

KEIS & H O LR O Y D
Consulting Engineers
Formerly Solomon & Keis 

Since 1906
W ater Supply and Purification, Sewerage and 

Sewage Treatm ent, Garbage and Refuse 
Disposal and Incineration, Industrial 

Buildings.
TROY, N. Y. FT. LAUDERDALE, FLA.

M O R R IS K N O W L E S, In c .  
Engineers

W a te r Supp ly  a n d  P u r ific a tio n , S ew er
age a n d  Sew age D isposa l, V a lu a tio n s, 

L a b o ra to ry , C ity  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 .

M ETCALF &  EDDY  
Engineers

W ater, Sew age, D ra in a g e , R efuse  an d  
In d u s t r ia l  W as te s  P ro b lem s  

L a b o ra to ry  V a lu a tio n s  
A irfields

S ta t le r  B n lld in g  
B o sto n  16

Parsons, Brinckerhoff, Hogan & Macdonald
G. Gale Dixon, Associate

Engineers
Dams W ater W orks Sewerage 
Bridges Tunnels Subways Foundations 
Power Developments Industrial Buildings 
Traffic Reports Valuations Harbor Works 

142 M aiden Lane, New York 7 
Calle Sur 17 No. 27, Caracas, Venezuela 
Edifico Suarez Costa, Bogota, Colombia

MALCOLM  P IR N IE  E N G IN EER S
Civil &  Sanitary Engineers

M a lc o lm  P i r n i e  E r n e s t  W . W h i t l o c k  
R o b e r t  W . S a w y e r  G. G. W e r n e r ,  J r .  

R i c h a r d  H a z e n  
Investigations, Reports, Plans 

Supervision of Construction and Operations 
Appraisals and Rates

25 W. 43rd S t. N ew  York 18, N . Y.

R U S S E L L  a n d  A X O N
C onsu lting  Engineers 

Geo. S. R u ss e ll  J o h n  C. P r i tc h a r d  
Jo e  W illia m so n , J r .  P . E . W en g e r
Sew erage, Sew age D isposa l, W a te r  Sup
ply, W a te r  P u r ific a tio n , P o w e r P la n ts ,  
A p p ra isa ls , R a te  In v e s tig a tio n s , R eports, 
P lan s , S pecifications.
6635 D e lm a r B lv d . U n iv e rs ity  C ity  5, Mo.

STANLEY ENGINEERING COMPANY

Sew erage— W aterw o rk s  
D ra inage— F lood  C ontro l 
E lec tr ic  P ow er— A irp o r ts

H e rsh ey  B u ild in g  
M u scatine , la .

ALDEN E. STILSO N & ASSOCIATES
L im ited

Consulting Engineers 
W a te r  S u pp ly— Sew erage— W aste  D isposal 

M echan ical S tru c tu ra l

S u rv ey s  R ep o r ts  A p p ra isa ls  
630 E a s t  B ro a d  S t. C o lum bus 15, O hio

WHITMAN, REQUARDT & ASSOCIATES
Engineers— C onsultan ts

Civil— Sanitary— Structural 
M echani cal— Electri cal 

R e p o r ts ,  Plans, Supervision, Appraisals 

1304 St. Paul Street Baltimore 2, Maryland

Take advantage of the services of these outstanding consultants!



MUELLER-COLUMBIAN Gate Valves have established a brilliant 
record of dependable and low cost operation — a record estab
lished because of their basically sound design and construction. 
In these parallel seat, double disc valves, the wedging action is 
applied equally at FOUR POINTS near the edges of the discs 
which reduces the mechanical strain and prevents sprung discs. 
The valve may be operated upside down or in any position in the 
line with equal efficiency.
This is only one of many desirable features that have made 
MUELLER-COLUMBIAN the choice of leading water works men 
for many years. The extensive engineering facilities, experience 
and advice of Mueller Co. are at your disposal. Ask any Mueller 
Representative for complete details or write direct.

m U E L L E R  C O . , C H R T T n n O O G R . T E f l f l .
□ ECRTUR, ILL. I D S  RFIGELES, CRLIF.
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DIFFUSER 
INSTALLATION 

in Channel 
Aeration

T HE advantages o f  aeration in channels 
conducting sewage and mixed liquor are 
well known in the field o f sanitation. By 

preventing settling and accumulations . . . 
by maintaining an evenly distributed flow 
to  tank in le ts. . .  by helping avoid septic con
d itio n s—this m odern  practice definitely 
increases plant efficiency.

At the same time, conditions peculiar to 
particular installations present problems in 
choosing the m ost efficient diffuser equip
ment. The efficiency o f  the entire system 
depends on the correctness o f this choice. 
Variables must be accurately estimated for 
each application. Channel design and veloc
ities are two factors which engineers and 
designers must consider.

W ith  experienced understanding o f  the 
specialized character o f diffuser applications 
—our engineers are ready to lend a hand 
in their proper selection and installation. 
By sitting down with design consultants, 
superintendents and contractors, they are 
able to offer specialized information and 
advice...  often help reach practical decisions 
in less tim e. For the ir suggestions are 
based on daily experience in a wide variety 
o f sewage and sanitation applications.

The many variables o f diffuser requirements 
warrants calling in these engineers. A dis
cussion o f  problems can readily result in 
saving time and trouble. The Carborundum 
Com pany, Refractories D iv ision , D ept. 
Q -86, Perth Amboy, N ew  Jersey.

D IF F U S E R  M ED IA
b y  CARBORUNDUM

TRADE MARK

''Carborundum” is a  registered tradem ark which indicates manufacture by 
The Carborundum Company



"11 /Tunicipal and Consulting Engi- 
neers, blueprinting future sewage 

and waste disposal plants, know that 
only equipment of proved perform
ance produces satisfactory results.

G en era l American C on key  Sludge 
Filters —  the first to be used for large 
scale dewatering of sludges such as 
primary, elutriated-digested, Guggen
heim Process, etc. —  are dewatering 
more than a thousand tons of dry 
solids daily.

General American Louisville Dryers 
have been successfully used for years 

, drying both activated and digested 
sludges. Type "L”, with patented fire- 
conduits to eliminate scorching or

40 SEWAGE WORKS JOURNAL

DEWATERING or DRYING EQUIPMENT
For Sewage Disposal Plants

burning, produces a uniformly high 
quality maximum yield of dried pro
duct for fertilizer or earth conditioner.

Let the experience and knowledge of 
General American engineers help you 
while your plans are in the blueprint 
stage.

Ot her  GENERAL AMERICAN Equi pment

• Screening Dryers • Sludge G a s  Holders 

• G a rb ag e  Dryers • Hydroseparators 

• Storage Tanks • W a te r  Tanks 

• Turbo-M ixers • Thickeners 

S te e l-A llo y  Platework 

• S t e e l S t a c k s

General A iin encan
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 r o c e s s  e q u i p m e n t  •  s t e e l  a n d  a l l o y  p l a t e  f a b r i c a t i o n

SALES OFFICE: OFFICES: Chicago,Louisville,Cltvelind.

517s Graybar Bldg., New York 17, N. Y. N H F  Sharon, Orlando, St. Louis, Salt Lake City, 

WORKS: Sharon, Pa ; East Chicago, Ind. Pittsburgh, Washington, 0. C.
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SANITATION EQUIPMENT
f o r  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 S

Latest type  of ind iv idua l d rive s for 
SLU D G E  C O L L E C T O R S  for p rim ary 
tanks at Hammond, Indiana.

Ind iv idua l view  of one of the 
F L O C T R O L S  installed in W a t 
er Treatm ent Plant, Newark. 
Ohio. Show s arrangem ent of 
c o m p a r t m e n t  and paddle 
wheels.

Bar Screens • Chem ical Feeders • G rit  aod Sludge
C o lle c to rs • Floctrols • G rit  W a shers • Dried Sludge 
and Screen ings G rinde rs • B iofiltration  Plant Equipment.

Fac to ry  - assembled, mechani- 
co lly  - cleaned BAR SC REEN . W 
Screen is usually equipped 
with G rinde r fo r d isposal of 
screenings. G rinde rs available  
fo r all sile s of plants.

5  {  ¡ » o K
1-99 North Fourth Street, Columbus U. Ohio
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H E R S E Y
DI RECT F I RED DRI ERS

For

•  Fertilizer p ro d u ctio n  
from sew age sludge

• Pre-drying of sludge 
for efficient incinera
tion

• By-product r e c o v e r y  
from industrial w astes

H E R S E Y  D R I E R S  

F E A T U R E

• Full thermostatic con
trol

• High evaporative effi
ciency

• Sturdy construction

• Sound engineering

W r i t e  f o r  C a t a l o g  a n d  “ R e q u i r e m e n t s  S h e e t ”

DRYING MACHINERY D IVIS ION

H E R S E Y  M A N U F A C T U R I N G  C O .

Corner E and Second Sts. South Boston 27, Mass.
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t V O L U T I O N A R y  n f iy

BY p R O Q U i p
F O R  S E W A G E  A N D  W A S T E  T R E A T M E N T

“T & e *)n tftitty e m e n t A e w fo i
F O R  T H E  A C T I V A T E D  S L U D G E  P R O C E S S

Far superior to the diffuser tube and plate systems, this advanced design 
offered by PROQUIP provides opposing water and air ¡et streams dis
charging against a double cone. Result — an impingement contact 
producing ideal aeration.

A. W A T E R  H E A D E R
B. I M P I N G E «
C. A I R  M A N I F O L D
D. W A T E R  M A N I F O L D
E. A I R  H E A D E R W r it e  us fo r  B u lletin  1 7 S 1 8

OF F E R I NG THESE P OS I T I V E  ADVANTAGES
• H I G H  O X Y G E N  ABSORPTION —  ABOVE 20%
• O X Y G E N A T I O N  RATE ADJUSTABLE OVER A WIDE R A N G E
• N O  PORES TO B E C O M E  C L O G G E D
• N O  A C C U M U L A T E D  BACK-PRESSURE BUILD-UP
• N O  STRAINERS ... N O  AIR FILTERS REQUIRED
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w o n r f ^ A o r e

7 8 %
W IT H  ALL T H E  A D V A N T A G E S  OF FLEXIBLES— B U T  .

O of the nation’s cities have equipped their Sew er Departm ents with F lexible Sew er Rods.
FLEXIBLES ACTUALLY PAY FOR THEM SELVES. Three m en can clean more pipe per day with 
Flexibles than an entire crew using old style equipment. Dig-ups are seldom  necessary when Flex- 
ib les are used. M en work at street level through m anholes.
FLEXIBLES CLEAR ANY PIPE STOPPAGE whether caused by rocks, roots or sand; Flexibles 
bore right through and clear the line. F lexible tools handle any pipe cleaning job.

IV rite  fo r  illustra ted  catalog today.

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. •  22 8  W . B RO A D  ST., CO LU M BU S 8, O H IO

De Laval Labyrinth Rings minimize leakage from discua.ge 
back to suction. The sealing action of these rings is accom
plished by the use of large clearance, 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 but little diminished by wear, resulting in 
sustained efficiency for long periods. When selecting pumps 
for lowest ultimate cost, look for the De Laval Labyrinth 
Wearing Ring. 3237

DE LAVAL STEAM TURBINE COMPANY
____________ TRENTON 2, NEW J E R S E Y _______

M easure, Mix and Feed Chlorine Gas Accurately 
For W ater W orks, Swimming Pools and Sewerage 
Purification with EVERSON SterElators.

EVERSON SterElators are the best from every 
standpoint. Dependable, accurate, safe, easy to 
operate. A wide range of capacities. G uaran
teed to give complete satisfaction.

E V E R S O N  M F G .  C O .
207 W. Huron St. Chicago 10, III., U. S. A.
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'Let us look into the record” (Alfred E. Smith)

E sp ecially  good advice for municipal 
and consulting engineers planning 

m odern sew age disposal

1VTICHOLS S lu d g e  In cin era to rs are m e e t-  
’ in g  th e  n eed s o f  large an d  sm a ll c o m 

m u n it ie s  by d isp o sin g  o f  sew age an d  in 
d u stria l w a stes  in  a sa n ita ry , h e a lth fu l  
and e ffic ien t m a n n er .

T hey are su ccessfu lly  in c in er a tin g  
slud ge p rodu ced  by ea ch  o f  th e  b asic  
m eth o d s o f  sew age tr e a tm e n t—P rim ary , 
C h em ica l, B io -ch em ica l, A ctivated— eith er  
in  raw or d ig ested  co n d itio n .

L iqu id  slu d g e  c o n s is t in g  o f  85-90%  
w ater is  b e in g  su ccessfu lly  in c in era ted .

In s ta lla t io n s  range  in  s ize  from  4 to n s  
to  1200 to n s o f  cake per day.

A ll in s ta lla t io n s  are characterized  by 
s im p lic ity  o f  d esig n , flex ib ility  o f  opera
t io n  and  d ep en d a b ility  o f  perform ance.

W hen p la n n in g  a m o d ern iza tio n  pro
gram  invo lv in g  slu d g e  d rying  or in c in 
era tio n , c o n su lt  N ich o ls  E ng in eering  & 
R esearch  C orporation .

L itera tu re  descr ib in g  N ich o ls H erre- 
sh off S lu dge In c in era tio n s w ill be for
warded up on  req uest.

1— New Britain, Conn.— Bio-chemical
2 —  Dearborn, Mich.— Chemically Precipitated
3 —  Dayton, Ohio— Sludge Drying— Digested

Trickling Filter
4— Columbus, Ohio— Digested Activated
5 — Minneapolis-St. Paul, Minn.— Raw Primary

nilHOLS EDCinEERinC & RESEARCH lORPORRIIOn

6 0  W A LL  TO W ER , NEW  YO RK S , N. Y . X E R C O U N IVERSITY TOW ER B ID G . M ONTREAL, P. O.
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S c r e e n  SEW A G E W A S TES
n u v ie .  e f y e c t iv

uuth HENDRICK 
WEDGE-SLOT SCREENS

The unique design of the profile bars in 
Hendrick Wedge-Slot Screens, with the 
opening enlarging downward, causes 
moisture and under-size particles to clear 
with maximum rapidity.

Hendrick will fabricate these screens to 
your exact specifications in abrasion-re
sisting steel, stainless steel, manganese 
bronze, or in any other commercially rolled

metal. They can be furnished in any 
length or width, in standard slot openings, 
varied profile bars and sizes, and in as
semblies for many screening operations. 
Write for detailed information.

H E N D R I C K
Perforated Metals 

Perforated Metal Screens 
Architectural Grilles 

Mitco Open Steel Flooring, 
"Shur-Site" Treads and 

Amorgrids.

5 4  DUNDAFF STREET, CARBONDALE, PENNA.

Safes O f f i c e s  I n  P r i n c i p a l  C i t i e s

Protection 
eans Lowest C o s t  ^

Per Year

For C on creté a n d  S t e e l .

I N E R T O L
C ompany, Inc.

FACTORY* HEAD OFFICE
470 FRELINGHUÏSENAVE. 

NEWARK 5. N.J.
WESTERN BRANCH
64  SOUTH PARK 

SAN FRANCISC07 .CAL.

YOUR PACKING WORRIES ARE OVER
When You Pack Your Sludge-Sewage Pumps With

M A B B S  R A W H I D E  P A C K I N G
• PREVENTS WEAR AND CUTTING OF SHAFTS
• IS ANTI-FRICTIONAL—SAVES POWER
• WATER IS ITS BEST LUBRICANT
• LASTS MUCH LONGER

P R O M P T  SH IP M E N T  O F A N Y  SIZ E

M A B B S  H Y D R A U L IC  P A C K IN G  C O .
4 3 1  S . D E A R B O R N  S T . I n c o r p o r a t e d  1 8 9 2 C H IC A G O  5 , IL L .
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in d u s t r ia l  a c id  w a st e , o il  and  g r ea se  po llu t io n  

PREVENTION SYSTEMS designed, engineered and installed 

by the GALE ENGINEERING DEPARTMENT

Excavation fo r  G O S C O  S E P A R A T O R  G O SC O  S E P A R A T O R  being ins ta lled
chamber.  D e p th  35 f e e t  f r o m  surface in concre te  cham ber  at I vy  City  Repair
to pick up 36 inch p ip e  line. Yards, W ashington,  D . C . , f o r  the  W ash

ington Terminal Company.

R e m o v e s  waste oil, grease and fly ash, normal flow 3,000 GPM. 
Prevents pollution. During rain storms GOSCO SYSTEM capable of 
cleaning 45,000 GPM.
Industrial acid waste such as pickling liquor neutralized by GOSCO 
System.
Oil, grease pollution removed by GOSCO SYSTEM.
Conservation System  of oil and water saves money for industry.
System s designed to take flow rates 50 GPM to 100,000 GPM.
GOSCO requires 1 /3 the area which other types of settling systems 
need— operates on gravitation principle—no moving parts to wear out—  
does not need constant attention.

GALE OIL SEPARATOR COMPANY, INC.
52 Vanderbilt Avenue New York 17, N. Y.

M u r r a y  H i l l  4 - 1 8 9 0

W rite for fo ld e r :— G O SC O  1 8
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THE MAGNETITE FILTER
with successful operating records, extend' 

ing back as m u c h  as 14 years, is again 

available for improving the effluent or 

increasing the capacity of treatment plants 

for sewage a n d  trade wastes.

M a g n e t i t e  F il t e r  C o r p o r a t i o n

10 East 40th Street :: New York 16, N . Y .

L a M O T T E  P O M E R O Y  
SULFIDE T E S T IN G  SET

T his outfit w as d evelop ed  for the ac
curate determ ination o f  T otal Sulfides, 
D isso lved  Sulfides, and Free H ydrogen  
Sulfide in Air and Gases. T he m ethods  
o f  testing  em ployed are those o f  Dr. 
Richard Pom eroy, w ith  w h ose  c o o p 
eration the apparatus has been devel
oped. O utfit com es com plete  w ith  
necessary reagents, p ip ettes, glassware  
and full instructions.

W rite  fo r  fu r th e r  inform ation

LaMOTTE CHEMICAL PRODUCTS CO.
Dept. SW Tow son 4, Md.

SA N IT A R Y  E N G IN E E R S
Why Not Investigate the Proven Gruendler Principle?

Send for Catalog and Facts on Latest
Gruendler Sewage Shredders

for Municipal Sewage Plants

For disintegration of Rag Stock, Garbage, 
Floatables, and Fibrous M aterials with ou t 
Choke Down so as to  pass Screen Bar— 

Select a G R U E N D LER  SH R ED D ER .

G R U E N D L E R
C R U S H E R  & P U L V E R IZ E R  CO. 
2929 N. M arket St. St. Louis 6, Mo.

“ O u r  61st Year ”
S e r v i n g  A m e r i c a
Doing The Things We Know Best

Builders of
GARBAGE  
DISPOSAL  

SH R E D D E R S  
for the 

Merchant 
Marine 

and 
Municipal 

Sewage 
Plants
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YORK. P E N N S Y L V A N IA  —  240 Arch St. • Main Office and Works  
N E W  YO R K  17— 122 E. 42nd St. • 205 W. W acker  Drive— C H IC A G O  6
S A N  F R A N C I S C O  5— 501 H ow ard  St. • 200 Bay St.— T O R O N T O  1

s t u r d y ,  m o d e r n  e q u i p m e n t  
f o r  t r e a t m e n t  o f  s e w a g e
W hen a new sewage p lan t is installed, or an old sewage 
p lan t m odernized, the  equipm ent for th a t  p lan t is a long
term  investm ent. It has to last. It must give uninterrupted 
service. T h a t’s why so m any sewage plants throughout 
America have bought H ardinge equipm ent . . . and swear 
by it.

c ir c u la r  t a n k  c la r if ie r s
Circular tanks 200' in diameter and under with rotating sludge scrapers supported 
from a central pier in the center of the tank or in the smaller sizes by steel beams 
spanning the tank.

r e c t a n g u la r  t a n k  c la r if ie r s
Consists of bridge crane spanning width of the tank and supporting sludge scraper and 
skimmer, moving automatically back and forth along the tank, pushing all settled 
solids into a sludge hopper or hoppers at one end.

d ig e ste rs
Used in sewage sludge digestion tanks to aid their operation. Consists of a gas dome 
in the tank top, rotating scum breaker arms, and sludge scrapers operating at bottom  
of the tank and rigidly attached to a central torque tube.

W R I T E  F O R  C A T A L O G  3 5 B
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Easy  does it !

I  h is  P c trs h a ll F lu m e  a n d  F o x b o ro  
W e ir  M e te r S y s t e m  w il l  a n s w e r  a n y  
c a l l  fo r a  s im p le  w a y  to m e te r s e w a g e .

It's  e a s y  to co n stru ct -  o p e ra te  -  
m a in t a in .  R e c o rd s  c o n t in u o u s ly  a n d  
d ir e c t ly  in  U N IT S  O F  F L O W  . . .  n o  
c o m p lic a t e d  f ig u r e s  to in te rp re t w ith  
p o s s ib le  e rro rs . W h a t 's  m o re , it r e 
q u ir e s  n o  c o s t ly  p u rg e  s y s t e m , no 
d a i l y  c le a n in g  a n d  n o  f u s s y  m a in t e 
n a n c e  of in s tru m e n ts .

L ik e  a l l  F o x b o ro  b e tte r-e n g in e e re d  
in s tru m e n ts , the W e ir  M e te r is  r u g g e d  
a n d  r e lia b le .  It h a s  a  s im p le  c a m  
a n d  fo llo w e r  d e v ic e  w h ic h  tr a n s la t e s  
l iq u id  le v e l  (in  w e ir  o r flu m e ) in to  flo w  
u n its . P r e c is e ly  c a lib r a t e d  to re g is te r  
M G D ; G P M ; C F S  o r o the r u n its . D ire c t 
r e a d in g  in te g ra to r  g iv e s  c u m u la t iv e  
q u a n t it y  of flo w .

W r it e  fo r B u lle t in  A -2 9 8 . A ls o  for 
f lo w  a n d  c a p a c it y  c u r v e s  o n  f lu m e s  
a n d  w e irs . T h e  F o x b o ro  C o ., 16 2  N e - 
p o n se t A v e .,  F o x b o ro , M a s s ., U . S . A .

WEIR  
METERS

A t t e n d

The Nineteenth 
Annual Meeting

o f  the

Federation of 
Sewage Works 

Associations
in Conjunction w ith

T h e  C a n a d i a n  I n s t i t u t e  

o n  S e w a g e  

a n d  S a n i t a t i o n

HOTEL ROYAL Y O R K  

T O R O N T O , C A N A D A

O c to b e r 1 - 9 ,  1 9 4 6  

K

F e d e r a t i o n  o f  S e w a g e  

W o r k s  A s s o c i a t i o n s

325 Illinois Bldg., Cham paign, 111.
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how a "TWIST OF THE WRIST” 
simplifies big sewer problems

C o n stru ctio n  is 
easy and quick  
when you specify 
p r e f a b r i c a t e d  
A r m c o  M u l t i  

P l a t e  Sewers. Un
skilled labor and simple equipment are 
all you need for the job.

A simple "twist of the wrist” bolts the 
easily-handled, pre-curved, corrugated 
plates into a sturdy, enduring structure. 
Then you backfill directly against the 
metal and the job is done. N o curing, no 
waste, no delay. Connections and man
holes are no problem.

Other advantages include designed 
strength to stand up under high fills or 
the impact of heavy traffic. There is no 
danger of disjointing or malalignment. 
In shipping and storing M u l t i  P l a t e  

can be nested to save space.
Be in tune with the times by specify

ing prefabricated A r m c o  M u l t i  P l a t e  

storm or intercepting sewers. You’ll save 
time, labor and money. Write for com
plete data. Armco Drainage & Metal 
Products, Inc., and Associated Compan
ie s , 2205 Curtis 
S treet, M i d d l e 
tow n , Ohi o.

ARMCO MULTI PLATE SEWERS
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A R E  Y O U  D E S I G N I N G  A  S E W A G E  P L A N T ?

The Spiraflo Clari
fier described on page 
1064 o f this Journal 
will  p r o v i d e  u n e x 
celled clarification.

Write fo r  further information

L A K E SID E  E N G IN E E R IN G  C O R P O R A T IO N
222 W. Adams St. CHICAGO 6

F o r  s e c o n d a r y  
treatm en t, consider  
the Aerofilter, using 
either a disc or mul
tiple arm distributor.

The Clarifilter pro
vides a low first cost 
in contact filter plant 
construction.

H ave you investi
g a t e d  the  T r e b l e r  
Sewage Sampler ?

I M T M f l S ,  S P E I D E I  &  C O .
117 L IB E R T Y  ST . Established 1816 N EW  Y O R K , N . Y .
CH ICAG O  CLEV ELAND C IN C IN N A T I
P H IL A D E L P H IA  B O ST O N  G L O V E R SV IL L E , N .Y .
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S I M P L E X

M E A N S  B E S T
I N  S E W A G E  P L A N T  E Q U I P M E N T

st . « * 6 i  
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WRITE FOR FULL I N F O R M A T I O N

S IMPLEX
V A L V E  & M E T E R  C O -

6719 U P L A N D  ST., P H IL À .  42, PA.
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Solid, Enduring Grating
FOR ALL

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

K LE M P  
W E L D E D

A solid o ne-p iece 
grating with max
imum opening for. 
light and air.

K le m p  W e ld e d  S te e l  G r a t in g  in  S e w a g e  d is p o s a l  p lu n t

KLEMP Welded and Riveted 
STEEL GRATINGS

K L E M P  
R IVETED

Popular riveted 

type w ith truss 
c o n s t r u c t io n .  
Made in A lum i
num, steel and 
Ste e l A lloys.

K le m p  R iv e te d  A lu m in u m  G ra tin g  in  s e w a g e  d i s p o s a l  p o w e r  p la n t

E ith e r  typ e cu t to f it  around p ip e s, co lum ns, e tc . A ls o  used for P la tfo rm s, B rid g e s,

S t a ir s ,  C a tw a lk s , B o ile r and E n g in e  R o o m s. F in ish e d  to re s ist  ru st and co rro sio n .

A ls o  su p p lied  H o t  D ip p e d  G a lv a n iz e d  if d e sire d . E a s y  to  p ain t and clean .

S E N D  F O R  C O M P L E T E  K L E M P  C A T A L O G

Show ing  K le m p  O p e n  S t e e l F lo o r in g s , F lo o r  A rm o rs .

S t e e l S t a ir  T re a d s, e tc . W r ite

W M .  F .  K L E M P  C O M P A N Y
“ Specialists in Sewerage Plant Grating and T read R equirem ents’’

6 6 0 6  S. M E L V IN A  AVE. C H IC A G O  38, IL L IN O IS
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TX h i.his zone-controlled incineration of sewage sludge, combined with 
economic destruction of odors before gases pass to the stack, sets the Martin Multi-Zone Furnace 
apart from others. It gives the Multi-Zone Furnace added values for the community wishing 
to completely sterilize its sewage wastes in a modern, automatic, economical way. Raw sewage 
sludge cake with as high as a 75% moisture content may be incinerated without auxiliary 
fuel. Digested sludge, green or digested ground garbage, screenings and grit can also be readily 
handled.

Special furnace arrangements can be made to dehydrate the sludge without scorching for 
producing high-grade fertilizer. The unit also operates without objectionable odors. The product 
is of a granular nature and free from dust.

The Martin Multi-Zone Furnace has broad application. It is designed to dehydrate or inciner
ate many kinds of industrial and municipal wastes in a continuous automatic manner with 
complete control of the entire operation.

Other Morse Boulger units of interest to Municipal, County and State Officials include: Station
ary and Rotary Hearth Garbage and Trash Incinerators; Incinerators for Institutions and Office 
Buildings; Liquid Chemical Proportioning Pumps.

M O R S E  B O U L G E R  D E S T R U C T O R  C O .

2 0 5 -D East 4 2nd Street • Hew York 17, N. Y.
All Principal Cities



56 SEWAGE WORKS JOURNAL

c_ A t t e n d

T h e  N in e t e e n t h  A n n u a l  M e e t in g

OF THE

Fe d e r a t io n  o f  
Se w a g e  W o r k s  A sso c ia tio n s

IN  C O N JU N C T IO N  W IT H

T h e  C a n a d ia n  

I n s t it u t e  o n  Se w a g e  a n d  Sa n it a t io n

H o t e l  R o y a l  Y o r k  

T o r o n t o ,  C a n a d a

O c t o b e r  1 9 4 6

F e d e r a t io n  o f  Se w a g e  W o r k s  A s s o c ia t io n s

325 I l l in o is  B u il d in g  C h a m p a ig n , I l l in o is
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. h s i s t  o n  t h e s e  A D V A N T A G E S  

-S E W E R ,  D R A I N  WEMt r e s i s t a n c e

A M P L E  S T R E N G T H  to r e s e t  a b r a s io o  c a u s e d  b j  s u s 
t o  m o st se v e re  c o u d t o u s  of g rit.

load and impact. „ . kiiniUNI INFILTRATION

“ ncrete- -  tu re  o í in s id e  su rfa c   ■ ■ ■ « ' i n n s *

36" re in forced  concrete pipe to w er 
p ressu re  line  insta lled  in Venice, 
Los A ngeles C ounty, California. 
D esigned fo r opera tion  under 80 ' 
h ead .

Concrete pipe supplied by our mem
bers anywhere in the United States 

comply with standard specifications of 
the American Society for Testing Ma
terials and the American Association 
of State Highway Officials.

This association or any of its mem
bers will gladly furnish technical infor
mation on any phase of concrete pipe 
line construction. (List of members on 
request.)

A M E R I C A N  C O N C R E T E  
P I P E  A S S O C I A T I O N

228 North La Salle  Street • Chicago 1, Illinois
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g i v e s  a n

R-C dual-ability
„ n b i k e ®  * n s * i e b

R O T A R Y  P O S I T I V E  A N D  C E N T R I F U G A L  B L O W E R S  .  E X H A U S T E R S  • B O O S T E R S  *  
L I Q U I D  A N O  V A C U U M  P U M P S  • M E T E R S  • I N E R T  GA S G E N E R A T O R S

When w e’re recommending equipment to handle air or 
gas, w e’re completely unbiased as to Centrifugal or Rotary 
Positive machines. That’s because of our dual-ability  to 
select, design and build whichever type of unit best m eets 
your needs.

This dual-ability is  at your service, for a 10 CFM or a 
50,000 CFM (or higher) installation. You can rely upon 
our recommendations and the performance of our equip
ment, because there’s almost a century of successful air- 
handling experience behind them. Call on us, without 
obligation.

ROOTS-CONNERSVILLE BLOWER CORPORATION
One of the Dresser Industries 

6 0 9  W ellm an A ve . Connersville, Indiana

BLOWERS FOR EVERY NEED
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If an unfinished picture leaves you guessing, come to set 

us at the Nineteenth Annual Meeting of the Federation of 

Sewage Works Association in Toronto on October 7th. 

W e’d like to show you the rest of it — new W  & T  Chlorine 

Control Equipment to help make your job easier and to 

help chlorination give better-than-ever service whether 

you use it for effluent sterilization, odor control, sludge 

bulking, hydrogen sulfide elimination or 

other sewage plant needs.

"The Only Safe Sewage is a Sterilized Sewage”

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

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