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EWORD

The National4Training and Operational Technology Center in
cooperttOn. with The-Ohio-State-University is developingan
'Instructional Resources Monograph Series. The monograph series
is an extension of the information providd inithe Instructional
Resources Information System (IRIS) for water uality.

1

This document is one in the Instructional Resources Monograph

Series. these docwrents will assist the professional in identifying
and locating instructional and reference materials related to
various technical aspects of water quality control. Emphasis

is given to items useful in the development and presentation of
wastewater treatment training programs.'

Each monograph reviews an,aspect of. wastewater treatment,
provides representative vocamples of available instructional '
materials, and includes an annotated bibliography,plus additional
references.

Yotir comments and-suggestions
are invited.

Ar.

fr

regarding these publications
sw

Walter G. Gilbert.
Director
NTOTC, USEPA
Cincinnati,, OR 45268
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INTRODUCTION

0

-
propose of this monograph A to identify instructional n

refere 5v.materials foe&hse by professionals in the field in th

deve pment.and implementation of new programs or in the updati g
of ekisting programs. The materials identified in this dncumen are

spes4fic eb, the wastewater treatment, process' of anaerobic diges ion.
The mohogr4ph will be useful to trainers, plant operations, edu ators,
engineers,Tonsultants, and students with the need to efficient y
identify and locate specific instructional materials.

To help meet this need, the monograph is organized, into four parts:

Part,I Anaerobic Digestion - The Process. This sec ion

presents a brief discussion of the anaerobic
digestion processin wastewater treatment op rations.

Part II Learning Resources. This/sectlon presents
selected portions of illustrative resource
materials taken from. hapter or section o a

publication pr other instructional material :

__These_resources were identified by profess hats _
as'being representative of the materials c rently
available. A 'reference to the source wher the
material may be foind in. more'detail is in luded.
Bibliographic data regarding these rpsourc s are
'fouhd inPart 111, Abstracted Reference Ma erials. .

Patt dr' _.._Abstracted ReferenCe Materials. This sec
presents document resumes of6pertinent in
materials that-may be used to supplement

I identified in. Part II - Lornipg Resourc s.

. Instructions fdi interpreting a document resume
are Jound in Part V.' o

0

Part Reference Materials - Bibliographic Cit tions.
t This section provides additional resources, mostly

from technieal and scientific journars. Resources
identified in this section tend to be h ghly specific.
and more technical in nature. Informa on provided
includes title, author, corporate auth r (if.,
applicatile) and availability.

tructional
hose

. -

rd
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,. PREFACE

The need for training in the water pollution control field
continues to grow. Gilbert (1981) states that, based'on continuing
changes in current programs and activities, the training programs
provided tfy ...In institution or organization must be responsive to'
the information, knoOledge, or skill ga,j that exists between what,-,

an individual already knows or cap do and what the individual needs
to know .2r.be able to do to accomplish-a given task. Example of

changinA areas with training implications include wastewater -

treatment technology and water quality assessment.

Recent USEPA reports Gray, et al.', (1979)'and,Hegg, et al.,
(1979) suggest that training needs.do exist in the areas of
wastewater treatment system management and process control. -
Major reasons given for-the fact that many wastewater treatment
plants currently in operation are not in compliance with their
NPDES permits include lack of understanding by operators of the
wastewater treatment process and the inability of operators to
apply process control knowledge to inplant conditions. The Gen6ral'
Accounting' Office report (1980) showed 97 percent of the,21a
treatment facilities surveyed to be in violation of their effluent
discharge permits.

I
As technology alone cannot solve the problems, it is important

to realize 'that a wellAltrainde workforce is essential to cl'ean up
and control our water pollutibn problems. Most practitioners agree

that training is critical to the,improyement of performance of
personnels With training comes the need for training materials and
-it is the intent of this monograph to assist in.-identifying and
locating instructional and reference materials specific to the

\ wastewater treatment process of anaerobic digestion.

LeStning resources and referende materials are assembled here
to assist trainers and instructors in the development of training
rograms. The learning resources are often segments of illustrative
aterials on anaerobic digestion taken from a chapter or section of
publication or other learning resource that prbvides additional

i formatioil. These resources are to serve only as a guide in
s letting appropriate training materials'an& should not be consider d
a structure or total program.

. a

For further JAformation about these materials contact:
'

EPA Information Dissemination Project
1200 Chambers Road, 3rd FlOor

Columbus, Ohio 43212 ..

614:422-6717
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ANAEROBIC DIGESTION

0

Introdpcti9n

'One of the major problems resulting fvom the primary (settling)
and secondary (biological) treatment of wastewater concerns the fate

. of the solids fraction. Watery and noxious, this "sludge" must
undergo further treatment to minimize a variety of disposal probrems.
One of the most common treatments utilized is anaerobic digestion.

Anaerobic* digestion stabilizes the organic solids in sludge. ' .-

TotalssolidsecaT"be subdivided into a "volatile solids" (organic)

fraction and.ari "ash" (inorganic) fraction. The sludge fed to the
iligester should contain as high a volatile solids fKaction as possible.
because this portion can be treated by ?he digestion Process: The
inorganic material simply takes up space in the digester. 'Indeed, a

high percentage of inert or inorganic matter in the sludge might r
indicate that the screening and grit removal machinery'of the plant
was not operating tfficiently. .0 . .

DIGESTION
1'N.

N AS PROCESS. STEP

jPRTAIV, PLANT

Pre-treat,

.ANAEROBac OICESTER

OO josal

SECONDARY PLANT

pest treat..

° Figure I

lb;
Volume ReauctIon

(thlekerap4)

'ANAEROBIC DICESTER

IlmiOlsposal I
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Sludge contains-not only the solids fraction of the wastewater

flow, but also a great quantity.of water. Vert), often, sludges must

be "thickened" to assure the 4 to 8 percent, solids concentration

needed for efficient digestion. More dilut,ed sludges can cause pH

changes in the alkaline buffer in the digester, decreased bacterial
contact with the organics, and increased digester heat and space

requirements. After the digestion process; even more water is
separated from the sludge so that other processes can Further the
dewatering.

Digegion can take place under aerobic (with oxygen) or anaerobic
(without Oxygen) conditions. Anaerobiln digestion effectively handles

primary/tludge and results in the production of methane gas as a
bvprobiuct, which can be used as a fuel source. However,,the

anaerobic process is more sensitive to environmental changes. and-can
be'upset by loading problims.

Anaerobic digestion proceeds through the action of certain forms

tof bacteria upon organic material. As a'result, the unpleasant
smelling sludge is broken.down to several components; i.e.,

(1) methane as with.a lower Btu content-..than natural
gas, but still high enough for use as a fuel;

(2) scum, consisting, of lightweight sludge particles;
(3) supernatant, consisting. mainly of water, which muse

be withdrawn frond the digestion tank and subjected
vn secondary treatmene before being released in the
effluent; and

(4) digested stabilized sludge, relatively free of

odor and pathogens, which can be landfilled,
incinerated or recycled through land treatment.

These products will be'discussed Ili further detail later.

DIGESTION PRODUCTS
,

RAW SLUDGE micRoo(26ANI9AS Coz 4.4 ORGANIC ACIDS

"A"
20 ,

INTERMEDIATECOMPLEX . CELLIILAROOtHER

spOsTRATE PR ItiCI PALLY DEGRADATION iNfgmePIA-re
CARSOHYPQATeS ACID FORMERS PRODUCTS DEGRADATION

FATS SAPROPINTic PRODUCTS
PQorerN-S PAC LILTATIVe

ORGANIC ACI OS MICROORGANI5i15 C3-14 I. ao 2. f4-i [2. tI

ceauLgthlitea B" 'MffmAtiE cARBoN PRODUCTS
witeZieDIATe
PEGRADATioN

PRiNICi PALLY PioXipp As°, 4-I I.S`,
AND

PROUCTS I%ORML3RS
OBLIGATE(?)

PE612AgArrori
91201McfS

AN106120Bes
Figure II
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Process Components

Bacteria

Since the job of anaerobically digestingislUtge A' done by
certain forms of bacteria already present in wastewater, a major
objective of ehe process is to provide and maintain an environment
conducive to the growth of those organisms.

, -Anaerobic digestion occurs in two phases which proceed
concurrently. The first is the utilization of the sludge as
food by a group of saprophytic bacteria which convert the
volatile (organic) solids to organic acids. These bacteria are
termed "acid formers." The organic acids, in turn, become the
food for the second phase - which actually is the sludge stabilization
step -.where extremely sensitive bacteria convert the organic acids
to methane gas and carbon dioxide. The bacteria, involved in this '

conversion are called "methane fermenters." .\

As mentioned previously, these two phases occur at the same
time except when the digester is just starting up or when the
digestive prdcess is upset or "going sour." One df the major
reasons a digester goes sour is the high sensitivity of the methane
fermenters to environmental change.

STAGE 1

volatile STAGE 2

/ volatile

ACID voiable
vdabiesoNds ORMERS II* acids

Miser
end

products

e

volable
acids

Methane '?

Gas

ETHANE
ORMERS

OUldr

FroZW
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Environmental Conditions

°The'optimum conditions' for anaerobic digestion Call for

a temVeature of 80° to 100°F'
(29° - 37°C)

- absolutely no oxygen present.)
- a pH of 6.8 to 7.2 (neutral), and
- no toxic materials present.

t
If these conditions are not met, the activity of the methane

fermenters can decrease drastically. Unable to keep up with the
.acids produced by the acid formnis, the methane fermenters continue
to slow down because of ti4 decreasing pH (or increasing acidity or
"sourness") of the digester. .0n1, patt*of the digestion process

i
then occurs. .,

As noted earlier,an insufficiently thick sludge can also upset
the process lorY diluting the alkaline buffer added to the digester to
maintain a nearneutral pH. This dilution can lead, to decreases in
pH which result in poor methane fermenter activity and a "sour"
digester. Such a digester may take 30 to 60 days to recover and '

-require additions of alkaline co pounds or "seed sludge" before
returning to "normal." 'This will be discussed later.

The-acid former and methane fermenter groups of bacteria can be
further classified according to the temperatur4s at which they thrive.
Psychro'philic bacteria thrive in tempe'ratures below 68°F (20°C),
although their activity becomes almost negligible below 50°f (10°C).
Because sludge digestion in this temperature range takes 50 to 180
days, few digesters are designed today to operate in this range.
However, many unheated digesters are still An use, facluding Imhoff
tanks.

Mesophilic bacteria require higher temperatures, preferably
85° - 100°F (30° - 38 °C'. Thus, the digester must be heated. The
advantage here is the. reduced time required for digestion--5 to 50
days, with the normal time being 25 to 30 days, depending upon the
adequacy of mixing.

O Thermophilic bacteria prefer even higher temperatures;
greater than 113 °F (45°C). DigeOtion in this range is liastenbd, and
takes from 5 to 12 days. Howevet, difficulties in maintaining high
temperature and the sensitivity of the bacteriaett temperature changes
have prevented most plants from,operatIng at this level.

'15
-
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Contact (Mixidg)
t

To utilize the volatile solids in the sludge as food, the bacteria
must come into physical contact with them. In many anaerobic
'digestion tanks, the only mixing which occurs is that caused
'naturally by the rising methane gas. If the sludge loading to the
digester can b4 maintained at 0.4' pounds of sludge/cu. ft. or digester
capacity/day, ciatural mixing may be all that is needed., Periods of
decreased loading.can interrupt mixing and cause the formatiod of scum
blankets at the top of the,digester, fouling'm'achinery and cloggiA
valves. Increased loading can slow gas production. Thus, natural
mixing works to a certain extent but only when carefully controlled.
More recently designed digesters do not rely on natural mixing

Talone, however.

Mechanicalomixing devices such as diffusers:'propellers,
impellers, and turbine wheels can keep sludge in motion. However,

here again, the efficiency of the screening and grit removal stages
of wastewater,treatment must be high, otherwise, rotors, impellers,
and other mixing equipment can be heavily damaged or worn by grit
and debris. External pumped circulation of food to desjgnat#d
peripheral ports, has'also become popular in design, mostly as an
aid to gas mixing.

4

EPP4

, ? The compo'sition of the sludge itself obviously has a large

effect upon the ease and speed of the digestive process. The volatile

,solids that are readily soluble in water will be easily broken down
by the acid formers. Insoluble organics, such as vegetable fats and
oils must first be converted to soluble forms by bacteria/ enzymes.
Enzymes are proteins which occur in all living organisms and are
necessary for biological:functions. Mineral oils, such as iuel oils,
automotive oils and paraffins, can **cause toxicity problems in the

digester. Large amounts are best handled by ptetreatment.

As important as the composition of the sludge fed to the digester

is its consistency. These factors have been noted in revious se ions

but are worMreviewing here:

Sludge must be sufficiently concentrated or "thick"
enodgh to prevent dilution of the digester alkaline
buffer and other problems, yet "thin" enough to pump.

Sludge must have a large enough concentration of
volatile solids (organics to meet the food needs of t

the bacteria and prevent tile d 'igester capacity from
killing with Inert material (grit, debris).

o



Tanks

Che digestion process has'Been improved over the years '

throughIthe addition of,newequipmeL to increase efficiency.and
- prevent problems. The earliest digesters were simply open-top,

unheated tanks mixed only bythe movement of gases. As the sludge was
digested, its various eomponenrs would arrange themselves in the
tank according to density.' Grit and other inert material would fill
in the bottom of the tank: Decomposed sludge solids world form the
next layer. A zone of bacterial actiitity on newly -fed sludge would

form next., Then would come the supernatant or water layer. On
top of that a scum layer of lighttr sludge particles would form.
Gases produced during digestion'wouldrescape to the atmosphere.
After a few Years, digester capacity would be severely reduced because
of growth in bottom deposits 'and the scum layer.

Placing a cover'on the digester enables the operator to collect
the methane gas produced by the digester process. Fixed covers are

concrete or fetal, and are-bolted to the digester wall. They must ,

be equipped with pressure relief ddvices. If.these fail, serious .

damage can result since- pressure changes inside the digester can
cause an explosion or implosion (in case of vacuum relief failure).

ROOF DESIGNS

Floating Roof Design

J

Fixed Roof Design

CONTRCI.

gas dra,:«

Sp.t1 level

*/*

1'7

8

41.



'Floating covers move up and down along cover guides in the

dlgester-Walls. The cover floats on the sludge at a level dependent
upont e amount of sludge, added to pr withdrawn from the digester/

The gui must be maintained in operating order for this cover tb

work prope ly. The amount of sludge pumped into the digester must
also be Carefully controlled in this variable capacity situation.

iloFloating covers have been lifted over the digester walls because of

high sludge levels. ''

An extension of thy floating cover concept is the Gas Bolder

Cover. With this mechanism, .the coverican lift as much as six, feet
above the minimum height because of gas pressure under its dode. Metal

guides and rollers attached to the digester wall superstructure

' permit this movement. Proklems arise when scum is allowed to

accganlate between the walls and the cover.

The addition of a heating mechanism and a pUmp to recirculate
deposite-esludge back up into the active zone increases the contact
between the volatile solids and the bacteria and decreases the amou t

ir
of time re4uired for digestion. Because the mixing activity preve ts

the layering present in unmixed tanks, all mixing mechanisms must 1e

shut down and time allowed for the solids to settle before the
supernatant. iquid can be withdrawTi from the tank.

This last'problem can be eliminated by connecting a second tank

to the process. Now, in one tank, active digestion takes place; in
the other, settling occurs.- This eliminates the need to shut down
ml.xers before'withdr4wing supernatant or digesteesludge. Futliermore,

. the second tank also contains digested sludge and active bacteria

which can be added to the first tank to correct souring. The

two-tank system is often referred to as "two-stage" digestion,

just as one-tank systems are called "nne-stage." .

Anaerobic Digestion Products

Digestion products are gases (methane and carbon' dioxide),
supernatant pluid, and digested sludge. 'Atproblem by-product can be

.., a blanket of scum which forms at the surface of the digester.
4

Composed of lightweight sludge particles carried upward by rising
gases, the scum, if not broken apart, can'become 5 to 15 ft. thick.

Volatile solids can beEome concentrated in the scum layer, and unleas- \ '

mixing occurs, digehtion will bi minimal.
. .

The otfier nuisance by= product is excess alkalinity in the form of

ammonium ions (NH +1). Unless removed by a denitrificdtion step

befog digestion,
4 this ammonium must be eliminated' by elutriation

(washing) or some other method prioY to the chemical conditioning step

for sludge dewatering. Otherwise, the ammonium would react with the '

.A A
.--.

conditioning chsthicals to for ammonia gas whfth would escape'into

1 8
9.18,
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the atmosphere of the dewatering area, causing a health hhzard to
plant personnel.

The supernatant primarily consists of water removed from the
sludge. This liquid is removed regulary and is commonly recycled to
the headworks of the plant. Often high in solids and BOD5, the
supernatant may cause a decrease in the quality of the treatment
plant's final effluent. Many operators increase the number of

V supernatant discharges to secondary treatment but'decrease the amount
released at each discharge. This can help prevent shocking the
systen;1. The problem of solids in the supernatant is also alleviated
by ensuring good settling conditions.

rhe solids portion bf the digestion products consists of
inorganics and volatile solids that were not easily digested.
Digested sludge:

(1) can diin or dewater easily;
(2) does not have a noxious odor;
(3) has a smaller volume,than did the original

sludge entering the digester;
(4) is "lumpy" and black in color - -grey streaks

indicate undigested sludge:
(5) should contain 40 to 60 percent less volatile

solids than the feed sludge. .

' This st4bilized sludge can then be disposed of through land-
filling, land application, incineration., or other approved process.

-

19
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Learning Reso rces
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' Presented are selected 'Portions of existing training resources
which may be useful in developing a training program on anaerobic

digestion. Each resource has bden selected for its representAtiveness
to training level, topic area or instructional approach. These--
resources are to serve only as a guide in.§electing appropriate training
resources and should not be considered a total training program.

1

1

t--
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Learning Resource 1 1
Primary Treatmett and Sludge Digestion Workshop.
Ontario Minist-bi:of the"Environment
Training and Certification Branch t
Pollution Control Branch
Ministry of the Environment
135 St. Clair Avenj West
Toronto, Ontario M4V 1P5

e;.

1

Presenttd are selected parts of a training manual 1:,epared as a
lidime-stuft-and_referelihe manual for plant operators and A the text
for the related woA7.s-EFp-on-objectivesare indltated at thehóp.

beginning of each toptp. Hands-on parlicipation is ,enfouraged.
This lesson discusses digester theory 'and operation, mixing, heating
systems, and single- and two-stage digestion,

,
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r

am

.

,

e,

.1.
*

'9



0

fi

(\s''

Other manuals relating to the water and wastewater
treatment processes published.by the Training and
Certificntion Section, Ministry of the Envii2pment,

include:4 7 -

Basic Sewage Treatment Operation.

Basic Water Treatment Operation

Surface Water Treatment Workshop,\

Activated Sludge Process Workshop

PreveWin Maintenance orkzhop

Pump Operation Workshop

BasicGas Chlorination Workshop

Copies may be purchased at:

Ontario Government,. Book Store

880 Bay Seree,
Toronto Ontario M5S 1Z8

i . ft

4f,

or may be ordered by mail.by writing'to

Ministry of Government
Publications Centre
880 Bay Street
Toronto, Ontario MSS 1:48

s
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SUBJECT: °

Digester Operations

TOPIC: A,

Anaerobic Digestion

OBJECTIVES:

The trainee will be able to:

1. Recall the objectives of Sludge

Digestion.

Discus the principles of the

Anaero is Digestion Prodtss.

3. List the plrameters which must be
controlfe&for good digestei.

operation.

4. Show by -.a simple diagram the

....Alaerobic Digestion Procets.

5. Nahe'five object4ves.which mixing
'can-attain in the Anaerobic

Digestion Process.

6. Name the three 'temperature ranges
at which a digester may be op Grated.

7.% Name and discut four means used to

' heat 4-digester.

8. Understaild- and discus's single stage'

and two-stag& digester-operation.
tae
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ANAEROBIC

DIGESTION OF SLUDGE

OBJECTIVES OF SLUDGE DIGESTION .4, 4
A

P

Settled solids and floating scum removed from the sedimentation -

tanks and clarifiers consist of a watery, malodorous mixture called 4..
raw sludge. In the majority of the plants.this raw sludge is-pumped
to a digester for treatment before disposal. Tber'primarypurpose of
sludge digestion is,to reduce the complex organic matter pregentik,
the raw sludge to kmaterial that is relatively odor free, can be

readilydewa ered, capable/ofbeing disposed of without causing

j
environmenta problems, and which will undergo little or no further
decompositio . Digestion of sludge can be carried out either by,
anaerobic or aerobic processes. Topic 8 deals with he aerobic
process.

ANAEROBIC DIGESTION PROCESS PRINCIPLES_AND THEORY

`In the anaerobic process the organic solids are lignified and'
brought into solution by a catalyst called enzymes, preselt in the
sludge. The organic matarfak.is then broken down by the action of
two differeart groups of bacteria living together in the saint
environment. One group consists of microorganisms commonly referred
to alcucid formers. The second grOup, which utilize the acid formed
by the acidfformers. are methane fermenters, commonly referred to as
methane' formers.

't
The digestion process is normally described in three seages:

1. Acid fermentation stage

2. Acid regression stage

3. Alkaline fermentation stage

Acid Fermentation Srlge
01,,

During the acid fermentation stage, the organic compounds,

principally carbohydrates; are broken down to volatile fatty acids,
primarily, acetic, butyric and propionic acids. This production of
volatile acids results iea drop in pH and causes putrefactive odluv..
The organisms primarily responsible for this stage of digestion gre
the acid formers. Thisvgroup encompasses a lArge number of bacteria
which are anaerobic or facultatively anaerobi As a rule. the acid
farmers are very vigorous ftproduceTs and are less sensitive t
environmental' factors than the methane tamers.

4,-
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.1.
Acid Regression

1

Stage

4

-During the acid regresiion stage, decomposition of organic acids

(volatile acids and soluble nitrogenous compounds occurs' which
result in the formation=of the f011owing principal compoullds:

1. ammonia

L. amines

"s
3. acid carimnates

During this stage the pH will tend to increase.°

Alkaline 'Fermentation Stage
'16

,.
During the alkaline fermentation stage, destructi,on4d1

-.nitrogenous compounds and cellulose °ohms. The volatile organic'
,acids, produced during stage 1 of the process are broke down to

\)roduce carbon-dioxide (CO2), methane (CH
4
) and water. the principal

. .
organisms responsible for Ehis process art the methane formers. ,

-..., . These organisms are strittly anaerobic, are a slower reptoducidg
bacter4a, and art.muctr more sensitive to their vironment.than tile

acid formets. These organisms reprodupe most e ectively in ti pH

range of 6.8.- 7.2'uathoilgh experience has shown at satiafactlEry

digestion will codiinue ar,,,tbgpH rangePof.6.5 - .

t
. These three stages oc,h. r continously

varin
d,- for

-L-
l. pr aa-t- ic' al

Purposes, simultaneously.

-,* 4DIGESTER OPERATION CRITERIA

'

The basic criterion forgood,digester opeiation is the mainN'Icance

of .a suitably balanced environment the digester for the growing or

,reproducing of both acid forMers and methane fo;mers. To maintain thi

balance in the process the operator must exercise control ovet the

.1 following parameters:

1, food supply (raw S,Iudge loading rate)

2. volatile acias/alkalinity relationship

3. mixing,of the digester contents

4. temperature

Generally, in an efficient digester operation th volatile solids

content of the sludge is reduced by 40 to 60 percent. The time

required to digest the sludge, may be from two weeks to four months

17 26
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duration and is dependent upon the above parameters. Figure 4-1
illdstrater,in'AiMple equations what happens in the digester.

leis important to note that the methane forming organisms are
more sensitive to upset and reproduce at a slower rate than the
volatile acid formers. Every effort should be made to operate the

.' anaerobic digester in a manner ;thereby the rate of acid formation
is kept in balance with the production of methane. The mos
cagse.pf diges upset that occurs in the process is that. he
methane gas f rmers failing to keep pace with the acid forming
organisms wi the result,thht'th digester becomes overly acidic.

.
When a buildup of this.acld condition develops, the rate of the

.

, digestion process will begin to slOw, and if left unchecked will
N ' result in serious inhibition. or even complete failure of the digestion

process, As acid concentrations increase, pH levels drop. The, optimum

range for a good digestion proCess is a pH value of 6.8 to 7.2. pH
values lower than 6.8 might indicate a process failure. However,

..,

.
experience has shown that the digester process upset will be far

. advanced before the reduction in pH will indicate a problem. The ..

volatile acide st and the alkalinity test have proven more useful

41aand effective i 4redicting acid avoiding process failures. In

general, there is relatIonship between acids and alkattnity which
will,remain flirly constant during satisfactory digestioh. "The
alkalifii;y is always g ;eater than the volatile acids concantration to
somelAree. A fairly rapid increase in volatile acids with an
-.associated decrtase in alkalinity indicates an impending process upset.

1 Should the alkalinity concentration be allowed to drop to a level
1

lower than that of the acids, all digester buffering capacity will be ,I

lost, the pH will very rapidly drop to a level well below 7.0, and
. the process could he considered as having failed. Such an upset is

usually accompanied by, poor gas production and quality and perhaps
b foaming. Careful monitoring, theyefore, of the alkalinity and
acids concentrations, will provide warning of an impending prycess
upset., as opposed to,Rtiolhowing,process upset agter the fact, and
various measures can be taken to avert complete digestion failure.
Such censures are described in detail later in the text. .

a

rt
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REACTIONS IN DIGESTION PROCESS

Raw Sludge Microorganisms H2O eOrganit Acids

Complex. Intermediate
+

Cellular b Other
Substrate Principally Degradation Intermediate
Carbohydratei Acid Formers Products Degradation
Fats (Saprophytic) Products.
Proteins (Faculative)

Organic Acids Microorganisps>CH4 + COI Other End
Cellular & Other "B" Methane Carbon Products
Intermediate Principally Dioxide H20, H2S
Degradation Methane
Products Formers

(Anaerobes)

MIXING

Mixing iS an important factor in the proCess and should
accomplish the following:

1. Utilize as much of the total volume of the
digester as possible.

2. Quickly distribute the raw sludge ttroughout
the digester and put the microorganisms in
rapid contact with fresh, food sources.

3. Achieve good pH control by distributing buffering
alkalinity throughout the - digestion tank.

, Mos,

4^. bbtain the best possible distribution of heat
throughout the tank.

5. Minimize the deposition of grit and inert solids
on the bottom, or floating scum material to the top.

Mixing the tank contents completely, speeds the digestion process
greatly.

Mixing can be accomplished by various means:

1. By mechanical mixers.

2. By digester gas recirculation.

Some mixing action is also contributed by recirculating sludge
through the heat exchanger.

19
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MechanicalJMixing

Thg propeller -type mixers are found mainly on fixed -cover

digesters. Normalty, two or three of these units area supported do

the roof of the tank. Electric motors drive the mixers. A typical

propeller-type mixer is shown in Figure 4-2. It is usual for

mixing action apd cdntrol to be enhanced by the installation of draft
tubes to seriN, the mixers. The draft tubes are steel and range from
18 to 24 inches in diameter. The top of the draft tube has a. rplled
lip and it located approximately 18 inches below the normal water
level in the tank. The bottom of the draft tube may be straight or
equipped with a 90-degree elbow. The 90-dygree elbow type is placed

so that the discharge is along the outside wall of the tank to create
a vortex (whirlpool). action.

The mixer propeller is located about two feet below the top of
the draft tube. This type of unit usually has a reversible motor so

4 that the prop may be rotated in either direction.. In one direction
the contents are pulled from the'top of the digester and forced down
the draft tube to be discharged at ,the bottom. By operating 'the

motor in the opposite direction, the digested sludge is pullbd from the4
bottom of the tank and is then discharged over the top of the draft

tube near the'surface. If the digester is equipped with two Bits,
an effective method in breaking up a scum blanket is by operating one
unit in one direction and the other unit in the opposite direction,
thereby creating a push-pull effect. Mechanical mixers are sometimes
subject to shaft-bearing failure due to the abrasiveness of the sltIdge,
and corrosion by hydrogen sulphide presentin the digester gas.
Maintenance consists of lubrication and, if belt-driven, adjustment

of be,lt tension.

6

The drawback of a/draft-tube-type mixer is related to the
digester sludge level. If the sludge level is maintained at a

constant elevation, a scum blanket may form On.the surface. When the

scum blanket beCOmes thick the mixer will only pull the liqdid sludge
from under the blanket and not disturb the scum itself. Lowering the

level of the digester to just 3or 4 incheg over the top°of the draft
tube may help to force the scum to move over and down the draft tube.
This particularly applies to single direction mixers.

Pumps are sometimes 'used to mix digesters. This method is

common in smaller tanks. When external heat exchangers are utilized,
a larger centrifugal,pump is used to recirculate the sludge and'

discharge it back into the digester.through one or two directional
nozzles at the rate Of about 200 to 1000 gpm. (9

The tank may or may not be equipped with a draft tube,such that
the pump suction can be from the top or the bottom of the digester.
Control of scum blankets with this method of mixing is depedHant upon
hdW the operator teintains the sludge level and where the pump is

pulling frolq Snd discharging to the digester.,_

2
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Maintenance of the recirculating sludge pump requires nornal
lubrication and a good pump-shaft water sealing system. The digested
sludge is abrasive and pump packing, shaft, wearing rings, and
impellers are rapidly'worn. Another problem associated with pump
mixing is clogging of the pump impeller with rags, plastic materials,
rubber goods and other pieces of material which can wind around the
impeller causing it to plug.

It is very important to check pump operation severAl times ,

a day.

Pressure gauges should be installed on the pump-suction and ,

discharge pipes. If a rapid increase in pressure differential is
seen, the operator has an indication that pump clogging has occurred.

Mixing by Digester Gas Recirculation

In these systems, the digester gag is collectechand fed'by
blowers to the bottom of the digester where it is exhausted through
diffusers or "bubble-guns." Mixing of the sludge is accomplished as
the gat rises to the surface. See Figure 4-2.

HEATING AND TEMPERATURE CONTROL

0

RANGES OF DIGESTION TEMPERATURES'

A digester may be operated in one of three temperature zones or
ranges', each of which haS its own particular type of bacteria. The
lowest range (in an unheated digester) utilized psychrophilic (cold
temperature loving) bacteria. Temperature of the sludge inside tends
to adjust to the outside 'temperature. However, below 10°C (50PF)
little or no bacterial activity occurs and the required reduction in
sludge volatile solids (organic matter) will not likely occur. When
the temperature rises above 50°F the bacterial activity increases
And the digestion process improveS. The bacteria appegr capable of
surviving temperatures well below freezing with little or no harm.
The psychrophilic digestion upper limit is around 20°C (68°F).
Digestion in this range requires from 50 to 180 days, depending upon
the degree of treatment requi enerally, these digesters are

a not very effective resting sludge.

The middle range of organisms are called the mesophilic (medium
temperature loving) bacteria; they thrive between a temperature of
20°C alp(' 45°C (68° and 113°F). This is the most common operational
range, with temperatures usually being maintained at_about 35°C to
37°C (95° to 98°F). Digestion at that temperatUre may take from
about 25 to 30 days, depending upon the required degree of volatile
solids reduction and the ddpquacy of mixing. The high rate predesses

21
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are usually operated in the mesnahilic temperature range. The high
rate process is a procedure providing mixing so that the organisms
and the food source can be brought together to allow the digestion

process to proceedemore rapidly.

The third range of organisms are called the thermophilic (high
temperature loving) bacteria and they thrive between 49°C and 60°C

(120 °F and 140°F). The time required for digestion in this range may
be between five and twelve days, depending upon the operation and the
degree of volatile solids reduction required. However, few plants
have actually been operated in the thermophilic range of temperatures
and there is little documentation of results.

When operating a digestion system in any of these temperature
ranges, care must be taken to maintain a more or less constant
temperature.

HEAING SYSTEMS

Digester heating can be accomplished by the following means:

1. Hotwater coils within the digester.

2. Recirculating sludge through an external heat
exchInger.

3. Direct contact of hot gas with sludge.

4.4 Steam injection.

External Heat Exchanger

" The most common of the four is the recirculation of slddge throug

pn external heat exchanger. Hot water is pumped from the boiler to
the heat exchanger where it passes through a jacket while the
recirculating sludge passes through an adjacent jacket, and receives

heat. from the water. In some heating installations the boiler and

exchanger are combined in a single unit. There are someladvantages

in using external heat exchangers. These are: they help to control

scum buildup 'and there is no hotwater piping within the digester
which can be Corroded or caked up. The only disadvantage 4 that in
a single stage digester system it is essential to stop sludge
recirculation to'allow the tank contents Co stratify prior to the

discharge of supernItant. This can result in an increased tendency to
form a "cake" on the exchanger coils, or jackets due to localized

overheating of the sludge.

01'
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Hot-Water Coil

Hot%water coils witiolin the digester consisting of pipes either
....

horizontally or vertically attached to the inside wall of the digester
is another method of heating digester's, although not too common in
newer plants. This method tends to create a problem of sludge caking
on the pipe nd thereby effectively insulatfhg them, thus reducing

11

the amount eat transferred. Where coils are used water
temperature ntering the coils are limited to a temperature of 49°
to 54°C with boiler temperatures held to no higher than 82 °C to prevent
excessive corrosion or caking of the sludge on the coils.

.

Direct Contact and Steam Injection

Direct contact of hot gas with sludge and steam injection methods
have been used in the past with varying degrees of success. However,
these systems are rarely instAled in current practice.

?INGLE-STAGE DIGESTION
. .

For simplicity, single-stage digester operation will be covered
under four headings:

-

1. Loading

2. ,Process°

3. Supernatant Selection

4. gested ludge Removal

LOADING

Ideal conditions would be met if the raw sludge could be pumped
spntinuously to the'digester. In practice, however, for various
reasons, continuous loading is not Possible. Some small plants,
receiving eight hours per day of operator's supervision, may load the
digester three times a day, -gay at about 8 o'clock.in the morning,
12 noon, and 4 in the afternoon. When automatic pumping facilities

'areprovided,,the other extreme may be reached with loading being
effected once each hour. Where supervision Ps provided on a 24-hour
basis, manual controls may dictate 6 to 8 pumping cycles per day.
Excess amounts of primary effluent may be directed to the diAesterif
too many'pumping cycles are provided due to exhaustion of raw sludge
supply. In insVallations where raw sludge must be pumped long
distances to the digester, the'sludge line must be filled with dilut
sludge before the pump is shut off, to prevent plugging. The nex
pumping cycle will direct the diluted sludge to the digester.

323 2



In a single stage operation, the raw. sludge is directed to the

top half,of the digester. As indicated in the Plow Diagram appended
as Figure 4-3, the raw sludge may be mixed with seed sludge leaving

#

the heat exchanger. '' \

4
PROCESS CRITERIA

The same process parameters apply to single-stage digestion as
multi-stage digestion with the following operational,techniques
being'pedUliar to the'single -stage process:

1. Mixing . .1

o In A single stage unit, mixing facilities, if any,
are designed only to mix the material in the top'

half of the tank. In practice, this tYpof a
design makes it almost impossible to operate an
efficient digestion system. Thus At is difficult.

ito obtain a concentrated sludge from a single - stage.

"digester operation(

In a single-stage digester an improper mixing progral
could lead to the process failure. the active volume
for the digester process can be greatly reduced by:

a) -The formation of scum or sludge blankets.
b) Foaming occurring when the scum blanket begins

to digest.

'2. Temperature
The importance of temperature has been discussed in

Section (Digester SystepIsl. The major objective
hire is to maintain the arage temperature to within,

say, +1°C (t33°F).

)

SWERNATANT SELECTION
( .

In a single stage digester it is difficult to obtain a good .

supernatant. Nevertheless, an attemptshould be made to remove any

excess liquid. Mixing devices should be shut off for a period of
time before,the kupernatant is withdrawn/ Through,eXperience, the
operator'Vill learn the duration of the quiescent s'ttling peVod

required to obtain an oplidmum supernatant.

In digesters where a variable level of supernatant selection is
provided, the supernatant is removed via the line proving to be the -.

most satisfactory. An example of a supernatant.selector system is

appended in Figure 4 -4. In simpler installations the withdrawal '

control is maintained by a sleeve-height adjustment. Other inpallations

1
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use valves to control these withdrawal processes. It should be noted
that in all installations the safety overflow should be kept open at
all times. To check the efficiency of the supernatant withdrawal

'

process the operator should carry out a series of suspended solids
tests. For quick results, the test can be carried out by'using a
centrifuge with the standatd suspended solids test- Jiang used where
complete laboratory equipment is available. In a good supernatant '

a suspended solids concentration of 3,000 to 10,000 Min-ilight be
,seen, although many supernatants have solids levels far exceeding
these concentrations.

DIGESTED SLUDG E REMOVAL

In a single stage digestion System the accumulated sludge should
be removed as frequently as poSsible. It may be difficult to.obtain
a good concentrated sludge from this type of system. A 3 to 4 percent
sludge may be.considered good for the digested:sludge obtained from an
activated sludge plant using a single-stage digestion process. In a
digester equipped with a fixed cover and from which,digestbr gas is
used to operate other components of the treatment system'the
digested sludge is Vest removed when the raw sludge is being pumped
to the digester. This practice will assist in maintaining the gas
pressure in the tank, and will tend to avoid a vacuum being formed.

WARNING

The withdrawal rate of sludge from the digester with a fixed
roof hhould be no faster than the rate of input of raw sludge. If

the draw-off rate is too fast, the gas pressure drops due to volume
expansion. This practice Tay create an explosive hazard by drawing
air into the digester, through the pressure-vacuum relief valve.

TWO STAGE DIGESTION

GENERAL.

Two stage digestion is 4overed under five,headings:

1. Sludge Loading

2. Operating Criteria.

e

3. Sludge TraAsfer

.4. Suyernatant Selection

5. Digested Sludge Removal'
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SLUDGE LOADING

Where mixing is practiced the raw sludge may be directed to any

point in the -first -stage tank. Ideally, as-with most biological

systems, a constant sludge feed race would be preferred. However,

in practice, sludge is fed on a cycliAal basist'usually by timers,
although manual operation may be featured from place to place. The

feeding cycles should be frequent and preferably made over a 24 -hour
period although in smaller plants, the feeding might be accomplished

lever an-.8-Hour period. A good two-stage design will allow the use

of either tank for the first stage. An example of a Two-Stage

Digester is appended in Figure 4-5.

10"

OPERATING CRITERIA

Where mixing devices are hvail'able they are operated to.control
the scum blankets andminimize inactive or dead sPacts, and to bring

a

bacteria and fresh food sources. rapidly together. :Kiting Is carried
out, in the first-stage digester, the utixing deviL's'bay t)e operated

...,....,..

either full-or part-time.; When part-time operation is desited the..°

(cycle is set up in relation to test and obserVation of scum blanket
'Fbraarion and not op power saving.. In some operations the mixers
may be operated only a few hours a day. It sbduld be emphasized that

full-time-Mixing is, however, the preferred practice.

.
6 .

. . (

An impropax mixing program could result in.proct'ss faildre. The

active voluae ilable for the digestion process can be greatly
reduced by t,he oxmation of a scum blanket or formation of foam when c

tile scum blank begins to digest. In two-stage diges;ers which are

ndk equipped th positive mixing devices, the scum blankets may be

,..
part* contr, led by the use of compressed air to mix,the tank contents.
This contra measure may be carried out two or three tints a year,

depending the need. Caution: when using air for mixing, gyslat ' 1,

care mus e taken t6 ensure that, the explosive air/gas mixture is not

unit
s ng in plant area,..11§e bber footwear, use no-sparking tools and

the servicesof a qualified Safety Officer. Forbid

b not bang.pipes so as to cause a spark at digester opening. Also,

open,as many manholes as possible for'ventilation. 6 P
. .

Temperature in the secondary digester normally is from 3° to 5°

Oeniigrade below-that of the primary unit. Under normal ponditions,

this makes heating the secondary digester unnecessary except during

the coldest part of the year. But'if satisfactory digestion is not

obtained, it may be necessary to increase the temperature. It ?should

be remembered that the optimum mesophilic digestion is carried out at

between 33 and,35 degrees C. However, lower temperatures may be used

where excess digester capacity is available allowindaZng sludge\
41/.20t*

retention. times.
It

35 7
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In digesttrs where heating is provided by external heat exchangers,
the operator should recirculate warm supernatant to the top,of the scum
layer at the center of fbe tank and preferablyat one or more additional
points. This procedure wild not only increase the temperature of the
scum blanket, but will increase the moisture content of the blanket
thus aiding digestion and increasing its specific gravity causing it
to settle and mix with the rest of the materials, in fike digester.

, e

Examples of Operating iteria for Mesophill Digestion

Loading .- 0.05 - OAS le.s.vS ft
3
/day

4 ,

Temperature 35° 37°C (95 - 98 °F)

Retention Time 20 -k 30 days

VolatileekEys - 50 -0250 mg/1
' .

Alkalinity - 2000 - 300Q mg/1

:YU - 6.5 - 7.5

SLUDGE TRA4SFER
a

Sludge eam be transferred from the first-stage digester -to the
second-stage digester by a number,of methods;,three of which are as
follows:

. ' 1

, . .

1. ,Automati2 'transfer.Fmay be effected by using an
,

equalizing line, as shown on Dibgram Figute 4-5.

2. Sludge may be transferred uti9g the,heat exchange
unit recirculating line.

. I
44. .

3. Bottom sludge may be pumped to the4ecdnd stake, i

unit directly. 0,,

.
,

-

Most of the sludge digestion is accomplished in'the Primary
dige ter and 90% of the %as production occurs there. The secondary \2

...di ster is used basically as a holding, tank for separation'of the

'4

Aids from the liduor and to allow some further digestion of the
olatile matter in the sludge. To accomplidb this the secondary

digester must be quiescent or\witli, as little mixing as experience.-

deems necessary. Therefore, on a normal operation process..when raw
sludge is pumped to the primary digester, an equal volume i& transferred
to the secondary digester and settlbd supernatant 'from the secondary

'.0
digester is fetrned to the plant. Nevertheless, at least once-a

O 4 .

a
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week, transfer of sludge must be made from the bottom of the first-
stage ank. If this is notdone the bottom withdrawal line will

1 up with grit or heavy compacted solids.

--)

SELECTIONSELECTION

'217

In N two-stage digestion system tht supernatant is obtained from

the second digester. Tie supernatant can be selected automatically
whetLa sludge transfer takes place or a% a manual operating procedure
when the plant can best rhceive the extra BOD loading. In either

the fixed-cover or the floating-cover installations, the operater
should select the best quality supernatant font withdrawal. By

observing and sampling material from the various Supernatant sampling
lines, the operator can determine the depth Of the best material.
Aut&atic quality selectors are sometimes installed for this purpose.
They should be checked for effectiveness quite frequently apd
backflushed when they become elogged%

DIGESTED SLUDGE REMOVAL

Digested sludge should be withdrawn as soon as 'it haskrpached
a reabonably good stageAdigestion as determined from its volatile
co (Zt or at a rate commensurate with minimal Supernatant distharges.
In a fiSced -cover installation the sludge must be removed in smalls

batches. If this is not done the gas pressure will not be maintained
On the other hand, in a digester equipped with a floating cover, the
sludge settled in a second-stage unit may b4 removed more or less as
convenience requires; moderately laBe withdrawals will not- cause.
process ailure or loss of gas pressure.

. -

SAFETY CONSIDERATIONS

When withdrawing sludge from S fixed-cover unit, air may be
drawn into tht digester creating possible explosive gas mixtures
unless the rate of sludge replacement is equal to the rate of
withdrawl., Equal care must be exercised to keep the liquid level
above the stops of a floating cover if creation of a vacuum is to be

prevented in'the tank. For most 'efficient operation of the digestion

system the withdrawal rate of the sludge frOmeither digester should
be no faster than the rate at which the gas.alipluction from the

system is agile, to maintain a positive pressure in the digester. (at ,

least:CWo inches of water). If the draw operation is too fast the

th pressure drops due to volume expansion. kome operators prefer

to pump raw sludge to the digester during digested sludge drawoff.
tpAtiaintan the required positive pressure.

a
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Learning Resource 2
Sludge Treatment and Disposal
Course Number 166
Anaerobic Digestion II.
prepared by Linn-Bentos/tommunity College
6500 SW Pacific Boulevard
Albaey, OR 97 321

prepared for United States Environmental Protection Agency
National Trainineand Operational Technology Center
2i West St. Clair
Cincinnati, OH 45268

Presented is the second part of a two-part series onAnaerobic
digestion. This lesson emphasizes the classification of digesters
by function, roof design and temperature range. Also discussed are
mixing systems, gas system components, operational control basics,
and safety. The lesson utilizes the audio-visual (slide-tape) format
'with accompany'printed student,materials.,.Tlie program is designed
for use with any standard 35mm slide projector an" cassettee,tape
player. Trainee objectives lesson outlineslideVarrative, references,
and student worksheet are included.

t
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ANAEROBIC DIGESTION II

. CONTENTS

Lesson Description

Estimate*"Time A0-1

Instructional Materials List AO -1

Suggested Sequence of Presentation A0-1 ,.

Required Reading A0-1

Reference Reading AO -1

Objctives A0-2

Lecture Outline AO -3

Ease

A0-1

Narrative

References

Answer's to Worksh'eet

Student Materials

4i

AO -8

AO -14 ,

W-AO-1

S -AO -1 thru 16

SWI,A0-1 thru 5

.

0
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ANAEROBIC DIGESTION It

Lesson DescriptlOn-
J t

,

< '

This "son is Part II of a two-part series on Anaerobic Digestion.
Part I Aould be viewed before Part II. This lessdh discusses the

clqssifiCation of digester by function, roof desiglInd temperature

range. The lesson also,discusges mixing systems, gas system components,
operational control basics, and general safety.

i

EstimateTime

Student preview of objectives
Presentation of material

Worksheet .

Correct worksheet and discussion

Instructional Materiall,List

1. Student text "Anaerobic Digestion Part If'
Slide Set "Anaerobic Digestion Part II"

3. Slide.Projector
4_ Screen

5. Examples of gas safety equipment,

5-10 minutes
40-80 minutes
10-15 minutes

10 minutes

Suggested Sequence of Presentation

1. Assign Reading - emphasis on.flow diagrams, glossary and

objectives.

-2. Show slide tape programs, or lecture using the slidds:

3. Open discussion - review plant flow diagrams, safety=equipment,
sampling and use of moving averages on trend charts.

4. Assign worksheets. '

5. Correct worksheets.

Required Reading

Lesson "Anaerobic Digestion, Part II"

. Reference Reading
,

, N

Operations Manual Anaerobic Sludge Digestion, pages 4-25 through

4-31, 4-16 through 4:18.

3:11 0
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f.

Upon completion of this lesson the student should be able to do
the following:

. 411

1. Recall'tbe three digester classifications by function.
2. State which digester performs the majority of digestion.
3... Identify digesters by roof design.
4. Recall the name of the most commonOlgesti've operating range.
5. State the.temperltute range for the mesophilic temperature

range.

6. State the normal digestion time for the mesophilic range.
Recalk the maximum temperature. variation allowed for a properly
operated anaerobic digester..

8. State the three types of heat exchanges. .

9. Recall which type of heat exchanger is the to maintain.

a 10. Desovihe the purpose of mixing.
11. Identify basic gas components_. _

12.'Describe the function of the gas componenta.
13.,ReCall the typical volatile slid/tt.3

1 14. Recall a'typical volatile acid/alkalinity ratio.
15. Identify the five sample points on an anaerobic digester.

,

Y.

2.
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ANAEROBIC DIGESTION II

LESSON OUTLINE

A. Classification by function,
B. Classification by roof design
C. Effects of temperature
D. Mixer types
E. Gas system ,

F. Sample points
G. Testing
H. Safety

II. Classification

A. Function
1. Primary-

a) Receive sludge first
b) Majority of digestion

2. 'Secondary
a) Follows s-primary

b) Sludge gas storage
c) Multiple digesters - operational flexibility

B. Roof design
1. Fixed .

A) Primary
2. 'Floating roof

a) floats on sludge
b) level controlled by sludge draw off
c) secondary
d) corbels prevent roof from falling

3. Gas Holding
a) floats on Os .

b) height controlled by gas and liquid draw off rates
C. Temperature Classification

a) temperatureipontrols digestion time
b) normal mesophiliC
c) 95-98°F
d) 20-30 days ,,

e) not vary more than 1 °F /day
Boilers and Heat Exchangers
A. Boiler

1. low pressure
2. uses methane
3. alternate source

B. Heat exchanger
1. internal - coils

a) difficult to maintain'temperature,

O
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2. Steam injection
ai internal
b/ both beating and mixing
c) boiler water treatment
d) adds,extra water,

e) maintenance '

3. Direct gas
a) heats and mixes
b) danger

4. External
a)- ease of maintenance
b) hot water
o) pre-heat sludge
d) circulate sludge next to hot water coils
e) mixing
f) regular cleaning

5. Temperature Control and Efficiency
a) rate of recirculation
b) efficiency of boilef
c) BTU value of gas '

d) rate of flow
e) temperature of raw sludge
f) efficiency of heat exchanger
g) 10F/day

IV. Mixing System
A. Contact of sludge and micro- organisms
B. Mixer

1. compressed gas.
2. mechanical
3. pumps

V. Gas System.
4 A. Equipment

1. heat sensitive valve
4 2. flame arresters

3. pressure reducing valve '

4. moisture - sedimentation traps
.5. orifices - manometers
6. gas meters

B. Designed for safety and control.
1. corrosive
2.* explosive

"VI. Operation Control
A. Major areas

1. bactria
a) anaerobic
b) slow
c) ratio 20:1

2'. Food.

a) 5-82 solids
b) no toxic material
c) stable pH
d) constant feed rate

:34'
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3. Loading
a) F/M ratio

b) hydraulic loading
c) 0.03 to 0.1 lbs VS/ft3

d) 20 days retentive time
4. Mixing

a) artificial best
b) loading 0.4 lbs VS/ft gives natural lo.ading

5 Enviro tal conditions
a) an ero is
b) p 6.8 - 7.2

c) VA 50-300
d) alk 3,000-600 mg /1

e) VA/Alk 0.25 or below
6. Time

a) controlled by loading apd temperature -

I) 95-980i, 20-30 d &ys

VII. Sampling and Texting °

A. Sampling points
, 1. digested sludge

2. digesting sludge
', a) thief hole
3. raw sludge
4. supernatant

-
5. gas

P. Typical test pH, %, moisture; temperature, alk, V.A.

C. pH and temperature'
1. raw, digested, digesting. supernatant

D. Flow
I. all points

E. Efficiency
1. T.S., % moisture, VS compared between rend digested

F. ,Gas
I.P CO2Flow'

G. Supernatant
1. BOD, S.S. and VSS

H. Control test
I. -VA/Alk ratio

,2. better than pH
I. Plot on 30-day moving averages '

VIII. Safety*
Q. General

r1) rubber-soled shoes
2) religh burner with caution

3) fix felIWASAP
4) check for combustible gas Ihd 02 in tanks,

IX. A. Summary

rt,

I
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Narrative

Slide #

1. Anaerobic Digestion - This is Part,II of,a two-part series on the
basic theory and operation of anaerobic digesters. The two parts
should be viewed consecutively.

2. This program was written by Mr. E.E. "Skeet" Arasmith. The
instructional development was done by Priscilla Hardin. Mr. Paul

Klopping was the project manaar.
*.°

3. During this lesion, we will deal with the classification of
digesters by function, roof design and temperature, the effects of
sludge temperature and ways to.xcontrol that temperature.

4. We will discuss mixer types, theogas system components,..specifically
the safety devices,and the overa ll. system operation. We will also
discuss six factors that affect (*rational control, some common
test points and typical tests and finally there will be an overview
of safety considerations.

5.. Digesters may be classified by function as to oriMary, secondary, or
gas - holding.

6. Primary digesters are thetunits that first receive the sludge - it
is here that the majority of the digestion takes place.

,7. Secondary digesters receive digested sludge from the primary
digester. They, serve essentia/ly.as sludge and gas storage areas.
The third function which a digester may provide is that of gas
holding. -Gas holding digesters usually would follow secondary
digesters and collect gas from both primary and secondary digesters.
Having multiple digesters provides an operational flexibility,
especially during startup and digester upset.

8. Primary and secondary digesters may be further classified by roof
design as to fixed or floating roof. The gas, holder isa type of
floating roof.

'"
9. With the fixed roof design, gas is stored in:theupper portion of

the tank. Gas pressure in the tank is controlled by gas draw off

104,
rateand liquid level. . #

10. On the other hand, with the floating roof design, the roof floats'
on the sludge. With this design, the gas must be drawn off as it
is produced. There is very little gas storage area.

11. .Fixed rdof digesters can be identified by the fact that the solid
.concrete roof usually is flush with the top of the walls. 4

. . .
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12. On the floating roalkligesters the roof may be below or above the
walls, and roof guides visible around the top edge of the
digester.

13. Primary digesters are usually the fixed roof type, and secondary 465

digesters are usually the floating roof design.

14. The floating roof allows for unsteady sludge draw off rates so that
disposal maybe periodic rather than constant. To prevent the
roof from falling to the bottom of the digester, steel or concrete
corbels project from the walloof the digester:

a

15. Digesters that serve the third function,'gas holding, require a
specitoof design. The roof of this type of digester Lloats
high ove the' sludge and is totally supported by the gas pressunv
in the di ester. Since gas pressure holds up the roof, its

.position Is controlled by rates of gas produced and gas and/or
sludge draw off. -

lb. The dome shaped roof makes the gas-holding digester easy-to
identify.

, 17. Besides classifying digesters as tb function and roof design, they
may be.plassified by the.operating temperature of the digesting
sludge. There are three typical temperature ranges: psychrophilic,
mesophilic, and thermophilic, the most cOmmon of which is the
mesophilic.

18, .The length of time required for digestion to come to Completion is
a function of the temperature ranges Operating withil thed -

mesophilic range at 95-980.J. will hormally'complete4digeStion in

NO-30 days..

Boilers and ;rat Exchangers

19. This temperature shobld not yaw more than 10 F. per day. To
maintain this temperature, a boiler' and heat exchanger of some

type are qecessaryc cad

20. The bbiler is usually of the to pressure type (lessthan?012
and fired by the methane in the digester gas. Using the digester
gas to Tire the boiler reduces overall energy requirements and
makes the anaerobic digestion pr9cess an energy kbducer rather
than a consumer.

21. Besides having the digester gas available, an alternative energy
source such as natural gas is usually required for startup and
as back up at times of digester upset. During these incidents,
the quality of the gas will deteribrate to the point that proper
,temperature Can no longer,be maintained.

37
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22. Along with the boiler, there must be a heat exchanger. There are

three basic types: internal, direct gas and external.

23. Internal heat exchangers are usitally the hot water type and consist

of a set of internal coils through which the hot water passes.

24. Internal heat exchangers are difficult to maintain and require
efficient mixing to prevent stratification of the sludge.

25. Another type of internal heat exchanger is the steam injection
type - with this style of heat,exchange, live steam is bubbled
through the digesting4sludge both heating and mixlng.

26. This type of heating adds extra water to the sludge. Furttermore,

it requires special chemical treatment of the boiler make up water
and colitnuous maintenance of chect valves to prevent back flow of

sludge into th.eboiler.

27. Direct gas systems consist of an open flame contained in a hollow
tube below the sludge surface. This type of heat exchanger both

heats and mixes.

28. This type of system offers an obvious safety problem; that is, if
the methane within the digestellis ignited by the open flame, a
violent explosion will occur.

29. External heat exchangers are much easier to maihtain than either
internal or direct flame and are, therefore, more common. So,

let's look at the process when one of the many external heat
exchangers is used.

0
30. Hot water from the boiler is passed through a set of tubes within

the heat exchanger. Partially digested sludge is mixed with raw

(sludge by the sludge recirculation pump and then circulated through
the spaces between the hot water tubes and then to the digester.

31. The mixing of partially digested sludge with raw sludge improves

heat transfer efficiency. The recirculation pump helps with

Mixing.

32. T9 maintain the heat exchanger efficiently, the tubes must be
cleaned on a regular basis.

33. Contro1117>Ae/t'emperature of the sludge and the overall energy
efficiency of the system is primarily dependent upon the BTU value
of the gas and the efficiency of the boiler and heat exchanger.
The efficiency is also'effected by the temperature and feed rate of
the raw sludge as well as the recirculation rate of the digested

sludge.

b,
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34: Remember, the temperature must not vary more than 10F. per day.
Fluctuations of greater than one degree per day, even though
,within acceptable temperature ranges, will, cause digester upset'.'

Mixing Systems

35. As has been mentioned before, the digestion of raw sludge cannot r-
take place unless the microorganisms within the digester can come
in contact with the volatile solids within the sludge.

36. This contacrls enhanced by continual mixing'of the digesting
sludge. Several methods of.mixing are used. They include:

37. Compressing the gas that is produced and forcing it back through ,

the digesting sludge, or one of several types of mechanical mixers,
or a combination of mechanical mixers and pumps, such as the heat
exchanger recirculation pumps.

Gas System

38. Xs has been mentioned previously, one of the Majo'r by-products of
the anaerobic digestion process. is the Production of digester gas,
which is mostly methane.

39: 43ecauhe of the explosive nature of the gas, special equipment is
required for safe handfing. This is true regardless ofi the major

a
a

40.

41.

42.

43.

44.

45.
...,,

46.

useof the gas.
. ' 1

To prevent flash fires in the digester, flame arresters are
installed on the top of the digester as well as all other gas

exit 'pines.

Heat sensitive valves are installed at various Points in the gas
system to help prevent explosion as a result,"of a fire within thee

gas system,
0

. ,

Pressure 'within the gas system is maintaJned by a cOmpVessor and
various pressure regulation valves.

. t

The4unCLonal,quall.ity of the gas is improved by the reduction of
moisture and .sediment * .moisture and sediment traps:

..

. .

The rate of gas flow iseMeastred by sharp edged orifices and
indicated on manometers.

. 1
Gas consumption is m4sured by alle typical gas meter. \

.
When digester gas systems are properly designed th operate safely

while controlling 4 steady pressure and removing s dimentation and
'moisture,plu'S Monitoring boeh ias flow and consum ion.

071
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#
Digester gas is not easily store in a typical gas container due
to its corrosive and explosive nature. Therefore, any\excess that
is produced is consumed via a waste gas burner.

48. To obtain optimum digestion from the digester, six factors must be
controlled.

,/
49.. They are bacteria, food, loacringo mixing, environmental conditions

and ti6ie.

The bacteria of major concern are the methane producers which are
strict anaerobes. To protect their environment, all air must be !.

prevented from entering the digester.

IL These organisms are rather slow in their digestion prpcess;
therefore, a ratio of 20 times more seed organisms than food is
required. That is, each day, only one lb. of food should be fed
for each 20 lbs. of organisms in the digester. That&is why it
normally tabs 20 days or more to- complete digestion.

52. The food should be of high quality.

53. To be high quality, the raw sludge should contain a low volume of
water. It should contain no toxic materials, an have a stable
pH. _The rate and frequency of feed must be constant.

r

54. Loading refers to both the food to organisms ratio and the hydraulicloading.

411.

it. I55. The food To organisms ratio for conventional operation I range,
from 0.03 to 0.1 lbs. of volatile solids per cubic foot of digester
sludge. Hydraulic loading affects detention time. The detention
time must belong enough to allow for complete digestion, which
may be 20 days or more.

56. The food must mix with file organisms. Mixing may be natural or
artifical. However, artificAl mixing gives the best results and
reduclls dead spots.

57. As mentioned before, the environmental conditions must be strictly
anaerobic, and a volatile acids to alkaline ratio of 0.25 or below
will maintain a stead pH. - .

$8. Digestion time is relative to temperature and controlled by loading.
That is, at 95-98°F. a detention time of 20-30 days should be
maintained.

59. To control the digester, it is necessary to monitor regularly at
various points. Samplesyshould be collected from raw sludge,
digester sludge, digested-sludge, supernatant and gas. Digegted
tilldge is usually collected through special_ sampling holes called_
thief tulles.

49. ,
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60. One or moreJof these thief holes are load on the roof of the

digester. ;*

61. Samples collected from these points should be evaluated by
laboratory.tests. Tests such as pif; percent of moisture, temperatur
alkalinity, and volatile acids are among the many required .

monitoring tests.

62. Raw sludge, digesting sludge, digested sludge, and supernatant are
all checked for pH and temperature. These tests should be run 'and

compared at least daily.

63. Sludge and gas flow aremeasured at all entrance and exit points.op

the digestei.

4. To determine toe efficiency of the1digester, total solids, percent
moisture, and volatile, solids tests are run on the raw sludge and compared
with digesting and digested sludge. These same tests are conducted
on the supernatant to determine its quality and ultimate effect on,,

the other treatment' processes.,

65. The percent of CO2 in the digester gas as well as flame color
indicates gas qualiV. and digester performance. To determine the -

effect of supernatant on the other treatment processes, 'both ROD a

and S.S. are monitored.

66. 'The ultimate control tests for digester Operations are volatile
acids and alkalinity.' This ratio .indicates impending changei in
the pH of the digester and, thus, the health of the methane formers.

t A.change in VA/Alk ratios will indicate possible digester
problems long before a change in pH can be measured.

67. For best control, trend charts of all parameters should' be
established with 30 day mqving averages. . .

/ .
.

68. To prevent accidents with,digesters, the following4precautions,r
shguld e,cOns.iderea: year rubber s'Oledisliqest/hen4afiting on

the roof. Never,smoke around tht digesifer vents. Relight the,

waste gas bAnen.with Caution. .
...i.

4 h .,,,

,

69. .Fix gas. leaks Ag4. 4.1ivee nter a ,pnrtially full or emAy Ap _

'` digeaterwithoueteecking for010gen depletionApd expldsive gasea,:' 4.." .

Att,0:' A.:"

70. During this lesson, we Hliveseen.,,ehatfij.genters are clasified etireeo,

ways: by function, by roofocle§ign, pn4,0* operating temperature. 0_

.The mesophific temlierature'cLisSiftcatiov....tAhmost common - .

71. We learned that digester temperature%ds conti.olled.,..hy a he,tf: 4 o
exchanger and that the sludge temperature must be contrAltPdwithin o% FT

10 F /day. Qi .tie c.,, , .
c-,

co, .
.
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72., We looked at several types.of Elixers and learned that mixing improves
digestion.

73. We previeWed.the bAsic components of the gas system and learned that
the system is designed to control the pressure of the gas, remove
sediment and moisture, measure flow and consumption and protect
the dfgestAfrom.fire and explosion.

Lr
74. We saw that for proper operational control, the digester must be

onitored and spec1al control tests run on the samples collected.

75. (And, finally, we discussed some general safety precautions that
should be considered when working in and around digesters.

6

5 14 -
42

..



'

ANAEROBIC DIGESTERS II

"Operations Manual; Anaerobic Sludge Digestion," EPA, 430/9-76-001,"
Cincinnati, OH, 1976.

A

"Manual of Practice ill Operation-oftewater Treatment Plants,"
WPCF, Lancaster Press, Lancaster, PA, 1976.

"Operation of Wastewater Treatment Pliats," Kenneth'D. Kern, i

Sacramento State College,Sacrament4TA, 1980.
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ANAEROBIUIGESTION II. '

WORKSHEET

1. Digestion may be classified by function. On the list below, place
an "X" beside the three terms bsed to describe these three functions:

a. digestion

Al

primary 41

c. solids reduction

d. conditioning

.

LA e: secondary

1 f. gas production

g. enbrgy cat,savings

h. gas producers

4 i. gas holding

2. Find the correct name for this digester in the above list and write
the corresponding letter*in'the following blank: B

3 ,Select the'proper name for most commo digesterl'operating range.

X a.' mesophilic
/

b. psychrophilic

c. esophilic

d. thermophilic

e. nqne of the above

0

4. Select the temperature range for the most common digester operating
range.

a. 65-78° F

b. 79-95° F

X 'c. 95 -98° F

d. 98- 108° VI

none of.the above

Ul

1

t.53'
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5. For a normally operated anaerobic digester operating within the
typical temperature range, complete sludge digestion should takd

place in:

a. 10r20 days

X b. 20-30 days

c. 30-35 days

d: 40-50 days

e. none of the abovel

6. Using the pictures below: identify each of the digesters by roof
design.'

A. 'gas holding

B. fixed

C. -,floating

,7101. floating

0

ti
4
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7, In order to maintain an anaerobic digester (In'optimum condition;
'the digekter sludge temperature should. not ch2dge more than

degrees Fper day.

a.. 4

..b.] 3

Q
1

c. 2 i

e. ,none dffth0abNe '4

8. From he list below, select the three most common types of heat

exc angers.

a. ijiternal combustion enliee%

X b. direct gas flame

c.. low, pressure

4. coil type

X e. jaternal (

00.**

f. draft tube

. , externalt
, .

h. boiler a

9, From the previous list, indicate the type of heat exchanger that

qffers the easiest Maintenance. . ,...

211.

.
19. The major purpose for mixing is to : select one)

',X 2. bring food and microorganisms into contact.

bs break up the scum blanket. 6

c. \reduce energy requirements by cilculation heated sludge.,

d. releabe,gas from the sludge particles.

4

-,:
55 .
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. ' a
..

''

11. Hatch the list of gas handling equipment ofi the left with-the list
.of fUnctions on the. right. (Ail. answer may be used more than once.)

D flame 4rresters'

E waste gas burner

B gas meter

a: improve gas quality

b. measure'gas cpnsumpelon

c. measure ghs flow

B heat sensitive valve d. . safety

t.

'6

C sharp'edged orifice. e. disposal of excess gas

A moisture traps

°sediment traps

.12. Typical volatile solids/ft.3 loadings for an anerobic digester

a. 0.004 to 0.04 lbs./ft.3
41*

eb. 0.4 lbs./ft.3

X :3

d. 0.03 to 1.
3

(
e. all of the

A

,

.'"11°".e. .47
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.13. Using the'drawing above, match the items indicated with the
'description. 0

A flame arrester

F. waste as burner

gas meter
_.0

O

D heat sensitive valve

B moiSture and sediment traps

-
C fnanometers

V

The most common 'Oblatile acids to alkalinity ratio for an anahrobiC
digester would be:

a. 0.25

6. 150

0.4

X d. 0.25

e. 0.4 --4
15.- Using the diagram below, indicate what, material is being sampled at c, -

each poine.

^
D supernatant B gas

A ,raw sludge

C digesting slugge.

.

E digested sluage
.

ei .
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Learning Resource 3
"Anaerobic Digestion"
Wastewater Treatment Plant Operator Training Program
Intermediate Course - Volume B
Water Pollution Control Federation
2626 Pennsylvania Avenue, p.w.
Washington, DC 20037

7

0 Presented are selected parts of a training program designed for
those already enployed as wastewater treatment plant operators. The
general objective of the program is to prepare students for father
Tonds-on and skills training in unit process operation.

This part of the unit describes ;}h purpose and the methods of
anaerobic digestion. Also examined is the activity that occurs in
the anaerobic digester. Performance objectives, upit objectives,
instructional resources, instructor activities, and discusgion
questions are included.

The unit uses the audio-uisual (slide-talle) fOrmatelJithame
---Iccompanying printed student workbook. The'audio-visual portion of

the program is designed for use with any standard 35mm slide projector
and a cassette tape playei. Pre- and post-tests are provided within
the student workbooks.

8

.4

f
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UNIT 8B - PRE-TEST

NAME: DATE:

444 _ _-.

The following questions are designed to help you,find out how much you
already know about what we are going to be -talking about in the next

Unit. This will give you a better idea about how much you have learned

by going through theNait. Answer each question carefully, and where

necessary in your bwn words. Don't worry if you can't answer some of

the questions -- you're not expected to be able to

I,

1. Put an "X"'beside each -of the following statements that is a reason
for and result of anaerobic digestion:

a. production of a sludge tipsier to dewater.

b. elimination of all odors.

c. .lowerinrIn the.numper of pvhogens, s.
d. reduction in the volume of solids.

2. What ate'the two different kinds of bacterit fhvolVed in the
anaerobic digestion process? .

a.

b.

3. Briefly explain how these tw9 diiferent.kindl of bacteria work

together. .

4. Which of'these two different kinds'Nof bacteria is more sensitive?

t

5. a. If organic loadings are too high, what willheppekn to.the

balance between the bacteria?

,

b. If organic lodings are too low,what'Wi1,1 happen to the balande
between the bacteria?

''59 SO '
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'6. About what percentage of the gases produced in the digester
methane?

z

7. Why is it important to provide mixing in the digester?

, 8. Sludge that is easily dewaterable, does not smell too bad, has a
lumpy black'appearance,.and does not have grey streaks in it""is
(well/incompletely) digested sludge.

9. Give a brief description

a. to-stageeiggestion set-up

6

4

b. one-stage digestion set-up'

16. It is expected that the liquid level ?will vary greatly in a digeste'
with a fixed cover.

TRUE FALSE , 0

,

/
11. 'The ottoms of digesters are cone-shaped. Why?

A --,,
0

4

t

12. It is important that the temperature of the digester be kept at a 4 4

constant temperSoure, someplace in the range of 90,to 9.8°F. !pow i

is this done
'A . .

.
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13. What important control do we have over gas pressure or vacuum build-

..4 ups in the fixed-cover digester?'

14. There is.water vapor in the gas removed from the digester. As the

gas cools in the pipes, this water vapor condenses and formswater,
Where is this water colldtted?

15. What are the two ways used to provided mixing in the digester?

. ,a.

b.

16. In terms of good digester results, what are the two main things

that we are looking for?

a.

137.

17. What are the two main indicators that we can use to warn u,about

possible digester problems?

a.

b.

18. If we are getting indications of digester problems, Can you list

at least two things that should be checked?

a.

b.

.

When you have completed your'answers and are ready to check them, go on

to the next page.

r
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ANSWERS TO
0 UNIT 8B - PRE-TEST

--;-
e'

Chedk over your an;s7rib, remembering that we are more concerned with j/
you having the right idea than the same words as given here. Points/
allotted for each question are indicated in parentheses.

1. (four points)

a. X'

b.

r

$

r
"'d. X 1

2! (two points)

a. acid-forming bacteria
b. methane- producing bacteria

3. (foui'points) acid-forming bacteria digest the organics in the
,sludge producingacid as they do so. Too much would upset the.
process. The methane-producing bacteria eat the acid, and thus
keep the process going.,

4

:*
4. (one pant) methane-producing bacteir4ia

I

5. (four points)

r

a. Aeid forming bacteria will multiply rapidly and produce too much
acid, The methane-pioducing bacteria will not be able to handle
it all, and the process will fail.

lorw- b. There wal not be enoughoaditoproduced to keep enough methane
producers alive. This means at even a small increase in
loading will be too much fothe methane producers to handle
and the process will fail.

o e point) 650

,7. (two points) Mixing helpa pretent'a scum blanket from forming at
/ the top of the digester. It also helps distribute heat, prevent

dead areas, and helps to mix microorganisms apd sludge.

8. (one point) well

0

e

o

".
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9. (four points)

I

a: Two stage digestion involves two tanks. In the primary

digester, the sludge is'heated, mixed and broken down. The

secondary digester is used as a holding tank (a secondary
clarifier), where the supernatant is separated from the

sludge.

b. The digestion process' happens in one tank. Mixing has Co be

stopped before supernatant is withdrawn.

10. (one point) FALSE'

11: (one paint) This heljis the sludge settle, and allows the tfhickest

sludge to be removed from the digester.'

ler; (one point) A sludge recirculation,system is used to pass sludge
through a hea,t exchanger to keep the temperature in the proper

range.

13. (one point) pressure vacuum relief Valve

14. (one point) drip traps '

15. ,(two points)

a. mechanical mixing

b. gas miAng

16. (two points)

a. reduction in the,volume of.organic solids

b. a good supernatant

17. (two points)

a. volatile acids 'level,

b. gas produftion

18. {two points) Any two of the following:

.a. tegPerature
b. mixing system
c. hydraulic overloading

w yell. did you make out? Mark ypur score here.

out of 36

-Now let your program administrator know that you are 'ready to begin
studying Unit 8B. .Do not go oto the next page until after you have
completed the Unit 8B Tape 1 audio-visual program. 101w

t

54

+1,

s.



a

UNIT 8B - SUMMARY
TAPE 1

r .e

Tho following summarizes what has been' talked about so ig,r, in Unit 8B,

Tapp 1. Read this summary over carefully, making sure tt1U1, you
understand each of the points mentioned. % ..

Reasons for and, results of sludge digestion:

- production of a sludge easier to dewater;
reduction of odors;

- lowering in the number of,pathbgens% and
- reductiod in the volume of solids.

AnaeiObic digestion Isla biological'procdsg thatAnakes use of two
different kinds of bdteria: - ,

, '

- Acid forming bacteria:' These b tkria.foim acids as,they
diggst organics in' the sludg. keep Al growing. and

reproducing as long as food ls, a big. They alsd keep '.

on producing Acid.as they work. ,.

. . .

. %-f. ,,

- Methane producing bacteria:' The methane producing bacter1 '

'provide the balance to the acid-forming bacteria. The ifeprovide
methane producing bacteria eat the acid produced by the

i

d-preducIng bacteria, and4lieep the procoss ling, If .....

there were tog much.acid, the digestion process ald stop.

, .,'

., X..
,

'.O
' The acid formers will survive as long as there is food available' )U. ! t g.,

the methane. prodticeislare sensitive an4can only operate Unddr ada0!obic ,:,
.

conditions. Even changes in loading, pH, Or temperature will4affect .-

,metliane pFoducers. Methane producers wQrk best at a constant .44 pd*

temperatur, someplace between 90 and 98°F. They don't like change; ,

of more than 1 °F per day. ; 0
..,

,

3 5 c e

I' the methane producers cannot work, there will'soon be tap muchPX id
. in the digester. The color of the%gudge will become diitYgrey,
there will be a strong sour smell. Once it starts, the situationlkill ,

get worse. eJ
. .. ..:2. to , ..

Acid-forming bacteria form volatile acids. These volatile acids are .4

eaten by the.methane producing bacteria, which change the adid into
methane_,- carbon dioxide, and,water.'

There has to be a proper bdidhce betwe the'acid forMing and methane

producing bacteria.

- If the organic loadingis too high, then the acid forming
bacteria will multiply rapidly and produce a large amount

-
'of, acid. The methane producing bacteria will not ,be able

'/
VA
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to handle it all, and the extra acid will lower the'pii in

the digester. The process'will fail.

- If the organic loading is too low, there will not be
enough acids formed to keep a reasonable number of methane
producers alive. ,Even a small increase'in loadingwill be
too Much for,the methane producers to handle. The proceA

wall fail. ..

.

There are gases produced in the digester. About 65% is methane, 30%

carbon dioxide, and 5% other gases like nitrogen and hydrogen. (In the

Basic Course, we had lumped this 5%,,in with the methane.)

Mixing in the digester is important because it helps prefOdit a 'scum
blanket frOm forming at the top 9f the digester liquid. Mixing also

'helps distribute heat, prevent dead areas, and helps to mix'the

microorganisms and the sludge.
,.,

,

When mixing is topped, a supernatant forms, It includes the water that

was formed dur ng the digestion process. This supernatant is Out back

through thep1 nt because it is high in suspended solids,and B.0.0.

Well digested sludge is easily dewaterable and does not smell too bad.

It has a lumpy black appearance.

Incompletely digested has an extrerliply strong sour smell, and as grey

streaks in it.

Properly digested sludge is dewatered, and then disposed of on approved

land or land fills.
e-i

We can talk about two different anaerobic digestion set-ups.

I

0 ..-----,

Two-stage digestion: Two tanks are involved. The first..,:is

called the primary digester. It is used to heat, mix, and

break down raw sludge. The'second tank is called the

secondary digester. It is used as a holding tank and

essentially is a secondary clarifier. In'the secondary

digester, the supernatant is separated from the sludgd.
,

Most of dui decomposition and gas production takes place in the primary

- digester.' k r
,,

When raw sludge is pulped to the /primary digester, gbout the same
. amount of digested sludge is transferred to the secondary digester.

t the one-stage
.:,

digestion s4-up is more difficult to operate because
.,... everything has to happen in the same tank. Also, all mixing has to

stop for several hours before any supernatant can be drawn off.

65
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If a digester has a ffxea cover, then every time raw sludge,is added,
about the same amount of.supetgatant has to be displaced because the
liquid in the digester is kept at ahout the same level.

'

If the digester has a Iloating cover, the roof can move up and down.
This means that the liquid leveLin the digester can vary.

The bottoms of all digesters are cone-shaped so that the thickest sludge

can be removed from the digester.
o . 0

The sludge recirculation system keep. e contents of the diges.ter

at the proper temperature. This dia0'am-shows how digester sludge

passes through the heat excWanger:

0

hot water inlet

1.0

--) to digestef

from digester

HOT WATER BATH' recirculating
pump

water Outlet
1./va .

.

Supernatant drawoff lines are set up so that the operator can choose

where he will withdraw from.

Gas from the digester is drawn off and carried to the boiler if the
methane is being used as fuel, or to the waste gas burner.- /-

It is important th a close watch be kept on the produced in the

digester,. If the e is too much gas in a fixed covec ,digester, there
will be a build-up .f pressure. On the other hand, if there is a rapid

drop in the level 44 e.liquid, a vacuum could develop. Either way,

the digester cover coul be damaged.

S7

.r,

s
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One of the safeguards against pressure or vacuum build-ups is the
pressure-vacuum relief valve. If the pressure is too great, gas is
released. If there is a vacuum, air will be sucked in. Often, water
seals can be used as well. ,

. ) °
. Even if there are water seals or pressure-vacuum relief valves, this
does not allow you to d regard what is happening togas pressure lin
the digester_1L ne and%eir are allowed to MiNf, an
explosive combination could result."

Manor ters oyxside the digester tell you what the pressure is inside
. ,

the digester. The actual control of the gas pressure takes place on
the waste gas burner l %ne by the pressure regulating valye.

. . .

Pipes carrying digester gas have dlip traps, where condensed water
vapor from the digester gas wilj ccilRect. These dripetraps,have to be
diPained- reg14Tly. #

Mixing in the digester can be done either mechanically, or.by gas.

Mechanical mixing: 'A propeller is attached to a shaft
which goes through the cover.. A motor turn's the shaft
and creates mixing action in the digester.

.0 .

Gas mixing: Basically, some digester gas is taken from
the digester,.passed through a compressor, then forced
back into the digester'a few feet from(' the bottom of the
digester. The as bubbling back to the surface causes
mixing of the sludge. t.

When yod have .completed this review and are sure of all the points, tell
your program administrator that you are ready to go on to Unit 8B

'Tape 2 audio-visual program. '

J

r
X
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UNIT 8B - SUMMARY :

TAPE 2

0
,In this part of the summary we'will r ti main points etibut

anaerobic digester control. Be sure that you understand each of the .
Pints mentioned. .

6

.1.,p, terms of digester control, what w are looking for is:
-

a reduction in the volume o organiciselids;' and

the production of a good quality supernatant.

organic solids areot affected in the 1igestion process, but there\'-'"

re changes in organic or volatile solids.

Some of the organic or volatile' solids are changed to water and in

the digester. In e properly operated digester, there should lie an
organic solids reduction'orabout 40 to 60%. That is, the digestion
process reduces the amount of o nic solids by about one-half.

If the supernatant is 14t as gooil as it should be, you probably need a
?tne& settling time before any supernatant is withdrawn.

ti '"
There are two indicators that warn us if we are ruining into digoSter
problems:

, '

. '
. .

Y, , ,

- trolar.ile acids level: If there is a drastic change from your
. digester's Hpual volatile acids level, or if th volatile

acids level reaches 2000 mg/1, you can expect digester
problems,-

Gas production and quality: Normall4the-gas produced in the
digester'is about ,65% methane, 30% carbon dioxide, and 5%
other gases. Your warning'sign is a drop in the methane,
concentration, or an increase in the carbon dioxide
concentration. Normally the methane burn-off flame will be
blue with only 6 trace of yellow. It will be almost4
invisible in sunlight. As the methane concentration drops,
the flame will become yellower. With less methane, red
tongues and a little black smoke may appear, or the flame
may go out. ir

""11

If your ndicators.are showing that you might be running into problems,
here ar 'the things you should check:

4

- temperature: The temperature of the digester shduld he kept
constant, someplace Ne,tween 90 and 98°F. A temperature
change of more than a eouple(of degrees in the past week, or
more than and degree in any clue day, could by the cause of
the problem.

/
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- mixing system: Is the mixing system working properly? If

the plant has an intermittent mixing system, increase how
often and how long mixing takes place.

hvdrhulic loading: Hydraulic loading is the number of days
that thOliquid"stays in this digester. In a heated[ mixed
digester, the detention time is 10 to 15 days.' If the

detention time is too short, the digestion process will
probably not be complete. you cannot increase the
detention time, try to feed amore concentrated sludge to

--the digesitej. You always have to be careful that you,are
not pumping too much water - or grit - to the digester. Try

-"porter and more frequent pumping of slbdge to the digester.

-÷' !ORE POINTS ABOUT DIGESTER OPERATION 1 .

..

. ,

4, If
.

you are already operating an. anaerobic digester, these extra pOints
may help you out a bit, until you are able to take the skill training
program on the anaerobic digester. (..

Digester Loading.

, It would be keel if raw sludge could be pumped to the digester
continuously, But this is not possible. Smaller plants that ire
superVised for only eight hours a day may only load the digester three'
times a day.(eight in the morning, noon, and three in the afternoon).
In larger plants where automatic pumping is possible, pumping may be
so frequeht that it is almost continuous. If there is24-hour
'supervision of the plant, and pumping is manually controlled. there may
Ub six to eight pumping cycles every day.

-
If sludge is being pumped to the digester for too long a period it may
become too thin and there will be too much extra water being pumped to

1* the digester.

Sludge Transfer'

..

(

Moving sludge from the primary to he secondary digester can be done from
the top or the bottom of the prim ry digester. It is a good idea,

plough, to use the bottom lines a, least one a week, so that they will

not plug up with grit and.sdlids.
\ ,

1

Supernatant Selqction
S

Iv is hard to-g)t a good supernatant from a single stage digester. Still,'

you shout a. try to remove excess liquid. Mixing devises shohld be shut

,off foor a while before supernatant is withdrawn. Experience will tell

yob how long,a settling'time is'needed to get a good supernatant. If

you have number of su 'pernatant draw-off lines, you should usethe one
that gives the best Supernatant:

. .

. ... .*e
.. ,
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'In two-stage digesters, the'supernatant is drawn of from the secondary

digester. The supernatant might be selected-automatically when a
sludge transfer takesplace, the supernatadt might be withdrawn when
the plant can best take the extra B.O.D. loading. The equipment you
hayiravailable will determAe how and whin supernatnat is,withdrawn.

- 4!
You should carry, out a suspended solids test on the supernatant. If*the

suspended solids levels are more than 5000 to 7509 mg/1, you can
probably expect problems to develop inothe6 parts of the plant.

Digested Silage Removal
A 4
When you are taking out sludge,from a fixed cover digester. This would

draw in air.and create an explosive condition. Your best bet is to
pump only small amounts, and if possible, raw sludge should be added
at the same time so that tfie liquid level in the digester stays the Same.

In single-stage digesters, sludge should be removed as often as possible.
It will be hard to'get a concentrated sludge from the single-stage

'digester....in fact, a 3 to 4% sludge is considered good for an activated
sludge plant using a single-stage digester. To judge the stability of
the sludge and its concentratioi, you should be using the total, and
the volatile solids tests. '

-A two-stage digester will produce a move concentrated sludge. If at

least one of the digesters has a floating cover, then yon, can remove
the sludge from the secondt'i'y digester whenever it is convenient.
Because the'tanks are connected 'and at least one of the digesters has
a floating cover. taking out a lot of sludge at one time will not disturb'
the process or cause a loss of gas pressure. Again. you should be '

using the total, and the volatile solids tests to'evalate the stability'
of the sludge and its concentration.

This is the end of the review for this Unit. Before going on to the

' review exercise, however, you should check over the complete summary,
just to be sure that you have not missed any of the points.

lihen you are "ready, go on to the review exercise on die next page.

Airogo..

tl
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UNIT 8B - REVIEW EXERCISE

Answer.the following questions ad best you Can, in your own words
9ewhere nedessary.

4

1. 'We mentioned four results of the sludge process. Do yourecall
what they are?

a.

b,

c.

d.

2., There are two different kinds of bacteria involved in the anaerobic
. digestion process. What are they? Briefly describe what each

kind does.

a.

b.

E.

3. These bacteria will survive as long as there is food available.

1,

*
These bacteria are sensitive and can only 60rate under anaerobic
conditions.

5. TheLe hua to be-a pLupec balance between these-two
of bacteria.

.'a. hat will,happen if the organic loading is too high?

t

'4; r
e

f

0



b. What will happen if the organics oading is too low

0

6. Normally about what percentage of the gases produced intthe digester

is methane?

7. What are some of the reasons why it is important have mixing in

the digester?

e
t-

- ,

8. How would you describe; . .

.

'a. a well-digested sludge?

Ape b. an incompletely digested shidge?,

h

Itz

. .

9. Briefly aesciibe the difference between two -stage and one-stage

operation: 4

0

10. Changes in gas pressurf and Liquid level ar not:as critiral in the

cover digester.

11. WOy are the bottoms of digesters cone-shaped?

63
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12.- What is the purpose of the sludge recirculation system?

13. What is done with the gas dhat has been removed from the digester?

41P.'
14. Briefly describe the .double purpose of the pressure vacuum relief

valve. E

15.. What is the purpose of the drip traps?

16. What brvehe two ways in which mixing can be .tcomplished in the

. . digestetge , .

a.

15/: In term of dig ester control, what are the two things that we are
looking for?

a.

b.

, .

18 What arethe two indicators that we use to get warninss -ofdigester
problems? Briefly delcriba each.

4
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b.

19. If you gfe getting warnings that",:tiiere are digeSter problems, what
three things should you !check?, 4

40

b.

c.

When yoU have completed your answers and are ready to check them over.
go on to the next page.

4
r

a.

a t
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ANSWERS TO
UNIT 8B REVIEW EXERCISE

In checking your answers, remember that we are more concerned thAt you
had the right idea rather than the exact words as given here.

Points are given for each question so that you can grade yourself.

1. (four points)

n. productionofa,slUdge easier to dewater
b. reduction of odors
c. lowtring in the number of pathogens
c. reduction in the volume of sludge

2. (four point

a. Acid forming bacteria: These bacteri form acids as they digest
organics in the sludge. They keep op rowing and reproducing
as long as there is food available.

,b. Methane producing bacteria:. These bacteria provide the balance 40'

to-the'acid forming bacteria. aThey eat the acid produced by
the acid forming bacteria, and thus keep the process working.
(If there were too much acid, the digestion process wodld stop.)

3. (one point) acid forming bacteria

4. (one point) methane producing bacteria

5. (four points)

a. Acid forming'bacteEia will multiply rapidly and produce a large;
amount of acid. The methane, producing bacteria will not be
able to handle it all.. The extra acid will lower the pH in the
digester, and the process will fail.

b. There will n6t be enough acid formed to keep a reasonable number
of methane producing bacteria alive. Even a small increase in
oading will be too much ror the methane producers to handle,:
andthe4procvs will fail.

6. (one point)e05%

, 7. (two points) Mixing helps prevent a scum blanket from forming at the
top of the dige.ster liquid. It helps distribute hea revent

dead areas, and helps to mix the microorganisms and the sludge.

.

. ..--.

--
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.
8. c(rtwo points) a

a. Well-digested sludge is easily dewaterable,and does not smell
top badly. It'llasa, lumpy black appearance.

b. Inc4pletely digested sludge has strong sour

streaks, in it. $ '

11, and grey

7

9. (three points) Two tanks are involved in two.stage digestion. The

primary digester is used to heat, mix and break down taw sludge,
The secondary digester acts as a holding tan0-and essentially is
a secondary clarifier. Supernatant is separated from the sludge
in the secondary digester. In one-stage digestion, everything has
to happen in one tank.

'(one point) floating cover

11. (one point) This all-OW:Fthe thickest sludge-to_be_removed from the
digester.

12. (one point) The sludge recirculation system keeps the contents of
the digester at the proper temperature.

10 s t

13. (two points) gasis carried to the boiler if it is being used .

r as fuel, or to the waste gas burner.

1,4. (two points) The pressure-vacuum relief valve helps prevent gas
pressure or vacuum build-pups in she digester. Too much pressure,
lifts 'the weights-and allows theextra ghs to escape. A vacuum- '

force$ a valve open to let air into the digester.

15. (bie point) The drip traps, collect the water that is condensed
inside the pipes carrying the digester gas. 0

16. (two points) . .,.+

'

a. mechanical hnixing

b. 'gas mixing \l, .

17. (two
IP'

points)

4. a reduction in the vottme of organic solids
b. the production of a good quality supernatant

18. (four points) '

a. Volatile acids level: The volatile acids level, should be shout
50 to 300 mg/l. At 1000 mgJl there-will be too much acid
produced and the process is likely to fail. AC 2000 mg/1,
there i$ not much yop can do to stop the digestion process
from failing. r- V

/0
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b. Gas production: Normally the methane burn-off flame is blue '

with only a trace of yellow. As the methane production drops,

.-the flame will bitome yellower. Red flames and black smoke

may appear, or the flame may go out.

19. (three points)

a. temperature .

b. mixing system
c% hydraulic loading

Now well did you do?' Mark your score here:

put of 41

If )eu score 33 or more points, you doing fine. 5t is atleast
80%.

______On_the other hand, if you scored less than 33 point , you should review

' the points you had-troublz frith. If ruvant to_gp overthis Unit
agaiii, now. is the time to do so. .

When you are ready to try the final exercise for it 8B, se G, your

py6gra administrator.

.

4,A

.111),

111.

I- 4

k.

.
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UNIT BB - POST-TEST

DATE:

The following questions relate to the things you have studied in this
Unit. Answer each of the questions as best you can in your words.

1. Put an "X" beside each of the following statements that is a reason
for and result of anaerobic? digestion:

A; production .of a sludge 4:ier to dewater.
b. elimination Of all odors.
c. q lowering in the number of pathogens.
d.. reduction in the volume of solids.

2. ',What are the two different kinds of bacteria involveein the
anaerobic digestion process:

a.
41/

b.

3. Briefly explain holi 7Ehese.two different kinds ofbacteria work,
together.

1

4. Which of these two different kinds of bacteria is more sensitive?

a

5. a. .1f organic loadings are to high, what will happen to the

. .
balance between the bacteria?

.

. ..,

b. If organic loadings are too low, what will happen to the balance
between the bacteria?

.40
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6. About what percentage of the gases produced in the digester ip

methane?

7. Why is,itsimportant to provide mixing in the digester?

8. Sludge that is eas/ ly dewaterable, does not smell too bad, has a
lumpy black appearance. and does not have grey, Streaks in it is

(well/incompletely) digested sludge.

%9. Give a brief description of a.:

a. two -stage digestion set-4P

b. or*--stage digestion set-up

'10. It is expected that the ligeid level will vary groatly in

digester with a fixed coAr.

TRUE ' FALSE

11. The bottoms of digesters are conk- shaped. Why9

12. It is important that the temperature of the digester be kept at a
constant temperature, spineplace in the-range of 90 to 98°F. 'Mow

isthis done?

70
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13. What important control do we have over gas pressure or vacuum
'build-ups the fixed-cover digester?

A

14. There is watervapor in the gas removed from the digester. As the
gas cools in the pipes, this water vapor condenses and forms

-e water. )AWire is 9is water collected'',

a'
15. What are thp two ways used 639 provided 'mixing in the'

a.

b.

ro

V JP.
16. In teims of good digester results, what it-e the two main things

we are_looking for?

AP a

a..

b. ' AL
-

-

li
._

/
17. What are the tvoMain }ndicatirs that wecanobse to warn `us about

possible digester,pioblems?

a. Is
be

18. If we are getting indications of digeser problems, can yilu list
at least two things that should be checked?

a.

b.

.when yo1/4have completed your answers to this Post -test, see your
program administrator'.

4

4
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c

Learning Resource 4
Field Manual for Performance Evaluation and Troubleshooting at
Municipal Wastewater Treatment Facilities
prepared by Culp/Wesner/Culp

Clean Water Consultants
prepared for U.S. Environmental Protection Agency
Office of Water Program Operations
Washingtot, DC 20460,

1

Presented is part of a manual designed to.provide technical
guidance for persons conducting evaluations of wastewater treatment
plants and serve as a model which can be used by state regulatory
agencies. Common'Operating problems with anaerobic digesters are
identified by defining Oe indicators. Once the p;oblem hassbeen
identified, certain monitoring, analyses, and/or inspections that
oust be performed prior to making a decision are discussed. Correctitre

measures to be utilized are detailed.
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TROUBLE SHOOTING GUIDE ABROBIC'DIGESTION
jjjjjj

INCHCAfb/OBSENMATKINS

,

,PROBABLE CAUSE . CHECK OR, sr

° I-SOLUTIONS

1.

7

4

,..

.

.

,

A

(

.

A rise in thd'vola-'
ttle acid/alkalinaty

0
(VA/Alk.) ratio.

0

.

4'

110
.`"

O.

.!..e
,

.4

t

. el

\ ;
.

'Ll

'

.....
.

.

--,

.
I, t

e

.

.

C

.a.

.

la.

11

i

'

/

.

...

qb.

4 .

.'b+

t,'

lic.

'

.

,

.

.

Hydraulic overload
caused by storm
infiltration, acci-
dental overpUmping,
withdrawing too
much sludge. 4.

1

.

41,

a \
,

,

. Itu -

Organic overload.

---*---"-
,

a' .

c..

.

I

Discharge of toxic
mat 01,34. todiges-
ters :retests heavy

metal , suifidesii .
ammonia. .

''

? IN ,

R ,A1

.4

e ---"

*4
, t

.

--
4

& .
'

la. Monitor the follow-
ing twice d ily

until probl mss'
corrected: ,

c
- volatil acids

.,( alkali ity
- vtemper ture ..

,

lb. Monitor slu e
4
pump-

ing vamme, amount. o.
volatile solids in

, feed sludge; check

,.. for increase in sep-
tic tank sludge dis-
charged to plant
(industrial wastes.

.

lc.

.

Volatile acids, 0,
gas production;
check industrial 0

wastes at source; 1;3

check for inadequate
sludge pumping gener-
sting sulfides. .

.
1

*
'

. .

-

°

.

., *.

. e

c .I.".<

.

.

.

la. If do ilf6reases pi 0.3:
(1) ad seed sit. from

secondary digester (or)

(2)" decrease sludge withdrawal
rat, to keep seed ludges
in &getter (and /off) ,

(3) ,extend mixing time.

(t) 't heck sludge terqeratu4ps
closely and control heat-
,ing if nveded.

11... See la.
* , *

1.

'

I

.

',lc. Usp any or combination of
following:
(1) solids recycle.

.

(2), Liquid dilution.
_

-(3) decrease feed concentraticr
o

(4) precipitate heavy, metals
with sulfur oodipodn'.' Be

0 sure pH's, digester is
greater.tkan 7.0. a

(5) Use iron salts'to pie=
cipitate'sulfides.

* .

(5) Institute source control -

program .for industrial
wastes.

.
..

.

.; C.
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TROUBLESHOOTING GUIDE
4.

OICATOAS/OSSRVATIONS
.

N IE

...

CAUSE,PRONAOL CNECKOR0g0TOR --tosIA

--
SOLUTIONS' ';

4

2. CO 2 is gas starts to

. increase. ''..".

' 0'
.

2. VA/Alb. ratio' has
,,,increased to Or5.

'
-....' "%,

, .,

-

2a, Waste gas burner.

. b ,

1
. . .,

2b, gas,analyzer.

'2. See Item 1 and start adding
alpalkxnity using the volatile

acids to calculate the amount.
-. -

Cr
.

.

.

.

3. pH staits tc-:dropo''
and CO2 inowas0 4*
the point (42 -45%)

that no burnablV;gas
.-Iiis obtained.

r

.

.

.

3a. VA /Alk. raeiohas.
increased to 0.8.

-%
.

' -

.
%

'\ '

, . I
.

..

-

3a. <nor' as ihAicat:ed
above. ,

,

.

3b. Hydrogen sulfide
r(rotten egg) odsr:

,
et.

.
t -:".

3c. RatcAd butter 6dor.

- 4

%

,3a: Add albalinixy.
,..,

.
.

.

31i. Decrease loading to less than >,

0.01 lh'v61. sglids/pu ft/day
ntil 'ratio drops to 0.5 or'until

bgegw. 4,

. .. !.
4. I0e supernatant (teal-
. ity,returning to

process is Poor,
causing plant upset? .

°

- .

k
.

.

, .

_
.

441

'

. -

. .
4a. Expess,ive'mixiiig

and not enough
settling time.

1

4b. Supernatant draw-
off point nit at
same leo,c1 as super-

natant Payer.
..

4c. Raw slUdge feed
',.." point too cloge to

1 supernatant draw-
' off liile. ' .

'

.

{
_.!

4d, Not withdrawing
enovh4digeSted
sludge. .

45 ,, / '

* _

Sc'
4a., Withdraw sample, arid

observe separation'
pattern.

.

4b. Ddcate depth ol ,

supernatant by sari@ -

lidij at different'
. .

depths.
.

.
.

'4c. DeterMine volat e

/ .-,Asolids contest.

:ShOuld be close to
value found In well
mixed, sludge and

much lower than.raw
.

, sludge..

\....
4d. Compare fed11.49d

witidlrawal-uaties -

cheek volatile .

Csolids to see if
' sludge is' well -digested,

3

4a. Allow Longer periods for
Ydttling before withdrawiplg

supernatant.supernatant.

7 ,

4b. Adjust tank Operating level or
r 44w-off pipe;

"N.,

t.
.

0
.

dc. Schedule.pipo revision for
..1Ocnegt possible time when ,

.. digester can be dewatered
. .4.

``,.. "

I1

' a"
a

'qv ..

4d. Increase diges*ed sludge with -

drawal fates. Withdrawal
shduld not exceed 5% of ,

0 digester ,volume per, day. ,..

J
> r



TROUBLESHOOTING GUIDE ANAEROBIC DIGESTION

INDICATORS /OBSERVATIONS PROBABLE CAUSE
T

CHECKORMONITOR SOLUTIONS

.

7
.. .

.° ,
A.

-

. .

'

-

4e. Rev w feasibility of adding
pow ered carbon to &glisters
w h consult&rt or regulatory
agency.

.

o .

5. Supernatant has a
sour odor from either
primary or secondary
digester.

o

5aTheplfofdigester5a,SeeV63.
is tOp44ow.
. ,i'' $.

5b. Overloaded digester
. (rodten egg odor").

Toxic
..-

c. lcSeeiad (rancid

batte,:- odor).

2

I 1m

.

5b. See Item -o3.

Sc.5c. S It m lc.

4
. .

.

5a. See Item 3.
.

.
.

$b. See Ftem
0
3.

. ,

o

.

5c? ' See Item lc.
.,.

.

. A
.

.

6. Foam oBserved in
ssupernataAtfroe
-sinile,stage or :.

. primary tank.

S °.

/

6a. Scum blanket break-
ing up. :

y
,

6b. Excessive i.las

recirculatitn.

' "6c: -argailic overload.

o .

-

.----

6a0t,Chec&ondition of
scum blanket. .

.'.11 .

Gb. 20 CFM/1.0t0 cu ft
. is adequate.

gc. Iplattle solids
loading ratio. ,

)

6a. Ntrmad condition
stopiiithdrawing

ii. if !4Asible:,,,.

6b. Throttle compres

6c. Reduce feeding rate.

.
----,---k.

byt:should
supernatant

or output.-

.. . n
.,

p .

. .

,

line.

i

for 24-48 hours
.

2 or 3 times

means available

the,withalrAl

.

7. Bottom sludge too I
watery or 'disposal.

point too thin. ,,

.

t .

.
.

. . .

.
04 il. .

'

.

a .4
7a. Snort-circuiting.

*.

i *
.:

lb. Excessive mixing.

. .

.. N

Z7c. Sludge coning, allow-
Aig lighter,sOlids
to be pulled.Into
pump suction.

,..

`'

7a. Draw-off line open.
,to-Supernatant Zone.

7b Take sample and chjdc
how, it concentrates-A
in setting vessel..

,

7c. Total solids test or
visual Observation.

,.

_

co. -I

7a. Change to bottrga.draw-off

.

71.9? Shut off mixing
*before drawing sludge.

- t.
'1,,

7c.(1) "Bump" the pump
tlYNtarting andstO7,7,Thg.

12) use whatever
. to pump thgester-oonients

back through
.

line. -

.

1.

gro

a

A
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TROUBLESHOOTING GUIDE ANAEROBIC DIGESTION'
. ,

INDICATORS /OBSERVATIONS 'PROBABLE CAUSE . CHECK OR MORITOR 41- SOLUTIONS. - .

'.
.

4

/

,

0

. .

IP

/

A

f

- .
7c. (continued) ,,, '

(3) If available; attach a water
hose to theipump sb tion

.

,
line and force wate through
it. (Water source m t be
nonpotable.) Run for.no more
than 2 or 3 min to avoid

,diluting the digester
f

t

8.

--:a

.

. ,.)

.

Sludge temperature
is falling and can
not be maintained at

--normal level,
. ,

P.

. ` .

.-

. -

.

.

,
.

.

.` . . .

..., .
. .

,

.

. 40

84.

fib.

.

"A

.

.

Sc.

8d.

.

Sludge is plugging
external heat.

exchanger. .

,-
'

Sludge recirculation
line is partially cA
completely plugged.

'

.

At

W..-
.

' 0
.

.

.

.

i
,

.

.

Inadequate mixing,
.

Hydulic overload. 1

,... ,

..03a. Check inlet and out-
let pressure or
exchanger.

a

8b. Check pump inlet and
" .. outlet pressure.

..',:10.

-

.

.

,

.

,
.

.

-

. t .

.

.
. .

- .
.

f
'19c. Check'teUperature

profx,le in digester.
4 '

8d.' Incoming sludge.
.concetration,

.

.
4 %

L

8a. Opediheat exchanger and clean.
...

.

8b..(1) Backflush the line with

.
heated digester sludge.

! (2) Use mechanical cleanei.
.

(.3) Apply water pres. Do
nor!-exceed worker line

pressure.
. .,

(4) Add'apprbx. 3 lb/100'gal. .
" water of tritodlum ph -os ,..,

Pilate (TSP) or commerical

'degreasers. (Most co'nven---.,

lent method -is to fill scum

. pit to a volume equal to
the line, add TSP or dther.%,

. chemical, then admit to the.?

, line'and let stand for an
hour.)

. t
.

8c. Increase mixing.

o
:...

4.

'. ' ',

4.
I,a

8d. See Item la.
.

.

% '

...

.

.'

. 4
. 4 .t

7 .
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TROUBLESHOOTING GUIDE
aIA 'PORT

.

INDICATORS /OOSEf1VATIONS PROBABCRCAUSE CHECKORSIONITOR SOLUTIONS

Be. Low water feed rate 8e.(1) AX.r lock in Be.(1) Bleed air, relief valve. ,
in internal coilA line. - 4
Used for heat ex- (2) Upstream valve may be

'

c
change (2) Valve partially partially closed.

. '
4

."

4i
closed., . .

,. .

.

)'s, 8f. Boilee burner not '8f.(1) Low gas pressure. Bf.(1) 'locate and repair leak.A.
, .

6 f;ringosiOUigester
(2) Unburbable gas (2) See, Item 3.

gas.
due to process '

upset. I .

8g. Dearing coils inside Bg. Temperature of inlet 8g. opating,"may require

'
.

. ,

'. digester have coat - and outlet Ater is draining tank. *

ing. ,, about the same.
(2) Control,water temperature to

.
... d 1 130°F maximum.

n
s. . .

9 Sludge temperatuib 9. Temperature oontrol- 9. check water tempera- '9. If over 120°F, reduce empera -
is'asing. let is not working ture and controller ture. Repair or replac

. 'properly. setting. , controller.
0

I
10.' Recirculation 10! Temperature override . 10. Visual check: no 10a. Allow system to cool off.

,

pot running; power in circuit to prevent pressure on sludge
circuits 0.K'. . Tumping too hot water line. . lab. Check temperature control

.

through tubes. circuits. . ., ,

i

r T ,

11: Ges.mi*er feed lies lla. Lack of flow 11. 'Identify 1 tempera- lla. Flush out with water.
plugging. thrbugh gas rine. ture of ga feed , .

'..

`,. . . pipes or ow .pressure
> .

. In the m4pemeter.
-

. .

I

116. Debris in gas lines. 11b, Clean feed lines andYor valves.
. . .

SOI0409*.r . , llc. Give thorough service when tank

'

.% ..._. .) is drained for inspection.
_

. -

t ;*. ,
..

,

.
.

...A . . .

/ V. _
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TROUBLESHOOTING GUIDE ANAEROBIC DIGESTION

INDICATORS /OBSERVATIONS
,

PROBABLE CAUSE
. .

CHECK OR MONITOR SOLUTIONS
t

.

12.

.

4

Gear reducer wear
on mechanical mixers.

Ah'

. > . "

. 12a.

1.

...

Of"

12b.

Lack of proper
ubrication. "

.

.

Poor alignmeqt of
equipment. ''N,

.

12a. Excessive motor
amperage, excessive
noise and vibration,

.
evidence of shaft

wear. .
.

12b. S ea item 15

to

12a. Verify correct type andiamount
of lubrication from'mnufac-
sturer's Itterattre.

421

,

.... .-.

12b. ]orrect imbalances caused by)
accumulation of material on
the internal moving parts.

13. stiaft.. seal leaking

ow.pechanical mixer.

.

.

G ',

.

cn
,.13.

.

,

Packing)diled, out)

or worn.

.
.

"
4

1?. Evidence of gas leak.
Age (evident odor of

-
.

, .

a

1.-.

.

13a. Folloys manuf4turer's instri;.5-

itistor repacking.i

136. "Replace padkinq any time the
tank is em :y if it is not
posible when unit is operat-
'ing. $

/

14.

,

i

Wear on internal
parts of mechanical
mixer.

.

4

.

%

14.

s

Ik.

Grit or misalignment.

..*

.

.. .

.

. , ,*

14. 'Visual obser'ation
when tank Is empty,
compare with manu-
facturer's drawings
for original size.

'. Motor amperage will
also go down as mov-
ing parts,are'Grorn
away and get smaller.

14. Replace or rebuild experience
will determine the frequency
of this operation.

l'

. /
1015. Imbalance of internal

parts because of ac-
cumulation of d/r.is
on the moving parts
:Of meChanieal mixers

(large-dxalleter )VA-.
pellers Or turbines
would be'affected
most). . .

15.

,
.

Poo'rcomminution
id/or screening..

. .

.

.

.

(

.

15.' Vibration, heating
of motor, excessive
amperage, noise.

'

.

, . ( ,.

4,

15a. Reverse direction of mixer if

. i it has this feature.
.

15b: Sciip and start alternately.

15c. Open'inMPection hole and.
visually inspect.

15d., Draw down tank and clean mov-

ing parts.
,

r



4

q- .
.

.TROUBLESHOOING GUIDE ANAEROBIC DIGESTION
,

INOI.CATORS/OBSERVATIONS
0
'.. . PROBABLE CAUSE ' CHECK OR MONITOR ~ SOLUTIONS

16. Rolling movement of
scum blanket is
slight or absent.

. .

. ,

16a.

16b.

16c.

, ,... 0

Miger ih off. 1
''''t ,,.."

'=.,

.

Inadeguate mixing.

Scum blanket is too
thick.

I6a.

16c.

Mixer switch-or
timer.

\'')P

Measure blanket
thickness..

16a. May be normal: of mixers are
v set on a timer. If not and

mixers should-be operating,
-,ocheck'for malfunction.

16b. ',Increase mixing.

.

16c. See Items 18 and 19.
. .

17. Scum blAnket is too
high.

.
. ,

.

17. 'Supernatant overflow
is plugged.

17.

.

.

Check gas pressure,
it may be above nor
rnal or relief valve
may be venting to
atmosphe eo

...

17. ,Lower contents through bottom
drawoff then rod supernatant.
line to'clear plugging.

w
0,-;

18.E Scum blanket is too
thick. ~

&
.0.

)

' '

,

.

1*

18 Lack of mixing, high
grease content.
.

i

'

.-

. .

4

18. Probe lanket for
thickn s through
thief 4161e or

- beside floating coves.18b.

. .

..).

. ,

18a. Break up blankt by using
mixeiT.

Use fludge recirculation pvmps
apd discharge above the -:

blanket.
.

.

18b. Use ,chemicals to soften
blanket.-

,' -

18d. Break up blanket physically
with.pole.

_ $

18e. Ta modification.

19. Draft mixers
not moving urface
adequately.

.

19. Scum blanket too high
and allowing thin.-

sludge to travel
ender it:

.

19.

P,

Rolling movement on
Sludge surface.

.

... k

19a. Lower sludge level talk
above.top of tube allOgrg
thick materialto be pulled
into tube = continue for 24-
48 hours. .

19b. Reverse diregtion (If possible)

r)J



TROUBLESHOOTING GUIDE

at.

ANAEROBIC DIGESTION

MINCOORS/OBSeRVATKR4 PROBABLE CAUSE' CHECK.013110NITOR SOLUTIONS ir
20. Cos is leaking

through press.urere-
fief valve (PRV) on
roof. , *

20. Vgive not seating
properly or is

Va stuck open.

20. Check the manometer
to seeif digester
gas pressure is
normal.

20. Revue PRV cover and move
weigNt holder until it seats
properly. Install new ring,
if needed. Rotate a few times
for good seating.

.

/

21. HAnorre te r shows

.digester gas pressure
is above normal.

.

f

.

21a. Obstrucpkon.or
water in main burnelr

'gas line.

:

...

.--
.

21b. Dig. .ter'PRV is ,

stuck shut.
.

.

21c. W,. . gas burner
i ;7,

li preSsure,con-
trc tive eScloSed

-

'

21a. If all.use points
. are operating and, °

normal, then check
fore waste gas line
restriction or a
'plugged, Or stuck

safety device.
.

21b. Gas is no escaping

as it should.

21c,. Gas meters show ex-
cess 'gas is being

produced, but not
going to waste gas
burner.

21a. Purge with 'air, drain conden-
sate traps; check for low
spots. Care must be taken
not to force'air inpo

. digester. 1

10 %
.

21P. Re ve PRV cover and manually
open v ve, clean yal'e seat.

21c. Relevel floating cover if d'as
escapes'around dime due to
tilting.

. , .

_...4.0,wwwwiwook,

4. .

Q2.
.

ManoMeter shows
digester.gas pres- '
sdr4 below normal.

,

22a. Too fast withdrawal
causing a vacuums in-
side.digester.

22b. Adding too muchl,lime.

22a. Check vacuum breaker
tb be sure it is
operating prbperly.

'

22b. Sudden increase in

CO ,in digester gas.

...,

22a. Stop supernatant discharge
and close off all gas outlets
from digester until pressure
returns to normal.

22b! Stop addition of lime and
)ificreasQ mixing. . .

..- 44
.6, r 7

23a. If no leaks are fo d (uSing.
soap solution) dia ragm may

be lubricated and fefhed
using nests -foot oil.

23b. Ruptured diaphragm,woUld re-
quire replacement. .

23. -Pressure regulating
valve not opening, as

pressure increases.

/ .

23a. Inflexible diaphragm.23a.
r. 1

/

.

2il2. Ruptured, diaphragm.,

.

Isolate valve4and
open cover.

.
.

-.. .

23b. Visual inspectn.n...

-

80
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TROUBLESHOOTING GUIDE' AEROBIC OICESItION

e,-

INDICATORS/OBSERVATIONS PROBABLE CAUSE CHECK ORLIONITOR . SOLUTIONS .

r
24.

.

rellowdgas.flame
from waste gas
burner.

. .

24.

.
Poor riulity gag with
a high CO content.

2

24. Check CO2, content
Will be higher than
.normal.

.

24.

.

CheZ1 concentrotion of sludge '
feed - may be too dilute. If

so, increase sludge concantra-
tion. See Items 2 and 3.

25.

--

.

Gas meter. failure
(prOpeller dr lobe
type).

o .

0

'

25a.

i25b.

Debris in line.

a.-

Mechanical failure.

/1

25a.' Condition of gas
line.

,
.

'

' .

25b. Fouled or worn

parts.

,25a.

25b.

$

Flush with water, isolating
digester and working from
digester toward points of
usagp.

.
.

Wash with kerosene or ieplace
worn parts.'

.

26.

.

.

.

Gal meter failure t

(bellows type).

. .

I

26a.

i
26b.

. . "

Inflexible diaphragm..26a.

1

Ruptured diaphragm.'

.....

....\ *

.

Isolate valve and
open cover.

'

, V

26b. Visual inspection.

1

.

04

,
26a.

26b.

26c.
.

If no-leaks are found (using
soap solution) diaphragm may be
lubricated and softened using
meats -foot oil.

1

.
Replace diaphr4gm.

.

,
,

Metal guides,may need to be
replaced if corroded.

,

27.

.

.

.

....,

Ga,s pressure%Ighec
than normal during
freezing weather.

.
,

.

.

.

.

AO .4o 2.

2/a.

'

.

27b.

.

Supernatant lingo
plugged.

.
.

Pressure relief
stuck of closed. ,

A

.

'

27a. Supernatant over- '

flow lines.

1

.
,

?

27b. Weights n pressure
,re of valves.

t .

,

o

.../ .1

,

276.

27b.

.

'

Check every two hdurs during
freezing conditions, inject

' steam, protect line from
weather by covering an
sulating overflow box.

h

If freezing is a probl
light grease layer impregnated
with rock salt. ., _l_

. ..___

.

in-

.
.

m, apply

-<

;

". er' .
4 r

0
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TROUBLEWODTNG

a
AMAEROBIC DIGESTION

.
. ,

PONCATI I$ /OBSERVATIONS, PROBABLE CAUSE
, . .

' CHECKORMON1TOR .14

.

SOLUTIONS.

.
28. .5 As pressure lower

than norma4.

Of
,

1

28a.

'28b.

.

Pressure relief
valve or other pies-
sure control devices
stuck open. .

Gas line or hose
leaking.

. .

/. ../
28a. Pressure relief '

valve and devices.

.

.

..

28b. Gas line and/or hose.
_

,

28a.

. ..

/

7,,

28b.

_.

Manually operate vacuum relief(
and remove corrosion if present
and intenferring with operation.

Repair as needed.

1. I
,

29. Was around,metal
coyers.

,

. , .

- *

' .
. -,

r.

29.

.

*

Anchor bolts pdlled
lciose awl/or sealing
material moved. or
onacking.

a
"

-

29'. ConcretV'broken arounC
anchors, tie-awns
halt; sealing mater-
ials displaced.

. .

.
.

`

4 '

29.

4

'

.

.

Repair concrete with fast seal-
ing concrete repair material.
New tie-downs may have to be
welded onto old ones and m-
drill&O. Tanks should be .

Araine'd and well ygtilated for
rhos procedure. New sealant

trial should1be al/plaed to

leaking area.

.
.

30. Suspected gas'Yeaking
through concrete
cover.

30.

.

.

Freezing andhawing
causing widening'of
conStruCtaan cracks.

.

.

. .

30. Apply soap solutions
to suspected area and

check for. bubbles.

.

n ,

30.

.

If this6is a serious problem,
drain tank, clean cracks and
repair with concrete sealers.
Tanks shoulii b4 drained and -

well, ventilated for this pro-

cedure. .

v..:3.--

31, Floating ...coves tikt1

Ing: little or no
scum around the edgeg

4

-
r

.
.

.......

tla. Weight diUtributed
unev0_!DL,

.
e :

. .

y

'

.

<1 4 f r

4

'31a,.. Locates of weights,

t

i } ,

.

6 .

,

.
.

. i I 4

lla.

.

1

°

. . .'

If moveable ballast or weights
are provided, move them around
until the cover is level. If:
no weightsare provi,ded, use
a minimal number of sandbags

,-to,cause cover to level up.
/

(Nom: pressure relief valves
.

omay need tobe-reset ifsigni-.1
of weight are.

. ,added.)
ft r. .

. . -

, r.

.4

9
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I . 41,

°

°,o
TROUBLESHOOTING GUIDE

, ° ,

ANAEROlfiC. DIGESTION
. . ..,
imiCATORS/085ERVATIONS.'.

PROBABLE CAUSE'
. .

CHECK 0R MONITOR-
r

*
.

:

. _

3113, Water from conden-
sation or rain water.
colfecting on top of
rne'Cal cover in one,

. location. (
.

.
.

alb. Check around the
edges of the metal.cover. '(Some covers
with insulating
Tdoodon roofs have

- inspection holes fo{
this purpose.)

.

{{SOLUTIONS' ..!,.....
31.13. Use sip or othef meanY)tio

Remove the water. Repair roof
if leaks in the'rAf are con-
tra.buting to the water problem-

.

. ,fir'

'.
. . a

: .
4S2. -Floating cover tj.lt-

ing, heavy thick scum
4accusailating around

. .°'edges"...."

1

-..,..

. .

la ,

IP

r

...
,

.-...
0

.... . ,.

.

.

12a-. Execs Scum ip one'
area-, causIng .occess
drig. y ,

I. r ** :,_ . . ..
.

.

- .
.

32b. Guides-br rollers
out of adjustment. .

/ r s
.

432c. Rollers or guides
broken. ,`.1t''

.' .

.
.

.

. .
. .

,

3.2a. Pro'be withid stick
as some other method
.to deteimine the con-

( dition of tre scum.
,

.
.

4

. ..
.

32b. Distance between
,, guides' or rollers,:

, and trig, wall. 1,

.
.

,,- .. *.
.

32c. ,Determine the normal
e,

' position rf 'the sus.:
pected broken pact.

. is coyereci by-- slUdoe.
. Verify correcorrect loha-,i

tion'using manufac-
t:urercuswinftrrmaiLon"' 1 and/or Irr.tnts if

.- necessary,
r . '

2

,, 1: .
.

,32a. Use chemicals or degreasing_
agents, phich as Digest-aide °VW
Sanfax to soften the scum,

'' them hose down with water.
Cont.lnue on rogul-ar-basis.ever;
two to ,three months or more --

. frequently if nheded.
. *

32b. Soften up the scum (as in',32a)
and read3ust rollers for . '

.guides So that skirt doesn't
rub on the walls.

32p. Drain tank if accessary taking
care as cover dowers to cot' --

, belsnot *toallow it to bind;
or co clown-unauet.4.It-may..
be nellbssary to use a crane or
jacks in order teeprevent
structurSedadage with this
case. °'

.
..

2 -.1' .
.

l
33. Cover binding,,,even.

. throughrol.lers and
,.guides are froe.. ,

.4

-

33. Intqrnal gulch or guy
: wires are binding hr
.--' dama.ged" (some covers

are built, like umbrel
las with guides ", .

attached to the cen-.
ter column).-

33. Lovier down to corbel's.
Openiatth and using

:' bteathingapparatus. S
explaSronproof light',

' i f "pofs ible , inspect
',.. from 'th'e top.' If

, coverkrili not go all

33. Drain and repaiirt holding the
cover in ,a fixed position if
necessary.

. ..

. 9 ' 1"' :. .
*,...e

..-
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ROUBLESHOOTING GUIDE

o

A0IAE ODIC DIGI.STIOtl 6
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INOICA TORS/MEM/A TIONS ' PROBABLE CAUSE

_ . .

CHECKpR liONI TOR
..

SOLUTIONS
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s

.

ti.
* 0

.

-

.

.

. .

.

.

.

.--

.

.

33.(.continued)
the way down, it may
be necessary to ,secure
in one position with a
crane or by other !near*.
to prevent skirt dam -
age to sidewalls. ,

.

.

.

,

-
:$,

.

.

_

--.---l.

- ..

.,

i..
to

.

.

t
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.
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.
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.
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,Learning Resource 5 4
"Second Stage Digestion"
Criteria Cor the Establishment of Two-Year Post.High School'
Wastewater Technology Programs (aMT), Plant Operations for
Wastewater Facilities, Part C - September 1975

Charles County Community Col g

Greenville Technical College
Linn-Benton Community College v

Clemson University 3

Clemson, SC

Presenttd is an excerpt from the instructor's guide for a
learning modully on a floating-cover, secondstage digester unit with
gas storage. The module is organized) around sixteen.objectives common
to'all pydcesses. Each module is deigned to hello the, instructor plan
a course of study for the operation of a treatment proetss usiowthe
composite model plant process unit. Material in the module can be
adapted *courses which upgrade the training of operators inNeormal
operations procedures, abnorlel.operations praeduies, preventive
maintenance procedures, or corrective maintenance vrocedures.

4

c .

4 , Each module begins with a statement pf purpose that explains what .
y

.-..,

thevstudent will be studying. Next, all the objectives of the module
.

and code numbers keyed toia:computerized list of instructional 1,

resourcesare listed. Als1 included are conditions of learning,
acceptable performance levels, ipstructorncttcriterrr----
activity. EValdation tecAiques qe suggested. Examples for the

0 . first five.objeaives are presented. , '.

44*

9

6
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MODULE 12

SECOND STAGE DIGESTION

A floating-cover unit
with gas storage -

Composite Model Plant, Unit L

PURPOSE:. In this module the, student mill learn to ferform all the
e ac ivities in the objectives as th'y apply to a-floating-

co r unit with gas storage. READ PACES 1 TO 13 BEFORg
U ,O THIS ho. 'E,,,

A
k 4

OBJECTIVES: 12.1 Identi he second stage digestiOn unit.
. .

J2.2 Describe the second stage digestion process in
technical and nontechnical terms.

12.3 b Describe be safety procedures forkthe Second
stage dig stion unit and explain how the procMures -

protect employees and visitors.
12.4' y the components of a second stage digestion

dnit. Explain the purpose of each component, how IF

the component works and why it is importarlt.1
12.5 Describe the normal operation procedures for the

second stage digestion unit components.
. g

Perform the normal operation procedures for the
second stage digestion unit. ,

1 .7 Describe and perform the start-up and shut-down
procedures fors the second stage digelilion unit.

2.8 Dekribe the abnormal operation procedures for the
Sdcond stage digestion process.- . .

12.9 Desdribelthe rireventrim maintenance procedures for
the second stage digestion unit.

12.10 Perform the preventive maintenance procedures for ',

the second-stage digestion unit.
12.11 Desbrilie the corrective maintenance procedures for

the second stage digestion unit commnents.
12.12' Perform the corrective maintenance plocedures for

the second stage digestion unit components.
12.13 ,Perfgrm the safety procgdures far the 'second stallip6,

digestion unit andemonstrate how the' protect
employees and visitors.

12.14 Compare other second stage digestion units to the
floating-cover unit withgas storage (composite

..01- model plant unit L).
,,12.15 Name and'locate the components of the second stage
'''1-111e. digestion unit. -Nave and select reference

materials which explain' the normal operation

p
.

rocedures, the purpose of each component, how the
''component works an why iris important.

12.6)

.49 5

I

88

ea,
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1 °

12.16 Perform the abnormal jpertion proiedures for the

.

second stage digestion unit. ,
. ..

RESOURCES: 3 116 120 725 126 141 143 144 185 307 308

309 314 315 316 3,17 320 321 324 421 459 511 44

551 552 553 554 0317 900 1033 1034 "1399
0

***** *****

1

OBJECTIVE 12.1 Identify Fhe second stage digestion unit.

CONDITIONS: 'Given a unit, a model of a unit or a
photograph of a unit.

ACCEPTABLE PERFORMANCE: The student will:

`INSTRUCTOR ACTIVITY:

STUDENT ACTIVITY:

r-

Indicate whether the proces unit is used

for second stage digestion.

1. Point out chaIacterikics which
distinguish the second stage digestion
unit from other process units.

1: Develop a picture file of second stage

digestion nits. Mark distinguishing
r

,OBJECTIVE 12.2: D

CONDITIONS:

l
ACCEPTABLE PERFORMANCE:

ii

characte stics.

scribe the
chnic an

f

stage process in
ontechnical terms.

Given photograph of the-sera stage
digestion unit.

The strident will (

Describe the second stage digestion unit,
explaining the meaning of:

0

anaerobic digester
., digester

.0 14
f' / digestidn tank

sludge digester

DescrAbe the ,purpose of

A

e

89

second stage

40,

t.

90
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a-

a.

Describe how"second stage digestion

affects.

4 sludge conditioning
sludge,dewatering

.

or/
solids disposal
flowimeasurement
pumping and piping

INSTRUCTOR ACTIVITY:

;

STUDENT ACTIVITY;

o .

1. Use diagrams, photographs and. slides to
describe second stage digestion...,

2. Describeithe second stage digestion.
process during a plant tour. React to
the student's description of the process.

1. Describe the second stage digestion
process while viewing photographs,
diagrams-and slides. -

2: Observe and describe the second digestion
process during a plqnt tour.

-***** *****

. .

OBJECTIVE 12.3 Describe the safety procedures for the second
'stage digestion unit and explain how the
procedures. protect employees and visitors,

OOND1TIONS: Given a list of operation and maintenance
procedures.

ACCEPTABLE PERFORMANCE: The student will:

Describe"the,safely 'procedures for the

second stage digestion unit, commenting

4
, on:

,t.

High-risk activities

opening diges.ter cover access hatches
removing debris from channels N.

working near sources of gas leakage
4, wosking with switches in automatic
' position

4,

Sources iip.41nriger

acid m s es

. e.

caustic wastes
'ideei welds
electrical equipment
explosive gases

9

o .
O

z'
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INSTRUCTOR ACTIVITY:

STUDENT, ACTIVITY;

1

O

ti
fire

moving parts
open doors and covers
slippery walks

toxic gases
welding torel

Safety equipmentl
explosion proof electrical fixtures
fire7fighting equipment
first aid kit
flame arrester
flame trap
gai masks
handrails
no smoking signs
nonsparking hand tools
pressure relief valve
protective clothing'
safety treads on ladders and stairs
vacuum relief valve
vents

Explain how the procedures protec9
employees and visitors.

1. Discuss treatment plant case histories.
'2., Describe the conditions in a plant and

ask for evaluation.
3: Describe the safety procedures for each

operaL6n and maintenance procedure
4. Prepare slides of sources of danger and,

iligh!risk activities.

I. Read case histories and comment on
employee safety procedures.

2. /valuate conditions which the instructor
has described. Suggest remedies. AD

13.- Rote play opetation or maintenance
procedures. Select proper safety equipment
and name the sources of danger and high-
risk activ'ties. Develop a manual of ,

safety procedures for the second
stage 'digestion unit'.

4. Identify sources of danger and_high-risk
attivities pictured. in slides.

***** *****

4
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1

OBJECTIVE 12.4: Identify the components of a second stage
Oigestio1.1 unit. Explain the purpose of each

1 component, how the component,works and why it
is important.

CONDITIONS: give!) a second 'stage digestion unit, unit

components or a diagram, model or photographs
of a unit and a list of:_cdmPonents.

ACCEPTABLE PERFORMANCE: The student will:

I

INSTRUCTOB. ACTIVITY:

1

Identify components of the second stage
digestion unit and associated equipmeht.

boiler
fire-fighting equipment
first-aid kit
floating cover )

gas recirchDatlainunit
compressor
oiler

pressure gage
valve

valve timer
manometer
meter
t6lbtbr

piping
pressure relief valve .

recirculation pump
,sludge pump
switchgear
vacuum relief valve-
water trap

Explain the purpose of each component, hOw
the component works and why it is
important.

1. Point out and name, components in diagrams,

photographs,or models.
2. Arrange photographs or models of

components in the workshop for student
,identification. r ..

1. Point out,and name components during a

"' plant tour.

4. Questod the students' about the.purpose

. of ea h coponent, how the comunint...
'works and' why it is impor6q.

1,

99
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STUDENT ACTIVITY: 1. Identify the components which the
initpector names on diagrams, photographs
or models. -

2. Identify the components at stations in
the workshop in writing.

3. Identify components during a plant tour.
4.' Explain the purpose of each component,

how the component works and why it is
' important.

***** *****,

OBJECTIVE 12.5: D6scribe the normal operation procedures for
the second stage digestion unit components
listed in ObjeCtive 12.4.

.

CONDITIONS: Given a second stage digestion unit or slides
or photographs of aseennd,stage diggstion
unit, a list of components of the unit, a
checklist of-bharacterists and a normal
operation procedures manual.

ACCEPTABLE PERFORMANCE: The studg will:

Describe the characteristics of each
Lencomponent which the operato checks to',

termine whether the,component is
ctioning normally, commenting on:

4
*

color
corrosio
motion
odor
position
pressup
sonAd
temperature
vacuum
vibration'

Name the'sense or indicator which monitor
each characteristic.

Explain how often the characterivic's of

.

each component faust'be checked and why the

.* component indicate that it is not functioning

normally, including:

1

93'

O
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0



making adjustmentJ
1

deciding correctivemeintenance
reporting to superiisors
reporting in written records

Explain why a component's cgaracttistics
must be returned to normal.

Describe routine sampling for the second
stage digestion process.

List routine calculations for the second
stage digestion procegs.

Describe routine procedures for recording
data.

'INSTRUCTOR ACTIVITY: 7 rl. Describe the characteristics of the
componetits of the second stage

digestion unit. '

2. Describe the normal operation proiedures
for the second stage dig$stion unit..
Use color pictures.
Deribe the normal operatilon proMbres
during a slide show of components a',
the second stage digestion unit'.

4. Describe` and explain tAenormal"operatton
procedures during a plant tour. . Listen\ ,

to the studerk's description of the N

procedures.%

STUENNT 4CTIVITY:

a.

1. Develop a checklist, V.sting the
components of the,second stagOtdigestion
unit and they normal charactelistics.'

2. Develop a manual offnormal operation
procedures.

3. Describe the normal operation rtocedures
dutinia slide show of componentg of tie
second stage digestlon,uni.

4. Observe and describe the normal operation
krocedures during a plants tour.

V

5

10 4 ,
.
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`Learning .Resource 6,
"Anaerobic Digestion and Analytical Control",
Slide Cassette XT-34 minutes
Available on loan from:
Natilonal Trainineabd Operational Technology Center

26 West St, Clair
Cincinnati, OH 45268

-ti a,

Discussed are the anaerobic decomposition processes utilized to treat

organic materials in wastewater, the environmental conditions required

. for the involved.bacteriay'and a description of the related process

control analyses. The program is designed for experienced wastewater .

tteatment plant operators who wish to upgrade plant performance and

to increase their own knowledge and skills. References and instructions

fo'r the;unit are provided.

p

Slide numaer Material presented in slide

1.

2

3

4,

v5
6

7

8' .1.

9
10

11

P2
.

13

14

0 e
15

16

17

18

19 :

,4 20
7 24

22

23 9

24 *

25

26 .

27 .

' 28 1
4,

29 1

30

31

32

33 I

Caption - Anaerobic Digestion and Analytical

Control. /

.

, t

Three steps initreatment of organic wastes

',Basic technology
Energy sources - organic materials

Bacteria ..,....._

Anaerobic decompositions
Volatile organic matter '

Digestion processes .

Liquefaction
.. . .

End products of liquefaction
End products of gasification
Balanced digestioiprocesses
Stages of digestio
Graph
Acid fermentation stage
High acidity --low pH
Facultative organisms
Acid regression stage

.

Bicarbonate alkalinity '

Alkaline fermentation state

Types of>bacteria
. Biological oxidation of organic wastes

.ssEnvironmental characteTistics.of bacteria,. .

Grow. faAt '
i

8.
4.

pH independerit

, Temperaturf independent ,

Stimulated by oxygen
Characteristics of methane forming bacteria

GrOw slow ...\., .

Temperature d4Pendent.
Sudden temperature changes

pp dependent '

Subject to owyten toxicity
7: *. ,

95

_e. -`gig.
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Slide number Material presented in slide

Operation of an anaerobic digester
Analytical confrol
Analisis of sludge supernatant gm%

Criteria for peiformance evaluation
Volatile acidt? alkalinity ratio .

Volatile acidl determination in the
laboratoTY
Adding indicator
Adding sample to fritted glass crucible
Applying suction
Adding chloroform-butanol reagent
Titration

.

Column partition chromatography
Routine process control .

Importance of volatile aciddetermination
Alkalinity
Test for alkalinity
Analyses ofammonia
Total organic nitrogen .

Kjedahl nitrogen determinatiino
Nitrogen content in sludge
COD test t \
COD criteria for a good supernatant
pH
Monitoring gas production
Environmental conditions
Need for analytical controls
Credits . .

Clean Water

34

35-

36

37

,38

39

40

41

42 ,

43

44

45

46

J. 47

48
,

49

50

51

-.. 52 t
53

54

_55

56
. I

.57

5&
59

60
4 61

103
)1.



Learning Resource 7
- Standard Operating Job Procedures for Wastewater Treatment Plant

Unit Operations. SOJP 10-Digestion
Prepared by Charles Coudtry Community College ,

Prepared for U.S. Environmental Protection Agency
Office of Water Program Operations '''s

Manpower and Training Staff

-4-

Presented is a guide forthe development of standard operating
job procedures for the digestion process. Following a brief -

description of the process and equipment use, oper4ting procedures
and step sequence are provided for safety inspection, tank and
structure inspection, equipment and electrical inspection, primary
digester start-up, continuous shift operation, shut-down procedures,
and equipment maintenance.

97e 1
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STANDARD OPtAT
. .

C.M. Scikqng
SOJP NO 10 Prepared by - T.l. Scliwing Date 4-73

; PROCESS Digestion . Approyed by '

- .

OPERATING PROCEDURES STEP SEQUENCE IRFORMATION/OPERATING GOALS/SPECIFICATIONS TRAINING
GUIDE NOTE

A. I'RESTART UP INSPECTION

--.

PROCbOURLS
,,

. Safety,
Inspection

-
_

.

Z. Tank and
Structure
Inspection

. .

-

-.4 y

.

.

e

-

I. Make certain all
valves are closed.

. .Lock out all switch.
gear. -.

1. Physlcally inspect the
interior of all tanks
for obstruction, '

m
. Replace and seal all

intpection, parts.

3. Check all lines for
leaks. .---., '

.

4'. Fill all digesters witi
water or raw sewage to
operating level in
primary digesters and
just enough to float
covers pt secondary
digesters.

..t. ,

5. Close valves listed in
previous step.,

, ' .

1. If valves' operation is not propel -stop

t

-

.

-- ,
,

I Remove 11 foreign objects such 4b
containers, woodsciaps, welding rods,
ladders, etc.

. .

.
.

G

.

. .

.
.

r

. .

,

. ' '
.

.

.

-

.
.

,

1 i 1,

V.I

I.1_

X11.2

.

V.8

X11.3.

.

,

sari, to 10.



STANDARD OPERATING JOB PROCEDURES

SOJF 10
.

,..

° C.M. Schwing
Prepared by T.T. Schwing Date 4-73

, PBX S ' Di stes t i on

*1

Approved by. .

. I , .

.

OPERATING PROCEDURES STEP SEQUENCE INFORMATION/OPERATING GOALS/SPECIFICATIONS
,

.

TRAINING
GUIDE NOTE

3. hquipment.
Inspection

.

%

.

'

.

4. E- critical
) laspection

.

'

1.

.

3.

4.

S.

b.

7.

1.

Check all manometers
for proper fluid.

Check all gas meters
for proper operation.

Check sludge rectrcu
latton pumps for
proper operation.

.

Check sludge drawoft
pump for proper
operation.

Check hitat exchangers
-forploper oriatio0.

Check pressure and
vaduum itlief valves
for propel operation.

Check gas recliculatioul.
unit. for proper
operation.

Check electrtcal
switch gear for proper
nomenclature and make
certain explosion-
proot fixtures are ,

intact. -'4
.4'"

t-

Unlock and aclivaCej,'
iswitch
)h

1i:dr.
1'

! Refer to Vanufacttne.rs Ibulletin

.

1. Refer to Manufacturels.bulletill ,±

. -.

. Y

1. Refer to Manufacturers bulletin
.

3
44

.

1. Refer, to Manufacturers bulletin -

%

I.' Refer to Manufactuleis bulletin
,

1. Relei to Manufacturers bulletin . '

Refer to ManuNactilleis bulletin

1. Refer to equipment maintenance records loi
oveljoad 'heater propel size.

,

. ,- '

1. Aeasure voltage at all points up to motor
disconnect.

, .

4.3

V.4, X1.1.

4.5
1

4

V.F.

V.0

V.7
X11.4,

V.13

XII.4
.

V..9

X1.5

....

SOJP NO 10
4

r106.
I.

rf
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1

. ,
.,
- STANDARD OPERATING JOB PROCEDURES

44

SOJP
,

PROCESS

NO 10
.

o .

.. C.M. Schwing
Prepared by '1.T. Saw t lig Date 4 7 3

DI gest 1 on 1- Approved by, '
... .

OPERA NG PROCEDURES STEP.SEQUENCE INEORMATION/OPERATING G&W/SPECIFICATIONS TRAINING
GUIDE NOTE

- .
.

.

.

..

I

,
.

,

8

.
e..

'..

.

. ,

#

.

.

3. Acttvatei,xplosIve,,
,gas dotecto,r and'
a f a rth-system.

.

.

.

.

.

1

..

.

...

1.

s, ,

.

.

.

..-

I. Melee to Manufacturers instructions.
.

s ,

.

.

.

....,

t
. . .

. .,
. .

.

, .,

.
-

. ..P

,

.

-

.
.

1 A I
_ 1

.
.

,

.

.
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.
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.
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STANDARD OPERATING JOB PROCEDUR

\-

' . .C.M. Schwing,
SOJP NO 10 Prepared by 1.T. StIrOng Date 4.71

r

PROCESS Digestion Approved by .
4IL, ,

. .

TRAINING
GUIDE NOTE

OPERATING PROCEDURES STEP SEQUENCE l'INFORMATION/OPERATINQ GOALS/SPECIFICATIONS
.

B.
.

STARTUP PROGLDINIC
--....e .

S .

. ' sir
- .

. ,

. /
I 2

1.

.
.

.

,-

Plimary. es"

Digeste
Startup

,

,

t%

-

.

.

.

1. geat II and 13 i

digesters to operationg
`temperature.

,

. .,*

,

2. Maintain drgegter ate
operating temperature.

.

.

.

3. Add seed sludge from,
a.well operAed .

digester._ .

0

4. ..Add sludge at the rate
of 5 pounds of volatile
solids pet dayher .

1000 !.u.ft. of capacity.

. .
.

.

. .

- - .

,

.

1. To achioye goal, start up,heatexchangers
as outlined-in 04 M manual forthts unit
Open .valves 4', 0, 7, It, 9, and 10; start
recirculatiiin pumps 1 and 2. Auxiliitry
fuel w1/1 Ilave to he used for this step.

. 13N.s*- '...

II To achieve this goal, liy-passWeat.
exchanger by opening valves I81'19, 20,

' mill 21 and closing valves 7 and 8 until
temperature drops 10.1 and then go,haLk to".
,normal wilve arrangement. Continue to

:. recirculate the contents by the use of
the recirculatioW pumps. 1

,

1. Seed sludge should-be about 0,,,. of the
volume of the digester being Started up.

.
.

.

.

I. Determone pH', total solids,ivolatile
ttal solids, alkelinity and volatile )

' cps onall sludge added to digesteis.,
. r .

. .
. 's

.

.
-

.

.

N.- '

. -

. ,

.

.
.

r
..---

V.5

r

1.2

.

.

a

.

.).

.1.2- .

.

IiIiiii.''
V1h3

\X:1

.

.
,

'

,

. '

,

.

408



STANDARD -OPERATING JOB PROCEDURES

: .

.........,

SOJP NO-
p

_ROCESS ,

.

'10
. .

, e

. A

oil
S

, C.H. Schwing
, Prepared by 'I .1'. Seim i ng Date 4-73

,' Digest I
1

. Approved by
.

il0
-4 ,--. '

iRAING
...

. STEP mumicg
.

TRFORMATION/OPERATING GOALS/SPECIFICATIONS
,

.

TRAINING
WIDE NOft

,

...

.

6

.

. .

"..,

.

.

.

.

.
.

,

.

,

, .

.-

. .

4.
.

.

,..

.4 4

a

-...

. .

S.

--,.

'

6.

7.

If gas, prOductlbn,.T11,
and-alkalinity. ip;reaw
increase thelfrdge
feed rate to 40 'pounds.,
of volatile s'ofids, per.
day/per 1000 cu.Pt. of
capacrty., Ibis may.
take'60 dzi. If

good digestioh
.oper4lon continues,
increds& sludge feed
at increments of S .

pounds of volatile .

solidslper day/pei
1000 cu.ft. of capacity

-until a load,ing pf
SO podnds of volatile
solid per day/per
1000 cu.ft. is ' ,

achieved,

Wben- sufficient gas is
.available, start up '

gas'recirculatio'n (nit.

., . .-

After initial digester
is in operation, make,
all transfers to other
erimary-unit and
proceed,'through steps
8.1 throtigh B.6, above.

1

1. ibe-pll should rise to approximato.ly
6.8-7.2; alkalinity should increase to ,

aboo; 1800 ppm. SPI.CIAL NOM: In general
do not expect the volatile acids to drop.

' until organic Teed rate is stabilized.

, i.

.

. .

, -

,

I
.

.

.

4

° '

.

.

- .

* _

4

1. SemanufactuCers oPerations ,bulletin.

. /
.

' ,- WARNING:, DO-not 'permit digester gas

111.1
V1.1
V11.1 & 3

V111.1
X.1

,

V.8,
VII. 1 & 3
VI11.1
XII.7

0

preSsure to fall below 0.5" W.C.
. ,

.

. . ,

.

,
.

.

.

.
.

0
- i

. .1. 0 Jr
.

. .

'$OJP NO 10
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STANDARD OPERATING JOB PROCEDURES

SOJPNI) 10

.

C.W. Schwin'
Prepared by T.T. Schwing Date 4-73

PROCE99 Digestion Approved by

/

a.

. '.-

OPERATING PROCEDURES STEP SEQUENCE q 'INFORMATION/ OPERATING GOAIS/SPECIFICATIONS ' TRAINING
GUIDE NOTE

.

Ji

4.- .
xt

8.

.

After both primary
digesters are
successfully operating
make, transfers to
secondary digesters.

4 .

.

i

.

'

. '

- '

k

.
.

.

.

.
. .

. .

/
.

4
,

is, "P

.

'

.

4

.

.

.

'.

.

.

N

.

.
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STANDARD OPERATING JOB PROCEDURES.

' C.M. Schwing
SO.TP NO 10 '. Prepared by T.T. Schwing * Date 4-71

0

.

.PROCESS Digestion Approved by
.

*
. -

1

OPERATING PROCEDURES STEP SEQUENCE- INFORMATION/OPERATING GOALS/SPECIFICATIONS ING

D1PNOTE

C. CONTINUOUS OPLRATING PROCEDURES
.

=I

. Continuous
Shift
Operation

,
4

.
.

.

.

. .

.

. PuZqr raw shidge for
thickener or other

. units °Eta continuous
basis if at all.'
possible.

,. Grab sample and
composite.

1. ,Rdw.sludge pumped

2: 'Transfer sludge
:

3. Digested sludge
I

4. Supetnatant.i

Gas

3.. Oberve,Operation of
heat.exchangers for
proper tempetature.

.

,

,
0

.
. P

.

. .. ,

.

1. Sample should be analyzed for p11, total
solids, volatile total *solids.

2. Sample should be analyzed for p11, total
solids', volatile totaI4olids.:

3. Sample should be analyzed for pH, total
solids, volatile'total solids.

r
4. 'Sample should.be analyze for p11, totll

solids; volatile told! solids.

Sample shouldbe analyzed for methane
concentration.

.

- I

1 11
,

-'

1.2

-111.1
,

V111.1
x.r

.

.

V11.2

e

6

\
.SOJP,H0 10
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STANDARD OPERATING JOB PROCEDURES
--n

SCUP NO 10'

.

C.M. Schwing
Prepared by TA'. Schwing IDate :4-73 t.

PROCESS D esigtion . Approved by . .?

\

OPERATING PROCEDURES STEP`SEQUENCE, . INFORMATION/OPERATING GOALS/SPECIFICATIONS TRAINING
GUIDE NOTE

T

.
2. Every 4 !lours

,

,

.

,i

'

i

.

.

-

'
.

4.

S.

1.

'

/

,

.

Olservo operation of
,all ptnnpA forieroper

operation.

Observe operation of
gas recirculation unit:
for proper operation.

Record the' following
meter readings:

1. Volume of gas
frosin each '

digester.

2. Volume of gas to
waste.

3. Volume of gas' to
other process

1 units.

4. Volume of'raw
sludgeto digeSt..

S. Voluthe of digested
sludge from
digester.

.6. Volume of super-
natant.

.. 4

.

(
.

. c .

.

.
1

.

.
. <, . .

. .

'

.

11 .

.

.

.

. .

,

.

I .

.

IV.1, XI.1
p11.1

.

.

.

4

. .
.

SOJP NO 10
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PROCESS..
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Digestion

STANDARD OPERATING JOB PROCEDURES

C.M. Schwi4
Prepared by T.T. Schwilg Date-4-73

,
, 4.

Approved by

OPERATING PROCEDURES STEP SEQUENCE *INFORMATION/OPERATING GOALS/SPECIFICATIONS

r

. . hvcry Shift ,

Record the following
mancneter cbtrdings:

1. hach-digoster

2. 'Service line

3. Waste'line

3 Record the:Ofevatibn
of the floating
covers.

1 Place composite
sampres in central
sample storage.

2. Complete shift report.

. Daily Is Replace recorder
Lhiir_ts

1. Carefully calculat.
24 how- llOws.

. ,

Check recorder pelt
for proper rnking.'

2. Complete daily and
. monthly log sheets.

1 1
t)

.A.AJ

. SVP NO 10'

re4!

tFRAINING

GUIDE NOTE

1 V . 1

X 1 1 1 . 1

IV.1, X.1'

IV. 1
X111.1
e
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STANDARD OPERATING JOB PROCEDURES

SOJP NO 10

PROCESS

' C.M. Sc
Prepared by T.T. Sc

Approved by

ming
swing Date 4'73

.r

OPERATINGVROMTIRES
.-

U. SHUT DOWN PRUeEDURES

STEP SEQUENCE INFORMATION/OPERATING GOALS/SPECIFICATIONS TRAINING
GUIDE N

. The Shut Down
rciceditire is
for taking the
digester out

- of service for
cleanings -v

S

StoPfeeding'raw
slu'dgi or Aransferring
sludge to the unit at
least one week prior
to expected shirt down
date.

When gas production
has fallen off to a
minimum, close gas
valve.

Open hatches\to
atmosphere.

If primary digester,
pump sludge to other
primary and/or
secondary digesters,

1. If secondary
digester, withdraw
as much superna-
tant as possible
back to plant.'.

I

SOJP NO_ 10 . 114
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-STANDARD OPERATING J

SOJP NO 10
C I. Sawing

Prepared by T: ". Scbwin* Date 4.73 'ft

PROCESS D i g e s Iron Approved by

OPERATING PROCEDURES STEP SEQUENCE .-INFORNATIoN/OPERATINGMUS/SPECIFIP IONS TRAINING .
GUIDE NOTE

. .

r

S. Pump digested sludge
to disposal as long

. as possible. %

. When sludge can no
longer be withdrawn,
by normal pumping,
ventilbte digester
space above liquid by
discharging fresh air
into digester.

9

7. Use Stang deluge
nozzle -or fire hoses
to break up sludge,.,
scum, and grit
deposit.

S. Recirculate contents
with trash pump..-

9 Pump homogenized
sludge to iisposal.

10. When digester is empty
continue ventilation
and then do insRection
for determining
maintenance required.

II. After required
maintenance, goo back %
to startup procedures.

WARN! G: Do Not enter digeste unless
equipped with breath ng

.

.

N
.

.

,

,

i

.err

1
I 1_e_ j.

appa'ratus.

,

..,.. ,

w

_ .

,

SOJP NO 10
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STANDARD OPERM'ING JOB PROCEDURES

.,

0.1P NO in
....c.. SchwidrM

Prepared by f:r. Schwinv Date 4-71
V 1 I I

PROCESS, 11114'es t i ol ° i , Approved by
ii

_../
OPERATING PRCCEDURIN, . STEP SEQUENCE "INFORMATION/OPERATING GOALS/SPECIFICATIONS TRAINING

GUIDE NOTE
°

E. ,PREVENtIVIi MaItITENANCE (MAY BhtDONE BY
c'

viiihils)
I>

(2z
t

, :
- 1. Egirlipment

41A

,
,

I

-

.

-
-

6

.

. I

1, Inspect Finns.
intenance

.

-

2. Lubricate motors
.

. Check motor
electrically

'

4. switch gear
annually.

5. Inspect pressure
relief valves '

annually.

6. Inspect all flame
arresters annually.

a.

7. Calibrate flow meters.
)

i

- .

-

,
1. CSee Manufacturers 0 4 M Manual .

1

,

1. Sec lubrication schedule for proper
.,

lubricant and Interval.

't

1. Record:
4

1. Voltage
2. Amperage '

3. Insulation resistance

'

i

,.

1. See Manufactureri 0 4 M Manual

/ \b

1. See Manufactlreers 0 6 M Manua'l

ss
)

1. Sec Manufactivers 0 4 M Manual '

r"

'

'

k

'

.

;.

IV.1,..V,
IX.1
X111.1 .

1V.1, V,..

1X.1
X111.1

,1V.1, V,
1X.1
X,111.1

1%0,44

IV.J-Sy
1X.1 -,

X111.1.
.

1V.1, V

1X.1

X111.1

1V,1, V,
1X.1
X111.1

1V.1, V
1X.1, XI.1
X111.1

ROJP 10
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STANDARD OPERATING JOB PROCEDURES 6

. , C.M. .Schwitg
SOJP NO 10 Preparec#XT T.T. Schwing Pete 4-73'

,

' PROCESS Digestion' Approved by
,,

,A

o

.

.

- ..

OPERATING PROCEDURES STEP SEQUENCE

'\

4/NF01A4ATION/OPERATING GOALS/SPECIFICATIONS
1

TRAINING
GUIDE NOTE

-

. . ,

.-

.

_

.

o

t

I

.,
.

,

.,

I

81010q4spect heat.
exghangers.annuallx.

-

L
r 0

9. Paint floating covers
as necessary. 1.

.

;

I.

A

. :
.

.

.

6
0

o 3

\

' ,

.1
1. See Manufacturers 0 4 M Manual

t

2. Notify fire-unperwriters inspector in
sufficient time for inspection of dewatere1
unit.

. ..

, :

.

...

,
.

.

.

A i

-
o

.

'. .

o

' .
%

6.

'

.

o

"

1.

o

. . O .

4

.
i '

.
.

444 40
.

. --

.

to

.IV.1, V,_
IX.1 , 'Illi*

X111.1

IV.1, V
6,X . 1

XIII.1
.

'

.

1

I
.

SOJP NO 10
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Prepared by California State Aversity, Sacramento
Kenneth D. Kerri, Project Difector.
Pre ed 4or U.S. Environmental Protection Agency

Office f Watee Program Operations,
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ce.

This lesson stresses-the importance of sound and thorough daily

operational checks in comination with adequate sampfing and'neat, °
well4organized records ofpihe res4ting data to the successful 4

operation of a agestion system. Presented is a ecklist intended

to help the operator rem in "on op the syste . The list 1st

general in nature and se ves a mot! for the preparation of a

similiar anaerobic sludg digestion c cklist. Plotting certaid-'

operational data in graph arm is st essed,,

I

at

ti

0

e

a

0

.

a

4
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CHAPTER 12. SLUDGE DIGESTION AND SOLIDS HANDLING

(Lesson 5 of 6 Lessons)

12.4 OPERATIONAL STRATEGY

M previous discussions and problem assignments were in-
tended to provide you with the basic working principles of
anaerobic sludge'cligestion Their successful application in the,
operation of a digestion system requires sound and thorough
daily operational checks in combination with adequate sam-
pling and neat well-cfganized records of "the resulting data
Many operators find that plotting certain operational data in a
graphical forts very hell:gut to recognize changes Or trends in
digester performance Informative operational data that could
be plotted against time include-

1 Digester Igading

a Volatile solids added, lbs/day per cubic foot of digester
capacity

Volatile solids added, lbs/day per volatile solids under
digestion. lbs f

2. Volatile acids'alkahnity relationship-

Volatile acids, mga. per alkalinity, mg/

3 aaaproduction

1000 cubic feet of g41 produced per day

4 Carbon dioxide co7itent otdies

Percent carbon dioxide-.
5 Temperature

Degrees Fahrenneit or Degrees CelsiuS,

SuccessfUl plant operators use basic knowledge together
with the daily checks and data to remain alert to changes in the
system and to anticipate problems, rather than finding it nec-

,essary to react to fully developed upsets
'91#014`

or b

gas

0

'7,

119

12:40 Operation and Maintenancb Checklist

The following checklist is intended to help the operator re-
main on-top of the system This list is general in nature. and
does not cover all situations, but serves as an example of the.
checklist that should be made for each plant Yoy.shoLkl pre-
pare a similar checklist for the anaerobic sludge digesters at
your treatment plant As you make your rounds inspecting
each item, be alert Investigate and record anything that looks
different or uriusual, smells different, feels cterent (hotter or
vibrating more) and sounds different If problems appear to be
developing, correct them now or alert your supervisor of the
changes

112

.r
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ITEM

A. Raw Sludge Pumping
I Total sludge volume pumped in 24 hours or grid'.

mdual feed penods Record pump counter or meter
reading.

2. Proper operabon of pump(s) Check oil level While
operating checR motor, pump. OaCklog (leaks), suc-
tion and discharge pressure

3. If density meter is used, check4or proper operation
dunng pump run.-

4. Instrumentation, especially pumke clock opera-

5 Sludge line valve positions.

6. Visual observation of raw sludge being pumped.

1 Note consistency (thick or thin), color and odor (sop-
, tic).

7. Automatic sampler operation

8. Exercise all sludge valves by opening and closing.

9 Lubricate all valve stems. Insect-and grease pump
motor bearingl according to manufacturers rec
ornmendabons.

B Boiler and Heat Exchanger

I. Temperature of the recirculated sludge

, 2. Temperature of the recirculated hot water

3. Boiler and ties exchanger temperature'and prds-

Yd. Wilf

- 4. Water level In Sight glass of city-water tank

5. ,Roder and heat exchanger cc/Tao°

a. ' Gas pressure

b. Make-up water valve 41. ,
4 c. Pressure ;OW (pop-off) valve

0. Power failure or low gaS pressureShutdown

e. Safety devices

6. Boiler firing (flame-air mixture). _

7. Recirculated sludge pump operation. Check oil
level. While pump is operate ig check motor, gimp,
Packing (leaks). suction and discharge pressures

8. Inspect and grease pump motor bearings according
to manufacturers recommendations.

t C. Digesters

1. /Record gas meter reading.

2. Check gas manqmeters.
,
(ckgester g4e pressure)

3. Record dater gas pressure and/or floating cover
- - _ position and indicator level reading.

4. Dram gaigne condensate traps and seckmentaton
traps (from one to four times per day depending on
location of trap in gas system, temperature changes
and digester mixing systems). .

5. Check liquid levellin thlkijgester.

6. Check supernatant tubes for operdoon and wash
down supernatant box. ,

7.4Check,Ogester gas safety analyzer (LE.L) and
recotoer.

113

.120
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Sludge Digestion

SCHEDULE

DAILY

F4vAlltaRIPAI

X
1

WEEKLY

.

MONTHLY
SEMI.
ANNUALLY

AS
REQUIRED I

X

)
,

X

t
4

X

X
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X

X I
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1

X

X
p

X
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x
x

x
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Treatment Planta
0 °

8 Check and record level of water seal (located on
center dome of fixed cover digesters and between
tank wall and cover of floating cover digesters)

9 Check operation of Mixing equipment

GAS
, a. Flow rate. dm

b Pressure. psi

c Compressor opera

MECHANICAL
a Motor operation

b Drive betts.or gear reducers-

c. %%taboos

d Duectioh of mixing (downup)

10 Examine waste gas'bumer for proper operation

a. Not on 4
b Number of burners on

C. Digester gas pressure (wasting or excess)

11 Exercise all sksJg4 and gas system valves by open-
ing and dosing.

12. Check all supernatant tikes for operation and sam-
ple each for dearest liquor for supernatant removal
from rimester.

13. Check digester for scum blanket buildup

14 Examine the digester steicture and piping system
for possible gas leaks Examine the digester struc-
ture for cracks.

15. Clean-, inspect and calibrate theidigester gas safety
analyzer and recorder

16 Lubricate all valve stems and rotating equipment as
-.required by the manufacturer.

17 Clean and refill gas manometers wi th prblier fluids
to levet specified by manufacturers

18 Mush and refill water seals (from 2 to 6 months)
Check weekly on fixed cover digester seals

.

19. For floating cover digesters. inspect flotation com-
partment for leakage or excessive condensation

`buildup (pump out) anillo& for corrosion of cover
tilted&

20. Dewater digester and clean out, repair aniipaint.
Normal cleanout schedules are thtee (3) to eiglit
years.

12.41 Sampling Ind Data ChecrdIst

Results and interpretabonof lab tests tell you what you are
feeding a digester and how the digester is treating-the sludge.
Graphically recordi ng lab results helps to interpret what's hap-
pening IQ a digester If Undesirable trends start to d9ve,
refer to fie appropriate section in this manual for the
corrective ai1harl-

114

SCHEDULE.
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MONTHLY
SEMI-
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ITEM

A. Raw Sludge'

1 Composite raw sludge sample If grab t3 taken instead.
then prepare a composite twice a week

2. Total and voNtile solids

3 01

B. Supernatant
,

1 Solids (total and volatile) and COD Graelically record
the data and be alert to long-term decreasing quality
(increased levels of solids and COO) of supernatant
quality.

C. Digested Sludge

Grab sample

2. Temperature'
3 pH i
4 Cubic feet of total gas an4 CO2 content

5, Calculate and graprocally record gas production and
CO2 content o

6 Calculate and 9reptocally record leading rate (solids
and hydraulic)

7 Volatile acids

8 Alkaluety-

9 Calculate and graphically record volatile acidialkatinly
.

relationship

tai Digested sludge total se lids and volatile solids

1 Solids (total and volatile) and te'mperature profile at
xfive-toot (1 5 m) intervals from (he digester bottom up

tb the surface If scum blanket present. try to break it
up.

-V Solids Balanie

1 daIcutateehe iobds balance on the digesters (see Sec-
tion 12 3M Solids Balance) This calculation helps in.

a' dicate to you how well you are controlling the digester
operation

Sludge DlgeetIon

SCHEDULE

DAILY
81
WEEKLY WEEKLY MONTHLY

( Xr

(X)

X

In hem 12 41. C.11. as regards the profile samplirrof the ,
digester, the solids and temperature data should be carefully
examined for indications of poor mixing in the digester or grit
accurculabon at the bottom of the digestec The operator
should use the Bata to calculate the useful volume of the diges-
ter (total volume minus the gnt volume). Such data can be
graphically plotted against time to shay the rate of gnt buildup
and the date for digester cleaning. An example of such a plot iS
elustiated in Figure 12.21. although actual data may not plot a
straight line

x

X

X'

X

ie
41
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ACTIVE DIGESTER

0

0;1

r.)
11":",

11'1

Iil
111

illl

;

71!*
1.1 11

III

"It H.
.11

1 ;n1

11.,1

11.1
ITT

VOLUME (x 105ft3)

11
J T

d

jT

1 I

t

Li'

I;',

. 111 -111,;
.1

0

.11

12,1
I 1

f1 171

TT IF

'"1"

1 i11
i t

TrT
1 I

144.

I I;
1-74-

1;

IT.

r

1 t

.1i 1 ,

fr
, 1

11 11-

-

Tt

I

4%

a

I

r-



1.

12.42 Normal Operation

In this chapter we have discussed the following important
topics regarding digester operation

1. Section 12 1. Components in the Anaerobic Sludge Diges-
tion Process:

2. Section 12 2, Operationiof Digesters: and ,

3 Section 12 3. Digester Controls and Teit Interpretation

This section combines the highlights of those portions of the
previous sections that are critical to the actual day-to-day op-
eration of an anaerobic sludge digester For details. refer to the
actual section The normal operation of a digester involves the
following activities.

1 Feeding Sludge to the Digester (Section'12 22. Feeding),

2. Maintaining the Proper Temperature (Section 12 14, Diges-
ter Heating):

3. Keeping the Contents of the Digester Mixed (Section 12 15.
Digester Mixing).

4 Removing Supernatant (Section 12 27, Supernatant and
Solids). and

5. Withdrawing Sludge (Section 12 28. Rate of Sludge With-
drawal).

Leta study each one of these a5tivities.

1. Feeding Sludge to the Digester (See Section 12 41, A. Raw
Sl(dge)

a, Pump as thick a sludge as possible to the digester
6 Watch sludge being pumped, listen to sound of sludge

pump, and observe any instruments that indicate thick-
ness of sludge
4gefet,

b. Pump small amounts of sludge yt regular intervals to
prevent adding too much raw sludge too fast for the
organisms or for the temperature controls to maintain a
constant temperature

C Calculations

(1) Try not to add more than one pound of volatile
matter per day for every ten pounds of digested
sludge in storage (1 kg V Miday per 10 kg digested
sludge) This ratio may vary from digester to diges-
ter and from season to season.

(2) Calculate the volatile acid/alkalinity relationship
and plot the results If the relationship starts to in-
crease, try to pimp a thicker sludge or reduce the
amount of volatile matter added per day Also re-
ctor:* the pumping rate of digested sludge,

_ See Section 17.3, Digester Controls and Test Interpretation.
B. Volatile ACKVAllialinity Relationship and K. Computing Di-
gester Loadings for details.

2. Maintaining the Proper Temperature (See Section 12 40. B,
Boiler and Heat Exchanger)

_Record:the ten4yature ofthe recipulated sludge every
'del,. If the temperature changes from the desired level. ad-

just the temperature controls. Do not allow the temperature
to Change more than 1F (0 VC) per day Determine the
temperature (usually between 95 and 98 or 35 and 3TC)
that best suite your digester

3. Keeping the Contents of the Digester Mixed

How a digester* is mixed depends on the mixing equipment
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and whether you haves single-stage or two-stage digestion
process Digester contents must be well mixed to provide
an even distribution of food (raw sludge). organisms, alka
Miry; heat and waste bacterial products Good mixing
should prevent theOuildup of a scum blanket and the depo-
sition of gnt on the bottom of the digester If mixing is in.
adequate, try increasing the time of mixing anctior looking
for equipment problems

4 Removing Supernatant

Supematant should be removed from the digesters on a
daily basis Whether you have a single-stage or two-stage
digestion process, mixing should be stepped for 6 to 12
hours before supernatant removal to allow the supernatant
to separate from the digested sludge.' Adjust or select the
supematant tube that produces the least solids to remove
supernatant from the digester Carefully observe your other
treatment processes to be sure the supematant does not
cause a solids or BOD overload on other treatment pro-
cesses Remove supematant and digested sludge until suf-
ficient space is obtained in the digesters for the incoming
raw sludge

5 Withdrawing Sludge

Before withdralwing sludge, stop mixing for 6 to preferably
12 hours to allow the digested sludge to separate from the
supernatant. The digester contents must be well mixed be-
fore stopping mixing so a lot of raw sludge will not be re-
moved with the di§ested sludge Good mixing also prevents
the buildup of a scum blanket and the development of con-
ing dunng the removal of digested sludge The withdrawal
rate of sludge from eithii digester should be no faster than
a rate at which theses production from the system is able to
maintain a positive pressure in the digester. (at least two
inches (5 cm) of water column)

12.43 Troubleshooting

Using the information obtained orn the analysis of the sam
plea and the daily rounds. th knowledgeable and alek
operator can note changes fr normal operation The first
step ins to realize that there is a roblem, and the second step is
to take the appropnate corrective action Table 12 2 is in-
tended to be an example of a logical sequence that can be
followed to identify and correct an Impending or actual digester;
upset The foul indicators of a problem tell you to look for one
or more of the problem areas listed that need correcting

Toxicity can be a very difficult problem to identify and solve
Heavy metals can gradually creep up in concentrations until
toxic levels are reached Also as the pH decreases the concen-
trations of dissolved metals tend to increase and become toxic
to bactena in the digyster

Pcissiblemethods of controlling toxic matenals include 111

1 Remove toxic material from waste. .00W
2. Dilute toxic Matenal below its toxic level.

3 Add a chemical that will neutralize the toxic matenal, and

4 Add a chemical that will cause the toxic material to precipi-
tate out of solution or form an insolubly compound

If soluble toxic heavy metals are present. sodium-sulfide
(Na2S) can be added which will cause the formation of non-
toxic insoluble heavy metal sulfide compounds Digesters are
similar to people in many ways A small amount of something
may be very good for a digester, but too much may be toxic as
shown in Table 12 3
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4
TABLE 12.2 DIGESTER OPERATION TROUBLESHOOTING

1NDICATIONFROM DATA

s a

Rise in V A.,Alk Rah°

Gas ProduCtion Decrease
or Increase in CO2

Decrease in V S Reduction

High Solids in Supernatant

i
..

. ..

PROBLEM AREA

Toxicity
°

Digester Loading

Digester Heating

Digester Mixing

Gas System

c POSSIBLE CAUSE

1 Slug of toxic material
2. Constant feed that has reached toxic limit

1 Change in raw sludge pumping
2. Raw sludge density or V S changed
3 Raw sludge pH change
4 Decrease in effective volume of the

digester

1 Heat exchangers plugged.
2. Recirculated sludge pump not working
3 Boiler malfunction
4 Unsteady sludge temperatures 7 more than.&/

day or 0.5Ciday
.1 Fouled draft tube
2. Mechanical or electrical failure.
3. In case of gas mixing, inadequate recirculation

1. Gas deter failure.
2 Leaking gas

,3 Abnormal pressure
4 Plugged gag line
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TABLE 12.3 BENEFICIAL AND TOXIC
CONCENTRATIONS OF MATERIALS ON DIGESTION

PROCESS

Material Beneficial
Moderately
innibitory Toxic

Ammonia Nitrogen mgL 50-200 1500-30006 3 000
CatliAd, mg L 100-200 2500-4500 8 000
Magnesium mgL 75-150 1000-1500 3 000
Potassium mot 200-400 2500-4500 12 000
Sodium mgL 100-200 3500-5500 8 000

*TOM at higher pH values

12.44 Actual Digester Operation

By using the procedures outlined in this Section, digesters
can be operated successfully without any problems, The in
tomato plotted in Figure 12 22 shows some (04:informa-
tion used by an operator to operate or digesters with a total
capacity of 6 9 million gallons (26.000 cu ml This activated
sludge plant treats an average daily flow of approximately 18
MGD (68 130 cu miday) with flows averaging over 24 MGD
(90.840 cu nvday) during the canning season Under adverse
condrtions, the digesters have provided only 8 days of deten
Ion time, yet the digesters have never become upset

Raw sludge from the pnmary clanfiers and gravitg thickened
waste aCtrvated sludge are fed on a regular basis throughout
the day to each chgester Every 2 hours the operators read and
record the gages pump meters and temperature readings .
Temperatures are Controlled by adjusting the heat exchanger

Digester contents are continuously mixed through *draft
tubes Every day the flows through the draft tubes are reversed
for two hours to knock off rags accumulated on the draft tubes
Additional mixing is available using digested sludge recircula-
tion pumps, if necessary The operator reviews the lab data
aril if problems appear to be developing. additional mixing is
applied appropnate If everything is satisfactory and mixing
is greater than usual, mixing is reduced

The following information is recorded with regard to the di-
gesters.

1 Raw Sludge and Thickened Waste Activated Sludge to Di-
gesters

a Volume. gallons per day
b pH
c Total solids, %
d Volatile solids,

3 2 Digester Gas

a Total production. cubic feet per day
b; Carbon dioxide. %

3 Digested Sludge (mixed digester contents)

a 'Volatile acids, mgL
b.' Alkalinity. Mg/
c Total solids, %
d Volatile acids. %
e pH

4 Sludge removed (mixed digester contents)

a Volume, gallons per day
b. Total solids.
c Volatile Solids, i

Volatile aodialkalinay relationship has been the key to suc-
cessful digester operation over the last nine years without any
of the five digesters becoming upset Volatile acids and alkali'''
ity are normally run three times per week on each digester If

.,i
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one high volatile acid reading is observed, the volatile acid test
is repeated the nail day Usually the volatile acid value is back
down to the normal range the next day II the volatile acid value
is high, the raw sludge pumped to the digester is cut in half or
stopped until the volatile acid readings normal again Usually
this requires only one or two days

These digesters' are not used for liquid-solids 'separation
Therefore, no information is collected on the supernatant
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ikarnidg Resource 9
Troubleshooting O&M Problems In Wastewater Treatment Facilities

Course 179.2 - 1979
Environmental Itiotection Agency

. National Training and Operational Technology Center
26 West St. Clair
Cincinnati, OH 45268

Presented is a learning activity that requires trainees to
practice applying the process of to anaerobic
digestion problems using a role-playing simulations exercise. The
exercise is conducted using the "fish bowl" technique in which second
four-person group observes the role-playing exercise and then
critiques the performance of the troubleshooters. This lesson
,includes: trainee entry level behavior and learning objectfves,
trainee and instructor materials used, clasAroom set-up lesson
outline, and trainee notebook contents.

.4.
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TROUBLESHOOTING o 5 M PROBLEMS IN
WASTEWATER TREATMENT FACILITIES

`butt eilki Insaktton 12: Saida Handling

Lesson 2: Problem Solving in Anaerobic Digestion

esson 2 of 5 lessons Recommended Time: 110 minutes
a

Putpoae: This lesson requires the trainees to practice applying the
process of troubleshooting to anaerobic digestion problems using a role
playing simulation exercise. Three trainees from each four person work
group role play troubleshooters'while the fourth member of the work group
role plays the operator. The.exercise is conducted using a "fish bowl"
technique in which a second four person work'group observes the role
playing exercise and then critiques the performance of the troubleshooters.
Two problems are solved so teat each work group participates in both
observer and troubleshooter roles. The thrust of the exercise is.to em-
phasize the importance a oral bommunicatidn and attitude in troubleshoot-
ing. In this exercise proper application of the process of troubleshooting
and interpersonal communication skills are.more important than is solution
of the technical problems provided.

Ttatnee Eatky levet Behavkok: Trainees should have achieved the learn-
ing objectives specified for Unit 12, Lesson 1 before beginning this letson.

TtaAna Leaktung ObjectAvez: At the conclusion of this lesson the
trainee will be able to:

1. Demonstrate proper troubleshooter behavipr and apply the
process of troubleshooting in an Oral interview Tole playing
exercise.

1 1

2. Explain the importance of proper troublesloter behavior by
observing and constructively critiquing other trainees' per-
formances during a role playing troubleshooting exercise.

3. Demonstrate his/her St4jity to organize and conduct an oral
interview to obtain essential technical data for trouble-
shooting an anaerobic digester prob4em and recognize how-the
interview technique must be adapted to respond to the person-
Ality and attitude of the plant operator. °

4. Demonstrate his/her understanding of anaerobic digester

$ operations and troubleshooting by successfully solving the

problems, presented.

128 ,
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In4tAucionat Approach: Trainee problem solving in a role playing
exercise usingthe "fishbowl* technique.

Fishbowl Technique. The apprdach to thislesson subdivision employs
two educational techniques that allow the trainees to participate in and
experience the process of troubleshooting. 1

,

r- 1. One technique is "role playing." For each problem, a four-person
group is assigned, with one person playing the role of the operatbr - with
specific instructions, and the other three persons,playing.the role of
troubleshboters.

The second technique is the "fishbowl" technique, where e group ob-
serves the other group carrying out the role playing exerciser

op

in attempting
to solve the assigned problem. The observing group should take notes on
whit they see and report back at the appropriate-time.

ThS group involved in "role playing" to solve-the assigned problem is
known as the "inner group" ( }inside the fishbowl) and is seated'accordinglyif

The group of observers is kn6wn as the "outer group."

Groups for this lesson subdivision must be pre-designated Ithe.in-
structor and Should be as balanced as possible in composition so that all

° groups are rodghly comparable.

2. The individual selected to play the role of "plant operator" from
each group. should be a person who is relatively experienced in the inspec-
tion of treatment plants compared to his/her fellow trainees. The selected
individuals should also be chosen from among those who have personalities
which would make them not reticent to Participate. The individuals who
are to be "plant operators" should be pre-selected and given their instruc-
tions in advance of this lesson subdivision. ,

.

3. It is very important that the observers be encouraged to give honest
feedback to the troubleshooters - after the 20 minute troubleshooting ex-
perience is completed. It is this feedback that provides much of. the learn-
ing experience for this leSson.

4. After one problem Oas been analyzed.and fgedback provided, the
groups must switch so that the "inner" and "outer" groups change places.
A new "operator" and new troubleshooters then addreks the second problem
with the new observers taking notes..

5. After both problems have been analyzed and feedback is reported by
the observers, it. is important for. the instructor to bring the entire class
together to discuss the results and for the trainees to discuss their role
playing experiences. This overall comparison,of.what occurred in each.
group is an essential conclusion to this exercise that allows the trainees
to compare notes and obtain an overall impression of the troubloshooter-

,
operator relationship.

123 129)
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, 6. Some trainees may be very timid jn their role playing involvement.
Intrial presentations, a very small percentage (1%) were very negative
and even belligerent. The instructor must "cruise" from group to group
to see that people participate and to encourage them to do so. However,
if a trainee's attitude is so negative as to disrupt the others, he/she
should be excused from this.porticm of the lesson.

/r--
Details on administering the lesson are provided inthe lesson plan

outline.

Lesson.Schedute: The 110 minutes allocated to this lesson should be
scheduled as follows:

TIME SUBJEGT

0 7 10 minutes Instructor Introduces the Lesson, Sets
up Groups, Provides Instructions

10 - 30 minutes . Groups Plan their Approach to the Problem
30 :.50 minutes Designated Groups Analyze and Troubleshoot

Problem 1
50 - 60 minutes Observers for Prpblem 1 Report findings
60 - 80 minutes Designated Groups Analyzeand Troubleshoot

Problem.2 ',

80 - 90 minutes Observers for Problem 2 Report Findings
90 - 110 minutes Entire Class Convenes to Discuss-Findings

. and Experiences wIlth the Instructor

Puccnee Matexiats Used in Lesson:

1.. Puu.nee Notebook, pages T12.2.1,'"Instructions to Troubleshooters:
Problem 1.

, .

2. Tnainee Notebook, pa'es T12.2.2, "Instructions to Troubleshooters:
Problem 2.

3. F.Letd Winuat Son Pertiodn'anee Evaluation and Tuubteshootkng at
jpnicipat WaAtewaten Tuatment Ptant4, pages 295-315.

Instueton Mateiti.ats Used in Lesson:

1. In4tAucton. Notebook, pages 12.2.1 - 12.2.11, Unit 12, Lesson-2.

2. InstAucton Notebos, ages H12.2.1 - H12.2.2 t "Instructions to
Operators: Pro'

3. In4tAucton Notei.z, pages N12.2.3 - H12.2.5 , " Instructions to
4 Operatdrs: Problem 2."

.130 ,124



Inataucto4 Matm0,14Recommended 604 DetretoNnent: None

dAtionat Inatucto4 Reliekeneeh : None

Ctabakoom Set-Up: The classroom should be set up to accommodate
groups of eight (8) trainees: If possible, to avoid distraction from one

,group tp another, separate roams should be used for each group of 8.

.

4 Each group of 8 consists of two (2) four-person groups,
n

in "inner"
group ,who are actually participating in the role playing-problem solving
and an "outer" group who are observing. ,

Each "inner" group consists of three (3) troubleshooters and one (1)
trainee who is playing the operator's role.

7

Each group of 8 should be arranged as in this diagram.

49

Inner Gro
One Opera
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LESSON OUTLINE

I. Prior to Start Of Lesson

A. Trainee groups should be designated by
Course Director or instructor.

B. Instructor should £hoose one A:ember of
- each group to play the role 9f "operator.I

1. Distribute "Instrdetion;)O Operating,
Persdnnel" to pehons selected as
operators.

II. Introduction (10 minutes)

A. Introduce lesson

, B. Onounce group composition

C. Select gFoups to be "inner" or "outer"
groups.

D. Emphasize to trainees playing the'role of
troubleshooters that they should:

1: Work as ateam in questioning the
.operatqr.".

2. Use the "Process of TrOubleshogting:"
i.e.: be analytical. a -

8. Find.the'ansdbr and solve the opera,

. -
tor's problem in 20 minutes.

E. Emphasize to the "outer" group J obser-
vers to take notes and be prepared to ,

co nt on how well the troubleshooters
rform.

Privately4emphasize to.the -a-acriees acting

as operators for Problem 1. that they are
to be coopelattve but nexpentenced. In

response to any question that is not
covered in the operator's instruction 1

-sheet they ark to indicate that they don't

KEY POINTS &

INSTRUCTOR G1 DE

Guide: Instructions for operator
areavailable.as part.of InztAuct646
Rotebo* pages H12:2.1 - H12.2.5
They must be reproduced prior to
the lesson.

. . .

# c

Instru tions'for troubleshooters
are included in the Tuanee Notebook,
pages 712.2.1 04?,2.2

11

#
#

'3

I. , I .

e

Refer to the "Instraction Approach "'
section of the lesson plaD for de-
tailed discussion of the Ipproach..

,airing Group 1 with Group 2,
Gr=oup 3 with Group'4, etc.:,, s

probably the easiest approach. Odd
numbered groups solve problem 1and
even numbered groups solve probleM 2.

132
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Use the 20 minutes allocated for
preparation below t& brief the
"operators" while the troubleshooters
plan their approach.. 4"



LES4ON OUTLINE,

know the arilyter. If the troubleshooters'
give detailed instructions on how to ob=
tain the answer, the.operatOr will agree
to get the answei-.an<call the trouble-

shooter back tomorrow.

Privately emphasize to the students acting
as operators for Problem 2 that they are
to be netactant and deSenaive to the point

oi thinty ueited hoatitity. In response
to any question Obit is not covered in
the operator's instruction sheetl, they are

i'to indicate that they doW't know the

' answer. 'If the troubleshooters. ask,for
.padditional information or data; the
Operator cannot, will,,not or does not
have time to furnish it.

G. Have student groups go to their,assigned
places. ti

III. Preparation (20 minutee14.

A. Allow troubleshooting groups and opera- Use this timNo'brief "operators"

tors 20 minutes to prepare their apprgache

to Problem 1.

IV. 'Problem 1 (20 minutes)

A. Instructor should make sure l'inner" and

"outer" groups go to their respective
'seats.

B. Instructor should "cruise" from group to 1.

group to oversee the exercise.

C. Call time after 20 minutes.

V. Feedback for problem 1 (1Q minutes)

A. Ob5erversshould.,:eport their findings on

how the troubleshooters.perforned,

,ter 10 minuteo, have groups switch
places for Problem 2.

KEY, POINTS

INSTRUCTOR GUIDE

p

r \ - 414-

4 t
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LESSON OUTLINE '

VI. Problem 2 (20 minutes)

A. Instructor should mk sure "inner" and
"outer" groups go to their respective-
seats.

13: Instructor should -"cruise" from group to
-group to oversee the exercise.

C. Call time after 20 minutes.

re'
VII. Feedback for Problem 2 (10 minutes)

A. Observers. should report their findings
on how the troubleshooters performed.

B. After 10 minutes, bring the entire'class
back together to review the problems,
the observatibns and the results of the,
exercise.

VIII. 6iscussion of Findings and Results (20 minates4

A. Brief review: of result's of the trouble-.

shooting problems.

1. Problem 1

If the troubleshooters follow prqper
troubleshooting techniques, the Most
obvious cause should become apparent.

10
The digester is organically and hydrau-
lically overloaded because the weekend
operator pumped down the out 9f ser-
vice primary clarifier as quickly as
possible. The operator should re-
_duce or cease pumping yaw sludge to
the digester.

KEY POINTS &
INSTRUCTOR GUIDE

Key Pqint: The instructor should
cover the techhical solutions as
quickly as possible. Focus dis-
cussion on the observed behavior
of the troubleshooters and operators.

Emphasize:
1. The importance of.a systematic

approach
2. That the technique can be used

by peop3e other than operations
consultants
a. Senior operators
b. Department heads
c. Regulatory personnel

Clues:

1. Rapid temperature drop indicates
increased hydraulic load to

t digester:
2. Foaming and froathing character-

istic of organic overload.
3. "Rotten egg" odor is typical of

organic overload problems.



LESSON OUTLINE

He should add lime to raise the pH -and
continuously recirculate the digester
.contents via the heat exchanger to
gradually raise the temperature to
950F.

The troubleshooter should have the
operator start the correctivprograi
immediately and then assure the opera-
tor that a continual follow-up will
be implemented to confirm and assist.

2. Problem 2

If the troubleshooters follow proper
troubleshooting procedures, the
problem and itSoause can be deter-
mined. ,

The digesters have received a slug.of
toxic material, maybe heavy metals.
The operatorlipould isolate and4hold
the waste if pdisible. (He tried te_

do this.) If not, the operator should)
reduce mixing to minimize contact of
the toxic sludge with the entire
digester contents.

.

a

KEY POINTS S
INSTRUCTOR GUIDE

Feeding Lime:

1. Must slurry lime before feeding.
2. Can estimate lime dose by drawing

a five gallon sample of digester
contents and adding -lime to sam-
ple while monitorin6 the pH. Can

then estimate the total pounds of
lime needed to increase the diges-

ter pH.
3. Feed about half the total lime

dose.the first day. Wait a day

and monitor pH. Add more lime

as needed on following-days to
avoid overdosing the digester.

CI

1.

12.

S

ues: g. '

Sudden loss of gas production and
rapid drop in pH indicates possi7
blp toxicilw.
"'Rancid butter" odor of digested
sludge indicates presence of

n

butyric acid. The methane form-
ers have been illed. This is

characteristic of toxic effects.
"Rotten egg" odor is character-
istic of organic overload.

3. Operator as treating the dairy
waste problem which he had.be-
fore but the treatment is not
working this time.

p
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LESSON OUTLINE

C

The final soidution 4011 depend on the
type and amount of waste present. It

may be possible to dilute the waste
below tonic level using either seed
sludge from another digester or Ater
for the dilution.

Or you might:

1. Form an insoluble product. Remove
soluble sulfides by adding iron

/ salts causing iron Sulfide to form.
Remove heavy metals by adding sul-
furic acid or g sulfide'ito cause'

formation of mbtal sulfiAs.

2. Use another compound that will re-
act with the toxiC compound to
form less harmful compounds. To
discover just what type of antago-
nistic element if needed, some
careful work will be'needed.

3. empty the Ogesters And start
all over agafn.'

- *

The best long-term solutionis to
implement a good industrial pre-
treatment system to make sore that
this doesn't happen again.

..4
r

KEY POINTS &

INSTRUCTOR GUIDE .

4. The "rotten egg" odor came from
the raw sludge pumped to the 9.
drying beds: time the sludge on
theobells t=to reduce odors and-d/
Composition.

5: "Bulking" in the activated
sludge units may be defloccula-

tion'taused by toxic load to the
plant.

10

Note,: This is especially true with '

Cyanide and chromium wastes.

Have class'discuss how one might
ple t a total d gester dump if
this s ded.

J.

136
S



LESSON OUTLINE
"t'

B. Discuss with class whether or not the
troubleshooters approached the problem by

using the Protess of Troubleshooting.

.

C. What aspects of troulgeshooter-operator
behavibr were observed in the exercise?

0

a

,

M

s'

KEY POINTS & ,4
INSTRUCTOR-GUIDE

Key Points: 4Discuss.these key
points with the class and:maximize
class input.

137
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Note on Distribution of Instructions_

The following sets of instructions must be reproduced prior to this
lesson and distributed to trainees for the lesson.

Distribution

"Instructions to Troubleshooters' go to each troubleshooter
and each observer and are included in the Tkainee Notebook as
pages T12.2.1 and T12.2.2.

.".Instructions to Operators" go only to trainees playing the
role of "Operator" and to each observers. These are included in
the In4tAuctoir. Notebook as pages N12.2.1'4112.2:5. Troubleshooters
are not given the "Instructions to Operators" for the problem which
they must troubleshoot.

Troubleshooters may be given,copies of the "Instructions to
Operators" after the problem has been completed.

The easiest way to handle distribution of the "Instructions to
Operators" is to give the trainee who role plays the operator eight
copies of the instructions. The operator can distrjbutg copies to
the "observers" as the problem solving exercise begins and copies
to the "troubleshooters" when the exercise. is completed.

132 .
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TROUgLESHOOTING 0 6 M PROBLEMS IN
WASTEWATER TREATMENT' FACILITIES

A

0n-a a6 litstkaction IZ: Sal des Handl01g

Lesson 2: Problem Solving in Anaerobic Digestion

Tna4nee Notebook Content6

Instructions to Troubleshooters
Problem Number 1 T12.2.1,

Prob/em Number 2 T12.2.2 yr -
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Solids Handling

Problem Solving inAnaerobic Digestion

Inettuctione t4 TnoubteAshootms
1

Problem Number 1

You are an operations consultant with Acme Environmental Associate
It is early Monday morning and you receive a telephone call from an

'operator-that is a'client of your firm.** .

He reports that foam is being discharged from the upper level super-
natent line and foam is visible through the sight glasses in the digester
roof.

The plant is 0 1 MGD trickling filter unit with a fixed 'cover anaerobic
digester. Thelast time that you visited the plant was 6 months'ago.

The operator is uncertified and has been on 'the job for about a year.
He is cooperative but relatively inexperiencd. He is4concerned and asking
for help.

Youinform'the operator that you expect to be in hts vicinity later in
the morning and will be traveling with some of the other field staff per-

1sons from your office, so you'll bring them along.

As you enter the plant you notice that the flame at the waste as burner
has an orange color. YOu detect a septic sewage "rotten egg" odor. You
also notice that one of the two primary clarifiers is out of service.

When yolorrive at the plant (after having revie j all available records),
you b e gin your troubleshooting procedures.

.

./
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Solids Handlig

Problem Solving in Anaerobic Digestion

InztauCtiona to Inoubteahootena

Problem Number 2

You are an operations consyltant for Anderson Envirohmental Associates
(AEA). You have just received a telephone call from an irate municipal

official. He lives 600 yards downwind from a municipal wastewater treatment
plant that your.firm designed. He states that the plant smells terrible and
that the odor is making him ill and the condition has existed for three days.

The official reminds you that AEA is on retainer to his city and demands
that you remedy the situation immediately.

He has already complained twice to the treatment plant operator. The

operator told the official that the odor wasn't his fault - he was doing all
that he could,40he had'a "damn poor" engineering design to Work with. He

suggested that'the official talk with your firm since AEA desigped and started
up the plant about seven years ago.

Before alfing the plant, you pull the file and study the situation. The
plant is a 2 MGD activated-sludge plant with two-stage anaerobic digesters.
The plant serves a community of 12,000 people and several small industries.
The industries consist,of a poultry processing plant, a cheese and dairy pro-
ducts plant, a clothing manufacturer and a lege metal office furniture
manufacturing and finishing operation.

A11 monthly operating records,that you could obtain show good op'erating

results. You could find no operaiivg records for the past 3 months however.
The operator is certified under thelcrandfatherclause and has over 25 years

experience. The "last AEA Visit of the treatment plant site was about 7 months
ago.. The operator has never salled AEA to ask for assistance: so you assumed
that the operation was runningsmoothly.

,

You telephone the plant and offer to visit with Ithe operator to assist in
solving'the odor problem. The operator says that he is too busy to be visit-
ing with people because he's having digeiter problems'and has had to dump
sludge to the drying beds. He agrees to spend a few minutes with you but lets
you know that he should be working on the digester problem and not wasting
Mime with.a bunch of "f---ing.engineers."

It sounds like an interesting problem, so you decide to take along' several

work associates. As you enter the plant,.you-notice that there is no flame
at the waste gas burner.e As you near theplant, you detect a strong septic
sewage "rotten egg" odor. The primary tanks which you pass look bad. They're

black a black sludge is floating on the surface.
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Solids Handling

Problem Solving in Anaerobic Digestion

Inztituctiono to Opemating Peuonnet

Problem Number 1

1. You are the operator of a 1 MGD trickling filter plant with a single
fixed cover, heated anaerobic digester.

.11
2. You are an uncertified operator and, in additiori to the wastewater

treatment plant, you also operate the water plant, collection system
and water distribution system. You're still on lrobation with your

employfeind are willing to do almt%t anything to solve the problem
quickly and demtnstrate your competence as an operator.

3. On Monday morning when you,arrive at the planti-you discover foam
being discharged from the,upper level supernatant line and, when

, you investigate the cover, you see foam through the sight glass.

4. Your anaerobic digester is a fixed cover unit 'with no mechanical or gas
mixing equipment. Total, recirculation is possible and the unit is

heated by an external heat exchanger. Recirculation through the heat

exchanger provides the only mixing in the unit.,

5. You immediately telephone.your community's engineering firm and talk
?with their operations consultant who promised to stop by later today.
The consultant has not been to your plant in 6,months.

6. In_response to speci?ic questions, you supply the following data.' (If
you knew what data wereimportant and how to properly interpretthe data,

you would not have called for assistance.)

a. Operating Data on the Digester

Parameter '', Pion. Tues. Wed. Thurs. Fri, Sat. Sun. Mon.(today)

pH ? 7.0 7.0 7.0 7.0 . - ' 6.6

Temperature,
of ? 95 95 95 95 92

Volaile
mg/1 800

Alkalinjtyc
mg/1 2700 -

Sludge Pumped
to Digester o No Records

137
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,b. You cannot perform solids analytes or gas analyses in your
laboratory because you don't have the equipment for these tests.

/

c. Digester gas has 6-"rotten egg" odor but is still burnable.
The waste gas burner flame'is orange colored.

d. No sludge,has been withdrawn from digester for over a month.

e. Nothing unusual occurred last week when you were on duty. The
only thing that you can remember is that a flight chain broke on
number one,primary settling tank Friday.

f. You instructed the weekend operator to dewiter number one pri-
mary settling tank on Saturday and Sunday so you could repair
the chain.Monday, The tank was empty when you came to work this
morning.

There are no significait,industries connected to the system.

-h. Limeis available at the water plant.

7. Additional Data:

a. If the troubleshooters ask you to do so, you will run additional
tests. You will run these tests only if asked to do so.

,Additional Datajorionday

Volatile Acids% Mg/1 1600 .

Alkalinity, mg/1 1600
ti

b. If the troubleshooters suggest that you "lime" the digester, make
sere that they tell you how to -do it because you've never limed a
digester before. 'Now do you add the limel How much do you add? '

'' 0

.z. Instructions on Operator Behavior
,,. . %

. You area cooperative but inexperienced operator. If you receive any .

questions forwhich the answers are not provided in these instrations, indi-
cate thaf,you do not know the answer. IfitHe troubleshooter gives instruc-
tions on how to obtain the answer, agree Lo -try, to get it and indicate that
you win call him back tomorrow with the apsWer.'

r s., .

'
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Solids Handling

i

Problem Solving in Anaerbbic Digestion

Ina4uctione to Opetating Peuonnet.
0 v.,

Problem Number 2

O

You are the operator of a 2 MGD activated sludge plant with two-stage
anaerobic digesters.

2.^ You are.certified under the grandfather clause because you have.
twenty-five years of experience and did not-have to Sake a test de-
signed by some young engineer.

* -/
3. The anaerobic digesters are floating over units-of:equal size with

gas mixing equipment and external,heat exchangers.' Digested sludge is
dewatered on sludge drying beds.

4. For the past week you have been working-twelve hours a day with two
sick digesters and for the past three days people have been eomplaihing
an demanding that you do something. -To top off your day, some engineer

EA has decided to come over bedbuse of complaints by a city official.

5. The digesters were both full when you noticed the gas production and.
pH drop.* The last time that happened the cheese plant had slugged the

c treatment plant. To cure the problem, you raised 111444;ith lime and
rested the digesters. This is what you are doing no , ept you had
to fill two drying beds with sludge:in order to have room to mix the
lime. The beds and wh1t little gas is being produced have a "rancid
butter" odot.

6. You will ansWer questions from the troubleshooter but you will notoffer
any additional informaeon. '

a. /pu,,have modified the digeiters so that they operate as two single-
tage complete mixing digesters. 'Both digesters are sick.

b. pH: Today--6.1 on both digesters.
Prior to failure: plvaried between 7.1 and 7.2 on both digesters.

c. Volatile Acids: Today--4,000 mg/1
Prior to failure: 400 mg/1 on both digesters

d. Alkalinity: Today--1,200 mg /1
Prior to failure: 2,400 mg/l.on both digesters.

.10*
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e. Totdate you have added 1,500 lbs of time to each of the digesters
and have succeeded in stopping the pH drop. The pH has Aot yet
begun to increase.

f. The temperature in each unit is 95°F and it has remained nstant.

g. Prior to the failure the gas mixing system was operated o a daily
basis and scum is not a problem.

0, ...Th.

h. Total raw sludge solids content is between 8 and 8 percent.

i. Volatile solids content of sludge is approximately 60 percent.

j. The rate of 'feed to the digester has remained constant.

k. The digested sludge and'Whai little gig is being produced does not
have a "rotten egg" odor. The odor is similar to the smell of
."rancid butter."

,

1. Since you have not been pumping raw sludge to the digesters
at a normal rate, there is'a sludge build-up in the primary

settling tank. The sludge is becoming septic and floating to the
top. You've had to pump some raw sludge to the drying beds'and its
beginning to smell.

m. The pH drop occurred overnight and the usable gas -production ceased

overnight. 4

n. Your grit collector works, well and there is ncl large accumulation

of grit in the digesters.

o. You have no laboratory capability to run,exotic texts. The only

4' - tests you can run'are those required to operate the plant and comply
with NPOES reporting requiredents., ' , 1 .

- ,,.' . ,, -

p. To .top oIf, She activated s.ludge units starked'bulking about
b ,:The Same time-the,digesters fa9led7 You're having trouble getting ,

thevactivated-sludge plant' back inoperition.
4..

Instructions-Wr 96e4tor,8ehavior
.. 4 1*,Gtv '' )-b ,,, 0 ° ., p , 4.

. YoUlsre getfieg:wan-retifempt and:youldOhlt,,iet1 like othir people

meddling aroundeyourlpant. ,Youore reluctant to pro de informatIon and

are defensive. You will answer_speci 1544(lestitYns reluptantly but You won't

volunteer dOlnformation. ; ' " 0'

You think you can sOlve,your problem wythbut.46y4hetp, m people will,leave
you alone anelet you do the job: You're upget because 04're abouetere-
ceive a 25 year award frothe State Water PollutidA,Unteo) AderatIon thapter
and you-don't want this incident to spoil -it. --

4
0.41
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You're upset with the city officials because they've asked the 'engineers
to come help you Solve this problem. Your attitude about engineers is N`
negative because iu.your opinion you've never met one that knew anything
akeut operations and very few that knew anything about designing wastewater
treatment plants, You had some good ideas when the plant was being'designed
but AEA chose to.rgnore them all.

Y want to get rid of these AEA people,as quickly as possible and get
back? work.

,4+
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Learning Resource 10

Operations Manual: Anaerobic Sludge Digestion Part III, Potpourri,

U.S. Environmental Protection Agency
Office of Water Program Operations

Washington, DC 20460

r ,

Presented are seledted parts of a manual designed to satisfy a

nee for a guide to digester operation and maintenance for plant

ope ktors.
Topics include troubleshooting, general operation, safety,

sta up of units, basic theory, samplinAband laboratory testing.

The selections presented: discuss safety, present case history

examples of problem solving and opetational experiences, and list
examples of gadgets devised by operators to assist in solving problems

around their plants.

0
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SAFETY

BASIC CAUTIONS

Sludge handling areas and
potentially among the most
wastewater treatment plant.

equipment are
dangerous in a

Plant operators should be thoroughly familiar
with the problem areas, the safety devices
that shtlild be used.. the precautions to take
and some general rules for working safely.

Pump- rooms can accumulate combustible
gases, deplete oxygen in the air and be the site
of mechanical problems. Pump rooms should
be adequately ventilated and provided with'
low -level olxygen alarms. Pumps should have
isolation valves on the suction and discharge
side for isolating the unit. Piping. conebtions
and equipment should be checked on a

s, frequent basis for leaks 4
t

a

Mechanical' equipment shoutd blways have
machine guards in place Operators must be
trained in their, .prgper use and follow all
applicable safety rule's.

SAFETY

The °flowing rules apply at all timesauhen-
ever working on equipment

1 Lock out and tag main switch to prevent
accidental starting.

2 When working on pumpsbe sure suction
and discharge valves pre- fully closed and
tagged Be sure pump is vented and
drained.

-
3, Isolate fuel lines as applicable

DANG RAFt,EAS
Dried sludge and powdered chemicals present '.

:. 4 t
dust problerps. Operators should wear goggles ^!+-'Digester .;
and face-type breathing filters when working":,--c ...f

..

;-
with these compounds. .0 When you must enter the digester, observe.4

the-following basic rules for your protection
Methane gas is explosive when in coritact with
air. Avoid mixing air with methane in the
range of from 20.1 to 5 1. Maintain a positive
Pressure in all gas hnes to prevent leakagesof
ait into the pipeline. Methane gas is also
produced from digested or partially digested 2.

sludge, found in holding tanks. Therefore.
wherever gas 'may be 'present, there should be
no smoking, sparks or any open flame. Gas
detectors must always be used before entering
any empty digester

1

Electrical installations, including light
switches, temporary devices or fixtures must
be of the explpsibnproof type

6

_149-
.4
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Provide adequate ventilation, to remove
gases and to supply oxygen. Be sure
exhaust fan is on I

Never enter the digester alone Always
have so to help in the event of
trouble. '

3 Use safety harness equipped with safety
line.

4 Check for gases with explosimeter

5 Be extremely careful about footing

4

%,
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6 Use bucket and rope to lower tools and
equipment

Laboratory Safety

The handling of wastewater and numerous
ihemicals creates a potential hazard to the
health and safety of individuals in the lab
Danger orinates when lab workers fail to use
cautibn rn 6andling these materials, fail to
read labels or fail to follow directions as to
use and procedure There always exists the
possibility of inaclvertent or accidental spills
which will require imiliediate, specific/and
correct action to minimize a potential hazard
Inhalation of vapors must be; avoided since
many chemicals or compounds are dangerous
in this respect. Most hazards caused in the lab
result from inattention, carplessnest and poor
housekeeping Some specific rules are listed
below:

Use chemicals with due respect know
their properties and how to use them

2 8e-seige each bottle or container is labeled
for contents, date, warnings, etc.

3 Read and follow directions carefully

4 Arrange and store chemicals according,to
poison, flammabilitiA, explosiveness, etc ,
and m proper areas

5. Use existing ntilation

6. Wear proper ctothin e , rubber gloves,
aprons, safety glasses, c

7 Know the antidote for ;poisonous
chemicals and keep these.posted in lab

8 When collecting samples, use appropriate
sample collecting devices.

9 Use the eye wash in the lab to fluslll
harmful chemicals accidently splashed on
the face and the emergency shower to
flush chemicals off other Ravi of the

4 body

aft

`o 3

,

General Plant Safety

All personnel are to assume the responsibility
of keeping walking areas safe and free of
tools. debris, spills, grease, etc , checking triC
see that guards are inyplace on operating
equipment, chain rails are in place and all
areas properly lighted

o Electrical Safety

I Lock out and tag main switch of electrical
equipment before Working on it

2 Do not remove tag without first checking
with person who initialed the tag.

3 Notify plant superintendent in the event a
motor circuit breaker trips out

4 ./Pnly trained plant personnel are to open
motor control center panels to perfdrn
authorized work

E-1

disport and log any unusual motor teinp-
erature, noise, vibration, etc

The safety material presented inVirs manual
is an incomplete summary of 'general safety .
procedures. All plarlt operators should review
their practices from time to time One of the
best manuals on plant safety for operators is
Safety In Wastewater Works MOP No. 1,1975
Edition published by the 'Water Pollution
Control Federation *-

-
.The following charts summarize details associ-
ated with devices rand their function in
digester safety

0
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,DIGSTERtSAFETY0DEVICEg . . .

ITEMS
11`"as

1 Methine-isexi,losive in "
contact with area

,

,
4

, t

.
.

-
.."

2. ii2S (hydrogen sulfidel -can
be an,odorless gas in lethal
concentrations

k3. General .

° )

6.....

.

.t
- SAFE1;Y DEVICES

. ,.

41* .
r izore Arrestors 4.

s

a
Marina! Valves

.
Water Beat 'e
PressuiifreliVVTve

,
Vacuum Breaker Valve

.9
Pressure Regulatog `

'Automatic Gas Pilot Valves

Gas Detector
Self Contained t,fiir Pack

6

.

.Giod Ventilation -

Nosmoking,sparks or open
flame.

GOOsl iftSpefr bon and '''

iislertioance program on gas
systern'ind safety devices.

9 0FUNCTION .

,-...-
,'Prote..t against flashback

Shut off gas.
..-

Vents excessive gas to atmosphere and
allows air Into digestelha..r.r ...ermm

6 0
MAINTENANCE

,. t '
,

Inspect monthly and r lean every 6
months or as experiegx eitittateS

Vents excessive gas pressure

. v.

Briigs*rinto cligetter to hreaVvacuum

Controls gas pressure on sysiern.

Controls gas.brIrners.

. To detect presence of H2S
To protect personnel

To remove gases from area
'

To'preventexplosion or fire

e
To be surenhey work when ndbded. ,-'

1
0

Inspect every 6 months or wore
. often for proper operation

.Inspect every 6 months or inure
often for proper Operation

Check diaphragm every 6 months

Check monthly
Check Monthly

,

Service according to manufacturer's
instructions.

0
.

'
..- .

,

DISEASE TRANSMISSION

Such as
Skin diseases ' v

Typhoid
y OreflieCy

t .9. #

a
,

fersvl Hygiene
# Wash basin

Showers
Rubber clothing
Boots, gloves & aprons

To-Orevent spread of diseases into body

... 4. ..
,

.

r

Check for corrosion and proper .,

water pressure. Operate showers
weekly Chetk water tloW rate
annually; 4

.
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DIGESTER SAFETY DEVICES (Cont.)
.

ITEMS ..

CHEMICALS ..

Danger from dust, inflmination
and burns.

; :

.

SAFETY DEVICES
1

-
.I.

Self contained air pack
Rubber gloves and aprons
Face dust masks
Eye wash
Showers

FUNCTION
.

-
.

To provide a noncontaminated source of
au for a lunged period of time in
locations with deficient oxygen and/or
lethal gases.

1

MAINTENANCE
I

..

CM...A air pack munilily Clic, k
c killing each time it is worn

. ,

.

PHYSICAL INJURY

Danger from falls and misuse
of equipment

'

'

Machine guards
Railings and safety chains
Safety ladders .

Sa harness
Housekeeping

- Furst aid kit

. It"
To prevent physical injury

,
.

.
. 1.

,

.

.
Check machine guards, sakty
chains and lighting daily Perform'
housekeeping continually Check
ladders and harness each time used.
Check first aid kit week ly.

, .

ELECTRICAL

Danger horn shock and fire.

c 4

_

.

Electrical lock out tags
Rubber mats -.
Maintenande program

.

To prevent accidental our rung un of ,
equipment To prevent electrical shock
by grounding through body Tu keep ,
equipment clean

Provide a sound inaintenai ice
program

,,

` .
FIRc

--

.

Portable fire ex tinguisherS' To put out fires .

.
s

-
.

'

.

.

Check monttily Invite "'
representatives from fire
department to set vp routine
for testing and the km) lire
protection °mutIpe:it

,

.
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SAFETY RULES AND REGULATIONS
FOR THE PREVENTION OtF ACCIDENTS

1 Protect your head! Wear a hard hat at all
times. Except in the office, lab or break
areas

2. Prevent falling! Keep all areas clear and
clean. .

o Pick up al) loose objects, zools,-trash,
ladders: hose. etc

o Clean up all oil or grease spills
immediately

3 Prevent body infections and disease!
o Do 'wash handt.
o Do wear gloves when working on or

with sewage equipment or collecting
samples

o Do shower and change clothing
before going home

4 Do use common sense when moving or
lifting heavy objects.
ot. Use proper equipment .

o Lift with your legsnot your back,

5 Do not HUN to answer the telephone!

6 Use handrails on,stairwars.

. ,
7 NEVER work on equipment wthout. ,

Locking it out at push...button or
circuit breaker

o Tagging main circuit breaker

8. Know 'where safety equipment is and
tinv/to USE it!

9 Know locations of all fire extinguishers
and how to use them!

rt

1) All injuries, even scratches or skin

abrasions. MUST be reported and first
aid given!

11 BE ALERT to safety conditions around
the pla4 v t
If something )5 out of place or not work.
r ti* tv.Examples ,ight butt's. ,rr+Pr'l

out, safety chains not in"-aace, padlocked
equipment not locked

I 7-

o

.
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LOADING

Controlling Waste Activatdd Sludge Load to a
Digester ,

A low solids concentration in the digester
feed caused detention time problem at a
5 mgd activated sludge plant treating wastes
from an industry producing corn chips This
was a result of mixing waste activated with
the raw sludge The problem was solved by
converting one of the two primary clarifiers
to a thickener All of the waste 'activated
sludge was then diverted to the new thick-
ener The thickerfed waste activated sludge is
then separately digested 4.1 one primary and
one secondary digester while raw sludge is
treated in another pair of digesters. By
prethickening, the waste activated sltidge was
condentrated to approximately 3 3 percent
solids 'and with separate digestion the
digepon time was increased allowingoboth
systems to function efficiently

Use of Soda Ash to Control Organic
Overloadi;g

Vegetable processing plants seasonally cause
over 100 percent increase in the amount of
sludge handled at one plant The operators
daily monitor the v&tile acids and alkalinity
.ratio ter digester control during, the pro."
cessing season. When the ratio climbs above
0,25 soda ash is added to bring it back iitto
control; one example, when the ratio
-reachdd 0.25, 590 pounds bf soda ash were
added and, then, seven days later when' the
ratio again approached 0 25, 1,500 pounds
were added Following these two additions,
the ratio dropped back down to less than .1
and gas production increased to its previous
level. .

-

Hydraulic Overload Control by Using Polymer

'A '10 mgd primary, plant 'was hydraulically
overloaded and detention times were less than
design

2

A program was implemented to decrease the
° volume of sludge being fea. to the digester

This was accOmplished by adding polymer to
th'e thickener at about 02 milligrams per liter
dosage to reduce the volume of sludge being

urnped The polymer used -was. Zimmite,
No 651:'

Grit Removal in a Single Stage Digester

In a plant that wad handling twice it's design
load, a Stiogle stage digester finally failed to
ope?ate due to a thick scum blanket and
accumulation of grit This giant' operator
corrected the problem by opeoiog all possible
openings, such as manhole covers and sample.
vents, and allowing the.digester to sit idle
with no recirculation The scum blanket
formed a cover thiCktnough to preventpdors
in the am. a.'

OIL

In order to move excessgrit from the bottom,
an air compressor with a long pipe was
obtained and air was fed into the bOttom of
the digester while sludge was being drawn of
to the bkids.lf tried in other locations, this
procedure might be safer using steam

Breaking up a Scum Blanket with a Pump

How can a'scum blanket be broken up
without emptying the digester? A plant in the
Northwest which had an eight-to-ten-foot
scum blanket in an existing digester, solved
the problem by inieving a large-capacity

4



chopper type pump (Vaughan Scum Gun)
through a digester manhole Several pre-
cautions were necessary in this °petition

1 Safety precaution, were exercised to pre-
vent explosive situations dUring the
,nstallation .

2 Very rapid breakup of the scum caused a.
ioad on thedigesler because food, which
hac been tiect up in the scum, was released
into. solution very rapidly It was neces-
sary to monitor volatile acids and aka:,
!Witty treqUently similar to any heavy
orgamt loading

3 Floating covers must be lablanced to
counter loads caused by placement of thg.
pumps This is particularly important if the
Pump is placed off center '

MIXING

Use -Motor Amperage, headings to Indicate
Impeller Wear

A plant in Washington notes progressively
worse mixing results in a digester with a draft
tube This unit hacc,a reversible propeller
mounted on it When the unit was pulled for
.inspection, the propeller which. was Vaginally
20 fiches in diameter, had been worn to 'a
10-Inctl diameter Amperage readings were
compared and it,was noted thaC the amperage
had been getting progressively lower because a
smaller volume of sludge was being moved
Regular monitor ing of the motors amperageh,
would have warned the operator about this
probiem

LINE PLUGGING

110* to ,Unplug a Supernatant Line

Continuous plugging +of supernavnt lines by
scum can be a serious problem, particularly in
a fixed cover digester. In one plant, a oneinch
pipe was paised thrOugh_ta rubber plug. The
plug was fit tightly into the tupernatane line.
and high-pressure water discharged through

the pipeline into the digester, dislodging scum

Freezing a Sludge Line to Install a Valve

During the remodeling construction at 'one
plant, it was necessary to break into a live
drain line that had no valve in it This .was
done by-constructing a two-piece collar to fit
around the pine The collar was approxi
mately tour feet long ancriour inches larger in
diameter than the sludge line A space was left
aroond the entire diameter of the pipe and
the length of the deice Liquid nitrOgeop was
fed into the space in the conr This mettNtS,
froze the sludge in the pipeline fn about two
hours. blocking the line -The valve wps

aserted in the ling beloyi the frozen section _

About eight. hours later the frozen sludge had
thawed and began to flow, through the newly
installed vals)e 6

TOXICITY s c
.4 . ,°'

For over a year a plarft had had *Ironic
problems in starting The digester The cause of
the problem was found to be outs de the
plant The digester would show signs of a
good startup with icicreasing acid production,
but eve%y weekend the digester would quit
working and on Mondays the operator would
find no digtion taking place This was
repeated week after week

Because of the regular cvCle of,the problem, It
was thought that some industry might be
involved The operator found that a furniture*

*factory was consistently dumping abOut
1,500 gallons of paiqt. waste into the sewer
every Friccey

i L
. The problem was handled when the operator

reduced mixing to Jhfee hqurs a day This
allowed the toxic sludge to stay on one side
of ;he tank and not become Ahoroughly and

? immediately mixed, with) the digester

contents The ISng-term ,sol ion tor thiS

problem is to enforce the industrjal waste
Ordinance and prevent the paint dumps at the
source

150
a.



y

COLD WEATHER PROBLEMS

How to Prevent Freezing of Digester Pressure
Relief Valves

Cold weather problems with gas pressure
relief valves are common and one operator
found the solution bynalacing a barrel over
the relief valve'with a light bulb inside ,t The
bulb produced enough heat to keep tnt valves
from freezing This type of device should
contain an explostonproof cover over the
bulb.

l

t

up with high pressure water, It flowed quite
easily through tfle pump(. 4

lk.

As the sludge level dropped, the pump was
lowered to keep it approximately 1;,6 to 2 feet
below the surface of the sludge

About two digester volumes of water were
needed to liquify the sludge enough to pump
A scum layer about three feet thick and a gut
layer about four feet deep were removed from
a 50-foot diameter digester in ten days

Aitothe nethod of solving freezing prof:items
in digester pressure relief, valves is to put a
ILght grease ',nixed witgesalt on the mating
surfaces This will prevent freezing However,
it shouldibe cleaned off in the summertime to
prevent cqrrosion

DIGESTER DRAINING

Solving a'Sludge Removal Problem

Plant operatoris in one Ofent needed to empty a
digester for-routine cleaning An area suitable
for sludge storage was found in a lagoon not
connected to the digester Some method was
needed to transfer The sludge other than the
existing sludge drawoff line .

. .
It aas determined that the city personnel
could do the job less expensively than ^a
contractor if they had their own pump and

used their own personnel A pump normally
used for emptying barnyard manure pits was
fitted with an explosionproof motor and
hoisted to the top of tV digester

* ' lt
A tripod was arranged over a large manhole
opening and the pump lowered into

todigester A discharge hose ,was attached to an
irrigation pipe to carry the sludge, to the
lagoon

Peroxide
rimile9

When it was necessary to drain a cilier
containing: partially ,digested sludge, odors
were a problem A line was tapped into the
sludge.: draw-of f pipeline Ad hydrogen per,
oxide Solution at 30, pereent concentration
was added to the sludge The concentration
was about one gallon for even/ 12,000 gallons
of sludge drawn to the beds

PLANT STARTUP a

A plant with two digesters, primary and
secondary, Popnd it neceisary to empty the
primary for repairs The following startup
procedure was used

(
Day

7,
1

The pump had a cutter bar underneath the
impeller which chopped up thick scuni, rags,
sticks, etc When the thick scum was broken

v

r
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Temp.

Deg., pH

1.

Commenn

. r3
Tank being filled with

r raw sewage

vtf

S''
3 69 6 7 Tank full

4 75 61 Added 10,000 gallons
&secondary sludge from

another plant
v

7 132 54 Added 250 lbs of lime-

..
8 92 t5

9 93
a

5 6

10
r

97 59 c
cr .

O, 4
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11 97 5.7 Added 400 lbs. of lime

12 97 5 7, Added 200 WS of lime

'13 98 5 7 Added 200 lbs of lime

19 97 5 7 Added 300 lbs of lime

20 98 5 8 Added 150 lbs of lime

25 98 59 Added 1,000 lbs-of time
in last five days

35 98 6 0 Added 1.000 lbs. of lime,
'in last ten days

79; 98 7 1 Added 2000 lbs of lime
in last 44 days in 100lb
or less increments
Also added 27 gal de-
foaming agent about day

60 to prevent foaming

Sludge was being added At about 4,000 gpd at
3 3 percent solids and 77 percent,volatile. At
the end of about 80 days, the volatle'
reduction averaged about 51 percent.

152
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DIGESTER GADGETS
^ I

Operators have 'devised several gadgets that
assist in^solving problems around their plants.
A few examples are listed on the following
pages showing what can be done with little

, expense and some ingenuity.. ,

L

I

DIGESTED SLUDGE SAMPLERThis "home-made" sampler is made from materials found
around the plant (some, such as the rubber balls, might even be retrieved off bar screens)

The lead can be popred around the inner can using a metal container approximately one inch
larger diameter. The spring support and trip mechanism can be readily fashioned from scrap
materials. The spring is weak enough so that it trips without lifting the device. .
A tripod with a reel for raising and lowerihg can be used to allow selecting sample's at the desired
depths : ..

, _

*Rope or Cable
.. . Calibrated @ 5 Feet

. t /

4 1

A

FIGURE 3-1
DIGESTED SLUDGE SAMPLER

6

Trip Mechanism

Spring .
Rubber Ball

Chain Attached To
Lifting Rope

;Threaded Rod

Lead

Beer Can,

Rubber Ball

a

ND.

77: "f53
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GAS PRODUCTION ESTIMATORWhen the gas meter is not operating, the following system
may be used as a rough estimate of as production

1

Fill the carboy with sludge from the active zone.

2 Turn on heating pad and hold contents at same temperature as digester

3 rill a 500 ml graduated cylinder with water and invert it in a 2 liter beaker over the end of
the gas hose,' being careful to keep the cylinder filled with water and.not admt.any air Al

4 Allow gas to purge from the carboy for one hour, then set gas tube under lip of cylinder

5 Note length of time to disprace 400.500 ml

-6 Repeat for several consecutive days to get trend of production,

Thermometer Glass Tube &
Plastic Tubing

Sludge

FIGURE 3.2
GAS PRODUCTION ESTIMATOR

-%

Wide Mouth
Carboy

Electrickleating
Pad

F it

cy

500 MI Graduated
Cylinder

2 Liter Beaker
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' .0614-.
SCUM BLANKET FINDEROne method for finding the depth of the scum blanket in a digester
is illiistrated here AN .

I:- . 1 ,,,, ...,. ...;

A. one inch pipe marked every loot is attac,hed to a wooden paddle:1T w a hinge Teps an be
.

pp shed between the digester Vigil and cover in the firm posit4on j .

' ..
As the finder is raised atter passing the bottom of the blapket, the paddle Will straighten ou? and
lock under the scum blanket The appropriate depth mark is noted/the paddle pulled back
parallel with the pole and lifted out of the digester ..

H n g

Lowering and
Raising Position

1 Pipe

o o

Mark E Foot

.$

2

FIGURE 3-3
SCUM BLANKET FINDER

A

Down
en

hall and Cover

Floating
Cover

Wall

Measuring.
,,Position

y

o4,

sl

Scurf
Blanket

Merit ring
Method

11,

0155 160,



SUPERNATANTi.INE PURGE DEVICEPlugged lines due to scum can cause:severe problems
in fixed cover digesters: particuprly in cold weather when pressurerelief valves may freeze

A two inch piece of rubber approxirgately the same size as the I D of the line can be fitted with
a piece of pipe through the center and secured for moving up and down in the line

Either water or steam can be used to loosen the scum

This may be Used also in a chronically plugged sludge line if a tee or wye and valve aretprovided
for access

Welded
Plate

L.

'KO Pressure Water
or Steam

Pipe Thread to Hose Thread N.
Adapter

FAO
imilmip

.

1" Pipe

t3;

2" x 6" Rubber Ring -

FIGURE 3.4 "
SUPERNATANT-LME PURGE DEVICE

a

a
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Line
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AUTOMATIC PUMP SHUT-OFF CONTROLTo prevent damage to the piston pump, sludge
piping or valves, a pressure shut oil control can be add6d to existing system's with a minimum of
expense as described below.

An adjustable pressure switch to be used as a permissive interlock in the pump control circuit can
be installed When pressures downstream from the pump exceed the svitch setting, the pump
shuts oft This effectively prevents damage in the event a downstream valve is unintentionally
closed or if plugging develops in the discharge line

tA

The switch is available off the shelf at electrical or control supply firms

I

0

Drive 'Mot&

Positive Displacement
Sludge Pump

Solenoid

O

Discharge

Pressure

Gauge,

t

r".

FIGURE 3-5
PRESSURE SHUT-OFF SYSTEM TO PREVENT DAMAGg TQ PUMP
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RAW SLUDGE THICKNESS CONTROLA rather simple control system was installed at one
plant to prevent pumping excess water to the digester by usinT the ampe(age from the_piston
Pump motor to sense changing sludge thickness

Amperage readings were recdikded at the same time that total solids samples were collected I t was

',round that as the total soli decreased, amperage decreased and Mien the values for Jhe two
- .4

ver plotted on a graph, the minimum desirable solids content could be matched with an 4mper-
age eading (see Appendix G for (nformation on graphing)

.i ,
A ioad meter that sensed a perage of *the motor was installed in coniunction with a one minute,.
tame delay switch When e pump came orlautomaticallY. sludge was clelred out of the line,
then the load switch sense the sludgethickness and the ptimp shut off if the sludge thinned out

i i . - ,/f SP

before the time clock 'timed out

Ammeter or
Load Meter

Time Clock
Coytrol

I.

FIGURE 3.6
RAW SLUDGE THICKNESS CONTROL

158 -
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SUPER ATANT SELECTORAn "opeTator Made" device was installed in an existing digettear

while it as down for repairs that helped draw the best possible supernatant even though

level led.

A hoist Was mounted on the tank wall and ',:" plastic coated boat control cable was attached to a
section of movable supernatant pipe Atswivel joint composed of an ell and street ell allowed the

draw-oft point to be changed by operation of the hoist

r- 6 f
al

FIGURE.3-7
SUPERNATANT SELECTOR-BUILT BY OPERATORS /
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Learning Resource II
"Anaerobic DigestionAnalysig'Traint6g Module" - 5.1204,77
Kirkwood CommbnIty College

-6301 Kirkwood Boulevard, S-:14.'

P.O.- Box 2068

Cedar Rapids, LA 52406
Prepared for the:
Iowa Department of Environmental Quality
Wallace State Office Building

Des Moines,°IA 50319
0

1

S

. .

Presented are excerpts from an instructional module package for use
by an. instructor familiar withkalkalinity. volatile acids, and carbon-
dioxide determinations for an anaerobic sludge digester. Intruded'

in the package are handouts, instructor guides, student handouts, and

transparency masters. The learning activity detailed here describes
the determination of volatile acids bk,the silteic acid method.

a

c,

I
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Topics:

01

1

e

n

,- ANAEROBIC. DIGESTER TEST PROCEDURES

'Alkalinity

Alkalinity Testing
DetermiAtion of Alkalinity

- Digester Gas Analysisk,

1
4

'Object ive :

References:

Instructional Aids:

..

,Volatile Acids
Volatile Acids Testing

\Volatile Acids /Alkalini. Rati
Determination of Vola e Acids

° Stlicic Acid Meth..
Determination of V. atile Acids by
Rapid Distillat .n

Determination of olatile Acids by./ach
Method

Selection of Method for Volatile Acids
' Analysis

When the participants complete this module
thdy should be able t analyze tnerobic
digester contents for . lkalinity and

volatile acids and rep ft, the results as a
volatile y ratio. The

40 participant should also be able to determine
the.amount of CO2 in di ster gas upon
completion of thip modal .

Anaerobic Sludge Dige ion Manual (EPA)
Operation of Wastewa r Treatment Plants

(Kerri)

Standard Methods, 13t and 14th E4s.

EPA slide-tape s av ilablelfrom:

National Tr ining and
Technolog Cen

Audio-Visua L= ding Library
26 West St. C air
CiftSinnati, Ohio. 45268

tional

Overheads -

V Typed overheads are example of-Overhead .
llyout An enntenr Fnr clissrnnm usp,
the overheid.should be coristructed using
colored, rs inch dry transfer letters. ,

Other Ilierheads may be copied directly

.166
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Submodule Title:

Handouts
Handouts may be copied directly.

Laboratory supplies and apparatus

Supplies and apparatus should be supplied
per handouts so that participants may
work in groups of 2 or 3 4.

r

Volatile Acids

Determination of Volatile Acids by Silicic
Acid Method . a.-

Identify.proper apparatUs and reagents
needed for the volatile acidstest by,
silicic acid method.

2. Obtain and prepare a proper sample for

the volatile acids test.
e

3. Conduct a volatile acids test using the
silicic acid methqd given proper test
equipment, reagents, procedures sheet
and sample.

. 4. Translate the raw data from the volatile
acids test into proper unitso
expression given appfoPriate conversion

de.factors and equations.

Handout Silicic Acid Method
Laboratory apparatus and reagents per handout
Overhead sample calculation,

Instructional Aids:

Instructional Approach: Laboratott, .

References: Standard Methods, 14th Ed.
Kerri

s.

t,.., 'Class Assignments: Perform4hIlysis

Instructor Notes: Instructor Outline: t

Handout -, 1. List* the apparatus and reagents needed
for silicic.acid method.

.
Volatile Acids Dempnstrate theemakeup of reagents and

Silicic Acid Method setupof apparatus....
, s 1"

4 . 2. Discuss sample collection and if possible

.. . ...
detnstrate sample collection.

.

......

1
P

i

.

2
1'

% r i, .
.

,,,-,
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APO

3. Demonstrate the silicic acid method for
volatile acids. .

Have participant terform the test.

Overhead 4. Work a sample calculation

Sample.Calculations

Example

Apparatus:

Reagents:

Have participant work calcualtions

1. Centrifuge or filtering appabatus
2. Two 50 ml, graduated cylinders
3. Two medicine drOppers
4. Crucibles, Gooch or fritted glass
5, Filter flask it,

%.
6. Vd90m source
7. .One 50.m1 beaker
8. Two 5 ml pipettes
9. Buret ;

1. Sificic Acid, solids, 100-mesh.l.Reveve
fines from,solid port/on of aeidob'y
slurrying the acid in distilled water and
removing the supernatant after allowing
settlingfor 15 minutes. Repeat the
process several times. Dry the washed.
acid solids in an.oven at 103°C. and then
store in a dtsiccator.

2. Chloroform - butanol reagent. Mix 300 ml
chlofoform, 100 ml N-butanol, and 80 ml
0.5 112SO4 in sepdratory fufinel and allow
the water and organic layers to-separate.
Drain off the lower organic layer through
filter paper into a dry bottle.

3. Thymol blue indicator solution. Dissolve

'80 mg thymol blue in 100 ml absolUte
methanol.

4. Phenolphthalein "ndicator solution.
Disso4ve.80 mg ph nolphtahlein
in 100 ml absolute methanol.

5. Sulfuric acid) 10 N.
6. 'StandarZ,sodium hydroxideAleagent, 0.02 N

Prepare in absolute methanO1 from conc.
NaOH stock solution in water.

168
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Procedure: 1.

2.

3.

4.

5.

,

.1

6.

7.

8.

.

Centrifuge or filter enough sludge to
obtain a sample or 10 to 15 ml., This
same sample and filtrate should be used
for both the volatile acid% test and
the total alkalinity test.
Meavre volume (10.to 15 ml) of sample
and.place.in'a'beaker.
Add a few drops of thymol b14 indicator
solution.
Add 10 N H2SO4, dropwise, ,until thymol

blue color just turns to red. .

Place 10 grams of silicic acid (solid
ailed) in crucible and apply suction.

With a pipette, distribute 5.0 ml,
acidified sample (from stee4) as/ 4"
uniformly as possible over the column.
Apply suction briefly to draw the
acidified sample into the silicic,aci4
column. Release the vacuum as soon as
the sample enters the column: -

Quickly` add 50 ml'chloroform-butanol
reagent to the column.
Apply suction and stop just before the
last of the reagent enters the column.

cit a few drops of phenolphthalein
9. remove the filter flask from the crucible.

10.
a jndicator'solution to the liquid in the

filterflask.
`k. 11. Titrate with 0.02 N NaOH titrant in

r absolute mgtianol,.taking care to avoid
ae1ating the sample., Nitr9gen gas of

't' CO2 - free air delivered through a small
glass tube may.be used both to mix the
sample and to prevent Contact with
atmospheric CO2 during titration
(CO2 - free air may be obtaified by'
passing air through iscarite or
equivalent). Volume of NaOH used in

_ sample titration, a = .ml. e

12. 'Repeat ,the above procedure using a blank

of distilled water. Volume of NaOH used

in blank titration, b = ml.

Precautions:

-.
4

!0

1. The sludge sample must be representative
of digester. The sample line Should be

alloPed to run for a ieloinutes before
.thasample is taken. The sample

-temperature shoati lie as yam as the
digesteritself.

4
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re,

Example:

r-Calculation:

2. The sample for the volatile acids test
should not be taken immediately after
charging the digester with raw sludge.,
Should this be done, the raw sludge bay
short-circuit to the withdrawal point
and result in the withdrawal of raw sludge
rather than digester sludge. Therefore,
afhet',,the raw sludge has been fed into

the tahk..the tank should be well mixed
by recirculationOtr other means before
a sample iaken.

;..3. If a digest is performing well with low
volatile acids and then if one sample
should unexpectedly and suddenly give a
high-valub, say over 1000 mg/1 of
volatile acids, do not become alarmed;

0 The high result may be caused by a poor,
nonrepresentativessample of/raw sludge
instead of diksted sludge. Resample and

retest. The second,test may *give a more

typical value. When increastng volatile
acids and decreasing alkalinity are
observed, this is a definite warning of
approaching control problems.
Corrective action should be taken
,immediately, such as reducing the feed
rate, reseeding from another digester,
maintaining optimum temperatures,.
improving digester mixing, decreasing
aldge withdrawal rate, or cleaning the -
tank of grit and scum.

Equivalent Weight ciftletic Acid, A = '60 mg/ml

Volume of Sample, B. 10 ml

'Normality of NaOH titranZ, N = 0.02,N

Volume of NaOH used in sample titration;
a_ 2.3 ml

Volume of NaOH used in blank titration,
b = 0.5 mil:

Volatile Acids, mg/1 = A x 1000 M1/1 x N(a -b)

mg /ml x 1000 ml /1'x 0.02 (2.3 ml - 0.5 ml)

. 10 ml
= 216 mg/1

10
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TITLE ACCELERATED DIGESTION OF CONCENoTRATED SLUDGE.
AUTHOR SHINDALA, A.; DUST, J. CHAMPION, A. L.

'cDwit'Ault MISSISSIPPI STATE UNIV., STATE COLLEGE. DEPT. OF SANITARY EN-
.-0,-.o

GINEERING. ' ,

AVAIL WATER AND SEWAGE WORKS, 1q0.".19, ,SEPTEMBER, 1970, P

329-332, 2 FIG, 4 TAB, 16 RE

DESC *ANAEROBIC DIGESTION; *SLUDGE 7TREATMENT; *DOMESTIC WASTES;

ALKALINITY; HYDROGEN ION CONCENTRATION; PERFORMANCE;
*WASTEWATER TREATMENT;, SOLIDS CONCENTRATIONk VOLATILE ACIDS;
GAS PRODUCTION; LOADING RATE VOLATILC, MATTER REDUCTION.

ABSTRACT. A LABORATORY STUDY WAS CONDUCXE. TO DETERMINE THE EFFECT OF
CONCENTRATION OF SLUDGE ON THE ANAEROBIC DIGESTION OF A

DOMESTIC SLUDGE. SLUDGE .CONCENTRATIONS OF 5, 15, 25, AND 35
PERCENT WERE USED AND A'DIGESTIONTEMPERATURE OF 92 TO 95F WAS.
MAINTAINED. LOADING PERIODSeOF 10. 15, 20, AND 30 DAYS WERE
USED. CAS PRODUCTION OF ALL DIGESTERS WAS RECORDED AND

'CHANGES IN PH, ALKALINITY, VOLATILE ACIDS, ANb REDACTION IN
VOLATILE MATTER ADDED TO THE DIGESTERS WERE OBSERVED EVERY
FOUR DAYS. RESULTS SHOWED THAT'SOLIDS CONCENTRATION HAD A DE-
FINITE EFFECT UPON DIGESTION AS THE PERCENT REDUCTION IN

VOLATILE MATTER DECREASED WITH INCREASED' SOLIDS CONCENTRATION
FOR ALL LOADINGS. ALSO, THE VOLAKILE ACIDS AND ALKALINITY IN
GENERAL INCREASED WITH THE INCREASE IN SOLIDS CONCENTRATIQN,
HOWEVER, THE PH REMAINED NEARLY CONSTANT. THE MAXIMUM AMOUNT
OF CAS PER LITER OF SLUDGE WAS PRODUCED AT THE 15 PERCENT

10 SOLIDS LEVEL WHILE THE '5 PERCENT SOLIDS LEVEL PRODUCED THE
MOST OAS PER UNIT OF URY SOLIDS. LOADINGS OF CONCENTRATED
SLUDGES CP TO 104MG/L E'ER DAY PRODUCED AN ACCEPTABLE VOLATILE'
SOLIDS REDUCTION. (GALWARDI-TEXAS),

TITLE ALBUQUERQUr'PLANT DESIGNED WITH COMPUTER IN MIND.
AUTHOR RICOY, J. L.; MOTOTAN, W.'I. 0
CORP ACTH WILLIAM MATOTAN AND ASSOCIATES, ALBUQUERQUE, NEW MEXICO.

AVAIL WATER AND WASTES ENGINEERING, VOL. NO 1,' P 32-35, 37,
JANUARY, £976.

DESC *TREATMENT FACILITIES; *WASTEWATER TREATMENT; NEW .0EXICO;
ACTIVATED SLUDGE; TRICKLING FILTE S.; *AERATION; COMPUTERS;'

EQUIPMENT;' SETTLEMENT BASINS; ANA ROBIC DIGESTION; *sEwAce
TREATMENT';' WASTE DISPOSAL; PROCESS ONTROL; ALBUQUERQUE (NM);
SCREW PUMPS. o

ABSTRACT A NEW SECONDARY OREATMENT .PLANT fN ALBUQUERQUE IS DESCRIBED,
THE NEW ACTIVATED. SLUDGE WASTE WATER TREATMENT PLANT INCLUDES
A PROCESS CONTROL COMPUTER SYSTEM, NEW LABORATORY TESTING

EQUIPMENT, AND MONITOR SENSORS. THE TWO EXISTING PLANTS

.1

,
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INCORPORATE TRICKLING' FILTERS. IN THE NEW SCHEME, EFFLUENTS
FROM THE TWO OLD PLANTS COMBINE AND PASS THROUGH A SERIES OF
SCREW PUMPS TO THE AERATION TANKS, THE FINAL SETTLING TANKS,
AND THEN TO LATHE RIO GRANDE RIVER FOR DISPOSAL. AERATION

FACILITIES WERE DESIGNED SO THAT THE PLANT CAN OPERATE AS
EITHER CONVENTIONAL TAPED AERATION, STEP AERATION, OR CONTMrT
STABILIZATION. DIFFUSED AIR IS USED FOR MIXINGeAND OXYGEN
NEEDS. FINAL SETTLING TANKS ARE OF RAPID SLUDGE REMOVAL TYPE.
ANAEROBIC DIGESTION HANDLES SLUDGE SOLIDS, AND THE RESULTING'
GAS IS USED TO GENERATE ELECTRICITY THROUGH THE SYSTEM. PUMPS

AND BLOWERS ARE CONTROLLED BY THE COMPUTER ON THE BASIS OF
RUNNING TIME INVENTORY. THIS IS ALSO USED AS AN AID IN DE
TERMINING MAINTENANCE AND-OVERHAUL SCHEDULES. DISSOLVED OXY
GEN 'LEVELS IN THE AERATION TANKS ARE CONTINUOUSLY MONITORED

4\.

WIDE VARIETY OF CONTROL AND SAMPLING . THE COMPUTER HAS A
BY dTHE COMPUTER. ALGORITHMS ARE PROVIDED IN THE SYSTEM FOR" A

FIXED HEAD MASS MEMORY F 246K AND A CO MEMORY OF 24K, BOTH
' EXPANDABLE. (PINTO FIRL

TITLE ANAEROBIC DIGESTION AND ANALYTICAL CON ROL (XT-34).
AVAIL NATIONAL TRAINING AND ORERATIONAL TEC NOLOGY CENTER, 26 W. ST.

CLAIR,, CINCINNATI, OH 452'68.

DESC AUDIOVISUAL AIDS; INSTRUCTIONAJ. ERIALS; LABORATORY -4PRO
CEDURES; MICROBIOLOGY; POSTSECONDAR EDUCATION: ANAEROBIC DE
COMPOSITION; SLUDGE STABILIZATION; W STEWATER TREATMENT; POL
LUTION; WATER POLLUTION CONTROL.

DESC NOTE 13 MINUTE TAPE, 62 SLIDES, AND A SCRIPT.

ABSTRACT THIS MODULE IS DESIGNED FOR EXPERIENCED WAST WATER TREATMENT
PLANT OPERATORS WHO WISH TO UPGRADE PLANT P FORMA4NCE AND TO

'INCREASE, THEIR OWN/ KNOWLEDGE AND SKILLS. IT PRESENTS A DIS
CUSSION OP THE ANAEROBIC DECOMPOSITION PRO ESS UTILIZED TO
TREAT ORGANIC MATERIALS IN WASTES, AND THE ENVIRONMENTAL CON
DITIONS REQUIREk FOR THE INVOLVED BACTERIA. IT ALSO CON
TAINS A DESCRIPTION OF THE RELATED PROCESS CONTROL ANALYSIS,
VOLATILE ACI6S (STEPWISE PROCEDURiOGIVEN), ALKALINITY, TOTAL
ORGANIC NITROGEN CONTENS,,TOTAL ORGANIC LOAD, PH, AND GAS PRO
DUCTION.

TITLE ANAEROBIC DIGESTION ANALYSIS. TRAINING MODULE 5.120.2.77.

PUB DATE 77

AVAIL ERIC/DOCUMENT REPRODUCTION SERVICE, P.O. BOX 190, ARLINGTON, VA

22210. ,dt

DESC CHEMISTRY; INSTRUCTIONAL MATERIALS; LABORATORY PROCEDURETi

:,./POST=SECOADARY EDUCATION; CARBON DIOXIDE; WASTEWATER TREATMENT
SECONDARY EDUCATION; UNITS OF STUDY; WATER POLLUTION CONTWL;
SLUDGE DIGESTION.

1 7/
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DESC NOTE 44P:

ABSTRACT THIS DOCUMENT IS AN INSTRUCTIONAL MODULE PACKAGE PREPARED IN
OBJECTIVE FORM FOR USE BY AN INSTRUCTOR FAMILIAR WITH ALKALIN-
ITY, VOLATILE ACIDS AND CARBON DIOXIDE DETERMINATIONS
FOR AN ANAEROBIC SLUDGE DIGESTER. INCLUDED ARE OBJECTIVES,
INSTRUCTOR GUIDES, STUDENT HANDOUTS AND TRANSPARENCY MASTERS.
THIS MODULE CONSIDERS TOTAL AND BICARBONATE ALKALINITY TITRA-
TION, PERCENT CARBON DIOXIDE AND DIGESTER GAS BY THE CAR=
BON DIOXIDE ABSORPTION METHODS AND VOLATILE ACIDS CON-
CENTRATION IN DIGESTER SLUDGE. THE RAPID DISTILLATION, THE
SILICIC ACID, AND THE "HAgH" ESTERIFICATIe METHODS ARE ALSO
DETAILED.

TITLE ANAEROBIC SLUDGE DIGESTION.
OPUt DATE 68 ,

AVAIL WATER 'POLLUTION CONTROL FEDERATION PUBLIdATI6NS IDEPT., ,3900
WISCONSIN AVE. N.W., WASHINGTON, DG

DEC ANAEROBIC DIGESTION; INSTRUCTIONAL MATERIALS; OPERATIONS
WASTEWATER; SLUDGE DIGESTION; SLU E; WASTEWAER TREATMENT;
PQST SECONDARY EDUCATION; WASTEWATER UDGE.

DESC NOTE PRICE: $3.50-MEMBERS, $7.00-NONMEMBE .

ABSTRACT DESIGNED TO PROVIDE TREATMENTFrANT OPERATORS WITH 11E

FUNDAMENTAP'THEORY OF ANAEROBIC SLUDGE DIGESTION AS IT CAN BE
APPLIED T6 SOLVING PLANT OPERATION PROCEDURES AND PROBLEMS.

TITLE ANAEROBIC SLUDGE DIGESTION: OPERATIONS. MANUAL.
AUTHOR ZICKEFOSSE, C.; HAYES, R. B,

AVAIL SUPERINTENDENT OF DOCUMENTS, U.S. GOVERNMENT PRINTING OFFICE,
WASHINGTON, DC 20402, PRICE: $9.95''-,

DESC *ANAEROBIC DIGESTION; *INSTRUCTIONAL MATERIALS; *MANUALS;
LABORATORY PROCEDURES; MAINTENANCE; *OPERATIONS (WASTEWATER);
SAFETY; SAM LING; *SLUDGE; *SLUDGE TREATMENT; *WASTEWATER
TREATMENT. '

DESC NOTE 189Pgr. ABSTRACT COVERS TROUB eSHOOTING, GENERAL OPERATION, SAFETY, START-UP OF
UNITS, BASIC THEORY, SAMPLING, AND LABORATORY TESTING. MANUAL
DESIGNED FOR OPERATORS. FORMAT ALLOWS PORTION OF MANUAL OF
MOST INTEREST TO BE USED DIRECTLY.

TITLE ANAEROBIC WASTE TREATMENT FACILITY.
AUTHOR GARROTT, W..A., JR.
AVAIL UNITED STATES PATENT 4,040,963. ISSUED AUGUST 9, 1977. OF-

FICIAL GAZETTE OF THE UNITED STATES PATENT OFFICE, VOL. -961.
NO. 2, P 759, AUGUST, 1977.

DESC *ANAEROBIC' DIGESTION; *SLUDGE DIGESTION; *PATENTS; *DIGESTION
TANKS; *MIXING; DESIGN DATA; SLUDGE TREATMENT; WASTEWATER
TREATMENT.
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.ABSTRACT AN ANAEROBIC DIGESTER WHICH CONTAINS A MIXING ZONE, A QUIESCENT
ZONE, A CLEAR ZONE, AND AN INLET AND OUTLET FOR THE MOVEMENT OF

WASTE WATER HAS BEEN PATENTED. THE SYSTEM CAN PREVENT THE EN-
TRY OF LARGE PARTICLES FROM THE QUIESCENT ZONE INTO THE CLEAR
ZONE, AND SELECTIVELY CIRCULATE MATERIAL BETWEEN THE MIXING AND .

CLEAR. ZONES WITH A ROTOR BELOW THE LIQUID LEVEL IN THE-

DIGESTER. ROTARY CIRCULATION IS ACCOMPLISHED BY A STATIONARY

CeNQUiT RQTOR AND A SECOND CONDUIT MEMBER WHICH IS

VERTICALLY MOVEABLE WITH RESPECT TO THE FIRST ROTOR. VERTICAL

MOTION OF THE SECOND ROTOR IS LIMITED SO THAT IT IS ALSO CON-
FINED BELOW THE LIQUID LEVEL IN THE 'SLUDGE DIGESTER. THE

DIGESTER ITSELF IS A FLAT - BOTTOMED TANK WITH OUTWARDLY SLOP-

1
ING SIDE WALL AND'A COVER. (SGHULZ-FIRL)

TITLE 'MAUI AND OPTIMIZATION OF TWO-STATE DIGESTION.

AUTHOR FAN, L. T.; ERICKSON, L. F.; BALTES, J. C.; SHAF, P. S.

CORP AUTH KANSAS,$TATE UNIV., MANHATTAN. DEPT OF CHEMICAL ENGINEERING.

AVAIL JOURNAL WATER POLLUTION CONTROL FEDERATION, VOL. 45 NO. 4,

P 591-610, A1'RLL, 1973. 11 FIG. 73 EQU, 28 REF.

DEA *ANAEROBIC CONTACT 'PROCESS; TWO-STAGE DIGESTION; STEADY STATE
ANALYSIS; ASHOUT ANALYSIS;, RECYCLE RATIO; ECONOMIC ANALYSIS;

ANAEROBIC PROCESSES.
ABSTRACT .A MATHEMATICAL FORMULATION EMPLOYING.THE KINETIC MODEL OF WIL-

, LIMON AND ANDREWS IS USED TO SIMULATE CONVENTIONAL AND CON-

TACT, ANAEROBIC DIGESTION PROCESSES CONSISTING *OF TWO

STAGES., PRESENTED IS A SYSTEM OF 'TWO COMPLETELY MIXED

DIGESTERS IN WHICH THE PROGgSS IS CARRIED OUT WITHOUT RECYCLE
(CONVENTIONA) AND WITH RECYCLE (CONTACT). PERFORMANCE

EQUATIONS OF THE SYSTEM ARE DEVELOPED BY MEANS OF MASS9BALANCE.
A UNIFIED ANALYSIS OF THE STEADY STATES OF THE SYSTEM IS MADE
BECAUSE OF THE POSS%BLE EXISTENCE OF MULTIPLE STE ADY STATES,
TWO SPECIFIC STEAMY-STATE OPERATIONS -- NORMAL STEADY-STATE AND
WASHOUT STEADY-STATE--ARE CONSIDERED IN DETAIL. THE CRITICAL

FLOW RATES THAT CAUSE WASHOUT OF SOME OR,ALL SPECIES ARE
INVESTIGATED. TO FURTHER CLARIFY THE RESULTS OF THE STEADY-,

STATE AND WASHOUT ANALYSES, NUMERICAL SIMULATIONS ARE CAR -

RI OUT. FINALLY, THE OPTIMAL DESIGN POLICY FOR A TWO-

STAGE CONTINUOUS ANAEROBIC DIGESTER SYSTEM IS DETERMLNED BY

JOINING AN ECONOMIC MODEL TO'THE PROCESS MODEL. THE OP-

TIMIZATION PROBLEM IS NONLINEAR AND IS PERFORMED USING THE

SIMPLEX SEARCH TECHNIQUE.

TITLE ANNUAL DIGESTER UPSET CORRECTED.

AUTHOR LEE, JOHN P.

CORP AUTH SAN MATEO WASTE WATER TREATMENT PLANT, WIF.
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*VOLATILE ACIDS; CARBON DIOXIDE; GAS PRODUCTION; SAN MATEO
(CAL); *ANAEROBIC DIGESTION; *OPERATION AND MAINTENANCE; *WASTE
WATER TREATMENT; HYDROGEN ION'CONCENTRATI9N; LIME; CALIFORNIA;
ACTIVATED SLUDGE; SLUDGE DIGESTION. \ . -

ABSTRACT SAN MATEO, CALIFORNIA HAS EXPERIENCED THREE IDENTICAL,PRIMARY V

SEWAGE DIGESTER UPSETS IN VIE PAST THREE YEARS AT ITS MUNICIPAL ,

WASTE WATER TREATMENT PLANT. THE PRIMARY DIGESTER HANDLES AP
XIMATE)Y 20,000 GALLONS OF THICKENED SLUDGE PER DAY. THE

UPSETS WERE CHARACTERIZED BY (1) AN INCREAS;,AN THE VOLATILE
,,..........'' ACID CONTENT OF THE DIGESTER, (2) AN INCREASE IN THE CARBON L

.4
: DIOXIDE FRACTION OE THE GAS PRODUCED: AND.(3) A.DRAM,IIC DE

CREASE

"?
CREASE IN GAS. PRODUCTION OPERATIONAL DATA WERE P NTED FOR
THE PERIODS JUST BEFORE, DURING AND AFTER CORREtTI OF THE UP
ses FOR EACH OF THE THREE YEARS. FOR INSTANCE, VOLATILE

,ACID CONTENT INCREASED FROM 108/--TO 2070 MG/L WHILE CO2
INCREASED FROM 27 TO 43 AND GAS PRODUCTION DECREASED FRO

JO'91,600 TO 47,200 CU. FT. DURINGiCHE UPSET OF 1966. THE BREAK
ING UP OF THE $REASE BLANKET ON THE gm, OF THE DIGESTER

i
--" AT THE START OF WARM WEATHER INCREASED THE "ACTIVITY OF THE

ACIDFORMING BACTERIA. CONTROL OF THE UPSETS WAS OBTXINED BY
THE ADDITION OF UP TO 600 POUNDS Ok. LIME AND THE DIVERSION OF
THE, RAW SLUDGE TO THE SECONDARY DIGEtTER. (GALWARDITEXAS)

*
'

TITLE ASSESSMENT OF THE IXIMUM CONENTVTION OF HEAVY METALS IN
CRUDE-SEWAGE WHICH ILL NOT INABILTHE ANAEROBIC DIGESTION OF
SLUDGE.

AUTHOR MOSEY; F. E.
CORP AUTH WATER POLLUTION RESEARCH LAB., STEVENOGE (ENGLAND) %i
AVAIL WATER POLLUTION CONTROL, VOL. 75, NO. 1; P 10-20, 1976. 2 FIG,

7 TAB, 24 REF.

DESC *HEAVY METALS; *ANAEROBIC DIGESTION; *EQUATIONS; SOLIDS RE
MOVAL; SLUDGE DISPOSAL; *WASTEWATER TREATMENT; SLUDGE TREAT
MENT.

ABSTRACT A METHOD WAS DEVELOPED TO PREDICT THE EFFECT OF MIXTURES OF
HEAVY METALS ON THE ANAEROBIC DIGESTION PROCESS. TWO EQUATIONS
OF SIMILAR FORM WERE OBTAINED, ONE INDICATING CONDITIONS UNDER
WHICH INHIBITION IS EXPECTED, AND THE OTHER INDICATING CON
DITIONS UNDER WHICH THE PROBABILITY THAT DIGESTION WILL NOT BE
INHIBITED IS AT LEAST 90%. BOTH EQUATIONS INCLUDE THE .CON
'TENT OF ZINC, NICKEL, LEAD, CADMIUM, COPPER, AND SOLIDS AR
RIVING IN DIGESTING SLUDGE. DIGESTION IS ALSO SAFEGUARDED FROM
HEAVY METAL INHIBITION WHEN THE TOTAL WEIGHT OF THESE HEAVY
METALS IN GRAMS ARRIVING DAILY ,IN THE CRUDE SEWAGE DOES
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NOT EXCEED 4939 TIMES THE AVERAGE DAILY DRY WEIGHT IN TONS OF
SOLIDS FED TO THE DIGESTER. INHIBITION OF OTHER STAGES OF
TREATMENT OCCURS AT HEAVY METAL CONCENTRATIONS SIMILAR TO THOSE

THAT INHIBIT ANAEROBIC DIGESTION. THE EFFECTS ON THE RECEIVING

STREAM AND LAND ON WHICH THE SLUDGE IS SPREAD MUST ALSO BE CON-
. SIDERED WHEN FORMULATING SUITABLE CONDITIONS. (SNYDER-FIRL)

4
ZITLE AN ASSESSMENT OF THE MIXING PERFORMANCE OF SEVERAt ANAEROBIC

DIGESTERS USING TRACER RESPONSE TECHNIQUES.

''AUTHOR SMART, J

CORP AUTH ONTARIO MINISTRY OF THE ENVIRONMENT, TORONTO. 'POLLUTION CON-

TROL BRANCH.

PUB DESC RESEARCH PUBLICATION NO. ,72, 1978, 68 P, 17 FIG, .4 TAB, 29

REF, 2 APPEND.

DESC . *ANAEROBIC DIGESTION; *MECHANICAL EQUIPMENT; *EVALUATION; *DE-
SIGN CRITEtIA; PERFORMANCE; MIXING; WASTEWATER TREATMENT.

ABSTRACT THE MIXING CHARACTERISTIC OF A TYPICAL MODERN ANAEROBIC

DIGESTER WERE ASSESSED BY EVALUATING TEN DIFFERENT DIGESTERS.
THE DIGESTERS STUDIED REPRESENTED EXTREMES IN PHYSICAL SIZE,
ACE, AND CQNDITION, AND INCLUDED MOST EQUIPMENT TYPES CURRENTLY

IN USE. DIGESTERS TESTED RANGED IN SIZE FROM 754 CU1.1 TO 7667
CU M AND IN SPECIFIC NAMEPLATE POWER FROM 654 W/I000 CU M TO
6561 W/1000 CU M. DIGESTER MIXING RANGED FROM 10% TO 89% DEAD
SPACE AND AVERAGED ABOUT 45%.DEAD SPACE. FOUR OF THE. SEVEN

DIGESTERS EXPERIENCED SUBSTRATE SHORT-CIRCUITING RANGING FROM
18 TO 72% OF THE SLUDGE SUBSTRATE INPUT. FOR ALL TEN

DIGESTERS, OBSERVED HYDRAULIC RETENTION TIMES RANGED FROM 18 TQ
72% OF THE SLUDGE SUBSTRATE INPUT. NO RELATIONSHIPS WERE SEEN

BETWEEN MIXING EFFICIENCIES AND DIGESTER SIZES, AGES AND

GENERAL CONDITIONS, TYPES OF MIXING EQUIPMENT INSTALLED, 'AND=
SPECIFIC APPLIED NAMEPLATE POWER. A REVIEW OF LITERATURE DATA

SUGGEST) THAT DIGESTERS WERE GENERALLY OVERDESIGNED AND

INDICATED THAT MAXIMUM DIGESTER VOLUME UTILIZATION AND

* ELIMINATION OF SUBSTRATE SHORT- CIRCUITING BY IMPROVED ASSIGN
AND MIXING EFFICIENCIES WOULD PERMIT HIGHER APPLIED ORGANIC AND
HYDRAULIC LOADINGS. (SMALL-FRC)1

TITLE DIGESTION FUNDAMENTALS APPLIED TO DIGESTER RECOVERY--TWO CASE
STUDIES.

AUTHOR DAGUE, RICHARD; HOPKINS, ROBERT L.; TONN, ROBERT W.

CORP AUTH IOWA'UNIV., IOWA CITY. DEPT. OF CIVIL ENGINEERING.
A AIL T JOURNAL WATER POLLUTION CONTROL FEDERATION, VOL 42, NO 9, P

'1664-1675, SEPTEMBER 1920. 2 FIG, 2 TAB, 1VAF.
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1.

\BSTRACT

0

4,

*CASE STUDIES; *UPSET RECOVERY; VOLATILE ACIDS; GAS PROD CTION;
*CONTROL; * DIGESTION; *ANAEROBIC DIGESTION; HYDROGEN IO CON-

CENTRATION; ALKALINITY; AMMONIA; INDUSTRIAL WASTES; WASTE

WATER TREATMENT; METHANE
THE AAEROBIC DIGESTION SYSTEMS OF CONCERN ARE LOCA D AT

CLINTON AND KEOKUK, IOWA. BOTH SYSTEMS RECEIVED SIGNI ICANT

SOLIDS' FROM GRAIN AND PROCESSING INDUSTRIES. INITIA CON-

'DITIONS AT CLINTON WERE PH5.5T0.6.0, VOLATILE ACIDS 4,000
TO 5,000 IIG/L, ALKALINITY 2,900 MG/L, OAS PRODUCTION . AT

KEOKUK.INITJAL CONDITIONS WERE PH46.0 TO 6.3,' VOLATIL ACIDS,

' 8,006 MG/L, ALKALINITY 3,000 MG/L, GAS PRODUCTION° O. AL I WAS

'/ADDtq;.TO RAISE THE/ PH TO ABOUT 643 THE RECOVERY AT LINTON

SHOWED SIGNIFICANT GAINS ONbY WHEN THE PH WAS GREATER THA 6.5.

PART WAY THROUGH THE RECOVEIRY'PERIOD AT KEOKUK THE; ADDIT ON OE

LIME WAS 'HATED ...IN FAVOR OF AQUEOUI AMMONIA. THE USE eF ,AM-

* MONIA TO' NE RALjZE 10,000 MG/L VOLATILE ACIDS RE ULTED

*IN AMMONIA TO ICITY AND CESSATION OF GAS PRODUCTION. AT THIS

TIME THE.CONCENTRAWN bF AMMONIA IN THE SYSTEM WAS 2,500 MG/C,

AS NH3. THE* IS NO APPARENT RELATIONSHIP BETWEEN THE CON-
CENTRATION Of VOLXTILE ACIDS It-THE DIGESTER AND THE RANGES

N y A DEFIAMRELATIONSHIP BETWEEN PH AND THE
OWN IS APPARENT; THE MINIMUM PH INDICATED IS

TITLE 1:"

AUTHOR°
CORP RUTH
PUB DESC

DESC

ABSTRACT

V

" OF GAS PRODU
SATE OF GAS PRO
p.5. (HANCUFF-T US)

THE DISTRIBUTIO4 OF HEAVY'MKTALS'IN ANAEROBIC'DIGESTION.

HAYES, T. D. ,

CORNELL UNIV., ITHACA, NY Dgr. OF ARGICULTURAL ENGINEERING.

,JOURNAL WATER POLLUTION ONTROL .FERERATION, VOL 50, 'NO 1, lb

P61 -72, JANUARY, r978. 15 FIG: TA 21 REF.

.*HEAVY' METALS; *ANAEROBIC DIGESTION; *TOXIC?' *SEWERAGE
SLUDGE; *MODEL STUDIES;VIOMASSi NICKEL; COPPER LEAD; CHRO-

MIUM; ZINC; CADMIUM.; SOWUOILITY4 DISIILLATON; WASTE WATER

TREATMENT; MUNICIPAL 04ASTES:
THE DISTRIBUTION OF HEAVY,META4 IN _ANAEROBIC DIdESTERS WAS

INVESTIGATED. USING THREE- BENCH-CALF. ANAEROBIC DIGESTERS FED

WITH SEWAGE 'CONTAINING VA YIMG COACENTAATIONSJIP HEAVY METALS.

NITRATE SALTS OF CHROMIUM, COPPER, NICKEL, ZINC, CADMIUM,'AND

LEAD AND DIWOMATE WERE FED TO THE DIGESTERS IN'CONCENTRAT1ONS

RANGING FROM 5-15,opb. MG/LITER BY STEP 'OR PULSE FEED/AP-

PLICATIONS OVER A PERIOD OF 10 DAYS. SLUDGE SAMPLES TAKEN DUR-

ING THE DIGESTION PROCES WERE SEPARATED INTO SOLUBLE, PRE-

CIPITATED, EXTRACELLUHEAVY

METAL" ANALYSIS. DECREASING GAS GENERATION, METHANE CI F°
LAR, AND ,INTRACELLULAR FRACTIONS

CENTRATIONS, AND ORGANIC ACIDS ACCUMULATION WERE MONITbRiD.,'Z

AS INDICATORS OF WEI0BIC DIGESTION DISRUPTION BY* HEAVY ',

ea

n,
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. Z
METALS. THE TOXICITY IM THE 'HEAVY METALS ON ANAEROBIC
'DIGESTION FOLLOWED THE RELA I ICKEL; COPPER, LEAge

, CHROMIUMZISC, WITH NO TOXIC IMP SER1ED FOR THE CADMIUM
DOSES HEAVY1ETAL CONCENTRATION IN E DIGESTER WERE DIS-

*
TRB4UTED BETWEEN THE INSOLUBLE,OR PRECIPITATED FRACTION, AND THE
INTRACELLULAR arsiomi,,§s FRACTION, WITH MILE OF THE METAL,

;;,.

EVIDENT IN THE EXTRACEUULAR FRACTION, LveLs OF HEAVa, METALS
WHICH WOULD PRODUCE INHIBITION AND TOXICITY, DURING ANAEROBIC

:*DIGESTION WERE CALCUCATED. (LINK -FIRE) .
,

-

,

-1we, v a te.--...\ .

.7 TITLE Flan 11ANCAL.-FOR PERFORMANCE EVALUATION AND TROUBLESHOOTING AT
-MUNkCIPAL*ASTEWER'TREATMENT FACILITIES.

. AUTHOR 'CULP, WDON Ls; HEIM, NANCY FOLKS.
X8 DATE 78 , .

,

%A.ML ' ...SUPERINTENDENT CO DOCUMENT9,,U. S. GOVERNMENT PHINTIg OFFICE,
WASHINGTON; DC "20402.

. .

DEC,g EQUIPHENT; EVALUATION,: FACI4IfIES;, hANAGMENT; MANUALS; OPER-.
ATIONS (WASTEWATER); WASTEWATER TREATMENT; '` WATER ANALYSIS;.

WATER POLLUTION; WATER QUALITY.. . -

DESC NOTE 397P, STOCK NO. 055-001010-010788, PRICE: '$5.50.
ABSTRACT THIS MANUAL IS A TECHNICAL' FIELD tUIDE AND REFERENCE DOCUMENT*

FOR IMPROVING THE PERFORMANCE OF MUNICIPAL WASTEWATER TREATMENT
' PLANTS. IT DESCRIBES GENERAL PROCEDURES FOR EVALUATIU THE

PERFORMANCE OF TREATMENT PROaSSES AND EQUIPMENT COMMONLY USED
IN MUNICIPAL WASTEWATER FACILITIES, THE MANUAL ris ORGANIZED
INTO FOUR SECTIONS. THE FIRST SECTION IS AN INJRODUCTION. THE
SECOND CONTAINS A STEP-BY-STEP PROCEDURE FOR ORGANIZING AND
CONDUCTING A PLANT VISIT AND EVALUATION. THE THIRD SECTION
DISCUSSES VARIOUS UNIT PROCESSES AND HOW THEY AFFECT ONE AN-

6
OTHER. IT ALSO. PRESENTS INFORMATION ON SAFETY, STAFFIW, IN-
;TORNG, gMERCENCY PROCEDURES,' AND MAINTENANCE: THE FOL TH
PART GIVES DESCRIPTIONS, DESIGN CRITERIA AND'ShORTCOMINGS, CON-
TROL dONSIDERATIONS, AND A TROUeLESHOOTING GUIDE FOR EACH
UNIT PROCESS.

a
TITLE FULL SCALE STUDIES ON THE THERMOPHILI> ANAEROBIC DIGESTION PROT

. .

.
.

..CESS. *
AUTHOR SMARTJ.; BOYKO, B. I. J - ' '' ,

CORP AUTR ONTARIO MINISTRY OF THt ENVIRONMENT, TORONTO., . .

AVAIL CANADA-ONTARIO AGREEMaNT QF GREAT LAKES WATER QUALITY, RESEARCH
REPORT NO. 59, 1977., ENVIRONMENTAL PROTECTION SERVICE, EN-
VIRONMENT CANADA, OTTAWA, CANADA,, 79 P, 7 FIG, 12 TAB, 20

( REF , 4 APPEND. i31-20.
DESC *THERMOPHILICSYSTEM; *MESOPHILIC SYSTEM *ANAEROBIC DIGESTION; 0 "

*THEKNOPHILIG BACTERIA; *MICROORGANISMS; HEATING'; HEAT RE-:

SISTANCE; SLUDGE DJGESTION; *WASTE WATER 'TREATMENT
...-, . .4
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ABSTRACT ,A PLANT SCALE. THERMOPHILIC ANAEROBIC DIGESTION STUDY WAS CON -

c,
0 DUCTED TO ASSESS THE. FEASIBILITY AND PERFORMANCE AND TO PRO-

,. .VIDF ECONOMIC GUIDELINES FOR 'THE PROCESS AS COMPARED WITH

THE CONVENTIONAL MESOPEILIC SYSTEM. THE STUDY WAS CONDUCTED I;,1

FOUR DISTINCT PHASES; THE FIST THREE AT SPECIFIC APPLIED

.. DIGESTER LOADINGS. A FULL SCALE MESOVHILIC SYSTEM,. OPERATING

ON THE SAME RAW. SWOGE FEED, WAS USED AS A .COMPARISON. THE

. STUDY"- PROVED FULL SCALE ItIERMOPHILIC DIGpTION TO BE

FEASIBLE AND CAPABLE OF SLUDGE STABILIZATION PERFORMANCE

.

SIMILAR TO THE MESOPHUTC CONTROL UNIT, BUT AT MORE RIGOROUS

APPLIED DIGESTER LOADIr LEVELS.. THE FINAL PHASE OF THE STUDY

SHOWED THAT WIDELY AND FREQUENTLY VARYING APPLIED DIGESTER .

LOADINGS HAD LITTLE EFFECT UPON ,THE THERMOPHILIC PROCESS,

WHICH PROVED TO BE VER\ FLEXIBLE IN 'PRODUCING k GOOD ALL_AROUND " ,

I PERFORMANCE VNDER THE RANGE OF SHOCK LOAD,INGS APPLIED. WHILE ' .

NO ACTUAL OPERATING COST COMPARISON WAS 4ADE BETWEEN TUE TWO

L
.. DIGESTION SYSTEMS, ESTIMATES OF ENERGY REQUIREMENTS BASED ON :V

THE D.,ITA OBTAINED, SHOWED THAT REQUIREMENTS WOFLD BE SLIGHTLY

, tWEATZR FOR THE THERMOPHILIC PROCESS. HOWEVER, THE*MATUDE
) ". OF THE INCREASE WAS.SpCH "CHAT CONVERSION OF EXISTING OVERLOAD t

io

* MESOPHILIC SYSTEMS-TO-THERMOPHILIC OPERATION woup BE FEASIBLE
.

AND ACCEPTIBLE IN VIEW OF THE LIKELY BENEFITS TO BO' OBTAINED. ,

t
.

(WATDOC) . *

', 'TULE ' ' A GLIDE FOP. DEVEiOPING STANDARD _OPERATING, JOB PROCEDURES FOR

THE DIOE/STION,PROCESS WASTEWATER TREATMENT FACILITX-. SOJF NO.

'.10r, . ' ,
's

AUTHOR SCHWING, CARL 11. *
e

PUB DATE '73 .

AVAIL ERIC DOCENT REPRODUCTIp SERVICE; P. O. BOX 190, ARLINGTON*

- . : IA 22210.
DESC .GLIDES; INSTRUCTIONAL MATERIALS; JOB TRAINING; W&STE DISPOSALI '

< WATER P,OLLUTION CONTROL; SLUDGE DIGESTION; WASTEWATER TREAT-

MENT; INDUSTRIAL TRATNINGII POST SECONDARY EDUCATION; SAFETY;

TILITIES; ,RATER RESOURCES.

DESC NOTE 19P
, ,

ABSTRACT THIS GUIDE DESCRIB;ED STANDARD'OPERATING JOB PROCEDURES FOR THE

DIGESTION PROCESS OF WASTEWATER TREATMENT FACILITIES. THIS .

O
PROCESS IS FOR REDUCING THE VOLUME OF SLUDGE TO BE TREATED IN.

SUESEQUENT UNITS AND TO REDUCE THE VOLATILE CONTENT OF SLUDGE: °

THE GUIDE GIVES STEP -BY -STEP INSTRUCTIONS FOR E-STARTUP,

STARTUP, CONTINUOLS SHUTDOWN, AND PREVENT MAINTE-
,

NMCE PROCEDURES. * + ,

.

i
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TITLE HOW TO KEEP AN OLD',PLANT,RU '

AVAIL WATER AND SEWA WORKS, /0L. 123, NO. 12, P 12,_DECEMBER, 1976.
DESC DIGESTER SOURING; TONAWANDA (NY); SODIUM BICARBONATE

4
ABSTRACT A NO-YEAR SOURING'CYCLE IN THE ANAEROBIC SLUDGE DIGESTER WAS

s
RECENTLY BRaEN AT THE TONAWANDA, NEW YORK, SEWERAGE TREATMENT
PLANT. A SODIUM BICARBONATE TREATMENT CONSISTING OF A 500
POUND/WEEK SPRING DOSAGE AND THE USE OF A COMBINATIOF OF NAHCO3
AND SODA ASH OR CONTINUED SODIUM BICARBONATE DOSING ON A YEAR-
ROUND EASIS WERE INSTRUMENTAL IN DISCOEINUING THE SOUR-,
ING. A STABLE PH OF 7 HAS BEEN MAINTAINED. A DROP' In

''?
METHANE /'PRODUCTION WAS THE FIRST INDICATION OF SOURING AND
.CAUSED- NCREASED AC4111 FORMATION ANDA DROP IN PH. THE EFFECT,
SNOWBALLED UNTIL PH REACHED 6.5 OR LOSER WHERE METHANE FORMA-
TION IS IMPOSSIBLE. TO A 'PLANT WHERE METHANE GAS FUELS
THE DIGESTER, -THIS WAS A MAJOR PROBLEM. THE POOR SOLUBILITY OF
LIME AND THE LENGTHLY PERIOD IT TOOK TO RAISE PH, AS WELL AS A

, STABILIZATION PROBLEM MADE IT A POOR SOLUTION. IT WAS ES-
"TIM4FED THAT 15 TONS OF SODIUM BICARBONA* ARE USED YEARLY.

' TEMPERATURE DROPS DO NOT AFFECT BICARBONATE AND IT PERFORMS
WELL WHERE LIME `WAS ,POOR. (COLLINS-FIRL)

TITLE KEEP YOUR DIGESTER IN GOOD SHAPE.
AUTHOR BARBER, N. R:
'CORP AUTH CHURCH ANDDWIGHT CO;- INC., PISCATAWAY, NJ

f Apri. WATER AND WASTE ENGINEERING, VOL 14, NO 9, P 55, 59", SEPTEMBER,
1977. 1 .FIG"

*ANAEROBIC DIGESTION;, *CHEMICAL RgAdTIONS; *CHEMICAL PRE-
CIPITATION;

'

*.SLUDGE TREATMENT;, LIME; HYDEOGEN ION CON-
'CENTRATION; AEKALINITY; TOXICITY; SLUDGE DIGESTION; WASTE
WATER TREATMENT

ABSTRACT SODIUM BICARBONATE HAS'BEEN USED TO SAFEGUARD AGAINST ,CHEMICAL!
MALFUNCTION OF ANAEROBIC DIGESTION CAUSED BY THE ACCUMULATION
OF 'VOLATfEE ACIDS AND CARBON *DIOXIDE.' ,SINCE NAHCO3 CAN
DIRECTLY SHIFT THE EQUILIBRIUM TO ANt'DESIRED VALUE WITHOUT
FIRST REACTINGeewITH SOLUBLE 002, IT HAS, BEER USED AS AN

ALTERNATIVE TO LIME,'WHICH CAR PRODUCE UNDESIRABLE SIDE EF6ECTS -if
./.1

SUCH AS VACUUM AND/C*PRECIPITATION.'WITH LIME ADDITION, HE

60 REMOVAL OF,CO2 FROM THg DIGESTER HEAD ROOM TO REPLENISH THE CO2
TAKEN OUT OF THE SOLUTIONCAN CREATE AN INSTATANEOUS VACUUM
WHICH PLACES STRESSES ON TOK STR6CTURES: THIS:mAW, IN "TURN,

4 ALLOW OXYGEN TO ENfEE THE SYSTEM WITH RESULtING TOXICITY TO THE
ANAEROBIC ORGANISMS IN THE DIGESTER. SCALE FORMATION DUE TO
THE PREPITA5'ION OF CACOt AFTERAT REACHES ITS SOLUBILITY
LIMIT CAN ALSO PRESENT PROELEMS. AN EQUATION REPRESENTING THE

40/ INCREASE IN BICARBONATE ALKALINITY CAUSED BY THE REACTION OF

..gir- . fr.s
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LIME WITH SOLUBLE IS nESENTED. CALCULATIONS INDICATED
THAT SCALE,' FORMATION IS LIKELY AT CAC03 CONCENTRATIONS GREATER
THAN 500 KG/LITER OR AT LIME CONCENTRATIONS GREATER THAN 370'1'
MC/I/ITER. AN EQUATIONTO ESTIMATE THE REQUIRED ALKALINITY FOR
BUFFERING THE PH AT DIFFERENT LEVELS OF CO2 PARTIAL PRESSURE IS

PRESENTED. NAHE03, A NATURAL PH CONTROL BUFER IN ALL AQUEOUS
SYSTEMS, RA%A TOXICITY LEVEL IN ANAEROBIC DIGESTION SYSTEMS OF
O.2 MOLES.NA/LITER FOR SLUG WASTES WHEN OTHER IONS ARE AT CON -
CENTRATIONS 1F.LQW IOM/LITER. THE PRESENCE OF ANTAGONISTIC
IONS SUCH AS,C AND CA MAV INCREASE THE TOLERABLE LEVEL OF NA TO

DIGESTER$ORGANISMS. (SCHUL7FFIRL)

TITLE LIME/SODIUM BICARBONATE TREATMENT INCREASES SLUDGE DIGESTER EF"-

F4CIENCY.

AUTHOR BARBER, N. R. t

CORP AUTH CHURCH AND DWIGHT CO., INC., PISCATAWAY, NJ 0

PUB DESC JOURNAL OF ENVIRONMENTAL SCIENCES, VOL. 21 O. 2, P 28-30,
A

1978. 2 FIG, 1 TAB 4,REF.

DESC 8 ' *ANAEROBIC iDIGESTION; *LLME; *SODIUM COMPOUNDS; *METHANE BAC-
TERIA: *ALKALINITY; CARBON DIOXIDE; CATIONS: METHANE; SEWAGE
SLUDGE; 'MICROBIAL DEGRADATION; WASTEWATER _TREATMENT.: CALCIUM

CARBONATE; MUNICIP4LWASTES; ACID BACTERIA
ABSTRACT COMBINED LLME AND' SODIUM BICARBONATE TREATMENT OF SEWAGE SLUDGE

DURING DIGESTION IS EVALUATED. METHAME-FORMING BAC-
TERIA REOIRE j PH OF 6.8-7.2 FOR OPTIMUMMETHANE GENERATION;
NEUTRALITY IS MAINTAINED BY CHEMICAL TREATMENT OF THE' SLUDGE TO
COUNTERACT THE EFFECT OF ACID-FORMING BACTERIA. WHE.1 ADDED TO

THE DIGESTER TO RAISE THE PH, LIME REACTS WITH CO2 AND CAN
CAUSE A VACUUM TO' FORM AT DIFFERENT CO2 PARTIAL PRESSURES. IN

IMBALANCED, DIGESTERS, ItHE VACUUM, POTENTIAL INCREASES AND AIR
. MAY FLOW INT,2,THE DIGESTiER WITH TOXIC EFFVTS ON TH THANE-

t.
FORMING BCTMRIA. EXCESS LIME ADDIFON IN THE PRES OF CO2

40 CAN FORS INSOLUBLE CALCIUM CARBONATE WHICH WILL N INCREASE

ALKALINITY. ,THE USE,OF LIME AND SODIUM CARBONATE-IN ANAEROBIC

DIGESTION REDUCES THE TOXICITY OF DIVALENT CATIONS. 4 THE

.COMBINED TREATMENT ALSO REDUCES THE PRESENCE'OF HIGH PH PATCHES

. IN% THE SLUQGE LIQUOR. LT IS RECOMMENDED THAT LIME BE ADDED
INITIALLY TO INCREASE THE PH TO 6.3'6.5, FOLLOWED BY SODIUM
BICARBONATE TO INCREASE PH TO THE OPTI1T THE. CHEMI-

CALS.ARE ADDED TO MAINTAIN A DIGESTER ALKALINITY OF 2,500 -5,000

MG/LITER AS'aCO3 AND A VOLATILE ACID CONCENTRATION OF 300-500
MG/LITER AS ACETIC ACID. SODIUM BICARBONATE ADDITIONS OF 500

. MG/LITERIDAT WILL MAINTAIN A SODIUM CONCENTRATION OF 137 MG/

LITER; ADDITfONS_OF 1,500 LB'SODIUM BICARCONATE/I MILLION GAL
....44.14,47T4- SLUDGE WILL INCREASE ARBSNATE ALKALINITY BY 180

MG/LITER WHEN 'DIGESTER ALKALINITY 'BALLS BELOW 2,500 MG /LITER.

(LISIrFIRL)

c".
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TITLE LIME/NA2CO3 TREATMENT IMPROVES SLUDGE DIGESTION.
AUTHOR JACOBSON. A. R. ,

'CORP AUTH ILLINOIS STATE UNIV., N9RMAL, OOLL.40F APPLIED SCIENCE' AND
TECHNOLOGY.

PUB DESC PUBLIC WORKS, VOL. 109, NO. 7, P 94, JULY, 1978. .

DESC *SODIUM COMPOUNDS; .*LIME; *ANAEROBIC DIGESTION; *METHANE BAG-
TERIA; *METHANE; ALKALINITY; AMMONIA; CARBON DIOXIDE; SLUDGE
DIGESTION; WAS.TEWATER TREATMENT; SLUDGE TREATMENT; MUNICIPAL
WASTES 0 _

ABSTRACT LIME AND SODIUM BICARBONATD TREATMENT OF ANAEROBIC..ALLY DIGESTED
SLUDGE PROVIDES THE OPTIMUM PH FOR METHANE-FORMING BACTERIA. A
NATURAL BUFFER. SYSTEM ESTABLISpED BY DIGESTERS IS BASED ON

4 BICARBONATE ALKALINITY FROM THE REACTION OF AMMONIA AND CARBON
° *trIOXIDE 70 FORM AMMONIUM BICARBONATE. THE OPTIMUM PH FOR

GROWTH OF MgTIAN?=PRODUCING toTERIf IS IN THE RANGE OF PH 7.0.
LIME WILL AO1UST THE PH OF THE DIGESTER TO 6.3-63. SODIUM
BICARBONATE FURTHER INCREASESTHE PH TO 7.0-7'..4 WHEN DIGESTER
BICARBONATE 'ALKALINITY FALLS ZELOti 2,500 NG/LITER, A 1,500
LB /MILLION GAL SODIUM BICARBONATE ADDITION WILL INCREASE THE

-ALKALINITY BY 180.MG/tITEk. WREATMENT [KITH SODIUM BICARBONATE
IN,ADDITION Tb LIME PREVENTS LIME OVERDOSE' OR LOCALIZED PH,
VARIATIONS. (LISK-FIRL)

TITLE gEw PROBLEMS CAN OCCUR WITH ANAEROBIC DIGESTION.
AUTHOR TAVERY1 MARY ANN; NELSON, JOHN 4
PUP DATE .79' , ,

AVAIL WATER iND WASTES ENGINEERING; V16 N12
St

DESC *WASTEWATER TREATMENT; WATER POLLUTION CONTROL; *OPERATIONS
(WASTEWATER); RESEARCH; *ANAEROBIC DIGESTION; *SLUDGE; MAINTE-
NANCE; FACILITY GUIDELINES:' ENVIRONMENTAL INFLUENCES; RE-
CYCLING

. ESC NOTE 44-15 & 47P
4.10ABSTRACT THIS ARTICLE DISCUSSES THE PROBLEMS ENCOUNTERED BY THE DENVER

I 'SEWAGE DISPOSAL DISTRICTI14 ATTEMPTING TO STOP SLUDGE FOAMING
AND_ IN ASE SOLIDS/LIQUIDS SEPARATION IN ITS ANAEROBIC
DIGESTEXt. .

.
If!

TITLE 01kRATIOpL-CHARACTERIFICS OF ANAEROBIC DIGESTERS AT SELECTED
MUNICIPAL' ASTEOATER TREATMENT FACILITIES IN THE UNITED STATES.

AUTHOR SPENCER, R. R.; AND'OTHERS
PUB DATE DEC 7 .., . £.. AVAIL' NATIONAL' TECHNICAL INFORMATION SERVICE, 'OPERATIONS .DIVISION,..

SPRINGFIELD, VA 22161.' ,PRICE: $6.00
DESC *ANAEROBIC DICES.TER5 ACTIVATED CARBON; *ECONOMICS; DIGESTER,

GAS; *ENERGY; *FACILITIES; *MUNICIPALITIES; METHANE; OPERATIONS.
( WASTEWATER); nESEARCH;.SLUDGE; 1WASTEWATEk TREATMENT.

.d '1
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DESC NOTE 38P '

.; 4,43 ..

,
,.

ABSTRACT ANALYZED 'ARE 'ICE OPERATION CHARACTtRIStICS OF-A REPRESENTATIVE
SAMPLE OF 60,AME*AN ANAEROBIC DIGESTERS. EXAMINED ARE KS
PRODUCTION, amp-RESIDENCE TIME, SLUDGE FLOW ANU VOLATILE
SMIDS DESTRUCTI0g4%,,,INCLUDED IS IDENTIFICATION OF DIGESTERS
OPERATING AT LESS THAN'ELPECTED EFFICIENCY. THE ADDITION OF
CARBON TO THESE STRE§S6 DIGESTERS WILL IMPROVE VOLATILE,. SOLIDS
DESTRUCTION AND GAS PRODUCTION. THE CURRENT AND FUTURE ENERGY
VALUE AND USAGE (OR MONOSAGE) IS EVALUATED. DISCUSSED'IS THE
DESIRABILITY OF USING AND INCREASING WASTE CAS.

TITLE OPERATION OF WASTEWATER TREATMENT PLANTS: A HOME STUDY TRAIN-
ING PROGRAM.

PUB DATE 70

AVAIL ERIC DOCUMENT REPRODUCTION SERVICE, P. 0. BOX 190, ARLINGTON,
VA 22210.

DESC . ENVIRONMjNTAL EDUCATION; ENVIRONMENTAL TECHNICIANS; INDEPENDENT ...

STUDY; INSTRUCTIONAL MATrIALS; SANITATION; WATER POLLUTION
COSIROL; EMPLOYMENT QUAL CATIONS; EQUIPMENT.MAINTEN ICE; POL-
LUT/ON; PUBLIC HEALTH; SAFETY; WASTEWATER TREATMENT.

DESC,NOTE' 1,3I7P .

ABSTRACT THIS MANUAL 4S PREPARED BY EXPERIENCED WASTEWATE TREATMENT
PLANT OPERATORS TO pROVIDE A 'me STUDY COURSE TO DEVELOP NEW
QUALIFIED WORKERS AND EXPAND TifE ABILITIES OF EXISTtNG WORKERS.
THE OBJECTIVE' OF THIS MANUAL IS TO PRQVIDE THE `KNOWLEDGE AND '

4
SKILLS-4NECESSARY FOR CERTIFICATION. PARTICIJANTS LEARN THE
BASIC OPERATIONAL ASPECTS OF TREATMENT PLANTS AND THE INFORMA-

-..
TION NECESSA$ TO ANALYZE AND, SOLVE OPERATIONAL PRO-
BLEMS.. EACH OF TH&QCHAPTERS BEGINS WITH 'AN INTRODUCTION AND
THEN DISCUSSES START-UP, DAILY' OPERATION AND INTERPRETATION OF
LAB RESULTS. TOPICS DISCUSSED INCLUDE MAINTENANCE, SAFETY,
SWUNG, LABORATORY PROCEDURES, HYDRAULICS, RECORDS-, ANA1AIS AP
AND PRESENTATION OF DATA,, AND RERORT WRITING. EACH LESSON CON- T
TAINS DISCUSSION AND REVIEW QUESTIQNS AND LS COMPLETED WITH
AN OBJECTIVE TEST. .4

.

TITLE 'OPE TION OF WASTEWATER TREATMENT R1.1NTS,;, A HOME STUDY TRAIN-
141 ROGRAM.(SECOND ED,ITION),

1

PUB DATE BO"

AVAI.1. ERIC DOCUMENT REPRODUCTION SERVICE, P'. Zr. BOX, 190,/''ARLINGTON,

VA 222101, , . '

DESC ENVIRONMENTAL EDUCATION; ENVIRONMENTAL TCHNICIANS; INDEPENDENT
STUDY; INSTRUCTIONAL MATERIALS; SANITATION; WATER POLLUTION
CONTROL; WASTEWATER TREATMENT; EMPLOYMENT QUALIFICATIONS;
EQUIPMENT MAINTENANCE; POLLUTION; PUBLIC HEALTH; SAFETY.
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DESC NOTE HC - MANUALS ONLY $70.00 (3 VOLUMES) - PLUS POSTAGE.

ABSTRACT PRESENTED IS THE SECOND EDITION OF A MANUAL PREPARED BY EX-
PERIENCED WASTEWATER TREATMENT PLANT OPERATORS TO PROVIDE A'
HOME STUDY COURSE,TO DEVELOP NEW QUALIFIED WORKERS AND EXPAND
THE ABILITIES OF EXISTING WORKERS. THE OBJECTIVE OF THESE MAN-

UALS IS TO PROVIDE THE KNOWLEDGE AND SKILLS' NECESSARY FOR

CERTIFICATION:;4. PARTICIPANTS LEARN TOE BASIC 40PERATIONAL
ASPECTS OF TREATMENT PLANTS AND THE INFORMATION NECESSARY TO
ANALYZE AND SOLVE OPERATIONAL PROBLEMS. EACH OF THE CHAPTERS

BEGIN WITH AN INTRODUCTION AND. THEN DISCUSSES°START-UPDAILY
OPERATION AND INTERPRETATION. OF LAB RESULTS. TOPICS DISCUSSED

INCLUDE MAINTENANCE,- SAFETY, SAMPLING , LABORATORY PROCEDURE1),
HYDRAULICS, RECORDS, ANALYSIS AND PRESENTATION OF DATA, AND RE-

PORT WRITING. EACH. LESSON CONTAINS DISCU%SION AND REVIEW

QUESTIONS AaVis.cqm10.ETED WITH AN OBJECTIVE TEST.

. .

'TITLE OPERATION OF, WASTEWATER TREATMENT, PLANTS, MANUAL OF PRACTICE

NO. 11.

AUTHOR ALBERTSON, ORRIE E.; AND OTHERS.

PUB DATE 76

AVAIL WATER POLLUTION CONTROL FEDERATION, 2626 PENNSYLVANIA AVE.,

a.w., WASHINGTON, DC 20037..:2

DESC INSTRUCTIOAL MATERIALS; POST .SECONDARY EDUCATION; SANITATION;
WASTE OISPOSAL; WATER POLLUTION CONTROL; WASTEWATER TREATMENT;
ENVIRONMENT; POLLUTION; .PU4144C HEALTH; TECHNICAL REPORTS;

UTILITIES; WATER RESOURCES.
DESC NOTE 536P

ABSTRACT THIS BOOK IS INTENDED TO BE g REFERENCE (iR TEXTBOOK ON THE

OPERATION OF WASTEWATER TREATMENT PLANTS. THE BOOK .CONTAINS

THIRTY-ONE CRAPTEOS AND THREE APPENDICES AND INCLUDES 'THE DE-

SCRIPTION, REQUIREMENTS, AND, LATEST TECHNIQUES OF CON-

VENTIONAL, UNITS PROCESS. OPERATION, AS WELL AS THE SYMPTOMS

AND CORRECTIVE MEASURES REGARDING PROCESS PROBLEMS. PROCESS

SUBJECTS DISCUSSED INCLUDE ROTATING BIOLOGICAL REACTORS, OXYGEN
ACTIVATED SLUDGE SYSTEMS, STABILIZATfON LAGOONS, AND PHYSICAL -

CHEMICAL TREATMENT. t, MANAGEMENT TOPICS INCLUDED ARE EF-

FLUENT -DISPOSAL, BY- PRODUCTS SOLIDS DISPOSAL, EROCESS MAN,

AGMENT AND CONTROL, ODOR CONTROL, AND ENERGY CONVERSION.

THE APPENDICES INCLUDE AN ABBREVIATED GLOSSARY, LABORATORY'PRO-
CEDURES, AND UNITS OF MEASUREMENT.

,TITLE PLANT OPERATIONS, FOR WASTEWATER FACILITIES. VOL. PART C...

AN INSTRUCTOR'S GUIDE %FOR USE OF INSTRUCTIONAL MATERIAL IN

4WASTEWATER TECHNOLOGY TRAINING PROGRAMS.,

4UTHOR STOAKES,KeC.; AND OTHERS.

11
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PUB DATE 75

AVAIL s ERIC DOCUMENT REPRODUCTION SERVICE, R. O. BOX 190,' ARLINGTON,
VA 22210.

DESC POST SECONDARY EDUCATION; TEACHING GUIDES; TECHNOLOGY; WASTE
DISPOSAL; WATER POLLUTION CONTROIb; SEWAGE TREATMENT; OPERATIONS
(WASTEWATER); WASTEWATER. TREATMENT; EDUCATIONAL OBJECTIVES; EN-
VIRONMENTAL EDUCATION; TECHNICAL EDUCATIONi VOCATIONAL EDUCA-
TION; WASTES. t.

DESC NOTE 92P

''ABSTRACT THIS INSTRUCTOR'S GUIDE, DESIGNED FOR USE WITH THE CURRICULUM,
PLUIT OPERATIONS FOR WASTEWATER FACILITIES, REPRESENTS A TWO-
YEAR WASTEWATER TECHNOLOGY INSTRUCTIONAL PROGRAM-11AM--ON PER-.
FORMANCE OBJECTIVES DESIGNED TO PREPARE, UNDERGRADUATE
STUDENTS TO ENTER OCCUPATIONS IN WATER AND WASTEWATER TREATMENT
PLANT OPERATIONS AND MAINTENANCE. THIS .DOCUMENT, PART C OF
FIVE PARTS, COVERS THE TOPICS OF.THICKENING, FIRST SToGE DICES -'
TION, SECOND STAGE DIGESTION AND, SLUDGE CONDITIONING. IN

THIS GUIDE,. THE TOPICS AND'IDEAS. ARE "PRESENTED` AS A SERIES OF
MODULES; ORGANIZED AROUND 16 GENERAL OBJECTIVES COMMON TO ALL
PROCESSES. THE MODULE BEGINS. WITH A STATEMENT OF PURPOSE WHICH
EXPLAINS WHAT THE STUDENT WILL BE STUDYING. NEXT, ALL THE OB-

.JECTIVES OF nip MODULE AND CODE NUMBERS KEYED .TI A COM-
PUTERIZED LIST OF 'INSTRUCTIONAL RESOURCES ARE LISTED. ALSO
INCLUDZOIN EACH MODULE ARE A GLOSSARY-OF VERBS AND SECTIONS ON
LEARNING AND TESTING. CONDITIONS, ACCEPTABLE PERFORMANCE,
INSTRUCTOR ACTIVITY AND STUDENT ACTIVITY. RECOMMENDATIONS ON
EVALUATION TECHNIQUES'ARE INCLUDED. q.a

\,.,
TITLE f PRIMARY TREATMENT AND SLUDGE DIGESTION WORKSHOP.
PUB DATE 77

AVAIL PUBLICATIONS -CENTRE, ONTARIO MINISTRY OF GOVERNMENT SERVICES,
880 BAY ST., 5TH FLOOR,''TORONTO, ONTARIO, CANADA M7A 1N8.

° DESC BEHAVIORAL. OBJECTIVES; ENVIRONMENTAL EDUCATION; POLLUTION;
WATER POLLUTION CONTROL; WORKSHOPS; SLUDGE; WA WATER TREAT-
MENT; ENVIRONMENTAL TECHNICIANS; EQUIPMENT;, JOS-SKILLS; SAM-

PLING; WASTE DISPOSAL; ONTARI0z,
DESC NOTE 289P, PRICE: $2.00, ORDERS MUST BE ACCOMPANIED BY CHECK OR

MONEY,ORDER PAYABLE TO THE TREASURER OP ONTARIO.

ABSTRACT THIS MANUAL WAS DEVELOPED FOR USE AT WORKSHOPS DESIGNED TO UB
GRADE THE KNOWLEDGE OF EXPERIENCED WASTEWATER TREATMENT PLANT

' OPERATORS. EACH OF/THE,SIXTEEN LESSONS HAS CLEARLY STATED BE.
PKVLORNLeOBJECTIVES TO TELL THE TRAINEE WHAT HE SHOULD KNOW
OR DO AFTER COMPLETING THAT TOPIC. AREAS COVEttED" IN THIS MAN-

UAL INCLUDE: SEWAGE CARACTERISTICS, COLLECTION, TREATMENT,
AND SEDIMENsTATION,AEROBIC AND ANAEROBIC DIGESTION, SAMPIANG

. AND LNTERPREfATION, MONITORING AND CONTROL, AND SELECTED TESTS.
,
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TITLE :41' RE'SURRECTTNG THE. DEAD ANAEROBIC DIGESTER.'

AUTHOR SNELLING, DONALD P.
PUB DATE AUG 79 eis

AVAIL WATER AND SEWAGE. WORKS: V126 N8.

DESC .*WASTEWATER TREATMENT; *OPERATIONS (WASTEWATER); *EQUIPMENT;

WgTER POLLUTION CONTROL;' *CHEMICAL REACTIONS; UTILITIES;

*ANAEROBIC DIGESTERS
DESC NOTE 66-67P
ABSTRACT DISCUSSED ARE THE CAUSES AND REMEDIES FOR IMBALANCED ANAEROBIC

DIGESTERS. TE INFORMATION OUTLINES TESTS, PARAMETERS, .AND

CORRgCTIVE,ACTIONS.
t

TITLE SODIUM BICARBONATE .CAN SETTLE MANY WASTE WATER PROBLEM UPSETS.

AUTHOR BARBER, Ne.
CORP,AUTH CHURCH AND DWIGHT CO.', INC., PJSCATAWAY, NJ

AVAIL POLLUTION ENGINEERING, ikpL. 9, NO. 4, P 57-59, APRIL, 197.7. 1
FIG.

DESC *SODIUM BICARBONATE; *BICARBONATES; *ANAEROBIC DIGESTION; *AER
OBIC,.. TREATMENT; TREATMENT FACILITIES; HYDROGEN ION "CON-

. CENTRATION; METHANE; CARBON DIOXIDE; MICROORGANISMS; EQUIP=

MEpT; ALKALINITY; NITRIFICATION; SEDIMENTATION; PHYSICAL PRO -
PERtES; CHEMICAL PROPERTIES; BIOCHEMICAL .OXYGEN DEMAND;

ODOR; *WASTEWATER TREATMENT
ABSTRACT SODIUM BICARBONATE HAS BEEN USED BY ENGINEEgS TO PRUENT

7 "I

EQUILIBRIUM DISTURBANCES *SEWAGE TREATMENT PLANTS. IT WAS

USED AS A BUFFER TO MAINT :-1HE DESIRED ACID/ALKALI RATIO FOR
MAINTENANCE OF' AN OPTIMUM 'ENVIRONMENT FOR MICROBIAL GROWTH.

IN ANAEROBIC SYSTEMS, SODIUM BICARBONATE CAN CONTROL PH;

INCREASE METIIANE PRODUCTION, INCREASE BIODEGRADATION RATES,

PRECIPITATE TOXIC METALS, AND AID SOLIDS CONCENTRATION. IT WAS

ALSO SOBSilTUTED FOR LIEffr AND OTHER ALKALIS SIN AEROBIC PROCES-
SES, WHERE IT WAS ABLE 10 CONTROL PH AND.' ALKALINITY, ENHANCE
NITRIFICATION, IMPROVE BOD REDUCTION, 'REDUCE OR ELIMINATE

ODORS, ENHANCE SETTLING CHARACTERISTICS, AND PRETREAT

INDUSTRIAL WASTES. ,(COLLINS-FIRL) 6

TITLE STABILITY AND/CONTROL OF ANAEROBFCDIGE ON

s

AUTHOR . GRAEF, S. P.; ANDREWS, J. F.
.

CORP AUTH METROPOLITAN SANITARY DISTRICT OF GREATER CHICAGO, IL
.

AVAIL JOURNAL WATER POLLUTION CONTROL FEDERATIN, VOL 46, NO 4, P

666-683,1APRIL, 1974. 14 FIG, 24 REF '

Ipasc *OVERLOADS; / HYDROCARBONS; CONTROL STRATEGIES; STABILITY;

PROCESS CONTRE.; *SLUDGE DIGESTION; *ANAEROBIC .DIGESTION;

CONTROL; *WASTE TREATMENT; *CdMPUTy STUDIES; *MODEL STUDIES;

S
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DESL ORGANIC LOADING; TOXINS; DESIGN STANDARDS; OPERATION} AND
MAINTENANCE; SLUDGE' TREATMENT; METHANE; SLUDGE; ALKALINITY;

CARBON DIOXIDE; DIGESTION; CONTROL SYSTEMS,
"ABSTRACT THE DYNAMIC,3 RESPONSE OF ANAEROBIC DIGESTER TO ORGANIC,

TOXIC,, AND HYDRAULIC OVERLOADING WAS SIMULATED WITH A HYBRID
COMPUTER TO EVALUATE PROCESS STABILITY INDICATORS, DESIGN AND
OPERATION FACTORS INFLUENCING PROCESS STABILITY, AND CONTROL
STRATEGIES. THE RATE OF METHANE PRODUCTION WAS ONE OF THE BEST
INDICATORS FOR DETECTING IMPENDING FAILURE" CAUSED BY TOXIC
COMPOUNDS. IMPROVED PROCESS STABILITY WITH RESPECT TO ORGANIC
OVERLOADING CAN BE ACHIEVED BY INCREASING THE RESIDENCE TIME,
ALKALINITY,,INFINENT SLUDGE CONCENTRATION, AND,. DIGESTED SLUDGE
RECYCLE. THREE CONTROL STRATEGIES (SCRUBBING, OF CARBON DIOXIDE

`s.
FROM THE GAS PHASE WITH SUBSEQUENT GAS RECYCLE, ADDITION OF A
BASE, AND DIGESTED SLUM; RECYCLE) WERE INVESTIGATED.

. !CONSIDERATION OF PROCESS STABILITY AND IMPLEMENTATION OF
CONTROL STRATEGIES COULD IMPROVE DIGESTER OPERATION, PERMIT

'INCREASED LOADINGS ON EXISTING DIGESTERS, AND DECREASE THE
REQUIRED VOLUMES OF NEW DIGESTERS: (WfTT,IPCik

TITLE . START-UP OF MUNICIPAL WASTEWATER TREATMENT FACILITIES.
AUTHOR RADER, R. D.; GREEN, R. L.; PAGE, G. L.,
CORP AUTH WILEY AND WILSON, INC., LYNCHBURG, VA -
AVAIL lib FOR, SALE BY THE SUPERINTENDENT OF DOCUMENTS, U.S. GOVERNMENT

PRINTING OFFICE, WASHINGTON, "DC 20402. PRICE: $1.40.

ENVIRONMENTAL PROTECTIPN AGENCY; WASHINGTON, DC. OFFICE ',OF

WATER PROGRAM, OPERATION REPORT 1PA-43019-74-008, DECEMBER,

1973. 92P, 3 FIG, 2 TAB, 42 REF. EPA CONTRACT 68-01-0341

DERL PROCEDURES; PROCESS; SEED SLUDGE; STAFFING; STANDARD OPERATING
PRKEDURES; SITE MEETINGS; INVENTORY; *ADMINISTRATIVE
DECISIONS; *TREATMENT FACILITIES;. *WASTEWATEa,....,,TRWMENT;

*OPERATIONS; *LABORATORY TESTS; *SAMPLING; TESTING; ANALYSIS;
w',CONTROLS; 'ACTIVATED SLUDGE; TRICKLING FILTER; OXIDATION

LAGOON; ANAEROBIC DIGESTION; S4KETY; CHLORIpATION; SUSPENDED
SOLII/S; ,HYDROGEN ION CONCENTRATION; ALKALINITY; BIOCHEMICAL

OXYGEN CHEMICAL'OXYGEN DEMAND; PRE-TREATMENT (WATER);
SEWAGE TREATMENT ; -

ABSTRACT 1 THIS MANUAL' PROVIDES GUIDANCE FOR PUTTING INTO INITIAL,

OPERATION A MUNICIPAL WASTEWATER TREATMENT. PLANT, A NEW

ADDITION TO AN EXISTING TREATMENT PLANT, OR A CHANGE IN THE.
MODE ie THE TREATMENT PLANT'S OPERATIOR SO THAT THE TREATMENT
PLANT OR PROCESS WILL EFFECTIVELY.' TREAT THE WASTEWATER IN

COMPLIANCE -NITH THE SPECIFIC CONDITIONS AND LIMITATIONS
e-, ESTABLISHED FOR THE TREATMENT FACILITY. THE MANUAL WAS

DEVELOPED AND PREPARED WITH THE AID AND COOPERATION OF

WASTEWATER TREATMENT PL OPERATORS SAND SUPERINTENDENTS,

`185
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START-UP EXPERTS, THE ACADEMIC COMMUNITY, MANUFACTUARS AND
gUPPU1ERS OF WASTEWATER TREATMENT PLANT EQUIPMENT, AND

LITERATURE REVIEW OF WASTEWATER TREATMENT PLANT OP%RATIONS AND
RECOGNIZED START-UP TECHNIQUES. INFORMATION IS PROVIDED ON
PREPARING ticilt ACTCAL'TREATMENT PLANT START-UP. PREPARATIONS

FOR START -UP-- INCLUDE: STAFFING THE PLANT, DEVELOPING STANDARD
'ORERATING PROCEDURES, DRY- AND WET-RUN, TESTING OF EQUIPMENT,
ON -SITE OPERATOR TRAINING, SAFETY , AND ESTABLISHING PROCEDURES
WHEN bONSTRUCTION IS CONTINUING DURING START-UP. THIS MANUAL

DESCRIBES START-UP PROCEDURES FOR SOME OF THE MORE COMMON

PRETREATMENT AND PRIMARY TREATMENT UNITS; FOR THE SPECIFIC

SECONDARY TREATMENT PROCESSES Of ACTIVATED SLUDGE, TRICKLING
FILTERS, STABILIZATION PONDS AND AERATED LAGOONS; ,AND FOR THE
SLUDGE HANDLING UNITS AND THE ANAEROBIC DIGESTION PROCESS. THE

START-UP PROCEDURES FOR'ADVANCED t6ASTEWATER TREATMENT UNITS AND
PROCESSES ARE NOT CONSIDERIIDIti THIS MXNUAL.. (EPA)

s ,
. I.

I,

4TITLE* A SURVEY OF THE*PekFORMANCE OF swipe SL GESTERS IN GREAT
1 BRITAIN. . 7,'

AcTHOR SWANW/CK, J: D.; SHURBEN; D. C.; JACKSON;
Mgt, AUTH WATER POLLUTIO0 RESEARCH LAB./ STEVENAGE (ENGLAND)
AVAIL . WATER POLLUTION CONTROL: VOL 68, NO 6, P 639-647, NOV-DEC, -__

1969. 13 TAB, 4 REF.
DE.,L *UNHEATED: *MESOPHILIC; OVERLOADING; ANIONIC DETERGENTS: GREAT
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.
TERCENTS';, INDUSTRIAL WASTES ____

ABSTRACT DURING THE LAST FOUR /EARS THE WATER POLLUTION RESEARCH
LABORATORY HAS BEEN' ASKED TO INVESTIGATE AN INCREASING NUMBER
OF DIFFICULTIES WITH ANAEROBIC SLUDGE DIGESTION. g SURVEY HAS.

RADE IT POSSIBLE TO ACCESS THE TOTAL POPULATION SERVED BY THE
ANAEROBIC 'PROCESS. THIS REPORT'IS g FIRST ASSESSMENT OF THE

e° INFORMATION 'OBTAINED FROM '1400 QUESTIONIAIRES WHICH WERE

4 ° , CIRCULATED TO ALL LOCAL AUTHORITIES AND MAIN DRAINAGE
AUTHORITIES. HEATED AND UNHEATED DIGESTERS WERE TREATED

- SEPARATELY AND ALL PLANTS HAVE BEEN C6ASSIFIED ACCORDING TO
DIGESTER PERFDRMLNCE: RETURNS WERE RECEIVED FROM 142 ?LANTS
WITH HEATED DTGESTERS, SERVING POPULATIONS AMOUNTING TO A TOTAL y
OF OVER 18 MILLION PEOPLE. THE CAUSES OF 92 CASES OFI
DIFFICULTY AT 63 SEWAGE PLANTS WERE 'CLASSIFIED AS: TRADE

'WASTES 37.2 PERCENT, INADEQUATE DESIGN OR OPERATION 56.2

PERCENT, AND ANIONIC. DETERGENTS 6.5' PERCENT. THE CHIEF CAUSE' .
OF DIFFICULTIES ATTRIBUTED .TO INADEQUATE DESIGN OR OPERATION

4
RESULTED FROM STRATIFICATION AND LOSS OF, SOLIDS FROM THE

DIGESTION TANK. . OVERLOADING' WAS ALSO REPORTED AS THE, MAIN

.
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CAUSE FOR DIFFICULTIES AT A 'NUMBER 4 TREATMENT PLANTS.

LOADING RATES OF PRIMARY DIGESifRS WERE ANALYZED AND TABULATED,.
HOWEVER, NO CORRELATION BETWEEN LOADING AND DIGESTER
PERFORMANCE WAS FOUND. RETURNS WERE' RECEIVED FROM 104 PLANTS
WITH UNHEATED DIGESTERS, SERVING POPULATIONS AMOUNTING TO A
TOTAL OF 1.7 MILLION tPEOPLE. TWENTYFOR WORKS REPORTED
DIFFICULT YES CAUSED MX1NLY BY OVERLOADING AND LOW WINTER

TEMPERATURES.. DUE TO THE RREQUENCY OF SHORT RETENTION PERIODS '

REPORTED, A DETAILED ANALYSIS WAS MADE 0, THIS. PARAMETER AND
THE RESULTS,FRON 83 WORKS WERE TABULATED ALSO, IT WAS NOTED,
THAT TAW ABSENCE OF LABORATORY CONTROL AS MORE PREVALENT AT
SMALLERNIORKS. (GALWARDITEXAS)

TITLE TROUBLESHOOTING 0 6 M PROBLEMS IN WASTEWATER TREATMENT AMERICAN
INS' NAME% PI LIC WORKS ASSOCIATION ,

... ' EgelLITTfT.' INSTRUCTION NOTEBOOK:
. ,

'PUB, DATE . AUG 76 A
1

AVAIL ° NATIONAL TECHNICAL. TNFORMATION SYSTEM, 5285 PORT 4.0YXL ROAD,,
SPRINGFIELD, VA 22161. PRICE: $19.00,. . y .,

DESC BEHAVIORAL OBJECTIVES; BIOLOGICAL TREATMENT;t.*EFIRONMENTAL
TECHNICIANS; EQUIPMENT;'*INSTRUCTIONAL,MATERUALS; JOB SKILLS;
*MAINTENANCE; *OPERATIONS (WASTE A'V'ER); *POST SECONDARY '

EDUCATION; SEDIMENTATION BASINS.; SLUDGE; STA 'FFING; WASTE DIS
.

w POSAL; *WASTEWATER TREATMENT; WATER POLLUTION CONTROL
41 SC NOTE 672P , .4

ABS.PRACT 0,, THIS DOCUAENIV CONTAINS THE INSTRUCTOR GUIDELINES FOR A COURSE
, ON OPERATION "T MAINTENANCE PROBLEMS IN WASTEWATER TREATMENT *

. PLANTS: EACH LESSON PLAN MODULE CONTAINS: (J) A SET OF .

. INSTRUCTIONS; 2) LESSON OUTLINE; (3) VISUAL AIDS;`(4) NOTEBOOk
MATERIALS; (5) HANDOUT; AND (6) GUIDELINES ON THE APPROACH TO
THE tcSSON. FOR EACH LESSON THE INSTRUCTOR IS PROVCDEti WITH A

SET OF BEHAVIORAL OBJECTIVES, PRESENTATION ,OPTIONSy AND SUGT,

CESTED TEST QUESTIONS. LESSON TOPICS INCCGDE/N (1) SCREEN
..,

ENG AND COMMUNICATION; (2) SEDIMENTATION BASINS; (3) BIOLOGI1
CAL TREATMENT UNITS; (4) SLUDGE'CONDITIONING, DEWATERING, AND
DISPOSAL; (5) EQUIPMENT; AND (6) STAFFING.

A.

TITLE TROUBLESHOOTING 0 A. M PROBLEMS IN WASTEWATER. TREATMENT PLANTS.

INSTRUCTOR wuAL. e " ' i. ..

INST NAME SOUTHERN ILLINOIS UNIVERSITY AT EDWARDSVILLE, ENV$ONMENTAL V'
.._

RESOURCES TRAINING CENTER, ENVIRONMENTAL PROTECTIgN AGENCY,,

CINCINNATI, OH..:, .'

If PUB DATE . 80 '''..' I

,
.

- ot,'' .

AVAIL NATIONAL TECHNICAL INFORMATION SERVICE, 52.85 PORT ROYAL 'ROAD,

VA 22161. e

DESC SEWAGE TREATMENT; HAN6BOOKS.;* ACTIVATED- SLUDGE PROCESS;

NAEROBIC PROCESSES; DISINFECTION; PERFORMANCE VALUATION;

o MAINTENANCE; LIQUID,WASTES; SOLID WASTES. .
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DESC NOTE PB81-I42325.

ABSTRACT THE INSTRUCTOR NOTEBOOK IS DESIGNED FOR USE BY INSTRUCTORS WHO
° °' WISH To' TEACH A SHORT-TERM EDUCATION /TRAINING COURSE ON THE

PROCESS OF ,TROUBLESHOOTING OPERATION AND MAINTENANCE PROBLEMS
AN WASTEWATER TREATMENT FACILITIES. THE MATERIALS ARE GEARED
TOWARD PROCEDURES IFOVN IDENTIFYING AND ISOLATING A.,PROBLEM,
FORMULTATING ALTERNATI E ACTIONS AND SOLUTIONS, AND COMBIOING
CORRECTIVE ACTION WITH SHORT AND LONG-RANGE FOLLOWUP: 'BOTH
.INTERPERSONAL AND TECHNICAL SKILLS ARE STRESSED IN THIS 15 UNIT
COURSE WHICH INCLUDES BOTH INSTRUCTOR OD TRAINEE MATERIALS.
THE UNITS COVER THE MAJORITY OF LIQUID AND SOLID WASTE

T(EATMF.NT PROCESSES.AND OPERATIONS .COMMONLY: ENCOUNTERED IN

ICIPAL WASTEWATER TREATMENT FACILITIES..
TITLE s WPCF WASTEWATER TREATMENT PLANT OPEIIATOR -TRAINING PROGRAM:

'BASIC COURSE.
PUB DATE 76

AVAIL
H S"\ WASWATt;GTON, DC 20037.

POLLUTION CONTROL FEDERATION, 2626 PENNSYLVANIA AVENUE,

DESC AUDIOVISUAL AIDS; INSTRUCTIONAL MATERIALS; P4LUTION;
ri? COST- SECONDARY EDUCATION; WATER POLLUTION CONTROL; OPERATIONS.,

) WASTEWATER; WASTEWATER TREATMENT; BEHAVIORAL OBJECT ES;

ENVIRONMENT; ENVIRONMENTAL TECHNICANSt JOB SKILLS; 1TBLIC

HEALTH.

DE)NOTE INCLUDES 287 35MM SLIDES, 0 AUDIO CASSETTES, AND MODERATOR
.WORKBOOKS - .ORDER NO. E0100, $300.00; STUDENT MATERIALS ONLY -
;ORDER NO. E0010, $7.00.

ABSTRACT THIS TRAINING PROGRAM IS DESIGNED FOR THOSE INDI/I.D.U.ZALREADy
)EMPLOYED AS WASTEWATER 'TREATMENT LANT OPERATORS AS WELL AS
THOSE Rgw TO THE. FIELD. THE IOURSEeNVES AS A BASIC ,

.INTRODUCTION AND . urnIcEs A' SYNCHRONIZED PRESENTATION
iINCORPORATING SLIDES AND AUDIO CASSETTES. THIS PROGRAM MAY BE,
USED INDIVIDUAL[ OR WITH GROUPS. THE UNITS, ARE CONCERNED WITH
SEWAGE CHARACTERISTICS, TREATMENT METHODS, TESTS AND SAMPLING,."

_RECORD KEEPING MAINTENANCE AND SAFETY. AT THE END OF EACH
UNIT THE STUDENT' IS PROVIDED WITH, A SUMMARY AND REVIEW

EXERCISE. PRE- AND ,POST- TRAINING EVALUATION MECHANISMS ABE
PROVIDED. A tROGRAM GLOSSARY IS INCLUDED TOR REFERENCE.

TITLE WPCF 4STENAM TREATMENT PLANT OPERATOR TRAINING 4,..OGRAM,

INTERMEDIATE COURSE: STUDENT WORKBOOk, VOL B. '

PU8 DATE 78

AVAIL WATER POLLUTION CONTROL FEDERATION, 2626 PENNSYLVANIA AVENUE,
WASHINGTON, DC 20037.

DESC ,,,ENVIRONMENTAL TECHNICIANS; INSTRUCTIONAL MiyERIALS; OPERATIONS

WASTEWATER; PAT-SECONDARY EDUCATION; SLUDGE; TRICKLING

. FILTERS; WASTE STABILIZATION PONDS; WASTEWATER TREATMENT;

)AUDIOVISUAL

AIDS; CERTIFICATION; AB SKILLSPOLLUTIQN; WATER
POLLUTION CONTROL.
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DESC NOTE 144 P. COURSE' MATERIALS: 35let SLIDES '(APPRO. 230), 7' TAPE

CASSETTES, ADMINISTRATOR HANDBOOK, CARRYING CASE, AND. STUDENT
WORKBOOK - ORDER NO. 0293,. $300.00; STUDENT WORKBOOK ONLY
ORDER NO. E0294, $3.50., 0

ABSTRACT THIS DOCUMENT `Is ONE IN A SERIES, OF SELF-INSTRUCTIONALe,
0.

WORKBOOKS,FOR TRXININO WASTEWATER TREATMENT PLANT OPERATORS IN
THE BASIC FUNCTIONS OF FACILITY OPERATION. THE WORKBOOK
CONTAINS A PRE- AND POST-TEST QUESTIONNAIRE FOR EACH UNIT AS
WELL AS SELF-TESTS AND INTERIM GUIDES. IHE,UVITS DISCUSSED IN
THIS yoLumE ARE WASTE STABILIZATION PONDS, TRICKLING TILTERS,
AND SLUDGE HANDLING AND DIGESTION. ,
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A bibliographic citation' includes only title, author, avail-
ability,'and corporate author where applicable. 41 citations in
Part IV are arranged alphabetically, by title:
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TITLE
AtZrHOR

CORP AUTH

AVAIL

TITLE
AUTHOR 'GHOSH, S., J. R. CONRAD,
AVAIL L JOURNAL WATER POLLUTION

VOL. 47, P. 30% 1975.

A
AGRICULTURAL AMMONIA 'FOR
COOPER, FRE;. HINDEN,,ERV
WASHINGTON STATE UNIVERSI
INDUSTRIAL RESEARCH.
PROCEEDINGS, INDUSTRIAL W
5, 6, 1965, ENGINEERING B
VOL XLIX, NO. 4, JULY 196

ANAEROBIC ACIDOGENESIS OF

TITLE - ANAEROBIC-DIGESTER OPERA

SANITARY'DIETRICTS OF C
GRAEF, S. P.-.
PROCEEDINGS OF THE NATIO
SLUDGE MANAGEMENT.

AVAIL ,INFORMATION TRANSFER,.I
JUNE 1974.

AUTHOR
CORP AUTH

T

RE

TUCK DIGESTERS.
N; DUNSTffi, GILBERT H.

, PULLMAN. DIVISION OF

STE CONFERENCE, ROTH, MAY 4,,
LLETIN OF PURDUE UNIVERSITY,

, P. 126-130.

WASTEWATER SLUDGE.
D D. L. KLASS.

NTROL 'FEDERATION.

ON AT THE METROPOLITAN
ER CHICAGO.

'CONFERENCE OF MUNICIPAL

NC.; ROCKVILLE, MARYLAND 20852.

ANT DOEIS NOT HAVE TO BETITLE ANAEROBIC DIGESTER SUPERN
PRO LEM.

AUTHOR MIGNONE, N. A: .
AVAIL WATER AND SEWAGE WORKS. DE EMBER 1976.

TITLE% ANAEROBIC DIGSTJON - CHA CTERISTICS AND CONTROL OF
ANAEROBIC DIGESTION.

'

'AUTHOR KOT2e, J P

AVAIL WATER RESEARdH. VOL. 3, 1). 459, 1969. n

ANAEROBIC 6ICESTION FAILURES.
. .

ZABLATZKY, H. R. A1$) S. A. PETERSON. ....

JOURNAL WATER POLLUTION CONTROL FEDERATION. VOL 40; P. 581,
1968. *. -4k,

.
ANAEROBIC DIGESTION IN BIC4vOGICA4 WASTE TREATMENT.

' .KIRSCH, E. J. AND R. M. SYKES.

PROGRESS IN INDUSTRIAL MICROBIOLOGY. VOL. 9, P. LiJ, 19/1.

TITLE ANAEROBIC DIGESTION - ,KINETICS OF.ANAEROBIC FERMENTATION.
AUTHOR PRETORIUS, W. A. .

1

AVAIL VATER RESEARCH. VOL. 3, P.'545, 1969.

TITLE
AUTHOR
AVAIL

1 TITLE
AUTHOR

!A/AIL

I.

TITLE
AUTHOR'
AVAIL

TITLE
AUTHOR
AVAIL.

o

; -

ANAEROBIC DIGESTION THE MICROBIOLOGY 110F ANAEROBIC DIGESTION.
TOERIEN, D.
WATER RESEARCH. VOL. 3, 4?.. 185: 1969a

NI
ANAEROBIC WASTt TREATMENDIUNDAMENTALS , PART 1.
McCARTY, P. L.
PUBLIC'WORKS. P. 107. SEPTEMBER 1964..
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TITLE ANAEROBIC WASTE TREATMUT FUNDAMENTALS - PART 2 -.
ENVIRONMENTAL REQUIREMENTS AND CONTROL.

AUTHOR McCARTY, P. L. , .

AVAIL PUBLIC WORKS. P. 123. OCTOBER 1964.

TITLE ANAEROBIC WASTE , TREATMENT FUNDAMENTALS-- PART 3 -

TOXIC MATERIALS ANDTHEIR CONTROL. '

AUTHOR McCARTY, P. L.

AVAIL PUBLIC WORKS. P. 91. NOVEMBER 1964.

TITLE

AUTHOR
AVAIL

TITLE
AUTHOR
'AVAIL

%,1

TITLE

AUTHOR\
AVAIL .

ANAEROBIC WASTE TREATMENT FUNDAMENTALS - PART 4 -

PROtESS-DES10::
McCARTY, P. L.
PUBLIC WORKS. DECEMBER 1964;

APPLICATION OF 1DIGESTION THEORY TO DIGESTION CONTROL.,

DAGUE, R. R.
JOURNAL WATER POLLUTION CONTROL 101BERATION. VOL. 40,

P. 2021, 1968.

APPLICATION OF PROCESS KINETICS TO DESIGN OF ANAEROBIC

PROCESSES.
LAWREMbE, A. W.
ANAEROBIC BIOLOGICAL TREATMENT PROCESSES,, ADVANCES, IN

CHEMISTRY. SERIES 105. AMERICAN CHEMICAL socikry,
WASHINGTON; D.C. 20036. 19.71.

TITLE ASSESSMENT OF THE MAXIMUM CONCENTRATION 9F HEAVY METALS
IN CRUDE SLUDGE WHICH WILL NOT INHIBIT THE ANAEROBIC

DIGESTION OF SLUDGE.

AUTHOR MOSEY F. E.
1

A*AIL WATERiPOLLUTION CONTROL..VOL 75, F. 10, 1976.

TITLE AUTOTHERMAL THERMOPHILIc AEROBIC DIGESTION.

AUTHOR GOULD, M. S. AND DRNEVICH, R. R.

AVAIL _JOURNAL ENVIRONMENTAL ENGINEERING DIVISION -sASCE.
VOL. 104. NO. EE2, p. 259, 1978.

TITLE

AUTHOR
AVAIL

TITLE
o

AUTHOR
AyAIL

I.

,.

CATIONIkOXICITY AND STIMU ION IN ANAEROBIC WASTE

TREATMENT, \PART I - SLUG F STYDIES.

KUGELMAN, I, J. AND P. L. McCARTY.
JOURNAL WATER POLLUTIO,CONTROL FEDERATION. VOL. 37,

P. 97, 1965.

CATION TOXICITY AND STIMULATION IN-ANAEROBIC WASTE WATER,

PART II - DAILY FEED STUDIES.
IUGELMAN, I. J. AND P.°L. McCARTY
PROCEEDINGS 19TH PURDUE INDUSTRIAL WASTE CONFERENCE.
F4RDUE,UNIVERSITY, LAFAYETTE, INDIANA 41907. P: 667,

1965
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TITLE CONTROL OF ANAEROBIC DIGESTION PROCESS.
AUTHOR COLLINS, A. S.' AND B. E. GItLILAND.

'AVAIL JOURNAI.ENVIRONMENTAL ENGINEERING DIVISION -
ASCE, VOL. 100, EE2, P. 487, 1974.

TITLE CONTROLLING SULFIDES IN ANAEROBIC DIGESTERS'WITH
FERROUS CHLORIDE.

AUTHOR TALTY, R. D.
AVAIL WPCF HIGHLIGHTS, NOVEMBER 1978.

TITLE DEMONRIRATION OF ANAEROBIC DIGESTERS IN DEVELOPING
COUNTRIES:'-PART II.

AUTHOR SIMRSON,-14. H.
AVAIL JOURNAL ENVIRONMENTAL SCIENCES, 22, 3, 16 (1979).

TITLE DIGESTER GAS HELPS MEET ENERGY NEEDS.
AUTHOR WARD, R. S.
'AVAIL JOURNAL 14kV POLLUTION. CONTROL' FEDERATION. VOL: 46,

P. 620k 1974.

TITLE DIGESTER SUPERNATANT: PROBLEMS,, CHARACTERISTICS, AND
TREATMENT.

...AUTHOR KAPPE, S. E.
AVAIL SEWAGE IND. WASTES, 30, 937 (1958). -Th

\TITLE' DIGESTION: CONCENTRATION .7 LOADING -

.

TIRE LIMITS.
.AUTHOR CLARK, R. H. AND V. D. ORR.

\AVAIL JOURNAL SANITARY ENGINEERING DIVISION - ASCE. yoL.. 98,-

/
SA5, P. 809,%972.

.

0 . ,
*

TITLE DESIGN AND COST CONSIDERATIONS IN HIGH WE SLUDGE DIGESTION;
AUTHOR _ESTRADA, A. A.

\AVAIL JOURNAL SANITARY ENGINEERING WISION - ASCE. V. 86, SA3,
P. 111;1960.

TITLE DESIGN"SONSIDERATIONS FOR 'ANAEROBIC CONTACT SYSTEMS:
AUTHOR DIETZ, J. C., P. W. CLINEBELL, AND A. L. .STRUB.
AVAIL JOURNAL WATER POLLUTION CONTROL FEDERATION. VOL. 38, P. 517,

1966.

P°

TITLE DYNAMIC MODELING AQ SIMULATION OF
PROCESS. -

AUTHOR j ANDREUS,....1. F. AND S. P. GRAEF.
----NAIL f AMERICAN CHEMICAL SOCIETY. L971.

,TITLE DYNAMIC MODELING OF THE ANA ROBIC DIGESTION :1ROCESS.
AUTHOR ANDREWS, J. F,--- D Or
AVAIL JOURNAL SANITARY ENGINEERIN DIVISION - ASCE. VOL. 95,

SA1. ,P. 95, 1969. ,

.
. .

TITLE EFFECT .OF ACRYLONITRILE ON ANAEROBIC DIGESTION OE DOMESTIC
SLUDGE. _

THE ANAAROPIC DIGESTION
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AUTHOR JR.

CORP AUTH IDAHO UN ERSITY, MOSCOW.

AVAIL MASTER'S THESIS, MARCH 1970, 63, P. 13.
'

TITLE4 EFFECT OF DETENTION TIME ON ANAEROBIC DIGESTION.

AUTHOR HINDIN, E. AND G. H. DUNSTAN.

AVAIL JOURNAL WATER POLLUTION CONTROL FEDERATION.. VOL. 32,

P. 930, 1960.

TITLE THE EFFECT OF TEMPERATURE ON ANAEROBIC DIGESTION.

AUTHOR ,,SCHWERIN0D. J. .

AVAIL UNPUBLISHED MASTER'S THESIS: MARQUETTE UNIVERSITY,
MILWAUKEE, WISCONSIN 53233. JUNE 1976.

TITLE ' EFFECT OF THERMAL PRETREATMENT ON DIGESTIBILITY AND
DEWATERIBILITy OF ORGANIC SLUDGES.

AUTHOR HAUG, R. T., D. C. STUCKEY, J. M. GOSSETT,
P. L. McCARTY.

AVAIL JOURNAL WATER POLLUTION CONTROL FEDERATION. VOL. 50,

,P. 73, 1978.

TITLE EFFECTS OF ANAEROBICALLY DIGESTED MUNICIPAL SEWAGE SLUDGE'
APPLICATION ON CHEMICAL PROPERTIES OF SELECTED SOILS WITH
EMPHASIS ON DISTRIBUTION OF ZINC AND CADMIUM FORMS

AUTHOR, kOENIG., A.

AUTH CORNELL UNIVERSITY, rfl-fACA, NY.

AVATL UNIVERSITY MICROFILMS INTERNATIONAL, ANN ARBOR, MICHIGAN
48106; ORDER NO. 77,18, 175. PHD THESIS, 1976, P. 369.

'\.
TITLE' EFFECTS OF SULFIDES ON ANAEROBIC TREATMENT.

AUTHOR- LAWRENCE, A. W. AND p. L. McCARTY; ,

AVAIL PROCEEDINGS 19TH PURDUE IND. WASTE CONFERENCE. PURDUE UNIVER-
. sir', LAFAYETTE, INDIANA 47907% 196A.

o

TITLE ELECTRODE POTENTIALS AI) ELECTROLYTIC CONTROL IN THE ANAEROBIC

DIGESTION PROCESS. -

a

4UTHOR BLANC, F. C.; MOLOF, A. H.

CORP AUTH NORTHEASTERN' UNIVERSITY, BOSTON, MASS.

AVAIL 'PROCEEDINGS, INDUSTRIAL WASTE CONFERENCE, 24TH,, MAY 6, 7, AND

8, 1969, P. 1040 - 1059.

10 TITLE ELIMINATION OF ANAEROBIC DIGESTER SUPERNATANT. .
O _

AUTHOR MIGNONE, N. A.

' AVAIL
e

WAYER AND SEWAGE WORKS. P. 48,JEBRUARY 1977.

.
.

TITLE ENERGY CONSERVATION IN )64ICIPAL WASTEWATER, TREATMENT:

, 'AUFHOR. USEPA.

AVAIL OFFICE OF WATER PROGRAM OPERATIONS. WASHINGTON, D.C.- e,4.

4
204.60. EFA-,100/9-77-011. MARCH 1978. -

TITLE , ENERGY.REQUIREMENTS FOR MUNICIPAL POLLUTION CONTROL

"FACILITIES,' , °
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AUTHOR USEPA.'

AVAIL ENVIRONMENTAL PROTECTION TECHNOLOGY SERIES. CINCINNATI,

- OHIO 45268. EPA-600/2-77-214. NO ER 1977.

TITLE ESTIMATING COSTS AND MANPOWER REQUIREMENTS FOR CON-

VENTIONAL WASTEWATER TREATMENT FACILITIES.

AUTHOR USEPA. ,

AVAIL OFFICE OF RESEARCH AND DEVELOPMENT. CINCINNATI, OHIO
45268. 17090 DAN 10/71".T971.

TITLE' FULL SCALE STUDIES ON THE THERMOPHIL/C ANAEROBIC '

DIGESTION PROCESS.

41,1THOR SMART, J. AND B. I. BOYKO. f .

AVAIL RESEARCH REPORT NO. 59. ONTARIO MINISTRY OF THE ENVIRONMENT.

TORONTO, ONTARIO. 1,977.

TITLE HEAVY METAL REMOVAL WITH COMPLETELY MIXED kiAEROBIC FILTER.

AUTHOR/ DeWALLE, F. B., E. S. K. CHIAN, J. BRUSH.

AVAIL JOURNAL WATER POLLUTION CONTROL FEDERATION. VOL. 51, P. 22,

1979.
-

.
.

b r
TITLE HEAVY METALS IN DIGESTERS: FAILURE AND C112%.*

AUTHOR, REGAN, T. M. AND M. M. PETERS.

AVAIL JOURNAL WATER PO1LUTION CONTROL FEDERATION. VOL. 42, P. 12-,

1970.
-1

I

,..TITLE . HIGH -RATE DIGESTER LOADINGS. ,

AUTHOR ,7ABLATZKY, A. R. AND BAER, G. T.

AVAIL JOURNAL WATER POI4LUTION.CONTROL FEDERATION. VOL 43, P268,

1971. 0

.
,

TITLE HIGH-1RATE DIGESTER MIXING STUDY USING RADIOISOTOPE TRACER.

AUTHOR 2OLTAK, J. AND A. L. GRAM. 4 . '

' AV4,IL JOURNAL WATER POLLUTION CONTROL FEDERATION. VQL. 47, P. 79,

1975. * ,

TITLE IDENTIFICATION OF THE VIRUCIDAL AGEN &WASTE WATER SLUDGE.

-AUTHOR WARD, R. L.; ASHLEY, C. S.

CORP AUTH SANDIA LABS., ALBUQUERQUE, N. MEXICO

AvAin APPLIED AND ENVIRONMENTAL: MICROBIOLOGY, VOL. 4, NO. 4,

P. 860-864, APRIL 1977,

0
TITLE IMPROVING ANAEROBIC DIGESTER OPERATION WITH POWDERED

ACTIVATED CAkBON.
-)

AUTHOR ANTETuoLo, T. AND ADAMS, A. D.

AVAIL 'DEEDS AND DATA-WATER POLLUTION CONTROL FEDERATION, JULY, 1976,

.
.. ,

TITLE INACTIVATION OF VIRUSES DURING ANAEROBIC SLUDGE DIGESTION

AUTHOR BERTUCCI, et al. a

AVAIL' , JOURNAL WATER POLLUTIONCONTROL FEDERATION. VOL. 49, P. 1645,

1977. la 4 CI
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TITLE INCREASED LOADINGS -1.1 DIGESTERS WITH RECYCLE OF DIGESTED
. SOLIDS. r

. r
AUTHOR PFEFFER, JOHN T.

i
CORP AUTH ILLINOIS UNIVERSITY, URBANA. r
AVAIL JOURNAL WATER POLLUTION CONTROL FEDERATION, VOL. 40, NO. 11,

PART 1, P. 1920-1933, NOVEMBER 1968.
. .

TITLE INDIVIDUAL VOLATILE ACIDS IN ANAEROBIC TREATMENT.
AUTHOR McCARTY, P. L.,' et al. '

AVAIL JOURNAL WATER POLLUTION CONTROL FEDERATION, VOL. 715 P. 1501
1963. °

TITLE INFLUENCE OF PARTICLE SIZE ON SLUDGE DEWATERABILITY.
AUTHOR KARR, P. R. AND T. M. KEINATH.
'AVAIL JOURNAL WATER POLLUTION CONTROL FEDERATION'. VOL. 50,

P. 1911, 1978.

TITLE INTE4CTION OF HEAVY METALS IN THE ANAEROBIC SLUDGE
DIGESTION SYSTEM.

AUTHOR HAO, S. S.
AVAIL DISSERTATION ABSTRACTS., 39, 60854(1979).

TITLE ION EFFECTS IN ANAEROBIC DIGESTION.
AUTHOR LAWRENCE, A. W., KUGELMAN, I. J., AND McCART, P. L.
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