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INTRODUCTION
PURPOSE AND-INTENT A

The purpose of this ranual is to providé an on-the-job reference for operators
of activated sludge and trickfing filter wastewater treatment plants. Itis intended
to assist Operators in establishing process control techniquesand in optimizing
the parformancg of these two aerobic blological treatment systemg Other aerobic
biological systems such as aerated lagoons, rotating biodiscs and oxidation
ponds are not included in this manual,

Aerobic biological treatment facilities and the canditions under which they
operate can vaty considerably. Although treatment plants may bg designed alike,
they may not necessarily perform alike. In the past many controi strategies have
been the result of trial and error tests performed by operators and engineers.

Development of this manual consisted of visiting several operators at their treat-
ment plants throughout the United States. Their practical experlences and
knowledgein plant operations and process conttol ‘have been incorporated in‘the
manual. In addition, extensive use was made of the literature contributed over
the years by those individuals, agencies, and institutes seeking to advance and
explain the state- of-the-art of operating aeroblc biological wastewater treatment
facilities. .

The overall objective of this manuai is to aid the operator in determining what
Process Eontrol and opérational measures may be most effective in optimizing
the performance of his particular treatment plant. The manual should also serve
as a basis from which the opefator may develop new ideas for proeess control
and ‘better understand the varidus measures by relating his own experlences {0
the material presented. For this reason, theoretical material has been limited to
that required for basic understanding oi aerobic biological treatment.

MANUAL 'ORGANIZATION

-~y .t
The manual is presented in three major divisions:

+ The Activated Sludge Process
+ The Trickiing Filter Process
. Appe ndices

The Activaled Studge and Trickling Frlter Process divisions are each divided into
the following sections:

- Seotion] - Troubleshooting
[ Sectionil - Process Control -
Sectionill- Fundamentals
S8ctlonIV-. Laboratory Control . 1

These sections emphasize the fundamentals oi operating and controlling aerobic
biological treatmeQtprocesses. Each of the sections are presented in sufficient
detail to allow the reader to use them independently, References have been

.appended.to.each section for those who wish 1o gain further inslght to the topics

covered in the manual. These references weré selected because of thelr clarity
and value toanoperatoras an iniormation source. .
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" Included on the inside front cover is a quick reférence index to the major topics'

in each division section of the manual. After finding the section you desire, go to
the Table of Conlents for the subsection of Interest. Qnce you are in the appropri-

'ate subsection, thumb down the left hand margin of the text until you find the

key words which best fit your interest. Key words are presented in the ma‘nner
shown to the left of this; paragraph.

"The inside back cover presents a Metric Reference for those unit ‘expressions

which are commonly used for proogss control parameters. This reference may be
used for converting l-fngllsh and Metric Unit expressions.

Abbreviations have been kept to a minimum in the manual Only those Wthh are
commonly used are included in the text.

-

. USE OF THE 'MANUAL

This manual assumes that the reaser is familiar with the activated sludge and
trickling filter processes as wel' as their various modes of operation. For those
who are not quite familiar enough, you are encouraged to study Section lil,
"FUNDAMENTALS", in each process division. -

. \ N !
As stated earlier, each procass division is bronen down into {our sections. These
sections may be used independently or systsmaticaliy.

" E

.'i'FlOUBLESHOOTING — H you have a problem, go to the troubleshooting guide

which best describes your situation. Follow the guidance as outlined. If you siill
have problems or desire more information on the guidance provided, use the

. reference indicated in the iast column en the troubleshootmg gulde. This refer-

ence will lead you into the text of the manual to provide you with more insight, as *
well as additional references to get more information. Your next best alternative
would be t0 seek outside help. ,

PROCESS CONTROL — This section presents the various stralegies commonly
used for controlling the activated sludge and trickling filter processes. Routine
operational procedures as well as process loadings, evaluations, and.common,
problems are presented here. Step-by-step examples of calcuiating, interpreting
and applying control tests to process control parameters are alsopresented

FUNDAMENTALS - Th|s section is where it all begins. Without a sound back-
ground in, undérstanding the concepts ©of aerobic biologicat treatment, a suc-
cessful process control and operational program is difficult to achieve. As a
result, the quality of plapt éffluent suffers the consequences. Therefore, be
familiar with the fundamentals and the reierences that show you where o get
more information.

LABORATORY CONTROL ~ This section is a must. If you want to know why, .
raad i and follow 1ts guldance because it wiif help you establish and implement
a successful samplmg, tasting, .and monitoring program for your aerobic treat.
ment facility: -, -

o~

f,
(i'
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A
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Four appendices are provided to sﬁpplement the manual.

" .
— Includes work sheets which may be removed and duplicated for actual use. It

- also provides information to develop an opgrational récords system.

-~ Presents flow diagrams, operational data, and summary descriptions of those
treatment plants which were visited during development of the manual. Check
them over t0 see how you compare

’
a

~|sa suggested Ilst of iaboratoryéqmpment supplies and chemicals needed to
perform process contro! tests discussed in the manual. \

— Is a glpssary which defines the important termlnology commonly used in
discussing ae;roblc biclogical treatment

During the plant visits, four characterlstics were observed of those treatment

plants producing a good-quality secondary effluent.

1. Practice ot day-to-day process control an” operatignal control procedures.
2. Special effort is made for training and upgrading of plant personnet.
3. Industrial waste discharge ordinances are actively enforced.
4, Process control and operational datais used in direct appllcation to plant
operations. .
HOW DO YOU GOMPARE? ¥
L ] .‘:ﬁ . . I
/ .
r ‘
' L
’ J
3 F ) .
r
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ACTIVATED SLUDGE PROGCESS
SECTION |- TROUBLESHOOTING

INTRODUCTION

This section of the manuai presents troubieshooting procedures for solving
common operating problems experienced in the activated sludge process.
With each problem, or observation, a list is Included for the probable causes,
checks to determine the cause, and the suggested corrective measuras. You,
the operator, must determine and select one or more of the corrective meas.
ures that will restore the process to fuill efficiency with the least adverse
effect on thedinal effluent quality. in order to evaluate the problem and sefect
the best corrective measure, you must be thoroughly familiar with your
activdted siudge process ang how it fits into the overall treatment plant
operation. In addition, you must be familiar with the influent wastewater
characteristics, plant flow rates and patterns, design and actual loading
parameters, performance of the overall plant and individual processes, and
current matntenance procedures. For those operators who are not familiar
with the activated sludge process, refer to Section I, "FUNDAMENTALS"
before attempting to use the trousleshooting guides. ’

TROUBLESHOOTING GUIDES

There are seven problems presented that frequently.occur in operating the
activated sludge process. These problems are listed Selow and are referenced
to the troubleshooting guides which begin on the foliowing pages.

Note that the problems are categorized between the aeration tank and secon-
dary clarifier tanh. The troubleshooting guides presented for the secondary
clarifier tank are associated with the activated sludge characteristics and
quality, as can be observed when performing the sludge settieabiiity test.
The operator must realize that all observations made during the 'settleability
test are not necessarily indicative of conditions occurring in the secondary
clarifier tank. In all of the guides presented, the probable causes given for the
ohservation should be looked at concurrently because many times one problem
may be theYesult of several causes.
*




ACTIVATED SLUDGE PHOCESS
SECTION |- TROUBLESHOOTING

[

INDEX TO TROUBLESHOOTING GUIDES

Troubieshooting .
Guide No. Problem Indicator

Aeration Tank

1- Aeration System Problems
2 Foaming Problems

Secondary =
Clarifier

3 Solids Washout/Billowing Solids AR
Bulking Sludge -
Sludge Clumpin_g

4

5

6 Cloudy Secondary, Effluent

7 Ashing, Pinpoint/Straggier Flog

~ Figure i-1 presents a pictorial index of typical settléabillty test results. This
index may be used In comparing actual test results for quick reference
to the troubleshooting guides. . . ’

-

+




-ACTIVATED SLUDGE PROCESS
SECTION |- TROUBLESHOOTING

30 MIN.

TROUBLESHOOTING GUIBE- ND. 3 TROUBLESHOOTING GUIDE NO. &
- GOOD SETTLING POOR SETTLING

§

30 MIN. = ONE 70 THO HOURS : 30 MIN,

TROUBLESHOOTING GUIDE ND 5 | TRDUBLESHBOTING GUIDE ND. &
" DENITRIFICATION . . CLOUDY

TRDUBLESHD&)‘IHG GUIDE NO.7 -  TROUBLESHOOTING GOIDE NO.7
ASH ON SURFACE PiN POINT FLOC & STRAGGLERS

SETTLING TEST OBSERVATEONS

FIGURE I-}

v
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ACTIVATED SLUDGE PROCESS

AERATION TANK

TROUBLE SHOGTING GUIDE NO. 1 - AERATION SYSTEM PROBLEMS -

OBSERVATION

. PROBABLE CAUSE

+

NECESSARY CHECK

REMEDIES

REFERENCES

t.

e

Bolling action, violant
turbfance.  lhroughout
aeration tank surface.
Large air bubbies, t2* or

N
Overaeration resulting
high ©.0. andfor floc
shearing.

1. Genorslly, D.O. should ba
_ Inrange of .0 to 3.0 mgfl
throughout tanks.

Reduce air SCFM rate to
mainw:\d‘f In proper

range

PO I1-24 &#-72

2

greater, apparent.

-

inadequato mixing in some
areas of tank.

<y

Unoven surface aoration.
pattern, Dead Spois or’

Plugged dlﬂusers;

Underaeration resvlting Iﬁ
low D.0. andior septlc
odors.

v

Check malntenance
records for last cleaning of
diffusers.
/‘}'
Spot check diffusers in
'tank for plugging.

Chack D.O. should be in
range of 1.0 to 3.0 mgh
throughout tank.

Check lor 2dequate mixing
in aeration tank,

Chack RAS rates and
sludge blanket depth in
clarifier.

If diffugers have not been

cloaned In the last 12
months, do so.

If 'sevaral are* plugged,
cloan all diffusers in tank.

-

increase air SCFM rate to
maintaln D.O. in proper
range.

Calculate SCFM of air per
linear foot of diffuser
header PIpa. Minimum
requirement s 3 SCRM/
linear ft. Adjust alr SCFM

rate as nocessary to

maintaln adefuate D.O.
and mixing.

Adjust RAS rate to malntain
sludge blanket depth of 1
to 3 feot in clarifler.

pg 72

pg ll-24
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TROUBLE SHOOTING GUIDE NO:

A

' _AC:TIVATED SLUDGE PROCESS

-

AERATION TANK -

1= AERATEON SYSTEM PROBLEMS {(continued)

'+

N

o OBSERVATION

PROBABLE CAUSE -

. NECESSARY CHECK

*

-,
REMEDIES

REFERENCES

Excossive alr ratos being
used with no apparont
change In organic or
hydraulic loading. Difflcuit
* 10 maintain adequate D.O.
leval. b

Leaks Iy aeration sys'tem .

piping.

4

. Plugged dillusers. Air
‘discharglng from diffuser
header blow-off plpes
causing tocal bolling to
occur on, surface npear
dUfuser header pipe.

3

Insufflcient or Inadequate
oxygen trangler.

D. High organic loadings
{BOD, COD, Suspended

matter} from ln-planl alde

stream flows. -

Chock alr pipe and joinl
connection; lstan for alr
leakage or scap test flanges
and watch for bubbling
caused by alr feaking.

-

i
Check maintenance record
for last cleaning of
diffusers. :

.
-

Spot check dHfusers |n
tank for plugging.

Check aeratlon system
performanca.

a. Diffused aarallon system
should provide between
£00 to 1500 cu. ft. alr per
pound BOD removed.

" b.Mechanical aerallon

syatem shpuld provide
betweon 1 th 1.2 pounds
oxYgen per pound BOD
romoved.

-+

1. Check to ses Il organlc
loading from side stream
flowa conltibules =fgnifl-
cantly to overall progceas
loading.

1} Tighlén flanggrbolts andior
replace flangy gaskets.

- L

+

If diflusars have Aot bean
cloaned in last 12 monlhs,
do s0. )

If several are plugged, clean
all diffusers in tank.
L

Replace with more elfec-
live diflugers or mechanical
aoralors.

Add more dilfusers or
mechanical aerators.

If lvadings are greater
than 25%. optimize opera:
tlonal periormance or
upgrading of oiher lnplani
processas will ba required.

e

poitS &4

PG 119 & NIl.4
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TROUBLESHOOTING GUIDE NO. 2 — FOAMING PROBLEMS

L]

- 4

ACTIVATED SLUDGE PR.E)CESS
AERATION TANK

OBSERVATION

PROBABLE CAUSE

NECESSARY CHECK

~ ' REMEDIES

REFERENCES

1. White, thick, billowing of
sudsy foam on aeration
lank surface,

A. Overloaded aeralion tank
{low MLES) due to process
start-up. Do not be alanmed,
this problein usually occurs
during process start-up.

&

£

Excessive sludge wasting
irom Rrocess causing
ovorjosded aeration tank
{L.ow MLS3).

1. Check eeration tank BOD
toading {tbaiday) and Ibs
MLYSS In aeration tank.

“-Calculate FIM ‘ratio to
determine Ibsiday MLVSS
inventory lor current 8O0

. loading. . /J

2, Check socondary claritier -
effiuent ior sollds carryover.
- Efiiuant wili look cloudy.

4

.3 Check .D.0. javels in

%
X,

asration tank.

Check and monltor for
trend changes which occur
Inthe iollowing:

a. Decidase in MLVSS mg/l,

b. Decrease In MCRT,
Gould Sludge Age.

¢. Increase in FiM ratio.

d.D.0. levels malntained
with leas air rates.

. Incroase in WAS rates,

|
1) After calculating the FIM
ahd 1bs MLVSS needed,
you will lind that the FIM
ratio’ is' high and the 1bs
MLVSS Inventory is low.
Thorefore, do not waste
sludgs from the process or
rna:inialp the minimum
WAS rete possible if
wasting has already siarted.

" 2) _Malntain sullicienl RAS
rates 1o minimize sdlids
carryovér espgcially during
pezk flow periods.

3) Try “0 maintaln D.Q. levels
bataven 1.0 to 3.0 mgl." *
Al30 be surg that adéduate
nidxing is being provided |n
thetaeration tank while
altempting to maintain
D.O.levels.

1) Raduce WAS rate by not
more than 10% per day
«untii process approachas
normal control parameters.

2} Increase fAS rate to mini-

mize, &fliuent golids carry

_over irom secondary

. " clarifler. Malntain sludge

blanket depth ol 1 10 3 feet
from clariiier fioor.

pg I-75. 1112 & 1142
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ACTIVATED SLUDGE PROCESS -

AERATION TANX

TROUBLESHOOTING GUIDE NO. 2 — FOAMING PROBLEMS (continued) ., -

T .
_OBSERVATION

PROBABLE CAUSE

NECESSARY CHECK

REMEDIES

AEFERENCES

[]

Highly toxic waste, such
as metals or bacteriocide,
or colder wasiewaler,
temperalures, or severe
temperaiure variations
rosulting in reduciion of
MLSS.

' Mydraullc washoul of

solids from secondary
clarifier.

Improper Influent waste-
walor andior RAS flow
distribuiion causing

foaming In one OFf more -

aerallon lanks.

Takto MLSS-sample and test
for metals and bacteriocide,
and temperature.

AN
N

Monltor plant Influent for
stgnificant varlations in
temperature.

Chack hydraulic detantlon
time In aeration ank and
surface. overflow rale in
secondary clarifler.

Check and monfior for
significant ditferences In
MLSS concentrations
batweoen multiplo aeration
lanks.

Chack and mondlor prirnary
offluont and for RAS flow
rates io each to aoratlon
basin.

1

Reaslablish pnow culture of

" Vlactivited sludge. W pas-
sible, wasle sludge F;n

procass without rétufning
to othar In-plani systems.
Oblain seed sludge from
othar piant; if posslbte;

™

Actively enforca Industrial
Wasle Ordinancos. .

Rafor 1o Troublashooltng
Guida No. 3, Obseryation 1.

‘l\)\ MLSS and RAS concentra-
* tions, and D.0.'s boiween

multiPle {anks should be
reasonably consistenl.

Modily distribulion far(ll
ties as nocessary o mailn-
tain a.q\g\fl Influent
wastowater andiod RAS
flow raies 1o aeration
basins.

P93 & U-34

pai-23 178

pgli78 8 1V:3

pg 1178




ACTIVATED SLUDGE PROCESS
AERATION TANK

TROUBLESHOOTING GUIDE NO. 2 -+~ FOAMING PROBLEMS (continued)

OBSERVATION

PROBABLE CAUSE

NECESSARY CHECK

REMEDIES

A

REFERENCES

&1

2. Shiny, darktan foam on
agralion tank surface.

Aeralion tank epproaching
underigaded i(high MLSS)
condition due 1o insuflic-
ient sludge wasilng from
the procass.

Check and monitor tor tranu
chenges which occur In
the{oliowlng:

a. Increase | . ALVES mg!

b.Increase In MCRT,
Gould Sludge Age.

/p. Dacraasain F/M ratio,

d.D.0. levels melntalned
with Increaa'ngalr rales.

©. Decransa In WAS ratas,

Incraase WAS rete by not
moré than 10% per day
unlil process approaches
normal ¢onlrét paramsters
end & modest amount of
light-ten foam I$ observed
on asreilon lank surface.

For addillonat ¢hecks and
remedlos refer to Trouble-
shootlng Gulde Np. 5 and 6,

For mulllple tank oporalloi.
rofer to Obsarvallon No. 1,
Probabte Cause “E".

po H-76 & 11-36

3 Thick, acummy dark-tan
foams on asration tank
suriuse

Aerallon fank i3 cnllc'élly
underioaded (MLSS 1oo
high) due to impropar wAS
control piogram.

(]

Chock and monilor Tor
trend changes which occur
Inthe following:

a. Increase inMLYSS mgi

b. Increase In MCRT,
Gould Sludge Age.

¢. Dacreaao In F/M ratio.

Incraasa WAS reie by noi

mord then 10% per doay -

unill process approachas
normal control parameters
and & modest emount of
fighi-ian fgam 1s ohsarved
on asretion surface.

pa 11-76 & 1136




ACTIVATED SLUDGE PROCESS
AERATION TANIK

TROUBLESHOOTING GUIDE NO. 2 — FOAMING PROBLEMS (continued) ..

OBSERVATION

PROBABLE CAUSE

-\\\

NECESSARY CHECK

REMEDIES

REFERENCES

d.D.0. lsvels malntained
with increasing alr rates.

. Dacrease INWAS rates.

{. Secondary sfftuent nitrate
levei above 1.0 mgii,

~

g Ingrease In secondary
affluent chlorine
demand.

h.Decraase In aeration
tank affluent pH.

For additlonal checks and
remedies refer 1o Trouble-
shooting Gulde Mo 5and 7.

For multiple tank operation
refer to Ghservation No. 1,
Probable Cause "E? of this
guide.

Dark-brown, almost
blacklsh sudsy icam on
aarg’ ‘n tank sucface.
Mixed llquor color is very
dark-brown 10 almins black,
Dotactlon of sepllc or sour
odor from aeration tenk,

A, Anaeroblc tondltlons

occurting inaeratlon tank.

1

Refer to Troublashooting
Guide No. 1, Obsersation
No.2 and 3.




ACTIVATED SLUDGE PROCESS
% . SECONDARY CLARIFIER

L]

TROUHLESHOOTING GUIDE NO. 3 — SOLIDS WASHOUT/EILLOWING SOLIDS

-

OBSERVATION PROBABLE GAUSE . NEGESSARY CHECK REFERENCES |

Localized clouds of hom- A.  Equipment malunction. - Refer 1o TroubI:shootlng
ogenous sludge soil - Gulde No. 1, Observalions
rising. In certaln areas of 1-A,2-A,and 2.8, 7

the clarlfter. Mixed liquor : > ;
in settloabliity test settles )
fairly well with a clear . . Check the following 2) .Repalr of replace abnormal
supemalant. oquipment for abnormal operalIng equipmernt.

operation.

a. Calibratlon of fiow
meters.

b.Plugged or partlally
plugged FAS oQ WAS
pumps and transfer lines.

c.Sludge collection
mechanlsms, such as
broken of worn out
flights, chalns, sprock-
els, squesgees, plugged
* sludge withdrawal tubes.

3. Check sludge removal rate 8) Adjust RAS rates ang——""bgll-29
and sludga blanket depth sludge colloctor mechag.
In clarifier. Ism speooad to malntal

sludge blanket depth at 1
to ¥leat from clariller floor.
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ACTIVATED SLUDGE PROCESS
SECONDARY gi’.kRIFIER

~/ TROUBLESHOOTING GUIDE NO. 3’ — SOLIDS WASHOU‘HB‘ILLOWING SOLIDS (conﬁnneg)

. OBIERVATION

PROPABLE C{USE

NECESSARY CHECK

REMEDIES ’

+ REFERENCES

8. Alr or gas entrapment In
* sludge floc or denltrill-
. callon occurring.

.

C. Temperature currents,

D. Solids washout due to
hydraulic overloading.

1.

I

Perforn sludge settisabliity
test and gently stir sludge
when sallling to see I
bubblas are released,

It bubbles are released,
‘check nltraté mgil In
secondary effiuent tuses If
thaprocass I3 nitrifying.

Partorm temperature and
D.C. profiles In clarifier.

[

. Check inlet and outlet

baifling for proper solids
distribution in clarifler.

Check hydraulic delention -
time ln agration tank and’
clarifler, and surface over-

{low rate In clarifler,

It the process i3 not nitrl-
fying, refer to Psobable
Causeé A above, and
Troubleshooting Guide No,
7, Cboervation 2,

if the procass Is nlirifylng,
refer to Troubleahooting
Guide No. 5, Probabfe
CauseA,

1} 1 temperatures exceed 1
to 2 degress between top
and bottom of clarifier, use.
an additional aeration tank
and ciasitier if possible.

Modlfy,or Install adHitlonal
baltlli.g In clariflérs.

Refer to Probable Cause
A-Srand A-2above,

It hiydrautlc loadings exceed
design capabiilty, use
additional aeratlon tanks
and clarifiers if possible.
Reduce RAS rate to main-
tain high sludge bianket
depth in clarifier.

i possible, change process
oparation 1o aludgeé reaera-
tion or contact stabllization
mode,

Refer to Probable Cayses
' B-1,B-2,and C-2 above,

pgli-20

pg 78
) A

pg 2%

pg HILIS

£
W
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ACTIVATED SLUDGE PROCESS
SECONDARY CLARIFIZR
Y 1

" TROUBLESHOOTING GUIDE NO. 3 — SOLINS \\;ASHOUTFBILI;.OWING SOLIDS (continued)

OBSERVATION

PROBABLE CAUSE

NECESSARY CHECK

- REMEDIES

=

REFERENCES

, Localized clouds of fluffy

homogenous sliudgs rising
in certaln areas of the
clarifier. Mixed flguor in
sellleability tosi seoilles
stowly, |saving siragglers
in supematanl

[3

A. ‘Overloaded aerailon lank

tow” MLSS) resulling in a
ung. low densliy siudge,

. Check and monligr irend
changes whick occur in |

the followling: _

& Decrease in MLVSS, mg/l.

b. Decrease in MCRT,
Gould Sludge Age.

¢. Increasa in FiM ratlo.

d. Lower air SCFM rate 1o
malntaln DO, feval. .

Decrease WAS rales by not
more than 10% per day to

bring process back 10
oplimum N\rﬁe\am

P97 & 11-36
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ACTIVATED -SLUDGE PROCESS:
SECONDARY ELARIFIER

TROUBLESHOOTING GUIDE NO. 4 — BULKING SLUDGE \ .

* OBSERVATION . _PROBABLE CAUSE NECESSARY CHECK . REMEDIES REFERENCES

1. | Clouds of billowing hom- A, Improper organlc ioading 1. Check and monilor trend 1} Decreass \JAS rales by not’ po 1182 &'11-36
. ogenous sludge riging or D.O. lavel. = changes which occur if more than 10% per day
. and exiending throughout Iha foliowing: unfll process appreachss
the clarifier tank. Mixed normal operating para-

liguor setlles slowly and moters,

compacls poofly in setlle- . .
abllity test, bul supamalant a. Dacrease In MLVSS mg/. . Tamporarilyflncraasa RAS

Is laltly clear. N rates to minimize sollds ,
b. D“'”s“f:’“ M:HT' carryovef from clarlller

GouldSludge Age. lank. Contlnus unlll normal

¢. Increass-in FIM ratlo. ) conlrol paramelers aro

approached.
PP .

D.0. iavel lhroughot! aara- pai-24

& Sudden SVI Incraase Hon tank graater than 0.5
IroénD :\ormal. of decrease mgil, preferablynoarpgn.
inSDL

d. Change InD.0. lavels.

»

B.  Filamenlous organisms, . -Parform Mmicroscopic * I no fllamenlous organisms
examination of mixed . #re observed, reler to
liquor and roturn sludge. Probable Cause “A™ above
I poesible, try lo Idantlfy
type of filamenlous organ-
tsms, eitheér fungal or
bacterial,

If fungal s Idantllled, Enforce Industrial Wasle P9 N-93
check Induslrias lor wastus Ordinance to oliminale
which may cause Probloms. . wasles. Also soo Remody
4 bhalow,

Q

ERIC
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ACTIVATED SLUDGE PROCESS

SECONDARY CLARIFIER

TROUBLESHOOTING GUIDE NO. 4 — BULKING SLUDGE (continued)

OBSERVATION

PROBABLE CAUSE

"NECESSARY CHECK

REMEDIES

REFERENCES

C. Wastlewater nuirlenl de.

frciencies.

i bactorlal are identified,
check Inlivenl wastewater
and In-plant side siream
tlows relurning 1o process
for massive fllamenious
organisms.

. Chock nulrlent levels In

influonl wastewaler. The
BOD 10 nuirianl ratios
should be 100 paris BOO
1o 5 paris folal nitrogon 10
1 part phosphorua 1o 0.5
Iron.

Pertorm hourly pML-Sellle-
abiliy tasts.

Chlorinate influent wasie-
water at 5 to 10 mgll
dosages. )
1
If highet dosages, are re-
qulred, use oxireme cau.
tlon. Increase dosage a3 1
to2mgll Ingrame nis.

Chiorinale RAS at 2 1o 3
Ibsiday!100Qjbs MLVSS.

Opiimized oPeralional
performance of upgrading
of other in-plant unil pro-
cosses will be required if
fHamenious organisms are
lound in side stream ﬂows.‘
If nutriont lovels are less
than average ralio, fleld
lesls should be performed
on lhe Influent wastewator
for addition of nitrogen in
the form a anhydrous
ammonla, phospligrus In
the form of {irispdium
phosphale andfor ifon in
the lorm of ferric chioride.

Observe tests lor improve-
ment In sludge ssillilng
characlerislics wilh the
addilion of nuirienls.

Pg g3, IV-12. & Iv-15

Pgiv-14
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ACTIVAYTED SLUDSE PROCESS

SEC NDARY CiLARIFIER

TROUBLESHNOTING GUIDE NO. 4 — BULKING SLUDGE (tontinuedh

OBSERVATION

PRUBABLE CAUSE

NECESS&HY CHECK

REMED£S

REFERENCES

N LowD.OQ.inaeration tank

£ pHip aerauon 1ank 15 lesy
than6 %

1. Chack D.O. at varicus
h.cations throughout the
tank.

1. Monitor ¢lant inlluan pH.

2. Check il process Is nitrify-
ing due 10 warm wastewater
lemperature or tow FiM
leading.

it average D.O. Is less than
0.5 mgiy, Increass air SCFM
rate unill the D.O. lavel In-
craases ‘o bhelweon 1 and 3
mgll throughout the tenk.

2) i _D.O. levels are nearly
‘For_oo In some parts of the
+'2tank, but 1 mgfl or more In

other “locations, balance
ihe alr distribution system
ot clean diffusers. Refer to
‘Troubleshooling Guide No.
1, Obsarvation 2,

If pH I8 less than 6.5, con-
duct Industrial survey to
identify sourca. If posmble,
stop or neulratize dls-
charge at source.

It the above is not possible,
ralza pH by adding an atka-
line agent such as ciustic
soda or lime to the asration
influenl.

if nlrificatton is n2t re
Quired, Incroase WA.3 rate
by not more than 1085 per
day 1o stop nitrificatlon

It nitrification Is required,
ralse pH by adding an atka
itne agent Such as caustic
s0da or iima to the asration
infivent

pqIt-83

patt.20, 36 &1V 12




ACTIVATED SLUDGE PROCESS
SECONDARY CLARIFIER

TROUBLESHOOTING GUIDE NO. 5 — SLUDGE CLUMPING

PAFullToxt Provided by ERIC

OBSERVATION

PROBABLE CAUSE

NECESSARY CHECK

REMEDIES

REFERENCES

Sludge clumps ifrom skze
of a goif ball 1o as large as
a basketball) rlsing 10 and
disparsing on clarifier
surface. Bubbles noticed
on clarifier surface. Mixed
llquor in setticability test
settles falry wall, however
a portton of and for all of
the settied siudge rises to
the surface within four
hours after test is slarted.

A. Denitrification in clarier.

B. Septicity occurring e

clarifier.

Check for increase in
secondary sffluent nitrate
{evei.

Check loading parameters.

Check D.0. and tempera-
ture leveis In "=~ aeration
tank. ™

Check RAS rates and
siudge blankel depth in
ciarifier.

Refer to Troubleshooting
Guide No. 1, Observation
No.2

See 3and 4 above.

Increase WAS rate by not
mare than 10% per day o
reduce or eliminate level of
nitdfication. I nitriflcation
is required, reduce lo7a"
{jowable minlmum.

Maintain WAS rates tokesy_
process wilhin proper

MCRT, Gould Sludge Age,~—

’

and'-):'-'!M ratio.

Maintain D.0. at minimuns
levet (1™ mgfl), Be sure
adequalge mixing Is pro-
vided in the aaration tank.

Adjust RAS rate 10 malntain
sludge blanket depth of 1
103 feel In clarifler.

Pg 119 & 11-36

pgil-36

pgi-29
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ACTIVATED SLUD:E PRQCESS

SECONDARY CLARIFIER -

WOUBLESPiOOHNG GUIDE Né. 6 — CLOUDY SECONDARY EFFLUENT :

QBSERVATION

PROBABLE CAUSE

REMEDIES

REFERENCES

1.

Secondary efflueni from
clartfier is cloudy and
conlains su ed matter.
- Mixed liqudin sattteablify
test seltles poorly, leaving
acloudy suparnatant.

MLSS in aeratlon tank tow
due to process start-up.

Increase 1N Organic loading.

¢ Toxic sheck l0ading

NECESSA%CHECK
—

1. Refer to Troubleshobting

Gulde No. 2, Observation’

No. 1.

1. ,Perform microscople
examination on mixed
liquor and return sludge.
Check lor presente of
protozoa,

+
'

2. Chegk organic loading on
process.

b

3. Check D.O. 1evel in aeraton
tank

1 Perform microscopie
examination on mixed
liquor and return Siudge.
Check for presence of in-
actlve protozoa,

Il

{) i1 no prolozoa are presenl.
possible shock organic
loading has accurred.

feduce WAS rate by not
more than 10% per day to
bring process back lo
proper loading parameters
and increase RAS rates to
maintain 1 1¢ 3 foot sludge
blankel in clarifier.

Adjust air SCFM rate 1o
maintain D.Q. level within
1.0103.0mg/l.

If protozea are inactive,

possibility ol recenl 1oxic
load on process.

Reler 1o Troubleshooting
Guide No. 2, Observation
Mo 1.0,

pg11-93 & 1v-18

pail-42 & 11-36

pqlt 24

pa g3




ACTIVATED SLUDGE PROCESS
SECONDARY CLARIFIER

TROUBLESHODDTYING ANDE NO. 6 — CLOUDY SECONDARY _EFFLUENT {cortinued)

QBSERVATION PROBABLE CAUSE NE’CESSARY CHECK - REMEDIES REFERENCES

A b

‘1 D. Overaeration causing ." Perform microscopic 1) Refer 1o Troubleshooting pg tv-18
~mixedtiquor fioc to shear. examlination en mixed Gulde No. 1, Observation

‘ lquor. Check for dispersed No. 1-A

or fragmemed floc and

v presence of actlve

protozoa

E. lmprope:r ﬁ.o. tevels . Rasfer to Troubleshooting
maintaneéd In aeration tank, Gulde No. 1, Obssrvation
. No.2.




ACTIWATED SLUDGE PROCESS
SECONDARY CLARIFIER,

TROVUBLESHOOTING GUIDE NO. 7 — ASHING AND PINPOINTISTRAGGLER FLOC

OéSERVATION -

PROBABLE CAUSE

NECESSARY CHECK

REM-ED!LS

REFSAENCES -

Fino dispsersed floc {about
the size of a pinhead)
extanding throughout the
clariflor with little I1slands
, of sludge accuinulated on
the surface and dlschargl- g
aver the welrs. Mixed liquor
In sattisabllity tost, sottles
“anls el Sludge ts donse
at hbottom with fine particles
of floc suspended In falrly
clear supornatant.

Aaeration tank approacialng

underloaded condltlons
{High MLSS) because of
old studge In system.

Check and monitor trend
changps which ¢tcur In
the folldwing:

a.Increasen MLVSS mgil.

b. Increase In MCRT,
Gould Sludge Age.

. Decreaseln FiMratlo.

d,D.0. tovols maintained
with Intreasing geratlon
Tates,

r
e. Decreua’ln'WAS rates.

f. Dacreapge In organlc -

loading’ (RGEICOO n
prlinarg effluent).

Chack for foaming In
aeratlon tank.

IncreasgWAS r by not
more than 10% pe to

tirlng process bfickdg
optimum ceontro), para:

meters for average aypanic

loading.

2) Refer to Troubleshooting

Gulde No. 2 for any foam-
Ing which may be occuring
In garatlon tank.

-~

Adjust AAS rates to maln-
tair studge blanket depth
of 1 to 3 festIn clarifler.

Rofor to Troubloshooting
‘Gulde No. 1 for additlonal
observations.

) PgI1-97 & i1-36




ACTIVATED SLUDGE PROCESS
, SECONDARY CLARIFIER

TROUBLESHOOTING GUIDE iiO. 7 — ASHING AND PINPOINT/ISTRAGGLER FLOC (corg]ﬂued)

OBSERVATION

PROBABLE CAUSE

NECESSARY CHECK

REMEDIES

REFERENCES

tr

2. Small partictes of ash-ike
materal fioating on ciadliér
surface,

Beginning of denilrifi-
calion, i

Excessive amounts of
grease jn mixad iquor,

Stir floaling floc on surface
of 30-tninule setlling lost,

Perform a grease analysls
on MLSS, and chock scum
baffles In primary lank.

Check grease content In
raw wastewater.

It ficating floc releases
bubbies and seities; see
Froubleshooting Gulds No
5, Probabie Cause A.

It Il doos not setile, refer
to Probable Cause B, below.

It ihe grease content ex:
ce6ds 15 parcenl by weight
of the MLSS, repalr or re-
ptace scum balfles as
needed -

it grease’ contant i5 ex-
cessive. implement an
industnal waste monitoring

and enlorcemenl program.

¥

pPa11-95 & 11193

Pg I35




ACTIVATED SLUDGE PROCESS
SECONDARY CLARIFIER

TROUBLESHOOTING GUIDE NO. 7 — ASHING AND PINPOINTISTRAGGLER FLOC (continued)
b L

OBSERVATION.

PROBABLE CAUSE

NECESSARY CHECK

REMEDIES

REFERENCES

Particles of straggler floc
aboul 4* or larger,
extending throughout the
claritier and discharging
over the welrs. Mixed liquor
In settieability test, settles
falrly woll. Sludge does not
compast well 2t tha bottom

wilth chunks of floc

susponded in fairly clear
subernatant.

A. Asration tenk slightly

underipaded (Low MLSS)
due 1o organic load
change.

. Check and moaltor trénd

changes which occur In
Ihe following:

8. Decraase in MLVSS mg/l.

b. Decrease in MCRT,
Gouid Sludge Age.

G. Increasein FiM ratio.

d.Less aeralhwale used
tomalniain D.O.

. Increaoo in WAS rates.

f. Increase or decrease In
drganic foading
{BODICOD in primary
offluent).

. Check for foazming In

aoratlon tanks.

Decroaso WAS rales by not
more than 10% per day lo
bring process back 1o
oplimum control par
ametors for average organic
loading.

-

Refer 10 Troubleshooling
QGuide No. 2 for ony foam-
ing which may be pccuring
in aeration tank.

Adjust HAS rales to nalin:
loln sludge blanket depth
of 1 to afeetin clarlilor.

Deacrease aerallon SCEM
rates 10 mainlain minknum
D.C. of only 1.0 mad In
aeration tank. Refer 1o
Troubleshooling Guide No.
1 for addittonal
observations.

pail.o7 & 11-36
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ACTIVATED SLUDGE PROCESS
SECTION Il . PROCESS CONTROL

INTRODUCTION

The activated sludge process Is reilable and has the abllity to handle shock
""p“:“"" loads. It requires much more monitoring and control than the trickling filter
:ml".d process. Therefors, proper operatlon and contiol is essentlal to achieve
operetion. optlmum performancs and to avold operational probiems. Table li-1 presants
guldelines to achiaving successful procesa control.

The operating parameters given In this section are intended as accepiable
ranges to guide the operator in achieving operational control at his plant.
Acceptable Operation and control of a particular activated sludge process should be based
ranget ote on its rasponse ar.d performance as related to the control techniques appiied.
glven hereln The succass of failure in achieving the best possibie performance from the
treatment plant is dependent on the operator. There are five process control
tachniques presented yndar Waste Activated Siudge Control in this section
of the manual. Tha operator should study sach of these techngiues and apply
the waste control program which he feels wili provide the best effluent quaiity.

TABLE il-1

GUIDE TO SUCCESSFUL PROCESS CONTROL

REQUIREMENT ___REFERENCE

Sound operatlonal and preventive Section 2.02,
malntenance measuras, QPERATIONAL GUIDES

Laboratory monitoring Section 4.02,
LABORATORY SAMPLING AND
TESTING PRQGRAM

Accurate, up-to-date records, Appendix A,
9PEHATIONAL RECORDS

" Evaluation of operational and aboratory  Section 403
data. LABORATORY CONTROL TESTS

Application of data to adjustrrentofthe  Section 2,04
process, PROCESS CONTROL

Troubleshooting problems hefore they Saection 1.02,
become serious. TROUBLESHOOTING GUIDES
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Compalant
praveniive
malntenancy
Prograim i3
a3saniial

Competanl
Process
conlrel
includos
oyaluaticn of
Process
pertormence

Many ractors
allect procass
performancs

Importance of
complele and
accurale
records.

OPERATIONAL GUIDES

Operational éuides are prow:fed on rhs follawing pagas i ald the operator in
establishing routine operational procedures 1or s aclivated sludge process.

Perf srmarce of the routine operationai pronedures is by no means complers
without a competent preventivé mzintenance program. Every item of oparating
aquipment requres freguent attention, with particutar emphasis on lubtica-
tion and other preventive maintenance requirements essentlal to a trouble-
free operation and minixnum maintenance costs. A good preventive maintenance
pragram helps to .mprove process performance through a longer more
dependable equipment life.

PERFORMANCE EVALUATIGN

Evaluation of process performance 15 an essential part of compentent process
conirol and operatisn. The evatuation is helpful in determining process
response o vanous modes of operation, developing performance trends, and
identifying the causes of operational problems. For the activated sludgs
£ ocess. performance evaluation consists of reviewing the BOD, COD, sue:
pended matter, and nitrogen renioval efficiencies to the mode of operation,
FiM pararneters, and RAS and WAS rates In relationship to control parameters
such as MCRT, Gould Sludge Age, and sludge quality. The review and applica:
tion of lab testing results is further discussed in Section IV - "LABORATORY
CONTROL" and ~"APPENDIX A™.

Performance ol the activated sludge process Is affected by many factors
such as. hydraulic and organic loadings, méthod of wastewater distribution
to multiple tanks. charactenstics of applied wastewater {lemperature, pH,
toxicants, etc.), and performance of other treatment ynifs in the piant. An

_effective means of reviewing your plant periormance is to maintain daily

charts or graphs rellecting such data against time. The charis présented in
Figure I1-1 serve as visual a:ds in identiiying the optimum control paramefers
and make any trends or changes immediately evident. The preparation and
use of these trend charts are discussed further in "APPENDIX A",

Conclusions reached duning the process evaluation are then applied to the
ad)r stment of the process (basically adjustment of RAS, WAS and aeration
rates) tor an <flicient and economical operation. Whenever possible, only ong
process adjustment should be made at a time to allow sufficient time between
each change for the process to respond and stabilize. This i5 espealally 4rug
when decisions are made to adjust FIM, MCRT and Goutd Sludge Age, since
these parameters are direcily related to changes in WAS rate. Complet2 and
accurate records of all phases of plant operations and maintenance are
essential lorlaccurate performance evaluation and process control. The
preparation of operational records is discussed furtherin "APPENDIX A",
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ACTIVATED SLUDGE PROCESS

OPERATIONAL GUIDE NO. 1 — AERATION SYSTEM

EQUIPMENT

SUGGESTED amﬁanocsnunss

DETAILS

FREQUENCY

REFEREMCE

A Aeration tank.

1.

Inspect lor proper oparation. !

-

Check D.O. lovel.

Perform routine washdown.

+

Check control gates and gate operators
for proper operation.

=heck iroth spray system, H provided.

InsPect bailies and AMiluerd weirz.

1a.

1b.

1e.

2a.

3a

4b.

6.

Mechanical equipment,

Presance of foaming on surface.

Boiling or unéven surface zeration
pattern. *

D.Q, in range of 1.0 to 3.0mgQ/.

Hose down inlet channels, tank walis—
ospeclally at the water lins, effluent
bafiles, weirs and channsis, and other
appurtenant equipmeént at ws‘!_er lina,

Operate gates and operators to full

open and closs position. Adfust gates

to proper position to equallze {low
distribution.

Lubricate as recommendad by man-
ufacturer.

 Sa. URplug shray nozzles as necossary and

check {or proper spray anglo.

Maintain bafﬂes'in good condition.
Maintain elfluent weirs at equal
avaluation.

Twicelshift

Every 2 hrs,

Daity to
weekly

Twicemonth

tomonthly

Twicelshift

Monthly
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- ACTIVATED SLUDGE PROCESS

OPERATIONAL GUIDE NO. 1 — AERATION SYSTEM (cgntinued)

EQUIPMENT

SUGGESTED STEP PROCEDURES

_DETALLS

FREQUENCY

REFERENCEI

B. Aaration Piping.

Air Comprassors
{Centrifugal and postive
placemenl}

1. Inspecl piping for leaks.

Inspect ditfuser header assambties,

Check aeration pipe valves and diffuser
header assembly control valves for
proper operation.

Chack air flow meters, pauges and
condensate traps.

Check air filters.

Check operallon of compressors and
motors.

ta, Visually observe and listen for leaks at

. pipe and joint connections.

2a. Remova header assembties from tank.

Check diffasers and conneclions for
dzmage and plugging.

Operate valves to full open and close
position. Adjust valves to proper

" positons.

Check and callbrate meters and gauges
as recommended by manufacturer.

. Draln condensate traps.

Clean or replace fliters as recommended
by manufacturer. ‘

. Check for excessive vibrations, unusual

nolses, ilubricant leakage. bearing
o'serheating

. Check oll levels, If so equipped, maln.

taln proper levels,

. Check packing, mechanlical seals--

adjust and maintaln a8 retommended
by manufaclurer.

. Check compressor intzke and discharge

valves for proper position.

* Dally

Twicefyear

Monthly

Dally

Generdlly
dictated by
climatic
condltions

Twicelshift

TG No. t
Qbservation
No.3

po Itl-4

TGNo. 1,.
Qbservation
No.2

.
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ACTIVATED SLUDGE PROCESS

CPERATIONAC-GUIDE NO. 1 — AERATION SYSTEM {continuad)

o

2. Mamtain un"s properly.

and proPer motor fubrication.

1¢. Check condition of baflles—if so
equipped, and ropair or réplace as
required, .

2a. Follow manufacturer's instructions.

|
EQUIPMENT SUGGE§1’ED STEP PROCEDURES " DETAILS FREQUENCY REFERENCE
3, Check compressor air discharge bagk Ja. Record back pressure. Increasing pres- Draily TG No. 1,
, pressure. sure is indicative of dilfuser plugging. . OQservalion
s - - No. 3 '
- 4. Perform regualr mainienance as recom,
mended by manulacturer. .
’ -
5. Alternate cOmpressors in service. ) Daily 0
: weekly
D. Mechanical aerators. 1. Check units for proper operation. 1a. Check for excessive vibrallon, unusual
nolses, motor and gear box overhea_ling.
1%.. Check for Proper ofl level in gear box Twicelshifl
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ACTIVATED SLUDGE PROCESS . .

OPERATIONAL GUIDE 2 — SECONDARY CLARIFIER

EQUIPMENT

SUGGESTED STEP PROCEDURES

DETAILS

FREQUENCY

REFERENCE

A, Claritier

1.

Inspect {0t proper oPeration.

Perform daily washdown.

Malnlain studge collaction aCIuipl;nent
and driva units.

Inspac! batfles and effluent welrs,

Check studge blanket daplh

Check D.O. level in clarifier befora
discharging over oftluont wairs.

Check gates and oPerators for proper
oPeration, '

Mechanical equipmant.

. Presence of suspended slydga.

Hoze _fown thie infiuant chann4als, Tank
walls=aspecially al the waler llng,
affluant welr and launders, eifluent
channel and center foed baifles.

Follow manutacturer's Instruclions.

. Mainlain bafflas in sound condition.

Malnlaln” effivent welrs at an equal
alevatfon.

. Sludge should be ramoved to mainlain

a blanket depth of 1 to 3 (eet. Adjust
RAS rates ag nocessary. . -~y

D.O. ieval should be maintalned at
minlmum of 0.5 mg/l. Adjust aeration air
as necessary.

. Operate gates and operatoré to {full

opén and close POsition. Adjust gates
to proper paositlon to equalize flow
distribution.

| Twicalshifl

Daily 1o
weekly

Monthly

Twicelshift
or more
frequentiy

Twice/shift

Twiceimonth
to monthiy

poli-77

G No. 3,
4,5,6,7

pgli-78

pon-7s

pgIl-29

pg 1124




ACTIVATED SLURGE PROCESS

OPERATIONAL GUIDE 3 ~— PUMPING EQUIPMENT AND PIPING IN RAS

ey
D WAS SYSTEMS

E@U(’MENT

SUGGESTED STEP PROCEDURES

DETAILS

FREQUENCY

A. Pumps

-

1. Check operallon of the pumbs and

molors, N

'
Alernata pump$ in service.

Maintain pumping unlis.

Fully opan and close al valves.

Chack operalion of 2ir vacuum and air
reliof valves.

i
Chuck operallon of any pump conlyols
and Instrumenlation, such a% flow
meters, donslty meters, conlrol sSignal
loap. ~

19,

1e.

Chack for axcesslve vlbrgon. unusual
neoilses, lubrlcant }iakaga. ang
ayarheating. at

Check oil raservoir level—If 50 equipped.

Chack oft feed rate~—If 30 eQulpped,

4¢. Check packing or meachanlcal seals—

make adjustment per manufacturers
ingtruclions.

. Check pusiiion of sugtion ang dlscharge

. Check pump suttion and dlscharge .

valves.

pressure—If so equipped.

Fo''ow manufaclurer's Inglructlons.

Make nesessary adjusimenis or repeirs.

. Maintain valves and opemlors according

to manufaciurer's Instructions.

Malnlaln accor”” # 10 manufacturer's
inslructions.

Maintain according to manufaclurer's
instructions.

i

Twice/shift

Daliy 1o
weekly

Monthly
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Roviow ol in-Plent Recycled Flows

In gvaluating the parformance of the proCess of i trying 10 solve problems.
careful conSideralion should be Given 10 all in-ptant recycled tiows. Otten,
inplant recycled tiows are 1he cause ot orJanic or hiydravhkc overioading. The
sludge procassing operations may relurn decanls trom digesters. thuickeners,
contrifuges, a1 vacuum filtér: The waste backwash watler fiom effiuent sand
fittration processes may also cause hydraulic overloading or other process
control problems. The recycled flow trom improperly operaied siudge pro-
cassing urits may account for as much as 25 percent of the total plant organle
toading. Usuatiy, the majonlty-of racycled flows are passed back o pumary

sedimentalion units where 1t is hoped organ.c sohids will setile out In most

cases this practice 1s the majyor cause of overloading biological processes
due to poot removal o souds 1n the recycled flows sent 10 the pnimary sedy.
mentation grits

The adutonat toadmg will then rgsult 1n a greatsr sludge rroduction, and
subseguentiy an increased Wading upon the siudge precessing operalion,
In the achvaled sludge process, ¢xcessive BOD or COD toa™ ngs will even-
tuaity reduce efffusnt quatty and possibly cause anzervoit conditions to
SoLuUrinihe process

Saomne guidohnes that wi reduce the eftects of recycled flows on the activated
udge process inciude the [0HovIng

Add How continuously or duning low might 1iows 1o avoud shock toads
Improve efficigncy of siudgs bandling process

Yuhze a 1agoon or drying bed fc poor quakiy decants from sladge
processing operations

Avoid pumping ex  e5s walerlo swwdge handiing processes

Aerale of pretreat recycled flows 10 reduce owvgen desnands

Aestion Performancs

A great desi <an be leamned aboyt the ePeratiun of zn activaled sludge Drocess
Dy texieveng aeralion oquirements and periormance, Basicaliv, the mixed
HQuor . 3 2vspens,on of mlrcorgamsr  (hat consume the organic malter 1n
the wastewaster whie uhh2ing wissolved oxygen and reteasing Carbon dioside
1o produce now Ceti qrovth

The air "egunement 15 Jependent upon the oxygen transfer rate {0 the muxed
quer and the utibization of the dissolved oxygen by the microorgamsms, The
oxygen lransier ralg 1s chiefly dependent on the désign of the aeralion sys-
tem. The rate of dissolved oxygen utlization 1S dependent unon the m o
organism activity as it relales 10 organic 1oading. pPH, temperature, aer.i. 1n
pencd and avarlability of dissolved oxyg.n The ar requirements mav be based
on rmore than one parameler The most frequenlly used parameiers by opes
ators include 1he amount of ar appiied per pound COD or BOD removed (CF
air/lb rémoved) 1n the pret 255 and the amount of air applied per galion of
wastewater rgated ICF awigaly Typical gerahion rates tor these parameters
are presenled in Tabte i D

*




ACTIVATEO SLUDGE PROCESS
SECTION Il- PROCESS CONTROL

TABLE {i-.,

TYPICAL AIR REQUIREMENT PARAMEYERS

Diffused Aeration Mechanical Aeration System
System System

CF Alrllb Removed CF AlriGal Ibs O2 |bs Removed
coD BOD cOoD BOD -
1000 - 2000 200 - 1500 05-3.0 15-1.8 1.0-1.2

When evaluating aeration requirements, remember that the 5-day BOD, and
the COD only reflect the carbonaceous portion of the organic loading and not
Asalon the nitrogenous portion of the organit loading. The aeration requirements
m‘:‘::':;’:‘: wili be affected by the degree of nitrification as it relates to the nitrogenous

Process I strengtin of the organic loading as well as by the wastewater temperature
nlteltying. and pH.

The aeration performance parameters can be detemined as follows;

How to

calculale CF

Aleilb removed. Example Calculation

A.  Data Required
1. COD or BOD removed, ibsiday = 22,000 B0D

2. Total Alr applied, CF/day = 31,800,000

Detarmine CF zirfib COD or BOD removed.
CF Atrfib removed = Total alr applied
BGD, Ibs/day
_ 31,900,000
22,000
1450

Example Calculation

P . A. Data Required:
T _Hofle B 1. Totai air applied, CFiday = 31,900,000
S 2. Totalinfluent flow/day to aeration tank, gpd = 13,000,000

{exclude RAS flow rate)
Determine CF altigal wastewater treated

Totatl air applied

CF airigal =
Total flow. gpd

31,900,000
13,000,000

2.4
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ACTIVATED SLUDGE PROGCESS
SECTION 11- PROCESS CONTROL

Exampla Calculatian

A. DataRequired
1. COD or BOD removed, Ibsiday = 7200 BOD
2. n = Numbar of aeratersIn service = 3
3. hp = horsepower per aerator = 100
4

FTR = Field transferrate, each aerator, ibs Og/hothr = 2
(supplied by aerator manufacturer)

5 T = Time aerators in service, days = 0.83*

"Thls is determined by dividing the time each asrator is In service by
24 hoursiday: Hours in service
24 hoursiday

= days

B. Determine Ibs O2/th COD or BOD removed

{n X hp ¥ FTR x T x 24 hrsiday)
COD »or BOD removed, Ibsiday

Ibs O2/lb removed =

= B X 100 X2 % 0.83 x 24)
1200

15,936
1200

1.6

Solids Inventory

The amount of suspended malter (38) that makes up the mixed liquor consists
of liming and nonliving organic matter. The llving organic matfer Is referred to
as being “active.” The "active” portion of the S8 is of major importance be-
cause Incluced i1n this portion aze the m.i- roorganisms responsible for treating
the wastewater. The more accurately the concentratlon of actlve micro-
organisms is known, the more consistently the activated sludge process can
be controtled.

Many attempts have been made to accurately measure the "“active” concen.
tration of the $5. The most common means of estimating the microorganism
concentration is the measurement of volatile suspi nded matter (VSS). All the
organic saterial In the SS burns to carbon dioxide and water in the VSS
determination. Typically, 70-80 percent of the MLSS will bs VSS. The VSS
determination provides a crude approximation of the concentration of (lving
blotagical solids because the VSS algortludes a nonliving fraction. Even so,
the VSS has been found to be an acceptable representation of “active” living
microorganisms in activated sludge.
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Akey to Samples of MLSS must be taken at several locations in the asration tank to
successiul ensure that a representauve sample of the microorganism concentration is
precass contret collected. In general, each compartmeni of an aeration tank must be sampled.
:L';g':::;‘;:" Stmilarly, aeration tanks that are long and narrow must be samiled at both
¢ ends and at a midpotnt to ensure that a rapresentative sample of the mixed
liquor is collected. Sampling technlques to obtaln representative MLSS

samples are discussed in Section iV - "LABORATORY CONTROL”.

Good sampling procedures are essential for making a meaningful estimate of
the microorganism concentration, and samples for MLSS must be taken
using a consistent technique. There are two acceptable approaches for
obtalning a mixed liquor sample:

1. Composite samples may be talen at consistent Intervals throughout
the cay from the same locations in the aeration tank.

2. Grap samples taken at the same time each day at the same locatlons
inthe aevation tank.

Either of these approaches will produce sultable sa@pies./T hie flrst method
requires a refrigerated automatic sampler while the second msthod has the
advantages of not depending on a sophisticated sampier and of developing
a?hytine for sampling and observation of the aeration tank. Other msthods of
sampling, such as grab samples taken at various fimes will produce less
satisfactory estimates of the MLSS.

The importance of the MLSS sampies cannot be over emphasized. It is Im-
Accurste portant to remember that accurate and representative samples are the key to

MLVSS samples :
very Imporisnt controlling the activated sludge process.

Laleulating the Sollds Inventory

MLSS samples The purpose ¢f collecting samples of MLSS is to develop an estimate of
usad 0 the amount of microorganisms in the treatment system by determining
cafculats the the vSS content in the MLSS. The amount of microorganlisms (VSS) in the
Volatlls Sollds treatment system is the nriide Inventory. The solids inventory must be

inventory kiiown inorder to properly cortrol the activated sludge proc ess.

The solids inventory is used to determine FIM, MCRT and the amount of
Sruids Inventory activated sludge that should be wasted. The solids inventory varies directly
carleg difectly with the MUCRT, that is as the MCRT increases the solids inventory in-
with MCRT creases. It also varies inversely with the FiM, that Is, as the FIM increases
th solids inventory decreases.

Should «ollds! A recurni discusgsion in the technical literature involves the question of
{ha clariller be whether the soiids in the clarfiar should he considered as part of the
sostsured In solids invertorv, At present. thers Is no one answer to ths quastion;
sollds howsver, ail ca .tions Involving FiM or MCRT must be made using the
lavaniory? same solids inventory.
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There are three baslc arguments for not Including the solids in the clarifier.
First, the microorganiams In the system cannot grow due to food and
oxygen limitations whan they are In the clarlfler. Second, loading para.
meters for the activated siudge provess were first developad on the basls
of pounds of BOD applied per 1,000 cubic feet of aaratlon tank, which
{gnoras the sollds In the clarlfier. Third, the amount ©f solids In the clarlfler
i3 not a very significant {less than'10 Dercent of the tutal} fraction of the
total solids In tha process.

The argument In favor of Including tha clarifier solids In the solldg invan.
tory i$ simply that these solids are significant and they cannot be Ignored.
Additionally, If ail of the sciids are Includad In the calculations there is
less likelihood of making an error In the total solids Inventory that exists
in the process. Finally, errors In the inventory amount wouid most likely
ba signlficant at times when operational problems are exnerienced - L.e.
when the sludge 13 not settling well in the clarifier.

The consequences of Ignoring the solids in tha clarifier wiil not atfect
process control adjustments in most cases; and it 18 suggested that
operators use this approach when determining the solids nventory. If
ignoring the solids in the clarlfier makes process control Inconsistant as
obsarved by varlations in effivent quality, then the operator shouid ¢on-
stder Including the clarifler solids when he determines the solids inventory

Solids .nventory for a typlca! activated slu¢. e process may be calculated
as follows:

Exampls Caiculation

A. Data Required:
1. Aeration tank volume, mg = 1.2
Number of tanks In sarvice = 2
MLSS concentration, mgn = 2200
Percent VSS In ML“S, —— T2
100
Determine total pound~ VSS In aeratlon tank.

ibs VSS
Inventory = {Aer. Tank Vol }(No, of 1anks) (MLSS) (% VSS) (8.34 Ibsigal)
Asr. lank

= (1.2){2)(2200) (.72) (8.34}
= 31,705

If the clarifier is included in determining the sollds inventory, the volume
of sludge in the clarifier must be determined by measuring the sludge
blanket 1n the ciarifier and obtaining an average depth. The depth meas-
urement from the water surface to the top of the siudga blanket Is sub:
tracied from the average clarifier depth to determine the average siudge
depthin the ciariflar. The aversge sludge depth (3 then muitiplled by the
surface area of the ciarlfier to obtain the voiume expressed as cublc feet
which must be multiplled by 7.48 galicu ft and divided by ona milllion to
convert the velume to million gatlons {mg)} of sludge.

1113 - o
7o
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The average VSS conGentration of the sludge In the clarifier Is roughly
astimated by assuming the top of the sludge blanket is equal to the
MLVSS concentration and the bottom of the sludge blanket is equal to the
VSSRaAS concentration. Thase two concentrations are then averaged to
astimate the concentration of the clarifier sludge.

The puunds of solids Inventory {(VSS) In the clarlfier may be determined

and added to thg aeration tank Inventory as follows:
]

Example Calculation

MLVSS cphicentration, mgfi = 1584

VSSRAS concentration, mgl/l = 3330 *

Clarifier depth, ft. = 10 .

Depth from water surface to sludge blanket {DOB), ft. = 8
5. Clarifier surface area, sq. ft. = 4415

B. Determine the volume of sludge in the glarlfier.

sludge vol., mg = {Clantier depth. it. - DOB. it) (Suriace area. $q. 11.){7.48 gallcu. {L.)
1.000.000

= {10-8) {4415} (7.48)
1,000,000

= 0.066

Determine the average VSS concentration of the clarifier sludge.
MLVSS, mgil + VSSRag, my/l

K\ 2
1584 + 3330

- 2
= 2457

avy. VSS.mgll =

Determine totai pounds of VSS in the clarifier.

VSS, Ibs, = (avg conc.. mg/l} (sludge vol.,, mg) (8.34 Ibs/gal}
in clarifier

= (2457) (0.066} (8.34)

= 1,362
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Determine the total VSS inventory by adding the clarifier VSS
inventory to the;aeration tank V8§ il'l\fel"liOfY- ’

Total V88, Ibs = MLVSS, Ibs + Clarifier V88, Ibs
= 31,705 + 1,352

= 33,057

CODIBOD and Suspended Matter Removal

Whatare the The activated siudge process is designed {0 remove a high percentage of the

ndleators of COD/BOD and suspended matter when operated within the proper Ioading

p,m,:“ range. The removal eificiency of these constituents ara very reliable indicators

performeance? of process performance. if the efficiency dfops below the expected deslgn
performance, action shoutd bé taken to locate the reason for the decreased
efficiency. Operational records, process control parameters, lab analysis, and
wastewater gharacteristics should be reviewed and analyzed when trying to
locate the probiem. The information gained from the evaluation should be
implemented into the operation of the unit process. The best practice when
making operational changes is 0 make one change at a time and {hen allow =
sufficient time (usually two to four weeks) between changeés for stabilization
of the biolcgical process.

The activated sludge process is also designed o produge an effluent having a

SusPended suspended matter content of 20 mo!! or less when operated within the proper

matier i loading range. Much of the secondary effluent BOD will be directly refated to

refated to BOD. the amount of suspended matter that has escaped with the clarifier efflusnt
flow. Careless operational procedures will result in an increased secondary
effluent BOD. Hence, the evaluation of the ynit process performance in regard
to the suspended matter removat is valuable in improving both the suspended
matter and COD/BOD removals. An ificrease of the secondary effluent sus
pended matter ig:, an indication that the process is not performing as ii@hould.
The process control parameters, operational records, and wastewater char-
acteristics should be reviewed and analyzed t¢ determine what action should
be taken to restore the desired process performance. For guidance in the-
troubleshooting of high effluent suspended solids. refer to Section |, “TROU-
BLESHOCTING", '

The CODIBOD and suspended matter removals are nc;rmally expressed as
cODIBOD percéntages. These parameéters should be record ed daily. The COD/BOD and
ramovsl suspended matter removais aré all calculated by using the same formula. The
oxpressad o3 % example calculation given beiow shows how to determine the svzoended

matter removal efficiency.
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Example Csic.'ation

A. Data Required
, 1. Primary effluent suspended matter, mgfl =z 160 {COD or BOD)

2. Secondary effluent suspended matter; mg/l = 14 (COD
or BOD) '

B. Determine percent removal of suspended matter.

Influent 85 effluent SS X 100
Infuent SS

Removal efficiency, % =

= 160-14 o 40
160

=3

Process Kinetics

Kinsllcs sre A great deal of effort and a large number of publications have been put forth
::::,’:,m to describe the activated sludge process. The major accomplishment of these
controliing efforts has been the development of an approach to activated sludge design
the process. and operation that is based on the kinetics of microorganism growth. The

term kinetics normally refers to thé rate at which chemical or biological

reactions occur, however, microorganism growth kinetics are nothing more

than expressions that relate organic IBading to thie production of new micro-
organisms. :

The cdncepts ¢. activated studge kinetics enables éngineers to design waste-
water treatment plants on a logical and systematic basis.

There are two basic concepts, the food to microorganism ratio (FIM) and the
mean cell residence time (MCRT), that are expressed in the form shown below.
M= Ibs COD applied per day

Food to microorganism ratio = Ff
‘ Ibs VSS inventory

ibs solidsinventory
Ibs V85 produced per day

Mean cell residence time = MCRT =

Kinetic Relationships ;

FIM. MCRT The FIM and the MCRT are related by two constants that are called the

Kp,¥ Yield coefficient, Y and the Endogenous Decay coefficient, Kp. The Yield
coetficient expresses the ratio of the amount of microcrganisms produced
to the amount of food (BOD or CODB) consumed. The Yield coefficient Is
measured by operating the activated sludge process at several values of
MCRT. Tybical values of Y based on COD, for domestic wastewater range
from 0.3 to 0.4 Ibs ¥8$ producediib COD removed. The Endogenous Decay
coelficient expresses the decrease Inactive mass of microorganisms dure
to endogenous metabolism. This cosfficient is typically about 0.05 Ibs
VSS decayed per dayllb solids inventory.




MORAT related
to the FIM,

How to

calculais MCRT.

ACTIVATED SLUDGE PROCESS
SECTION 1I- PROCESS CONTROL

' The MCRT is related {o the FIM as shown below:

MCRT, days = 15 ‘
{Y) (FIM) (Removal efficlen cy) - KD

where,
Y = Ibs. V8$ produced per ib. COD removed per day

FIM = ibs. COD applied per day
Ibs. VSS inventory

Influent COD. mg/l - Effluent COD*, mgil_ 100
Influent COD, mg/l

KD = ibs. V§S decay per day per Ib, VSS inventory

Removal efficiency =,

*Solubte COD, see Section IV, "LABORATORY CONTROL".

The following example calculations show the interrelationship of MCRT,
microorganism growth, and F/M.

Example Calculation

A. DataRequired
1. FiIM = 0.551bs COD applied/day/lb MLVSS
.Y = 0.35 Ibs VSS produced per Ib COD renioved
. . KD = 0.05 Ibs decay per dayfib MLVSS
‘Eff. x COD removal efficiency x 80% (0.80)
MCRT = 8.1days

Ynet = Netsludgeyield = 0.248 Ibs VSS perib COD
removed/day

Determine the MCRT using Kinetics, \\
1
(Y) (FiM) (eff) -

;
T {0.35){0.55)(0.90) - 0.05

MCRT, days =

= 1 N1
0.173-0.05°  0.123

= 8.1

Tgls indicates that an amount of V§S equal to the solids inventory must
o wasted from the process in a 8.1 day period to maintain a constant
CRT. -
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Determine the net sludge yield (net grov:th rate) expressed as a
ratio of Ibs vSSib COD removediday.

1
(MCRT) (FIM){Ef£)

Ynet‘ raiio =

]
(8.1)(0.55) (0.90)

= 0.249 Ibs VSS/Ib COD removediday

Determine the net sludge yield {net growth rate) expressed as
percent of the solids inventory (SI).

Ynet, %/day = {Ynet, ratio) (F/M)(Eff) {100%)

= (0.249) (0.55) 0.90) (100%)

= 12.3 % of sollds inventory

OR
Ynet, %iday = [(Y}(F/M) (EIf)- Kp) 100%

= [(0.35) (0.55) 0.90) ~ 0.05} 100%
= [0.173 - 0.05) 100%

= 12.3% of solids inventory

This indicates that about 12.3 percent of the solids inventory would have
to be wasted per day to maintain a constant MLVSS or F/M assuming that
cther conditions are not changing significantly.

E. Determine the F/M when the MCRT, net sludge yield, and removal
efficiency are known.

1
(MCRT){Ynet) (Eff.)

FIM =

1
(8.4(0.249) (0.90)
$

4
- = 0.55bs COD applied/lb solids tnventory

All the kinetic calculations must be based on the same solids in
ventory—either the MLVSS under aeration or the total VSS In the
.activated sludge process.

II-Z?
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Tabte II-3 presents the relationship of MCRT to FIM for two values of the Yield
coefficient.

TABLE I3 ~(

APPROXIMATE RELATIONSHIP OF THE

Appmxlmtl-, FIM TO THE MCRT
:;L‘:?;':" If.‘::‘t'h- . {Kp = 0.05 pet day)

18,
Fiks "FiM Range {COD)

MCRT Y =03 Y=04

20 0.33 ‘ 0.05
15 < 039 0.29
10 ' 050 0.38

7:5 0.61 0.46

5 0.83 N 0.63
25 1.50 1.13

A similar tabie can be developed for the refationship ofMCRT and FIM when
BOD 1s used instead of COD. A typical range of values for the Yield coefficlent
for domestic wastewater on a BOD basis is 0.5 10 0.6 Ibs MLVSS produced per -
Ib of BOD removed. The value of Kp remalns at 0.05 per day. Table Il-4 preseits
thegelationship of the MCRT to the FIM for two values of the Yield cosificient:

TABLE (14 K
APPROXIMATE RELATIONSHIP OF THE °~
FIM TO THE MCRT

(Kp = 0.05 per day)

* FiM Range (BOD)

MCRT Y =05 Y =06

20 0.20 0.17
15 0.23 10.19
10 | 0.30 0.25
75 0.37 0.30
0.50 0.42
3 0.77 0.64

*FIM expressed as Ibs removedidayllb VS% inventory /Lo express the FIM as
Ibs appliedidayfib VSS inventory, divide the FIM presenied in the Tabls by
the removal efficiency (as %z} of the treatment process.
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o
B

Mlirlflcallon -

Many actlvated sludga procassas ara dagigned to attaln a high degraa of
nitrification, This section Is devoted to evaluatlon of tha process parformanca
basad on nitrification. .

The degree of nltrlflcatlon(\that must be attalned*in the actlvatad aludga
procass I8 dictatad by tha rgaximum allowabla limlt of ammonla nitrogen
discharged with the flnal eﬁh:%nt. This limlt Is usually govarnad by the NFDES
parmit Issued by Stata or Faderal ragulatory aganclas. o )

In fresh wastawater tha nltrogan prasent predomlnatas as organic nltrogan,
Aa tha organlc mattar In tha wastawatar decomposaes, a portion of tha organic
nltrogan s convarted 106 ammonia nitrogan, Whan the waatewater Is suffl-
clanty aeratad, nitrlfylng bactara will convert the ammonla nltrogen to nitrita
nitrogen and subsaquently to nltrata nitrogen. Nitrate represants tha final
form of nltrogan resulting from tha oxldatlon of nltrogenous compounds in
the wastewater, The nltrogan cycle 18 Tllustrated In Flgura I1-2,

To achiave the desired degrese of nltriflcation, the Maan Call Rasldenca Time
must be long anough {usually 10 days plus) to allow tha nitrlfylng bacterla
sufficient time to cqnvart nitroganous compounds to nitrate nltrogan. Since
the nitrifying bacterla grow much siower than tha bactarla utillizing the car
bonaceous compounds, it Is possibie to wasta the nltrliylng bacterla from tha
system ata highar rata than thelr growth rata,

The factors affactlng the growth rate of tha nltrlfylnb l;tahre primarlly,
DO, pH, temparatura, and the avallablilty of nltrogenous food.

The DO in tha aaration tank must usually ba 1.0 mgit or greatar whan oparating
the process to nltdfy. Nitrlficatlon exerts a substantial oxygen ragulrement,
The oxygen requirament may be calculated as follows:

NHa, oxldation = lbs NH3 » 4,8 = O2lbalday

1y
™

Tha opilmum pH ranga Is 7.8 to 8.8; however, tha range of 7.6 t6 7,8 |8 recom-
mended In ordar to allow eacape of tha carbon dloxlde to the atmoaphere,
Theoretlcatly, 7.1 Ibs of CaC O3 alkallnlty ara destroyad per pound of ammonla
nitrogen oxldized, thua resulting in a decraasalng pH withln the aaratlon tank.

Tha optlmum temperature range is 15° to 35° C. Tha growth rate of nltdfying
bacterla increasas es tha wastewater toemperatura Increasas and converaaly
It dacreases as the waatewataF temparature decreaases, Since thera is no
control ovar tha wastawatér temperature, compensatlon for alower wintar
growth rates by Incraasing the MCRT and maintalning the pH within tha
recommandad rangg)must be mada.

The growth rata of nltrifylng bacterla Is affectad vary little by tha organlc
ioad applied. Howaver, tha populatlon of the nitrlfying bactarla wlll ba limltad
by tha amount of nltrogenous food avaliabla In the wastewater.

11-20 75
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ORGANIC
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AMMONIA ATMOSPHERIC N{TRATE
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"SOLID LINES SHOW IMPORTANT PATHWAYS IN THE BIOLOGICAL
TREATMENT OF WASTEWATER. THE BROKEN LINE FOR
NITROGEN FIXATION IS ONLY ADDKD TO COMPLETE THE CYCLE.

APPROXIMATELY 60 TO 80% OF THE NITROGEN IN RAW DOMESTIC

WASTEWATER IS IN THE FORM OF AMMONIA NITRCGEN. THE
REST 1S PRIMARILY IN THE FORM OF ORGANIC NITROGEN.

WASTEWATER NITROGEN CYCLE
FIGURE II-2

1121
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When reviewing the performance of the activated sludge process for the
ﬁ;“"“"‘“‘"" selection of an optimum FI/M ratio; MCRT or Gould Sludge Age must be
nitrllcation. considered along with nitrification requirements. These parameters should
be selected to provide the degree of nitrification required by the discharge
permit. IF the ammonia nitrogen limit is being exceeded, the MCRT or Gould
Sludge Age should be increased. Increasing these parameters will increase
ihe MLV SS and consequently decrease the FIM ratio. With the other condi-
tions consiant, a definite relationship will exist between the weight ratio of
the ammonia nitrogen oxidized per day to thg/ML:(SS under aeration.
The growth of cell mass from the oxidation of ammonia is about 0.05 Ibs per
b of ammonia nitrogen oxidized. As a result the degree of nitrification will
have little effect on the next siudge yield and WAS rates. -

Secondary Clarifiers

s dual provide a clarified effluent and a concentra source of return sludge for

purpose, maintaining process conirol. Adequate aréa and depth is essential to aliow
the aeration tank effluent (MLSS) t itle and compact without carry over of

How to solids in the clarified '\filuenL/thprevent solids carry ovey, secondary clari-

calculato - fiers are designed to be pperated within given parameters. These parameters

suriace include the surface overflow rate (gpd/sq. ft.) and solids loading rate {Ibs

overflow rate. solidsiday/sq. fL.}). Typical ranges for these parameters are pra§ented in Table
-5,

;
Claritiers sarve Clarifiers in the activated sludge procesi;;v? dual putpose. They must

TABLE II-5*

TYPICAL DESIGN PARAMETERS FOR SECONDARY CLARIFIERS

Surface QOverflow' Solids
Rate Loading
gpd/sq ft Ib solidsiday/sq ft

Average Peak Average Peak

Process
Variation

High rate
Conventional and .

Sludge Reaeration
400-800 | 1,000-1,200
Extended Aeration 200-400 800

1Allowable sohds loadings are generally governed by sludge settling charactenstics
associated with cold weather operations.

* Source; "bes:gn Manual tor Upgrading Existing Wastewater Treatment Facilities”,
EPA Technology Transfer, 1974.
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surface Ovorflow Rate

The surtace overfiow rate 1s the parameler commonl; Jied to measure
he hydrauiic loading on the secondary clanfier. The surface overfiow rate
13 expressed as gallong waste flow perday per square foot of surface area
(pdisq ft} The surface overfiovi rate 15 direcliy refated to the clarifier's
abhity o etiectively allow solids 10 setlle. Normally, if the surface over-
fion rate s vothin the design range, ot can be assumed that the detention
tne ang wear overllow rates are also within the design range. However,
consuderalion shoutd be given o flow distnbution which can cf *3a short
crrcuting of How through the umi!

Thne surface overtlon rate s determined as shown belowvs,

Erample GalGulation

+  Data Required
1 O, Peah hour wastewater flow, gpg = 4.300.000
2 5 tace areaof Clanficr. 5 1t = 4415

Cotermne the suftace overflow rate

Q

Surtace overtlo )y Rate. gpdiag . =
Surface Arez, <q ft

_ 4.300.090
4415

= 974

Sohds L cadins Rate

Ser0f Ly Clanfiers in the achivated sludge process musi be designed and
operated not anly forihe surfe. wvertiow rates but also for sonds toading
rates T agw due maciby for selthng and compachion of the MLSS which
enters the Lianfier Waen eacessive MLSS concentsations are mainlained
i the process. the abihity of the clantier to compact the solids becomes
the governing tac.or Tharefore so'  10ading rates on the clanfier be-
COm Cmore ¢y Tl gspetia ly dure. g sudden chances in flow 12! 2s wiuch
result i Glartfier sohds wash ool For tiws reason, the aperator should
pecodically check the sohds iasding rate on the clanifeer
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The solids ioading rate 1s determined as shown below:

Ezamp's Cafzulation
A. CotaRequired
1. Q, Peak hour wastewater flov, mgd = 4.3
2. Qpags, RAS flowrate, mgd = 1.3
3. MLSS concentration, mgli = 2900
4. Surface areaof cleriiler, sq. ft. = 4415

Determine soiids loading rate.

Ibs solidsidaylsq. ft. = @+ QRASHMLSS)@.34 I>s/gal)
Surface Area, sq. ft.

_ (43 + 1.3){2900) (8,34
4415

_ 104,000

T 4415

= 235

PROCESS CONTROL

Select Control of the activated sludge process cor sist of reviewing operating data
operating and lab test resu..s to select the proper operational parameters {Such as F/M,
paremetera for MCRT, Gould Sludge Ags, MLSS concentrations, and sludge cuality in relation
"::L to RAS and WAS control ratas) that provide the best performance at the ieast
:m'l‘:::':: ::s‘_ cost. The plant operator must be both cost-conscious and concerned with the
const.vation of power as well as the preduction of an effluent that will meet
discharge r _ uirements. For example, to conserve powser and minimize oper-
ational costs, the operator should select and utilize the control parameters
which will provide the required performance so as net to reduce the quality of
activated sludge and subsequently the quality of secondary effluent.

Aeration and D.C. Control

The 0.0. concentration in the asration tank should normally be ma!ntalned
Proper D.O. between 1.0 and 3.0 mg/l. It is beliaved that a D.O. concentration greater than
levels. 1.0 mg/l should be maintaines Ir, the aeration tank at ait times to get adequate

mixing and microorganism activity. If nitrificatlon s required and the D.O.

concentration is allowed 10 drop below 1.0 mg/l, nitrifying microorganisms

will become less active and may possible die off. Conversely, cveraeration

inay result i the breakup of the MLSS f!oc particles whick will appear on the

secondary clarifier surface. ..
It is vary important that the operator monitor the aeratior. tank D.O. lavels and
air flow rates periodically {(every 2 hours is suggested) to make abpropriate sir
rate adjustments as required. If D.O. monitoring instrument” .:on'i$ proviu. <
it Is imperative that it be properly malntained a.id calibrated to provide values
that are valld and rellable.

Fraquancy of
D.0. menlloring.

"84
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5!1»1;2 | Since the power costs for operating the activated sludge process are h.gh,
:."I‘:': »alr excessive air rates are not onyy wasteful but also expensive and may resuit in
poor siudge settiing characteristics in the secondary clarifiers.

The concentration of D.O. In the mixed llquor must be sufficlent to ensure
that oxygen 18 avaliable for the microorganisms. Whaen oxygén limits the
growth of the microorgan:sms, the settleabllity and quallty of the actlvated
sludge may be poor. Poor sludge settling has b2 assoclated with D.O. con-
centrations below 0.5 mg/l In the geratlon basin. P{ocedures for monitoring
and mali:'aining aeration and D.O. control are pradsnted In Table 116 The
operator may develop detalled standard operating procedures (SOP) for his
plant by utilizing this table.

Raturn Activated Sludge Control

Noac well To properly operate the activated siudge process, a good settiing mixed liquor
setiling MLSS must be achieved and maintained. Ths MLSS are settled in a clarlfler, and
10 relurn tothe then returned to the aeration tank as the Return Activated Sludge (RAS). The
mixed liquor. RAS makes it possible for the microorganisms to be In the treatment system
longer than the flowing wastewater. For conventiona actlvated sludge oper-
ations, the RAE ficw Is generally about 20 to 40 percent of the Incoming
wastewater flow. Changes In the activated sludge quality wiil require different
RAS flow rates due to settling characterlstics of the siudge. Table II-7 shows
iypivai rvanges of RAS flow rates for some activeied sludge process varlatlons.

TABLE §1-7
A GUIDE TO TYPICAL RAS FLOW RATE PERCENTAGES
(Ref: Hacommsended Standards for Sewage Works, p. 62}

RAS flow rate 88 % of incoming wastswater
flow to aaration fank

Tyneof Activated
Sludge Precess Average Lowei Limit  Upper Limit

Conventional 30 15 75
Madlfied or “hilgh rate” 20 10 50
Step teed 50 20 75
Contact stabilization 100 50 150
Extended asration 100 50 200

There are twe basic approaches that can ba used 10 control the RAS flow rate.
Thase aPproaches are based on the following:

Basic concepts 1) Controlling the RAS flow rate independently from the infivent flow.

for RAS zonirol.
_ orire 2) Controlling th.e RAS fiow rate as a constant percentage of the Influent
flow




TABLE 11-6

STANDARD OPERATING PROCEDURES
AERATION AND D.O. CONTROL

FROCEDURE

FREQUENCY

METHCD

RAVGE

CONDITION

PROBABLE CAUSE

RESPONSE

CHECK D.0.
LEVEL

EVLRY
2 HOURS

D.C. HETER

" pEETRIC
Pl

HORMALLY
10 3 mg/1

HIGH
SATISFACTORY
LOW

TOD HuCk AERATION

L

ToQ LITTLE AERATION

OECREASE AERATION

CONTIRUE MONITDRING
INCREASE AERATION

CHECK UNIFORMITY
OF AERATION
PATTERN IN
AERATION

TA4K

YISUAL
OBSERYATIONS

UNIFORM HIXING &
ROLL PATTERN, &
AIR BUBBLE

DEAD SPOTS

UREVEN ROLL
PATTERN

IMPROPER DESTRIBUTION
OF AiR
IMPROPER DISTRIBUTION
OF AIR

PERFORH D.0. PROFILES
AND BALANCE AIR
DISTRIBUT ION WITH A
HEADER VALVES :

TOHLNGD SSID0HC -1l NOILD3S
$53004d IDAMS OILVALLOY

OISBURSEMENT

~
X

PULL AND CHECK FOR

DIFFUSER MALFUNCTION
PLUGGED DIFFUSERS

-

LOCALIZED BOILING

o~

HIGH CHECKX UNIFURMITY OF AERATION

CHECKX FOR NITRIFICATION

UHECK AIR CALCULATIOY

FUDR 0, TRANSFER
REQUIREMENT

OR NITRIFICATION

{DIFFUSED
AERATIDN) -

SCF/LB COD OR
LB B0G REMOVED

SEE TAME 1.2

SATISFACTORY

Lo

i et

INACCURATE 0.0., COD,
OR BOD MEASUREMERT

CONTINUE MONITOR INC

RECAL IBRATE D.0. METER
CHECK LAB ANALYSIS

HIGH

REDUCE NUMBER OF UNITS

MONTHLY | CALCULATIUR LOW LOADIKG

LBS 02/LB

c0D prR LB BOD
REMOVED

IN OPERATION--CHECK FOR
AOEQUATE MIXING.

Icuzcx AIR REQUIRES
MENT {MECHANICAL
AERATION)

SATISFL_TORY

SEE TARLE ¥{-?
LOW .
IMPROVE PRIMARY TREATMENT
INCREASE HUMRER OF UNITS
IN CPERATION \

HIGH LOADING,
INSUFFICEERT AERATION
CAPACITY

]
FLOCCHLATEON MODIFICATION

*
COPPER SULFATE-SULFAMIC ACID
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Constant RAS Flow Rate Control

Setting the RAS at a constant flow rate that is independent of the aeration
tank influent wastewater flow rate resulis in a continuously varying MLSS
concentration will be at a minimum during peak influent flows and a
maximum during minimum influent flows. This occurs because the MLSS
are flowing into the clarifier at a higher rate during peak flow when they
are being removed at a constant rate. Similarly, at minimum influent flow
rates, the MLSS are being re'urned to the aerat’on tank at a higher rate
than titey are flowing into the clarifier. The auwration tank and the sec.
ondary clarifier must be looked at as a system where the MLSS are stored
in the aeration tank during minimum wastewater flow and then trans-
ferred to the clarifier as the wastewater flows initizlly increase. In éssence,
tne clarifier acts as a storage reservoir for the MLSS, and the clarlfier has
a constantly changing depth of sludge blanket as the AiLSS moves from
the aeration tank to the clarifier and vice versa. Yhe adventage of using
this approach 1s simpltcity, because it minimizes the amount cof effort for
control. It is a#lso especially advantageous for small plants because of
lirnited flexibii-ty,

Constant Percentags RAS Flow Rate Control

The second approach to controlling RAS fiow rate requires a programmed
method for maintaining a constant percentage of the aeration tank infiuent
wastewater flow rate, The program may consist of an automatic flow
measurement device. a programmed system, or frequent manual adjust-
ments. The programmed method is designed to keep the MLSS more
constant through high and tow llow periods.

Comparison of Bath RAS Control Approaches

The advantages of the constant RAS flow approach are the foilowing:
11 Simplicity.
2} Maximum sohds icading ot the clarifier occurs at the initial start
of peak flow periods.
3) Requires less operational time.

The advantages of ihe constant nercentage RAS flow are the following:

1y Variations 1n the MLSS conceniration are reduced and the FiM
varies 1ess.

2) The MLSS wiit remain in the clarifier 1or shorter time penods,
which may reduce the possibility of denitrification in the clarifier.

A disadvantage of using the constant flow approach Is that the FiM is
constantly changing. The range of F/M fluctuation due to the effect of
short tenm vanation In the MLSS (because of hydraulic loading) 1s gene
smalt anough that no significant proslems arige due to using the constant
flow approach.

The most significant disadvantage of the second approach is that the
clanhier 13 subjected to maximuin solids loading when the clarifier con-

tains the maximum amount of sludge. This may result in solids washout
with the effluent




TABLE 11-8
STANDARD OPERATING PROCEDURES
RAS CONTROL

PROCESS

CONTROL
HE THOD

MOBE OF
OPERATIGH

WHAT TO
CHECK

FREQUENCY OF
ADJUSTHENT

WHEN TO
CHECK

CONDIT I0%

PROBABLE
CAUSE

RESPONSE

COHPLETE
RIX Or
PLIG FLOW

CONSTANT FLOW

MANYAL

SLUDGE BLANKET

BAILY

EVERY 8 HOURS

HIGH
sfiisracroty
Low

LOW RAS RATE

HIGH RAS RATE

IRCREASE RETURN ]
CONTINIE MONITORING
DECREASE RETURA

CONSTANT -
OF IRFLUENT
FLOW

MANUAL

1 OF INFLUERT
FLOW

LVERY 2 HRS

HIGH
SATISFACTORY
LM

YARIATIORS
IH DAILY
INFLIENT
FLOW

ADJUST TO DESIRED ]
* OF INFLUENT FLOW

SLUDGE BLANKET

EVERY B HRS

HIGH

SATISFACTORY

LW

t OF FLOA
100 (0w

i OF FLOW
100 niGy

INCREASE ¥ OF FLOW

CONTINUE MOSITORING

DECREASE ¢ OF FLOW
-

CCNSTANT -
OF INFLUENT
FLOZ

AUTOMAT I

SLUCGE BLANFET

EVERY B HRS

H{GH

LAY ESFACTORY

LOW

t OF FLOW
TOUH 10w

¢ OF FLOW
To0 wieH

IhNeRIASE . OF FEQH

CONTEALE PONTTORING

BECREASE » OF FLOW
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LEVEL

AYT(MAT(C

SLUDGE BLANKST

EYEEY 8 HRS

KIGH OR LU&

SATISFACTGRY

CONTROLLER
MALFYNCTION

€ Ix CONTROLLER OR
MANUALLY ADJUST
ACCORDINGLY

CONTRRUE MONTIORING

K REAFRATION

CONSTANT
(F FLOW

PUTOMATIC

RAEY D GF
MUSSIRAS <«
{CENTRIFUGE
TEST)

EYERY 7 HAL

FYERY 7 RS

H'nk RATIQ

SATESHACTOR

LOw RATID

&ETURN 10D
wiG

BETURK 700}
Lot

RECREASE RETURN

CONTTHUE MOMITCGRING

INCREASE RETURN

sl
s




Smallar plants
benefit from
conslant RAS

How to develop
standard

openating
proceduras.

Conmamon
approaches for
RAS contrel.

Thabeat
malhod-monsura
bilanket dapth

In claritier.

increasing
biankst-solution
¢nShort TermIs
ioincreass RAS
bul Long Term
Is 1 decCreass
solids inveniony
by wasting.

HMoasuremenls

aame lime #4ch
day- during
maximum llow,

ACTIVATED SLUDGE FROGCESS
SECTION Il- PROCESS LONTROL

In general. it appears that most activated sludge operatinis perform well
and require less attention when the constant RAS flow rate approach is
used. Activated sludge plants with flows of 10 mgd or less are often
subpect to large hydrauhc surges, and performance of these plants will
benefitthe most from the use of this approach. :

Procedures for monitoring and maintaining BAS flow iates are presented
in Table H-8. The operator may develop detailed standard opeérating
procedures (SOP} for his plant by utilizing this table,

Mathods of RAS Flow Rete Control

Foreither RAS flow rate control approaches discussed above, there are a
number of techniques which may be used to set the rate of sludge return
flo.v. The most commonly used techniques are fisted below:;

1) Monitoring the depth of the sludge blankst.
2) Mass balance approach.

3) Settleability approach.

4) SVlapproach.

Sludge Blanket Dspth

Monitoring the depth of the sludge blanket in the clarifier i3 the most
direct method avaitable for determining the RAS flow rate. The sludge
bianket depth and uniformity may be checked routinely by the methods
described in Section IV, “LABORATORY CONTROL.” The blanket depth
should be kept to less than one-fourth of the clarifier sidewall water depth.
The operator must check the blanket depth on a routine basls, making
adjustments irt the RAS to control the blanket depth.

If it 1s observed that the depth of the sludge blanket is increasing. how-
ever,”an increase in the RAS flow can only soive the problem on a sHert
term basis. Increases In sludge bla-ket depth may rasult from having too ™
much activated sludne in the trea.ment system, andlor because of a
poorly setting sludge. Long-term corrections mus: be made that will
improve-the setthing charactertstics of the sludge ot remove the excess
solids from the treatment system. )f the sludge is settling poorly, in-
creasing the RAS fiow may even cause rhore problems by further increasing
the ftow through the clarifier. If the sludge is settling poorly dué to bulking.
the environmental conditions for the microorganisms must be improved.
If there 15 too much activated sludge in the treatment system, the excass
sludge must be wasted.

Measuremeants of the sludge blanket depth in the clarifier shouid be made
at the same time each day. The best ime to make these measurements is
cuning the penod of maximum daily flow, because the clarifier is operating
under the highest solids loading rate. The sludge blanket should be
measured dady, and adjustments to the RAS rate can bg made as neces:
sary. Adjustments in the RAS flow rate should only be neaded occasionaliy
if the activatad siudge precess Is operating properly.
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An additional advantage of monitoring the sludge blanket depth is that
problems, such as improperly operating sludge collection equipment, will
be observed due to irreqularities in the blanket depth. A plugged pickup
on a clarifier sludge collection system would cause sludge depth to
increase in the area of the pickup, and decrbase in the areas where the
properly operating pickups are located. These irregularities in sludge
blanket depth are easily monitored by measuring profiles of blanket depth

across the clarifier with th.> methods and equipment discussed in Section
IV, "LABORATORY CONTROL.”

Mass Balance Approach

The mass balance approach is a usefut tool for calcuiating the RAS flow
rate; however, it does assume that the level of the sludge blanket in the
clarifier is constant.

A side benefit of the mass balance approach to RAS flow rate control I1s
that in plants without functioning RAS flow meters, the RAS fiow can be
estimeted from the measured MLSS to RASgg concnntration relationships.

The calculations used in this approach are pzsed on & miass balance
performed on the suspended matter in the activated sludge process. A
mass balance is performed by accounting for all of the suspended matter
that enter and leave the process. A typical mass balance around an aera
tion tank is shown in Figure 1i-3,

CLARIFIER

AERATION TANK
MLSS

4 RETURN SLUDGE FLOW, R
2

RASSS

AERATION TANK MASS BALANCE
FIGURE II-3
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Exampile Caiculation

A. Data Required
1. Q,influent wastewater flow, mgd = 7.5

2. MLSS concentration, mgQll = 2000
3. RASss Return Sludge concentration, mgil = 7500

Determine RAS flow rate based on MLSS to RAS ratio,

QRAS, mgd = QX MLSE A
RASgs - MLSS

_ 7.5 x 2000
7500 - 2000

_ 15,000
5500

=270

= 1 . 100 = 32% of influent flow rate
75

Sa.dlsability Approach

Another method of calculating the RAS flow rate is based on the result
of the 30-minute settling test. Settleabliity is defined as the percentage of
volurme occupied by the sludge after settling for 30 minutes.

If after 30 minutes of settling, the final sludge volume ware 275 mlin a one
liter graduate, the RAS flow rate wouid be calcutated as follows:

Example Caicuiation

A. DataRequired

1. Q, influent wastewater fiow, fMgd = 7.5
2. 3BV, sludge satiiing volurne in 30 minutes, mifi = 275
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Determine RAS flow rate based on 30-minute sludge settleabllity
test.

QRas, mgd =—SV__ x100
1000-SV

5\

8 _ w100 |/

= 1000-275 /

278+ 100
728

= 37 9 or 38% of influent flow rate
Thus:
Qras. Mgd = .38 x 7.5
=28

Figure 11—4 can be used 1o calculate the RAS flow as a percentage of the
influent flow. All the operator does Is determine the SV mi/l at 30-minutes
and then read the R/Q off of the verlical axis. To calculate the QRAS,
multiply the RIQ term by Q.

The settleabillty method Is somewhat less accurate than the sollds
balance approach, as It suffers from the assumption that measurements

Limitsd value made witha I oratory settling cylinder whi model the settling In a clarlfler.
This assumption will seldom {If ever) be true because of the effests of the
cylinder walls and the quiescent nature of the liquid In the c¢ylinder,
Some operators have found that gently stirring {+-2 rpm) the sludge during
the settling test reduces these problems. )
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8V Approach

To determine the RAS f!uw rate using the Siudge Volume Index {SVI), itis
necessary to comb’..¢ the mass balance and settleability approach. This
method is suvject 1o the same limitations as the settleability method.

This method is based on using the SVI to estimate the suspended sotids
concentration in the RAS. This value for RASSS 4 then used in a mass

balance to determine the RAS flow rate. The RAS flow rate may be deter- -
minea as follows: :

£xample Calculation
A DataReguired
1. 8Vl =120

~ 2, Q,Influent Wastewater flow, mgd = 7.5
3. MLSS concentration, mg/l = 2000

Determine RASgsS concentration based on SVi.

sVl
- 1,000,000

120

RASgg, mg/l = 1,000:000
L]

= 3333

Detarming RAS flow rate based on SVI

Q x MLSS
RASgg - MLSS

_ 7.5 x 2000
8833 - 2000
11

— 15,000
6333

QRaAs, mgd =

240

?;_ »* 100 = 32% of influent flow rate

NOTE. The &Vl value was chosen t0 make the calculated RAS flows
similar lo those calculated in the previous examples.

Vslus of SVI The reat value in the SVI is not in caiculating the RAS flow, but in Hs
Is aprocess use as a process stablilty indicator, Changes in the SVI at constant
-m‘:‘".'::ww MLSS are more important than the SVi value. Never be concernad
lor RAS about comparing the SVI of different treatment plants, bacause the
cattulstions. SV value that indicates good opsration In one plant may not neces.

sarily apply to good operationin other plants.

11-34
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Refurn Rates with Separate Sludge Reaaration

In the sludge reaeration variation of4the activated sludge process, the return
sludge rate is much more significant. This is true because the rate of return
directly affects the ratio of siudge concentration between the contact portion
of the pracess and the stabilization or reaeration portion. Refer to Activatad
Sludge with Sli1ge Reaeration in Section ill, "FUNDAMENTALS", for more
information. Consideration of the ratic of sludge concentration between
these two portions—must be coordinated with the mass balance control
method of setting the return rates. Lenerally, a higher rate of raturn wilil shif
solids from the stabilization portion of the process to the contact portion of
the process. Adequate thaory for making rational adjustments of the contact/
stabilization ratio are just becoming availabie, and, at this point, the operator
must depend on crude rules of thumb or ap his own operating experience to
determine which levels are appropriate. These rules of thumb include the
following:

* The 58 concentrafion in the reaeration portion will eventually equal
the RASgs. Therefore, the RAS flow rate shou?/be cantrolled on the
basis of maintaining the desired 88 concentration in the reaeration
portlon of the process. |

* The comact portion Sé concentratt:-g,ma';i be determined by the fol
lowing formula.

(QRAS) (RASgS, moH)
Q + QRas

Contact MLSS. mgA =

*  QRASmay ba derermined by the following tormuis

QRAS = —— Q) {MLSS, mg/l)
RASSS. Mg/l - MLSS, mgi

» i the &VI remains constant or baqins tg drop, st indicates ihat the
sohids inventory in the Brocess may he to hiun and wasting shouid be
increased. If the SVI incieases in_conjunction with a ristng siudge
blanket in the clarifier, uludgd bulking may occur. Sludge wasting
should be increased. N

@Mctivated Sludge Controy.

The activated sludge process is basically controlied by the amount of activatzd
sludge that 15 wasted. The amount of waste activateg Sludne (WAS, femoved
from the process effects ali the following:

EHluent quairty

The growth rate oi the microorgamsam
Oxygen cansumption

Mixead hquor seitleablilly

Nutrient guantities needed

The accurrence of foamingfreting
The possibility of mitrifying
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. * *

The objective of wasting activated sludge is to maintain a balance between
the microorganisms and the amount of food such as COD and BOD. It is known
. that when the microorganisms remove BOD from wastewater, .the amount
", of activated sludge increases {microorganisms grow and multiply). The rateat
WAS I3 used . which these mjcroorganisms grow is called the growth rate and Is defined as
tomalntatn - the increase in the amount of activated s!udqe that takes piace ih-one day.
:m;ﬁm The objective of sludge wasting is to remove just that amiount of micro
) organisms that grow. When thls is done the amount of activated sludge forme&
, by the microorganism growth Is just balanced by that which is remoyed from
. the process. This therefore allows the total amount of activate | sludge In the' -
Altemptto ’ process,to remaln soméwhat cdnstant. This condition Is called “steady-state”
malatein . - which s a desirabie condition for operation. However, “steady-state” can
sleady-sisto. only be approximated because of the variations in the nature and quantity of
the food supply (BOD) and of the microorganism pdpulation. It Is"the obfdctive
ofprocess control to approach a particular.“steady-state* by controiling any ;
oneora comblnation of the Tolldwing control parameters
- MCRT
FIM
Gould Sludge Age
Volatile solids inventory
MLVSS concentration ¢
> Sludge Quality Control AW

The best mode of process control wlll produce a high quality effluent with
consistent treatment at a minimal cosf. ,

_ " Wasting of the activated sludge 1$ normally done by removing a portion of the
WAS Ia normally RAS flow. The waste activated sludge is elthér pumped to thickening facllitles
aportlon of RAS. and then to a digester, or to the primary clarlfiers whers It Is pumped to a° -

b digester with the raw sludge. Procedures for making WAS adjustments are
presented in Table |I- Qwhlch the operator may use to dsvelop an SCI‘

!

‘An alternate method for wasting sludge Is\(f;%‘she mixed liquor in the agration

tank. There is much higher concentration of 'suspended matter In the RAS
. than there Is in the mixed liquor. Therefore, when wasting Is practiced from
" Aliernate for the mixed liquor larger sludge handiing facilltles are requlreq Wasting from
wasting sludge. the RAS takes advantage of the grawity settling and thickening of-the sludge
: that occurs In the secondary clarifier. However, wasting from the mixed liquor
has the advantage of hot wasting excesslve amounts of siudge because of
the large quantity | bt sludge involved. The extra security of wasting from the
mixed liquor should not be underestimated. Unfortunately, many plants do
not | ave the flexibillty to waste from the mixed flquor nor are there sufficlent
sludge handling facllities to handle the morg‘dilute sludge. ° .

Methods of Sludge Wasting . ,
Wasting on Wastinhg of the activated sludge can be done on an intermittent or con-
Intarmittent or Jtinous basts. The Intermittent wasting of sludge means that wasting is

. g::lt:“"w' conducted on a.batch basis from day to day.

nas 36




TABLE Ii-

g

STANDARD OPERAT ING “PROCEDURES FOR WAS CONTROL.

PROCESS
DPERAT N

| WHAT TIJ

CHECK

WHEN TD
CHECK,

CALCULATIONS

FREQUENCY OF
ADJUSTHENT

COMDITIONS
-

PROBABLE
CAUSE

HIGH RATE *

.

CONVENTIORAL
RATE

EXTENDED
AERATION

‘Toyss &

INFLUENT
oD

F/A BASED ON-

S DAY AVG. COD
§‘DAY AVG. MLVSS

ta

ACTUAL F/M:
HIeH

SATISFACTORY

LW

EXCESSIVE °
RASTING

~ »

e——

INSUFFIC IENT
MASTING

NIGH RATE

-

CORVENT IONAL
RATE

EXTENDED
AERATIOH

VDLATILE
SoLI0S
INVENTORY

ACTUAL
MLYSS:

MIGH

SATISFACTORY

LoW

-

s ¥

IMSUFFICIEHT
MASTING

EXCESSIVE
MWASTING

[

HIGH RATE

%EENT IM

EXTENDED
AERATJON

QHAss

5 DAY AVG
SOLIDS INVERTORY

5 DAY AVERAGE DF
SOLIDS 1t WAS

S oAY AVERAGE OF
SOLIDS IN EFFLUENT

ACTUAL MCRT:
HIGH

SATISFACTORY

LoN

IHSUFFICTENT
WASTING

EXCESSIVE
WASTING

INCREASE
MAS

RIGH RATE
CONVENT IOHAL
RATE

EXTENDED
AERATION

N,
ot

INFLUENT
55,5 MLSS

5 DAY AVG OF
SS INVENTORY &
SS IN INFLUENT .

ACTUAL GsSA:
HIGH

SATISFACYORY

Low

INSUFFICIERT
WASTING

EXCESSIVE |
HASTING

REDUCE ¥AS

*Response - Calculations should be made to determine the WAS rate, Mowever, when increasing or
decreasing dally WAS rates, any changes should not exceed 10 to )5 percent of the previous day's
MAS rate. This is pecedsary to allow the process to stabilize. S




ACTIVATED SLUDGE PROCESS
SECTION I+ PROGESS CONTROL

: . - . P
-} wasting is done fram the RAS, the opgrator must measure the volatiie
. suspendad mattet in thg RAS to obtatn average concentrations. tf the
volatiie content in the RAS concentration-is decreasing, theWAS flow rate
must be increased proporfionaiiy to waste the proper amount of VS8,
Similarly, if there Is an increasa.dn the RAS volatile content, the WAS fiow
rate must be decraased proportionaiiy.

°. S
When continuous wasting is practiced, the oper'ﬁ(_ r shouid check the
RASvsS at ieast.once every shift and make the app;opriate Qwas adjust
ment.  * \

Example Calculation,
. A. .DataRequired =
Howlo "1. QwAS, Current waste sludge tiow rate, mgd = 0.05
calculete delly oo 2. RASvsst Concentration first day, mgfi = 6000

o : ,
cd\}{:?mams. " 3. RASvyss2 Concentration secand day, mgfi = 750Q

» B. Datermine the adjusted WAS flow rate based on RASVYSS increase
irom 6000 to 7500 mg/l.

Q ,m dadusted"
WAS, mgd adj RA

RASVSST OWAS
Svss2 '

~ _ 5000
7500

0.80 x 0.05

x 0.05

= 0.04 .

When intermittent wasting Is pracGticed the opérator must check the
- RASygg to calculate the necessary Qwas. in addition this caicuiatlon
must be readjusted forthe reduced time of wasting.

A Y

Examp‘le Calculation

How to . A. DataRequired .

f:r'f:::;ﬁl‘ms 1. QwAg; adjusted from abave, mgd = 0.04

wasting. 2. P,Seiected wasting period, hrs/day =4 "+

Determine the WAS fiow rate for the four hour wasting period.

24 hrsiday
P1 hrsiday

=-3‘—'-xoo4
4

QwAS, mga @ 4hours = -X Qw,qs, adjusted

= 6 x 0.04

= 0.24
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The operator would repeat the Oy ag calculation f\or each wasting iJeriod..
‘to take into account the RASyg g variatiohs. '

t
-

Leas varlatlon In * Intermittent,wasting of-sludge hds the advantage that less variation in the '
1ha $S during suspended matter concentration will ogcur during the wasting period,
tha wasting and the amount of sludge wasted will be more accurately known, The
pericdwitht disadvantages of intermitjtent Wasting are that the sludge handling facili-
1:'::::2_"“‘ tles in the treated piant may be loaded at a higher hydraulic loading rate
: and that the hctivated sludge process Is out of balance for a period of time ¢
until the microorganlsms regrow to replace thgse wasted over the shorter
period of time. , . o ‘
[ ? * - .
In using either'of these methods for wasting, the operator does not have
Mastatiow for complete control of the amount of activated slidge wasted due to the
ssm?h- ! solids lost in the effluent. This “wasting” of activated sludge in the effluent-
€ offivent. - must be agcounted for with any method of process®control or the system,
will always be slightly out of balance. The loss 6f activated sludge in the' -
", effluent generaily accounts for less than five percent of the total solids
that need to-be wasted; however, it is necessary to be aware of this loss
Espscially * . and to be able to take it intoraccount by the methods shawn in the co
Importantit " stant MCRT control section. The need for taking Into account the sglids
high effiuent SS. fost in the effluent is especially important if one encounters situations
wWhere large concentrations of $S are washed out in the Secondary effluent.

Flve t;cmq“s Proper control of the WAS will produce a high quality effluent with min-
*of control. o muni operational difficulties. There are five techniques that are commonly
- used for controliing the WAS. These techniques are listed below in the

order piiheir!requency of use in this country.

>
Frequency of Use* . « -
1. .Constan{\MLVSS Control _
2. Constant Gould Sludge Age Control
3. Constant F/M Control
4. *Constant MCRT Control
5 Sludge Quality Control

*Developed on the basis of those treatment plants which 1Were visited
during development of the manual ‘

Constant MLVSS Control

This technlque for process control is dsediby many operators because it
is simple to understand and -involves a minimurm amount of laboratory
control. The MLVSS control technique usually.produces. good quality
éffluent as long as the incoming wastewater gharacteristics are fairly
constant with mlmmal variations in influént flow-/ates "

-

Wlth this technique. the operator tries to maintaih“‘a constant MLVSS ,
concentratlon in the aeration tank'lo treat the incoming wastewater
otganic 19ad. To put it in simple terms, if it 15 found that a MLVSS concen:

Iration of 2000 n]gn produces a good quaiity effluent, the opefator musl},

1139
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waste sludge from the process to maintain that concentration If thie
MLVSS level increases above the desired concentration, more sludge s

wasted until the desired fevel is reached again. .

" The léboratory control tests and operational data involyed in using this

technique inciside the following:
MLVSS concentration
RAS VSS concentration N
Influent wastewater flow rate
Volume of aeration tank

. s
.

WHhether a new plant is bemg started or the operatlon of an existing plant
is being checked, this control technique is used to indicate when activated
sludge should bé wasted. In most cases it is not the thost reliable tech-
nique because it ignores process variables such as FiM and microorganism
growth rate necessary for maintaining optimum sysiem balance. When
operational préblems ofcur the operator is unable to make rational pro-

{ - céss adjustments due to the lack of process control data. Vo

. ' LY
The control technique is implemente by choosing an MLVSS concentra-
tion which‘ produces the highest quality effluent while maintaining g
stable and economical operation, WAS fiow rates are determined as follows:

-
-

s

Example Ca‘lculatfon *

- A. Data Requnred . .
1. 8l4y, Desired solldsmventory in aeratlon tank, Ibs = 20,016 .
+ ~, 22, 8l2,Current solids inventory in aegation. tank, ibs = 21 7’(‘6
3. RASconcentration, mgfl = 6200 .

-

A
B. Determme siudge toha wasted | per day irom RAS system

" 8l2- SI1 S
RAS x 8.34 Ibsigal ;
- 21,716- 20,016
6200 x 8.34
L 1700
51708
- = 0052

OWM, nigd

4

*Refer to éegti_on 2.03 for solids inventory calculatio;;_s in aerati
s 7 . -




¥

ACTIVATED SLUDGE PROCESS
SECTION 1. PROCESS CONTROL

3 . .

#

Constant Gould Sludge Age Control -

The concept of sludge age Is based on the ratio of the lbs/d&y of Influent
wastewater suspended matter to the solids Invéntory In the asration tank,
Gouid tirst developed the sludge age for Use in the Tallmans Island Treat-
ment Plant in New York City. Thus, siudge ageris also known as the
- Gould Sludge Age {GSA) and it should not.ba*confused with the MGRT.
The GSA is based on the assumption that the ratlo between the BOD and
suspended rfatter is fairly constant In the wastewater.. Difficulties are
commonly experienced using the GSA control technique when the BOR
- to solids ratio in the wastewater changes. The GSA ranges from 3 10 8
days in'most activated sludge plants. The control technigue is accomplished .
by wasting sludge to maintain a constant-GSA which produces the bast

effluent quality. It is determined as tollows:

Example Celculation

A. Data Required . .
1. Influent wastewater or primary effluent suspended matter
concentration; mg.1 = 100 ,
2, -Q,influent or primary effluent flow.rate, mgd = 7.5
*3. Sl,solids inventory in aeration tank, Ibs = 20,u16

B. Determine Gould'SIudge Age ndays. ’

Sl .

G, dayS = T T moM) (@ mg/l) @.34 1bsTgal) -

_ 20016
" (100) (7.5) (8.34)

_ 20016
6255

3.2
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WAS flow rate using the GSA control technique is determined as follows:

= Y s

N ¥

-

Example Galeulation
A. Date Required

Desired GSA, day = 5

Inﬁueﬁt or primary effluent suspended matter Ibs" per day
(from above caiculation} = 6255

S, Solids inventory in aeration tank, Ibs = 33,075’
RASgSs concentration, mgfl = 6300

B. Determing desired pounds of MLSS to be maintained in aeration
-5 tankata5day GSA.

MLSS, Ibs desired = GAS X Pri. effl,, It:siday

=5 % 6255
- = 31,275

> G, Determine WAS flow rate te mainfain desired GSA.

SL -MLSS desired
RAS x 8.34 Ibs!g'al\-

Qwas, mgd =

_33,075-31,275
6300 x 8.34

1800
T 52442

= .034

" ™
*Refer.to Section 2.03.

Constant FIM Control ° “

b4

Constant FIM control is used to ensure that the activatedsludge process
is being loaded at a rate that the microorganisms |n the MLSS are able to
utilize most of the food supply in the wastewater being treated. If too
much or too iittie food is applied for the amount.of microorganisms,
operating problgms may occur and the etfluent quiality may degrade.

\ There ar2 four things that should be remembered about the FIM, «,

1. The food concentratlon is estimated with the COD {or BOD) tests.
The oxygen demand tests provide crude but reliable approxima.
tlons of the actual amount of COD removed by the microorganisms.

2. The amount of food applled I8 important to calculate the FIM.

-
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3. The quantity of microorganisms can be represented by the quantity
of MLVSS. Id¥ally, the living or active microorganisms would
simply be counted, but this is not feasible, and studies have
shown.that the MLVSS is a good approximation of the micro-
organisms concentrations in the MLSS.

4." The data obtained to calculate the FIM should be\«based ona five
day moving average.

The range of organlc loading of actlvated sludge plants is described by

. the FiM. The three ranges of organic loading are conventional, extended

aeration, and high rate. These ranges have been sr}pwn to produce acti-
vated sludge that settles well. .

Table 1I-10 presents the ranges of FiM that have been-used successfully
with the three loading conditions. The FiM values shown §re expressedin

= terms of BOD, COD and Totgd Organic Carbon, (TOC). The TOC is an
. additional means of estimating organic loading. The values indicated are

guidelines for process control, and they should Qot be thought of as
minimums or maxsmums
)

TABLE ll-:IO
TYPICAL RANGES FOR FiM LOADINGS
Conventtonal Extended /2‘. High Rate

AS Range Aeration Range -
. FIM - FM to FiM

80D 0.1 to0.5 0.05t00.1 . 051025
cop() 0.06 t0 0.3 0.03100.06 0.3t01.5 .
ToC(2) 0.25t0 1.5 0.1 t00.25 1.5106.0
(1) Assumes BOD/COD for settled wastewaters = 0.6 -

- {2) Assumes BODITOC for settled wastewaters = 2.5 .

The FIM is calculated from the amount of COD or BOD applied each day

and frem the solids inventory in the aeratlon dank. Refer to Section 2.03

for solids inventory calculations.
. r r L

¥
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Exampie Caiculation

A. DataRequired
‘How 10 1._ COD or BOD concentration in wastewater applled to lhe aera.
- calculute FIM. , * tion tank, mg/l = 100
: ' 2. Quinfluentor primaty effluent tlow rate, mgd = 7.5
3. 8|, Solid Inventdry In asratlon tank, Ibs = 21,017

»

B Determine-the F/M rallo /xpressed a8 pounds COD or BOD appllad
'per pound MLVSS,

" Fim ={BOD, mgtl) (Q, migd) (5.34 Ibsigal)
A Sl- .

Jhoowsesy g
T 21,017 :

_ 6255
21,017
v T =0.297
s Flgures 116, I1.6, I1-7 can also b used to calculate the FiM as determined
“FiM cslculatior, ~ . In the above example probiem. These flgures are for plants having average
Influent flows of up {0 5, 10, and 50 mgd. The foliowing illyistration will
show how to determine the F/M ratio wlth these flgures. Data from Figure
Ik6 is used: . X
1. Use the flgure with a maximuny flow range near the flow In your
piant. In this case Use Figure I8, which has a maximum flew of &
Step-by-step. . 10'mgd, which is the most accurate curve for the flow of 7.5 mgd.
: Fteferrlng to Flgure 11-6 r
. Find the flow, - . 735 mgd
o Draw aline vertlcaily to the BOD or COD anplled 0 mgfl
¢ Draw a line parallel tg the bottom axls to .
Intersect the MLYSS Hne ¢ , . 2,000 mg/|
Draw a line vertically downward to the Factor 0.37
. Divide the factor by the aeration tank volume 1.26 mligal -
The FiM s equal e '

ibs BOD Appliediday
lbs, MLVSS

The FIM Is essenllally equal to the F/M calculated previbusly. The ditfer-
» Bnce betwaen 0.29 and 0.257 L5 not slgnlflcanl

0.29 =

The use of Flgures I1-5, 118, |I-7 Is strongly recommended: Ths flguree can
be made to reatl FIM dlrectly for an Individual plant by multlplying the
tactor by the aeration tank volume and writing a new values In place of the
factor. The use of a clear pldstic sheet to cover the flgure apd a grayon Iike
marker wlil extend the llfe of a particular sheet. Addltionat aheels can
also be prlnted from the orlginal. R
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The determination of WAS fiow rates, using the constant F/M control
technique I calculated In the same manner as for the constant MLVSS
and Gould Sludge Age technlques. Howaver, the solids Inventory for the
aeratlon tank can be more loglcally determined based on the COD or BOD
concentration of the wastewater to be treated when using the FIM

. process control. This Is determined as follows:  *

Howio Example Calculation

;‘Sﬁ‘:&" . A. Date Required -
asededforthe . Deslred FiM = 0.29 \
deeired FIM. : . COD or BOD concentratlon, mg/l =*100
' Q, lofluent or primary effluent flow rate, mgd = 7.5
Qa, Aeratlon tank volume mg = 1.26

Percernt MLVSS = 70

Determine pounds of MLVSS for desired F/M.

MLVSS, Ibs = {BQD, mg/ILQ, mad) (8.34 ibs/gal)
) FIM desired

= (100){7.5) (8.34)
029 -

_ 6255
0.29

= 21,569 (equal to approx. 2000 mg/l of MLVSS)

Determine MLSS mg/l required in the aeration tank If
the MLVSS Is 70%. 0

_ MLVSS, Ibs
MLSSmgil = (@A) (% MLVSS) (8.341bs/gal)

_ 21589
T11.28)(.7)(8.34)

_. 21,569
7.35

L = 2931
- " The F/M control technique for sludge wasting Is best used In conjunction '
ﬁmm,cm with the constant MCRT conirol technlque. Control to a constant MCRT is
control. achieved by wasting an amount of the aeratlon tank sollds Inventory -
which in turn fixes or provides a constant FIM ratio.

’
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Conetant MCRT Conirol

* MORT Io uoed ‘Current technology considers MCRT to be the beet process control tech- .
. caloulsts "nigue avallable to the plant operator. By using the MCRT, the operator can .
~  ~emountof control the organic loading (F/M). In additlon, he can calculsie the emount *
© wludgetobs of activated siudge thet should be wested In a loglcal n.anner, It IS recom
wasted. - mended that oparators bacome famlllar with the use of ‘constant MCRRT
* contro}.

—-—V ) »

Baslcally, the MCRT expresses the everage time thet e microorgenism

wlll spend In the activated sludge process. The MCRT, value shouid be

: selacted to provide the best effluant quelity. This value ghould correspond

:*le;““ " to the FIM loading for which,the process Is-designed. For example, a

oteollde Y process designed to operate at conventlonal FIM loading rates may not

C e produce a'high quallty eftluent If it is operated at 8 low MCRT because the
FIM may be tog high for Its deslgn. Therefore the oparator must find the .

best MCRT for his procass by relsting It to the FIM as weli as the effluent

COD, BOD and susgandad matter concentrations. .

The MCRT alsc determines the type of microorganisms that predominate in

) the activated sludge, bggause It has a direct influence on the-degree of
”c":f“‘“‘" ' nltrificetion which may occur In the process. A plant operated at e longer
;‘;?,‘mmmm MCRT of 1520 days wlll gensrally produce a nltrifled effluent. A plant
In procees. operating with ean MCRT of 5-10 deys mey not produce e nitriflad effluent
unless westeweter temperatures are unusually high. Table 111 presents

the typlcal range of MCAT values thet wlll enable nitrificatlon et varlous

wastewster temperetures. Thevalues shown heve been used succesafu!lf

to produce nltrified effluents at numeroug Slants. '
TABLE (k11

MCRT NEEDED TO PRODUCE A NITRIFIED
'EFFLUENT A8 RELATED TO THE TEMPERATURE

T’emparature, *G MCRT, Days
10 30
15 20 -
20 184
25 10
30 7

-
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MCRT & ¢
tomparature « As stated earlier, MCRT expresses the average time that a microorganism

can Indicate spends In the activated studge process. The MCRT and the WAS flow rate N
nlirdlcation. for maintalning a conetant MCRT is determined as follows: W, :

« 3
. Example Calculation
How to*
calculats MCRT A, DataRequlred .
andthe WAS -1.  8l, Solids inventory in aeration tank, lbs = 21,017
baaed on MCRY. "+ 2. RASyss concentration, mg/l = 7500
- . * 3. Qwas, assumed WAS is from RAS system, mgd = 0,030

4. Efflysg, Effluent volatile suspended. matter concentration,
mg/t = 12 '

5. Q,Pléntflow,mgd = 7.5
6. Desired MCRT, davs = 75

B. Deatermine MCRT in days.

8l :
MORT. days = TRASvss x Owas) + Eflivss x QNB8.34 ibeigal

21,017 )
[(7500 x 0.03) + (12 x 75)) 8.34 -

21,07
"~ 1225 + 90)8.34

21,017

| i

315 x 8.34

. 21,017
2627

= 8.0

C. Determine WAS flow rate to maintain MCRT of 7.5 days.

Sty
(MCRT desired) (RASysg) (8.34 Ibsigai)

QwaAs, mad =

21,017 .
= 17-5)(7500) (8.34)

__21,017
469,125

= 0,045
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1 - . .
This means that for the next 8 days approximately 45,000 gallons per day

should be wasted from the RAS system. 'However, the WAS flow rate
should be detérmined and adjusted daily to maintain the desired MCRT

Figures 118 and 119 present‘a graphical te shnique for making WAS flow
rate caiculations for inaintaining a constant MCRT. These figures are
identi%l except the Figure II-8 excludes the volatile suspended matter
contalngd in the effluent. This is ddne because some operators feel avery

~ low amourtit of soilds in the effluent does not significantly effect the:’

MCRT while othars do. Figure il-9 includes the correction for effluent
solids. " /

The followmg illustration wull show how to determine the WE? flow rate
with these hgures ' »

-
- '
I
.

* 1 HefertoFlgurell-&

* Locatethe MLVSS concentration for your plant
in the MLVSS axis. .. 2000 mg/l

Draw aline that is parallel tothe bt!d vertical

axis. Stop at the sloping bold line.

Proceed #arallel to the MLVSS axis to the MCRT

being used for operation. 7.5 days

Note that the MCRT valyes range from 2.510

20 days, in 1 day increments up to 15 days and 2. 5

day increments up to 20 days.

Draw aling parallel to the botd vertical axis and

infersect the VSSyas for your ptant. Note that

the concentrations are shown inincrements of

500 mg/l with arange of 500 to 10,000 mg/l.

Thus these figures can be used for calculations

involving wasting from the RAS or the mixed

liquar. In Figure I1-9when you get to the effluent

factor axis, deduct the Ibs/day solids in.the

effluent then proceed to the VSSWAS for your

plant. °~ 7500 mgil
Atthe intersection with the VSSwas line, draw .

a line parallel o the MLVSS axis. Read the value.

indicated on the axis labeléd waste fiow factor* = 0.035

Now multiply-the factor by the aeration tank *

volume of yourplant to determine th&WA\Sflow
rate

0.944 magd
This vaiue of QWAS is very close to the value calcu}ateq in the example
problem. The use o¥ these figures is'a convenient and aqsufale method
for calculating the WAS flow rate.
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A . f.‘
. Sludge Quallity Controi 4

L]

The sludge quality controi method for process control may be used in]:le- .
. Pendently or in, conjunction with other control methods prosented in this
section of the manual. \ . .

The control program inclydes the following laboratory tests ang observations:
30-minute sludgg settleability test

Measurement of sludge blanket depth

MLSS concentration by centrifuge test

RAS concentration by centrifuge test

Secondary:gfﬂuent turbidity

D.O. :

Microscopic examination of MLSS

Aeratipn tank observations

Secondary clarifier observations

* & » F » * + B »

The data obtained from the control and monitoring tests are plotted on graphs

" against time. These daja trend ptots are based on &- day‘moving averages and
are utilized for making ¢control adjustments to optimize process performance.
The overall objective of this control method is based: on maintalnlng an
activated sludge qual.lty which produces the best effluent.

The control tests (depth of blanket, settleometer and centrifuge, etc.), nomen-
clature and many process rolationship calculations are those proposed by
E.B. Mallory in the 1940’s. The following procedures to determine the required
interrelated process control adiustments were ‘evolved by West:

West claims that bestprocess performance depends upon satistying all
interrelated process requirements simultaneous| ly; not by exclusive
depentience Opon any singie or preconceived tactor.

. A series of EPA pamphlets, entltled “Operational Control Procddures for the
Activated Studge Process,” describing these procedures have been developed
by the Operational Technology Branch {formerly NFIC-C) of the Municipal
Operations and Training Division, Cincinnati, Ohlo. Simplification of these
procedures were prepared by Owen K. Boe of the EPA Region VIIii Office,
Denver, Coloradogin, a paper entitled “Activated Sludge Control with a Settlo:
meter and Centrifugd.” The following procedures are derlved from the above
publiqations. 4 ¢ "

B -

. e Y
Mass Balance by Cerifuge

The centrifuge test is used to measure sludge concentration-because It
saves time over the regular suspended solids teSt. When sludge separates
in the centrifuge, the Bmount Is measured as a percent of the total volume.
The centrifuge tube is calibrated from 0 to 100 percent.

o o’ *
A sludge unit system has been developed to express the results of the
centrifuge test in a simple’ and meamngful mannet. In order t0 know how
this system works, we need to know how mafy microorganisms are in the
aeration tank. A representative sampie is taken from the tank and placed

wdal 4
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into the centrifuge. A 15 minute spin reveals that the level of separated
sludge fs 1,0 percent of the volunie in the céntrifuge tube, However, before
the microorganisms measured can be compared to the microorganisms

- in the aeration fank, we must have a sysfem to calCuate this guantity.
Looking at our aeration tank system we see that the centrifuge feads 1.0
percent and the tank volume is 1.0 MG (milllon gallons). Therefore, this
quantlty of microorganisms is deiined as 1.0 sludge unit, or as shown in
the formula:

1.0% x 1.0 MG = 1.0 Sludge Unit

- -

. . N . * 1
NOTE: It shouid be noted by the reader that the centrifuge results are
recorded in percént; however, the decimal percent expressIOn is dlsre-
garded in order to simplify the calculations.

-
’

To understand how this system works, let's look at a couple more examples:
1. Suppose the same aeration tank had twice as many micruorganisms
present. Now, when we run the sampie on the ceRtrifuge we find
that the separated siudge reads 2.0%. Now, the sludge units are’
calculated tobe;
2.0% x 1 MG = 2 Sludge Units* »
which shows twice as man‘y microorganisms as before.

Let's aiso consider what would happen if we had two aeration
tanks instead of one. If both aeration tapks had a reading of 7 -
. percent sludge, then the sludge units would calculate to:
tsttank - 1% % 1 MG = 1.0 Studge Unit Y
2nd tank +1% x 1 MG = 1.0 Sludge Unit
Total Sludge Units = 20 .

L

* * - . n

We now have a system which can be used to measure the quantity of
migroorganisms in the plant which only involves two numbers. The first
number Is the percent reading taken from the centrifuge-and the second
number is the voltme of the aeration tank (in miliion ;pllons) SinCe the
volume of the tank usually stays the same, all that is needed to determine
the guantity of miCreorganism$ is a reading from the centrifuge, and this
reading only takes atew minutes to determine. : .

If we wanted to, we could convert the sludge units to pounds of sludge
All that is needed for this is 10 run d suspénded soiids (88) test and a spin
test on the same sampbe For the previous example, which had a spin of
1%, the §§ were found to be 1000 mgil. This gives a spin ratig of 1000
mg/lili %. To calculate pounds, use the foljowing for’rrtla:

Ibs = % spin X spin ratio X 8,34 x Vpl (milfion gallons)

S0, as in the previous example where the tank volume was 1 MG and the
spin ratio was 1000 mg/lf1%, we have: «

lbs = (1%){1000mgh) , (8.341bs) (1 mg)
. 1% ! gal f .

Theretore:
Ibs = 8340 |bs
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The sludge unlt‘&ystem may sound a llttle different at flrst and may sound
llke more work, but It actually provides the plant operator with a tool that
can be uged over and over and In many different ways with relatively little
time Involved. Also, as will be shown later, the use of these unlts and data
obtalned from the settleometer provides-the operator with very useful
data for controlling return sludge rates. .
Some gooo examplas of how the cgntrifuge and the sludge unlt system
may be yaed for process control and evaluation are described below.

1, Aeratlon Sludge Unlts — ASU

This Is @ measurément of the amount of siidge found in the asration
tanks. ASU's are calculated by multlplying the aeratlon tank volume In
miillons of galions (AVG) by the dally average aeratlon tank ¢oncentra
tlon {ATC). The Aeratlon Sludge Unltg are detsrmined as follows:

Example Calculation

A. DataRegulred 3
1. AVG = Aeratlonvolume, mlliion gallons = 1.0
2. ATC = Aeratlontank Conc,, % = 3, 0

B, Now deter}qne the Aeration sludge Unlts.
ASU = (AVG) {ATC) *

. = (.00

= 3 units

2, Ciarifier Sludge Units - CSU X

This le @ measurement of the amount of eludge found In the clarifler.

C8U'e are calcuiated by multlplylng the 'volume of sludge In the

clarlfler In milllons of gallons {CV@) by the 8verage concentration of

the sludge In ihe clarlfler. The Yolume-of sludge In the clarfler Is

found by flndlngetﬁe fractloh of the total clarfler volume that Ia fllled
" Wlth sludge.

The volume of sludge Is detefmlned by the followlng formula 'and‘defl\nlﬁg
CVG és volume of clarlfier and-DOB as the measurad distance from the’
water surface to the top of the slddge blanket, Therefore:

( Average depth of Clarlfler

Sludge Volume -[&verage depthrof Clarlfler - DOB] ‘ *

%

The average sludge blenket Goncentration |3 found by assuring the con-
centratlon at the top of the blanket I8 equal to the asratlon tank concen-
tratlon {ATC) and the congentration at the bottom of the blanket Is equa.
to the Yaturn sludge concentratlon (RSC). These assumptlons are made
asincewe know thé sludge Is compacting at the bottom of the clarlfler, but -
wa can't really measure the average concentratlon. The average Soncen-
‘tratlon Is then agsumed to be: y

'II.58

116
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{

Average Sludge Concentrationar_ATc + RSC.

Now in order to find the total clarifiar sludge units, multiply the pefcent

studge by the average sludge concentration Ctaritier sludge unlts are
then determined as follows:

¥
L]

Example Calculation

A, Data Required
1. CVG = Clarifier volume, million gallons = 0.70
ATC = Aeratlon tank concentration, % = 3
RSC = Return sludge concertration, % = 12
DOB = Depth of sludge bianket, ft. = 8
ACD = Avetdge clarifier depth, ft. = 10

Determine the votume of sludge in the clarifigr. '

Sludge Volume = (ACD - DOB) VG e
AGD

- (10-8)0.70
10

= {0.24{0.70)
= (.14

Determine the average sludge blanket concentration.

Average Sludge Concentration _gﬁC_f_BiC_

'0

_.3+2
2

=75
D. Now determine the CIarifierSludge Units.
\QSU {Sludge Volume} (Averége Sludge Cbnc.)
‘ = (0.14} (7.5)

= 1.05 units

*

“Perform t'_he cal’cula_tio\ns within parenthesis first.

-

3. Total Sludge Units - -TSU i

This is the measurement of the total amount oi activated sludgein the
system. The varying amounts of sludge in the claritier are uncluded in
this measurement,

X

1157 117'
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“Total sludge units are determined as follows:

[

Exampte Calcuiation

A. DataRequired !
1. ASU = Aeration siudge-unit = 3.0
2. CSU = Clariffer sludge unit = 1.05

-

Now getermine the total sludge unlts.

TSU = ASU + CSU 3

-

=30+ 105

3

= 4.05 units

4. Return Sludge Units — RSy - ?
This'is the measutement of the daily average of sludge units returnad
from the clarifier to the aeration tank. .

- .‘
The return sludge units are determined as follows:
P o, -

] Example Calculation

A. DataRequired ° ’{’n
1. RSC = Average return sludge conceéntration, % = 18
2. RSF= Average return sludge flgw, mgd = 2 f

Now detem::‘i{‘l:gthe return sludge units. +
RSU = (RSC) (RSF}
= (12 .
. = 24 units/day ] ’ ) h

5. Clarifier Sludge Flow Demand —CSFD

Assuming that the sludge sattling concentrations® (SSCt) determ!ined
in the settieomaeter test relate to the return slddge concentration (if
the sludge had stayed In the clarlfler for the Same length of time), the-
required return sludge flow rate can be determined as follows: .

4

ey
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Example Culeutation .
A. Date Required ' =

1. Q= Plantilow rate,mgd =4 7 TN -
2. RSF = Refurnslydge tlow,mgd = 2 *

3. RSC = Return sludge concentration, %= 12

‘4. ATC = Aeration tank concentration, % = 3.0

5. 88Cg0 = 60 minute'sludge setlling concentration, % = 10

+§50;= (Aeration tank conc., %)(1000 mif) -
Sludge settling volumet, mi/|

. L]

i= time

; ]
B. Nowdetermine the clarifier sludge flow demand.
{RSF) (RSC - ATC)

88Cyt- ATC

= (12-3)
10.3 "

_@0
7.,

CcéFp =

= 2.6 mgd '

K ) ) { |
Therefore, the return sludge flow rate should be increased from 2 to about
2.6 mgd. The sludge blanket depth measurement in the fina! claritler

should be taken into consideration before making any changes in the
return sludge flow rate.

Some trial and 'error-adjustments may be required using the sludge blanket

depth measurement asthe final guide, ™

Jn general, thé following rules of thumb can be applied when comparing
the raturn sludge concentration {RSC) to the 80 minute and 30 minute
siudge settling concentration (SSC):
: * If the RSC is greater than the SSCgg, increase the raturn sludge
rates.

* |f the RSC is less than the S3Cag, decrease the reéturn-sludge rates.

Like all ruies of thumb, othér'plant conditions have to be 6onslder§d,
such as flexibiiity in the return sludge system, clarifier sludge bianko}

depth measurements, aeration detention times, etc. ]
Y
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6. Waste Sludge Units -WSU -

This is the measurement-of the total quantity of sludge wasted from
the system each day. Sludge wasting can occur Intentionally by pump-
Jing sludge to a digester or it can occur unintentionally by being carried
over the clarifier weirg. Usually the amount of sludge lost.over the
ctarifier weirs Is small In comparison to that which Is intentionally
wasted. However, to check this out or to measure the quantity of the
sludge unit system, we can make use of the spin ratio.

Effluent sludge units {ESU) are caiculated by measuring the total sus-
pended solids in the effluent, dividing by the spin ratio, and multiplying
by the plant daiiy average flow. Therefore:
ESU = {TSS) (Flow)

Spin Ratio
sludge wasting {XSU} is calculated by taking the dally average

Intentionr‘
concentration of sludge wasted (WSC) and muitiplying the volume (in
million gallons) of sludge wasted (WSF). Therefore:

XSU = WSC x WSF

The total sludge wasted (WSU) Is then determinéd by adding the effluent
sludge units to the intentional sludge units. The total sludge wasted units
are-determined as follows:

Example Calculation )

A. Data Requlred\ '
1. TSS = Total suspended solids in clarifier effluent, mgit = 30
2. Flow = Plantdaily average flow, mgd = 4

3. SpinRatio = Suspended solids conc., mg!lf&entrifuge sludge
conc., % = 1000/|

4. WSC = Averagewaste sludge concentratlon, % = 15
5. WSF = Average waste sludge flow, mgd '= 0.05

Determine the effluent siudge units.

" gsy = {188) (Flow)
Spin Ratio

= BYE@ _ 3004y 1
j00or 0 000

= 0,120 units/day

Determine the uniis of sludge Intentionally wasted.

XSU = {WSC) (WSF) J b -

= {15)(0.05)

= 0.75 units/day

11-60
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0. Now determine the totel sludge wested,
WSU = ESU + XSU
= 0,12 + 0.75

= 0.87 unltsidey

Sludge westing Is reguleted or the besls of malntalning e "'normal eet-
tling”, good quellty sludge es meesured by ihe settleometer and on the
besls of visual observetions of the eerstlon tenk and clerifler surfeces.
The followlng is e summaty of Sludge Westa Control.

Sludge westing should normally be started, or Increesed, if end when:
a. Mixed llquor setties too rapldly In the settleometer end SSCgp*
rises significently above 20, '
b. “Ash"” or"“clumps” start rising to the.final ciarliler surfacs,
¢, Aderk-brown, scummy foem appeers on the aeration tank surfece.

d. A sludge biankat, composed of good "quellty normelly settiing
sludge, rises 100 nlose to the clarifisr water surface.

-

Sludge wasting shouid be reduced, It end when:

a. Mixed llquor settles 100 slowly In the settleometer and $SCgp
values fell to 10 or less. (This will normally be accompenled by a
rising clerifler sludge blenket.)

Lerge blllows of whlte foam start forming on the aeratlon tank
surfece,

*$SCegp = (Aeratlon tank cone.,, %) (1000 ml/i)
Sludge settiing volumegg, mll

Changes In the wasting rate should be made a little eech day (10 to 18
percent per dey), Since sludge quellty responds stowly to procese control
chenges (usually about thrae days after the adjustments are made),
process control chenges should not be mede rapldly or Irregularly.

About aweek Is usually required following the control adjuetments betore
the trend In the process response can be posltively confirmed. And finally,
two to four weeks before the biologlcal process etebilizes.

7. Sludge Age: Age

Sludge Age or mean cell resldence time (MCRT) hes been used by
many authors a8 an operaticnel tool, The purpose Is to define en
everage time thet actlvated sludga steys In the ptant, To find sludge
age we need only to divide the total sludge units by the totel sludge
wasted perday.
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This may be calculaved as foliows:

€xample Csiculation

A. DataRequired
1. TSU = Totalsiudge unlts In system = 4.05
2. "NSU = Total sludge wasted. unlts/day = 0.87

B. Now determine the sludge age.
TAQge = ——

4.05 °

T ee—————

0.87
= 4.7 days

In the Sludge Quaiity method of process control, conventional parameters
such as F/IM and MCRT are calculated for monitoring and comparative
purposes; but are not used as control parameters.

8. Sludge Detention Time in the Clarifier- SDTe¢

This js a measurement of the avefage time that th;e activated sludge
actually spends in the clarifler at any given time. SOT¢ is found by
dlviding the clarifler sludge unlts by the average daily return slydge
units znd multiplying by 24 hrsfday to obtain the time In hours.

Example Calculation

A. DataRequired
1. C8U = Ciarifier sludge unitsiday = 1.05
2. RSU = Return studge unitsiday = 24

Now determine the sludge detention time in the clarlfier.

8DTc = {CSU) (24 hrsiday)
RSU

_ 10524
24

= 1.05 hours

Studge detention time in the clarifier should be greater than 30 minutes to
provide time for compaction. Any time less than 30 minutes will usually
require a high return rate which will reduce tha sludge detsntion time in
the aerators. (See discussion of S0Ta, No. 9 below.) The sludge detentlon
tire in the clarifiar should be lass than €0 minutes to preserve an “active
biomass™,

g o 2
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9. Slugge Detention Time in the Aerator-SBTa

Thls is the measurement of the average time that the activated sludge
actually spends in the aerator mixing with wastewater. The sludge
detention time affects the efflcisncy of the organisms to absorb and
make use of the BOD by changlng the contact time with the BOD. A
comparlson of sludge. detention times in the asration tank to the
clarifier also provides important information for controlling sludge
quallty. The onerator can control or change hls sludge dstention times
by changing return rates. /

A ruie of thumb has been deveIOped which relateg the-sludge detsntion
time in the aeration tank to'the detention time in the final clarifier:

8DhTa
SDTc

This rule of thumb is based on observations of sludge quality in varlous
plants where It has besn noticed that as SDTa becomes closer to SDTc,
that siudge quality is much more difficult to control,

= value must be greater than 1

Tank design, especially In some complete mix ptanis, may limit the ability
of the-operator to control-thls ratlc above one, but this still should be a
goal of plant operations. ”

SDTa Is found by dividing the aeratlon sludge units by the sludge units
" being sent to the ciarifler per day, and multiplying by 24  iday. Thé
sludge flow to the clarifier is found by adding the piant fl . {Q} to the
return flow {RSF) and multlplying by the aeratlon tank concentration {(ATC).

The sludge detention time In the aeration tank is determinea gs follows:

Example Calculation

A. Data Required ’
1, ASU s Aeratlon Studge Unlts = 3.0
2. Q = Plantflowrate,mgd = 4 ?
3. RSF = Returnsludge fiow, mgd = 2

4. ATC = Aeration tank concentration, % = 3.0
B. Now determine the sludge detention time Indhe aeration tank.
{ASU) {24 hrsiday)
{Q + RSF){ATC)

_ 30
4+ 230

8DTa =

= 4 hours
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Settieometer Tl

—

——

—

The settleometer (also called the sludge settleability test) is the key\‘
Indicator for observing sludge quatity. Diligent use of the settieometer
can provide an experienced.operator with days advance warning of an
impending disruption orchangs in process control. This advance warning
provides the operator with valuable time to make appropriate process
- changes, The settleometer information can also be instrumentai when
recovering from an unavoidable operational upset.
in this case the advanced indicators can guide the operator through a
series Of process adlustments without wasting excess time waiting for
results from process changes or without trying to make a major adjust.
ment in too short a time.

The two things an operator should ook at when running the settleometer
test are the floc formation and the blanket formation. Through experiencs,
an operator will soon iearn that within a few minutes he can detect certain
characteristics which will describe the sludge quality. |s the fioc granular,
compact, fluffy or feathe:;y? Dees the fl6 settle indlviduaily or does it
first form a blanket? |s the blanket ragged and lumpy, or uniform on the
surface?

After the operator has looked at these characteristics he then should °
observe settling ratées and comgaction characteristics. Is the blanket
settling uniformly, or are segments settling faster than others? is the
blanket entrapping lhe majority of the materiai or are strdggier floc escap-
ing? Is 1 sludge compacting and squeezing out water, or is it maintaining
a constant density throughout?

Observations such as these are imporiant to the operator. They are not
easily translated to numbers, 30 he should make appropriate notes on his
data sheet for future reference, There are, however, nunierical observa
tions which can be made. Flgure 1110 presents a typical data sheet which
can be used to record appropriate sludge séttling parameters. Observa-
tions and recordings are made every 5 minutes for the first haif hour. and
then every 10 minutes for the second half hour. More observation? are
made in the first half hour {0 ensure that the operator is taking the time
to observe the floc formation and bianket Gharacteristics.

If the operator also measures the concentration from the originai aeration
tank sample with the centrifuge (ATC) he can make some-informative
calculations from the data.

s

The calculation of interest is the conversion of the sludge settling volume
{SSV) to sludge settling concentrations (88C) which is determined for any
given time (t) of settling as foliows:

124
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Exampfe Calculation

A Data Flaqmrad . X .
1. ATC = Aeration tank concentratlon, % = 3.4 ¥

2! S8V(y = Siudge settling volume at any time, mifl = 680 {(at
30 min.) : 4

3 ?(“t) Length of time of settling, minutes = 30

B. Now determine the sludge sattilﬁi; coORcantration.

Y

$8C() = {ATC){1000 n!III)
8Sviy
$SCap = {ATC) {1000 miil)
e BSvap

= 8.4)(1000)
680

= 5%

This means that after 30 minutes the sludge has settled t0 a concentra.
~tion of only 5%. -

The sludge settling concentrations ¢an be calculated for various times
and plotted {as shown in Figure Il-11) corresponding to the time and day
they were obsérvad, When several days of data have been plotted, a trend
will have been developed which graphically relates to the settling char-
acteristics observed in the settleometer. Often, It is found that the 5
minute, 30 minute, and 60 minute SSC’s adequateiy represent the settling
¢characteristics.

The 5 minute sludge settling concentration is an indicator of the critical
floc and blanket formatlon stage. Here the operator's observations and
notes are very important for future reference.

The majority of the settling occurs before the 30 minute reading, therefore
the distance settled.reflacts the settling rate of the sludge. For example,
a 30 minute sludge settling volume of 200 would indicate a fast settling
sludge, while a settting volume of 600 would represent a very slow settling
sludge. ' ~

-~ L]

The 60 minute sludge settling concentration is Indicative of the level of
compaction that can be expected from the sludge. Therefore, there is a
relationship between this concéntration and the concentration of the
return sludge that is actually observed In the plant. These numbers will
sgidom be the same due to flow characteristic and other physical dif-
terences found in the clarifiers. The Important criteria, howaever, is that
the sattleometer characteristics are reproducible for simllar sludge quality
characteristics. This then enables the operator to make some decisions
onreaturn sludge flows form settlaometer data,

“

- [

g

-
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A “normal settling”-good quallty sludge wlll'concentrate to & SSCgQ range
of about 1210 18 Inone hourand w /on t settle any more after two hours, -

A “rap!dly settling” sludge Is an overoxidized sludge that wlll concentrate
to a SSCg) range greater than 20 in one hour and won’t settle any more
after an hour, Rapldly settilng studge Is often accopanied by such clarlfler
problems as ashing or clumplng. The correctlve actlons for these probiems
are yescrlbed In.Section |, “TROUBLESHOOTING".

A “slow settling” siudge that only concentrates to a SSCgp of 10 or less
and takes 3 or 4 hours to reach final settling and compattion ig§ usually a
young sludge. A very young sludge may not Settie at all during the first
8 to 10 minutes, and may only ‘concentrate tq between 700 and 200 mi/l
during the first hour. Young sludge Is often agcompanled by a high siudge
blanket In the final clarlfier with an Imminent danger of sludge Bulking

‘““and!or Solids washout. Tha sludge wasting should be reduced to Increase

the sludg‘é settleability towards the “normal” range. The return sludge
flow rate may need increasing to lower the blanket level. Corrective
measuras for this problem are presented in Section I, “T| FIOUBLESHOOTING"
Studge settling rafesecan be used by the operator to numerlcally relate
one set of sludge characteristics to another. These settling rates can be
used by the operator to describe a rate of settling for which the plant
provides a good quality effluent. Generally this rate wil! fail between 400
and 1200. This corresponds to a 30 minute reading on the settieometer of
400 to BOO-mitliliters. As mentioned bsafore, this information should always
be accompanied by notes which relate to the more important, but nof
quantitatlve, data of floc and blanket formation. The sludge settling rate .
(SSR! is the increass In sludge concentration per.hour and ie determined
as foilows;

Example Calculation

A. Dat; Required
1. 88V3p = 30 minute sludge settling volume, mi/l = 880

Perform the following calculation to determine the siudge settling
rate.

(1000.- 88Van)
0.5hr.

_ (1000 880)
=05

8SR =

= 640 mii/hr.

¥ [ 1 . .
The turbidity of the clarifier effluent, the depth of the sludge blanket,
sludge settling rates, and sludge charactersites {fio¢ and blanket forma-
tion) should be plotted on trend charts as shown on Flgure li<i2 to help
the operator in maintalning control of his facility. ~

".3328
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Visual Observations . ] /

A modest accumulation of light colored otisp-appearing foam on the
aeration tanks is usually indicative of good operation.

During good operation the final clarifier effluent will be relatively clear
with the sludge blanket in the lower half of the clarifier (generally 1 to 3
feet). 5 )

For those observations that are indicative of operational probléms, see
Section), "“TROUBLESHOOTING". -

>

Turbidity \
) Turbidity is a quick and convenient mdicatson of the activated sludge
.process performance. A well performing-activated sludge plant should be X
producing an effluent with a settled turbidity of less than 3 JTU's and,
sometimes down to 1 JTU. Turbidity measutements can also be used to
measure the degree of severity of pin floc or othel solids. Short term v iria-
tions due to these type problems may be atfributable to hydraulic protiems
-_in the g:lari!ier rather than deterioration of the sludg‘e quality.

Depth of Blanket

Within the final clarifier, a se'paration of the liquid and solids takes place.
The solids settle to the bottom of the clarifier while the ¢lear liquid is °
displacéd over the clarifier effluent weirs. If the settled solids are not
removed from the tank at a rate equal to or greater than solids input by
the aeration effluent flow, a blanket of sludge will accumulate until
eventually the solids are washed out in the giarifler effluent flow.

The location of the sludge blanket in relation to the clarifier depth may be
determined by various types of devices—sorfie are commercially.available,
while others must be improvished by the operator.

Determining the sludge blanket depth in the final clarifier In conjunction
with other measuremants, such as the plant flow, aeration tank concen-
tration (ATC), sludge settling concentration (§SC},-and the return sludge
flow (RSF) and concentration (RSC) provides valuable Information that
can be used to control the return sludge flow rates. Additlonally, these
measurements can be used to evaluate the operation of multiple units, for
Instance the sludge blarket depth in two claritfers operating in parallgl
{(both receiving flow from same aeration basin) having equal return gludge
flow rates should be comparable. If the sludge blanket in one clarifier was
rising while the blanket in the other clarifier was failing, It could be con-
cluded that the aeration tank effluent flow was being unevenly distributed
to the clarifiers. Depth of blanket measurements are important for an
operator so he can have early warning to clarifier ma¥unctlons and to
problems associated with long storage times in the clarifier. An average
value for each clarifier is usuailly sufficient for process control, but

-
-

™
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measurements should be seriodically made at various I0cations in the
clarifier to detect any localized problems. Coning or plugging of suction '
‘ports can lead to areas in the clarifler where the sludge blanket will build.
A rising blanket may indicate aninadequate sludge return rate, unbalanced
distribution of "aeration tank-: effluent flow, inadequate sludge wasting
rates, or a poorly settling sludge. -

The presence of a poorly settling siudge could be verified with the SSC
value. To-correct a rising blanket, the operator first determines the reasons
by & review ©f the lab test resuits, operational logs, and process controf
parameters. After determining the possible reason for the increased
blankef depth the operator should then take the appropriale corrective
measurés.

The procedures for making the sludge blanket measurement are given in
Section v, “LABOHATORY CONTROL".

Microscopic Examination

Microscopiz examination of the MLSS can be a significant aid in the
evaluation of the activated sludge' process. The presence of various
microorganisms within the sfudge floc can rapidly indicate good or poor
treatment. The most impcrtant of these microorganisms are the hetero-
tropic and autotrophic bacteria which are responsible for puriiying the
wastewater. : -

In addition, protozoa play an important role in clarifying the wggtewater
and act as indicators of the degree of treatment. The presence f rotifers
is aldo an indicator of effluent stabiity. A predominance of protozoa
(ciliates} and rotifers in the MLSS is a sign of good sludge quality.

Inversely, a predofninance of filamentous organisms and & Bmited number
of ciliates is characteristic of a poo: quality activated sludge. This condi-
tion is commonly associated with a sludge that settles poorly.

There are many other organisms such as nematodes (worms) and water-
borne insect larvae which may be found; however, these do not signli-
icantly affect the quality of treatment.

The microorganisms which are Important to the operator are the protozoa

and rotifers. The protozoa eat the bacteria and help to provide a clear .

effluent. Basically, the operator should be concerned with three groups of
- protozoa, each of which have significance in the treatment of wastewater.
A discussion of these groups and the procedures for performing & micro-
scopic examination are presented in Section IV, "LABORATORY CONTROL".
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OPERATIONAL PROBLEMS Qm T
This section of the manual discusses operational problems commonly ex-

perienced in the activated sludge process. In general, these problems can be
classified by conditicns which the operator can see In the aeration tank and
secondary clarifler.

-

r *

* Aeration Tank:
1) Aeration Tank:
2) Foaming Problems

Secondary Clarifier

3) Soifds Washout

4) Buiking Sludge

5} Clumping/Rislng Sludge

6) Clouding Secondary Effluent
7} Ashing

8) Pinpoint Floc

9) Stragglers/Billowing Solids

Correction of these problems can be approached In a logical manner, by
using sound operational control practices and by maintaining proper equip-
ment operation. Troubleshooting procedures covering these probiems are

" provided inan easy-topdol}ow format in Sectlon |, “TROQUBLESHOOTING.”

rring In the clarifier can often be associated with observar
e 30-minute settleability test. This test Is used to indlcate

The probiems occ
tions made-during t

.the setlling characteristics of the mixed’ligor under controllad conditions.

Figures 11-16 , 11:20, and Ii-22 present pictorial guides for interpretation and
application of the various seitling test ohsservations. The procedures for
performing the settleabllity test can be found in Section IV, “LABORATORY
CONTROL.”

AerationSystem Problems {Refer to Figure 11-13)

Aeration and mixing of the MLSS Is essential to maintaln the environment
for the micfRorganisms to remaln active and heaithy. In addition, mixing of
the aeration tank contents is necessary in order to bring these microorganisms
in contact with all the organic matter In the wastewater being treated.

Mixing in the aeration tank can denerafiy be checked by observing the tur-

“bulence on the aeration tank surface. The surface turbulence should be

reasonably unifprm throughout the tank. Dead spots and nonuniform mixing
patterns wiil generally indicate a clogged ditfuser or that the diffuser header
valves need adjustment to balance the alr distribution In the tank. An illustra-
tion of violent turbulence in an aeration tank Is shown in Figure |}-13,

Periodically, {generally monthly to every 6 months) a D,0. Droflie should be'
performed in aeration tanks which are equlpped with the diffused-type of

aeratlon system. The air distributlon sholld be adjusted to maintain & D.O. of
no less than 0,5 mgli, preferably 1 to 3 mg/i, throughout the aeration tank,

li-72
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’Some probable cauges of nonuniform aeration include the foltdwing:

Somacauass .
tor astation 1. Alrrates too high or low for proper operation of the diffuser.

problema, 2. Valves need adju‘stmant o paiance theair distribution.
3. Diffusers (or mechanjcal aerators) need repair andior cleaning. Masses . .
of alr rislng over the location ‘of the dlffuser blowoff legs (If so equlpped)
. generally Indicates that the diffusers need cleaning. Flgure (1113 I8 an
> ’ indicatlon of this problem. . p '
4. Mechanical equlpment limitatlons. -

'Em}'o‘;‘ The foliowing appllcable measures should be Implemented to correct aezation

aorafion problems: ' -

problama. ¢ Adjust alr SCFM rz*a to ma:ﬁtain the D.Q. in the propear range {(1to 3
mg/l}. The SCFM of air per linear foot of diffuser header plpe should be
greater than 3 SCFM/linear ft. to ensure adequate aeratlon and MiXing
of tank contents.
Ad)ust diffuser header valves to ba!ancé alr distribution and to ellmlna?e
* dead spots. )
*Clean and check the diffusers. Diffusers should be cleaned on a routine
basis to maintain good aeration performance. Generally every six
months tooneyear. , -
" It fine bubble diffusers are extremely troublesome conslder replacing
them with a coarse bubble type of ditfuser. Coarse bubble dlffusers
require a greater air SCFM rate because of the reduced oxygen transfer
efficiency; therefore, it must be determined thgt an adequate air
supply Is availabie beforg making this modification. OutsfHe help
should be obtained.
Relocate andlor increase the number Of diffusers {or mechanlcal
aerators) to properly mix and aerate the tank contents.

-

Figure li-13




GREASY BROWN FOAMING CARRYOVER OF BROWN FOAM IN CLARIFIER

FOAMING PROBLEMS
FIGURE II-14
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Foaming Problems {Refer to Figure II-14)

The presence of foam on the aeration tank is normal for the activated sludge
process. FreQuently, 10 to 25 percent of the asration tank surface Is covered

_with tilm or light troth or foarn.

Under certain operating conditions the foam (or froth) can bacomes excessive
and can atfect operations. Two types of problem foam are normally seen.
Thesse are a thick brown greasy fc am and a stiff white foam.

If the foam Is allowsd t0 build-up excessiveiy, it can be blown by the wind
onto walkways and plant structures, causing hazardous working conditions.
In addition, It can creats an unsightly appearance as well as cause possi le
odors. If ths fvam is carried over with the flow to the secondary clarifiers, It

will tend to build-up behind the influent baffles and create additional cleaning
problems.

Stiff White Foam

The stiff white, billowing foam is indicative of an overloaded plant. This
means that the MLSS concentiation is 100 fow and the FIM s conseqQuently
too high. The foam may consist of detergents orprotsins which cannot be
converted 10 food by the young and simpla bacterla that grow in the MLSS
at ahigh FIM.

Some probable causes ©f stiff white, billowing toam includs the following:
1. Low MLSS due toprocess start-up. «

2. Excessive wasting of activated sludge causing the MLSS concentra-
tion to drop too low for currant organic loading.

The presence of unflavorabie conditions such as toxic or inhibiting
materials, abnormaliy low or high Ph’s {pH below 6.5 or above 9.0},
insufficient dissolved oxygen,- nutrlent deficiencles, or seasonal
{summer 10 winler} wastewater temperature change resulting in
reduced microorganism activity and growth.

Unintentional wasting of activaied Sludge in the effluent of the
secondary clarifier. This conditlon could be caused by the tdillowing:

Excessive or siock plant loads.

Biological upsst.

High sludge blarket in sludgs clarifier.

Mechanicai deficiencies in the clarifier.

Denitrification in the clacifier.

Impeoper distiibution of flows ©r solids loadings to multiple clarifies.

Improper distribution of the wastewaler and/or the RAS flows to
multiple aeration tanks,
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Whatere the The following applicabie measures should be implemented to correct the
corrective foaming problem:

m:‘;m:a * Reduce the wasting of activated sludge to increase the MLSS concen-
tration. Changes in the wasting rate shouid be made slowiy and
gradually {ses Section 2.04 for waste activated siudge control mathods
and procedures).

Maintain sutficient RAS rates to keep the sludge blanket in the iower
half of the ciarifler.. '

Control the air SCFM rates to malntain D.0.leveis of 1 to 3 mgh In the
aeration tank.

industrial waste ordinances must be actively enforced to avold process
upd8t and deterloration of the piant sffiuent.

k' sdify the piping of striscwres as necassary to maintain the proper
distribution {proportional *o tank vclumes) of flows to multlpte aeration
tanks ang secondary clariflers. Tha construction of some type ot flow
distribution structure may be required.

‘.’rf.l?v metors Itflow mete @ not provided, compgre the following measurements:

provided, try * Thesludgs blanket levels in each clarifier. _
these coirective * The suspended mu*ter concentrationof each clarifler's RAS flow.
measures. + The MLSS crncentration in each aeration tank.

The corresponding measurements should be nearly equal if the wastewater,
aeratlor; efffuent. and RAS flows are belng properly distributed.

¢ if the agration tanks are ejuipped with water sprays for froth control,
operate the water sprays when there Is danger of the foam belng biown
onto the walkways andlor otherplant structures.

Excassive Brown Feam:

Cousos for This type of foam is associated with plants operating between the con-
brown foam. ventional and extended aeration loading ranges. Nitriflcation and flla-
: mentous orflanisms suchr as Nocardia are often assoslated with this type
of foam. The tkick brown greasy foam I3 normal at any plant that practices
slutdge reaeration. The appearance of this type of {oarn Can rasult In
additional problems in the clarifier by buliding up bshind the infiuant
paffles and creating a scum disposal problem as shown in Figure li-14,
Scum containing fllamentous orgaplsms should not be returned to the
aeration tanks. Some probable causes of the foaming problem are as

foilows:

1. Aeration tank is being operated at a lew F/M ratlo because nitrifl-
cat.on 1§ required by regulatory agency.

2. Build-up of a high MLSS cancentration due to insufflcient sivdge
wasting. This condition could untentionally occur when the
seasonal {wimer to summer} wastewater temperature change
results in greater activity of the microorganism and conseguentiy
greater sludgz production.

Operating In the slud@e reaeration mode. A thick brown foam Is
normal in the sludge reaeratton tank.

improper WAS control program. Sea Section 2.04, “PROCESS
CONTROL
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(.

The following applicable measures should be implement’ed to correct the
fnaming problem: Vi

e |f nitrification is not required, gradually Increase the wasting rate
to increase the F/M ratio {see Section 2.04, "PROCESS CONTROL”).
If the scum is not returned to the aeration tanks, include the volatlle
solids removed In the scum _in the waste—sludge calculatlions,
During normal operatlon, the amoint of volatile sollds removed
with the scum Is t00 smail 12 matter. However, during heavy foam-
ing, a8 much as 10 percent of [he waste activated sludge solids
may be removed with the scum.

When fllamen ts appear in a nitrifylng sludge, they may be killed by
the additlon of chlorine to the RAS. Recent experiences suggests
that the does of chlorine required wl\ll be from 2 to 3 ib Cla/1000
Ibs of MLVSS/day.

CAUTION: Excesslve chlorination can harm the deslrable micro-
organisms.

Impiement a better program for controillng the waste of activated
sludge. Read Section 2.04 "PROCESS CONTROL" fcr more
guidance on waste activated sludge control technigues. °

A

Solids Washout (See Case 1 on Flgure !-16}

This ¢ondition ¢an sometimes be quickly detected when good settling is
observed in the 30-minute settling test but billowing tiomogenous sludge
soiids are rising In the secondary clarlfler {Flgure 11-15} even though the
sludge blanket is tn the lower half of the clarifier.

Some probable causes of solids washout are as follows:
1. Equipment malfunction
2. Hydraulic overioad
3. Solids overload
4, Temperature currents

The following applicable meausures should be implemented to correct the
solids wash ut problem:

Equipment Malfunction

The operator should inspect al! equipment in the clarifler t© ensure that it
Is operating properly. Specifically check the foliowing:
s Siudge Coliection Equipment — -
Look for broken drives or support members.
Look for uneven blanket depth at several Igcations in the
clarifiler. An uneven blanket may indicate a plugged
suctlon collector or broken plough.

Y
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+ Batfies and Skirts —
Look for broken welds, bolts, or supports.
Look for holesin the baffle.

*  Welr Levels —

Look for unbalanced flow overs the weirs. Are the weirs on one
side of the tank more deeply covered than those on the
other side? The weirs should he adjusted to an equal
elevation.

Flgure 115
Hydraullec Gverload

The operator shoutd check the hydraulic loading on each clarlfler/by
either measuring the flow {0 each clarifier or by estimating the flow
balance between multiple units as indicated by the depth of flow over the
weirs in each of the clarifiers. Overloading can result from excessive flow
or-unevenly distributed flow between multiple units. Approach and soive
the problem as foilows: ..

+ Determine if the flows are being distributed equally to the aeration
basins and clarifier units. The weirs at the effluent end of the asra:
tion tanks must be adjusied to an equai elevation to provide an
equal distribution of ioading to each tank. The welrs or gates at the
RAS distribution structures must be adjusted to an equal elevation
to provide proper distribution of RAS flows. The weirs at the
secondary clarifier distribution structures must be adjusted to an
equal elevation to provide a unlform hydraulic loading. in addition,
thé effluent weirs must be ajusted to an egual elevation to provide
optimum clarifier performance.

After chacking and correciing the welr elevations where needed,
determine the ciaritler surface ovesflow rate as fotlows:

II-78
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30 MINUTE SETTLING

REMEDY

CHECK FOR EQUIPMENT MALFUNCTIONS ~—————— REPAIR EQUIPMENT
[ =3

GOOD SETTLING IN TEST

SILLOWING M CLARFIER CHECK HYDRAULIC LOADING —————— IMPROVE INLET/GUTLET BAFFLING-REDUCE RAS

+

MEASURE TEMPERATURE PROFILES USE ADDITIONAL AERATION TALIKS
AND/OR INSTALL BAFFLES

OBSERVATION REMEDY

: -
IFD.Q.LEVELS UNEVEN-ADJUST AR DISTRIBUTION ARD/OR
CLEAN DIFFUSERS

) iF D.0.1S LOW—INCREASE AIR TO ACHIEVE DO OF | TO 2 MG/L
CHECK D.O.{

FILAMENTS BOD/N > 100/5 —TRY ADDING N
CHECK N,P, AND FE & BOD/P > 100/] —TRY ADDING P

-BOD/FE >100/0.$ — TRY ADDING FE
3| POOR SETTLING N PERFORM

«#| TEST,SUPERNATANT - MICROSCOPIC _ . .
. VERY CLEAR E XAMINATION CHECK pli = IF pH <6,5-TRY RAISING pH

CHLORINATE RAS AT 2-3 LBS/ 1000 LBS MI.VSS/DAY

_ NO FILAMENTS CHECK F/M RATIO = IF HIGHER THAN USUAL,DECREASE WA'S'I‘lNG

DISPERSED FLOC

CHECK D.Q, — IF ABOVE 3.0 MG/I REDUCE AERATION

CASE 1 AND CASE 2
FIGURE II-16
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S5300Hd IDONIS A3 LVAILLDY

¥
)

ERI

PAFulToxt Provided by ERIC




ACTIVATED SLUDGE PROCESS
SECTION lIPROCESS CONTROL

Y

Howto Example Cslcutation

cefculate A. Data Required \ '
:i‘.'r’:m ats, _ 1, Surfaca area, eachclarifler = 7,850 sq. ft.

2. Twoclarlflers, totaf area = 1 ,7&0 8q. ft.
3. Plant flow {peak hour) = 7.5 or 7,500,000 gpd

B. Detgrmine the clarlfler surface overflow rate.’

y 2= Plant flow, gpd
Surface overflow rate, gpd/it Ctarlfler surface area, sq. ft.

oh R .

_7.5000000pd
15,700, 8q. ft.

= 478 gpd/sq. ft.

“

C. Compare the calculated surface overflow rate with the design
rate. If the current rate exceeds the design rate {see Section 2.03,
“SECONDARY CLARIFIERS"), the cjariflers are hydraullcally
overloaded, and additionat clarlfler unlts are required In operation.
If all clatifiers are operating, Plant expanslon or flow equallzation
Is requlred. - :

£

Sollds Qverload ™

A sneclal case of overloading of the clarlfler I3 known as sollds over-
Check the loading. Solids overloading Is related to the Q, RAS flow, and MLSS
cherillar dolida concentration. Reducing the MLSS concentratlon or the RAS flow may
"”‘“"0- eliminate the poor settling In the clarifler. Dstermine the soflds loading
rate as follows:

Example Calculation

A. Data Requlred :
How e 1. Surface area, each clarlfler = 7,860 sq. ft.
calculsts 2. Twoclarlflers, total = 15,7008q, ft, .
clarliler 20ilda 3. Plantflow, Q{peak hour) = 7.5 mgd
foading rete. 4. QRAS, RAS flow rate {peak hour) = 3.8 mgd
5. Aeration effluent MLSS, peak hour = 2,500 mgfl

Calculate the sollds loading rate..

2R = (@ + QraAs, mgd) (MLSS, mg/) {8.34 1bs/gal)
{24 hrsiday; {Clarlfler surface area, 8q. ft))

L

_ (75 + 3.8)(2,500)(:8.34)
= [24){15,700)

= 0,83 Ib MLSSIsq. ft.thr

11-80

141




Are gl gvaliabie
tanks in
oparation?

Allow yollds to
bultd In
clariiier during
poak flow
period,

Dacraase the

soilds Inventory.

How 10 conduct
& temperature
proflls.

Inatsll batites.

. ACTIVATED SLUDGE PROGESS
SECTION I- PROCESS CONTROL

-C. A sollds loading rate value of 1.25 Ibisq. ft.thr is a practical upper ’

ilmit for clarifler operation, If the calculated value for a particular *
plant exceeds this value the following approaches should be
tried

* Utllize any aval Iab&e aeration tank or clarifiers.
¢ Reduce the RAS flow.
., Redu%e the MLSS concentration.

The use of all available aeration tanks makes It possible to reduce the
MLSS concentration without changing the FIM. The extra volume of
additional aeration tank makes it posslble to have the same volatlie
solids 9inventory with a lower MLSS concentration, which effectively
reduces the solids loading rate.

If no addltlonal aeratlon tanks are available, the second approach should
be used. The RAS flow should be reduced by 10 to 20 percent. The depth
of the sludge blanket In the clarifiers should be measured periodically
to ensure the sludge bianket does not bulid to an excessive depth. Observe
the clarifier to see if the poor settljng characteristics are improved, If the
settling does not Improve after reéuclng the RAS flow, the MLSS shouid

be decreased by slightly increasing the wasting rate. Be aware that the
FIM is increaslng during thls procedure because the solids inventory wlll
deorease. A practicai imit for MLSS reduction would be a 10 percent
gradual change in one ‘week. If no improvement occurs during these
adjustmznts, the high effluent suspended solids concentrationg are most
likély not due to sollds overloading.

Tomperalure Currants

A temperaturs, profile ot the clarifier will identify the presence of any
temperature currents, The temperature probe on a dissolved oxygen meter
Is an excetlent tool for this procedure. To makd the profile, the tempera-
ture Is uzzasured and recorded at the head, one quarter, one half, three
quarters and tail end of a rectangular or square clarifier, or at tha quarter
point$ across a circular clarifier, At sach point, the temperature is measured
at the surface and the quarter polnts down to the bottom of the tank. Be
carefyl that the temperature probe and wires do pot get entangled in the
sludge collection equipment. &

/

i the deeper temperatures are consistently cooler by 1 10 2° C of mors, ¢

temperature currents are present. The settling may be Improved if bafflas
are installed to break up the currents and stop the turbulence.
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Bulking Sludge {See Case 2 on Figure 1i-16)

The presence of a clear superhatant.above a poor settiing sludge indicates
that the settling is being hindered by either the presence of fllamentous
microorganisms or dispersed floc. The presence of filamentous microorganisms
Is corrected by improving the treatment environment with the addition of
nutrients, such as nitrogen and phosphorous, andfor by correcting the dis-
soived oxygen concentration in the aeration tank. The presence of dispersed”
floc indicates either organic overloading or overaeration. Classic sludge
bulking in the ¢larifier is illustrated in Figure 11+17.

Some probabie causes of the bulky sludge problem are as follows:
1. Filamentous microorganlsms present

Low D.C. in aeration tank
insufficient nutrients
Low pH
Warm wastewater temperature
Industrial wastés

No fllamentous microorganisms prasent

+ Organic overloading (high FiM)

*  Overaeration

Flgure (k17
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* -

The first step in analyzing this condition is to perform a microscopic examina-
tion of the MLSS. Microscopic analysis of the MLSS is described in Section -
IV, “LABORATORY CONTROL.” Approach and solve the problem as follows:

Filamentous Microorganlisms Present (Figure |I-18)

-

If filamentous microorganisms are present, the following steps should be
followed:

L ]

L ]

Meacure the D.O. Ilevel at various locatlons throughout the aeration

tank.

If the average D.O. is”less than 0.5 mgfl thers is insuihclent dis-
solved oxygen in the aeration tank. Solution - Increase the alr
SCFM rate until the D.O. Isvels Increase to 1 to 3 mg/i throughout
the tank. :

It the D.C. ievels are nearly Zero In some parts of the basin, but are
higher in other locations, the air distribution System is out of
balance-or the diffusers in an area of the basin may need 10 bg
cleaned. Soiution - Balance air system andfor clean diffusers.

Calculate tha ratlos of BOD to nltrogeg {use TKN expressed as N},l
BOD to phosphorus {expressed as P}, and BOD to iron (expressed

. as Fe). In general, anhydrous ammonia is used to add N, trisodium -

phosphzie is used to add P, and ferric chioride Is used to add Fe.

Example Calculation
A. 'Data Required

1. Influent BOD = 170 mgfl
Influent TKN = 4.5 mg/l
Suggested ratio, BOD/N = 100/5 = 20
. Suggested ratio, BODIP = 1001 = 100-
. Suggested ratlo, BOD/Fe = 100/0.5 = 200
Plant Q, average daily = 7.5 mgd
Ammonia!nltrogen atomic welght ratio, NH3/N = 1714 = 1.2
Trisodium phosphate/phosphgrus atomlc welght ratlo, Nag
PO4/R = 164/31 = 5.3
. Phosphrolc acldfphosphorus atomic welght ratio, H3PO4P =
. 8B/31 =, 3.16
10. Ferrlc chlorldstiron atomlc weight ratlo, FeCly/fe = 162.5/56
= 2.9

%
1

-

Calculate the amount of N,P, and Fe needed per day to achieve
the suggested ratios, Lo
BOD, mgfl .
= 'ﬁespective suggested ratlo from
3,4 or 5 ahove

Nutrlent nesded =
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FILAMENTOUS ORGANISMS IN BULKING SLUDGE

MICROSCOPIC OBSERVATIONS
FIGURE I1-18
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Example Calcuiation

BOD, mgll
Suggestied ratlo, BOD/N

N needed =

_ 170
20

= 8.5 mgll

-

Calculate the dlfference between the nutrlent avallable and the
nutrlent needed.

Nutrlent shortage = N needed - Mutsient avaliable

-~

Example Caiculation
N ghortage = N needed-TKN avaliable
=85-45
= 4.0mgil*

*Nutrlentaddltlon is not neaded when answer Is zero.

1

D. Caiculate the pounds of nutsients that need to be added per day.

Nutrient, Ibsiday = (N shortage, mg/l) (Q, mgd){8.34 Ibsfgal}

Examgle Caiculation ‘ \'\4
Nitrogen, Ibsiday = {N shortage, mgll) (Q, mgd} (8.34 Ibs/gal)
- = (4 mgtl) (7.5 mgd) (8.34 |bs/gal)

= 250 |bs of Niday
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Calculate the pounds of the respective commerclal chemical to be
added per day.

Chemlcal. < (Nutrlent Ibsiday) (Respective atomlc wt. ratio)
Ibsiday Concentration of chemical, %

r

I}

Example Calculation
i, Ibsfday) {1.2 NHso'N)
NH3 concentration, %

@ssumousinga = 250108/day)(1:2 NHg/N)

.commercial grade 80%
with a 80% conc.) ‘

_. Anhydrous ammonla =

300
0.8

+ e §

= 375 1bs of anhydrous ammonia ng€ded/day
Fi

Nutrlents should be added at the infiuent end of the aeration tank, The
settleabiiity of the siudge should be carefully observed {0 see If it is
improving. If the settleabiilty improvas, the dose of nutrent can be reduced
by flgpercent per week until the settleabllity begins to décrease. Then

Increage the dose by flve percént and observe the settleabllity. .

Nutrients are expensive and they should be applled with care.” Nutrient
dosage may be Increased with increased BOD concentrations which

. lakes Into acgount the effects of the additional microorganism growth

that wlll gceur. If the settleabliity does not Improve readlly, the nutrient
dosing should be continued until the actual problem is identifled’ and
solved, because the p?oblems that are causing the poor se.tleablllty may
bé interrelated.

If the pH in the aeration tank is less than about 6.5, the settleability of the
sludge may be affected due to inhibltlon of the bacterla that settle readily,
if the pH of the raw wastewater Is less than 6.5, the low pH problem is
nrobably due to industrial wastes and @ survey shodid be conducted to
ldentlty the industty that Is \n vlolation of Its discharge permit, The best
procedure, if possible, is to prevent the problem by control at the source.
A good industrlai waste.monitorlng and enforcement program wlll avold
many difflcultles in this srea.

Nitrificatlon destroys alkallnlty and reduces the aeration pH level. If this
is the cause of the problem, raise the MLSS pH by adding caustic soda.
or lime at the influent end of the aeration tank. }f nitrification is required, it
Is suggested that the MLSS pH be malntained In the range of 7.2 t0 7.8
to encourage an acceptable rate of nitrification. Care must be exercised
to ensure that the treatment system Is not shocked by hlgh pH levels or
overdosed to pH levels above 9.

{1-86
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¥ The best method for determining the amount of caustic required to raise
Determining the pH involveg a batch titration technique. A solution containing aknown
emount of concentration of caustic is added dropwise to a sample of MLSS. The
canstic sample volume must be known and the sample must be stirred during this
required. determination. The dropwise addition of caustic is continued until the pH
is approximately 7.2, The amount of gaustic added Iis proportional to the
amount required to raise the pH in the treatment System. The pounds of

caustic soda {NaOH) required Iis determined as follows:

Example Calculation

A. DataRequired
1. Plant Q average daily = 7.5 mgd- ~
Howto . A
calculate . Normality of NaOH used in titration = 0.02N AN
caustic neaded. . Volume of NaCH ysed to titrate sample = 6.5 mi
Equlvalent weight of 1.0 N NaOH {one liter) = 40,000 mg/|

Concentration of commercial caustic 50da solution used =
25%
6. Volurne of sample titrated = 1 liter

Determine the mg/l of pure NaOH needed to raiSe the sample pH
to about 7.2. N

NaOH needed, = \
mg/l

{pure NaOH)

L]

{ml of NaOH used, liter sample volume}{Normality of NaOH) (Equivalent wt)
1000 min

_ {6.5ml) (0.02 N) (40,000 mgt)
1000 mifi

= 5.2

C. Determine the Ibsiday of pure NaOH needed to adjust the pH of
the act,vated sludge.

NaOH needed, Ibs/day = {NaOH needed, mg/l) (Q, mgd) (8.34 Ibs/gal)
{pure NaOH)

= {6.2 mg/l) (7.5 mgd) (8.34 Ibs/gal)
= 325.26




AOTIVATED SLUDGE PROCESS
SECTION Il-PROCESS CONTROL

D. Determine the Ibsiday of commercial caustlc soda solution
needed. Caustic soda |s frequently used as a 25 percent by
weight solution. -

25% NaOH solution, Ibs/day = (Ibs of pure chemlcal needed/day) (100%)
Solutiqn concentratlon %
. (325.2 Ibsiday) (10G%})
25%

= 131

When determining the amount of lime negded for pH adjustment, obtaln
and weigh a small amount (about 1 or 2 grams) of the actual lime to be
f;':u":::"':g;:' used in the treatment process. While a measured sample s stiriing, add
required. sr.iall increments of the weighed lime (or suspension) untli the pH Is about
7.2. Then, weigh (or measure) that portlon of the lime {or suspension) not
used to determine the amount of lime used in the titratlon. The pounds
of lime required is determined as follows:

Example Calcwiation

Howto A. DataRequired

z:f::‘_q"m’ - 1. Plant Q, average daiiy = 7.5 mgd - ]
Weight of lime before titration = 1.0109 grams
Weight of lime after titration = 1.0056 grams
Weight of iime used in titration = 0.0044 grams
Volume of sample titrated = 1000 m|

Determine the mgfl of lime needed 10 raise the sample pH to
about 7.2,

Lime needed, mgh = {Sampte vol. ml) (lime used, g) (1000 mg/g)
1000 mifl

— (1000 ml) (0.00444) {1000 mg/g)
1000 m¥|

=44
Determine the Ibs/day of lime neaded to adjust the pH,
L

Lime needed, Ibs/day = (Lime needed, mg/l} (Q, mgd) {8.34 Ibsigal)

= (4.4 mgf) (7.5 mgd) (8.34 Ibsfgal)

=275
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The a. dition of lime or caustic to raise tha pH s an expansive oparation,
The settleabilsty ol the sludgée should be Closely monitored to observe
changes to ensure that beneflt is being pained from the addition of caustic
ot {ime. If no Improvemant In sattleability occurs within a 2 to 4 week
patiod, then the addition of caustlc or lima should ba haited.

-The chilorination of tha RAS is a dependable and effective control of

filamentous microorganisms. The fllamentious microorganisms ate more
readily affected by the addition of oxidlzing agents such as chlorine
because they have a greater surface area to voluime ratio. The addition of
othar oxidizing agenis such as hydrogen paroxlde In dosages of 100 to
200 mgfi has also been raported to effectively control the prasence of
fllamentous microorganisms. ~

The use of oxidizitig agents does not treat the cause of the problem but
only traats the symptoms. The most cost-atfactlve solutlons to the prob-
lems relating to filamentous microorganisms wili involve treating the
ceuse of the problem, such as addirg nutrlents or increaslng aeration,
and ot the symptoms.

A dose of 2-3 1bs of Cl2 per 1002 |bs ¢f MLVSS per day has been leported
10 effectivel’ control filamentous microorganlsms. The chlorine dosage
»8 axprAssed n the form of a ratio, which {s a logical and useful approach
to chemical dosing in activated sludge systems. The propear chlorine feed
rate is dete;uinéd as {ollows:

Exampie Caiculation

A Data Required
1 Aeration MLVSS = 2000 mg/l.
2 Aeration volumae = 1.26 mil gai
3 Desired Cladosage Ibs/1000 I1bs MLVSSide = 251bs )

8 Galculate the volatile solids inventory under asration,

MLYSS. Ibs = (MLVSS, mgil){Aer. vol.,, mg) (8..4 bsigal)
= {2000 mgfl) (1.26 mg) {8.34 Ibsigah
= 21,077 1bs of MLVSS

Calcutate the chlorine fsed rate.

Cip. ibsiday = {Cl2 dosage} (MLVSS, tbs)
1000

— (25 Ihs Cl2 (21,017 1bs of MLVSS)
1000 Ibs MLVSS

= §2 51bs Ciolday
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If filamentous bulking is occurring quite often, it is recommended that
the operator have an experienced microblologist identify the type of
filamentous organism causing the problem, After identifying the type of
organism, the microbilologist can provide data on the typs and/or source
of the waste contribution to the growth of this organism. For instanc®, if
the filamentous organlsms were identified as Toxothrix, a condition
promoting the production of sulfides (H2S) sugh as septicity In the col-
lecjion system or treatment plant is the probable cause. With this type of
insrght into the probiem, the operator can implement the appropriate
measures to reduce the number of future problems. in addition, the
operator will be better informed on how to handle the problem the next
time itocours. ’

No Filamentous Mlcroorganisms Present

Check the FiM to determine if the system is operating at a higher FIM
valug than is normally used, The presence of smali dispersed flocs is
characteristic of an increased FIM. If the FIM is higher than normai by
10 percent or more the wasting rate should be decreased. The decrease in
the FIM should be reflacted by the disappearance of the dispersed flocs
over aperiod of a week.

The amount of turbulance and D.O. in the aeration tank is also important.
D.O. concentrations above 3.0 mg/i indicate that excess air is being used,
and the aeyation rate should be reduced to lower the D.O. concentrations
to the range of 1 to 3 mgil. Excessive turbulance (overaeration) in the
aeration tank will hinder MLSS fioc formation ant may result in the carry
over of pingoint floc with the ciarifier effluent.

Clumping/Rising Sludge (See Case 3 on Figure {1-20)

when the sludge initiaily settles during the 30:minute settling test and then
floats to the surface after one to two hours, the problem is generally that
denitrification is occurring in the clarifier, as illustrated in Figure I}-18. Nitrate
jons are reduced to nitrogen gas and bubbles are formead in the MLSS floc as
a result of this process. The bubbles attach to the blologicai flocs and float
the fiocs to the surface of the clarifier where they eventually fiow over the weir.

Some probable causes of sludge clumping:

1. The activated sludge process is being operated at a low FIM ratio and
consequently the process has “slipped™ slightly or completely into
the nitrification zone.

The sludge is being held too long In the clarifier and consequently all
the availabie dissolved oxygen has been used by the microorganisms.
The retum sludge should have a D.0O. content of not 16ss than 0.2 mgil.
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Hlgher than normal wastewater temnperature resulting In 2 higher rate
of microorganism activity which causas the process 10 nitrify at a
higher FIM ratio. A higher rate of microorganism actlvity wlll also
rasull 1h a faster depction of the dissolved oxygen In the clarlfier
siudge and conssquently a greater pctentlat for, sopticlty and deni-
tritication,

" Flgure 19
Clumping In Clariiter

The foliowiny applicable measures should be implementéd to correct the
sludge ¢lumping prablem:

Corrective "
maasuras fur

sludge

clumiping.

Increase tne return activated sludge flow rate to reduce the detention
time of the sludge in the clarifiers, A periodic msasurement of the
clarifler sludge blanket depth wiil help to determine the proper return
rate,

Where possible, Increasing the speed of the sludge collector may
lessen the problem,

When the suctlon type of sludge collector Is employed, check that all
suctlon tubes are flowing freely with a fairly conslstent suspended
solids concentration. Some of the suction fubes may be improperly
adjusted or plugged resulting In coning in some areas and & sludge
blank.i bulld-up In other areas. ,

If nitrification i8 not required, graduatly increase the sludge wasting
rate to stop nitretfication. initlally, the solids Inventory should be de-
creasad by 10 percent over one week, and then the process operation
must be chserved over the following two weeks to see if treatment has
imnroved
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.

Y

Cloudy Secondary Effluent(See Case 4 onjilre 11-20)

During the periods of high effluent suspended sollds concentration, the
sattleabllity (or settling) test should be run immediately and followed up with
additional tests several times a day until the problem I3 identified and cor
rected. When the mixed liquor in'the settlsability test settles poorly Isaving
a cloudy supernatant, the next step Is to perform a microscopic examination
of the mixed liquor. One of tha important purposes of this examination Is to
determins if protozoa are present and the status of their health. The use of a

. Mmicroscope for process control and troubleshooting Is further gescribed in

Ssction IV, “LABORATORY CONTROL."

Protozoa Are Present

If protozoa are present, thelr actions and appearance should be observed.
When the protozoa appear to be Inactive it frequantiy Indicates that a slug
of toxic material has racently entered the treatmant system. The opeérator
shouid reduce the sludge wasting rate and maintain normal operation
until the materiai passes through the treatment system. Refer to Tabie
12,

If the protozoa appear normal and acCtive, but the cloudy condition per
sists, the activated Sludge floc may be dispsrsed due to 9xcessive turi-ul-
ence (overaeration, in the aeration tank. Generally, overacration Is
characterized by D. 0 concentraiions above 3 mg/l in the aeration tank.
Proper contro! of the aeration system is further described I Section 2.04,
“AERATION AND D.O. CONTROL."

Protozoa Are Not Present

If no protozoa are present, there are two possibilitiss. First, the FiM is too
hwgh and the system is oserating in an overioaded manner. ApRroach and
solve the problem as followz: ) ~
* (Calculate the F/M. Referto Section 2.54, Conztant FIM Control.
+ Compare calculated FIM with F/M's for the pericds of satlsfactory
operation,
If the FIM is greater than these valuss, the wasting rate should be
reduced to raise the solids inventory.
Increase the RAS flow to lower the sludge planket Ievel in the
clarifier to the minimum. The Increassd RAS flow will increase the
solids inventory by transferring the MLSS stored in the clarifier
into the aeration tank.

Second, the FIM may be lower than or within the normal range. This
condition Is frequently assoclated with one of the foilowing:

* Low D.O. concentration in the aeratlon tank. If the average D.O.
measured at several locations in the aeratlon tank is less than 0.5
mg/l, asratlon should be increassd until the D.O. is between 1 and
3 mgfl.
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* A toxic waste entered the treatment system. Toxic waste adversely
affects the health of the activated sludge. A short term solution to
this problem involves the addition of large quantities of heaithy
seed sludge to build-up the volatile solids inventory. The iong term
solution requires an industrial waste survey o Identify the source
of the toxic material and the enforcement of strlct industrial waste
dizcharge ordinances. Table 1I-12 shows the levels of heavy metals
that can usuaily be tolerated by activated studge microorganisms
on both a long-term and short-term basis.

TABLE 1i-12
ALLOWABLE CONCENTRATIONS OF HEAVY METALS

! CONCENTRATION AT WHICH DAMAGE TO
ACTIVATEDR SLUDGE MIGHT OCCUR

CONSTITUENT COMTINUOUS LOADING SLUG LOADING

CADMIM
CHROMIUM
COPPER
IRON
LEAD
MANGANESE
MERCURY
NICKEL
SILVER
ZINC
COBALT
CYANDE
ARSEHIC

1 mg/1
2 mg/1
1-mg/1
35 mg/1
1 ma/1
1 mg/1
0.002 mg/1
1 mg/1

© 0,03 mg/1
1 to 5 mg/t
>} mg/1 -
1 mg/1
0.7 mg/1

10 ma/1
2 mg/1

1.5 mg/1
100 mg/1

0.5 mg/t
5 mg/1
0.25 mg/1
25 ma/1

1 to 10 mg/1

1 55\{
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~,

Ashing (See Case 5 on Figure 11-22)

The appearance of small ashdike sludge particles floating on the surface of
the sacondary carifier {Figure 11-21) is commonly referred to as ""ashing."’

Figure 121
Ashing In Clarifiar

Sorne probable causes of the ashing problem are as foliows:

1.
2.

The beginning of denitrification is occurring in the clarifier.
The mixed liquor has an unusually high grease content.

The ashing problem should be approached and solved as follows:

First, stir the gludge which floats in the 30-minute settling test.

if it Settles - This indicates that denitrification has begun-—See "Siudge
Clumping™ for solution.

If it doe$ not settle, there may be excessivé amounts of grease in the
sludge. Perform a grease analysis. If }hé grease cotent exceeds 15 -
percent by weight of the MLSS, the propiem may be one of the following: .

. ~

Jhe primary tank scum baffles are\rh)alfunctionlng due to hydraulic
wverloading or mechanical failure. Specific atiention shouid be given
to acum baffles and the scum collaction system In the plant.
Too much grease is being dumped in the sewer by an industrial 'or

ommercial discharger. If too much grease is in the raw wastewater,
an industrigl waste survey must be conducted to Identify the discharger,
and have the problem corrected.

.n-ss I5¢
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\-—
Pinpoint Fioc (See Case 6 on Flgure 11-22)

The appearance of small dense, pinpolnt floc parficles suspended in the

ndary claritier 18 a common probiem often seen in treatment plants
op ating near or In the extended aeration range. This problem Is generaily
related '{0 an old sludge that setiles rapidly but lacks good flocculation
characterlstics.

" Some probabls causes of the pinpoint floc problém aré ds follows.

.} The process is belng operated at a F/M near Or In the extended aera-
tion range resulting In an oid sludge wlth poor floc formatlon chars..
acterlistics.

Excessive turbulence (overaeration) in the aeration tank shearing the
1oc formations.

The following applicable measures should be Implemented to correct the
problem:

*» If the sludge settling characteristics observed during the 30-minute
settling test indicate a “too rapidly settling” siudge with poor floc -
formation, the clarlfier effluent quality can be improved by gradually
increasing the wasting rate. If nitrification is required, caution must be
exorcised not to decrease nitrification by wasting too much sludge.

Ii good setthing with a ciear supernatant above the settled sludge Is
observed in the settling test, check for proper aeration and mixing in
the aeration tank. If the average D.Q. concentration in the aeration
tank s more than 3 mg/l, the SCF M alr rate should be reduced until the
aeratlon D.O. is between 1and 3 mgil,

. . |
S;n’agglersﬁalllowlng Sollds (See Case 6 on Figure 11-22) .

The appearancg of smail, light, fluffy sludge particles rising (sometimes
biliowing) o the clarifier surface and discharging over the effiuent welrsis a
probiem often seen when the MLSS concentration is too {ow. This problem ig
generally reiated to a young siudge (high F/M} which settigs poorly, The
problem of fight flgc particals Is generally worse In shallow clariflers, partic.
ularly at high RAS flow rates. At some plants, the flocs are particularly notice.
able during the early morning hours.

Some probable causes of this problem are as follows;

1. The aeration tank I8 belng operated at a MLSS concentration that 18
too low. This would rorially occur during process start-up until the
proper MLSS concCentration is astablished. A sludge wastlng rate that
Is too high wlll result in low MLSS and a high F/M.

Sludge is being wastad on a batch basls durlng the early morning
hours rasulting, in a shortage of microorganpisms to handle the day-
time organic loading.

The return sludge flow rate is high.
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The following applicable measures should be implemented to correct the .
probiem:

+ Decrease the sludge wasting rate toraise the MLSS concentration and
increase the sludge ags.

If possible, avoid high sludge retl\zrn rates.

If wasting sludge nn a batch (or mterﬁ'nittent) basis, avoid wasting
during.the early morning hours. All the organisms are needed at this
time to handle the daily increase in organic loading.
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ACTIVATED SLUDGE PROCESS
SECTION HI- FUNDAMENTALS

INTRODUCTION

The term “activated sludge” is derived from wastewater being mixed with air
or oxygen for a length of time to develop a brown floc which consists of
billions of microorganisms and other material. These micrgorganisms use
most of the suspended and dissolved material found in thg wastewater as
their food (BOD) source. The microorganisms are aerchic and thereforg re-
quire an alr or oxygen supply to function. Their need for food and air or axygen
is similar 1 the needs of humans and other animals.
4 . }

The activated studge process provides the environment to keep these mlcro:
organisms under controlled conditions so that they cap remove most of the
solids from the wastewater as it passes through the protess. The environment
is provided by four hasic systems which make Up the activated siudge process.
These systems include aeration, sedimentation, return activated sludge
(RAS) and waste activated sludge (WAS) as illustratéd in Figure 1i-1.
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TYPICAL ACTIVATED SLUDGE PROCESS

FIGURE TIT-1
T

The purpose of tne activated sludge process is to remove as much of the
organic matter ir the wastewater as possible by biological means. In doing
this, the process produces an efflusnt quality high enough that beneficial
uses of receiving waters wili not be hindered, thus, a high level of treatment
must be achieved.

Detinltions

in order for the operator t0 understand the concepts Involved in Operating

the activated sludge process, he must first understand the terms associated
withit. g

-1 1 GO
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+

ACTIVATED SLUDGE ts the floc of microorganlsms that form when
wastewater is aerated.
MIXED LIQUOR is the mixture of activated sludge and wastewater
in the aeration tank.
MIXED LIQUOR VOLATILE SUSPENDED MATTER (MLVSS) have
been found to be proportional to the mscroorganisms concentration in
the aeratlon tank.
KINETICS is the approach used to mathematicatly slinulate biologlcal
treatment processes by relating the growth rate of the mgicroorganisms
to the food and microorganlsm concentration.
NET GROWTH RATE is the microorganism rate of growth minus the
" microorganism decay rate. Also referred to as the net sludge yleld.
MEAN CELL RESIDENCE TIME (MCRT) Is the Inverse of the net
grovwth rate and is equal to the average time & microorganism spends
in the treatment process. The MCRT is an important kinetic parameter
that is very useful in prgcess control.
FOOD TO MICROORGANISM RATIO (FiM) is the ratio of the amount
of food expressed as pounds of COD ( or BOD) applied per day, to the
amount of microorganisms, expressed as the solids inventory in
pounds of volatile suspended matier. The FIM Is mathematically re-
lated to the MCRT, and is also an important process control tool.

GOULD SLUDGE AGE (GSA) is the ratio of the pounds per day of
influent wastewater suspenged matter to the solids Inventory in the
aeration tank. Thus, GSA or Sludge Age should r. ~ 2¢ ponfused with
the term MCRT. j\

. RETURN TIVATED SLUDGE (RAS) is the settlad mixed liquor that
is collected in the ctarifier underflow and returned to the aeration basin.
WASTE ACTIVATED SLUDGE (WAS) is the excess growth of micro-
organisms which must be removed to keep the blological system in°
balance. Various controi téchnigues have been daveloped to estimate
the amount of WAS that must ba removed from the process.
COMPLETE MIX ACTIVATED SLUDGE descrlbes &n ideal mixing
situation where the contents of the aeration tank are at a uniform con.
centration. In other words, everything in the tank is dispersed by a
back mixing actlon.

PLUG FLOW ACTIVATED SLUDGE describes an Idaal sttuation
where the contents of the aeration tank fiows along ihe length of the
tank.

BACK MIXING refers to mixing the contents of a tank in the longi-
tudinal or flow orlénted directlon.

TRANSVERSE MIXING, also known as cross roll, refers to mixing in a
direction across the direction of flow.

SLUDGE REAERATION refers to the practlce of aeratipg the RAS
befbre it is added to the mixed liquor.

PROCESS LOADING refers to the organic loading range as measured
bythe F/M.

CONVENTIONAL LOAPING refers to a procass loadinr of 0.2 to 0.5
Ibs BOD applied/lb MLVSSiday.

HIGH RATE LOADING refers to a process loading of two to three
times the conventionat loading rate.

//- n-2 1 81
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i

EXTENDED AERATION LOADING refers to low. rate icading that is
ong half to one tenth of the conventional loading rd\e.

* SETTLEABILITY is the measure of the volume occuptkby the mixed
Jiquor after settling in a graduated cylinder for 30 min

) is generally expressed as a percentage hased on the rat

volume tothesupernatant volums.

+ SOLIDS INVENTORY is the amount of volatjle suspended solids in the

. treatment system. The Solids Inventory is also known as the Volatile

Solids Inventory.

PROCESS DESCRIPTION

The activated sludge 'process Involves growing microorganisms on the
organic material in wastewaters. Return Activated Sludge (RAS) from the
clarifier underfiow Is combined with the influent wastewater in the aeration
tank to form the mixed liquor. The mixed liquor is usually aerated for a period
of several hours in the aeration tank. During thls time soms of the organic -
material in the wastewater is converted into new microorganisms and some
in converted {oxidized) to various other products including carbon dioxide.
The mixed liquor flows through the aeration tank and into the clarifler where it
gettles to form the RAS. The clear liquid remaining above the settled mixed
liquor is called the secondary effluent which is discharged from the process.

A portion of the activated sludge is purposely removed by wasting it from the
process. The wasting of sludge Is necessary to maintain the desired yuantity
of microorganisms in the process. Wasting is necessary because the micro-
organisms grow and multiply as they eat the food supply in the wastewater.
The basic idea behind successful operation of an activated sludge system is
to keep a balance of microorganisms to the amount of food in the wastewater,
Proper operation will provide the microorganisms with a balanced dist of
food. nutrisnts. and oxygen. If nutrisnts or oxygen limit the growth of the
microorganisms, they will not settle satisfactorily in the claritier. Proper
operation makes food the only part of microorganisms diet that limits their
growth. As long az ood is the only 1imit to thelr growth,the process can be
controlled and maintained so that they settle-well in the clarifiet.

If the organic material conversion pro~ess is limited by oxygen or nutrients,
the microorganisms in Ihe mixed ligu~, will not settie well In the sacondary
clarifier. The actlvated sludge process depends on settling the mixed liquor
so that it can be returned to the aeration tank to keep in batance with the
organic material in the Incoming wastewater. This halance is generaily related
to process loading as gxpressed by the FIM ratio. Inabllity to settle the
mixed lquor can result in a high concentration of suspended solids In the
clarlfier effluent. Propsr control of the activated sludge process will produce
a mi. 1d liguor with good settleabillty. If the conditions In the agralion system
deteriorate, {he formation of undesirabis midroorganisms can result. Typical
undesirable microorganisms Include the filamentous organisms. Fllamentous
microorganisms grow as long, thread-like crganlsms having an Increased
surface area. This Increased surface area makss it possible for the fllamentous
organisms to grow in conditions of low dissolved oxygen or low nutsient
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concentrations. Unfortunately, filamentous organisms hinder settling by
causing excessive bridging and matting of the flocs, resulting In a mixed
liquor which does not settle wall. Poor settleability assoclated with the pre-
sence of too many filamentous organisms is known as bulking sludge.

The consequences of bulking slidgs are that poordy settling mixed liquor
cannot be returned to the aeration tank and that the clarifier effluent sus-
pended solids will be high. Operation in a bulking sludge congition will
eventually result In the loss of the mixed liquor over the weirs Into the effluent.
Typical approaches to curing bulking include treating the return activated
sludge with oxidizing agents, such as chlorine or hydrogen perloxide, and
improving treatment conditions so that the environment is {gss favorable to
the growth of fitamentous organisms.

Aeratlon System

" Aeration serves the dual purpose of providing dissolved oxygen and mixing

of the mixed liquor and wastewater in the aeration tank. Aeration is usually
provided by either diffused air or me@an!eal aoration systems. Diffused air
systems consists of a blower and g pipe distributlon system that is used to
bubble air into the mixed liquor. Mechanical aeration systems consist of a
pumping mechanism that disperses water droplets through the atmosphere.

-

Diffused Alr System

Ditfused air systems are the most common types of aeration systems
used in activated sfudge plants. The distribution system consists of
numerous diffusers generally located near the bottom of the aeration
tank. The diffusers are located in this position 10 maximize the contact
time of the air bubbles with the mixed liquor.

Diffusers are designed to either produce fine or coarse bubbles. Fing
bubble diffusers were used frequently in the treatment plants designed in
the period from 1950 to 1970, because it was felt that the increased oxygen
transfer etficiency* of the fine bubble dlffusers was important. Unfortu-
nately, the fine bubble diffusers are easily clogged by blologlcal growths
and by dirty air, resulting in high maintenance costs.

Fine Bubble Diffusers

The most common type of fine bubble diffusers are nylon or dacron
socks and saran wrapped tubes. These diffusers have oxygen transter
efficiencies &f around elght percent. Sketches of these types of fine
bubble diffusers are shown below in Figurelll-2,

The major limitation of fine bubble diffusers Is that they are easlly
clogged. Diffusers are self-sealing if dirty air Is pumped Into them.
The diffusers are also subject to clogglng bécause of blological
growths. The air supply for all fine bubble diffusers should be flitered,
Refer to Saction |, "TROUBLESHOOTING”, for observations-which
indicale diffuser clogging. .

-4
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SKETCHES OF A NYLON SOCK.
AND A SARAN WRAPPED TUBE

FIGURE 1II-2

‘Oxyaqen transier efhiciency 15 dof ned as the amount of cxygen transferred to
the water divided by the amount of oxygen supplied.

Coarse Bubble Dillusers

Lower oxygen Coarse bubblit dhiiusers are usually meJe by drilling holes in pipes or
ranater by loosely attaching piates or discs to a supporting piece of pipe.
thilclencles, Coarse bubbie dillusers have lower oxygen transfer efficiencies than
lowiat codts and the hine buible diffusers. A 1ypical Oxygen transfer efficlensy would
a‘:l‘;‘:‘:::; be aboul % percent, Coarse bubbie diffusers are becoming Increasingly

popuiar because of thewr lower €0sts and maintenance requirements.

Sutislantiali; Many of the {reatment pinntis surveys d during the on-slte visits had

foea changed ovar to the coarse buoble diffuserr, and the se plants reported

msintanance that the coarse bubble diffusers were working quite well. The mam-

need: tenan 7 needs were reported to be sitbstantlally less than those of
the fm. v Oble giifusers Figure 13-3 piesents sketches of two types
ot Coacse dabbie diffusers

g 4

SKETCHES OF A SPARGER AND
01SC TYPE COARSE BUBBLE DIFFUSER

FIGURE T11~2

Hi-5
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Mechanlcal Aeratlon Systems

There are two types of aerators in common uge today. These Iaciude the

.?::;'I::'"" surface and turbine aerators. Surface aerators use a rotating propeller
' that pumpsg the mixed liquor through the atmosphere above the aeratlon
tank. Oxygen transfer is achleved by the aerator propeller spraying the
mixed ilquor through the atmosphere. Turblne aerators increase oxygen
transfer efficlency by creating turbulence In the area of the fIsipg bubbles.
Surface Aarstors
Floating or Surface aerators elther ficat or are mounted On Supports In the aeration
plattorm tank. Matariais, such a8 epoxy coated steet are used in the construe-
meunted. tion of surface aerators to reduce comrosion.
The oxygen transfer efficiency of a surface aerator increases as the
submergence of the propeller Is increased. However, power costs also
increase because more water is sprayed.
Oxygen transfer efficiencies for surface aerators are stated in terms
Orygen transier of pounds of oxygen transferred per horsepower psr hour {ib O2Mhpihr).
2 Typical oxygen lransfer efficient es are about 2 Ib O2/hp-hr. Surface
Cafhpihe. aerators are sometimes equippad with drafl tubes to improve their

mixing ¢characterlstics.
Another type of surface aerator used In oxldatlon ditches Is the brush
aerator, which Is a horizon.ally mounted brush located jus! selew the

water surface. The brush i8 rotated rapidiy in the wata. to supply wmix-
ing and aeration.

Figureiii-4 shows a ficating and a platform surface . _Tator.

WATER SURFACE

s L '. : 3
i
n‘_'--"{ -"..‘," e
ww-"r—z-,‘-,’--‘-”: ; : : L. sttt
mw w-ﬁm
T e
LK . }

TYPICAL FLOATING AND PLATFORM SURFACE ACRATORS

FIGURE 111-4 \
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Turpine Aerators

Turbine aerators are used because of improved oxygen transfer effici-
ancy and |ower horsepower raquirements. Turbine aerators are most
frequently used in complete mix activated sludge processes. Figure
lIt-5 shows a typisai turbine aerator without the draft tube.

DIFFUSER

AIR OR O,
wa;

TYPICAL TURBINE AERATOR
" FIGURE I1I-5

Sedimentation System |

As the mixed liquor flows out of the aeration tank, it is transferred to a sedi-
mentation unit which is commoniy calied & secondary ciarifier. The secondary
clarifier provides a reduction in flow velocity needed *o allow the mixed
fiquor t& separate from th2 treated wastewater and settle by gravity to the
bottom. Effective seitling depends on maintaining the best balance between
the microorganisms in the mixed liquor and the drganic material contained in
the wastewater to be treated. A good quality «ctivated sludge is essentlal 1o
achieve good settiing characteristics. A process control parameter which
relates to this balance is called the FiM ratio.

The design and constructior of secondary clarifiers for activated studge

treatment incorporates saeveral methods for the removal of settled siudge.

These generally include thel conventional siudge collection equipment found
r

in rectanguiar and circuiaripnimary sedimentation units which coliects to a
central hopper and, in recent years, suction-type collectors as shown in Figure
-6  atermination and review of clarifier operational parameters are dis’
cussedin Section 2.03.° PEHFOHMANC&E}\{ALUATIW "
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Flgure k6
Sludtge Collectar with Suction Draw Tubes

. ACTIVATZD SLUDGE PROCESS VARIATIONS

In the past many technical articles have been written, describing a number of
different variat.ons of the activated sludge process. Generally the processes
included are conventional, tapered aeration, complete mix, extended aeration,
ctep aeration, contact stabiiization, and the Kraus process. Unfortunately,
these discussions have been rather simplified and they have not kept pace
with our 'ncreasing understanding of the principles behind ali the activated
studge processes. The articles nave been written with the design engineer
rather than the operator in mind. A related problem is the fact that most
articles discussing the appiication of process theory to operation do not de-
scribe th-- operation of these individual process variations, but, rather, describe
principles that are supposed to appiy to the process in general, or to the
complete mix of conventional precess modes. Another problem is fhat some
of tha rocess variations” are very difficult, such a5 the conventional and
contuct stabilization processes. and cibers are very rrlnor variations or more
basiz processes, such a3 tapered aerafion.

If ore studies the oroblem. it becomes obwvious that there are only two basic
ways of looking at . 1estion of activated sludge process variations: from
the standpoint of the various ranges of process Ivading, and from the stand-
paint of the vanous physical arrangements of the process. The various levels
o process ioading are described by the F/M ratic and MCRT. The term, "'physical
arrangements” is used to refer to the structural arrangemant of the aeration
tank as well as the variou$ arrangernents of the pracess streams that are used
to provide flexibility. .

n-g
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Process Loading Ranges

Over the years a number of studies have besn conducted describing the In-
fluence of process loading on the behavior of the activaterd sludge process,
and most of these have identified three basic ranges of process loading where
the aeratior solids can be successfully settled making process operation
feasible. The three baslc ranges of process loaging are shown in Figure 1117 for
a plant operating on a typlcal domestlc wastewater at a temperature of abbut 20
degrees centigrade. For the purpose of this discussion, these loading ranges
will be referred to as the high rate, coventional rate, and extended aeratlon.

Generaily the range of process loading in which a plant 1s to be operated Is
not a matter for the operator to decide. In fact operators who try to operate a
plant 10 a loading range other than that for which It was deslgned are usually
disappointed, and this practice is not recommended. Most plant of 1 mgd or
more are designed to operate in the conventlonal range, althow3h many are
designed to operate in the lower portions of that ¥ange to ensure that effective
nitrification occurs,

HighRste

The highate loading range takes advantage of the settleabllity of sludge
when the treatment system is loaded at a fairly high rate. Generally, the
level of treatment which results ijs somewh_i comparable to a typlcal
high-rate trickling filter plant. Although the process can be applisd effec-
tively in certain situations, large-scale use of this modificatlon of the
process at their 360 mgd Hyperion plant, choosing to treat only about one
better than It is at slightly lower loadings, Is apparently not good enough
and this, combined with the higher level of soluble BOD, greatly reduces
the treatment efficiency. The City of Los Angeles has abandoned this
proce:ss at their 300 mdg Hyperion plant, choosing to treat only about one
third of their flow at conventionai loading levels. Apparently the quality of
the combined effluents consisting of 100 mgd treated by conventional
activated sludge and 200 mgd treated wlth primary sedimentation only Is
as good or better than the quality when the entire flow was treated by the
high rate process.

Conventlonal Rate

For a typical domestic wastewater at about 20 degrees centigrade the con:
ventional process operates between MCRT values of 6 to 15 days and FiM
ratios of 0.2 to 0.5 |bs BOD applied/lb MLVSSiday, Most large municlpal
treatment plants operate in the conventional activated sludge 2one. Plants
cperating m the imiddle of this range produce an excellent effivent quality
and do not nitnfy. At the lower end of this loading range, an even better
effluent i3 sometimes produced although probiems sometimes occur
when the plant slips slightly or gées completely [nto nitrification, which
often resuits in operational problems such as rising sludge in the clarifiers,
the appearance of filaments in the sludge, and tha formation of a brawn,
greasy-appearing foam. :
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Filamenteous growths and poor sludge settleabllity have baen associated
with the conventional progess at the upper end of,this loading range. Dis-
persed growth and a cloudy sffluent are also quite common. Usually the
operator can see this sort of condltion coming by plotting & trend of the
organic loading In his treatment process {either the F/M rati¢ or the actual
MCRT). Other slgns of a more physical nature may also be ysed by the
operator to evaluate an ':pverloaded“ condition, For example, once high
loading levels are reached, a stiff, white detergent-type foam ls, often
observed on the asratlon tanks.

Extentied Aoration Rate

The lowest range of process loading where successful operation may be
accomplished is the extended aeration range. Genseraily plants opsrating .
in this range are small in size and do not receive 24 hour supervision. Such |
plants are very conservative in design and genserally ops with an
MCRT of 20-40 days and F/M ratio of 0.05 to 0.15 Ibs BOD applledilb
MLVSS/day;\iased on typical domestic wastewater at a temperature of 20° C.
The extended aeration process is somstimes referred to as the “total
oxldation process'’. This name is derived from the fa:t that these plants
are deslgned with sych low ioadings that the simple kinetics theory rised
to describe processes of higher loading would predict that all of the in-
tiuent BOD will be converted to CC2. This Is why some manufacturers
claim that no wasting Is necessary for their extended aseratlon designs. In
actual fact, there is no such thing as the “Total Oxidation Process” and
even after extremely long periods of aevation, suspenddd matter remaln In
the sffluent. Although sludge wasting negd not be conducted on a dally
basis in plants operating in the extended aeratlon range, occaslonal Wwasty
ing is an absolute necessity.

Often the sifiuent of the extended aeration processes contalns small pin:
point floc which may be observed pagsing over the weirs of the secondary
clarlfier. When the loading In an extended asration plant Is In the higher
portion of the IBading rangs, a number of operating problems may occur.
Because the entire extended aeration range 18 In the nitrification. zone,
denltrification and rising sludge problems may result. Also the same
brown, greasy foar. fllaments, and poor settleability mentioned In dis:
cussion of the conventional process at low loading may occur under these
clrcumstances, If possibie, these problems may bs improved by using
addltional aeration capacity or decreaging the level of MLSS,

Other probiems associated with the extended asratlon process have todo
with the fact that some sludge must be wasted and that many operatars
have besen told that wasting 18 not necessary, indesd, many small extended
aeration plants have no faciiities installed to make wasting possible.
Under these circumstances. 1t is not uncommeon for sludge to creep over
the clarifier weirs whenever fluctyations in flow occur. Unfortunately, this
results in a significant reduction In removal efflclency.
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If the operator of an extended azrtion piant frequently experiences losses
of solids over the effluent weirs, there are two remedies which ¢an be
usad, regular sludge wasting, and flow equalization. Of the two, sludge
wasting is by far the most important. A conscientious operator shouid
keep track of the solids he infentionally wastes, and the solids that go
over the effiuent weirs. In this manner, the plant can be operated to achieve
aspecific value of MCRT,

If plant design provisions have not been made for sludge wasting, the
operator should aftempt to improvise some sort of temporary or perma-
nent method. Depending on the specific deslgn of the plant and the
geography and environmental conditions around it, the operator may be
able to arrange for constructing siudge beds or lagoons for wasting
facilities. The sludge from piants of this sort is generally already “aero-
bically” digested: and therefore, if it is placed directly on a sand bed for
drying, or in alagoon, it will generally not have a foul odor.

Even when regular wasting is carried out, a high degree of flow variation
in extended aeration plants witl often cause solids losses. This is probably
cue to the particular characteristics of the {loc produced in the low loading
range as well as to the flow variations themselves. In some cases, if the
aeratton tank 1s large enough, the operator can design a makeshift system
which will atiow the yse of the aeration tank as a flow equatization device.
Minor modifications of this sort will go a long way to improve suspended
solids removal in plants where losses are primarily due to hydraulic
fluctuations. 3

Physical Arrangements of the Process

As mentioned previously, the term "'physical arrangements™ is used in this
discussion to describe the structural arrangement of the aeration tank as well
as to the various arrangeaments of process streams that are used |o provide
process flexibitity. Using this sort of description there are only three physical
arrangements which are presently us€d to any great degree in modern acfi-
vated sludge plants in the United States. These are complete-mix activated
sludge, plug-flow activated sludge. and activated sludge with reaeration.

Complete Mix Acfivated Sludge

In an 1deal complete-mix Activated sludge piant, the contents of the tank
are comptetely homogeneous. In order to ensure that this is achieved.
special arrangements are often-employed to yniformly distribute the
inliuent and withdraw the effluent from the aeration tank. Aftention to the
tank shape and to intensive mixing is important. There are a number of
means which the operator may use to evaluate the degree to which his
particular process operates in the complete mix mode. First and toremost
the entire contents of the tank should be completely uniform. This can
be confirmed by measurements of dissolved oXygen and suspended solids.
If the tank 1s thoroughly mixed, these measurements should be nearly
uniform. Dye studies may also be used and will provide even more accurate
information; however, conducting these studies is usually beyond the
capability ol a typical treatment plant.
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The complete mix process is important because it operates well, but also

,because most laboratory and pilot scale\st udies use this procehg. arrange-

ment. N
For this reason, the complete-mix process is probably the best understood
of the three basi¢ process arrangements that will be discussed here. In
fact most of the information developed by the research commtinity can
be applied to the complete-mix process with much less reservation than
it can toother processes. .

H

As a general rule, the complete-mix process is a very stabie process
which is resistant to upsets from shock loads of all kinds. This is a direct
result of the fact the shock is almost unitormly spread throughout the
entire aeration chamber. Some of the stability of this process may 2150 be
due to the fact that the same environment prevails throvghout the entire
tank. As a result, a relatively uniform population of microorganisms are
developed in an environment which is nearly the same throughout.

Evidence t0 date does not show any special gperating problems which
are cnique to the complete-mix process, however, there are a few
comments that can be made about the process in general. Some people
express concern about the fact that some of the wastewater may be
immediately transported from the influent to the effluent end of the
aeration tank without receiving much treatment. A strict application of
the principles of chemical engineering to such a physical arrangement
would indeed suggest that it may be less etficient than others. However,
the data available at present on the relative performance of the complete-
mix process show that it is just as efficient as other process arrange-
ments. It would appear that the application of a rather simplifled chemicai
engineering view of the complete-mix theory overlooks other facts which
are of overriding importance. \

The other major area of comment with régard to the complete-mix process
has to do with sludge settleability. There is considerable evidence Accum-
ulating to the effect that the complete-mix process may operate with a
higher typical level of SVI or lower settleability t?an do competitive
process arrangements. Insufficient evidence is avatlable at the present
time to prove or discount this contention, however, it shouid be recognized
that the settleability of complete-mix sludges is generally well within the
range of normal Operation and the competitive process arrangements
which develop floc having iower 8VI's during operating conditions also
have more inconsistent operation. *
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A schematic of a typical complete-mix activated sludge process is pre-
sented on Figure I1(-8, )
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FIGURE 111-8

Plug-Flow Activated Sludge

[
Ll

In an ideal plug-flow plant, both the untreated wastewater and iheﬁrn
sludge are introduced at the head end of the aeration tank and thé mixed
liquor is withdrawn at the opposite end. A pulse of dye added at one end
the tank would emerge at the other end exactly as it had entered after a
delay equal to the hydraulic detention time. Ideally the flow passes through
theaeration tank as a2 plug’” without much longitudinal mixing {mixing In
the direction of flow). Because the tank must be aerated, however, longi-
tudinal mixing cannot be avoided. Generally, long serpentine patterns of
flow and aeration in a Spiral patiern are used t0 encourage plug-flow char-
acteristics. The best means for approaching plug-flow characteristles in
an aeration tank, however, is to compartmentalize the <chamber into a
serfies of complately mixed reactors, A series of 3 or more compartments
will do as good a iob as some of the best “plug-flow” designs of the
traditional sort, and a greater degree of compartmentalization will provide
flow characteristics even closer yet to the plug fiow ideal. Many plants of
conventional design can e modified to improve their plug-flow character
1stics by the use of hgnw&.'ght partitions to compartmentalize the aeration
tanks.

The plug flow process is more susceptibie to adverse effects from shock
loads than the other processes. This is because the shocks are applied 10
the microorganisms at the head end of the tank at maximum conceniration.
Adequate dissoived oxygen levely are difficult to maintaln at the head end
of the process because Such a arge oxygen demand is exertéd in one
location. The fapered aeration process is an effort 10 deal with this Probiem.
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Tapered aeration is designed to solve this problem by adding greater
amounts of air at the head end of the tank where hpst of the demand is ex-
erted. In one form or another, tapered aeration is used in most modern plug-
flow activated sludge plants and it should not be considered as a completely
independent process opticn.

- - . T,

Despite the shortcomings resulting from shock Io?:lds and difficulties
encountered in maintaining adequate™dissolved oxygen, the plug-flow
process remains very popular and some of these plants are consistently
producing some of the best effluent. Studies have shown that the varied
conditions which the sludge is exposed to as it passes through the
aeration tank produces a healthy and good settling sludge. Plug-flow
activated sludge plants are very effective where the wastewater is mostly
domestic and good industrial waste control is practiced.

A schematic of a typical plug flow &tivated sludge process is presented
on Flgure 1119, '
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*FIGURE III-9

Activated Sludge with Sludge Reasaration .

Whereas plug-flow and complete-mix are essentially variations in aeration
tank design and mixing. the sludge reaeration processes are varlations in
the arrangement of the process streams. All sludge reaeralion processes
involve stabilization by aeralion of the return sludge priorto its contact
with the untreated wastewater. Most examples require different ratios be-
tween the amount of return sludge under agration and/the amount of
sludge in the contact section of the process. Contact stabilization (Figure
lI-10) and step aeration {step feed} {Figure Hi-11) are two of the most
popuiar variations of sjudge reaertion. In their typical arrangement, these
two processes represent the extremes of the contactistabiiization ratio,
however. both of them have established a successful record of perform-
ance. In fact. successful process ingtallations with contact/stabilization
ratid's over the whole range betweelt contact stabilization and step feed
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cap be found in great numbers. Most of these processes have definitely -
been shown to greatly increase the capacity of the activated siudge
process to handle high organic loadings in smaller aeration tank volumes
and some have argued thaf they are also more resistant to shock loading.
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The various arrangements of sludge reaeration have been studied much
iess on a laboratory and pilot scale basis than have the other basic process
arrangemenis, complete-mix and plug-flow. Of the three basic process
arrangements discussed here, the sludge reaeration processes are the
least well understood. On the other hand, they are processe$ which have
demonstrated-great potential.

However. a certain amount of information is available on the behavior of
the sludge reaeration processes based on field and pilot scale data. This
data will be used to describe the processes and their behavior to the
extent possible. ’ .

First of all, although volumetric loadings for the sludge reaeration pro-
cesses may be considerably higher than for the two processes described
previously, the overall FIM ratios or YWCAT values which may be used for
operation are in about the same range, i.e., in the range which has been
described as conventional activated sludgs (F/M values of 0.2 to 0.5 and
MCRT values of 5 to 15 days). In doing these calculations all the solids in
the process should be ingjuded in the solids inventory and F/M calcutations.

Aithough it has been adequately demonstraied that the ratio of solids in
the contact section and 1n the reaeration section has a significant impact
on the degree of removal of certain compounds such.as ammonia, the
removal of organic material (COD or BOD) from domestic effluents does
not seem to be significantly affeoted over a very broad range of contact/
stabilization ratios. For this reason, the effluent quality seems to be about
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the same in proceéses ranging from step aeration, where the reaeration
section is usually quite small to the contact section. All organic wastes
are not of exacjly the same nature. If removals of organic materials are
not ag high as €xpected; the oparator should consider taking measures to
incranﬁ the ifaction of the sludge inventory which resides In the contact
section.'The most simple means of accomplishing this is t0 increase the
recycle ratio. If this measuré has been used to the limit of its value, other
optlons age frequentty available. Among the most important of these are
the distribution of raw wastewater teed in a step aeration design and the
addition <t another tank to the contacl section in others.

Most of the beneiits of sludge reaeration are achieved if the organic load
present js mainly in the colloidal state. Generally, the greater the fraction
of soluble BOD, the greater the required contact time. As a result, the
required total aeration volume of this process approaches that of the
conventloanl process as the relative amount of soluble BOD in the waste-
water increases.

The control of sludge return assumes much greater importance in the
sludge reaeration processes than it does in the other activated sludge
variations. For example, the rate of retuin (or the recycle ratio) affects not
only the solids balance between t"e contact and stabilization sections,
but it is also very imporiant for controlling the overall solids inventory
and the concentration of solids in the contact section,

If the rate of return is controlled in reaeration processes in the same
manner as was suggested forcomplete-mix and plug-flow some problems
would result. For example, if the return were operated according to the
level of the sludge blanket in the secendary clanifier, the reaeration bays .
would always be full of studge which would be at the maximum concen-
tration that could be achieved in the clarifier. Chances are this concen-
tration does not comrespond to the proper Fil ratio for operation. |' the
recycle ratio is increased beyond this level, some water wifl be mixeu n

17 1 ?8
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with the solids and the concentration In the reaeratlon bays would be
reduced. Thus, it Is possible to adiust the ratio of the solids In the contact
and reaeration bays through the use of the rate.of-raturn.

This same phenomenon is also imporiant in controlling solids wasting {n
a sludge reaeration plant. For example, if the return rate I8 set up So that
the r..aximum concentration of return is always provided when wasting lg
attempted, the rasult wlll always be to reduce the concentratlon of sludge
in the contact section without substantially Influencing the concentration
In the reaeration section. <

In general, the sludge reaeration processes are a very good means of im-
proving the capacity of a given sat of aeration tanks to hand!a a higher
BOD load. Operators having overloaded plug-flow or complete-mix plants,
should consider alterations to accommodate some Sludge reaeration If
possible. Many times this conve;sion can be accomplished with only a
small investment in additional piping. One of the big\advahtages of the

reaeration processes is they reduce the SOHW{M ﬁnal clarifiers.
1
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INTRODUCTION

An essential irol tor proper process cortrol 15 frequent and accurate sampling
an laboratofy control tests, By relating the lab test resuits to operation, the
operator can seisct the most elfective operational parameters, determine the
ethciency ot his treatment processes, and identily developing problems
beiore they senousiy affect effluent quality. Therefore, laboratory facllities
play an imporiant s1£ in the control of ar agrobic biological treatment facilit .

LABORATORY SAMPLING AND TESTING PROGRAM

Good sampling procedures are the key to meaningful laboratory analyses.
A typical sample represents only a smalil fraction of the total flow, and great
care must bz exc.ci1sed 1o ensure that the sample is representative. If this is
not a.compiished. the subsequent anaiytical data is worthless for process
~ontrol. Therefore, the importance of good and accurate sampling techniques
cannot be oversiressed

The exact Jocation o1 sampiing points within a given treatment plant cannot .
be specihied because of the varying conditions and the plant design. How-
ever, it s possible to present certain general guidelines which are presented
on Figure vV 1

Two types of samples may be coilected, detending upon the purpose of
sa.nphng. The first 15 a dip or 'grab” surapling which consists of a single
portion coliected at a given time. The second type of sample is a‘conposite”
sarr pie that consists of portions taken at known times and then comblned
in volumes that are proportional to the llov at the time of sampling. These
combined portions produce a sample which 1S representative of the waste-
water char~>fens.  over the entire sampling period.

The preferred sampling procedure, except - c&itain lab @sts which must be
run immediately (D sso, ed Oxygen., Temperature. pHy is to collect hourly
sampies lor 24 hours with the vo.Jame of sample in progortion "o the waste-
vater flow rate. When available and where possible. automatic sampling
devices should be employed. The sample contai™ ™ and sample lines should
ve frequenily cleaned to fmuvent sample cor amination. The hourly giah
sampies should be composited into a labeled plastic gallon bottle and kept
refrig..rated at 3 or 4° C. to preven’ bacterial decomposition. For some tests
\such as the nitrogen tests), other methods of preserration may be nseded,
refer to Standard Methoos for recommended préservation procedures. A final
composited sample volume of 2 to 3 liters is usually suffici¢ ut for COnducting
r~uiina tests, Where collection of an houriy sample is not feasible, a - or 3
hourly sampling procedure is the next best alteigative, The sampling method
and time of sampling should be noted upor: the lab record (log) shest as
reference for later data review and Interpretation.

tirab Samples

Grab: sampies are representative of . . instantaneots characteristics of the
wastewater. Il it 1s only possibie to collect (rab samples, they should be
collected whsa the treatment plant js operating »t peaak flow conditions,

V-1
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’(SAFETY>
Sampling poirt should be readily
accessible and adequate safety
precautions should, be observed.

MLSS samples should be coliected - | _,!ﬂ
at a convenient distance from the 1

. . . EER R
<ides of the asration basin. “iﬁ&;ﬁl__
ASIN

No Jeposits or materials should be
cotiecced from the side walls or
the water surface.

MIXED

Sample must be taken where the ‘u

wastewater is m'ied and of
uniform composition.

Large or unusual particles should
not be c¢uilected with routine
samples.

Sampie should be detivered and
analyzed as soon as passible.
Stored sampies must be
refrigerated at 3 to 4° C.

WASTEWATER SAMPLING CUIDELINES
FIGURE Iv-1
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Sample collection should be conductad systematically at various sampling
locations during the flow sequence through the plant. Grab sampting times
may be systematically staggered to account for the respactive hydraulic
detention tune of each unit process. In this manner, a slug of water may be
thaaretically followed through the treatment plant. For example, if the hy-
draulic detention period through a particular unit process unlt Is two hours,
then the grab sample of the effluent from this unit shyuld be collecteu two
hours aftet the influent sample. In this manner, the sanxgas can be assumed
to be representa..ve of the wastewater befcie and after treatment.

Composlie Samples

Composite samples generaliy rapresent the wastewater characteristics over
a speciiied period of ime. The ideal procedure :ncorporates the use of 24-
hou comgosite samples consisting of hourly grab samples proportioned to
the flow at the tirne of sampling. This procedure is only feasible In treatment
facihties with 24-hour attendance or where automatic samples are warranted.
Adequate results, however, can generally be obtained from analysis of com-
pos‘'te samples coilected over a shorter period. In those racilities where
automatic samplers are not available. collaction of composite samples during
the number of shifts worked would be sufficient as long as peak flow periods
are inctuded. A total composited sample volume of approximately three liters
is genéraily suificien: 1O perform the routing process control {esis

MLSS Sampling

MLSS samples taken to develop an estimate of the amount of solids in
the aeratian tank should always be taken at the same time of the day
and should always be taken from several ptaces along the tank section.
Jrdinanly only one solids analysis need be conducted on a composite
made up of sampies taken from every quagrant of every tank. Analysis of
individual sampies should aiso be conducted occasionaliy to develop addi-
tional information about the condition of the process. Composites fi>m
aeration tanks of diffefent size can be prepared by first combining gqual
volume samples from each tank quadrant, and then combimng the tank
composites.

When samples of the mixed liguor are taker, a compusite should be
prepared from samples withdrawn irom all the tanks under aerztion. If any
of the aeration tanks ire of different size, the sample should be taken in
proportion to tank size. Occasionally, the MLSS concentration in each
tank shouid be measured. For example, suppose an operator is o collect
a MLSS sample which 1s to be representative of a complate mix plant
having 3 aeration tanks with a volume of 0.4 mil. gal. and 3 new aeration
tanks having a volume of 0.6 mil. gal. One liter of MLSS has already been
collected from 2ach tank How much should be taken from each of the six
one Ier samples to prepare a 1 liter composite that is reprosentative of
all the aeration tanks?
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Sample volume per = (Tank Vol , mg) (Composite VOL.. liters)
tank, liters Total Vot. ol ali tanks, nig

0.4) {1.0 liter)

= 213 iter (130 mb)
3 x0.4) + (3 x 06)

Ferthe 0.4 it ga, tanks, voli.me =

For the 0.6 mil gat tanks, volume = — 08 (LOIED g5 4005 (200 i)
(3 x 0.4) + {3 x 0B)

Total Volume = (3 x 0.13} + {3 x 0.2) = 0.99 liters 1980 mi}

Composita samphing for processes operating in the step feed and sludge
reagration modes should be conducted in the same manner described
above and shown in Figure IV-2.

Once Ihe ¢ omposite sample 1s made to represent all of the tanks it shoutd
How i be proportioned to the aerati n influent flow rate {either raw wasiewater
composits or primary eflluent flow rate). As stated above, composite samples repre-
MLSS ssmples sent wastewater charactenstics over a specified period of time, Generally
";:‘rotlml a fotal composited sample of 3 liters is adejuaie 16 perform routine
D tow, process control tests. Therefore, the total amount of sample require, ifie
number of samples required, the rata of flow at the time of sampling, and
the estimated average Jaily flow rate. ¢can be used to calcul. ie the amount
of representative aeration tank sample t0 be composited during each
samphng period to represent the daily flow. This me y be caiculated using
the following equation.

Amount of sample tocollect,ml =

. . {rate o1 llow, mgd & time of sampling) (Total sample required m))

{Number of sam@les collected) (Average daily flow, mgd)

Examygle Calculation

A DataRequied
1. Rate ol fiow at tome of sample ¢ollv hion = 15 mgd

2. Total sample volume required, Note mil = (liters) (1000) = 3
hters or 3000 mi

3. Number of samples to be collecied = 8
4. Average daly llow = 0.91n0d
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i

Datermine ‘he amount of sample to be collected for the present
{low rat2 0 mulliliters,

AN h \
Amount or sample / w
{Rate of flow, mgd) {Total sample required, m!)
{(Number of samplzas) (Ave. dalty flow, mgd}

to collect, ml =

- (1.5 mgd) (3000 mI)
(8) (0.9 mgd)

= 625 mi

This equation may.also be used to compasite other samples taken
from the plant.

Laboratory Conlrol Program

The specific laboratory tests and frequency which they are performed for
process control and performance evaluation wiil vary from plant to plant de-
pending on the variation of the activated sludge process, Its size, lahoratory
factlitios provided. process control method used, available manpowar. and
technicai skiits. A typical sampling and testing program for an activated
sludge process is presented on Figure IV-2.

LABORATORY CONTROL TESTS

This section of the manual is provided to increase understanding and to
develop an apprecration of laboratory control tests.

The tosts discussed are those necessary for routine process control whan the
biological system is operating properly. Additional analyses and increased
frequency of analysis for the routine analysis may be required for abnormal
conditions. Specific suggestions are made for abnormal operation in Section
I. "TAQUBLESHOOQTING. However, the opsrator must rely upon hlg own
Judgement to determine which analyses he needs to condiict to supply the
information that he desiras.

Typical worksheets have been provided in Appendix A to assist the oparator
in developing systematic data coilection, calculation, and recording. Pre-
cautionary procedures are presanted for each of the tests presented in this
saction to make the operator awa. 2 of the commaon pitfails. E<cept where a
specthic note i made, all analyses are referenced to the fourteenth edition of
“Standard Methods for the Examination of V 'ater and Wastewater”.

vs o0
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Biochemical Oxygen Demand (BOD)

The biochemical oxygen demand is determined by incubating a sample of
known volume In the presence of microorganisms, excess nutrients, and
dissolved oxygen. A properly conducted BOD anaiysis will have ¢rganic
matter as {the growth iimiting substance. If oxygen is miting, the analysis is

not meaningful. ‘

The BOD is an index of the amount of oxygen that will be consumed by the
decomposition of |he organic matter in a wastewater. The analysis consists
of measuring the initial dissolved oxygen concentration, Incubatlon for five
days at 20° C, and measuring the final dissolved oxygen. The difference in dis-
solved oxygen concentration corrected for the initial dilution and sample volume
is called the BOD. The BOD test iz related tO both the organic loading upon the
biological process as well as the removal efficiency of the process. The
difference between the BOD applied and the BOD leaving the process is equal
to the BOD removed by the process. This difference is part of the data required
to determine the loading upon the process. For example, the organic foading
upon the activated sludge process is expressed as the pounds BOD applied
per day pound of mixed hquor volatile suspended solids (ibs BODidayilb
MLVSS). The efficiency of the process is determined by the following formula;

N
BOD applied. Ibiday - BOD leaving, Ib/day x 100
ROD appilied, Ibiday

= the remgval efficiency. %

in thts deterrmination. the aeration tank and clarifier are considered, as one
system.

Precautionary Procedures

When performing BOD analyses the following procedures should be
followad 1n conjunction with the procedures outlined in Standard Methods.
13 A minimum of two dilutions per sample shouid be used. Only
analyses wilh oxygen depeltions of greater than 2 mg!/l but with
no less than a residual of 2.0 m.g/f after five days of incubation at
20 C should be used to calculate the BOD. Generally, the highest
value calculated should be usea torepresent the BOD.
Samples should be weli mined before the dilutions are made. A
wide tp pipette shouid be used for making the dilutions. The wide
tip does not clog with suspended solids.

.Samples and the dilution #ater must be carefully added to the
BOD bottie to avoid aeration and the possibiity of eniraining
bubblas th the solutien.

The BOD ir-cubator must be malintained at 20° + 1° C for the
entire 5 day {Note: 120 hours) period. Record the temperature of
the incubator from a NBS certified thermometer placed in a beaker
of water in the incubator.

vz ] 5.4
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5) If the BOD value of the more dilute sample is always greater, this
may indicate that there is some toxic material in the wastewater,
which is inhibiting the bacteria. A series of dilutions should be set
up and run. If the BOD is increasing with higher dilution, this may
indicate a condition known as a toxic slide. Further analyses
should be conducted to determine the nature of the toxic material,
and if it appears that the concantration of the toxicani is significant,
efforts should be initiated to identlfy the source and reduce the
concentration of the toxicant in the wastewater.

Use of a primary standard |s strongly recommended, The standard
should be made of ¢ cose—glutamic acid mixture—and it shoutd
be made up at a BOD near those levels in the treatment plant
influent. The primary standard should be made up and analyzed
weekly. Any significant variation {more than = 20%} should cause
the operator to be suspicious. Efforts should be undertaken to re-
view the laboratory procedure, and find out what is causing the
problem. Each operator should analyze the standard and the results
should be within = 10%. Operators not falllng within this range
should review their laboratory techniques, and make the appropriate
adiustments.

Wastewaters that have been partially nitrifiad may produce high
BOD results. The increased oxygen demand rosults from the
oxidation of ammonia to nitrate. The use of allylthiourea in the
dilution water ill inhibit the nitrifiers and alieviate this pfoblem.

Chemical Oxygen Demand (COD)

The COD 1s an estimate of the total oxygen demand that resuits from the de-
gradable organic matter. The analysis consists of oxidizing the organic
matter with potassium dichromate in a heated strongly acidic solution.

White the BOD analysis 1s an index of the L ~degradabie orgsnic matter, itis
not very useful for process con*rol because ot che five day lag in time. The COD
testis rapid {3-4 hours), it 1s not subject to interferences from toxic matenats.
and it is not affected by ammonia oxidation.

The COD removal of a biological process 1s directly refatable to the amount of
biological growth that can result from this removai. The COD analysis suffers
from the disadvantage that it does not measure the rate of or biodegrability
of matter removal, and therefore it is difficult to predict the effects of effiuents
on the oxygen resources of receiving waters and the treatability of a particular
wastevater. . d

Precautionary Procedures

When performing the COD test, the following procedures should be
rollowed 1n conjunction with those cutlined in Standard Methods.
1 Initially, the anaiyst should run triplicate samples to establish the

variabiity of his analyses. Once thls variabifity is established,
samples can be analyzed without replication.

we 1G5
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ttse a wide tip pipette to ensure that a representative sample 1s
taken.

Glassware used for the COD analyses must be washed with hy:
drochloric acid, hot washed, and ninsed three times with distilled
water.

Extreme caution and safety precautions should be practiced when
handling the chemical . Yagents for the test. Goggles, a rubberized
apron and asbestos gloves are essential equipment.

If a sampie mixture turns green during or immediately following
the heating perlod, the analysis is not valid and should be re-
examined in a more dilute sample. If the problem reoccurs, then
the laboratory technique should be reevaluated and the sample
should be checked for likely interferences, such as high chloride
concentration or the presence of a strong base.

A primary standard consisting of potassium acid phtalate should
be analyzed on a weekiy basis to ensure that the analyses are cons
sistent. The COD concentration of the standard should be near
the lsvel of the COD of the wastewater. (See Standard Meti,ods.)

Soluble COD and BOD

L. )
The discussions on BOD and COD have been limited 10 the measurement of
the totat COD and BOD. The soluble BOD and CQD are more meaningful for
measy'ng performance (conversion of food to cell growth). The soluble BOD
or COD ' > determined 1n exactly the manner descnibed above, except that the
sample is fitered through a membrane filter prior to the analysis, The use of
this filtening apparatus 1s discussed under the suspended matter analysis.

Settleable Matter

The settleable matter test {(atso known as the Imhoff Cone Test} is a measure
of the volume of solid matter that setlles to the bottom of an imhoff cone in
one hour. The volume of settled sohids 1s read as milliliters per liter {mi/1)
directly iromn the “raduations at the bottom of the Imhoff cone.

This lest 1s of value in providing a quick and efficient check of a sedimentation
unit. Addi.ionally, a rough estimate of the volume of solids removed by the
sedimentation unit can be made. Only a trace of settleable solids should re-
main in the secondary effluent. Po.r settleable matter removal may indicate
the following related proble ms which may occur in sedimentation basins.

Primary and Secondary

1) Hydraulic overload. .

2) irregular tow distributions to multiple units.

3 Excessively high velocity currents.

4} Effluent weirs of uneven helght—short circuiting.
5 tmproper sampilng technique.

B) Improperraw sludge removal r-tes

wol Q¢
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Secondary only
1) Biological upset.
2) Improper RAS pumping rate

Precautivnary Procedures

hS

When performing the settleable matter test, the following procedures
should be followed in conjunction with those outhned in Standard Methods.

1) Take a sample volume greater than one liter.

2) Use grab samples for this analysis.

3} Fill the Imhoff cone exactly to the one liter mark in one rapid poiy-
Ing without stopping.

4) Arter the sample has settled for 45 minutes, either gently tap the
sides of the cone or géntly spin the cone between the palms of
your hands {0 settle those solids adhering to the sides of the cone
above the compacted settled layer at the bottom of the cone.

Read and record the volume of settled matter (mI/f) at the end of
one hour. Read the graduation at the average solids depth and not
at a peak or void area on the surface o{ the settled solids. '

Total Suspended Matter

The suspended matter test refers to the solids in suspension that can be re-
Measure of the moved by standard filtering taboratory procedures. The suspended matter is
{lltersble solids. determined by filtering a known volume of sample through a weighed glass
fiber or membrane filter disc in an appropriate filtering apparatus. The filter
with the entrapped solids is oven-dried at 103° - 105° C and then cooled in a
desiccator and subsequently weighed. The increase in filter weight represents
the suspended matter. '

The significance of the suspended matter test is generally dependent on the
type of treatment process and the location of measurement within the process
application. Results of the test have the following uses In process control.

1) Evaluating the organic strength of the wastewater.
Use of this test. 2) Evaiuating clarifier solids loading.

3t Determine the sludge recycle rate by calculation

4) Calculating clarifier solids capture.

5y Estimating the solids inventory.

Volatile Suspended Matter

A measurs of

1hs organic The volatile suspended soilds test s performed by volatilizing the non filterable

“"““;J' " residue from the total suspended solids test. This volatilization is done by

B oportionerto burning In a furnace at about 550° C. The resUlts of this test Indicate the °

microorgsnism amount of volatile and nonvoiatiie golids contained in the sample.

cencontration

in the mixed This test 1s an inclex of the quaniity of microorganisms in the activated sludge.

liquor. The test has the same significance as the total suspended matter test with
two additional apphications which are the determination of F/M ratios and the
MLSS levels to be maintained in the aeration basin of an activated sludge
plant.
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Precautionary Procedures

When performing the suspended matter test, the followlng procedures
should be followed in conjunction with the procedures outlined in Stand-
ard Methods. .
1) The sample must be thoroughly mixed priey to taking a sampls
aliguot. 3
2) Do not use a small-tipped pipette to measyfe the sample aiguot. A
wlide-tipped pipette should be utilized tc?perrnit fassage of the
larger solids and to facilitate rinsing. An alternate method of
obtaining a sample aliquot would be to pour i Inio a graduated
cylinder.
Rinse all adhering solids from graduate {or pipette) with distilled
water. Pour rinse water through the filter.
Test results that appear fau'ty or quéstionable should be dis-
regarded.
It is important to always maintain a temperature of between 103 - -
105° C in the drying oven. The temperature must be monitored
and recorded in arecord book.

Be sure that the filter is property seated in the filtration apparatus
before pouring the sample. This is asily accomplished by wetting
the filter with distilled water, then applying vacuum to the filtra-
tion apparatus.

7y Samples containing high solids levels may require more than one
hour to completely dry. This is especially true of return siudge
samples.

8) Be consistent in {he length of time the filier apparatus and paper
are allowed t¢ ool in the desslcator both before and after flitering.

9 Use Whatman GFIC filters and a millipore filter apparatus with
sintered gl3ss seat for this analysis.

Nitrite Nltrogen

1

Nitnite (NO2) 15 an irntermediate oxidation state of nitrogen between ammonia
nitrogen and nitrate nitrogen. Nitrite is transatory and readily amendable to
both bactenal oxidation to nitrale or reduction to nitrogen gas depending
vy environmental factors such as dissolved oxygen and microbial conditions.

The nitnte concentration can be used to monitor how well nitrification is
progressing in a tréatment process. High nitrite concentrations indicate incom- .
plete nitrification, and could iead to problems, such as high chlorine and
oxygen demands.

Procautlonary Procedures

When performing the nitrite nitrogen test. the following procedures should
be {ollowed in coniunction with the procedures outiined in Standard
Methods. ¥
1} Use extreme caution in handling the chemica: reagents to avojd
in;ury or damaged clothing.
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for the nitri
methods: {a) fredzing, or (b) addition of 5 mi of chioroform/l of
sample. In generalit is advisable to analyze only fresh grab samples
far nitrite. ~—~__" ,

The samples must be cool when the analysis I8 periormed or
erroneous resutts will be measured.

Deviation from standard procedure may yield erroneous resulis. Be
consistent in your laboratory technigue.

2) Duetothe '!;r:%abillty of nltrite (NO2}, the composite sampies used

T

Nitrate Nitrogen {

Nltrate Is seldom found In raw wastewater or primary effluent, because
facultative microorganisms can readily use nltrate as an oxygen source. In
the biological treatment process, the ammonia nitrogen can he mlcroblo:
iogically oxldized to nitrite and then t0 nitrate depending on the microorgansims
present and the environmental factors such as pH, temperature, and dis-
solved oxygen.

Secondary effluent may contain from 0 to 50 mg/l nitrate nitrogen.depending
on the total nitregen content in the raw waslewater and conditions of treatment.
Activated sludge systems that have a lorig MCRT (usually 10 days or more)
and adequate oxygen can also produce a nitrified effluent.

Pracautlonary Procedures

When performing the nitrate nitrogen test, thesfollowing procPdures
should be followed 1n conjunction with the procedures outlined in' Stand-
ard Methods.
1) Use the Brucine method for routine analysis.
2) Anaiyze the sampleé as soon as possible to avoid bacterial re-
duction of the nitrate.
3) Preserve samples that cannot be analyzed immedIateiy by either _
freezing or by the addition of 5 ml of chloroform/l of sample.

Total Kjeldahi Nitrogen {TKN}

This test measures the ammonia and crganic nitrogen but not the nltrite or
nitrate nitrogen. The sample ig digested wlth acid and catalysts that convert
the organic nitrogen t¢ ammonia nltrogen. The ammonia IS then distilled off
into & boric acid solution and measured by elther a coiorimetric analysls cailed
nesslerization Of by titration.

in raw wastewater, nitrogen is primarily found as organic and ammonia nltro-
gen depending on the degree of decomposition. As decomposition Increases,
the organic nitrogen is hiologicaily decomposed {(ammonifled) to ammonla
nitrogern. ‘
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The results of this test are valuable because it can be used to:
1) Evaluate the performance of a treatment process designed to nitrify.
2) Evaiuate nutrient {nitroo<n) deficiency.
3) Evaluate oxygen royulrements for activated sludge.

Precautionery Procedures

When performing the Total Kjeidahl Nitregen test, the following proced-
ures should be followed in conjunction with the provadures outlined in
Standard Methods:

-1} Use extreme cautionin handling the reagents to avoid injury.

2) Periorm the digestion step under a vontilated hood. Do not breathe
in the fumes given off:during digestion.

3) The TKN test may be performed on th# same composite samples
as for the BOD and Suspended matter tests. The sampies should
be preserved by refrigeration at 3 to 4° C for not more than 24 hours.

4} Deviation from standard procedures may yield erroneous results.
Be consistent in lab technique.

Ammpnie Nitrogen =«

This, test measures the nitrogen present in the wastewater as ammonia.
Ammonia nitrogen ia domestic wasiewater is generally between 10 and 40
mgil. Pnimary treatment may increase the ammonia nitrogen content slightly
due to decomposition of some protein compounds during treatment. In
secondary ‘reatment process, ammonia can be oxidized to nitrite then to
nitrate 1n varying degrees depending on factors, such as the residence time
of the microorganisms, wastewater temperature. and oxygen reliability.

The siomificance of this test is associated with the oxygen demand required
to oxidize ammonia in the biological treatment process or receiving stream.
Theoretically, the oxidation of one pound of ammonia nitrogen requires 4.6
pounds of oxygen. This testis also valuable in evaluating the performance of
a treatment process designed to nitrify. Other significant problems relating
ta ammomnia are high chionne demands, fish toxicity, and high oxygen demand
in receiving waters.

Precautionasy Procedures -

When pettorming the ammonia Nitrogen test, the following procedures
shoula be followed 1n conjunction with the protedures outlined in Stand-
ard iMethods. . .
1} Use extreme caution in handling the chemical reagents to avoid
mjury or damaged ciothing. .

2) Deviation from standard procedyres may yield erroneous results.
Consistency in laboratory techniques is essential.
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30-Mlnuto'SottlIng Tost

~

The 30-minute settilng test of MLSS provides an index of the activated sludge
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setting and compaction characteristics in the secondary clarlfier. The test, in
Il§eii, is simple to perform and requires only a graduated glass cyilnder and a
clock. It is performed by transterring a thoroughly mixed one-liter sample of
mixed liquor to a one ‘iter graduated cylinder and then fecording the milli-
liters of studge settlad in the one:liter graduated cylinder at five minuto intervals
for the first 30 minutes and then at ten minute intervals up to one hour. This
test can also be condiscted with stirring, and the operator should try both
metihods to see which most closely modeis hls sedimentation results In the
clarifler.

This test Indicates how well the activated sludge mized liquor concentrates
and compacts. The usuai index of eludge settleabllity and compaction is the
Sludge Volume Index (SVI) or its reciprocat the Sludge Density index (SDY
which are based ¢ the studge.level at the end of the 30-minute period. Some
results, however emphasize that an SVI of 160 {SD1 of 1.0} I¥ indicative of a
well functioning aotivated sludge plant. This may not necegsarlly be true be-
cause these indices represent oni the 30-minute settling’and do not neces:
sarlly account for the clarity of {He liquid above thedludge. Observations
should be made during the 30.mifute test to d ine whether the sludge
particles are agglomerating well, settling uniformly, and leaving a clear liquid
or whether sludge particles are settling rapidly and Isaving a cloudy liquid
above. The latter behavior is indicative of several operational problems wh.ch
are discuased in Section 2.05. During the 30-minute tast, a well settling sludgs
wifl normally settle to approximately half of its original volume in the first 5 to
10 minutes.

Precautlonary Procedures

When performing the 30-minute settling test, the foliowing procedures
shouid be followed in conjunctien with procedures outhined in Standard
Methods.

1) -A morning and afterncon grab sampleAor twe samples per shift)
should be tested for settleab;lity. .

2) Grab samples should be takgr during peak as well as avérage flow
periods. It

3) Each dample should be collected consistently and at the sams
location.

3) Vigor~us mixing and pouring of sample should be avoided.
5) 8e certain to lifl the settling cylinder axacily 1 the one-lites mark
6) Record time test is set up and temparaturas of sample

7} Record settling level every five punutas for the first 30 miputes
and every 10 m!nutes for the zacond 30-mmnute panod

Observations Builng Test

An important factor i+ rinning the 30-minute séttling test is to abserve
the settiing 2nd compachion characteristics of the MLSS. Often operators
walk off after setting up the test and come back 10 read and record the
settling level at the end of 30 minutes. in doing this, they may miss impor
tant information by noi observing hov the sludge setiles, Use of the 30
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minute test only to calculate the Vi or SDI does not provide the maximym
benefit for process control. The operator should atterjipt 1o record the
following observations during the test soithat correlatI:'Ews to other labor-
atory control tests used for process contrdl can be made: ’

A. First Five to Tcn Mlnutes ‘

‘1) Do sludge particles agglomerate while iorming blanket?
‘2) Does sludge compact slowly and uniiormly, leaving a clear liquid?
or o —_—
3) Dosludge particles fali through a cloudy liquid?
4) How much and what type of straggler flog, if any, remains in the
liquid?
" End of 30 Minutes ‘
‘1) Has the sludge floc compacted to ‘the appearance of Iobking
crisp with sharp edges ‘and somewhat like a sponge? or,

2) Does the floc look feather.edged fluffy and somehwat homog-
enous? . .

3

s
L3

End of 60 Minutes .
1) ‘Has any settled sludge floated to thevs?ace of the cylinder?

*2) Did it take two to four hours for the sludge to spiit or float to the _ °

surface®

3) These observations provide a'chebk on the final clanﬂer sludge
blanket charcteristics and removal rates in relation to sludge
detention time in the clarifi9r.

*A well settling sludge will have the characteristics of Items A-1and A-2,
81, and C-2.

Total Phosphorus

—

treatment processes. Most wastewaters have more phosphorusjavailable
then ig required for biological growth and assimilation of the carbonaceous
BOD. A deficiency of phosphorus may result from high waste loading from
Industries, such as canneries which generally have wast{es that are high i

carbohydrates and low in nutrients. Such a phosphorus deficiency may limit

Phosphorus is one of the nutrients essential fo biological growth In Zécondary

. biological growth and lead to pocr BOD removais,

Typical raw domestic wastewater contains approximately 10 mg/i 3’ phosph-
orus of which 20 to 30 percent may be removed by the growth of microorgan:
isms which are wasted from the process. Greater removals may be obtained
by various processes involving addition of & metal ion such as iron or aluminum
to chemically precipitate iron or aluminum phosphate. Other removal pro-
cesses involve pH adjustment by addition of lime or other means and chemi-
cai precipitation of a calcium phosphate.

— .

4
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’ .

Precautionary Procedures.

When perlorming the total phosphorus test, the following procedures
should be followed in conjunction with the procedures outlined in Stand-
ard Methods. _ ) : oo
1) Use extreme caution in handiing the chemical reagents to avoid
injury or damaged clothirig. o T
~ 2) Record specific procedures used for pretreatment of sample and
measurement of phosphorus conceRtration with test results. Also,
clearly indicate the expression of the test results, P or PO4. (Note:
1.00 mg/l P equals 3.06 mg/l PO4.) .
3) Deviation from standard procedure may yield erroneous results.
Be consistent in your laboratory technique.

17

]

P4

/Dissolved Oxygen
Dissalved oxygen (DO). is that oxygen dissolved in liquid and is usually
expressed as milligrams per liter (mgfl). There are various types of tests to
An important determine the DO content of water. Generally, the iodometic methods and the
parameter membrane electrode (DO probe) are best suited for the domestic wastewater
- application. The azide modification of theiodemetric method (a!so known.as
~Vyinkler Method) is recommended for mos{ wastewater and stream samples.
When determining the DO in activated sludge mixtures (MLSS and RAS), and
other biological flocs which have a high oxygen utilization rate, the copper
sultate-sultamic acid flocculation modification should precede the azide
Jmodification to retard biological activity and to flocculate suspended solids.
The membrane efectrode method is bécoming increasingly more popular
because of its speéd, ease of operation, and adaptability to process control
instrumentation. Often, the membrane electrodes are used for .continuous
monitoring and control of D@ in activated siudge units. The memprane elec.
Irodes must be properly maintained and calibrated on a daily basfs to ensure
that their ineasurements are accurate and usable for proces§ control.

The significance of the DO test in process controil is' in its measurement of
. the dissolved oxygen available for and essential to aerobic decomposition of
Do the organic matter, otherwise, anaerobic decomposition may occur with the
g‘:;:':“"‘:"‘s possible development of nuisance conditions. In the activated sludge process,
tocontrol ° the DQ test is used to monitor the aeratidn process as a basis for control of *

aeration. the air supply rates, in order to maintain a desired DQ residual, while avoiding

_ overaeration and power wastage. The DQ test is also used In the determination

of BOD as discussed previously. Fish and most aquatic life require dissolved

oxygen to sustain their existence and the DO test is an important measure:
* ment in plant effluents and receiving water quality.’ . W

Fl .
- » . A
Precautionary Procedures i ’

When performing the DQ tesl, the ioilowing procedurgs should be followed
in conjunclion with the procedures outlined in Standard Methods.

1) Use extreme caution in handling the chemical reagents to avoid

injury or damaged clothing.

t
‘ .
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The use of special DO sampllng equipment is preierable for col
lecting samples. The samples should be taken with the sample
container compietely immersed and without aeration of the sempie
or entrapment of any alr bubbles.

Perform DO test imr(dlately following collection of sample

The following substances will Interfers in the azide modification
;/ of the lodometric DO analysis: iron saits, organic matter, excessive
suspended matter, sulfide, sulfur’ dioxide, \residual chlorine,
chromlum, and cynalde. :

'Hydrogen on Concentration (pH) \ !

The‘intenslty of acidlty or~alkalln|ty df a solutlon is numerically express\ed
by its pH. A pH vaiue of 7, O-Is neutral;\whlle values 7 to 14 are glkaline and
values 0 to 7 are acid, pH can be measured colorimetrically of electrome-
tlcaliy The electrometric method (pH fheter) is preferred In ail applications
because It Is not as subject to interference by color, tubldity, colioldal

matter, varlous oxidants and reductants as is the less axpensive colori

mstric method. .

The pH measurements are valuabie in process control because pH Is one of
the envlronmental factors that affect the aqtlvity and heaith of microorganisms.
Sudden changes or abnotmal pH values may be indicative of an adverse In-
dustrlal discharge of a strongly acld or alkallne waste. Such dischafge are
detrimental to bloiogical processes as weil ag to the collection systemrand treat-
ment equipment, and should be either stopped or neutralized prior to dissharge.
Generaliy, the pH of the secondary effluent will be close to 7. A pid drop may
be noticeable in a biological process achieving nitrification because alkalinity
is destroyed and carbon dioxide g produced during the nitriflcation process.
=

Precautlonary Procedurés
" When parforming the pH test, the following procedures should ba followed
in coniunction with the procedures outlined in Standard Methods.

1) Grab samples shouid be used for the pH measurement. The pH
tast should be performed on the samples immediately following
coltection bafore the temperature or dissolved ges content can
¢hange slgnlificantly. Do not heat or stir the pH 'sample as a change
In temperature or dlssolved gas content wil! affect the pH value.

2) Do not contaminate the butfer by pouring the used buffer solutlon
. backInto the buffer conlalner.

3} Callbrate the pH meter daily with a buffer solutlon of approximately
the same temperature and pH as the sample to be tested. Ad]ust
the pH meter's temperature compensator, for each pH measurement

~4)  Avold fouling the electrodgs with oll or greese

5} Erratlc results or drifting 'should prompt an Investlgation of the
electrodes. .
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Temperature

In process control, accurate temperature measurements are hefpfdl in eval-

uating process performance because temperature is one of the.most important
Temperature factors affecting microbial growth. Generally stated, the rate of microbial
sttects growith growth doubles for every 10° C increase in temperature within ‘the spegific
ﬁicmmhm - temperature range of the microbe, Temperature measurements can be helfpul’

in detecting infiltrationfinflow problems and illegal industrial discharges.
Thermometers are caiibrated for sither total immersion or partial immersion.
A thermometer calibrated for total immersion must be completely Immersed
in the wastewater sample to give a correct reading, while a partial-im mersion
thermometer must be immersed in the sample to the depth of the etched circle -
around the stem for a correct reading.

T
T

If a Fahrenheit thermometer is used, its reading mayJ be ¢converted to Centi-
grade by following formula;
v "
°C = (°F-32%)

Precautionary Procedures
When obtaining the temperature of a sample, the following procedures
Heasure should be followed in con|unction with the proceduies outlin ed in Stand-
iomadiately. ard Methods.
1) To attain truly representative temperature measurement it s
.necessary ¢éither 10 take the température reading at the pomt of
sampling dr immediately following sample collection, A large
. sample volume shouid be used to avon:l a temperature changet ,:‘
.doring the measurement.
2) The ac)curacy of the thermometer used should be occasionally
verifled againsta precisionthermometef certified by tHe National
Bureau'of Stangdards (NBS}.
3) The thermometer should be left In the sample while itis read

Mlcroscohic Examination N '

Microstopic exdmination of the MLSS can be a significant aid inthe evaluation
of the activated sludge process. The presence of varlous microorganisms:.

A ugatul tool, wlthin the studge flo¢ can rapidly. indicate.good or poor treatment. The most
important of thess' microorganisms are the heterotropic and ,autotrophic
bacteria which are responsible for purifying the wastewater. In addition,
protozoa play an important role in clarifying the wastewater and act as,indica-
tors of the degree of treatment. The presence of rotitiers is al50 an indicator
of etfiventstabiilty. - -

A pgedominance §f protozoa {clliates) and rotitiers in the MLSS is a sign of
The Impottant good sludge quallty. The treatment under these conditions, with proper HAS, i
protists, WASENnd aeration rates, can be expected to produce effluent BOD concentra-
tioris ot tess then 10 mgfi. '’

‘

T
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Inversely, a predominance of filamentous organisms and a limited number,of
ciliates is charactefistic of g poor qualily activated sludge. This condition is
commonly associated with a sludge that settles poorly. The sludge floc is -
usually light and fluffy because it has a low density. There are many other
organisms such as nematodes (worms) and waterborne insect larvae which
may be found; however, these do not significantly aftect the quality of
treatment.

Themicroorganisms which are important to the operator are the protozoa and
rotifers. As discussed previously, the protozoa eat the bacteria and help to
provide a clear effluent. Basically, the operator should be concerned with three
groups of protozoa, each of which have significance in the treatment of
wastewater. These groups include the following
1}  Amoeboids
2) Flagellates’

3) Ciliates

-~

Amoeboids (Figure IV-3)

The cell membranes of Amoeboids are extremely floxible; and the

moblhty of thege organisms is crgated by the movement of protoplasm ,
within the cell. Food matteris ingested by absorption through the cell

_‘membrane. Amoebmds may predominate in the MLSS floc duting
start-up periods Jf the activated sludge process or when the process
is recovering from.an upset condition. =

AMOEBOIDS .
FIGURE IV-3
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Flageliates (Figure 1V.4) : s
- C g s
These organisms are characterized by, the tail (Flagella) whigh extends
~from their rourd or eihptlcai cell_configuration. Their moblhty is
cregtd by a whipping mofion of the tail, which allows them to move
with somewhat of.a corkscrew mation. Flagellate predominance may
be associated with a light-dispersed MLSS floc, & low population of
bacteria, and 2 high organic load {(BOD). As amore dense sludge fidc
- developg, the flagellate predominance will decrease with an increase
of bacteria, When the flagellales no longer are able to successfully
compete for the available food supply, their population ‘decreases to
the point of insignificancé. ° .

FLAGELLATES
FIGURE "TV-4

Ciliates

These organisms are characterized by the rolating hair-like membrane

{cilia) which cover all or part of thelr cell membrane. Their mobility is

created by the movement of the cilia, and the: cilia around the gullet

are ulilized for the intake of food. Ciliates may predommate during
,the perlod of fair to good g.ettling of the actwated siudge !

They are considerabty larger than flagellates and for the purposes of
midroscopic examination may be classified inte two basic groups,
which are the free swimmlng and therstalked clliatés.
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Fres 3wfmmmg Ciliates (Figure IV 5) )

Free swlmmlng ciliates are.usually apparent whem there is a Ierge
humbeg-of bacteria in the &ctivatéd sludge. These organisms feed or
graze on the bacteria and ‘clarify the effluent, Therefore, their presence
is generally indicative of a treatment process that.is approaching an
’ optimfxm degree of treatment. A relative predominance of flagellates
tndrdates decreased treatment efficlency and the MCRT of the system
should be ‘increased to maintain a relative predominance of free.
. swimmers, stalked cillates and higher forms of organisms such as
rotifers. . .. ow

JFREE SWIMMING CILIATES
FIGURE IV-5

Stalked éiﬁates (Figure IV-6) . . . {\
These ogganismsare frequently prese nt when the free swimmers are
unable to compete for the available food. A relative predominance
of these organists along with rotifers will indicate a stable and
efficiently operating process.
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-

STALKED CILIATES
_ FIGURE IV-6
< '

Evaluatjon of Mlcroscopic Examination ’

Observation of microorganism activity and predominance in. the activated
sludge &an provide guidance in making process control adjustments.
Study of Figure IV-7 can be used to agsist the operator with the decision
of increasing or decreasing the MCRT based on the relative predominance

. “of ciliates and rotifers in the MLSS. The decline of ciliates and rotifers
' is frequently indicative of a poarly settling sludge. These observatipns

make it possible to detect a change in organic or chemical foading before
an upset occurs. Thesechanges can be correlated with.observations of
the settling characteristics of the MLSS in the 30-minute settling test, and
by calculation af the F/M. If the other tests confirm these observations,
adjustments to the MLSS shovld be made to alleviate the problem. <«

ol
- &

r

‘In summary, relative predominance of ciliates and rotifers are an indication
of process stability. This predominance is as sociated with the efficiency
of treatment under various loading conditions. An increase or degrease in
the predominance of these organisms may be indicative of process upset
before lhere is a major effect on process performance. ’
A great deal of information can be pravided if photographic records' of
sludge conditions are kept in a systematic and well documented manner.
Inexpe nsive {approximately $100) Polaroid camerds are available for this
purposs, and it is strongly recommended that a camera of this type be
obtained along with the microscope. These photographic records can be
used to anlicipate seasonal variation ot Gonditions of unusual ope ration.

|V3?9 9
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1
[

" Selection of a MiGroscope*

Features which should be conSidered when selectirig a microscope
tnclude the following: X . ,r

1) Bulltip illumjnation or an external system which allows variatlons
f light intensity. .
2)" & condenset system, .

5 A movable stage. Stage should be controlled by coaxial handle
rather than a manual push-pull. %

4) . 10X and 40X objectives.. .- '
_ 5 10X eyepiece. '

Auxiliary equipmé‘nt should inciude:
6 Lightblue fitét (dayllght iype) J
7) Slides
8)  Coverslips
9) Several small dropping pipettes
10) Storage box
11) Dust ¢cover.

. »

by

The cost of a microgcope can v.ury between $150,00 and’ $2,500.00, de-
pending upon the individual's requirements in the Wway of iilumination,
lenses and auxiliary equipment. A relatively inexpensive instrument is all
that is required for the examination of activated sludge.

‘Ad‘apted from "“Activated Slr.ldge Proce Analyses and ln‘terpretatron
Workshop Manuai,” Ministey of the Environment, Toronto, Ontario.
(Additional Information is also included.)

Use c;i the Microscope / ’ \

|
Procedures for preparing Slld/ nd usrng the mlcroscope shouid mclude
the following:-
1) Clean ¢over slipand sllde
2} » Use pipette to pick up sludge: Put flnger on top of pipette until
the Immersed end of a widetip pipette reaches the bottom of
_ sludge sample. Release your finger to aliowigludge into the pipette.
Replace your finger on top of pipette an move the pipette
from the sampler beaker Along trpped eye dropper may also be-
used. . .
Allow one drop of sludge from the pipette to drop in the middle,
of the clear area of the glass slide by lifting your finger from top
of pipette momentarily, and then replacing your finger,

Pick up cover slip by two corners. Do nottouch the cleaned area.

Pull cover slip along glass slide towards drop of sludge. * )

As so0n as cover slip touches drop of sludge, allow cover slip to
fall onto glass slide. ' .

Pick up glass slide. Place on microscope stage.

Move stage up to within approximately 1/8 Inch of ob;ectwe
Look at glass Slide through the eyepiece of the microscope,

h
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9) Use the coarse adjustment on the microscope to bring the sludgé
into the field of foBus.

10} Use fine adjustment to refine focus to suit your eyes.
11) ldentify organisms in the sludge.

Procedures for Examination

When performing a microscopic examination of activated sludge, a sheet
of paper shouidibe kept handy to sketch tha types observed. In the avent
that unknown varieties of microorganisms are made, the operator may
identify these later. The objective of the examination is to determine’
relative predominance of microorganisms. This may be accomplished by
the procedures outlined below and utilizing a worksheet as illustrated in
Figure IV-8.

Ezamination Procedures:

1) Record the date, time, temperature, and iocation of the sample on
the worksheet,

2y A minirrum of three glides per sample should be examined.

3} Scan each slide and count the number of microorganisms in each
group.

4} Provide a mark for each microorganism counted in the appropriate
group space on the worksheet,

5; Aiter completing the examination of the three slides, totai the
number of organisms counted in each group.

6) The three Finher totals are interpreted as the predominafing
organisms.

Microscopic examinations o .he activated sludge should be made three
times per week during peak flow periods. If a consistent trend of pre-
dominating organisms is establishad during normal operating conditions,
the frequency of examinations should be decreased toone time perweek,

Flow

4 physicai measurement of the in-plant flows is essential for true process
control. Without these flow measuraments, ic is impossible to compute hy-
draulic and organic loadings, FI/M ratios, air requirements, detention perlods,
recycle flows, clarifier underflows, or sludge wasting rates. Without the above
parzameters to regulate the treatment processes, the operator is left with only
a ""seat of the pants™ approach to process control. Without a measurement of
in-plant flows, it is impossible to competently evaluate the operation of the
individual treatment unlts. The measurement of the plant flows also provides
a hasis for computing costs for billing, estimating chemical needs, predicting
lae future need for plant expanslon or modliicatlon, and evaluating the
eifact of the plant effluent on *he receiving steam. Refelence to Figure V-2
Jhlindlcate locations of typical In-plant flows that should be measured for
process contrel
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-
In many of the smaller plants, only the ptant influent flow and possibly the
piant efflient flow are matered. In these cases, the operator will have to
measure thg in-plant flows by other means. For instance, a pumped flow may
be estimated by multiplying the pump capacity {gpm) times the minutes of
pumpling time per day.

gpd = (gpm){min/day)

Often, pump capacity may be estimated by measuring the volume of liquid
pumped from or to a structure In a timed period. No unmetered flows ino or
out of the structure must be permitted during the test period. Metered flows
into or out of a structure during the test must be taken Into account when
computing the volume of liquid pumped.

’ H " . i"

m = _ {Area, sq. ft.} {Depth, ft.} {7.48 galicu. ft)

minutes

= metered flow, gpm

ap

The metering instrumeﬁtation must be properly matntained and cailbrated on
a regular and routine basis to insure that their measurements are accurate
and usable in process cbntrol and performance evaluation.

ks
Jr’

Sludge Bianket Measurement

-

WitI'ITn the secondary clarifier, a separation of the liquid and solids takes place.
The solids settle to the bottom of the clarlfier while the settled liquid is dis-
placed over the clarifier afftuent weirs. If the settled solids are not removed
from the tank at a rate equal to or greater than solids input by the agration
effluent flow, a bianket of sludge will accumulate until eventually the solids
are washed out in the clarifier effluent flow.

The location of the sludge blanket in relation to the clarifier depth may be
de’fermined by various types of devices. Some are commercialiy available

* while others must be improvised by the operator. Figure IV-$ shows several

variations of sludge blanket finders. Th2 following are some of the different
types of blanket finders:

1) A series of alr llft pumps mounted within the clarifier at various depths.
2) Gravity flow tubes located at various depths.

3) Electronic sludge level detector—a light source and photoetectric
cell attached to a graduated handle or drop cord. The photo-electric
cell actuates a meter, buzzer, light, etc.

4) Sight glass: finder—a graduated pipe with a sight glass and light
source attached at the lower end.

5} Plexiglasscore sampler.

6) Some type of portable pumping unit with a graduated suctlion plpe or
hose.
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AIR LIFT PUMP

SIGHT GLASS ELECTRONIC

LUDGE BLANKET INDICATORS
FIGURE 1V-9
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with other measurements such as the Influent flow, MLSS, SV, and the RAS .
flov}and suspeaded sollds concentratlon provides vatuable informatlon that S
can be used to tontrol the RAS flow rates. Additionally, this test can be used
to evaluate the operation of muitiple units, for instance the sludge blanket-
depth In two clarlilers operating In parallet (both racelving flow from same
aeratlon basin) having equal RAS flow rates should be comparable. If the
sludge olanket in one clarlfler was rising while the bidnket in the other clarlfier '
was falling, It could be concluded that the aeration tank effluent flow Is A
unevenly, distributed to the clariflers. A rising blanket may indicate an In-_
adequate sludge return rate, unbalanced distributlon of aeration tanK'effluent
flow, Inadaquate sludge wasting rates, or a poorly settling sludge. The presence
of a poorly settling sludge could be verlflsd with the SVI.vaile. T correct a
rising blanket, the operator first determines the reasons by areview of the lab
test resulis, operational logs, and process éontrol parameters. After deter
mining the possible reason for the Increased blanket depth, the operator .
should then take the appropriate corrective measures.

Precautlonary Procedures ,
The following precautlonary procedures shouldze followed In the per
formance of the sludge blanket measurement: \

1) Select a measuring statlon located at a point where the blankst . r
dspth represents an average of the entlre blanket depth. Such a
locatlon ¢an be selected by running a proflle of the clarfler's entlre
blanket depth. Thereafter, the selected location should &' ys be
used.-

2)” The sludge blanket finding devioes myst be used with care. The
* electronlc devices must-be lowered slovs'y untll the blanket fs

iocated. s
3) Procedures and techniquee must be uniform for aii operations and .
for aii measurements. o

| /

_C:entrifuge Test ; ¥ .

ne centrifuge test provides a q‘ulck and convenlent method of roughly deter-

mining the suspended matter (SS) concentrations of the mixed liquor and e
return sludge. The centrifuge test results can be used to calculate a mass
(solids) balance and to develop varlous graphs for contrpl and monltoring of
the return sludge flow rates, adjustment of the sludge wasting rates, clarifier
and aeratlon sludge detention times, and soiids distribution ratios. How to
use the centrifuge test resultsfor controlling the activated $ludge process is
discussed futher in Section 2.04, "SLUDGE QUALITY CONTROL."

Cue to changing sludge settling apd compaction haracteristic§ the results
of the centrifuge test wlill often vary for similar sy pended matter concentra
tions. The sludge characteristics as reflected by the 30-minute settling test
must be considered when interpreting or using the fesults of the centrifuge test. '

. . v
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E

Precautionary Procedureg

A generaiized procedure is described below:
1) Collect a representative sample.

. 2} Thoroughly mix $ample and fill each centrifuge tube exactly to the »
ful'mark. The sample must be thoroughly mixed before sach pour-
ing. It is recommended that no less than three tubes be run on
each sample.

3) Centrifuge samples for 15 minutes with the speed adiustment set

. at full speed. It is of utmost importance that the samples are

centrifuged for the same speed sétting each time to promote con-
sistent compaction and meaningful test results.

4) Remove one tube at a time and read the amount'of suspended
matter concentrated in the bottom of the tube. Tire results should
, be recorded for future reference.
5) .Use the results of the cemtrifuge test\directly for control and
1 monitoring of the activated 8ludge procegs as described in Section
2.04, “SLUDGE QUALITY CONTROL” or convert to suspended
matter concentration as described below.

B
Suspended Malter Correlatiom

A correlation between the centrifuge test results and the actual filtered
Comparisons ot suspended matter concentration may ba made on a daily basis by per-
centrituge and forming a centrifuge test and a suspended matteér test on Ihe sarne sample .
$S tests musl of mixed liquor. A 5-day moving average of the spin ratio (S8 concentration
bé made. ) mg/¥centrifuge sludge concentration, %) should be used to minimize the
eifect of any variation in this relationship. Another method sometimes
Plol SS and . used to comrelate the results of the two tests is to plot the 8$ concentra:
centrifuge test ’ tion/centrifuge sludge concentration relationship on a graph. After the
rezults on graph various points are plotted on the graph, a line of best fit is drawn as shown
10 obiain on Flgure IV-10. Since this relationship varies as sludge characteristics
relatlonship change, the line of best fit must be periodically checked and corrected by
comparing lhe graph readout wlth the resulls of an actual filtered sus-
pended matter test. -

Turbidity-

T a

Turbldity refers to.the interferenc€ of light passage through water. Fine
particles of suspended matter hinder the passage of light by scattering and
absorbing the rays. Turbidity in the secondary effluent is chlefly due to bio-
logical floc that has carried overin the clarifier emuent -
" .
The turbidity measurement ot the secondary effluent is a quick and easy
~ method of checking the operation and performance of the activated sludge,
. process In recent years, some turbidity analyzers have bean parmanently
Turbldity installeq at the secondary clarifier to continucusly measure and indicate the
°"°‘?“1 clarity of the secondary effluent. A properly operated aclivated sludge process
:gf,f::::;;. generally produces an effluent with a tUrbidity between 1.0 and 3.0 JTU
{Jackson Turbidity Unit). Anincreasing effluent turbigity indicates an unfavor-
able trend in process operatlon which should be’ promptly investigatad and
~corrected. 7

4
] s !
«
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-

i . .
. mm‘“"" A photo-electric turbidimeter with an automatic readout in either Jackson
sxsiussing : Turbidity Units (JTU} qr Formazin Turbidity Units (FTU)* is the recommended

ardidity, method of measurlngﬁ turbndlty of the'secondary effluent.

”

Precautlonary Procedures

When performing the turbidnty test, the following procedures should be
followed in con;unctnon with the procedures outlined in Standard Methods.
1) Hold the turbidimeter test vial near the top. The test vial must he
kept clean, both on the inside and the outside.
2) Calibrate the turbidifmeter using a standard in the range of the
turbidity,expected. .
3) Stir the sampie before pouring. Pour the sample glowly into the
< testvial, being careful not to create or trap air bubbles.
4) Be sure the outside of the test via! is diy before inserting it into”
the tuebidimeter. )
5) 4 After allowing any air bubbles to escape, promptly read tie resuits.
6) Repla‘ce any test vials t‘hat are scratched or damaged.

Jackson Turbidity Units and Formazin Turbidity Units, although not identical, are
almost the same for practical purposés

REFERENCES .
--.._“ 4
APHA; AWWA, WPCF, Standard Methods for Exammanoqfof wafer and Wasrewarer
14th Editian, 1974, /
Cahforma Water Pollution control Association, Laboratory Procedures for Ope ators
of Water Po.'iuuon Control Plants, 1970. ¥ . :
’ - ’ %
Kern. Kenneth D., et al, A fieid Study Training Program, Operation of Wasfe")arer
Treatment Plants, {Chapters 6 and 14). Sacramento State College Depart[o?nt:gj_/
Civil Engineering. . i ’

Mimstry of the Enviornmen't Activated Slodge Process Anayises and interpretation
Workshop Manual, Tralning, Certification, and Safety Section, Torgnto, Ontario,
“M4V LPS. .

New York State Department. of Health - Laborarory Procederes for WbsreoWarer
Treatment Plant Operators, Health Education Service, Albany, N.Y.

U.S. Environmental Protection Agency, Technology .Transfer - Handbook for ‘Analytical
Quality Control in Water and Was tewater Laboratories, Analytical Quality Control
Laboratory, National Environmental Research Center, Cinclnnati, tho, June, 1972,

The Texas Water Utilities Assoctation, Manuai of Wastewater Operations.
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INTRODUCTION

This section of the manual presents troubleshooting procedures for solving
the common operating problems experienced in the trickling filter process.
With each problem, or observation, is included a list of probabie causes,
procedures to determine the cause, and the suggested corrective méasures
listed in the order to be considered. You, the operator, must detephine and
select bne or more of the corrective measures that will restore the process
to an efficiency level which will produce the best final effluent quality. In
order to evaluate the problem and select the best corrective measure, you
must be thoroughly familiar with the trickling fiiter process and how it fits
into the overall treatment plant operation. In addition, you must be familiar
with the Influent wastewater characteristics, plant flow rates and patterns,
design and actual loading parameters, performance of the overall plant and
individual processes, and current maintenance procedures.

TROUBLESHOOTING GUIDES
There are five problems that frequently occur in the operation of a trickling

filter process. These problems are listed below and are referenced to the
troubleshooting guides which are presented on the following pages:

INDEX TO TROUBLESHOOTING GUIDES

Troubleshooting
Guide No. Problem Indicator

Filter Flies

Qdors

Ponding

High Effluent Suspended Solids
Freezing
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TRICKLING FILTER PROCESS

TROUBLESHOOTING GUIDE | - Fifter Flies h
. OBSERVATION PROBABLE CAUSE NECESSARY CHECK REMEDIES REFERENCES
1. Filter Flies. #.  Poor distiibution of waste. Visually check. : 1) Unclog spray oriflces or 91119
a.Gnat-sized moth-like water, especially along the nozzies. .
flies. filter wall. .
2) Provide orifice opening$ at POHI-19
b.Dark brown, worm-ike . « end of distributor arm to
larvae In filter slime spray walls or open dump
growth. - gates slightly for a spray
: ellect on lilter wall.
B. Hydraulic toading insuf- Calculate hydrautic foading. 1) Prevent completion of the pg 19

ficient Lo keep fly eggs and
larvag washed Irom filter
bed.

L]

Hydroullc loadings greater
than 200 gpdfsq. It are
usually raquired.

filter Ily Iife cycle In the

ordar .of the following

remedies:

a) Increase racicculation
rate.

b) Flood Fiilor lor several
hours each wesk during
Ity season or,

) Chiprinate [ilter Influent
lfor several hours each
w. gk maintaininga 1 to
2 mgh residuai al the
distributor outlel.

d)-Spray [ilter walls and
other areas whore [lies
rest with a residual-typa
Insecticide—Hf not pro-
hibited by State or [ocal
regulatory agencles. DO
NOT spray surface of
medla.

ERIC

PAFuiToxt Provided by ERIC




. TROUBLESHOOTING GUIDE 2-0DORS

OBSERVATION

PROBABLE CAUSE

NECESSARY CHECK

—

T

~ REMEDIES

"REFERENCES

1. Odors”
{Anaeroble decomposition
within the Hiler)

A. Excesslve organic loading.
. & Indusirlal wastes.

1.

Calculale organic loading.
a. Check Industries f[or
vnusual waste dlscharge.

1)

Utllize a commerctal mask-
Ing agent whife making the
appropriate correctlons.
Encourage aetoblc condl-
tions In pre-treatment
unlts~tey pre-chiorination,
aaratlon, or reclrculation
during low nightflows.

Enforce Indusiital waste
ordinance.

Improve operation of prl-
mary sedimentation lanks.

Incraase reclrculation rale
to dille orgarlc strangth
and Improve oxygen
transfet, .

Chiorinate filler Influent for
for several hours sach day
during low Hlow malntaining
a1 to 2 mgil residusl al
disttibutor outlat.

If design loading is belng
exceedad, plant expanafon
may ba requlred.

pg I-i5 & I1-20

-

pQ 15 & 17




ERI

PAFullToxt Provided by ERIC

-

-~

TROUBLESHOOTING 'GUIDE 2- ODORS (continued)

TRICKLING FILTER PROCESS '

’

*

Ld x

OBSERVATION ~

i PROBABLE CAUSE

NECESSARY CHECK .

REIMEDIES

REFERENCES

¢

B. X.Poor ventitation.

of

¢. poorhousekeeping.

1.

2

1.

Y

It provided see Ihal veni

, pipes are clearin fitler. 7 .

Check underdrain System
"is not obstructed or flowing
marée than half full.

Check filler media voids

are not filled with biotogical
growths.

visually check.

i

4

”~

Unclog vent pipes.

Remove all debris from
filler effiuent channel and
flush obslruclive materials
from undérdrain.

If underdraln sysiem tis
Tiowing more than half full,
roduce fliter recirculation
if possible.

Improviseé a mechanical
meéans of improvihg_ venli-
lation i natural venlilation
Is inadequale.

Increase circulation to
flush o m&e excess blo-
logical growths. .

Remove afl debris fram
liter media surface.

Wash down disiribelor
splash plates and the
side walls shove the maedia.

4

pg 10

"pg N9

-

.

pg 10
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TROUBLESHOOTING GUIDE 3- PONDING

-}‘.-

OBSERVATION

PROBABLE CAUSE

NECESSARY CHECK

REMEDIES

1. Ponding of wate
" Ultermedla.

v

?

over

A. Excesslve biologlcat
growth in media volds.

Y

B. Media is nonunlformly
sized, disintegrating or
too srnall. \

—

C. Poor housekeeping.

. Check recends for Increasss
In organic loading andlor
decreases in hydraulic
kading or If dosing Inter
vals has been decreased.

t. Visually inspect.

t. VIsuaH} inspect.

Loosen surface layer of
rock, media

Flush the arga with high
pressure stream of water,

Increase recircutation.

Dose the filter influant with
Ch_lorine for 2-4 hours to
obtain 12 mg/ residual at
distributor cutlet.

If possible, flood the filter
for 24 hours.

If possible, shut down TF -

.. dry mediaand wash out.

Dry out filter and check
media. Replace nonunl.
formly sized, or dameged
medla, v

Remove all leaves, paper,
sticks, and othar
debris accumulating ‘on
filter media surface.

pgi-2145119

pg li-21

pPI21 &I




TROUBLESHOOTING GUIDE 4-HIGH EFFLUENT SUSPENDED

« TRICKLING FILTER PROCESS

1

soLlos

/

OBSERVATION

PROBABLE CAUSE

" NECESSARY CHECK

REMEDIES

REFERENCES

’

1.

lncreaée in Clarifler Ef-
lluent Suspended Solids.

A Excessive sloughing from
lilter.

| B. Denitrilicalion in clarifier.

C. Final clarifier hydraulically
overloaded.

Check seasonal changes
that would aflect micro-
organisms. .

Check organic loading.
a. Indunirial wastes.

Chec. to see i fllte: of.
fivznt s nitrifled and sludge
fioals inclumps.

Calcutate cfarifier surface
overilow rate. (Should not
exceed 200 gpdreq. fi. at
peak flow.)

+

Wall for yeason to change
ortry polymer addition.

Il there is a high rate of
loading, dacrease by using
more filters, if avallable.

Enforce industrial waste
ordinance.

Incréase clarifler undet-
flowrate.

. Plant expansion may be

necessary.

Increasa clarifler under-
flow rate.

If due to reclrculdilon,
reduce recirculation rate
during paak flow perlods.

Additional clariflers may
bo required,

pg 23

| pgll-23

"

pglliz

pg ii12 8 11:23

pg 17,107 & 19

pa 7
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. TRICKLING FILTER PROCESS"

TROUBLESHOOTING GUIDE4 - HIGH EFFLUENT SUSPENDED SOLIDS {Continued)

"

QBSERVATION

PROBABLE CAUSE

NECESSARY CHECK

REMEDIES

REFERENCES

-

Equipment mattunction in

final clarifier.

. Temperaturé currents

final clariier.

Check for broken sludge

. collection aquipment.

. Check for broken baffles.

Check for uneven flo@
over affuent weirs.

Make temperature Survey
of the clarliler vsing a
temparature probe ona DO
meter,

Replace or repair broken

(equlpmant.

Adjust atfuent welrs 1o an
equal elevation,

Instail baffies to stop
short-circuolting.

*

—~

pglI-23

pg 23 & 115




TRICKLING FILTER PROCESS

‘l"hOUBLESHOO‘I’ING GUIDE 5- FREEZING

OBSERVATION PROBABLE CAUSE NECESSARY CHECK REMEDIES REFERENCES

1. Freezing. A.  Low temperatures. 1. Checkalmospheric Decrease recirculation. ‘pg 18]
’ lemPeratures.

. Operate two-stage fiters in pgil9
parallel,

Adjust orifices and Splash pg lI-24, 11-3 & N6
plales for coarse spray.

Construct windbreak.

i using intermittent dos- pg -6
ing, open bleeder valva on
the distribution main.

Partially open dump gates pglli-6
at gyter end of distributor ;
arms to provide stream
along retaining wall in-
stead of a spray.

Cover pump sumps and
dosing lanks.

Manually remove ice
formation.
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TRICKLING FILTER PROGCESS
SECTION Il - PROCESS CONTROL

INTRODUCTION

Importancaof a The trickling filter process is reliable and can treat shock organic loads. it

propeny requires much less monitoring and control then the actlvated sludge process.

controllad However, proper operation and contfol is still required to achieve peak per-

operation. formance and to avoid operational problems cuch as ponding, odors, flles,
and freezing. Table il-1 présents guidelines to ach'zving successful process
control.

The operating parameters given in this .section are intended as acceptable
;‘:‘;‘:‘::’ ranges to guide the operator in achieving operational control at his plant.
w:ﬂ herein. Operation and control of a trickling filter process should be based on its re-

sponse and performance. The success or failure In achieving the best possible

performance from the treatment process is dependent on the operator.

TABLE -1
GUIDE TO SUCCESSFUL PROCESS CONTROL .
—
REQUIREMENT REFERENCE

Sound ¢perational and preventive Section 2.02,
maintenance measures. OPERATIONAL GUIDES

Laboratory monitoring ) Section 4.02,
LABORATORY SAMPLING AND (\;
TESTING PROGRAM

Accurate, up to-date records. Appendix A,
OPERATIONAL RECORDS

Evaluation of operational and laboratory Section 4.03,
data. LABORATORY CONTROL TESTS

Application of data evaluation to adjustment Section 2.04,
of the process. PROCESS CONTROL

Troubleshooting problems before they Section 1.02,
become seriots. TROUBLESHOOTING GUIDES

OPERATIONAL GUIDES

Operational guides are provided on the following pages to aid the operator in
establishing routine operational procedures for his trickling filter process.

Performance of the routine opafational procedures 1s not complete without a
competent preventive maintenance program. Every item of operating equip-
ment requires frequent attention with particular emphasts on lubrication and
other preventive maintenance requirements to ensure trouble-free operation
and minimum maintenance costs. A good preventive maintenance program
helps 1o improve process control by ensuring that the equipment remains
operational.

I
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TRICKLING FILTER PROCESS

OPERATIONAL GUIDE 1+ TRICKLING FILTER

EQUIPMENT

SUGGESTED STEP PROCEDURES

DETAILS

FREQUENCY

REFERENCE

A. ROTARY DISTRIBUTOR

-

1. Check that disldbutor rotales smoothiy.

2. <Clean clogged orifices.

Hose sfime growlhs ofl splash plates.

Chieck oil in bearing assernbly for waler
contamination.

"~

Maintain bearing assembly and drive
unitif so equipped.

Adjust quy rods.

Winler operation (Freezing condilions).

13) Visually observe.

1b) Jumpy operation could denote bearing
damage andior mallunction of pumps.

23 Shut off the llow to I he filler,
2b) WAIT for arms 10 slop rotating before
proceeding.

2c),Be CAREFUL when walking on mediﬁ
surface—it is extremeiy slippery.

2d) Rerdove ob-*ruclive materials from
orifices.

2e) Open end durnp gates and flush the
distributor arms.

21} Return unil 10 nommal service,

38} Excess growlhs can alfect upifom
spreading action of plales.

4a) Waler contaminalion denotes a badly
worn of defective seal.

4b} A leaky seal should be repaired imrned|
" ately to avoid bearing damage.

5a) Follow manulaclurer'sipstructions.

5b} A compelent preventive mainienance
program is gssential for good operation,

6a) Should be adjusted with seasonal
termperature changes to keep distribu-
lor arms leveled.

7a) sea Troubleshooting Guide No. 5.

S

Daily

S

po -3
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‘ TRICKLING FILTER PROCESS

OPERATIONAL GUIOE 1- TRICKLING FILTER {continued)

b

EQUIPMENT

SUGGESTEO STEP PROCEOURES

G

/} > PETAILS

FREQUENCY

REFERENCE

BUTION SYSTEM

yx

-

C. DOSING SIPHON

B. FIXED-NOZZLE DISTRI—

1. Clogged nozzles.

S

2. Flush all déad ends in the distribulion
piping.
3. Winter operation {Freezing conditions).

1. Check operation.

2, Clean and lubricate float-acluated
counters, elc.

3. ‘Wash down tank walls. . -
“-\_‘\._’___

4. fClean m% and Inspect piping apparaius.

5] Winter operation (Freszing condltions).

A,
¥

1a} Shut off_flowio'lalgr_a!. .

1b) Be CAREFUL when walking’on media
surface—it is exiremely sHppery.

10) Disassemble and clean clogged nozles.

\d} Open valve, or remove nozzle, al end of
lateral and flush obsiryclive materials
which may be in lhe(laleral.

1¢) Return to'service. *

2a) May not be pogsible with some sysiems.

/

3a) Sea Troubleshooling Guide No. 5.

1a) Observe adosing cycle. If it Is not work:
ing properly, check for a clogged siphon
!anl of @ leak In the piping.

23) Follow manufacturer’s instructions,

3Ja) To preveni odors and unsightly accum-
ulation of grease and slime.

4a) Replace badly corroded piping.

5a} Cover tank to minimize loss of heat.

Daily

Daily

Daily

Bi-annually
Ty

pg s




OPERATIONAL GUIDE 1 - TRICKLING FILTER (continued)

TRICKLING FILTER PROCESS

-

/

r——‘

EQUIPMENT

SUGGESTED STEP PRC}CEDURES)

DETAILS

FREQUENCY

REFERENCE

/
0. ‘MEDIA

E. UNDERDRAIN

F. WALLS

G. HYDRAULIC LOADING
ON FILTER

1. Vibually check,
2. Remove all debrls from filler surface.

1. Inspect.

PV

-

4. Wash down side watls abo¥e media,

1. Control recirculation rates for optimum
performance. ’

13) Check for any Indlcatlon of ponding,
filter flles, and windblown debrls.

e

ta) When needed. flush out obstryclive
growths and debris.

1b) Remove any obstructive materlals In
ofiluent channel,

1) Underdrain conduits and effluant chane
nel should nol be llowlng more than
half full.

13) Revlow records to determine the lowest
recirculation rallo ylelding good process
perlormance {based on-BOD or COD of
the final effluent).

1b} The recircutation rallo should be greal
encugh 1o avold the problems of pond-
Ing, odors, and fllter flles.

Dally

PgH-i8

L]
R

PO HI-9 & WI110

pgll-2 1t 1581 16

AP




TRICKLING FILTER PROCESS

OPERATIONAL GUIDE 2- SECONDARY CLARIFIER )

Q
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EQUIPKMENT

SUGGESTED STEP PROCEDURES

DETAILS /

FREQUENCY

REFERENCE

A. TANK

1. Inspect {or proper operallon.

Pertorm daily wash down.

Maintaln siudge collection equipmenl
and drive units.

Inspect ballles and olfluent weirs. -

+

Check sludge withdrawal rate and
frequency,

1a) Mechanlcal 8Quipment.

1b} Presence of floating sludge—see
Troubleshooting Guide No. 4.

23} Hose down the inlluent thannels, fank
walls--especially at the water line, ef-
Hueni weir and launders, olfluant ¢han-
nal, And sight sludge box or hopper.it
sqxpmvlded. ' ’

‘3a) Follow manufacturer's instruclions.

-
-

42) Maintain bafflos in sound condil ion.

4b) Mainlain elfluont welrs at an oqual
elavalion.

5a) Sludge should be removed belore It be-
comes septic and floats to the surface,
pralerably on a conlinuous basis.
LS

Twlce/shilt

I

Daily

Twice/shilt

PONI2&11-23
)

paN-23 1

.

7

pg'||—12 %
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" TRICKLING FILTER PROCESS

F

OPERATIONAL GUIDE 3- PUMPING EQUIPMENT AND PIPING

EQUIPMENT

SUGGESTED STEP PROCEDURES

'DETAILS

FREQUENCY

REFERENCE

A. PUMPS

1. Check opera(lor: of the pumps and
motors. ’

Alternate Pumps In service.
Malntain pumping units.

Fully open and close all valves.

Check operation of alr vacuumirellef
valves, flow meters, ent.

1a) Check for excesslve vibration, unugual
noises. lubricant leakage. and
overheating.

15) Check oll reservolr level—if 50 Bquipped.
1c} Check oll feed rate—if so equipPed.

1d) Check packing or mechanical Seals—
make adjustments per manufacturer's
Instructiéng.

1€} Check for proper position of suctien
and discharge valves,

3a) Follow manufacturer's Instructions.
43) Make necessary adjustments or repairs.

4b) Malntaln valves and operators according
to manufacturer's Instructions.
{ [
5a) maintaln according to manufacturar's
Instructions. .

Twicelshift
4

Weekly
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TRICKLING FILTER PROCESS
SECTION 1l PROCESS CONTROL

PERFORMANCE EVALUATION

Evaluation of process performance is an essential part of competent process
control and operation, The evaluation s helpful in determining process re-
sponse {0 various modes of operation, developing performance trends, and
Identifying the causes of operational problems. For trickling filters, perform-
ance evaluation conslsts of reviewing the COD, BOD, suspended solids, and
ammonla nitrogen removal etficiencies In relationship to the mode of opera:
tion, loading parameters, and plant reclrculation flows. The review and
application df lab testing results is further discussed in Section IV - “TRICKLING
FILTER LABORATORY CONTROL" and “APPENDIX A" ’

Trickiing filter performance Is affected by raany factors, sue as hydraullc
and onganic loadings, depth and physical characterstics of the madia, method
of wastewater dlstrfibutlon, ventliation, characteristics of applied wastewatar
{temperature, pH, toxicants, etc.), and the hydraullc icading upon the subse-
quent sedimentation unlt. An effective means of reviewlng your plant per
formance is {0 maintain dally charts or graphs reflecting such data against
time. The charts presented in Figure 11-1 serve as visual aids in identifying the
optimum control parameters and make any trends or changes immediately
avident. The preparation and use of these trend charts are discussed further
in "APPENDIX A"

Conclusions reachgd during the process evaluation are then applied to the
adjustment of the Em;cess {selection of recirculation rates and modes of
operation) for efficient and economical operatlon. Whenever possible, only
one process adjustment should be made at a time to allow sufficient time
between each change for the process torespond and stabllize.

Complete and accurate records of all phases of plant operatlon and mainten:
ance are essential for accurate performance evaluation and process control.
The preparation of operational records Is discussed further In *APPENDIX A",

£

Review of In-Plant Recycled?‘low

-

In evaluating the performance o?the process or solving probiems, a careful
consideration £ ould be given to all In-plant rgcycled flows. Often, In-plant
racycled flows are the cause of o}gan{c or hydraullc overloading. The sludge
processing operations may return dedants from digesters, thickeners, centrl-
fuges, or vacuum fliters. The waste backwash water from effiuent sand flltra-
tlon processes may also cause hydraullc overloading or other process control
problems, The recycled flow from improperly lcadad and operated sludge
processing unlts may account for as much as 25 percent of the total plant
organic loading. Usually, the majority of recycled flows are returned to the
primary sedimentation unlts whete It is hoped organic sollds wiil settle out.
In méstcases this practice Is the'major cause of overloading secondary pro-
cesses due to poor rem%:al of solid¥In the recycled flows sent to the primary
sedlmentatlon unlts, —- '

The additlonal foading then results in a grea.er sludge production, and subse-
quently an increased loading upon the sludge processing operatlon. In the
tri ' Hing filter process, excessive COD or BOD loadings will eventually reduce
eftiuent quality and cause anaerobic conditions to occur in the filter.
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TRICKLING FILTER PROCESS
SECTION Il - PROCESS CONTROL

Some guideines tnat wili reduce the effects of recycied ftows on the trickling
filter process inct’ e the fottowing:

1) Add flow continuously or during low night flows to avoid shock loads.
2) Improve efficiency of sludge handling process.

3 Utilize a lagoon or drying bed for poor quality decants from sludge
processing operations.

4) Avoid pumping excess water in underfiow fed to sludge handiing
processes.

5) Aerate or pretreat recycled ftows to reduce oxygen demands.

PROCESS CONTROL

Operational control of the trickling filter process primarily consists of reviewing
operating logs and Iab test results to select the proper operational parameters
trecirculation rates, hydrauli¢ loading) and modes that yield the required
performance at the least cost. The plant operator must be cost conscious
and concerned withthe conservation of power, and the production of effluent
that will me=t discharge requirements. For example, to conserve power and
minnrze opsfat-onal costs. the operator should select and utilize the lowest
recircuiation rate that will provide the required performance, but not result in
ponding. odors, fiiter flies, or other probtems. -

Staging

The term $taging refeis to the operation of trickling filters in series. The
purpose of staging 1s to produce a higher quahty effluent by using the first
filter in the series as a roughing filter.

An approach that has been used successfully in England involves alternating

ae filters, that 1s, the leading filter is alternated between the two fiiters
operating 1n senes. This practice is referred to as Alternating Double Filtration
(A.D.F.). The primary advantage of this approach is that the siime dckness is
controllad in both filters by the atternate loading which tends to recuce clog- -
ging problems. Unlass the filter process is designed to operate with A.D.F.,
this flexibitity in the operational mode is usually non-existent. Patically the
mode of staging is dictated by design rather than operationa. controt. As
shown n Figure 112, both fiiters {stages) are generally constructad the same
s1ze with several options for recirculation incorporated Into the design. The
sefection of tha recirculation scheme should be based upon process perform
ance. Use the scheme which produces the best effluent.

Racirculation

Recirculation s practiced in alt high-rate trickling fitter planis and to some
degree in low-rate trickling filter plants. Reclrculation is utilized in high-rate
tnckiing filter plants ba3sicatly to maintain a constant hydraulic loading to
prevent cioggrng the voids in the filter media. In the low-rate trickling filter
plant. recirculation may be utilized to maintain a sufficient dosing rate during
low ftows. Vanous recirculation arrangsments are shown on Figuie 1t-2,
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TRICKLING FILTER PROCESS
SECTION 11 - PROCESS CONTROL

L .
1

When selecting the recirculation flow scheme and rate, the hydraulic loading
on the filter and affected clarifiers must be considered as well as the hydraulic
umitations of the distribution and underdrain systems. As a rule of thuinb,
the underdrain conduits and effluent channels should not flow more than
one-haif full.

Usually, the recirculation ratio has a greater effect on filter performance than
the recircuiation flow scheme. Recirculation ratios may ke defined as parts of
recirculated flow per part of raw wastewater fiow. Therefdre. aratioof 0.5 is
equivaient to one half gallon of recirculated fiow for each gaion of wastewater
to be treated. Although some experimentally based equations have been
developed to calgulate the zmount of recirculation neéded, if is recommendead
that operational control be based on {ilter response and process performance.

In hugh-rate trickling filters, recirculation ratios (R/Q} usually range from 2.5 to
4.0 with higher ratios considered to be economically unjustifiaole. Cominon
engineering practice s to design the high-rate trickling filter process for ratios
of 0.5 to 2.0, Trickling filters uiilizing synthetic media employ recirculatlon as
a means of maintaining a minimum wetting rate, i.e,, a hydraulic loading
\gpm/sq ft) which will maintain blological growth throughout the media depth.
The recirculation ratlo is d 2termined as shown below:

Exambple Calculution

A. DataRequired
1. Recirculation flow = 0.2 mgd
2. Raw wastewatei fiow = 0.4 mgd

Determine Ihe recirculation ratio (R/Q).

i ion flow
RIQ = recirculation
raw wastewater flow

= 0.2mgd
0.4 mgd

=05

Recirculation is often utilized to improve filter performance and to minimize
operational problems. Some of the advantages of recirculation include the
following: ’

1. Maintains blological growth throughdut syntheatic media depth.

May improve operation of primary and final sedimentation units during
low flow periods by reducing septicity.

Dilutes high strength or toxic wastes to make them treatable.
Minimizes hydraulic and organic loadjng variations.

. «Improves distributlon of the wastewaler over the filter surface.
Minimizes odors, ponding, and filter fly breeding by increasing hydraulic
inading to encourage continuous sloughing and reduce slime thickness.
Prevents hiological growth from drying out during low flows.

~

II-1éA -
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TRICKLING FILTER PROCESS
SECTION It- PROCESS CONTROL

Although the advantages of recirCulation erally outweigﬁ the disadvan:
tages, recirculation may.resuitin the folrlgwng adverse effects:

1. Reduces the wastewater temper#ture and therefore lowers the rate of
biological activity. In extremely c¢old ¢limates, recircuiation may
increase the potential for ice formation.

Recirculation through a sqdimentation unit at rates exceeding hydrau-
lic design limits may reduce efficiency.
Increasas operational costs due to higher pumplng rates.

It excessive, it may decrease the organic removal efficiency of the
process.

The operator should be familiar with all the modes of recirculation available
tohim at his plant. Some of the common modes of recirculation are shown on
Figure |1:2. The mode most favorable to your particular operation should be
salected. Operating costs should also be considered in the selection of
recirculation modes and rates.

Siudge Removal

Underflow (secondary sludge) from the final sedimentation units is often
returned to the primary sedimentation units for resstiling with the primary
sludge. This method is commonly practiced to thicken the secondary sludge
and reduce lhe volume of water pumped to the processing or slucgs disposal
facilities. The sludge withdrawal from the firal sedimentation tank may be .
intermittent or continuous. Consideration to remove the sludge bzfore it
becomes septic in the sediméntation {ank should be madé. Usually, visual
inspection of the sludge characteristics is sufficient to dstermine if the with.
drawal rate should be increased or decreased. Due to periodic sloughing of
biological growth from the filter media, the amount of solids setfiing in the
final sedimentation unit will vary. Studge from a low-rate trickling filter is
relatively stable, and periodic removal at 3 to 24 hour intervals, depending
upon operational conditions, is usually sufiicient. Durlng warm summes
weather and periods of heavy sloughing, removal at 3 to 6 hour intervals may
be required. Sludge from a high-rate trickling fitier has a higher cxygen de-
mand, and therefore, it must be removed from the sedimentation tank within
a short time, preferably on acontinuous basis.

*

Occaslonally, sludge is transferred directly to digestion units, and the fre-
quency and rate of pumping must be set to maintain reasonable sludge
concentrations without permitting septic conditions to develop. Risthg and
floating sludge wouid indicate that the frequency of pumping should be
-in¢reased, or that the continuous pumping rate should be increased.

Trickling filter sludge is usuaily a dark brown, humus material with little or no
odor when aerobic. Generally, frickling filters treating domestic wastewater
produce 50C to 730 pounds o7 seitleable sollds per miilion galions of waste-
water treated. The sludge produced by a low-rate filter usually has a toia! dry
solids content of one to seven percent after settling in the sedimentatlon
tank. The sludge produced by a high-rate filter is lighter and fluffier with a
total dry solids conlent ranging from one-half to three percent.




TRICKLING FILTER PROCESS
SECTION 11 - PROCESS CONTROL

Smpls method . There are several methods of estimating the volume of sludge that must be
¢ csiculate - removed from a trickling filter process. The simplest method is based on a

tud
;.."mﬁ:ng settleable solids test (Imhoff Cone Test) of a composite sample* of the filler

frequency. effluent. The volume of sludge to be removed may be estimated as foltows:

'Example Calculation

A. Date Required
4.  Filter effluent settleable solids = 4 mi/l
(Average of a series of grab samples)

2. Flow toclarifier = 800,000 gpd

Determine the volume of sludge in gallons per day.

L. = (Settleable Sol., mif) (flow, gpd)
1,000 mi/l

- (4 mi#) {300,000 gpd)
1.000 mifl

{(a} Sludge vo
gpd

= 3600 gpd
OR
{b) Sludge vol,, =>ludge Volume, gpd
gpd ~ 1,440 min/day

- 3600 gpd
1,440 min/day

= 2.5gpm
C. Determine pump control.
' (Sludge Volume, gpd) (100%)
{Pumping Rate, gpm) (1,440 min/day)

(3600 gpd)(100 %)
{50 gpm) (1,440 min/day}

(a) Percenttimeon =

= 5%

OR

(b} Minutes per {Percent Time On}{60 minutes/hr)
hour 100%

— {5%) (60 minutesihr)
100%

= 3 minutesihr

“Composite sample - Refer to Section 4.02 for discussion.
!

13 .
2 S Jk, L
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™
5

R

:‘n':"";:l‘t’o A second method bf estimating the volume of § 45 based on measurement

colculele of the sedimentation unlt Influeni and éffluent sispended solids, the percent
sludgs totat dry sollds in the sludge, and the flow to the clarifler, The volume of
pumping rale. sludge to be removed may be estlmated as follows:

hl

Zxample Calculation

A. DataRequlred

Fliter effluent suspended sohds = 0 mgil
{composlte sample)

Sedimentation unlt effluent = 30 mgh
suspended sollds

- Flow to sedimentatlon unit = 0.9 mgd

Deslred sludge concentration = 1.5%
(Some allowance should be made for ™~
the Irragularity in the fliter sloughings)

\\ Determine the suspended sollds removed by the sedlmédj ation
unit in mgil,

\

S8 removed, mg/l = SSindl., m_g!l-sseﬂl:. mgll .
= 930

= 60 mg/l

C. Determine the volume of sludge in gallons per day.
‘ v

Sludge Vol., gpd = (Flow, mgd) (S8 removed, mg/l)
Deslred Sludge Conc., %

= (0.8 mgd) (60 mgil) (100 %)
1.5?0

= 3600gpd

LOADING FARAMETERS

A trickling filter process Is deslgned wlth loading parameters as criterla for
operatlon. Operatlon of the process wlithin these raramsaters is essentlal If
Trickling tillers deslgn performance Is to be achieved and disgharge requirements met on a
;’l:h""'“""' contlnuous basls. The process control parangeters for trickling filters are
loadIng criterts gonerzlly based on organic lgading &nd her:aJIc loading. In consldering the
tor opemslion, trickling filter process, the fliter or fliters and the following sedimentation
unlt should always be consldered as one unlt In both deslgn and operation,
The proc¢éss control parameter for sedimentation units Is generally based on
the surfdce overflow rate. Exceeding the deslgn parameters of any unlt pro-
cess will eventually result In a poor quallty effluent,

."'%5’_
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TRICKLING FILTER PROCESS
SECTION Il- PRQCESS CONTROL

Organic Loading

i

The organic loading is commonly expressed as pounds of BOD applied per
day per 1,000 cubic feet, cubic yard, or acre-foot of media. Where recirculation
is practiced, an additional organic load is contained in the recirculated flow.
This added logding is included in the calculations by some operators and
omitted by others since it is included in the influent load. The Water Poliution
Control Federation Manual of Practice No. 6., Units of Expression for Waste-™
Water Treatment, expresses BOD loading as 1b 80D/day/1,000 cu. ft. excluding
the additional 80D load contributed by the recirculated flow in the high-rate
filter plant. To eliminate confusich in making data comparisons with other
plants, it is suggested that the BOD of the recirculated flow be ignored. The
BOD loading is determined as follows:

Example Calculation

A. Data Pequired
1. Primary effluent BOD = 132 mg/i
Raw wastewater flow = 0.4 mgd
Diameter of filter = 50 ft.
Depth of filter media = 3 ft.

Determine pounds of BOD applied per Jday.

BOD Applied Ibs/day = {BOD, mg/l} {Flow, mgd) (8.34 bs/gal}

= (132 mg/1} (0.4 mgd) (8.34 Ibsigal)
= 440
Determine the filter surface area in square feet. o
Surface Area, sq. feet = (0.785) (Dia,, ft.){Dia., ft.}*
= {0.785)(50 ft.) (50 ft.)
= 1963.5 l
*Surface Area = x Dia. X Dia. = {0.785) {dia) {dia.) or 0.785 (Dia)2

D. Determine the volume of filter media in 1000 cubic feet.

{Surface Area, sq. ft.)(Depth, ft.)
1000 units

- (1962.5 sq. ft.) (3 ft.)
1000 units *

Vol. of Media, 1000 cu. ft. =

= 5.88 or 5.9 thousand cubic feet
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( ? ’
»""Fﬂ"
E. Determine the BOD loading.
. \
BOD Loading, Ibs BOD/day/ = — ooD applled, lbsiday
A 1000cu. ft, | Volume of Medta, 1000°cu. ft. -
‘ | _ ___440,Ibsiday
5.9 thousand cu, ft.
' =75
: ' ) , -
f Hydraullc Lozding
Hycreutie The WPCF Manual of Practice No. 6 expressss hydraullc loading as gallons
icating can b waste flot {(Including recirculation) per day per square foot of surface area
Henited by filter (opdisqg, \)Taften. the hydraullc loading of & trickling filter IS limited by the
diswidution end hydraullc capaclty of either the distribution or underdrain systems. The
underdraln hydrauwlic loading on the super-rate trickling fliters (synthetic medla-fllled
aysiems, towers) Is commonly expressed as gallons per minute per'square foot of
surface area (gpm/sq. ft.). The hydraullc loading may be determined as foliows:
Howlo Exampie Calculation ‘
caiculate” . A, DataRequlred
m*;’“ 1. Raw wastewater flow = 0.4 mgd = 400,000 gpd - .
m%(itngmm 2. Reclrculation flow = 0.2 mgd = 200,000 gpd
3. Dlameterof fllter = 50 ft. {
h - '\ B. Determine the total flow applied to the fllterfp gallons perday.
¢ Totat Fiow, gpd = Raw Wastewater Flow, gpd + FReclrc., Flow, gpd
= 400,000 + 200,000
= §00,000
S €. Determine the surface areaof the fliter In square feet,
- Surface Area, sq. ft. = (0.785) (Dia,, ft.) (Dia,, ft.)*
='(0.785) (50) (80)

R

Go
.

118 2
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D. Detgrmine the hydraulic foading.

Hydraulic Loading, = -—otél Flow, gpd
gpdisq. ft. Surfacg Area, sq. ft.

600,000
1963.5

Hydraullc Loadlng, =

= 308

*Surface Area-= 214 (Dia) (Dia) = 0.785:Dia.) (Dia} or 0.785 (Dia.)2

4
Suﬁac@low Rate

/ -

The surface overflow rate is the perameter commonly_usad to measure the
importance of " hydraulic loading on the sedimentation units. The surface overflow rate Is
hydrsulle expressed as gailons waste How per day per square foot of surface area
toading o (apdisq. ft.}. The surface overflow rate is directly related to the sedimentation
sadimentation unit's abillty to effectively remove settleable soilds. Normally, if the surface
units, overflow raig is within the design range, It can be assumed that the detention

time and weir overflow rates are also within the deslgn range. Howaver, con:

sideration should be given to flow distribution which can cause short cireuit.

ing of flow through the unit. Sedimentation units which follow low and high .

rate trickling filters are commonly designed with maximum surfac : overflcw

rates of 1000 gpd/sq. ft. and 800 gpdisq. ft., respectively.

The surface overlow rate is determined as shown below:

Example Calculation

Howt A. Data Required
aloulate 1. Peak hourinfluent wastewater flow = 669,000 gpd

surfsce 2. Recirculated flow from gedimentation = 300,000 gpd
ovarllow rate, unit effluent ,

3. Diameter of sedimentation unit = 40 ft.

Determine the total flow in gallons per day.

Total Flow, gpd = Influent Wastewater Fiow, gpd + Reclrculated
Flow, gpd

1

= 600,000 + 300,000

= 900,000

7 254 |
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C. Determine the surface area of the sedimentation unit in square feet.
Surface Are§, sq. ft. = (0.785)(Dia., ft.) (Dia., it.}"
= {0.785) (40) (40)

= 1256

Determine the surface overflow rate. |

Surface Overilow Rate, = Flow, gpd
gpd/sq. fi. . Surface Area, sq. ft.

= 500,000
1256

717 *
*Surface Area = :"’.-;.i (Dia) (Dia.) = (0.785) {Dia.) (Dia.) or 0.785 (Dia.}2

OPERATIONAL PROBLEMS

There are five problems which commonly occur in trickling filter operations:
Common 1} Filter flies )
e 2) Odors
3} Ponding
4) High effluent suspended solids
5) Freezing

Each of these problems is disucssad In the following sections. Although the
trickling filter process does pot fequire complicated or sfringent process
o tonal control measures, it does require daily attention and maintenance for an-
practices efficient and trouble-free operation. Some of these practices are listed below.
minimize 1) Keepthe distributor orifices or spray nqzzleﬂee of obstructions.
problems. 2) Keep excessive growths hosed off the distributor splash plates and
the side walls above the media.
3) Keep the distributor arm system in good repair and leveled to ensure
the wastewater is applied uniformly over the filter bed.
4) Keep all obstructive materials removed from the filter surfa e, the
underdrain conduits and effluent channel.
5 Avoid expected problems by implementing preventive measures on a
routine bgsis.
6) Do notallpw problems to become serious before correcting.

||-1\?.355
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Fliter Flles
£

The fliter fly |s a gnat-slzed, moth-like fly that often breeds In the slimes of a
trickling fliter. its dark brown, worm-like larvas llve in the trickling fliter slime
parforming a useful functlon by consuming the dead\&%d decayling blologlcal
siime growths. At the completlon of metamorphosis, the larvas emerge from
the fliter as adult files and they create a considerable niilsance when present.
In additlon to belng unsanltary, the flles get into the ey;s, nose, and ears, and
cause a-great deal of physical discomfort and irritatlon. During the cooler part
of the year, fliter flles usually exIst in numbers which do not present problems.
But In the warmer summer months, due to thelr shorter ilfe cycle (7 days or
posslibly less), the flies emerge from infested fliter beds in vast numbers,
presenting a serlous nuisance. Although the flies are capabie of flying only a

short distance, they may be carrled by the wind over consldera ble distancas
to resldentlal areas.

For these reasons, preventive measures shoulid be lm}lemanted as'a routine
program to avold the dévelopment of 2 nulsance problem and subsequent
complaints. Unfortunately, the fllter fly and its larvae are not easily destroyed.
The most effective means of control is to prevent the completion of Its life
cycle,

Some probable causes for filter fly problems includs the following:

1. Poor distribution of influent wastewater, espelicaliy along the filter
wall. v

2. Hydraulic loading rates are insutficient to kaep%li eggs and larvae

washed from the filter madia.
3. Preventive measures program not being Impiemented on a routine basis.

One or more of the following corractive measures may be neseded to control
fly problems In any given sltuation, The measures best sulted to your particular
operalien with the least adverse effect on the quality of the plant’s flnal
effluent should be selected. The measures are listed In the suggested order
of consldaration.

* The disiributlon system should be properly ma}ntainad so that wastg-
water I8 uniformly applietl over the medla. Keep distributor orifices @
spray nozzles free of all obstructions. Keep the blological growths
adhering to the splash plates hosed off. If distributor arms sre not
equipped with spray nozzles at the outer end to keep the media adjacent
to the wall and the Inside surface of the wall wet, either tap the ends of
the distributor arm or open dump gates slightly for a spray effect.

Slow down the distributor arm rotatlon by reversing some of the spray
nozzle directlons. This will act to brake the rotating arm.

Increase the recirculation rate to help wash fly larvase from the fliter
bed. Hydraullc loadings In excess of 200 gpdisq. ft. will often minimize
filter fly problems,

On a routine weekly basls, flood the filter for several houg to prevent

- compietlon of the fliter fly life cycle. When thls measure Is used, con-
sideration should be glven to the resultam hydraullr Joading placed on
the filters remaining in service. Care shouid be eXercised in releasing
the wastewater from the flooded fliter such that the hydraulic design
capacity of the secondary sedimentation unlts s not exceeded, result:
ing In the washout of settleable solids. .

- 119 = 6
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+ Onaroutine weekly basis, preferably during a period of low flow, dose
the filter influent for several hours {(no more than 8 hours at a time) with
sufficient chlorine to maintain a 1 to 2 mg/l residual at the distribulor
outiet. The application of chorine will cause sloughing of the upper
layer of media slime where fly larvae pupae reside. Caution should
be exercised during prolonged chlorine itation at higher residuals.
This could cause too much of the slime Iay to sldugh off and reduce
filter performance.

If not prohiblted by Strée of locai regulatory agencies, spray filter walls

and other areas where the flies rest with a residualktype insecticide.”
Do not spray insecticide onto the filter media, as the insecticide may

harm the slime growth and contaminate the receiving waters. Insecticide
treatment should be repeated at intervals of two or four weeks. Alternate

the type of insecticide used to avoid developing a resistant strain of

the fly.

-

Qdors

Foul odors coming from a filter are generally due to anaerobic condltions
occurring within the slime growlh of the filter. When the avaitabie dissoived
oxygen is consumed by the microorgahisms, conditions which cause an-
aerobic decomposition will occur. i is normal for the innermost slime layer
next to the media to be anaerobic, because of inhibited diffusion of oxygen
through the outer slime layer. However, the outer slime layer must be com:
pletely aercbic: and therefore, a continuous and adequate supply ot oxygen
{(dissolved) is necessary for an efficiently operating filter. Foul odors do not
commonly occur when aerobic conditions are maintained in the filter. When
odors do occur, it is a good indication of inadequate operational and process
control procedures.

Some probable causes of odor problems include the following: .

1. Excessive organic loading due to the following: an unusually high

80D in the efluent wastewater; an overloadad or poorly operatéd primary
sedimeni-*'on unit; oveiloaded or pooily operated sludge processing
operations resulting in an in-plant recycle flow with a htgh 80D loading;
or inadequate dilution by reclrculation.
Poor ventilation due to the following: a submerged underdrain system;
clogged vent pipes (verlici.. pipes from underdrain around inner
circumference of petiphery waiis), obstructed underdrain channels;
natural ventilation {s poor; or vold spaces batween media is filled with
excessive gray to biack biological growths

3. Filter is operating al or over its hydraulic andlor organic icading
capacity.

4, Poor housekeeping practices. Accumulation of debris on meida surface,

The following measures should be implemei‘:tad to resolve odor problems:

+  Eyvaluate the operation of the primary sedimentation tanks for possile
means of Improving efficiency. An Influent baffle may be neaded to
prevent shorl-circuiting, or an improvement in lhe scum baffie may be

nacessary to prevent the loss of grease particles from the tank.




/J

3

Maintain good

publicrelations.

Mainialn
asrobic
conditions in
upstream

trealment unilg.

Good
housekeaping.

Reclrculation
raie may need
Incroasing.

Chlorination
lassens the
problem.

Condiitons in®
liter which can
and will lead o

ponding.

TRICKLING FILTER PROCESS
SECTION 1l- PROCESS CONTROL

Utilize one of the commercially available masking agents to make
odors less noticeable, thereby avoiding complaints. This should not
be considerad as a solution tO the operational problem, but only as a
means to avoid a public reiations problem whiie the source of the
problem is Iocateld and appropriate corrections are made.

Maintain aerobic conditions in the wastewater collection system, and
in pnmary and $econdary sedimentation units {prevent seplicity). Re-
circulation of filter effluent, or final effluent, through the primary
sedimentation units during low night flows would be helpful in reducing
seplicity. The same principie can be utilized by recirculating effluent
through the secondary sedimentation units.

Remove all debris (leaves, sticks, paper, etc.) Irom the surface of the
filter media.

Check to see that vent pipes are clear.

Remove all debris from filter effluent channel and periodically ilush
obstruclive materials from the upderdrain system.

Increase recirculation to the filter to dilute the strength of the applied
wastewater, to flush out the excess biological growths, and to improve
oxygen transfer. The hydraulic 1o dfﬁg’ipplied to the filter should pot
be so great that the underdrain system is flowing more than one-half full.
On a daily basis, dose the filter influent for several hours, preferably
during a period of low flow, with sufficient chlorine to maintaina 1 to
2 mgi residual at the distributor outlet. Prolonged chlorine application
at higher residuals may reduce filter performance. Chlorination Only
lessens the problem until a permanent solution such as piant expan-
sion, improved operation, or a larger recirculation pump can be provided.

Ponding

Ponding also known as pooling, is the formation of pools of wastewater on
the filter surface due {o c¢logging of the void space between the media. The
voids may be clogged by excessive biological growths, accumulated debris,
non-uniformiy sized media, or disintegrated media fragments. Clogging of the
media voids will inhibit air and wastewater passage, thereby reducing filter
performance and resulting in anaerobic conditions which are responsible for
foul odors. The potential for ponding can be minimized by use of a sufficient
hydraulic loading {relative to the organic loading) to keep excess biologicai
growths flushed from the media voids on a routine basis, and by removing any
debris which may accumulate on the media surface. '

Some probabie causes of ponding problems ingiude the following:
1. Application of a high-strength waste witt Inadequate dilution by
recirculation.
2. Inadequate hydrauiic loading in relation to the organic 10ading to keen
media voids flushed.

3. Non-upiformly sized media where smaller partiales fill the void space
between larger particles. This inhibits air ventilation and passage of
wastewater.

Disintegrating mediaresulting in £109ging of the void space.
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LUiniformly-sized media which 1s loo small to provide adequate void
space lor air and wastewater passage at {urrent foadings.

An accumulation of moss, snails, leaves, sticks. or other such matenals
which clog filter voids.

One or more of the following corrective measures may pe needed to control
ponding depending on the cause and seriousness of the problem. The meas:
ures are listed in the suggested order of consideration. The measures best
suited to your particular operation with the least adverse effect on the quality
of the plant’s final effluent should be selected.

Remove all leaves, paper. sticks, and other debns accumulating onthe -

media surface.

In¢crease recirculation to reduce 1:fluent strength and improve the
hydraulic ffushing of media voids.

T and flush the affected portion of the tilter su<": ce with a high
preszure stream of water.

Loasen the surface fayer of rock 1n the affected area by rakiny or forking.

Dose the filter influent for 2 to 4 hours (preferably during ow .1ow} with
sufficient chlorine to maintain a 1 to 2 mg/l residual at tha diatributor
outiet. Residuals of 20 to 50 mgfl may be needed when ponding is
serious and it is resessary to unfoad the majority of the bioiogical
arowth. Significant unload:ng of the slime layer will reduce the treat-
ment efhiciency until a bivlogical balance is re-established. If Ihe treat-
ment facility lacks provisions for appiication of chlorine to the filter
influent fiow, chlorinated fime (34%) or HTH powder (70%) may be
applied lo the alfected area at a dosag 2 of 8 1o 10 pounds of ¢hlorine
per 1,000 square feet of Jiltar surface.

If the conslruction of *he filter permits, flood the filter, keeping the
media submerned for about 24 hours. When utiltiZing this method, con-
sideration should be given to the resultant loading pfaced on the hiter
unmits remaiming in service. To prevesi surcharging ¢ the secondary
sedinentation units. releasw the wastewater from the flooded filter
siowly, preferably duning «heé low mgti flow period.

Remove the hilter from service aliowing the slime growths to dry out
When glaced back into service, the loosened growths drop from lhe
med . an, wash vut with the filter effiu nt. The lergth of drying required
depends un the weather and the thickness of Ihe growths. A few hours
of drying may be adequate i slough the excess growths. while for more
seniously clogged media, une or more days of drying time may be
reguted. Portions of a hilter media may be dned out by closing oif
individual distribucor arm onifi~es “

In the event each of the above measures faf to reliave the sroblem.
remove some of the media far cleamng and inspection. If t~ mediars
fourd to be In satisfactory condition and uniformly-sized (3 to 5 inches}
1t can be carefully placed back into the fiter. If the media is defective
or too small, It must be replaced

CAUTION Al filter underdrain systems can be easily damaged by 1he
weight of heavy equipmernt or careless placensent of media
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High Effluent Suspended Solids

The efficiency of the trickling filter process is dependenton .  removal cf
filter sloughings in the final sedimentation units. A high suspended sollds
concentration 1n the sedimentation unit effluent is usually indicative that a
problem exlsts in this portion of the trickling filter process.

Some probable causes for high effluent suspended solids include the following.

1.

NGO O s LN

The unit is hydraulically overloaded due to excessive flow rates in
conjunction with recirculated flow rates, or the flow is unevenly dis-
tributed between multiple units.

Sludge collection equipment needs adjustment or repair.
Baffles or skirts need repai.

Effluent weirs not at an equal elevation.

Temperature currents.

Rate of sludge withdrawal or frequency is inadequate.

Heavy sloughing caused by temperature and-biological activity. Shock
loadings due t0 toxlc wastes or organic andior hydraulic overloads.

The foilow\ng measures should be implemented to determine as well as
resolve the problem.

Check for broken welds, bolts, su.noris. andfor holes in the baffles
and make any needed repairs.

Check that effluent weirs are set at an equal glevation and make ny
needed adjustments.

Check that the sludge colle . jon equinment is operating prer. .1y The
condition of the sludge scrapers or flights shouid be choacked and i
clearance between the floor and scraper adjusted if needed.

The operator shoula check the hydraulic loading on each clarifier (see
Surface Overflow Rate) by either measuring the flow t~ ~ach ¢larifier or
by estimating the flow balance between multiple units as indicated by
the depth ol flow over the weirs in each of the clarifiers. Overioading
can result from excessive flow or unevenly distributed flow between
multiple units.

Compare the calculated surlace overllow rate with the design rate. If
the current rate exceeds the design rate. the unit is overloaded and
eflicient -operation can be restored if additional sedimentation facilities
are provided. The instanation of baffles in the existing unit may im.
prove settling.

A temperature profile of the sedimentation unit wili identify the presence
ol any temperature currenis. The temperature prode on a dissolved
oxygen meter is an- excellent tool for this procedure. To make the
survey, the temperature profile is measured and recorded at the head,
one quarter, one hall, three quarters and end of a rectangular or square
unit, or at the quarter points across a circular unit. At each point, the
temperature is measured at the surface and the quarter points down to
the bottom ot the tank. Be careful that the temperature probe and wires
do not get entangled in the sludge collection equipment. I the decper
temperatures are consistently cooler by 1 to 2° or more, temperature
currents are present. The settling will be improved if baffles are in. *alled
to break up the currents ang stop the turbulence.

\
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If the sludge floats to the sedimentation unit surface in clumps with
numerous small bubbles attached, the problem is most likely related
to septicity or denitrification. This problem is best resolved by increasing
the sludge removal rate to draw the solids out of the unit more rapidly.

Polymer addition to the sedimentation unit influeni flow may improve
the capture of suspended solids. The type of polymér and initial dosage
should be determined in the lab by jar tests. It has been reported that a
1 to 2 mgll dosage of catiomic polymer has been effective in some
circumstances. The polymer dosage should be peripdically adjusted on
the basis of the most eifective sohds capture with the least amount of
chemical addition. The rate of sludge removal should be increased
during periods of chemical addition and heavy sloughing.

Conditions such as atnormal pH's, temperatuses, or toxic chemicals
van be best controlled by enforcing strict industrial waste discharge
ordinances. Increasing the recirculation rate will help to buffer ths
effect of shock 10ads. However, harmful indystrial dumps shouid be
stoppad or neutralized ::t their source whenever possible. if possible,
a toxic shock load (uswally characterized by an abnormaliy low or high
pH) should be diveried to a holding basin and returned to the piant
influent at a very low rate to minimize its effect on the biological pro-
cesses it the treatraent plant (digesters as well as trickling filter
processes).

Frequen} hydraulic shock ioads may justify the addition of flow equal-
ization basins. These basins should be aerated and mixed to prevent
septicity and setthing of the solids. In some cases, hydraul’* shock
loads can be buffered by using the influent wet well and adjo.. ing in-
fluent nipe for equatization and controlling the influent wastewater
pumps to level out the peak flows. The practice of holding wastewater
1A the influent sewer for more than a brief period must be avoided.

Freezing _

This probiem is [imited 10 those areas of the couatry that experience freezing
weather conditions. Wastewater that 1S exposed as a thin film or is not in
motion s very susceptible to temperature loss and subsequent fraezing. To
some extent, 1ce formation can he minimized by appropriate operational
procedures.

Causes of freezing problems igclude the following:

1. Loss of t~nperature i the applied wastewater due to recirculation
tthe fitler acts like a cooling tower).

2. orang prevalling winds which increase heat 10ss.

3. Wastewater standing in the dlstrilggu:m system vhich may freéze
when intermittent dosing is practiced

4 A thin film of spray which freezes more readil;le than a coarse stream
of spray

The potential for ice formation can be reduced by the following measures:

+» Decrease recirculation as much as possible to red ~2 cooling eftects
upon the wastewater,
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Operate two-stage filters in parallel 10 reduce cooling effecls by
maxing fewer passes through the filters.

Adjust orifices and splash plates for a coarser spray effect.

Construct @ windbreak to protect the filler from prevailing winds and
reduce heat losses.

Where intermittent dosii.g is practical, open the bleeder valve in the
lower end of the distribution main shghtly. This will drain the system
between doses.

Partially open the dump gates at the outer end of the distributor arms
to provide a stream rather than a spray along the retaining wall.

Cover open pump sumps and dosing tanks 10 reduce heat losses.
Break up and remove ice formations which may obstruct operation.
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INTRODUCTION

The trickhing filter process was first used 1n the United States in 1908, and has
remained a popular form of wastewater ireatmant since that time. Inexpensive
aeratlon and process stabliity are the primary reasons that the trickling filter
has remained a popuiar treatment process. As energy costs increase, the
usage of trickling filters as roughing filters is likely to increase.

The trickling filter process consists of a trickling filter and a sedimentation
unl. The filter structure is filled with media which provides surface aréa for
the microarganisms to attach themselves. The wastewater is applied at the
surface of the trickling filtes, and it trickies o1 splashes over and through the
vcids of the media where the microorganisms are attached. After the waste-
water passes through the filter, it is collected in ar underdrain systerr below
the media. Solids which reamin in the wastewater are then settied and _moved
from the sedimentation unit. A portion qf the filter effluent may be recirculated
to the head of the filter as shown on Figure I1i-1. s

RECIRCULATION EFFLUENT
mmmmmmﬂmﬂm—muﬂHNMﬂﬂw-I -

DIRECT RECIRCULATION I
gmmm:mm-mmmmg I
SECOND RY |

CLARIFILR I

— ]

\ —7 EFFLUENT
4

TRICKLING
FILTER

BIOLOGIT AL
STUDGE

TYPICAL TRICKLING FILTER PROCESS

FIGURE HI-1

The total amount of microorgamsms attached to the tncwrling futer media s
called the biomass. The biomass includes algae, bacteria, fungr, protozoa,
and higher life forms of 0rganisms such as worms, snails, and insect larvae.

Facultative bacteria are the rmucroorganisms responsible for 1he majonty of
the treatment which occurs in the trickiing futer. The surface microorgamisms
are aerabic while the micreorganisms immediately attached {o the media sus-
face or where dissolved oxygen is absent areanaerobic.

Because they contain vast numbers and varieties of microorganisms, trickling
filters are capable of adapting to changes in environmental conditions and
loadings. For this reason shock organic Joads have less elfect on this process
than on some modes of the activated sludge process.
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Deiinitions

Operation of the trickling filter process requires a basic understanding of
some key words commonly used by operators. The following provides a
framework for understanding what a trickling filter consists of and what makes
sitfunctionas a treatmém unit.

MEDIA is placed jn a structure to provide a surface for the micro-
organisms to attach thgmselves. The media frequently consists of
rocks, plastit sheeting and redwood laths.

DISTRIBUTOR ARM is the most common method of evenly appliying
the wastewater ovef the nedia in the structure. The arm is generally
propelied by the momentum or force of waste ~ater being sprayed
from orifices located on the arm.

BIOMASS refers to the tofal mass of microorganisms attached to the
media. In concept, the biomass is similar to the Soiids Inventory,used
in activated sludge terminology to describe the total amount of micro-
organisms in an actlvated sludge system.

RECIRCULATION refers to the pumping of the filter effluent back to
the head end of the trickling filter. Recirculation evens out variations
in the hydraulic loading.

SLOUGHING is the process by which the excess growth of the micro-
organisms falls off of the filter media. When the thickness of the
bioiogical growth is too great, the excess microorganisms are washed
off of the media and discharged with the filter effluent.

FILTER UNDERDRAIN consists of a sloped floor under the filter media
which allows the wastewater and sloughings to collectlip a channel.
From the channel the wastewater and sloughings (filter effiuent) are
transferred tothe sedimentation unit for settling and removal.
HYDRAULIC LOADING refers to the amount of wastewater applied to
the surface of the trickling filter media. The hydraulic loading is calcu-
lated by dividing the average daily influent flow by the surface area of
the filter media. The loading parameter is commonly expressed as
gallons per day per square foot of surface area (gpd/sq. ft.).

ORGANIC LOADING refers to the amount of BOD or COD applied per
unit volume of filter media per day. The organic loading is commonly
expressed as pounds of BOD applied per day per 1000 cu. ft. (Ib BOD/
day1000 cu. ft.).

LOW RATE TRICKLING FILTERS are operated with an organi¢ loading,

of 510 25 Ib BOD appiied/day/1000 cu. ft. The low rate filter will fre-

quently produce a nitrified effluent, and low rate filiers are becoming
slightly more popular because of this capability.

HIGH RATE TRICKLING FILTERS are operated with organic loadings.
of 25 10100 Ib BOD applied/day/1000 ¢ u, ft.

ROUGHING FILTERS are operated at loading rates above 100 ib BOD
applied/dayf1000 cu. ft. A roughing filter is used to reduce the amount
of BOD and/or COD in the wastewater.

BIOLOGICAL TOWERS refer to the type of trickling fllters that are
synthetic media-filled, tower-like structures. These towers are some-
times referred to as oxidation or roughing towers, Because of their

high hydrautic 10ading, they are often classified as Super-Rate trickling
fliters.
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* STAGING refers to operating trickling filters in series.. Staging is
practiced to produce an effluent with a lower BOD andfor COD con-
centration.

PROCESS DESCRIPTION

The trickling filter process consists oOf spraying the wastewater over a bed of
media, such as crushed rock, cynders, slate, redwood laths, or molded plastic
materials to form a bioiogical slime layer. This slime, or zoogleal film, is com-
nosed primarily of bacteria, protozoa, and fungi, and at times includes worms,
fly larvas, rotifiers, and snails. Usually sunlight promotes an algal growth on
the bed's upper surface. As the wastewater trickles downward through the
voids Of the media, organic matter and dissolved Oxygen are absorbed into
the film and at the same time, ths metabolic end products such as carbon
dioxide, water, nitrates and sulfates are released.

' When the slime laygr [oses its ability to continue clinging to the. media, usually

dué to either the sadess thickness of the slime layer andfor the scouring effect
of the wastewater flow, portions of the slime layer slough off into the waste
flow. The waste flow containing the metabolic end products an ,d\loughinqs
flows int0o an underdrain syslem which supports the media and permitsair
circulation. The underdrain system has a sioping bottom conveying the waste

flow into a main effluent channel.

In & single stage system, the collected trickling filter effluent is conveyed to

a sedimentation unit for the removal of the settleabie sloughings. In a multi-
stage systerm, final sedimentation would follow the jast trickling filter stage.
In some cases the system may have mtermediate sedimentation units between
the trickling fiiter stages.

The principal components of the trickling filier process consist of the following.

1. The distribution system through which the wastewater is applied jo
the filter media.

2. The filter media which provides surface area for the microorganisms
togrow.

3. The underdrain system which supports the media and provides drainage
of the waste flow 1o a coliection channel while permitting arr circulation.

4. Afinai sedimentation tank for the removal of the filter sjoughings.

A croas-section of a typicat circuiar trickling filter is Shown on Figure 111-2
with the principal components identified.

Rotary Distributor

The rotary distributor consists of two or more horizontal arms that are mounted
on a turntable assembly anchored to a center column, as shown on Figure
ll-3. The wastewaler is uniformly distributed over the media by onfices
iocated in the 5:de of the distributor armis. Usually, the reaction force of the
wastewater spray from the onfices provides the force needed to rotate the
distribator assembly. In some cases. the distributor assembly is motor driven.

3
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TYPICAL TRICKLING FILTER IN CROSS SECTION

FIGURE 11~2

\..




TRICKLING FILTER PROCESS
SECTION I - FUNDAMENTALS

»

The turntable rests upon and revolves on a ball bearlng assembly which
operates In an oil bath with a mechanlcal-typa seal betweon the roating
turntable and the stationary base to eliminate oll leakage and contact with
the wastewater.

The distributor arms are commonly braced by horizontal tie rods. To malntain

Maintenance the distributor arms in the horizontal position and permit seasonal adjustment,

provisions. the arms are supported vertically by adjustabie guy rods from a center mast,
A dump gate Is provided at the outer end of each arm for flushing the
obstructive materials from inside the arm. Often, an orifice Is provided in the
dump gate to spray the edge of the media to discourage fiy breeding. Usually,
a drain plug Is provided in the center column to facilitate shutdown procedures
and prevent damage due to freezing.

"The distributor arms are sized to prevent velocities in excess of 4 feet per
Dletributor rm second {fps} at maximum flow. Generally, the rotation spedd of the reactlon
rotetlon apeed. drlven unit will vary with the flow rate In the range of 0.1 to 2.8 pm. The four-
arm distributors are often equipped with weir boxes at the centet column to
confine the flow to two arms at minimum flow rates. This feature is provided
to maintain proper reaction force for the rotation of the distributor arms from

" aminimum flow to a maximum flow. .

Figurs 11-3
Rotary Dlatributor

HI-S 2 8 -‘;f
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Fixed Nozzle Distributors

In the rocic-filied filters, fixed-nozzle distribution systems are uncommon and
are usually found at older facilities. The distribution system consists of
stationary pipes placed in the filter bed with inverted nozzles located at
strategic points for a relatively uniform coverage of spraying wastewater over
the media. Special nozzles constructed with a deflector for a flat spray pattern
are usually used in these filters. Dosing tanks are utilized to provide an inter
mittent wastewater application. The dosing tanks are usualiy designed to
provide a minimum rest period of 30 sec. at maximum flow, Figure 1114 iliu-"
strates the fixed nozzies, a dosing tank-and distribution system:

The dosing tanks aiso provide a varying head so that the sp'ray falis firstat a
maximum distance from the nozzle and then at a decreasing distance as the
head drops. This technique provides a relatively uniform application.
i

With the introduction of synthetic media, construction of deep-bed, fixed-
no ilters provide greater contact time and higher wetting rates of waste.

ter apphied. The nozzles are strategicaliy located at points along pipes
siraying downward over the bed.

Dosing
The hydraulic head required for operation of the distribution system may be

provided by dosing tanks, pumps, or by gravity discharge from the preceding
treatmentunit.

Dosing tanks are usually equipped with an automatic siphon controllingthe
maximum and minimum head conditions. They also provide an intg(mittent
dosing frequency. A typical dosing siphon is shown in Figure ill-4,

Media

The mediain atrickling filter does not provide a straining or filtering action as
implied by the name, but provides a surface area for the growth of a slime
fum which s responsible for the removal of organic matter. The media may be
crushed rock, siag, coal, bricks, redwood blocks or falhs, molded plastic, or
any durabie, insoluble and uniformiy-sized material, Uniformity in media size
1 required to provide adequate void spaces for air circulation and to avoid
flow restriction resulting in a ccndition known as ponding. The size range of
rock media 15 ysualiy 3 to S inches in diameter depending upon the hydraulic
loading that the filter has been designed for. High-rate filters use a larger
media than the low-rate filters. The durability, cost, and availability are some
of the factors that determine the type of media used. The depth of media in
rock-filled filters range from 3 to 8 feet with the majority of the biological
activity uccurning in the upper 3 feet.

In receny years, several forms of manufactured media have been introduced,
The manufactured media provides a greater surface area per a specific volume
upon which the zoolgeal film may grow while providing ample void space for
the free circulation of air, Additional advantages are; a uniform media for
better Liquid distnbution, hight-weight material allowing construction of
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&
Admlw;‘o, deeper beds, a greater BOD removal in a given yolume of media; chemically '

synthelic media. resistant, and an ability t¢ handie high-strength wastes, such as those from
ihe food processing industry,

One type of manufactured medsa 1S redwood laths constructed into 4 x 4 foot
Redwood [3th racks with spacer rails between xayers and space between the laths aliowing
msdla. for air circulation and water flovy. The racks are stacked vertically with laths
and spacer rails. The rough-sawn texture of the redwood enhances the reten-
tion of stime grow*hs. Figure II1-5 (lustlates the redwood lath media.
The molided plastic media consists of modules of interlocking or bonded
corrugated sheets of plastic arranged somewhat like a honeycomb. The
modules of media are stacked $o that they interlock and fit the filter configur-
ation. The corrugated surface bf the plastic media enhances the retention of
the slime growths. Filters utilizing plastic media are often constructed 15 to
30 feet deep, thus the terms biclogical or oxldation tower has been introduced
to identify these installations. THe synthetic media have a higher miminum
wetting rate (1.e., rate of flow per unit 2rea) which will maintain a slime growth
throughout the media depth f5, optimum performance. This rate of flow may
range from 0.5 to as hign as 2.0 gpm/sq. ft. (30 to 125 mgd/acre) depending
upon the type and configuration of the media. Design parameters for a specific
media are availabie from}he manufacturer. A typical example of plastic media
is shown in Figure 1116, *

Plastii: media.

REDWOOD LATH

REDWOOD RAILS

REDWOOD LATH MEDIA
FIGURE I11-6
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PLASTIC MEDIA
FIGURE 11— 6

The underdran 5ystem collects the filter effluent and transters it to the
subsequent filtration stage or sedimentation tank. The system consists of
braces which support the filter media. The floor is sloped to collect the filter
effiuent in a chanael. The underdrain braces may be spaced redwood stringers
or slotted blocks constructed of concrete of more commonly, vitrified clay.
The underdrain also allows ar to circulale iarough the media to provide the
oxygen transier pecessary to maintain aerchic conditions essential to efticient
fiiter operation. Ample underdrain capacity is necescary for rapidly discharg-
ing the effluent, and for air circulation and aeration. With natural ventilation,
the underdrain system and eftluent channel are usually sized such that not
more than 50 percent of its cross-sectional area will be submerged at peak
hydraulic loading. Some tnickling filters have vertical vent pipes around the
inner circumference of the structure wall to provide ample ventilation. Other
trickling filters have drainage ducts extended tnrough the filter structure wall
to provide ventilation.
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Ventilation

Adequate ventilation is very important in achieving efficient {ilter operation.
Usually, with an adequately sized underdrain system, the difference in air and
wastewater temperature wili provide adequate natural ventilation. How ever,
force ventiialion may be necessary in some of the following instances:

A. Filters with extremely deep beds, such as the biological towers.
B. Filters situated below grade.

C. Heaviiy loaded filters.

D. Filters covered by a dome for winter protection, or odor controi.

Natural Ventilation

Naturai ventration occurs by gravity due to the temperature differential
between the wastewsater temperature and the outside air temperature.
The heating or cooling of the air will cause a density change resulting
in an air movement {heated air rises and cooled air falls). Therefore, the
direction of air fiow will depend on the temperafures of thé air and waste-
water. if the air temperature js warmer than the wastewater temperature,
the cooled-air flow wiil he downward through the filter. If the air tempera-
ture is lower than the w astéwater temperature, the warmed- ‘alr flow will be
upward through the filter.

Forced Ventilation "

Usually, forced ventilation systems are designed to provide an air flow of
1 ¢fmisq. ft. of filter area with air flow in either direction. The fans should
be operated to circulate the air in the same direction as the natural air
current. The ventilation units must be equipped with air-tight seals lo avoid
corrosion problems. At some locations, the air is exhausted through
scrubbing towers for the removal of odo)'ous and corrosive gases that are
formed n treating the wastes. This is true particularly from food-processing
industrial wastewater. During freezing or low air temperatures, it is & wise
practice {o restrict the air flow to minimize freezing. The volume of air
required to sustain an aerobic filter operation is in the vicinity of 0.1 ¢fm!?
sQ. it. of filter area. However, this rate will vary depending on the organic
loading and microorganiam activity in the filter. .

Final Sedimentation

The final sedimentation unit is an essential component since trickling filters
convert the organic matter to a settleable biomass which perlodically or
continuously slough (drops) from the fiiter media. Therefore, the etficiency of
the trickhing filter process is dependent upon the remova! oi this sloughed
biomass in the final sedimentation unit. :

The design and construction of the sedimentation unit is similar to thal of
primairy sedimentation tanks. Determination and review of the clarifier loading

parameters is discussed in Section 2.05. ,
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TRICKLING FILTER CLASSIFICATION

. Trick inQ fliters are generally classlfled as low-rate, high-rate, or roughing-
q;‘.'::.f:"'“' * ..a. These ciasslilcations wre related to the application rate of the hydraulle
trickling filters and organic loadings on the filters. Loading parameters and othur operational
characteristics for varlous filter classlifications are given In Table ‘111, Trickling
‘liters may e further categorized 23 follows:
A Depth
Number of Stages
Medla Type
Aeclrculetion Flow Scheme
Distributlon - Fixed or Revoiving
Dosing Fraguency - Intermittent or Contlnugus

Commor The organic load on a fliter Is usus'ly expressed as the meaSurement by
ways lo welght of BOD appiied per unit v>!uine of fliter medla. The "Wat- Pollution
axiiress Centrol Faderation Manual of Practice No. 6, expresses orgenlc loading as
trickling fiee pounds of BOD er day (in wastes appllicd} per 1000 cuble feet of fliter media
loading. volume (Ib BODIday/1000 cu. ).

Low-Rate Trickilng Filters

Tnckling filters probably originated from the use of intermittent sand fliters.

How Lrlckll
v reking The wastewater was ailowed to pass through two or more feet of coarse sand

filtars came

aboul, where the microorganisms converted the organlc matter Into stable end
products. The need for greater removal per unit volume of filter media prompted
the Innovation of contact filters which were basinsilled with rock,

The famad L avrence Experiment Station of the Massachusetts State Board
of Health ts generally credited with sctting up the first experimental trickling
fiiter. They demonsuated that a slow movement of wastewater through a
gravel media coated with a blologlcal slims would produce an Increase In
removing BOD from the wastewater. This concept was Impraved by an English-
man, Jossph Corbett, by the Innovation of a spray distribution system and a
false bottom underdrain system.

SEELUENT
TRICKUNG FILTER greonaRY b

aLunie

LOW-RATE TRICKLING FILTER
FIGURE 111=7
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Low-rate filters”are not usually equipped for recirculation except for the
return of the sedimentation unit undetflovr (s'udge) to the plant headworks
Some plants do practics recirculation. however, mostly during low fiow petiods
Recirculation prevents the biological sltme from drving out and thus improves
filter performance. (Generally, a thick. heavy biological growth 15 doveloped
on the filter media with only a periodic sloughing. A seasonal change n
temperature or wastewater aoplication rate will cause large amounts of the
biological growth to drop frora the filter media. Such an unioadin, s aspecially
noticeable in the spring and falt The filter sloughings are usually %ell oxidized
and settle readily. 3

Most of the biological actvity 1n a low-rate filter occurs in the upper theee
feat of the filter-bed allowing the autotrophic miinfying bacterna to grow in the
lower portion oi the filter. A properly l1oadad and operated low-rate tncknng
filter process will consistently produce a high-quality. weli-nitrified efftuent
with a BOD and & suspended solids content In the range of z0 to 25 mg/l

The low-rate filter 1s a higniy reliable biological process with the abiity to
consistently produce a high 1uatity effluent even with fluctuating loading
rates, Proper control measures must be taken to minwnize nuisances. suchas
odors and filter fly breeding which are common to low-rate filters

Higia-Rate Trickling Filters

By using in-plant recirculation to difule the influent organic strevigth and to
keep the media voids flushed, migh-rate tnickling filters allow greater BOD
loadings per volume of media. Recuculation also resulis in the return of actwe
microorganisms to seed the filter and aids in the pre :ention of odors znd
flies. High-rate filters may be either single-stage or iwo-stage. The two-stage
design 1s capable of achteving the same removai rates as Ihe |o'w-rate fittes
However, nitrification does not generally occur unless the BQD loading 1c the
secaond stage 1s sufficiently reduced.

High-rate tnckling filters are generally designed lo receive a continuous tow
of waslewater All hngh-rate fiters are equipped for recirculation, althougn
some Ulilize this feature only dunng periods of lew flow (See Figure (-8 tor
typical recircu’ation.schemes {or High-Rate Trickling Filters). The recircutagion
system 15 commonly dasigned to prownde a ratio of 0.5 10 2 Some systems
however, utthze recirculation t¢ maintain & constant hydrauhic oading on the
filter. Tne depth of meda 1n a hugh-rate fitter ranges from three to eight feet,
with most filters 1n the thiee to five foot range. To avoid clogging and mprove
vantilation, a larger size media is used. The medha s usually retatwely uniform
and in the range ot three o five inch

Due to the greater hydrauhic loading. the excess biologicat growths are
flushed trom the media on a nearly continuous basis This sloughed maternat
is not fully oxuathzed. and has a high BOD content which can cause problems
in the sedimentation unit. Although not as dense as the low-rate futer the
high-rate fdter sloughings shli settle readily. A single-slage. hugh-rate fiter
process usually has a BOD removal ethciency ol 6% to 85 percent and setdo.r
exhibits any significanl degree of ritnfication A two-stage. high-rate niter
process may atiain BOD Femoval effictencies o1 75 to 90 percent vath varymg
degrees of nitrification which depends on 1he orgaric Ioading. hiter depth.
and wastewater temperaiure
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There are anumber of patented modifications of rezire Jlation schemes to the
high-rate trickhing filter process. Some of these recirculation schemes are
shown on Figure I11-9, A bnef dizcussion of these modifications follows.

Acro-Fltter

The distinguisring feature of this process is the method of sprayfng the

Raclrculation wastewater over the media, Specially designed distributors are usually

tofrond of Hiltey utiized to provide a “‘raindrop” appfication on a maximum surface area at

during low Hows. one time, Recircuiation (from the final sedimentation tank to the filter
inflLant}) ., practiced only during periods of ipw flow to maintain 2 mlni-
rmum hydratiic 1oadin-g of 13 mgad. This procedure allows for an efficient
distrnibutor operation. A deep media bed of 8 {eet iIs recommendad for the
Aero-Filter with a mintmum depth of 6 feel. The second filter of a two-
stage system may have a miinimum dapth of 5 feet,

Bio-Fllte.

The Bio-Fiiter has a relatively shaliow media bed of 3 to & feet. The wuis-
At tinguishing feature of this process is the method of recirculation. Filter
priciaty effluent. or hinat sedimentation tank eifluent, is returned to the head of
eadieaematcn the primary sedimentation tark. This method of recirculation requires
tank larger sedimentation units than normal; however, better sedimentation
operation can be attained during periods of 1ow flow,
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Accalo-Flitar

The Accelo-Filter has a relatively deep bed depth, generally about 6 feet.
The distinguishing feature of this process Is the method ol recirculation.
The filter effluent is returned to the inlet of that filter or a preceding
lilter where it mixes wlth the raw wasStewater. A recirculation ratio of 2to 1
Is recommended. This method of recirculation reduces filterodyrs and Iy
breeding, and increases the dissolved oxygen concentration. the recir-
culation also continuousiy reseeds the influent lilter flow with active
microorganisms sloughed Irom(me fiter without affecting the hydraulic
loading on the primasy or final sedimentation tanks.

Roughing-Rate Trickling Filiers

Roughing filter. are usually designed as an ntermediate stage of treatment,
and many times precede activated sludge treatment or Second-stage filters.
Their pnmary function 1s to reduce high organic loadings on a subsequent
treatiment process. Often, roughing filters are utilized at plants receiving
high-strength industrial wastes, A roughing filter may be either a rock-filled
lilter or a synthetic media-filled tower receiving a very high organic loading.
Roughing filters have a very high BOD removal efficiency. Generally, a BOD
removal of 40 to 70 percent can be expected from a roughing filter process
thatinciudes sedimentation.

Figure 111-10 shows a typical roughing filter installation.

With the introduction ol varlous types of synthetic media, a new concept in
trickling filters has been deveioped. The synthetic media possesses a greater
surface area and vord space than the conventional crushed rock media. This
allows a greater growth of biological slime per unit volume and permits
greater hydraulic loadings on the lilter without obstructing air llow and
oxygen transfer. The synthetic media is lig* ..2ight, permitting the construe-
tion of deeper filter beds. resulting in smaller diameter units. The increased
depth 1s required to provide sulficient contact time at the higher hydraulic
ioadings. As the recommended bed depths lor synthetic media are 15 to 30
leet, the resulting tower-like structures are sometimes referred to as blological
oxidation or roughing towers. The most important apphication ol the biotogical
towers has been as roughing units to absorb toxic or unisually sfrong In-
dustrial wastes and high soluble BOD wastes from food processing industnes.
f

At San Pablq, €anfornia. a roughing tower buflers the astivated siudge process
by absorbing shock loads Toxitc wastes occasionally kill the organisms in the
upper portion of the roughing tower. however. the lollowing activated sludge
process is protected and the roughing tower readily recovers

The synthetic media filters ar2 not limited to use as roughing filters, they are
capable of producing a high quality effluent with 80D loadings tn the high-
rate range. Bivlogical towers utillzing piastic packing at 50 to 100 1ps BOD:
1000 cu. It /day are capable of act eving approximately the same performance
as rock-filled filiers with an organic foading of 3¢ to 60 ibs BOD/10M) cu. i./day
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Figure fil- 11 s 2 photograph showing the oxidation (biological} towers used at
Fairfieid. California to buffer and reduce the organic loading of high-strength
brewery waste on the activated sludge process. The air scrubber towers
(center) are ysed to avoid odor nuisances. These oxidation towers are covered
and utihze forced ventilation for exhausting the foul air through the scrubbing
towers.

- Recirculation js utilized to provide the hydraulic wetting rate that will main-
Rectreulation Is tain the growth of a biological slime throughout the depth of the media. This
used to mimmum wetting rate depends on the type and shape of the media. The BOD
mainiain removal efficiency of a biological t¢ er is greatly dependent on the main-
blalogleal tenance of a healthy biological slime ihroughout the media depth, as well &s
growth the wastewater chargctenstics. mode of recirculation, and type of synthetic
throughout i
depih of media media, A decrease 1n BOD removal may accompany wetting rates that are

greatly above or below the minimum wetting rate. Modes of recirculation may
enclude one or acombination of the following:

1. Return of the tower effluent to the tower influent to seed the media
shime growth with suspended biclogical (sioughingsj growths.
Return ol the clanfier effluent to the tower infuent to dilute the strength
of the inllusnt wastewater.

Return the sedimentation unit underflow to the tower influent for the
build-up of microorganisms to absorb shock loads, and o improve
ethciency. Sometimes. the underflowy may be reaerated prior to te-
turming 1n the tower intiuent. This witl prowide additional butfering for
perods of shock toading.

Figure 11
Oridahon 1Bivlogical Towers
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INTRODUCTION

An essential tool for proper process contro! 1s frequent and accurate sampling
and laboratory control tests. By relating the lab test results to operation. the
operator can select Ine most effective operational parameters, determiné the
efficiency of his treatment processes, and identlfy developing problems
before they seriously atfect effiugnt quality. Therefore, laboratery facilities
play an Important role in the control of an aerobic biological treatnmient facilit;/.

LABORATORY SAMPLING AND TESTING PROGRAM

Good sampiing procedures are the Key to meaningful laboratory anaiyses. A
typical sample represents only a small fraction of the total flow, and great
care must be exe.cised to ensure that the sample i1s representative. If this
is not accomplished. the subsequent analytical data js worthless for process
control, Therefore, the importance of good and accurate sampling techniques
cannot be overstressed.

The exact location of sampling points within a given treatment plant cannot
be specified because of the varying conditions and the pfant design. However,
it is possibfe to present certa:n general gmdelmes which are presented on
Figure (V1.

Two typaes of samples may be coflecied, depending upon the purpose of
sampling. The first is a dip or “grab"” sample which consists of a single por-
tion collected al a given time. The second type of sample 1s a "composite”
sample that consists of portions taken at known times and then combined n
volumes that are proportional to the ffow at the time of sampling. These
combined portions produce a sample which is representatlve of the wastewater
characieristics over the entire sampling period.

The preferred sampling procedure, except for certain lab or field 1ests which
must be run immediately (Dissolved Oxygen, Temperature, pH}, is to coliect
nourly samples over a day, having sample volumes that are in proportion to
the wastewater flow rate. When available and where possible, automalic
sampling devices should be employed. Thé sample containers and sample
lines should be thoroughly ¢leaned each time to prevent sample contamina-
tion. The hourly grab samples should be composited into a labeled plastic
galion bottle and kep freingerated at 3 or 4° C. to prevenl bacterial decom-
position. For some Aests (such as the nitrogen tests). other methods of
preservation may bé needed. refer to Standard Methods for recommended
preservation procedures. A final composited sample volume of 2 to 3 liters 1s
usually sufficient to perform all routine tests. Where collection of an hourly
sample is not feasible, a 2 or 3 hourly sampling procedure is the next best
alternative. The sampling niethod and time of sampling should be noted upon
the 1ab record (109) sheet as reference forlater datareview and inteérpretalion.

Grab Samples

Grab samples are represéntative of the instantangous charactenstics of the
wastewater If 1t 1s only possible 1o collect grab samples. they should be
collected when the (realment pfant s operating at peak flow conditions.
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Sampling point should be read{ﬂy .
accessible ard adequate safety g w-j
precautions should be observed.

No dePosits or materials should be
collected from the side walls or
the water surface.

MIXED

"7"5‘:-‘-‘:‘-',
Sample must be taken where the AL '?/ ..

se mi -.x W
wastewo ey is mixed and of \l ‘\0 ‘\.\ ‘
uniforn composition. AN

Large or unusual particies should
not be collected with routine
samples.

Sample should be delivered and
analyzed as soon as possibie.
Stored sampies must be
refrigerated at 3 to 4° C.

P
b
¥

HASTEWATER SAMPLING GUIDELINES
FIGURE Iv-1
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s Sample collection should&e conducted systematically at various sampling
locations during the flow set\z ﬂe through the plant. Grab sampling times
may be systematically staggeréd to agcount for the respective hydraulic
detention time of each unit proc\é;s In this manner, a slug of water may be
theoretically followed !hrotigh™thie treatment plant. For example, if the hy-
draulic detention period through 2 particular unit process is ‘two hours,
then the grab sanple of the effluent from this unit should be collected two
hours after the influent sample. In this manner, the samples can be assumed
to be representative of the wastewater before and after treatment.

Composite Samples

24Hour Compqsite Sar_nples generally represent lhe wastewater characteristics over
composHes are a specified period of time. The ideal procedure incorporates the use of 24-hour
the best for composite samples consisting of hourly grab samples proportioned to the
determining flow at the time of sampling. This procedure is only feasible in treatment
organicioading facilities with 24-hour attendance or where automalic samplers are warranted.
and Adequate results, however, can generally be obtained from analysis of.com-
performanca. posite samples collected over a shorter period. In those facillties where
automatic samplers are not available, collection of composite samples
during the number of shifts worked would be sufficient as iong as peak flow
periods are included. A total composited sample volume of approximately
three liters is generally sufficient to perform the routine process control tests.

The total zmount of sample required, the number of Samples required, the
1ate of flow at the time of sampling, and the estimated average daily flow'rate,
can be used to calculate the amount of sampie to be collected dyring ez?ch
sampling period to represent the daily flow from the following equation:

Amount of sample to collect, ml =

_(Raleof flow, mgd @ time of sampling) (Total sample requ—ired, mi}
{Number of samples collected} (Average daily flow, mgd}

Example Calculation

Calculation for A. DataRequired .
:::::::2? - i. Rate of flow at time of sample collection = 1.5 mgd

2. Total sample volume réquired = 3 liters or 3000 ml
Note: m! = (liters) {i000)

3. Number of samplesto becollected = 8
4. Average daily flow = 0.9 mgd

Determine 't\he émount of sample to be collected for the present
flow rate 1n milliliters. -
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L4
Amount of sample = (Rate of flow, mad) (Total sample required, mi)

to collect, mi (Number of samples) (Ave. daily flow, mgd)

- {1.5 mgd) (3000 mi)
{8) (0.9 mgd)

= 625 mi

Laboratory Control Program

tab conlrol The 3peélflc laboratory tests ang frequency which they are performed for
requires .

sdequsie process control and. performance evaluation 'vlil vary {rom plant to plant
tsoltitles and depending on the type of trickilng fliter process, plant size, laboratory facliltles,
technical skills, available manpower, and techni¢al skills. Minlmum sampling and testing

programs for typlcal trickling filter processes are presented on Figure IV-2.

Low-hate Trlci‘cllng Fllter Process

Minimum tests _The low-rate irickling filter process does not require compiicated or
for low-rsts " stringent process control measures. However,.the process does require
filters. i daily attention to_maintain efficient and trouble-free operation. At a
smaller plant, the 'lotlowing tests would be sufficient in evaluating the
performance of a low-rate filter process:
'+ BOD
Settieable Matter
Suspended Matter
Temperature
pH -
Dissolved Og;ygen

At & ,arger plant, the laboratory control program should also include
ammonia and nitraté nitrogen dgterminations. The presence of 2 to 15
mga/l of nitrate nitrogen in the flliter effluent usually indicates a high
degree of stabilization. A typical sampling and testing program may be-
dsveloped for a low-rate filter process by referring to Figure IV-2,

High-Rate Trickling Fllter Process

} Like the low-rate trickiing filter process, the high-rate process requires
Minimum tesls limited daily maintenanze for an sfficient and trouble-freée operation. The
for high-rate recirculation flow scheie and rate shollld be regulated to attain the best
Niters. . possible performance at the ieast expense, At single-stage trickling filter

plan!s, the following tests would be sufficient in evaluating the fliter
perforrnance:

*» BOD
Settleable Matter
Suspended Matter
Temperature
pH
Dissolved Oxygen

_Re

L V-4
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At two-stage flltration plants where nitrification is being achieved, the
laboratory control program should als¢ include ammonia and nitrate
nitrogen determinations. For development of a typical sampling and testing
program, refer to Figure V-2, . '

) _Roughing FiltersfBlological Towers

%

Minimuin tests . - -
for roughing The following laboratory tests will be valuable in performance avaluation

towers. of afilterbeing operated-as aroughing unit:
e BOD
* Temperature
. pH
* Dissolved Oxygen

If solids sedimentation occurs, the following tests should also be included
to monitor the studge removal and effectiveness of the sedimentation.
unit:

* Gettleabie Matter

¢+ Suspended Matter

For development of a typical sampling and testing program refer to Figijre,
Iv-2.

In"a biological tower where the sedimentation unit underflow.{settled

Minimum tests : matter) is returned to the tower influent, proéess control is somewhat

:orcb“"“?‘ca' more difficult and requires a more stringent monitoring program. The mix-

ower. ing of these flows results in a biological mass similar to that of mixed
iiquor in the activated sludge process. The following laboratory tests -
would be valuable in performance evaluation and process control: -

Suspended matter and BOD of the influent and effluent flows.
Suspended matter concentration of the tower effluent flow,
Suspended matter concentration of return sludge flow.,
Settleability (se ttlometer) test of the tower effluent flow.

Dissolved oxygen of tower effluent and before efftuent weir in
clarifter.

Proces s control primarily consists of the operatof selecting and maintain-
ing the recycle rates and the suspended matter concentration in the
tower effluent flow that produces a sludge with good flocculating and
settling characteristics, and consequently an acceptable quality of
eﬁlue"m\The excess filter sludge {amount of sludge equal to that produced"
each da;i} is usually wasted from the system on a daily basis. For labora-
tory and’process control procedures, and sampling and testing program
refer to the “ACTIVATED SLUDGE PROCESS"” division, Secti% Il and IV,

Process conlrol
concept.

LABORATORY CONTROL TESTS

; This section of the manual is provided to increase understanding and to
develop an appreciation of laboratory control tests.

Ve 23y
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Samplingand * The tests discussedare those necessary for routine piocess control when the

analyaes must biological system is operating properly. Additional analyses and increased

beincreased . frequency of analysis for the routine analysis may be required for abnormal

whan the conditions. Specific suggestions are maoe for abnormal operation in Section

4ls upset. l, “TROUBLESHOOTING.” However, the operator must rely upon his own
judgment o determine which analyses he needs t0 conduct t0 SUDD'Y the
information that he desires.

.
Y

Typlcal wolksheets have been provided in Appendix A to assist the operator
in developing systematic data collection, calculation, and recording. Pre-
_cautionary procedures are presented for each of the tests presented in this
‘sectipn to make tha operator aware of the common pitfalls. Except where a-
specliic note is made, all analyses afe referenced to the fourteenth. edition
of "Standard Methods for the Examination of Waters and Wastewaters."”

Biochemical Okygen Demand (BOD) -
The biochemical oxygen dentand is determined by incubating a sampie of

known volume in the presence of microorganisms, excess nutrients, and
dissolved 0../gen. A properly conducted 800 analysis will have organic¢ .
matter as the growth limiting substance. If oxygen is limiting, the analysis
is not.meaningful.

The BOD is an index-of.the amount of oxygen that will be consumed by the
decompaosition of the organic matter in a wastewater. The analysis consists
*{ Thes-DayBOD. of measuring the initial dissolved Oxygen concentration, incubation for five
days at 20° C, and measuring the final dissolved oxygen. The difference in
dissolved okygen concentration corrected for the initiai dilution is catied the
'BOD, The BOD test |3\related to-both the organic {oading upon the biological
process as well as the removal efficiency of the process. The difference be-
tween the BOD applied and the BOD leaving the process is equal to the 80D
removed by the process. The difference.is part of the data required to deter-
mine the loading upon the process. For example, the organic Icading upon
the trickling filter process.is expressed as-the pounds BOD applied per day
per 1000 cubic feet of filter media. Historically the organic loading on a
trickling filter has’ been expressed as 80D applied. The efficiency of the

P process isdeterminedbythedollowingformula: .
Caleulating

removal _ BOD applied, Ibiday - BOD leaving, Ibiday x 100

. - = the removali efficiency, %
afliclency. BODaDDIi9d biday N

ln this determination, the combined- efficiency of the trickling filter and
clarifier are con5|dered

" Precautlonary Procedures

When performing 80D énalyses the following procedures should be
Minimum of two followed in conjunction with the procedures outined in Standard Methods.
dilutiona, at 1) A minimum of two dilutions per sample should be used. Only
m:‘:i“m':’:ﬂf' analyses with oxygen depletions of greater than 2 mg/l but with no
atleast2 mgi less than a residual of 2.9 mg/l after five days of incubation at 20° C
taft after S-days. ; - should be used to calculate the 80D, Generally, the highest value

calculated should be used to represgnt Ihe BOD.
Q
.7 2‘-‘ 8
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Mix samples
well.

HAxoid asraticn
during botlle
fliing.

Note S-Days .
mean 120 Hoprs.

Toxlc sllde‘.

Primery
standard made
from glucose-
¢lutamic acid.

' Use &liythrioursa
to Inhibit
nltriflers.

COD Iy fastiand
reProducible. -

The COD is
better for
Process ¢conirol.

Sampies should be well mixed before the: dilutions are made. A
wide tip pipette should be used for making the dilutions. The wide

tip does not clog with suspended solids. /

" Samples and the dilution water must be carefullyfadded to the

- BOD bottle o avoid aeratlon/‘and the possibility 'of entraining -
Q.

bubbles in the solution.

The BOD incubator must be malntained at 20° = 1° C for the entire
5 day (Note: 120 hours) period. Record the temperature of the
incubator from a NBS certified thermometer placed in a beaker of
water inthe incubator.

IF the BOD value ‘of the more dilute sample is always greater, this .
may mchcate that there is some toxic material ifi the wastewater,
which is inhibiting the bacteria. A series of dilutions should be set
up and run. Iif the BOD is increasing with higher diiution, this may
indicate a condition known as a toxic -slide. Further analyses
should be conducted to determine the nature of-the toxic material,
and if it appears that the concentration of the toxicant is significant,

efforts should be inltiated to identify the source and reduce the ,

concentration of the toxicantin the wastewater.

Use of a primary standard is strongly reco'nmended The standard
should be made of glucose—glutomic acid mixture~~and it shoyld
be made up at a BOD near those levels in the treatment_ plant
influent. The primary standard should be made up and analyzed
weekly. Any significant variation {more than = 20%) should cause
the operator to be suspicious. Efforts should be undertaken to
review the laboratory procedure, and find out what is causing the
problem. Each operator should analyze the standard and the results
should be within = 10%. Operators not falling within this range .
should review their laborator techniques and make the appropriate
- adjustments.

'Wastewaters fhat have been partially nitrified may prodace -high
BOD results. The increased oxygen demand results from the oxi-
dation of ammonia to nitrate. The use of allylthioprea n the dilution

 water will inhibit the nitrifiers and alleviate this probiem.

Chemical Oxygen Demand (COD)

The COD is an estimate of the total oxygen demand that results from the de-
gradable organic matter. The analysis consists of oxldlzmg the organic matter,
with potasswm dichromate in a heated strongly acidic solution.

While the BOD analysis is an index of the biodegradable organic matter, it is
rot very useful Yor process control because of the five day lag in time. The
COD test is rdpid (3+4 hours); it is not subject to inierferences from toxic
materials; and it is not affected by ammonia oxidation.

The COD removal of a biological process is directly relatable to the amount of
biological growth that can result from this removal. The COD analysis'suffers
from the didadvantage that it does not measure the rate of biodegradability

of matter removed and therefore It is difficult to predict the effects of effluents
on the oxygen resources of redeiving waters and the treatability of a particular
wastewater.

-
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Aro

Precautlonary Procedures

When performing the COD test, the following procedures should be
foliowedin conjunction with those outiined in Standard Methods.

1) Initially, the anafyst should run triplicate samples to establish the
varlability of his. anaiyses. Once this variability js established,
samples can be analyzed without replication.

2) Use a wide tip pipette t0 ensure that a representative sample js
taken.

3) Glassware used for the COD analyses must be washed with hy-
drochloric acid, hot washed, and rinsed three times with distilled
water. .

4) Extreme caution and safety precautions should be practiced when
handling the chemical reagents for the test. Goggles, a rubberized
apron and asbestos gloves are essential equipment.

5) If a sample mixture turns green during or immediately foilowing
the heating perivd, the analysis is not vaiid and shouid be re-

- examined in a more dilute sample. If the problem reoccurs then
the laboratory technique should be reevaluated and the sample
$hould be checked for likely interferences, such as high chloride
concentration or the presence of a strong base.

6) A primary standard consisting of. potassium acid phtalate should
be analyzed on a weekly basis to ensure that the analyses are con-
sistent. The COD concentration of the standard shouid be near
the level of the COD of the wastewater. (See Standard Methods.)

. Soluble COD and 8OD

}
The discussions on BOD and COD have been limited to the measurement of
the total COD and BOD. The soluble BOD and CQD are mdre meaningful for
méasuring performanpce. The solubie 8BOD or COD js determined in exactly
the manner descried above, except that the sample is flifared through a mem-
brane fliter prior to the analysis: The use of this flitering apparatus is discussed

under the suspended matter analysis. -
L1

Seitleable Matter

The settleable matter test (also known as the Imhoff Cone Test) js & measure
of the volume of solid matter that settles to the béttom of an Imhotf cone in
one hour. The volume of settled solids is read as miililiters per liter (mifl)
directly from the graduations at the bottom of the imhoff cone.

. O
This test Is of value In providing a quick and efficient check of a'sadimentation
unit. Additionally, a rough estimate of the volume of solids removed by the
sedimentation unit can be made. ‘Oniy a trace of settleable solids should

- remain in the secondary effluent, and very llttle shouid remain in the primary
effluent. Poor settieable matter removal may fndicate the following related °

problems which may occur in sedlmenlatlon baslns
Prlmaryand Secondary
1) Hydraullc overioad.
2) Irreguiar llow disiributions tom ultlple units.

\ 290
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1\

3) Excessively high veloclty currents.
4y -Effluent weirs of uneven height - short ¢ircuiting.
5) Impropersampling technique.
6) ‘Improper raw sludge removal rates.
Secondary Only

1) Biological upset.

Procautionary Procedures

When performing the settleable solids test, the tollowing procedures
should be followed in conlunctlon with those outlined in Standard Methods
1) Take a sample volume greater thah one liter.
2) Use grab samples for this analysis.
"3) Fill the Imhoff cone exactly to the one liter mark in one rapld
_ pouring without stopping. -
4) After the sample hag settied for 45 minutes either gently tap the
. sides of the cone or gently spin the cone between the palms of
your hands to settle those solids adhering to the sides of the cone
abgve the compacted settled laygr at the bottom of the conel!
Read.and record the volume of settled matter {mlfl) at the end of
onehour. Read the graduation at the average solids depth and not .
at a peak orvoid area on the surface of the setiled solids.

£

Total Su3pended Matter

The suspended matter test refers to the solids in suspension that can be .
Msasure of the removed by standard tiltering laboratoty. procedures. The euspende'd matter
flltetabile is determined by filtering a known volume of sample through a weighed
sollds. - glass-fiber or membrane filter disc in an appropriate filtering apparatus. The
filter with the entrapped solids is'oven-dr ~d at 103° - 105° C and then cooled
in @ desiccater and subsequently welghed The increase in tilter weight
represents the suspended matter .
The sigmtlcanpe of the suspended matter test is genetally dependent on the
type of treatment process and the locatlon of measurement within that pro-
cess applicat:on Ftesutts ot the test- have- the tollowmg uses “in process
control:
1 Evatuating the organlc stt‘ength of the wastev{eter 3
Uss of this test. '2) Evaluating claritjer solids loading.
3) Determine the sludg_e recycle rate by calculation.
4) Calculating clarifler solids capture.

5) Estimating the solids inventory.

Precau'tionerv Procedures ' . . .

When performing the sugpendeldf matter test, the following procedures
should be followed in conjunction with.the procedures outlined in Standard
Methods.

1} The sample must pe thoroughly mlxed prior to taking a eample
atiquot .
' t
V10
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4 A
L g s . ’
Usa wide tipped Do not use a smali-tipped pipette to measure the sample aliquot.
pipsite, ) A wide-tipped plpette should be utilized to permit passage of the
’ ) - larger solids and to facilitate rinsing. An alternate method of
obtaining a sample aliquot would be to pour it into a graduated
. cylinder. -

Rinse ail adhering solids from graduate (or pipette) with drsnlled
water. Potir finse waterlhrough the fiiter. = \

Test results that appear faulty or questionable should be "dis-
. regarded.
Temperature . It4s important to always maintain a temperature of between 103 -
preied) 103 105° G in the drying overi. The temperature must be monitored and
e recorded in a record book.

8e sure that the paper filteris properly seated in the irltratlon
apparatus before pouring the sample. This is easily accomplished

by wetting the filter paper with distilled water, then applying . = ¢
vacuum to the filtration apparatys.

Samples containing high solids levels hay reqmre more *lhan one
hour to completely dry. .

8) Be consistent in the length of time the fiiter apparatus and paper
< are allowed to cool in the dessicator both before and aftér futering.

9) Use Whatman GF/C filters and a mllllpore filter apparatus with
sintered glass seat for this analysis.

1
b

/ Nitrite Niirogen

0
; " . »
’ .

NOg & Pa"la“sj Nltrite (NO2) is an intermediate oxidation state of nitrogen between ammonia
oxlmmrmn&r nitrogen and nitrate-nitrogen. Nitrite is transatory and readlly amenable to
Aitrogen, - both bacterial oxidation to nitrate or reduction to nitrogen gas depending

a upon erwironmental factors such as dissolved oxygen and microbial conditions.’
:'I::;?ﬁ“o“ The nitrite concentration can be used to monitor how-well nitrification is
Imply . progressing in a treatment process. High nitrite concentrations indicate in-
incomplele compiete nitrification, and could lead to prgblem s, such as high chlorine and
nitrificstion, oxygen demands. ' ’

.

Precautlonary Precedures’ -
i . .
When performing the nitrite nitrogen test, the following procedures shguld
be followed in conjunction with the procedures outlined in Standarcl

Methods. :
1) Use extreme caution In handilng the chemicai reagents to avoid

} injury or damaged ¢clothing. -
‘Analyze as 000 . N 2} Due tothejnstabllity of nitrite (NO2), the composite sanipies used
as possible. . for the nitrite analysis should be preserved by one of the following-
’ ) methods: (a) ireezing, or (b} 5 ml,of ctiloroform per liter of sample.
s::“""'““""‘ " 3} The samples must be cool when the analysls is performed or
soek - - : erroneous results will be measured.

Devibtion from standard procedure may yield erroneous resuMts.
Be conslslent in your laboratory technique.

« 3
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Nltrate Nltrogen

NO3 8 tully . Nitrate is setdom found in raw wastewater or-primary effiuent, because facu-’

oxidized formof , ltative microorganisms can readily use nitrate as an oxygén source. In the

nlwogen, | biologlcal treatment process. the ammonia qltrogen can be microblologically
ogtldix.ed to mtrlto and then to nitrate depending on the microorganisms
present and the environmental factors such as pH, temperature, and dissoived
oxygen.

+

Secondary effluent may contain from 0 to 50 mg#! nitrate nitrogen depending

Typlcal In low on the total nitrogen conient in the raw wastewater and conditions of treat-
;;::::"""““ ‘ ment. Low-rate trickling filters with relatively deep beds can produce highly
) nitrified effluents, while a single-stage, high-rate trickling filter will rarely be

_ capabie of nitrifying. " .

Precautlonary Procedures

When performing the nitrate nitrogen ‘test, the following procedures
should be followed in conjunctlon with the procedures outlned in Standard
b Methods.
1

3¢ the Rrucine , 1) Usethe Brucine method for routine analysis. :

#ethod. .
sthed 2) Analyze the sample &s soon as posslble to avoid bacterial reduc
tion of the nitrate.

3) Preserve samp!es that cannot be analyzed immed!ately by either
freezing or by the addition of 5 ml of chloroform per liter of sample.

Ammonia Nitrogen

-

This test m,easures the nitrogen present In the wastewater as ammonla.
Ammonia.nitrogen in domestic wastewater is generally between 10 and 40
mg/l. Primary treatment may increase the ammenia nitrogen content slightly
due to decomposition of some protein compounds during freatment. In
secondary treatment process, ammonia can be oxldized to nitrite’ then to
nitrate in varying degrees dependlog on factors, such as the residence time
of the mlcroorganisms, wastewater temperature, and oxygen reliability.
L Q
A measure of The signiiicance of this testis associated with the oxygen demand required
tje torm of . to oxidize ammonia ir, the biological treatment process or-receiving stream.
nlirogen thai Theoretically, the oxidation of one pound of-ammonia nitrogen raquires 4.6
capses high pounds of oxygen. This test is also valuable in evaluating the performance of
:'::.':;.“ 4 a treatment process designed to nitrify. Other significant problems relating
tlsh toxiclty, . to ammwnia are high chiorine demands, fish toxicity, and hlgh oxygen demand
on receiving waters.

Fl

‘Precautlonary Procedures ‘ )

When per?orming the Ammonia Nitrogen test, the foliowing procedures
should he followed in conjunction with the procedures outlined in Standard
Methods , -
1) Use extreme caulion in handiing the chemical reagents to avoid
injury or damaged clothing.
2} Deviation from standard procedures rnay yield erroneous results@
Consistency in laboratory techniques s essential.

A
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Total Phosphorus

E

Phosphorus is one of the nutrients essential 10 biological growti 1n secondary
treatment processes. ‘Most wastewaters have more phosphorus available
than is required for biological growth and assimilation of the carbonaceous
BOD. A deficiency of phdsphorus may result from high waste toading from
industries, such as canneries which generally have wastes that are high in
carbohydrates and low in nutrients. Such a phosphorus defficiency may limit
biological growth and lead to poor BOD removais.

Typical raw domestic wastewater contains approximately 10 mgfl of phosphorus
of which 20 to ) percent may'be removed by the growth ot microorganisms
which are wasted from the process. Greater removals may & obtained by
various processes involving addition of a metal ion such as iron or aluminum
to chemically precipitate iron or aluminum phosphate. Other removal’ pro.
cesses involve pH adjustment by addition of lime of other means a&d chemicai
precipitation of a calcium phosphate. .

\ Precautlonary Procedures

When performing the total phosphorus. lest, the following procedures
should be followed in conjunction with the procedures outlined in Standard
Methods. : .
1) Use extrrgme caution in handling the themical reagents to avoid
injury ordamaged ciothing. - _ ~
2) Record specific procedures used for.pretreatment of sample and
measurement of phosphorys concentration with test results. Also,
clearly indicate the expression of the test results, P or PO4. (Note:
1.00mg/! P equals 3.06 mgfl PO4.) _
*3) Deviation from standard procedure may yield erroneous results. .
Be consistent in your laboratory technique.

-

Dlssolved Oxygen

Dissolved oxygen (DO) is that oxygen dissolved in liquid and is usualiy ex-
pressed as milligrams per liter {mg/l). There are various tests to determing
the DO content of water. Generaily, the iodometic methods and the mémbrane
electrode (DO probe) are best suited for the domestic wastewater application,
The azide mddification of the iodometric method (aiso known as ‘Winkler
Method) is recommended Yor most wastewater and stream samples. When
determining the DO in trickling filter effluent and other biblqgical flocs which
have a high oxygen utilization rate, the copéer sulfate-sulfs mic acid floccula
tion modification should precede the azide modification tbretard biological
activily and to flocculate suspended 5o0lids. The membrane electrode method
Is becoming increasingly more popular because of its speed, ease of opera.
tion, and adaptability to process conmirol instrumemtation. The membrane
electrodes must be properly maintained and calibrated on a daily basis to
ensure that their measurements are accurate and ysable-for process control.

,f | ?
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SECTION IV LABORATORY CONTROL

The significance of the DO test in prdcess control is in its measurement of
the dissolved oxygen available for\and essential to aerobic decomposition
of the organic matter; otherwise, anaerobic decomposition may occur whh
the possible development of nuisance conditions. The DO test is also used
in the detérmination of BOD as discussed previdusly. Fish and most aquatic
life require dissolved oxygen to sustain their eantence and the DO test is an
important measurement in plant effluents and receivirlg water quality.

Precautionary Procedures 1

When performing the DO test. the follewing procedures should be allowed
in'conjunction with the procedures outlined in Standard Methods.

1) Use extreme caution In handling the ch%mlca! reagents to av0|c|
injury or damaged clothing. .

2) The use of special DO sampling eqmpment |s preferable ‘for col-
lecting samples. Thqrsamplep should be taken with the sample
container completely immersed and without aeration of the sample
or entrapment of any air bubbles. -

" Perform DO test immedtately following collection of sample.
The following substances will interfere in'the azide modification
of the iodometric DO analysis: iron salts, organic matter, excessive
suspended matier, sulfide. sulfur dioxide, residual chlorme
chromlum. and cyanide.

Hydrogen Jon Concentration {pH)

The Intensity ol acidity or.alkalinlty of a solution is numerically expressed by

Yits PH. A pH value of 7.0 is neutral, while values 7 to 14 are alkaline and values

0to 7 are acid. pH can be measured colorimetrical’y or electrometrically. The
electrometric method {pH meter) js preferred in all . pplications pecause it is
not as subject to interference by color, turbidity, colloidal matter, various
oxidants and reductants as is the less expensive colorimetric method.

-

The pH measurements are valuable in process control because pH Js one of

. the environmental factors that affect the activity and health of microorganisms.

Sudden changes or abnormal pH values may be indicative ol adverse Industrial
dischdrge of a strongly acid or alkaline waste. Stch discharges are detrimental
to biological processes as well as to the collection system and treatment
equipment, and should be either stoppecl or neutralized prior tc discharge.
Generally, h'ue pH of the secondary effluent will be &lose 10 7. A pH drop may
be noticeable in a biological process achieving nitrification because alkalinity
is destrOyecI and carbon dioxide is produced during the nitrification process.

Precautlonary Procedures ‘ "

When performing the pH test, the following procedures should be followed
in conjunction with the procedures outlined in Standard Methods.

1) Grab samples should be used for the pH measurement. The pH
test should be performed on the samples immedlately Iollowlng
collection before the temperature or dissolved gas content can
change significantly. Do no heat or stir the pH sample as achange
in tempetature or dissolved gas content will affect the pH value.

IV-14

.




 TRIGKLING FILTER PROCESS  ~°
SECTION IV LABORATORY CONTROL . »

- . . Do not contaminate the buffer by pourian the used buffer soluticn
p T “back into the buffer conlainer. ]

Callbrate the pH ' - 3). Calibrate the pH meter daily with a buffer solutioiof approximately

meter dally. the same temperature “nd pH as the sample to be tested. Adjusi

Exerclse the pH'meter’s temperatu. * compensator for each phi measurement
exireme care Avoid fouling the electrodes with oil or grease.
wiih elaclardes. Erralic resuits or drifting should prompt an lnvestugatlon of the

™ electrodes.
*

" Temperature

In process control. accurate temperatur'e measurements are helpful in evalu-
ating process performance becauso temperature is one of the mostimportant
Tempetatute factors affecting microbial growth.-Generally stated, the rate of microbial
peratute .
“aitacts growth growth doubles for every 10° C increase in temperature within the specific
o temperature range ofthe miicrobe. Temperature measurements can be helplul
ganlsms in detecting infiltrationfintiow problems and illegal ipdustrial- discharges.
Thermometers are calitrated for either total immersion or partial immersiol
A Ihermometer. calibrated for lotal immersion must be compietely immersed
in the wastewater sample to give a borrect reading, while a partiaiimmersion
thermometer must be immiersed in the sample ‘to the fepth of. the gtched
circle around the stem for a correct reading.
Lo t .
If a Fahrenhe:t thermometer \s' used its readings may be converted to Centi-
grade by the following form ula >

*c= % F.320)
9

1

Precautionary Procedures "
when obtalning the *emperature of a sample, the followlng procedures
should be followed in con]unchon with the procedures outlined in Standard
Methods. i N '

. 1) To attain truly representatlve temperature ‘measurement, fit Is
Messute necessary either to take the temperalure reading at the polnt of
immediately, sampling or immediately following sample collection.’A large

sample volume should be used to avoid a temperatute change
during the measurement.

2) The accuracy of the thermomefer used should be occasionally
verified against a precisionthermometer certlfied by the Natlonal
Bureau of Standards (NBS),

3) The thermometer should be igft in the sample while itis read.

Fiow _ .

I
I

A physical'measurement of the in:plant flows Is essentlal for trug process

‘:::‘:‘;L'r'.'n:'."""‘:‘ control. Without these flow measurements, it is impossible to compute

" ate assentlal, hydraulic and organic loadings, detention periods, racycle flows, and clarifier
underflows. Without the above parameters to ragulate the treatment processes, .

Il
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the operator is left with only a “seat of the pants” approach to process control.
Withou a measurement of in-plant flows, it is in:ossible to, competently
evaillate the operation of the individual treatment units. The measurement of
Flow the plant flows also provides a basis for computing costs for billing, esti-
measurements mating chemical needs, prezicting the future need for plant exqanslon or
atevory modification, and evaluating the effect of the plant effluent on the receiving
Important, stream. Reference to Figure 1V-2 will indicate locations of typical In-plant
flows that shculd be measured for process control.

-

In many of the smaller plants, only the plant Influent flow and possibly the
How to plant effiuent flow are metered. in these cases, the operator will have to
:‘im::':g measure the in-plant {lows by other means. Forinstance, a pumped flow may
metes. be astimated by multiplying the pump capacity {gpm} times the minutes of
pumping time per day.

opd = (gpm) (miniday) |

Often, pump capacity may be estimated by measuring the volume of liquid
pumped from or to a structure in a'timed period. No-unmetered flows into or
out of the structire must be permitted during the test period. Métered flows
tnto or out of a structure during the test must be taken into account when
computing the volume of liquid pumped.

gpm = (Area, sq. ft) (Cepth, 1) (7.48 galicu, ft.)
minutes

metered flow, gpm

The metering instrumentation must be propeérly maintained and calibrated on
a regular and routine basls to insure that thelr measurements are accurate
and usable in process control and performance evaluation,

1
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APPENDIX A - OPERATIONAL RECORDS

i

+ INTRODYICTION BN

. - A .
A The quanlity of records to be kept Will depend upon the size and type of the
counile . - .

racoeds are the wastewater trealmehl facility. A small plant may not require the number of
key to variety. of records requlred for a large plant. The specHfic records réqulred will
consisient be determined by the siz¢ and number of unhit processes within the trealment
process conlrol.. facility. Generally, these records are categorized as foilows: .

1) Operational Performance and Process Control

2} Inventory ’

3) Maintenance
4) O&MCosts

5) Personnel

For the purpose of this manual, only the Operational Performance and Process
Control records will be discussed. Several rélerences are listed at the end of
this appendix which will provide detailed information conceming other
records outlined above. Operational Performance and Process Control records
at most wastewater treatment facilities are kept dally and on a monthly
basis. Averages for the month of operatlon are normally recorded on the
monthly log. ‘

OPERATIONAL PERFORMANCE RECORDS

Compiete and accurate records of all phases of plant operation and nainten-
Perormance ance are essential for lhe evatuation and control of a biclogical wastewaler
records treat(nent facility. Such records are valuvable for justifying expenditures, and
document the for making recommendations Concerning Operational ¢hanges, modifications,
opefallons and . ” . .
provide the and expansions. These recgrds are also, used to yerily compliance with
Information for effluént quality requirements. Records should be systematically 10gged by
process control. unit process and filed in a calendar sequence. Generally, the minimum
amount of record keeping required includes$ the following:
1) DailyLog
2) Daily Laboratory Work Sheets
3) Influent andfor effluent flow rates
4) Organic and hydraulic loading rates of each unit process
5)  Amount and dosage of chemicais used
6} Power consumption . BN
7)  Unusual happenings such as bypasses, floods, storms. complaints,
other signiflcant events that could be possibly needed in the future
for legdl and adminlstratlve purposes.

A daily log or diary should be maintained to record events anid operations |
Be sure io enier : during each shift of plant operation. In larger treatment piaﬁts, it may be /-
time of 4y, snd beneficial to maintain such a 10g for eacH unit process. The fog may be a-'
:::::l:"“’ standard (8% x 11) spiral notebook or a standard daily diary made for that.

purpose, .




Daily fecords
sre used 1o
chaatve
performance
and catalog the
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F

The information entered in the plant log should be pertipent only to plant
functions. Log entries must include IRe time, the day of the week, the date,
the year, and the weather conditions. The names of the operators working at

» tHe plant, and their arrival-and departure times should also be included. Log
entries should be.made during the day of various-aciivities gnd problems as
they develop. Do not wait until the énd of the day to write up the iog, as some
items may be overlooked. If the operator will take & few minutes to make log
entries in the morning and afternoon, he will develop & good log. Logs are
beneficial to the operater and to people who replace the operator during
vacations, ilinesses, or leaves of absence. A well-kept log may prove very
helpfui to the operating agency as legal evidence in certain cases. An example
of one day’s log entries i ina small trickling filter plant isouttined below:

Tuesday, January 6, 1976 Weather: Clear, Ternp. 73° F,Wind-NW

J Doakes, Operator; A. Smith,'Assistant Operator.

G. Doe, Maintenance Helper.

8:20 AM
9:00 AM

9:15 AM

10:00 AM

10:30 AM
1:15 PM

1:30 PM

2:45 PM

Made plant checkout, changed flow charts, No. 2 super-

natant tubeplugged on No. 2 digester, cleared tube. e
TN

Started drawing sludge from bottom of No. 2 digester to

No. 1 sand bed.

Smilth and Doe completed daily lubrication and mainte&
ance, put No. 2 filter reciruclation pump on, took No. 1
pump off.

Received three tons of .chlorine, containers Nos. 1583,
1296, 495; returned two empty coplainers Nos. 1891 and
1344. Replaced bad flex connector on No. 2 chlorine
marnifold header valve, and connected container No. 495
on standby,

Collected and analyzed daily lab samples.
Pumped scum pit, 628 gallons to No. 1 digester.

Restored sludge pump No. 2 by removing plastic bottle
cap from discharge ball checlc; pump back in operation.

Smith and Doe hosed down filter distributor arms and
cleaned orifices. Doe smashed finger when closing cne of
the end gates on filter arm. Sent Doe to Dr. Jones, filled
out accident report, and notified Mr. Sharp of accident.

Stopped drawing slydge to No. 1 bed. Dréw 18,000 gallons
of sludge; sample in refrigeratof to be analyzed Wednesday.
Electrician from Delta Voltage Company in with repaired
motor for No. 2 effluent purhp, Invonce No. A-1824, motor
installed and pump OK.




Y

¥

4:10PM Doe back from doctor, stated he will lose fingernail, and
required three stitches and tetanus shol. Must go back
next Thursday.

4:30 PM  Plant checkout for tonight. put No. 2 chlorine container
) online, in case No. 1 should run empty during the night.
In addition to maintaining a daily Iog of plant operations dgiiy laboratory data
should he kept and transferred to the monthly log form. The daily records
should be systematic so that later references can b¢ made. Example daily -
. ' laboratory worksheets are presented on the following pages.
. N . ’ ’
Monthly Records . ;
\ y

Monthly Monthly records should-report the totals and the averages of the values
records Indicate . recorded daily. It_is_alsgmbeneficial to show the maximum and minimum ™
trendssng -7t daily results, such as maximum and minimum daily flows. g '

aveinges, ¥ . ' ,

]

+

Daily racorded data are usually transferred onto the monthly data sheets. The
monthly data sheet is designed to meet the reporting needs of a particular
plant. }t should have ail Important data recorded that may*be used later for -
the preparation of monthly or annual reports, .
The monthly data sheet may be a slngle 81 x (B! sﬁeet for a small treatment
plant, or it may be a number of sheets pertinent to various treatment units
within the treatment plant. . ' <.

Normally, every plant operator makes up 2 monlhly data sheet for his plant to
.. record daily {pformation. These sheets are numbered down the left-hand side
from 1 to 31 to cover the days In the month. Then from feft to right across the
How to sheet are columns to record daily information. These columns should contain
construct s log. the day of the week, weather conditions, plant flows, wastewater temperatures,
pH, settleable solids, BOD, quantity of sludged pumped, DO, and other per-
tinent information applicable to various unit processes. A space for remakes
is helpful to record and explaln unusual events. Typical column headings for
-an sctivated sludge plant and trickling filter plant are presented in Figure
A'S. Figure A-5 s designed so that it may be composited to fit the needs of a
particular piar{ Therefore, the operator may develop a monthly log by using *
FlgureA -5 as an example.

Sometimes the operator may use two or three different sheels to coliect
pertinent data. Since each plant is different, the operator prepares his plant -
data sheet to record the data he needs to maintain proper plant operation. In
addition, he can develop the form to fulfill the requirements of his agency as
weli as the appropriate regulatory agencies. Generally, these sheets can be
classified as an operational performance lod and process control log as
illustrated in Figure A-5. o

In addition to routine daily operaiion, maintenance, and wastewater char
acteristics, the monthly data sheet should contaln any unusual happenings
that may affect-interpretation of results and preparation of a monthly report
such as unusual weather, floods, bypaSses, breakdowns, or changes In
operations or maintenance procedures. )

-
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B.O.D. WORKSHEET

-

Date of Sample:

Incubation .
Date In: Date Out: Primary Primary : Final |
Y Standard Effluent Effluent-

1. ‘Bottle No.

) 2. ml of samiple u'sed
- In{tial D‘ O.
D. O. after 5 days

"D.O. depletion (diff. )

Factor {factor x diff.)
B.O.D. mg/l
"Avg. B,O.D. mg/i

Dilution Water initial D. O.
After 5 days incubation

Dilution Water D. O, depletion

-
CALCULATIONS:

[
’

[l
I(Initial D.O., mg/1-D. 0. Mter incubation, mg/1) (Bottle capacity, ml) . B.O.D., mg/l
{ml of sample used} ’

FIGURE A-1




~

.( ’ ' 'C. O.D. WORKSHEET

" Pate of Sampte: ' | . K

A1

‘ -~ - ‘ . -
PR . ' . =1
Date of Analysis: Primary ' Blank Prirazy Final
- Standard 4 Sample Effluent " Effluent
1. Reflux Sample No. .
. ]
2. ‘'ml of sample used
3. mi FAS for blank
"4, 1l FAS for sample .|
’ §
5. Difference FAS .
6. FAS normality =
7. C.0O.D. mg/l
8. Avg. C.O.D. mg/t ‘ : .

CALCULATIONS:

(ml FAS blank - mUFAS sample) x paS normality x 8,000 = COD mg/1
ml sample usg

FIGURE A-~2
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FIGURE A-3

SUSPENDED SOLIDS WORKSHEET

' Sample by Analysis by:
Date: ) Date:

Time: - ' Time:

Type of Sample: " Method used - Crucible/Filter

Location: . - (Circle One) |

Run Number

Wt. of crucible/filter,
and dry solids, gm

Wt. of crucible/filter, gm
Wt. of dry solids, gm

ML of sample

Suspended solids, riTg{ I
. Y N

Wt. off{crucible/ filter,
and dry solids, gm .

Wt. of crucible/ filter,
and ash, gm

Wt, of vol, solids, gmm

ML of sample

Vol. suspended solids, mg!l’:‘):‘ |

Calculationss
“* A-B=C

e LCx 1,;00,-000) - E
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FIGURE A-4

DAILY LABORATORY ANALYSIS

w  30-MINUTE SETTLING TEST

Day
/
GRAB SAMPLE GRAB SAMPLE
Test Set Up: Test Set Up:
Temp, Termnp.

Mbn

SDIoxr SVI= . SDloxr SVI =

OBSERVATIONS: _ OBSERVATIONS;

CALCULATIONS:

30 min ML/L

MLSS mg/! % 1,000

5vi =
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1.03 COMPUTER AIDED DATA MANAGEMENT t

The computer is an economical aid for data collection and analysis. The
computer can be used to tabulate and anaiyze all of the data needed to
perform routine and non-routing process control operations The computer
can also be used to inventory equipment, to log maintenance requirements,
and to provide completed report forms for regulatory agencies:

Typical operations costs for process contto} data management would be less
than $250 per month. These costs include “terminal rental and computer
time. A nominal initial cost would bemvolved t0 generate the programs used
tora particul\ar treatment plant. .

-

A recent article* described 'the operation of a computer program used to
tabulate and analyze the operating data needed to monitor the operation of
an activated sludge plant. TaBle A-1 {from the article) presents the minimum
data required to properly operate and monitor an activated siudge treatment
plant. Note that the data are tabulated on a daily basis, although process
control is based upon averaged data.

The data format used in Table A1 makes the data easiiy usabie. it is strongly
recommended that the data shown on Table A-1 b€ tabulated in thig format,
because of the general usefulness of these data in treatment plant operations.
These fifteen data entries can be used as a starting point for the proper
operation and monitoring of any piant.

Additional use of the computer include the generation of monthly perform-
ance reports to regulatory agencies, and cataloging maintenance operations
and eguipment inventory. The compyter can be used to prompt or remind
operations personnel that scheduled maintenance operations are due. The
computer can continue to catalog outstanding maintenance operations until *
the operator responds with a signal that the duty is completed.

The computer is an easily used tool that can be programmed to perform’
routine data tabulation and analysis. With minimal effort, operations personnel
can readily learn to use and depend on-the computer, freeing thejr lime»to
perform other necessary functions.

‘Trussel, R., &t al., “Compu!er Assisted Operatton of an Ac!} ed Sludge
Plant”, October. 1974

INTERPRETATION OF RECORDS T —

Records are not useful unless they are evaluated and used as indicators of
piant operation and mairtenance. Records are also useful as sources for
reports t0 management or the public.

The recorded data can enable the operator to determine operatlon and main-
tenance needs of his plant. The Information shown by the records should
aiso indicate to him and to his supervisor the treatment efficiency of each
unit in‘the ptant. Records kept on the quality of the sffluent and the receiving
waters shouid be analyzed for the discharge's effect on the receiving waters,

The Importance of looking at and analyzing records frequently cannot be .
overemphasized.

-
A9
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TABLE A-1

WEEKLY REPORT OF PROCESS PARAMETERS
WEEK ENDING 10/2/74
SRR R R ARk AR RN AR R R AR Rk Rk kR R Rk R
» q * LBADING x
x4 "“.t:"'*..".**‘*‘......‘..ttt"‘."“*.....'......'.‘...tt*.'*
*+ T L= FLBW,. = cao * coo i §S§ * Ss x
« E x MGD ** MG/L * L&S * MG/L * L8S x
*‘*'.“.*.‘...‘".."‘.‘.tttttt..?*......"i.".‘...‘...‘....‘.‘..'.tt"
* 9/26x 2.72 * 3.4%, T2 4b, ] 158, * 3597,
= 8/2Tx, 2.68 ¥ A3 4, *700, * 148, 3308 .
* 9/28x 2.70 434, 7T - 455, 102 46,
x9/2%x 2.8% 434, 10334, 102.° 2429,
* 9/30x 2.80 357, 8337, 112, 2615,
=107 1% 2.% 374, . 9242, 108, 2669,
%10/ 2 2,74 376, . 8598, 127, 2904,
CEARRRR R R AR RRRA AR RS R A RR AR AR R AR RRAR R R AR AR RN AR R KRR RRRR R AR R RS RK N
* AVG * 2.78 * 3%4, * 133, * 173, ¥ 3967, x
*‘*“...*."‘.......‘"“*.tt*t.‘.‘.“...."‘?"‘.t.""'.‘.tttt..*.'.“

]
LR A R R SRR 2L RS RS S S E sl PR L L s s s P iT et ie ezl eyl]

* GeNTREL. ) *
......*...**.*.*.*..g:;.......tC..t..tt*‘...*..*..‘...*..é....*...
F/M " SR *x saL1o0s * SETT'LY = sV1 L]
x DAYS . & L8S L 4 L HL/GM  *
R R R RN AR Rk AR R R R KRR R Rk Rk AR R A gk bkt
0.4 * 20.2 * 19996, * 5140 *x 225, x

0.50 * 8609 * 19433, * 3640 * 168,

D.97 3743 10088, 320 ) 192,

B.%4 24.2 1C9*70, 0.0 169,

D. 4l 78.2- 20184, 59.0 173

" D81 5144 17247, 82.0 270,

D.78 . 36.% 10%66,. 370 198,
L2 P e R R P P P PP TR T IR TP I T Y
® AVG % D45 *x AT * 15655, K 46,7 *® 199, ¥
*‘..*..**..*..***"..*..U.....*.i........*...***....‘*........t**..*.**.

TP PRI PRI PR LRI EE RS SRI LIRSt LRI iRt 2t s i i e Rt et Ly ds

L PERFORMAN *
tttttttttt:zgétttttttttttttttttttttttttttttttttttttttttttttttttttt

TURBLIOLTY "% 58 * §S x ceD * ceo x
L * MG/L * % REMOVED * MG/L * 2 REMBVED »

2.7 ¥ 14.0 1.1 * AT, 8645
3.3 * 1.0 2.6 x 54, 87.6
S5¢4 12.0 7.4 S4. 8746
. S5¢6 2340 TTe5 54 8746

x 9/730% 5.6 1640 85.7 T8, 78.2
0/ i 546 19.0 82.4 4% . 87.2
x10/7 2% 6.1 18,0 85.8 -3 1% Ba.6
‘*...t*.*...*....*.*.t....*.t...*...t.t....tt....*.*......t............*
* AVG * 4.9 L 161 * 8745 L 56, L 8546 L
‘*..'.t.d*.*.#.*.*t‘...***.t‘*........tt..t.t........*...t.t.*.*.*.ﬂ*..t




Look {or trends.

Look for sudden
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Laboratory analyses performed on varlous samples provide essentlal toois to
ald In tha control and evaluation of a blologlcal treatment process. Table A-2
presents a list of the analyses and thelr use In performance sval?atlon and
process control.

Records should not oniy be analyzed as a single piece of data, but any vari-
ation shoutd be tooked upon for its relation to another source of data, For
example, a suddenrige in temperature of the infiuent might be accompanled
by greatly increased flows. This could indicate & large industrial discharge.
This discharge could also influence the BOD and suspended solids concen:
tratlons In the plantinfluent, Or one might observe a sudden increase in 5.day
BOD concentrations in the plant effluent. This may indicate a seasonal
increase due to beglnning of cannery operations, or it may Indicate a break:
down of Industrial treatment facllltles discharging untrzaied wastes Into the
wastewater collection system,

Before any meaningful Interpretation can be made of sudden varlations In
data, an expected range of values has to be determined for the particular
treatment unlt under consideration. This range must be based upon expected
or past performance. For example, If average dally flows during weekdays
were around two million gallons per day and suddenly a flow of 0.5 mlilion
gallons per day was recorded, this may indlcate malfunctioning of metering
equipment or a break In sewer lines or & bypass ahead of the piant. Conversely,
unusually high flows may Indicate storm water Infiltration, surface water
runoff fiowing into the system through manholes, or an unusual dump of
wastewater,

An excelient way to facilitate review of daily records and detect sudden
changes or trends are prepared charts showing values plotted agalnst days
or-time. Unless resuiis are plotted, siight changes and trends ¢an go unde-
tectad. The deviation from the expected values may have been caused by
unusual circumstances or an error in obs ervation or analysis.

Trend Plots

Plotting data on graphs is very helpful to Hlustrate {rends in the operation of
a wastewsater treatment facility. Regular plotting of data may revéal unexpected
tronds which could provide insight to prevent an operationai upset of a unlt
process. In addition, this approach could be utllized to justify budget require
ments, and to show the need for plant modifications or eXpansion. To look
for of show a trend, plot the value or values against time as iflustrated in
Figure A-6. The Important concepts relevant to piotting trend charts are
discussed below:

1. Plotting dally data will not provide good process control interpret:
tions. A 5-day moving average method Is suggested for normal opera.
tlons. In cases where data |s not taken dally, the collected data can
siill be used o generate moving averages. Each day a new set of data
is included and one data set Is deleted from the group of five t¢ be
averaged.
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How to gensrate For example, 5-day moving averages for a 2-&ay period (January 5 and 6, 1976}
are calculatad as follows:

a 5~day moving
_average.

P

Sequential
Initial Data Data
Group Group
Date BOD mgfl BOD mg/l

1-1-76 120 Deletad
1-2.76 118 118
1376 124 124
1-4-76 122 122
1578 N 1l 121

Total 605 = 5 = 121
avg. for 1-5-76
16-76 123 added

608 + 5 = 122
. avg. for 1-6-76

All data used for process control should be plotted on a daily, weekly,
Plot process and monthly bhasis. Daily plots showing large variations Indicate that
sontrol data; either shock loadings or errors In operation .andior calculation have
i ; occurred. Weekly and monthly plots wlll show long-term changes and
:f‘?;s indic~te whether the control exerted by the process control techniques

Eitivenl SS is suited to operating conditions.

Efftuent BOD The operator must familiarize himself with the techniques of graph-

Etc. ically displaying data, in orderto get the maximum amount of informa-
tion out of the data. Trend ohservation is probably the singlemost

Leam to Plot important togl that the operator has to prevent catastrophlc upset of

accuratsly and
muaningfully. the biological processes.
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~ APPENDIX B-PLANT VISTS
\ g

The wastewater treatment plants inciuded in this appendix were visited to eslablish

the state-of-the.art for process control of aerobic biological wastewater treatment
facilities throughout the United States.

A statisticai breakdown of the types and methods &f op yﬂon for each plant v1sit
is included,

’
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CITY OFAMARILLO, TEXAS
Qeneral Descrlption

The River Road Wastewater Treatment Plant conslsts of screening, primary sedimen-
tatlon, primary effluent holding pond (balancing), secondary treatment by the actlvated
sludge process, and po3t chlorination. The activated sludge process has the flexibliity
of operating In the followlng modes: (1) conventional, {2) step-feed or varlations
therein: reaction, contact stabllization and Kraus. Currently, the reaction mods is
used throughout the year,

L]

Performance and Process Contral -

They have the flexibllity of wasting activated sludge by wasting from the return sludg®
flow andfor wasting mixed liquor from the channel conveylng the asration effluent
to the secondary clariflers. They utlllze both wasting modes simultaneousiy. The
wasto RAS IS retUrned to the plant Influent for sedimentation with the primary sludge.
The mixture of primary aludge and waate RAS |8 pumped to a gravity thickener. The,
RAS wasting rate remalns at a fairly constant rate {the rite is based- updn achleving the
desired sffect In the primary sludge thickener) while mixed liquor waaﬂhg rate ia
varled aa neads chtata The digester aludge |s pumped to-clay-bottom drying beds
with the decant llquor returned to the plant Influent.

In ordst to balance thé wastewater flows to the ascondary treatment process, the piant
personnei constructed an earthen primary sffiuent hoiding pond. it should be noted
that $his wastewater treatmént facillty I8 sltuated In the country with no neaiby
nelghbors to complaln about the odors or appearance. This type of flow balanclng haa
been effective and qulte satisfactory, . .

The plant utllized the convantlonal mode of the actlvated slugge process prior to.the
City obtalning a new source of water supply from a lake, T lake water possasses a
high sulfate and chioride content with wide swings in the water temperature through-
ou! the year. After the lake water was used as the City's water source, the plant
began to experience sevére bulking probiems (probabiy due to high sulfatea and
swings In wastewater {55 . 80° ] temperature). The sludge reasration mode of operation
was tried 'vith three hours In the reaeration zone and three hours In the aeration
zone. They concluded that the reaeration mode was effective in minimlzing thelr bulk-
Ing problems. They now use the reaeration mode throughout the year.

The WASFates are based upon the maintenance of a constant MLSS concentration,
Response of the process and past experience are basically the*guldes used to In-
creasing or decreasing the MLSS level. This procedure seems to work quite satig.

. factorily In conjunction with the balancing of the primary effluent flows, \

Ihe RAS rate waé adjusted upon the basls of a daily sludge blanket depth measure-
*#hent. An slectronic sludge bianket detector is utilized t© measure the sludga depth
in the clarifler.

DO's of 2.3 mg/! are malntained at the outlet of asratlon basins. DO's greater than
&5 mgi are avoided because {liamentous organism tend to predominate in the activated
sludge.
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CITY OF AUSTIN, TEXAS

" Generai Description

At the Govalle Wastewater Treatment Plant there are four activated sludge plants fed
from a common influent diversion structure. The accumulated data only pertain to "D"
plant, t‘w newest and most modern. The splitting of the influent flows to A, B, C, and D
plants is accompiished by motorized sluice gate valves at the influent diversion stiuc-
ture. The-contact stabilization mode of the activated sludge process preceded by
screaning and grit removal is utilized at D’ plant. There are three feed points into
the aeration basin which function as a means to control the detention time in contact
zone. They attempt to maintain a detention time of 20-30 minutes in the conlact zone.
The operator claims that a sludge with optimum settling characteristics is attained by
- acontact detention time of approximately 30 minutes.

Performance and Process Control

"~

Excess activated sludge is wasted from the stabilization zone {sludge reaeration} of
the aeration basin and discharged to an aerobic digester with a one-day detention time.
The digester liquor is transferred to 191 acres of oxidation ponds. Except for the
underflow from the chlorlne contact tank, there are no recycled tlows at “D" plarit.
Theyvary the WAS rates to maintain a suspended solids concentration in the RAS of
3,500-5,000 mgh. They would aiso increase the WAS rate if they had an increase In
slidge blanket depth without an increase in 8VI. The suspended salids concentration
of the return sludge governs the suspended solids concentration in the stabilization
zone. They use the following ratio to indlcate if they need to increase or decrease
WAS rate:

BOD of return sludge, mgi
Suspended Solids of return sludge, mg/l

= 5051007

The above ratio would seem 1o indicate the degree of stabilization, which in turn is
related to the sludge age and FIM ratio. .
The RAS rates are adjusted to maintain the desired suspended solids concentration |
{stabilization zone) while maintaining less than two feet of sludge blanket in the
secondary clarifiers. Smali air lifts instailed in the clarifiers at fixed two-foot intervals
indicate sludge blanket depth.

They maintain a DO of 1 to 2 mg!l at the outiet of the aeration basin. Aeration rates
ailso are controlled to maintain a DO of 0.5 mg/l inthe secondary clarifiers just prior to
the effluent weir to avoid septicity in the return sludge.

Wastewater temperature is as high as 84° F in the summerand as low as 63° F in the
winter. In-ihe winter, they increase the suspended soilds leve! to compensate for,
slower biologicai activity. Also, they decrease the air rates to avoid excessive DO's
and subsequent filamentous organism growth,
Storm flows are diverted around the activated siudge processes through a bar screen
to a storm overflow ¢larifier, chlorinated and discharged to the outfall. The underflow
from the clarifier is pumped to the infiuent diversion structure. The storm overflow
clarlfier also serves as the chivring contact tank for "D" plant.

8-4
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CITY OF CARSON CITY, NEVADA - WASTEWATER TREATMENT PLANT

General Description ‘

The Carson City Wastewater Treatment Piant is a two-sfage lrickling filter plant witha
design capacity of 3.76 mgd ADWF. The p!ant was oridinally.put into operation in 1961
as a primary treatment facility with 1.5 mgd design flow capacity, expanded to the
secondary freatment {as the same design flow} in 1968, and expanded to the current
design flow capacity in 1974. The current ADWF at the plant is approximately-2.1 mgd.

The principal unit processes of the plant are as follows: comminution grit removal via

a grit cyclone, primary sedimentation, flow measuremen{ with Parshail flumes a pri:

mary stage trickling filter. intermédiate clarification (with recirculation of. the inter.

" mediate clarifier overflow to the primary trickling filter), a second stage trickling filter

(with recirculation of unsettled effluent), final clarification, chlorination, and effifuent

Hisposal. f-"rimary and secondary sliidges are thickened, centrifuged, and incinerated

at on-site facilities. Centrate is returned to the thickener, and thi€kener overflow is
returned to the primary sedimentation basins. Effluent disposal is either to the Carson |

River or to reclarnation at a nearby golf course. In either case, the effiyent fs held in an

" effluent storage pond prior to disposal. Excess flow to the piant during storms is by-

passed from a manhole prior to the plant headworks And from the wet well of the

— primary stage trickling fiiter feed pumps to an oxidation pond. This stored overflow

\is-recycled back to the plant headworks during dry weather for retreatment. Additionally,

- some excess stormwater can be bypassed around the primary stage trickling filter to

the secondary stage trickling filter. )

-

Performance and Process Control

-

The treatment plant operator has no control over the mode or rate of recirculation

around ejther trickling fifter stage. in both cases, recircufated How is returned to the

wet wells of the filter feed pumps by gravity {low. The water level in these wet wells -
are In turn controlled by level-actuated constant speed pumps. This method of re-

circulation results in a relatively constant hydraulic loading rate o each filter. However,

the organic loading rate to each filter is highly dependent on the hydraulic influent

ilow rate to the plant.
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- CITY OF DALLAS, TE)\AS - CENTFIA‘L PLANT

Genaral Description :

The Dallas Central Wastewater Treatment Plant consists of two trickling filter plants—
the older Dallas Wastewater Treatment Plant with single stage standard rate T.F., and
the White Rock Wastewater Treatment Plant with roughing T.F. followed by high-rate
T.F. At both ptants, the tncklmg filters are preceded by screening, grit removal, and
primary sedimentation.

Performance

The sfudge irom the final clarifiers is returned to the plant influent for sedimentation
with the primary sludge. The control of siudge withdrawal rates from the final clarifier
is determined by visual observation. The mixture of primary and trickiing filter s ge
is pumped to anaerobic digesters for stabiliz>tion. The digester liquor is transfurred
to another plant for disposal, thus there is no supernatant recycie flows at these plants.

At both plants, finat clarifier effluent |s returned 1O the trickling filters 1o provide
continuous dosing and reasonably constant hydraulic loading. The recirculation rates + -
are based on maintenance of a specific total flow to the trickling filters. This procedure
seems to be simple and effective.

Process Control

They performed an extensivé lab monitoring program; however, the lab results are not
primarily for trickling filter process ¢ontrol. Process control is based on maintaining
a constant hydraulic loading via recirculation of the settied trickling filter effluent.

Operational problems have been experienced with filter flieswhich have been effec-
tively controlied by flooding each filter (except roughing T.F.) once perweek during the
fly season (March to November). It appears that the weekly Hooding (especlally for
standard rate T.F.) is the explanation for the absence of ponding or odor problems
with the fiiter oparation. ;

The Dallas Wastewater Treatment Plant éstandard rate T.F)) is operating at design
capacity, while the White Rock Wastewater Treatment Plant {high rate T.F. preceded
by roughing T,F.} is operating considerably beyond its design capacity.?
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CITY OF FORT LAUDERDALE, FLORIDA - PLANT A
Generat Description

The wastewater treatment plant s a conventional activated sludge plant. The plant s
also designed to operate in the step feed aeration mode Aerahon s provided by
multiple low speed surface agrators. The depth of aerator submergence 15 vaned with
a werr that increases of decreases the mixed hquor depth Varying the muxed hiquor
depth provides control of the aeration rate.

Waste solids are processed in a wel air oxadabion sysiem The centrate from the oxt-
dized sludge 1s raturned to the headworks When the wet air oxidation system s
operating. the primary effluent often has a hie .er 80D concentration than the raw
sewage

The plant treats wastewaters from hight industriai and dom=stic areas Average dry
weather flow 5 7 mgd of which 680% 15 due 0 industry Peak fows occur in the
summer dufing tounst season. The plant effluent 1s discharged to an estuary

Performance

Effluent concentrations of BOD and SS are typically 25 and 15 mgil, respactively The
settled sewage has a BOD of 125 mg/l when the wet air oxidation system 1S 1n yse,

Pracess Control

The FiM 15 held around Q.15 to 0.2 ibs BODS removed/ib MLYSS/iday 8ctual wasting Is
controlied to maintain cunstant MLSS. The organic 1¢ading is nearly constant. and a
constant MLSS fixes the F/M D O 1s maintained around 2 mg/l by adjusting the mixed
hguor depth '

Settieability of the mixed quor was improved by continual dosing of the return acn
vated Sludge with 4 mgil of Ciz. Sattleabiity also wnproved by over aerating the
biological sohds 1n the aeration basin at night
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CITY OF FREMONT, NEB_RASKA
G’ eral Description

Fremont’s treatment facilities consist of two pr.. nary clarification, followed by fixed-
nozzle trickling filters or roughing filters, followed by intermediate clarification, acti-
vated sludge, final clarification, chiorinatiod, and discharge. The Fremont, Nebraska
Wastewater Treatment Plant went Into operation ingMarch 1975, and, to date, the
operators have had very few problems with their aerobic treatment units. The plant
design allows a great deal of fiexibility in flow schemes. Each unit from the primary
clarifiers to the tinal clarifiers is duplicated; that is, there are twg primary clarifiers,
two trickling filters, two intermediate clarifiers, etc. The plant piping is suth that
effluent from each unit jolns at a splitter box where it s comblned, then resplit to
flow to each of the two following units. The splitter boxes are designed so that flow
can be split evenly to each unit or any one unit can be taken off line_such as one
aeration tank or final clarifier or intermediate clarifier, and all of the flow can be
routed through the duplicate unit. There have been some mechanical equipment fail-
ures whereby it was necessary to use this capability to reroute the flow around one of
the-aeration basins.

Performence and Process Control

Normally, 2.0 mg/l minimum dissolved oxygen {D.0.} is controlled by adiusting the air
flow rate to the diffusers beneath the turbine generators. Control of air flow is accom-
plished manually.

To date, Fremont, Nebraska has not had foaming problems in the aeration basins
other than the normal foaming encountered during start-up. They have had no toxic
loads and no bulking sludge to date. They have had some probiems with rising sludge.
Their solution to that problem is to increase their return rate and to tower the mixed
hquor concentration by wasting sludge. Effectively, this cuts the*sludge age down and
tends to inhibit nitrification.

The plant 15 controlled on the basis of suspended sollds balance. A mixed liquor
suspended solids between 3,000 and 4,000 mgil is the goal that they strive for. The
sludge is wasted baseq upon the sludge blanket depth In the clarifiers. Sludge is
wasted to lower the depth of the sludge blanket. The sfludge blanket's depthis meas-
ured regularly by means of a flashlight on along pole.

The return sludge system can be operated in an automatic or manual mode. In the
automatic mode. the return sludge rate may be set proportionally to influent flow.
They have had problems with flow proportional RAS in the low plant influent flow
ranges. The flow rate is set by throttling RAS with a motor-operated butterfly valva.
This valve and a magnetic flow meter are in the g:avity line between the clarifler and
the RAS sump. The RAS flows by gravity to a sump where it is picked up by a pump
and returned to the aeration basin. The pumping rate is determined by sump level. Tt..
present method of opéerating is to set the return sludge rate manually at some fixed rate.

Sludge 1s wasted with a2 system similar to the RAS svstem. A butterfly valve on a
gravity line 1s manually set to waste at a fixed rate through a mag meter to aWAS sump.
WAS 15 pumped from the sump to a gravity thickener where it is mixed with inter-
mediate sludge and primary sludge. An alternative wasting point is the primary
clanfier. The solids handling facilities have the potential of affecting the activated
studge process In that they may limit the rate of sfudge wasting and thus aftect the
suspended solids level in the aeration basins under certain conditions.
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< :
INDIANAPOLIS, INDIANA - WASTEWATER TREATMENT PLANT NO. 2
SOUTHPORT ROAD AND WHITE RIVER

)
Generaf Pescription

The activated Sludge system can be operated as conventional, step aeration or bio-
absorption process. Varlous processes are run throughout the year, and are gepend-
ant Upon waste strength nd influent tlow characteristics.

Hydraulic monitoring, control, and distribution is the primary operating features. All
force main type process flows are cobtrolled by means of magnetic flow meters with
remote readout and remotely-actuated valves. Likewise, gravity (open channel) flow is
monitored and controlled by Parshall flumes with flow indicators and remotely-actuated
slide gates. One exception to the above is that gravity flows to the various points in
the.aeration basins are distributed by manually-operated slide gates.

Penormance

Process balancing is facilitated by the abilty to transfer RAS or WAS flows between
unit processes within the plant. Another unique design feature is that primary studge
can be introduced into thne secondary clarifiers. As a safety feature only, influent
wastewater flows can be bypassed to other in-plant processes.

-

Process Control

Fundamentally the plant is operated simply by the sludge blanket in the secondary
clarifier. The RAS vs. WAS proportion is determined by the current BOD ioading on the
aeration basins. The sludge draw-off is adjusted once to twice a day based on diurnal
tlow, and/or upon the observation of shock 10ading.
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CITY OF KENOSHA, WISCONSIN

General Description . ~—\

The water poliution control plant facilities at Kenosha, Wis'bglqsi{: consist essentially

of a conventional activated sludge process, with solids treat tincorporating flota:
tion thickening, anaerobic digestion, and dewatering by pressureYilters.

This plant is designed to handle an average dry weather flow of 23 ‘mgd. Currently, the
Industrial contribution is averaging 67 percent of the average dry weather flow. Sir;te\
the combined sewer system contributes high hydraulic loads on the facilities during
rainfall, the utility also placed in operation the world's first biosorption treatment
system. This is a 20 mgd project to demonstrate the biclogical treatment of comblined
sewer overflows during pgriods of rainfall.

!

Performance and Process Contro!

Wi
i »

The activated sludge system consists of four single-pass basins, with returh activated
slurge applied at the influent channel. Variations of RAS applicatlon other than at the
influent channel are insignificant in importance, The alternate app'ication points are
at the beginning and end of the first aeratlon basin. Dissolved oxygen in the various
basins are maintamned at a level of 1 to 2 mg/l. Air feed rates are generally not
varied, due to difficulty in manually adjusting these rates,

The four final clarifiers are the penpheral feed, center suction sludge discharge variety.
A common header with connections t0 each claritier is used for pumping. Each pump
1s variable speed; however, only three pumps are provided for the four tanks, thus
making controlled takeotf ditficult. Although the pumps are variable speed, the RAS
flow rates are not varied. The rate of flow is controlled through the use of a magnetic
flow meterin the line returning to the aeration basin.

The amount of waste activated sludge (WAS) is controlled by the MLSS concantration
level in the aeration basin, WAS 1s taken from the RAS line and fed t0 an open aerated

- pit, where eventually the siudge will be fed to the flotation thickeners. Rate is varied
to maintain an MLSS tevel between 2,500 to 3,000 mgll.

The most serious control problem is that associated with the hydraulic distribution of
flow to the four secondary clarifiers. The problem anses from the fact that the last
expansion added a secondary clanfier which itself is approximately 50 percent larger
than the initiat three secondary clarifiers. The distribution channels were designed
solely to feed the initial three clarifiers; theretore, flow t0 the new and larger clarifier
is muech below design capacity. Consequently, during large increases in flow, the
remaining three clarif:eérs tend {0 be hydraulically overloaded.
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LAS VEGAS, NEVADA -CLARK COUNTY SANITATION DISTRICT NO, 1
TREATMENT PLANT

Generai Description

in 1956 Clark County Sanitation District No, 1 put their 12 mgd trickling filter in service.
In 1974 an addition to the original plant was put into operation, increasing the capacity
to a total of 32 mgd. At this time, solids incineration was added.

Performance and Process Control

The treatment plant has had few operating problems, being a high-rate single-stage
filter plant. The main problems have been mechanical maintenance problems rather
than serlous operational problems. There is enough capacity in process units to pro-
vide standby/backup capablliity when necessary. Here again, operation of the plant is
not significantly affected by the weather. One problem experienced at this plant has
been large amounts of freshwater snhails accumulating in the chlorine contact tank.
Anticipating a continuation of this problem, a traveling bridge collector was installed
inthe naw chlorine contact tank, but the problem has been diminlshing steadily since
the new portion of the plant has been put into operation. There have baen oparations
probiems with the incinerator which have no effect on the operation of the trickling
filter plant. '
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LOWER POTOMAC POLLUTION CONTROL PLANT, LORTON, VA.

Ganeral Description . - \

The wastewater treatment plant is 2 conventional activated sludge plant utilizing the
contact stabilization mods of obe ation, Diffused aeration is provided by positive
displacemsant blowers. Each aeration basin has three passes with the first pass used
fgr reaeration.

Waste solids are transferred to gravity thickeners followed by vacuum filters and
incineration. Thickenér effluent, filtrate, and spent cool\ng water are returned to the

piant headworks. N

The plant treats wastes/primarily from domestic sources. Average dry weather flowis
15.0 rngd Design average flow is 18.0 mgd. Effluent is d:acharg%! toacreek.

Performance .

. - \
Effluent concentrations of BOD and suspended solids are typicall‘y‘ and 13 mg/l,
respectively. Settled wastewater has a typical BOD concentration ¢f 220 mg/l. The
slde -stream flows, being transferrcd to the plant headworks, causes higher organic
loadings. '

Process Control

The primary control parameter fof this plant is the Sludge Compaction Ratio (SCR)
method. The SCR is computed by obtaining mean values of 24 30-minute settling tests
and 24 spivdsentrifuge) tests of houriy MLSS grab samples. The SCR is equal to the
settling' mean value divided by the spin mean value times 83.4. The number for opgra-
tional control is computed by multiplying the SCR by 100 and adding the settling mean
value. For this plant, the ¢ontrol number of 500 appears provide optimum operation,
The control number is maintained by solids wasting and is also used as an indicator
for the addition of polymers. At this time no correlation of the control nurnber has
been made to other process contrdis such as F/M, MCRT, etc.
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CITY OF MADERA, CALIFORNIA

Qenaral Deseslption

" The wastewater treatment plant Incorporates the activated biofiltration (ABF) mode of
operation. An alternate mode, single-stage high-rate flitration, is also avaiiable. The
normal mode of oparatlon Is with the acfivated bioflltration process, The ABF process
consist of ioadIng two parallel fliters at rates of approximately 560 apmifte toliowsd
by sedimentatlon. Sollds from the seitling tanks are returned at a 2:1 ratid, and mixed
with primary eifluent before belng appiled to the fllters. Waste solids are transferred

* to the plant*headworks and settled In the primary clarlflers. The plant treats waste-
water primarlly from domestic sources and recelves Industrial wastes during the
cannlng season, Averagé dry weather flow 1S 2.7 mgd with maximum day peaks of
3.5 mad, Effluent is discharged to evaporation-percolation ponds.

Parformance

Etfluent concen¥rations of BOD and suspended sollds are typically 30 and 11 mgft,
respectively.

Sollds concentratlons from the filter effluent are typtcally 2,600 mgil. Control of these
solids are maintalned by the amount of solids wasted from the system.

Process Control

The only process control currently used i maintalning the fliter effluant solids at
optimum concentratlons for various wastewater characteistics durlng speclfic times
of the yefr, This control Is malintained by wasting sollds from the system.

T
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CITIES OF NEENAH-MENASHA, WISCONSIN - SEWAGE TR\»‘ATMENT
PLANT

Genaral Bescription

The treatment facilities are designed tc operate primarily as a conventional activated
sludge (CAS) or contact stabilizatien system. The contact stabilization mode has been
tried periodically, and the results have been unsatisfactory. Tapered aeration was
triad but resulted in ¢clogged diffusers. Therefore, CAS is the only feaslble mode of
operation.

Parformance

The prnimary facilities are designed to discharge only 13 mgd to the activated sludge
system. Although the aeration facibties are designed to handle 18 mgd. the RAS held
¢onstant at 9.0 mgd make the ADWF to the system near 22 mgd. Flow in excess of 13
mgd out of the primaries 1s hydraulically diverted to the interceptor sewer.

The RAS enters a wet well and 15 controlled by 2 telescopic valve arrangement. RAS
and WAS are puntped from the wet well. The WAS 1s fiotation thickened and pumped
to a holding tank. RAS1s returned o the head of each of the two asration basins.

Process Control

Contrary te practice in most piants. the desire 1n operation is to achieve & relatively
high sludge ieve! in the final tanks {correlates with the high SVI average of 210-220
mi/g). Denser sludge blankets are particularly susceptibie to hfting, with subsequent
poor effluent quality. Standard practice at this facility Is 1o mainlain a level of sludge
near the effluent werrs. The high SVI level 1s achieved by maintaining 3-4 mg/l DO In
the effluent from the aeration basin.

High DO in the aeration basin i$ desirable. sinGe at lower iavels odor problams pe:sist
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CiTY OF PALO ALTO, CALIFORNIA

Qenerat Description

Due to the "~ hility of the primary plan to meet the more stnct discharge requirements.
In 1966 it was decided to expand the plant and also treat the wastes from the cities of
Mountain View and Los Altos by the activated sludge process.

A redivnal plant was, constructed with primary treatment, activated sludge secondary
treatment and solids incineration, the capacity being 35 MGD dry weather flow and
53 MGD wet weather flow. The regional plant was placed in operation in 1972, Plans
for the future include expansion to 75 MGD dry weather flow and separate treatment

of toxic Industriz.. wastes,
’}\

Operation

The plant normally operates in the Complete Mix mode, but has the capability of
operating in the Reaaration or Contact Stabilization mode. Reaeration has been tried
at the plant, with little success. Sludge (RAS) is returned from the final clarifier with a
portion being wasted. Waste sludge and primary sludge are thickened prior to de-
watering and incineration.
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CITY OF PHCENIX, ARIZONA - 91st AVENUE -SaEWAGE TREATMENT
PLANT

£

General Description

Initially, a 5 mQG wickling fiiter plant was jocated at the 31si Avanue site. This plant
traateq wastowalar from Glendaie and the west si0e of Phoenix until late in 1964 when

Siage | of the Bist Avenue activated siudge plant was put into.operation.The capacity

of tnis first stage was 4% mgd and was part of a fiye-aity (reglonal) waste t project.

In 1969 a 15 mgd Stage 1l was put into operatigh, giving the piant a tofal capagcity of :
60 mgd. At present, the 21st avenue Sewage Ir reatment Plany is treating waste e
from the cities of Glenda's, Phoenix, Tempe. Scotisdale, Mesa, and Sun City. Voung N
town ang Peori- will be contributing their flows to the plani in the riear future. Con
#hruction iz underway to expand the plant furthers, and future plans call for an eventisal
capacity of 240 mgd. )

Performenc 2 and Process Contsol

The plant s eurrently being operaled in the conventional mode, but has the capability
of peing opa sted in the step-feed mode. The 81st Avenue plant has experienced much
the same wp2 of preblem with {rothing in the aeration hasins as the City of Tucson,
and they solved itin the same manner by reducing the MLSS level to the 1,200 - 1,600
mgil cange. As in ine case of the Tucson plant, this, along with & low sludge age of
2 to 4 ¢avs, seems o remedy the frothing preblem,
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VILLAGE OF RIDGEWOOD, NEW JERSEY

General Description

The wastewater treatment plant is a conventional activated sludge plant. Design flexi-
bllity of the piant allows the contact stabilization mode which is the current mode of
operation. Diffused aeration 1s provided by low pressure centrifugal blowers.  *

Waste solids are processed by gravity thickening and anaerobic digesticn. Additional
side stream flows Such as digester supernatant and filtrate from the sludge vacuum
filters are transferred to the thickener. The thickener effluent undergoes separate
aeration before being returnea to the treatment process thus limiting additional
BOD loads.

The plant treats primarily domestic wastes. Average dry weather flow is 3.1 mgd with
a design average of 5.0 mgd. Plant effluent is discharged to a river.

Parformance

Effluent concentrations of B0OD and suspended solids are typically 16 and 13 mgil,
respectively. The settled wastewater has a BOD of 130 mg/l.

Process Control

The FiM is held around 0.17 to 0.25 ibs BOD/day/ib MLVSS, The organic loading is
nearly constant and by waslhing to maintain a constant MLSS fixes the FIM. D.O, is
maintained around 2 my/l by adjusting the blower air rates.

’(
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ST. PAUL, MINNESOTA-&ETHOPOLITAM WASTEWAYER TREATMENT
PLANT

General Description

The current facilities were designed to opérate as a hugh rate activated sludge process
or step aeration activated sludge process, depending on influent conditions of the
plant. Design average dry weathe’ flow influent Conditions are 218 mgd, 250 mg/l BOD,
and 315 mg/l suspended solids. . .

}
-

This plant presently operates at or in excess of its design capacity. Existing sludge
disposal facilities are also operating at design capacity. These factors combined
result in the plant failing to meet effluent standards.

Parformance

Probably one of the most serious probleéms with the plant is its inability to operate in
the step aeration mode. The inability is due to {1} the loss of the incremental feed pipes,
and {2) not enough air capacity.

Another problem which directly relates to the aerobi¢ process is the fact that the
gravity thickeners operate under an overloaded condition. This results in poor capture
- efficiencies in the thickeners and consequently adds a solids burden on the aeration
system. Related to the above is'the problem that more solids handling inventory
capacity iaréquired in the secondary system and flexibility for process control is very
limited.

t
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SAN PABLG SANITARY DISTRICT, CALIFORNIA

Genaeral Description

The San Pablo Sanitary District, California operates a 12.5 mgd wastewater treatment
plant designed for yearround coraplete nitrification. The original ptant consisted of a
primary treatment plant with effluent ghiorination and anaerobic digestlon tor solids
processing. Additions compieted in 19 ciuded additional primary treatment faclli
ties, a new plastlc media roughing trickiing filter, new aeration-nitrification tanks, new
secondary ciarlfiers, an additlonai chiorine contact tank, new dissolved alr flotation
thickener, and two new anaerobic digesters. A primary design consideration in laying
out the plant for nitritication was the presence of a significant volume fraction {11t0 13 .
percent) of potentially toxic industrial wastes in the Influent wastewater. Tank truck
washing residues and the wasta from a manufacturer of organlc peroxide and shenol
formaldehyde are the major industrial waste sources. The roughing fiiter is used In the
treatment plani to proteét the nitrlfying organisms from influent wastewater tocxicity.
Toxic dumps have caused severs sloughing and ioss of growth on the media In the
roughing filter, but nitrification remained unaftected.

@

Periormance

Efflu,e{nt BODs5 and suspended snlids concentrations are typlcally & mgfi. Comptele
nitrification is obtained year round with a secondary effluent ammonla nitrogen con
centration of less than 0.2 mgti. The roughing filter converts influent organic matter
to biciogical organiems. This is irdicated by data which shows that the total BOD5 and
total COD remain relatively unaifected by the roughing filier operation whiie the
soluble BODs5 and soluble COD are reduced with a corraspondlng Increase in toial
suspended sofids.

Proc¢ess Control

Controi of the process is by maintaining an FIM of 0.15 Ib BODs/Ib MLVSS or an MCRT
of around-13 days: The MLVSS concentration Is checked each day and the wasie rate
" is adjusted to give desived MLVSS concentration range based on desired FIM and
previous monthe 350 and flow data. . .

Air rates are adjusted twice a dav to maintain DO of 3.0 my/i in aerator effluent. A
timer is used to shut-off one blower at night.

RAS is controlled using a program carn in proportion o flow. The RAS flow Is then
modified by a rativ statlon to give approximately 5,600 mg/l solids in return,
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CITY OF TUSCON, ARIZONA -

General Pescription

The first primary treatment plant was construtited in 1928 and expanded In 1942 Pri-
mary effluent was used for irrigation. In 1851 the first 12 mgd actlvated sludge piant
was put into operation, secondary effiuent being sold for irrigation. In 1960 a high-rate
trickii:g filter plant was added in parallel to the existing activated siudge plant,
increasing total capacity to 24 mgd. A second activated Sludge plant was placed In
operalion in 1968, in parallei with the other two plants. With the additlon of this third
plant, the total treatment capacity was increased to 37 mgd. At the present time, the
three plants are trealing in excess of 33 mgd, but the plants are hydraulically over-
loaded 12-18 hours per day.

Performance and Process Gontrot

The two activated sludge plants are basically conventional plug flow processes. There
is not enough flexibility in the plant to make other modes of operation feasible.

The plants are operated with a low MLSS, under 1,000 to prevent frothing from becoming
a problem. The sludge age is kept to 1.5 - 2 days to controi frothing problems. The
activated sludge processes are controllea to sludge age and MLSS: Wasting and return
rates are adjusted as needed l\o_t_.‘.ﬂl}fol to the appropriate sludge age and MLSS

erations are not significantly affected by changes in weather or other*environmental
changes. The erratic flow characteristics, which hydraulically overioad the plant for
12 - 18 hours pgr day. cause the most serious chronic operational problems for the
operators. There 18 a solids washout problem in the secondarles when the hydraullc
overload condition exists,
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NORTHWEST BERGEN CO. SEWER AUTHORITY, WALDWICK NEW
JERSEY

General Dascription

The wastewater treatment plant a conventional activated sludge plant uthizing the
step feed aeration mode of operation Diffused spsral rolt agration1$ provided by pos-
tive displacement blower_s. MLS5 1s settied in reclangular clardiers vaih sludge with-
drawal from a trough at the midpoint of each tank. Waste soiids are tsansterred to
gravity thickeners followed by centrifucation and Incineration.

The plant treats wastewater primanly from domestic sources with an average daily tHow
of 46 r-gd Design average dry weather tiow 15 8.5 mgd Effiuent is discharged to a rver.

Performance

Effluent concentrations of BOD and suspended sonds are tymcaliy less than 5 mgii
Settled wastewater has 2 typical BOD concentrat.on ¢f 100 mgit.

Process Cont_gl_

FiM 18 held around 0.13 10 0 25 Jbs BODavlb MLSS Actual wasting 1s conirolied 1o
mainfain a2 constant MCRT ol about 6 days. The mode of process control 15 by main.
taiming a constanl MCRT which vanes the MLSS and FIM. D.0. 13 maintamned aroung
4.0magn.
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APPENDIX C-LABORATORY EQUIPMENT

Qutlined on the foliowing pages are suggesied iaboratory equipment, supphes and
chiemical reagents required to perform the process controt tests for typical aerobic
biotogical treatment tacilities

In addition, optional equipment. and;or methods have breen inciuded for certain tests.
All test methods are referenced to  Standard Methods for the Examination of Water
and Wastewater.” 14th Edition. 1975, APHA, AWWA. WPCF

Additional equipment required in conjunction with the following tests inttude

1t Standard type refngeration tor samylc storage

2. Fume hood

3 Bottles for coltecting and storing of samples or use with automatic samplers.
4

An appropriate carrying device for sample bottles if samples are coliected
manually

Sample bottie tongs with extended handle
BOD TEST
A Equipment and supphes

1 Incubator (80D} Capacity. 13 cu 1. ambient air thermostatically comvrolied
at2ox 1° C
Botties (BOD). meet APHA specificahons, numbsred in sequence. 300 ml
capacity. 2 cases (48 bottles suggested)

Buret, Straight Stopcock. with side tube stopcock for tithng, 50 mi capacity.
0.1 ml subdivisions

Supporl. Buret Doubte. with hoider

Bgttie, reagent. 1000 mi capacity. with tubulature near bottom

Boitles (4} Dropping Assembiy. 25¢ mi capacity

Bottle, carboy. 5 gal

Tubing, polyethviene, 10 {1

Pipets. volumetnc, assorted sizes. 1 1o 25 mi, color coded. 0 1 my! subdvisions
Balance. Tople Beam, 600 grams. sensitiity 0 1 gram

Hot PlateiMagnelic Stirrer

Flasks evteniteyer. 500 mi capacrty

Chemic~ Reagents

1 Dustilled water
Sodwm Thiosuitate soiuton
Concentrate 3 Sutfunc Acig
Manganous Sulfate soluuon
Alkaline todide-sodium azide sowtions
Starch solution
Phosphate buffer soltion
Magresium Sulfate solution
Calcium Chlonide solations
Ferrie Chlonde sotution

T RN SRS N N

)




€ Qptional Equipment/Method

1.

Polargraphic pussolved Oxygen Meler setf contamned, with BOD acitator
and probe assembly

COD TEST

A Equipment and Supplies

1.

9
10
11
12
13
14

185,

1%

Extraction Appataius. 6 unit, complete vnth suppdort rods. Jlamping brackets,
and rud ¢lamps, 115 Volt ac

Condensers, retlux wth § grov ad joinl both top and bottom. and drip tip st
bottom, length 35¢ mm ,

Flasks, botling, tiat botrom, short nack, with T woint, 250 mi capacity
Cylinder, graduated, 50 rni Capacity

Pipel Filler, Polypropylene, Nalgene. safety, for use with volatile, corrosive
and poisonous hguids

Pipets. Volumetnc, color coded, 25 mi capacity, @ 1 mi subdivistons

Tubing. pyslhylene, 25 f|

Buret, Straighl StoPcock, with side tuke stopcock for filing. 50 ml capacity,
0.1 misubdivisiors

Support, Buret Double, with holder

Bottie. Reagent, 1000 ml capacity, with tabulature near bottom

Potable water source

Ruhoer gIGves and apron

Clamp, Flask. Safety Tongs

Safely glasses

Beads. glass

Balance, Tnpie Bearn. 800 grams, sensitivity 0 1 gram

Chemical Reagents

1

Standard Potassium Dichromate Solution
Sulfuric Acid-Silver Sulfate Solution

Standard Ferrous Ammomnum Sultate Solution
Fetrom Indicaror

Silver Sultate, ¢ ywiler

tAercunc Sulfate, analyticat grarte crystals

SUSPENDED SOLIDS TEST

TOTAL SUSPENDED SOLIDS

A

Equiprnent an ' “uppues
1. Filiter, holders, membrane assembly for vacuum fittration
Flasks, tiltenng, 1000 mi capacity
Tubing. Vacuum, 10 ft
Faorceps, specimen
Pump. Aar Pregsure and vacuum type
Paper. filter. glass tiher. 47 mm diameter




Vacuum, manifold with four co:...ections and stopcocks
Oven, drying. with forced draft. Ihermostatically cantroted 10 maintain
103+ °C

9. Cabinet, Destccator, for vacuum drying and storage

10. PBalance. Analyhcal, automatic. digital. single pan; readout to 0.1
milligram

11.  Cylinder. graduated, assorted sizes {25 to 100 mi capacity}

Chemicals
1. Desiccant, silica gel air dryer

VOLATILE ©.'SPENDED SOLIDS

A.  Equipment and Supphes
1. Furnace, muffle, 115 Valt ac, thermostatically controlled {6 maintain

800z *C
OPTIONAL EQUIPMENT/METHOD

A.  Gooch crucible method with 2.4 cm glass fiber hiter
L

SETTLEABLE SOLIDS TEST

Equipment and Suppties
1.  Cones, Imhoff, 1000 mi capacity
Stand, Imhoff cone

2
3 Rod. stirrer. glass
4. Timer, interval, range 15 manutes to 2 hours. 115Volt ac

NITROGEN-KJELDHAL (TKN)

-Equipment and SupPl&s
1. Bulbs. connecting, spherical. 65 mm diameter

Tubes, delivery, with safaty butb
Flasks, 800 ml ¢capacity
“apoer, rubber, 800 ml Flask size
3pectrophotomei 400 o 425 it wita light pateh of 1 cm orionger
Qictilation Apparatus, 6 unit, Kjeldhal, 115 Volt ac
B« ~As, glass
Fiasks, ercnmeyer, 500 m! capacity
Cylinders, graduated, 5C 056" ' apacity
Balance. triple beam, 600 grams. sens treiy 0.1 3ram
Rubber gloves and apros
Safety glasses

Chermicat Reagents
1 Dstilted Water




Potassium Sulfate

Concentrated Sulfuric Acid

Red Mercuric Oxide
Phenophalien Indicator Solution
Sodium Hydroxide

Sodium Thiosulfate, 5 parts water
Methy! Red Indicator

Ethyl Alcohol

Methylens Blue

Indicating Boric Acid Solution

SowoeNoOsLD

e

C Optuonal Equipment'Method

1 Fiter Photometer, with maximum transmitiance at 400 to 425 mu and light
path of 1 cm orlonger

2. Nessler Tubes, matched, 50 mi capacity, tall form

AMMONIA - NITROGEN TEST
(Nesslerlzatlon Method)

A Equipment and Supplhes
1 Spectrophotometer for useat 400 to 500 ma and light path of 1 cmor longer
Beakers. assoried sizes, 25to 200 ml
Pipet. fillers. for use veit 1 corrosive liquid .
Pipeis. assorted sizes, 1 10 25 ml, color coded, (.1 mi subdiv' ions
Cylinders. graduated, assoried sizes 25 to 200 m)
Botties, reagent, 1000 ml capacity
Balance, inple beam, 600 grams. sensitivity 0.1 gram
Rubber gloves and apron
Safety qtasses

B Cremicai Reagents
Ammoma iree water
Potassium Dihydrogen Phosphate
Dipotassium Hydrogen Phosphate
Dechiorinatin agent Thiosutfale
Sodium Hydroxide. .30
Sodium Arsemte
Sodium Sulfite
Suifuric Acd
Zinc Sulfate
Mercuric iodide
Potassium jodide
Ammonium Chionde. Anhydraus
Hydrochlone Acid
Potassium Chloroplatinate
Cobaltous Chionde




i

C. Optional Equipment/Method

1.

Filter Photometer with maximum transmittance at 400 to 425 my hghtpath
of tem or longer

Nassler Tubes, matched. 50 ml. tall form

. PH meter, equip’bed with high pH electrode

Phenate Method (Tentative)

NITRITE - NITROGEN TEST

A. Equipment and Supphes:

Spectrophotometer. for use at 400 to 530 my and hghipath of 1¢m or tonger
Beakers, assorted sizes, 25 ‘o 200 ml

Riper, fillers, for use with cofrosive liquids

Pipets, assorted sizes, 1 to 26 ml, color ¢coded, 0.1 mi subdivisions
Cylinders, graduated, assorted sizes. 25 to 200 ml

Bottles, reagent, 1,000 mi capacity

Balance, Triple Beam, 600 grams, sensitivity 0.1 gram )

Rubber Gloves and Apron

Safety Glasses

B. Chemical R2agents

1.

C Optional Equipment/}éethod
t

1.

2.

2.
3.
4,
5.
6.
7.
8
9.

Nitrite-Free Water
Polessium Permanganate
Calcium Hydroxide
Orthotohdine
Concentrated Sulfunic Acid
Manganese Sulfate
Ammonium Oxalate

EDTA Reagent ¢
Sulfanllis Acid
Hydrochionc Acid
Naphthylamine HydroChtonde
Sodium Ace late\

" Sodium Nitrite

-

£1lter Phutomet
of 1 cm or longer

Nesgler Tubes, matched, 50 mi, tail form

. with maximum transmittance near 500 mu and light path

NITRATE - NITROGEN TEST
{Brucine Method)

A Equipment and Supplies

i,

P

3
4.

Spectrophotometer, for use at 400 to 500 mg and light path of 1 ¢cm or longer
Seakers, assorted sizes, 25 to 200 mi

Pipet, fillers, for use with corrosive liquids

Pipsts, assorted sizes. 1 to 25 mi, color coded, 0.1 ml subdivisians

C-5




Cylinders, graduated, assorted sizes. 25 {0 200 ml
Bottles, reagent. 1,000 ml capacity ,
Balance, Triple Beam, 600 grams, sensitivity 0.1 gram
Rubber Gloves and Apron '
Safety Glasses

Test Tube Rack

TestTubes, 2.5 x 15 ¢cm

Chemical Reagents

1.

Potassium Nitrate, anhydrous
Sodium Arsenite

Brucine Sulfate

Sulfanlilc Acid

Concantrated Hydrochloric Acid
Concentrated Sulfuric Acid
Sodium Chloride

Optlonal Equipment/iMethod

1.

400-425 my and light path of 1 inch
Zinc Reduction Method

Cadmium Reduction Method
Phenoldisulfanic Acid Method
Chromotropic Acid Method

Filter Photometer, with violet filter, having m\aximum transmittance between
\ L]
| )

TOTAL PHOSPHORUS (AS P)
(Ascorble Acid Method)

A. Equipmentand Supplies

1.

- —

=W mNG e A LN

Spectrophotometer. for use at 400 to 500 mu and hght path of 1 ¢m orlonger
Beakers, assorted sizes. 25 1o 200 ml

Pipet. filiers, for use vith corrosive iiquids

Pipels. assoried si1zes, 1 to 256 ml, color coded, 0,1 ml subdivisions
Cylinders, graduated. assorted sizes. 25 to 200 ml

Bottles. reagert, 1,000 mi capacily

Balance, Triple Beam. 600 gran$, sengitivity 0.1 gram

Aubber Gloves and Apron

Safety Glasgses

Cylinder, mixing 100 ml capacity

Hot Plate/Magnatic Stirrer. combination

8 Chemical Reagents

1.

Ascorble Acld

Antlmon Potassium Tartrate
Hyrochloric Acld

Suituric Acld

Ammonium Malybdate




Ammonium Persulfate

Potassium Phosphate, dibasic
Potasslum Phosphate, monobasic
. Sodium Hydroxide
10. Phenolphthalein

Optional Equipment/Method ,
1. Filter Photoeter, with red color filter and light path of 0.5 cm or ionger
2. Vanadamolybdaphasphoric Acid Colorimetric Method

- 3. Stannous Chloride Method

30-MINUTE SETTLING TEST
{One Liter Graduated Cylinder Method)

Equipment and Supplies

1. Cylinders, graduated, one liter (1,000 ml) capacity; glass cylinders rec-
ommended.

2. Rod, glass, stirrer
3. Intervai Timer, 1 minute to 2hours, 115 volt ac
4.  Bottles, sample, wide mouth, 1 gallon capacity

Optional EquipmentrMethod
1. Mallory Direct Reading Settlometer, 2,000 ml capacity

DISSOLVED OXYGEN TEST
{Winkier Method)

-

‘ Equipment and Supplies ' N

1. Bottles (BOD). meet APHA specifications, numbered 1n sequence, 300 mi
capacity, 2 cases (48 bottles wuggested)

Buret, straight stopcock, with side tube stopcock for fiiling, 50 ml capacity,
0.1 ml subdlvisions

Support, Buret Double, with holder

Bottle, reagent, 1,000 mil capacity, with tubuiature near hottom

Botties (4), dropping assembly, 2560 ml capacity

Tubing, polyethytene, 10 fi.

Pipets. volumetric assorted sizes, 1 to 25 mi, color coded, 0.1 ml subdivisions
Balance, Triple Beam, 600 grams, sensitlvity 0.1 gram

Hot Plate/Magnetic Stirrer

Flasks. erlenmeyer, 500 n]I capacity

*

g
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B. Chemical Reagents
1. Distilled Waier
Sodium Thiosuifate Solution
Concentrated Suifuric Acid
Manganous Sulfate Solution
Alkaline lodide-Sodium Azide Solutions
Starch Solution




.,

\
7. Sulfamic Adid, technical grade
8. Copper Sulfate

9. Concentrated Acetic Acid

Oplional Equipment/Method
1. Polarographic Dissolved Oxygen Meter, self contained, with probe assémbily

pH TEST
{Electrometric Method)

Equipment and Supplies

pH Meter

Electrode, reference
Electrode, glass

Beakers, 100 ml capacity
Bottle, wash, 250 ml capaclty
Tissue Paper

hemical Reagents

Buffer Solution, pH 4.0

Buffer Solution, pH 7.0

Buffer Solution, pH 10.0 .
Filling Solution, for reference electrode
KCL Solution, saturated

1.
2.
3.
4.
5.
6.
C
1.
2.
3.
4.
5.

Optional Equipment/Method
1. Colorimetric Method (noi recommended for wastewaters)
2. pH Paper{provides quick estimate}

TEMPERATURE

Equipment and Supplies
1. Comblnation Thermometers, —20° to +150° C, + 20" t0220°F
2.  Thermometer, 0° t¢ + 120° C, with metal armored case and nylon cord

Optional Equipment/Method '
1. Telethermometer
2. Thermistor Probe




REFERENCES

APHA, AWWA, WPCF, Standard Methods for the Examination of Water and Waste-
watlar, 14th Editiork 1976 - APHA New York, N.Y.

Ministry of the Environment, Aclivaled Sludge Process Analyses and Interpretation

Works.,op Manual, Training, Certificatlon, ang Safety Sectlon, Toronto, Ontario,
M4V, LPS.

L]

Nagano, J., Laboratory Procedures for Operators ot Waler Pollution Contro! Plants,
California Water Pollution Control Associatlon, October 2, 1970.

1.8, Environmental Protection Agency, Estimating Laboratory Needs for Municipal
Wastewaler Treatment Facilitiesm, Office of Water Program Openations, Publica
tion No. 4301 9-74-002, washington, D.C.

1).8. Environmental Protection Agency. Estimating Laboratory Needs for Municipal
Wastewater Treatment Facilities, Ofttice of Water Program Operations, Publica
fion No. 4301 9-74.002, Washington, D.C.

Water Pollution Control Federation, Simpiitied Laboratory Praclices for Wastewaler
Examination, Manual of Practice No. 18, 1971.




-

Absorptlen The taking up of on® substance Into the body of another.

Activated Sludge Siudge floc produced In raw or settied wastewater by the growth of
organisms (Including zoogleal bacterla) In the presence of dissolved oxygen. The
term "activated” comes from the fact that the sludge Is teaming with actlve, or
living, mlcroorganisms.

Activated Sludgs Loading The pounds of blochamclal oxygen demand {(BOD) In the
applled liquld per unlt volume of aeratlon capacity or per pound of actlvated
sludge per day.

Activated Sludge Proceas A blologlcal wastewater treatment process In which a mix-
tura of wastewater and activated sludge I8 agitated and aerated. The activated
sludge Is subsequently separated from the treated wastewater (mixed liguor) by

- sedimentation and wasted Or returned to the procees as needed.

Adaorptlon  The adherence of a gas, liquid, or dissolved material on the surfage or
Interface zone of another substance,

Aeratlon The bringing about of intimate contact between air and a liquld by one or
more of the following methods: {a) spraying the llquid In,the air, (b} bubbling air

. through the liquid, and {¢) agltating the liquld to promote surface absorptlion of alr.

Aeratlon Peslod The theoretical time, usually expressed In hours, during which mixed
ilquor Is sublected to aeration in an aeratlon tank whiie undergolng actlvated
slu’dge treatment. It I8 squal to the volume of the tank divided by the volumstric
rate of flow of the wastewater and return sludge.

Asrcblc (1} A condlitlon in which "iree” or dissolved oxygen {O2) is present. {2) Re-
quiririg, or not destroyed by, the presence of free oxygen. ‘

Atkalinlty Bufferlng, or acld neutrallzing, capaclty of water due primarily to Its car-
bonate, blcarbonats, and hydroxide content.

Amblent Temperature Temperature of the surroundings.

Anaseroble (1) A conditlon In which “free” or dissolved oxygen (O2) is nof present.
(2) Requlring, or not destroyed by, the absence of free oxygen.

Assimllation The process by which food IS converted to ¢ell protoplasm.

Autotrophle  Having the ability to utllize CO2 as sole source of carbon,

Avallable Oxygen The quantity of dissolved oxygen available for oxldation of organic
matter in a water body. )

Bacterla SInge celled microorganisms of primary importance in most biological
was‘ewater treatment processes.

Batch Reactor Reactor in which flow s nqither entering nor leaving on a continuous
basls.

Blochemlcal Oxygen Demand (BOD) A standard test indicating the quantity of oxygen
utilized by wastewater und er conirolled conditions of temperature and time.
Bloassay Estimating the toxicity of an effluent by testing its effects on living

organisms.

Biodegradation The destruction or mineralization of organic materials by micro-
organisms.

Biofioccutation A condition whergby organi¢ materials tend to be transferred from
the dispersed form in wastewater to settieable material by mechanical entrap-
mient and assimilation.-

Blologleal Exeminations A microscopic survey of the types of micrgorganisms
presentlna samale.
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Blologlcal Fllter A bed of sand, gravel, broken stone, or other medium through which
wastewater flows or trickles that depends on biologicat action for its effectiveness.

Blologlcal Filtratlon The process of passing a liguid through a biological filter, thus
permifting contact with-zoogleal films attached to the media that adserb and
absorb fine suspended, collodial, and dissolved solids and release end products
of pioch. nical oxidation.

Blological Wastawater Treatment Forms Of wastewater treatment in which bacterial
or biochemgial action is intensified t0 stablize the unstable organic matter
prezent and remove non-settling solids. Intermittent sand filters, conjact beds.
trickling filters, and activated sludge processes are examples, t

Biofoglcat Reactor The site(s) in a wastewaler treatment plant where the principal
biochemical reagtions take place. ?

Biomass Active or dead microorganisms present in a particular area of a®biological
treatment plant.

BOD See Biochemical Oxygen Demand.

BODg Five-day biochemcial oxygen demand, the Oxygen demand exerted after five
days of a BOD test. (See Bioghamciat Oxygen Demand)

80D Load The BOD content, usualhi expressed in pounds per unit of time, of waste-
walter passing into awaste treatment system. .

Bulking Sludge An activited sludgelthat settles poorly because of |ow-density ftoc.

Cachonaceous Oxidation Biochemical Jrocess by which heterotrophic microorganisms
rive energy from organic wastesifendering more stable organics or inorganics
end-products. ~

Catalyst A substance that speeds up a chemical reaction without baing altered itself.

Chemical Oxygen Demawd (COD) A meaa,ure of the oxygen-consuming. capacity of
inorganic and orgemc matter preseit in wastewater, It is expressed as the
equivalent amount of oxygen required as determined using a chemical oxidant in
a standard test. It.does not differentiate between stable and unstable organic
material and thus does_not .necessanly correlate with biochemical Oxygen
demand (BOD).

Chlorlnation The application of chiorine or chionne compounds to water or waste-
water, usually for disinfection, but frequently to obtain othet biclogical or chemi-
cal results.

Chlorine Contact Chamber A detention basin provided pnmanly to secure the diffusion
of ¢hiorine through the liauid. -

Chlorine pemand The difference between the amount of chlorine added to water or
wastewater and the amount of residual chiorine remaining at the end of a specified
contact period.

Ciliate A type of protozoan characteqnzed by short, filamentous cilia used for motility
andior capturing food

Coagulation The clustering of suspended solids into larger particles or flocs caused
by the addition of achemical (coagulant) or by biotogical processes.

COD See Chemical Oxygen Demand. - '

Collform-Group Bacteria A group of bacteria found in the intestines of man which are
used as tndicators of fecal poHution and the presence of pathogenic bacteria in
water and wastewater.

Colloids Finely divided. non-settleabie solids which may be remoG‘éd by cbagulation
or biochemcial action.

Complete Mix Idealized continuous flow reactor in which fluid particles are immedi-
ately dispersed throughout the reactor.
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Complete Treatment In an imprecise and general sense. the processing ol domestic
and some industrial wastewaters by means of primary and secondary treatment.
It may Include other specialized types ol treatmant and disinfection. A high
percentage removal of suspended. colloidal, and dissofved arganic matter 1s
implied.

Composite Samples Samples collected at regular intervals. sometimes in proportion
to the existing llow, and then combingd to form a sample representative of flov
over a period of time.

Concentration (1} The amount of a given substance dissolved or suspended 1n a unit
votume of solution. {2) The process of increasing the soitds per unit yolume in a
liquid. -

Contact Aerator A biological unit consisting of stone, cement-asbestos, or other sur-
faces supported in an aeration tank, in which air1s diffused up and around the
surfaces and settled wastewater flowsthrough the tank.

Contact §tabilization Process A modification of the activated sludge process in which
wastewaler is aerated with a high concentration of activated sludge for a short
period, usually tess than 60 minutes. to obtain BOD removal. The solids are
subsequently separfted by sedimentation and transferred to a stabilization tank
where aeration is continued, starving the activated slud e before returning it to
the aeration basin.

Conventionat Activated Sludge Process Activaled sludge process utihzing plug-flow
through the aeration oasin with primary efftuent and activated sludge fed at the
head end and uniform aeration throughout.

Cytopiasm Contents of a biological celf excluding the nucleus.

Degradation The conversion of asubstance to simpier compounds.

Density Mass perunit volu.ne of any substance.

Design Parameters Various critena used to determine size, shape, quantity, and/or
methods in the design of units and processes in a t-eatment plant.

Detention Time The time required to'fill a tank at a given flow or the theoretical ime
required for a given flow of wastewater to pass through a tank (volume divided by
flow rate}. BTN

Dewater To extracta portion of the water presentin a sludge orsiurry.

Diffused Air Aeration The process by which air is compressed an< discharged below
the mixed liquor surlace through some type of air diffusion device.

Pitfuser A device (porous piate, tube, bag) used tobreak the air stream from a biovver
system inlo fine bubbles in a liquid.

Disinfection The process by which pathogemic (disease-causing} microorganisms
are killed. Chiorination 18 the most frequently used method In wastewater
treatment.

Dissolved Oxygen (DO) Molecular or "free”” oxygen (O2) dissolved in water or waste-
water.

Dissolved Solids Very small, non-setthing particies defined by the method of measure-
ment (see Standard Methods).

Distributor A mechanical device used for spreading wastewater cver the surface of a
trickling filter. A rotary distributor is usually us2d.

Ditch Oxidation A modilication of the activated sludge process or the aerated pond,
in which the mixture under treatment is circutated in an endiess ditch and asration
and circulation are produced by amechanical device.

Diurnal Flow Flow that shows marked and reqular vanations through the course of »
day.




Domestic Wastewater Wastewaler derived principaily from dwelhngs, tusmess
buildings, Institutions and other non-industnat sources
DO See Dissolved Oxygen

Dosing Ratio The maximum rate of waslewater apphcation 1o 2 fiher dyvided by the
average rate.

Dry Suspended Solids The weight of the suspended matter 10 astewater or other
hquid after drying for1nr a1 103° C

Ecclogy The branch of biology dealing with the refationstups bet #8en Crganisms and
therr environmenti

Effluent Wastewater 0r other hi_ud Ho ming trom a basin, treaiment Process, or réatl
ment plant.

Enzymes Substances produced by hving organisms that speed up chemical chanyes

i
Endogenous Respiration Utilization internai ceifular mateénal as {ood under aerobic
conditions whenan adequate external food supply s unavailable

Excoss Activated Siudge The quantily of activated sludge above tha! nesded for
process operation.

Extended Aeration A modificatron of the actrated ludge process wtihZing very 1ong
aeration periods.

FiM Ratic  Food to microorgamsm ratio, the amount of tood (rgani¢ matter as BOD
or COD}available perumt mass of microordamsms.
Faculiative (1) A condibiop in which free  or dissoived oxygen (02} 1s present only

In some places. {2) Able tc funchion bolh in the presence or atsence ot free
OXygen.

Filamontous Bacteria Bacter:a that arow in a lhread or “amentous form.

Filter Flooding The hihing of a tnckling ilter to an eievation above the top of ihe
medium by closing ali outlets. In orde¥ 1o control nunsance of filter fiies.

Fioc Groups or clumps’ of bactena that have come together and tormed a smait
gelatinous mass. Found in geratron tanks and secondary claniers

Flocculation An action reSuiling i the gathenng ol fine paricies to form largsr
particles.

Grab Sample A Single sarmaple ol vastowater 1aken all 2t one time trom one place.

Head A term used in expressing the préssure or enerqy of Huids in terms of the héght
of d vericle column of water.

Hoad Loss Energy tost, expressed in head. from Howing Huids due 10 frnction and
lurbulence

Hatercirophlc A term descrnibing orgamsms which use 0rganics as the source of ¢l
carpot

High-Rale Fliter A trickiing hiler operated at 2 nigh average daily dosing rate, valaby
between 100 and 1008 gpdisq f1

Yydraullc Detontion Time The thecretical lime required to displace Ihe contents of 2
tank orunit al a given discharge rate {volume of tank divided by Si1Scharge rate)
Hydraulic Loading The volume of wastewater apphed to a2 umtin a given Hme.

Industrial Wastewater ‘Waslewater m which wastes rOm industrial processes bie
dominate.

Influent Wastewater or other outd flovang mto 2 reServorr, Das. ), reatragnl process,
or [reatment plan. s

. Intermittenl Filter A tr:c::lmtj friter which s dosced intormattently ratheys than ¢Ontinu
ously
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Kossener Brush A cylindncal metal brush ysed to mawntain circulation and prowde
gxygen in the activated sludge process

Kinetic Bata Recorded measurements used 1o determine rates of microorganism
growth and subsirate removal

Kraus Pracess A modification of the activated sludge process in which liquid frown
anaerobic digesters s added to the aeration basins as a source of additional
nutiients.

Log Growth Phase The period of ime vhen the mass of microorgamsms 1s doubling
at regular intervas

: aw-Rate Flliter A tnckling fiiter desioned to be operated with a hydraulic load of 25
10 100 gpdisq. 1. of fiiter surface Alao called standard-rate filter.

Mean Cell Resldence Time Average period that a cell 1s huid in the activated sludge
+T0CO8S; also known as solids retention time.

tdacharicalAeration A class of processes by which tne surface of an aeration tank 1s
mechancally agitated to cause spray or wave resulting in agraticn of the liquid.

Kistabollsm The life-process in which food is utilized.

KMicronutrients Inorganic nutnients required in only tracé amounts.

Microorganfsm  Very small Q19aIsSms that can be seen o.Jy through a microscope.
Son& miCroordanisms yse the wastes in wastewater for food and thus remove or
aller much of the undesirable matter,

Mixed Ligour} The mixture of aclivated sludge ar * yastewater in an aeration tank.

Klixed Liquor Suspended Solids {MLSS) Defined by testing method (see Standard
Methods). May be roughly defined as non-fiiterable solid particles i mixed liquor.

Mlced Llguor Volatlle Suspaended Sollds {(MLVSS} Definad by testing method (see
Standards Methods) May oe roughfy defined as that part of tive mixed hquor
suspends. sohds that 1f combustibie.

Motile Capabie of movement )

Nematode Unseamented worm

Mow Growth Rate The rate ot increase in the mass of live microorgamsms calcuiated
by subtracting the death rate fromf{he synthesis rate

Hiwiflcztion  The biochemcial conversion of unoxidized nitrogen iamonia and organic
nitrogen) to oxidized mtregers (. . 'ty nitrate)

Mutrienis  Eiements which are needac  support iving celis such as carbon, hydrogen.
oxygen, mifrogen, and phosphorys

Crganic Matler High Energy carbon co wpou s, usuatiy from plant or animal sources.
but someiimes synthetic

O idation A ché ucal reachon, usugily 1nvoiving the addbion of oxygen ang the
release ot energy

Oxygen Uplake Rate The rale a3t w.ich oxyge 15 ransterred to wastewater under
a€ .hion

Oxygen Utllization  The oxygen consumed to support aerobic bologicaf treatment
processes

Farshall Flume A device which measures the cntical depth to determine flow
Paak Load The max‘.Jm rate of flow to a wastewater treatment plant,
pH Arnexpression of the intensity of the alkaline or acidic strengih of a water.

Photosynthesis The use of .unlight lo obtawn the energy nec@‘iéary to synthesize
new cell material

PinFlec Very fine floc particies vnth poor setthng characterishics
Fiain Sedimentation Sedimentation without vhe aid of chermicals




Plug Flow Reactor Idealized continuous flow reactor in which fluid particles are
discharged in Ibe same orda® in wh « they entered.

Pending The formation of poois or ponds of wastewater as a resutt of surface ¢loagikg
in trickling filters.

Freaerallon A prepsratory treatmenl of wastewater consisting of aeralion to remove
gases, add oxygen. 2romote flotation of grease, and aid coagulation.

Pretreatment The e of racks, screens, communitors. and gnit removal devices to
remove metat, rocks, sand, eggshells, and similar materials which may hinasr
the operation of a treatment plzai.

Pritnary Treatment The first phase of wastewater treatment, consisting of separating
the readily settleabic or lloatable solids by sedimentation and skimming.

Protoplasin The matena! of a living celi

Protozoa Animal-nke ricroorganisms.

Psychnda The generic name of fiite flies,

Raw Wastewater Wastewater before it recewves any treatment.

Reactor Any vassel in which a chemical. biochemrsai, or physical reaction takes place

Recircuiation The return of a portion of the wastewater which has already passed
through 1tnickhing filter for a second passage.

Respiration The process by which a cell takes up uxygen and gives off the ¢a bors
dioxide formed in energy-pro¢ cing reachions.

Rising Sludge A problem n secondary settling tanks gernegrally attributed to demtri-
f: .tio " thesludge blanket.

Rotary Disirlbutor A movable distributo: made up of horizontal arms that extend to
the 2age of the circular filfer hed. revuive about a canbial post. and distnbute
hiquid over the bed through holes or jets in the arms.

Aotifer A smzll, mutti-celled animal that gets its name from the rotating acton of
rows of cilia near its mouth.

Roughing Filter A trickling filter of relativel  coarse matenat operafed a: high rate to
atford preliminary treatment.

Scum Coltector A mechanmicai dewvice tor skimming and removing scum from the
surface of a settling tank.

Secondary Treatment Phase of vasiewater trealment in which dissolved or suapended
matenal 1s converted into a form i re readily separated Itom the wastewaier

Sedimentat,on The process of settling suspended solids by gravity.
Septic A condition produced by growth of anaerobic organisms,
Settieable Matter See Settleable Solids.

Settleabfe Solids That rnatler in wastewatar which wiff not stay in suspension during
a preselected settling period, either settling to the bottom of floating to the top

Settled .. utewater Wastewater from which most of the settleable solids have been
re:soved by sedimentation

Sewage Spen!water of acommunity.

Shock Load The arnval ata plant of a waste which is toxic to organisms in sufficient
quantity or strength to cause operating problems. Organic or hydraulic overloads
can also cause a shock load.

Side Water Depth{SWD) TFe depth of water measured along a vertical exterior wall
Sloughing The dropping or washing off of slime from trickling filt¢. media.
Sludge Thesolids separated from liquids during processing.

Sludge Age A measure of the length of time a particle of suspended solid$ has besn
undergoing aeration




Sludge Blanket A jayer 0! sludge suspended within an enclosed body ot wastewater,
such as a setthng tank

Sludge Bulking Pooi settt ng due tolow density flgc i the activatled sludge process.
Sludge Digestlon A process by which organic matter 'n siudge s converted into a
more stable form by anaerobec or aerobic organiasms

Sludge Denslty Index The reciprocal of the sludge volume index (SVIH multipted by
i00 (e 11SVI x *09)

Sludge Volume Index The rativ of the volume in mullihiters of studge settied from a
1.000-m) sample 1n 30 men to the concentration »f mruxed hquor in milligrams per
Iter multiplied by 000

Solids Retention Time (SRT) The average residence time of suspended solids in a
bwiogicai waste treatment 5ys'=m, equal to the total weight of suspended solids
1N the sysiem divided Dy the total weigh! of suspended solids leaving the System
perunit time.

Sciids Loading The wewqhi or mass ot sonds spphed to 2 treatment protess per un;t
time.

Soluble Capabie of dissolving readity

Stabilization Convers$ion to a torm that resists change.

Stage A process which s followed or precaded by a stmilal process.
Standard-Rate Filter See Low-Rate Fitier, ¥
Step Aeration Same as step feed

Step Feed Adding waclewater at ponts aiong the l2ngth of an aeration basin raiher
than just al tha head end

Supernatant Lsquid removed from settied $ludge i
Substrate The subsiance beinG used by miCroorgarsms In suspension.
Suspended Matter See Suspended Sonds.

Suspended Solids (85) Defined py testing method (see Standard Methods). but may
be roughly detined as ali non-dissolved sohids that tahe a certain mirnioum tire
to setile in sisfl water

4

Synthesis The oreation of new matenal from eilementary butlding blocks

Tapered Aeration  An zeration method whereby the quantity of ar added vanies along
the aeration basin ~uth a maamum at the head end and a minimum at the outla!
end

Toxicity The ability of 4 waste to potson Organisms

Tackhng Filter A biologcal treatment process in which the wastewater trickies
through a bed of chme-Covered medis and 1S treated by the attion ol the micro-
orgamsmis in the shime layar

Trickhing Fittar Media  1he sohid matenal 1 a tnckhing filter which provides a surface
for a bhiotogical tiim of mucroorgdanisms Crushed stone 16 the most commonty
vsed media, but plastics are 9aming pobuiarity

Turbidity  Cloudingss of waskewater due to suspended Solds

Vieus The smailest toim capabie of proc Ling diseases 1n man or other higher
HGANISMS

Volatile Matter See Volatile Sohds

Voiatile Solids  Defined by testing inethod (see Standard Method) but may be roughly
defined as combushbie sohds

Wastewater The used water znd s6hids that How to & treatment piani




Zooglazs A Jelly-like coating developed by bacteria.
Zooteal Matrlx  The floe or atlme formed by zoogical baciaria.

{Definltions pr acipally from Glossary of Water and Wastewatsr Enginsering, APHA,
ASCE, AWW. , and WPCF (1268); “Operation of Wastewater Treatment Plants,” EPA
(1970); Wastewater Enginoaring. Meatcalt & Ecdy (1972); Blology of Microorganisms,
Brock {(1974).)
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