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The National «Training and Operational Technelogy Center in
cooper¥tjon, with The Ohio State-University is developing an
* Instructional Resources Monograph Series. The monograph series
- is an extension of the information providéd 1nlche Instructional
Resources Information System (IRIS) for water quality.
. . 1 . :
This document is one in the Instructional Resources Monograph
4 " Series. Gghese docywents will assist the professional in identifying
and locating instructional and reference materidls 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.’
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2 Each monograph reviews an .aspect of wastewater treatment, .
- * provides representative gxamples of available instructional * ‘
materials, and includes an annotated bibljiography plus additional
] references. ' -
R . ’ . \ / .
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. ) INTRODUCTION ~ ° \ .
5 ) ° ,
I d -
purpose of this monograph fs to identify instructional jand
NI 3 reference. matérials fortuse by professionals in the field in the
develdpment and implementation of new programs or in the u‘pdacirg -
of existing programs. The materials identified in this documenf are
spg_cafic to, the wastewater treatment. process’ of anaerobid digesgion.
. The movnogrgh will be useful to trainers, plant operations, edugators,
had engineers, Consultants, and students with the need to efficiently
PS , identify and locate spegific instructional materials. ot - -
. N - ~
) To help meet this need, the monograph is organized into foyr parts:
"o Part.1 "~ Anaerobic Digestion - The Process. This secgion
A - - presents a brief discussion of the anaerobic
s 2" digestion process *in wastewater treatment opprations.
. © L]
- »
Pa‘rc 11 Learning Resoyrces. This’ sectjgon presents
* . - selected portions of illustrative resource,
. . materials taken from @ chapter or section of a -
x . ' . \' publication ¢r other instructional material}] ~ 7 -
N o : | _These resources were identified by professiphals -
LI i as’being representative of the materials cyrrently 2
- »  ayvailable. A reference td the source,wherd the . A |

Bibliographic data regarding these resourcgs are

- s ", 7 . material may be found in. more'detail is in¢luded.
. / ‘found in'Part LIL, Abstracted Reference Makerials.
M @
.
1°

Y o - f
“Pagt 1 . Abstracted Reference Miterials. This sec 10:2 : '
IS presents document resumes of pertinent ingtructional pe °
Lo e .t materials that ‘may be used to supplement those
N - . / identified in Part IL - Lgarnipg Resourcds.
v K LI Instructions fdr interpreting a document [resume R
' are found in Part V.- , N P .
- : o : ¢ :
i . Part IV« { Reference Materials - Bibliographic Citgtions. | . .
x 4 ’ .Jhis section pravides additional resourdes, mostly \‘
. from tethni¢al and scientific journals.| Resources .
! identified in this gection tend to be h gﬁly specific,
. [ and gore tgchnical in nature. Informatjion provided
- . ° Y - includes title, author, corporate authqr (if, \
‘ . . applicable) .and availability. .
v \‘ “ N K ' % ) Q. a L,
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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 Yy wan institution or organlzation mutt be responsive to’ °
the information, knowledge, or skill gz;_v'fhat exists between whaty
an individual already knows or cap do and what the individual needs
to know ‘prabe able to do to accomplisir a given task, Examples of R
changing areas with training implications include wastewater
treatment technology and water quality asse¢ssment.

Recent USEPA reports Gray, et aI., (1979) *and ,Hegg, et aI.,

(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 inglude lack of understanding by operators of the
wastewater treatment process and the inability of operators to
apply procgss control knowledge to inplant conditions.

The Genédral’
Accounting Office report (1980) showed 97 percent of the 242
treatment facilities surveyed to be in violation of Ch91r effluenc
. discharge permits,

.
.

I

As technology alone cannot solve the problems, 1t is important
) to realize that a well-rain
.

workforce is essential to clean up
and control our water poIIut(iggn problem§. Most practitioners agree
that training 1s critical to the, impravement of performance of
personnel. 3

With training comes the need for training materials and

it is the intent of this monograph to assist in.identifying apd
i}

Iocatxng instructional and reference materials specxfic to the

\

\ wastewater treatment process of anaerob).c digestion.

to assist trainers and instructors in ghe developmenf; of training
rograms. ;I‘he learning resources are often segments of illustrative

Leatning resources and referendce mateylals are assembled here
aterials on anaerobic digestion taken from a chapter or section of

'publication or other learning resource chat pr’bvides additional
i formation.

These resources are to serve onIy as a guide in

v
. ?» v
For furcher,u‘formation about these materials contact:

* EPA Information Dissemdnation Projecc
. 1200 Chambers Road , 3rd Floor o
Columbus, Ohio -
) 614-422-6717

. \ <.
43212 .
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American A¢ademy of Environmen;al Engiﬁeers.v An Analysis of the
Role of rhe U..S. Environmental Proteation Agency in the

Developfent of Manpower for Water Pollution Control. P. Q. BO% "
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t National 'Conference on Meeting Environmental Workforce Needs,
Washington, D.C., February 1981.

Gray, A. C., Jr., ep al. -Evaluation of Operation and Maintenance
Factors Limiting Biological Wastewater Treitment Plant Performance,
Municipal Environmental Research Laboratory, U. S. Environmental
Protection Agency, Cincinnati, Onhio, EPA—§00/2-79-078 (July 1979).

~ - s
Hegg, B. A,, et al, Evaluation of Operation and Maintenance Factors.
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Environmental Research Laboratory, U. S. Environmental Protection
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.
ANAERGBIC DIGESTION

. L4

Introdyctign .
*One of the major problems resulting fsom the prjimary (secclin'g,)
and secondary (biological) treatment of wastewater concerns the_ fate
. of the solids fractign. Watery and noxious, this '"sludge" must |
undergo further treatment to minimize a variety of disposal problems.
One of. the most common treatments utilized 1s ahaerobi_c digestion.

Anaerobip digestion stabilizes the erganic solids in sludge.
Total solidsgcaffbe subdivided into a '"volatile solids" (organic)
fraction ands an "ash" . (iporganic) fraction. Thd sludge fed to the
gigeSCer should contain as high a volatile solids fr;accxon as, possible.
because this portion can be treated by fhe digestion process. The
inorganic material simply takes up space in the digester. ‘Indeed, a
high percenCage of inert or inorganic matter 1in oche s‘Tudge might
indicate that The screening and grit removal machinery of the plant
was not operating ®fficiently. , 52 . .,

i

- ~

& DIGESTION AS PROCESS. STEF

[y

)‘?Ruy,\gv PLANT

Valume Reductson|
(thickenipg)

"ANAEROBIC DICE

Figure I *

-

e
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. ’ Sludge contains not only the solids fraction of the wastewater
flow, but also a great quantity.of water. Vety often, sludges must
' be "thickened" to assure the 4 to 8 percent solids concentration

needed for efficient digestion. More diluted sludges can cause pH

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

requiretents. After the digestion process] even more water is

o . separat&d from the sludge so that other processes can further the .
dewatering. 3 ' *

nge{wn can take place under aerobic (with oxygen) or amerobic
(without oxygen) conditions. Anaerobje digestion effectivelx handles

BN Jprimar fludge and results in the productfon of methane gas as a
o bv-pr uct, which can be used as a fuel source. However, <he
B anaerobic process 18 more sensitlve to environmental changes. and "can

t be " upset by loading probiems
’
’ Anaerobic digestion proceeds through the action of certain forms
D tof bacteria upon organic material. As a*esult, the unpleasant
smelling sludge is broken down to several components, i.e.,

Iy

* —/__
(1) wmethane gas with,a lower Btu content-<than natural , ' !
gas, but still high endugh for use as a fuels; * e
. . (2) scum, consisting of lightweight sludge particles;
[N ¢(3) supernatant, consisting mainly of water, which must
) o be withdrawn fronb the digestlon tank and subjécted
vo secondary treatment before being released in the .
o . . effluent; and - S
%) 'digested stabilxzed sludge, relatively free of -
- odor and pathogens, which can be landfilled,
T incinerated or recycled through land treatment. '
. These pro.ducts will be ‘discussed 10 further detail later.
<) DIGESTION PRODUCTS =
. RAWSLUDGE . MICROORGANISHS —» COz,Hz0. . ORGANICACIDS .
compLEx . . AT INTERMEDIATE CELIULARNOTHER o .
: SUBSTRATE PRINCIPALLY DEGRADATION INTERMEDIATE
CARBOHYDRATES — ACID FORMERS ~ PROPUCTS PEGRADATION
FATS -, SAPROPRYTIC . PRODUCTS )
PROTEINS" ' FACULTATIVE oo
« . ORGANICACIDS ", WOROORGANISNS — CHy 4 @07 4 OTHEREND
CELLULAR P OTHER "B . . “METHANE CARBON - PRODUCTS
INTEMEDIATE VQINC!PALW N POKIPE W40, HaS, -
. DEGRADATION METHANE | ’ . AND
. PRODUCTS | FORMERS © 4 DEGRADATION
. OBLIGATE(?) ’ ‘ PRODUCTS
o ANSEQOBES . ~
N Figure 11 . * | %

EMC . 4 .
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- fermenters to environmental change.
-~

Process Components ‘ . . .
- -
.

Batteria ‘ .

Since the job of anaerobically digesting Eldﬁge f? done by *
certain forms of bacteria already present in wastewater, a major
objective of the process is to provide and maintain an environment
conducive to the growth of those organisms. )

.
. "Anaerobic digestion occdrs in two phases which proceed
concurrently, The first is the utilization of the 'sludgé 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 process 1s upset or "going sour.” One df the major
reasons a digester goes sour is the high sensitivity of Fhe methane

-,

.
s
i

N
B
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STAGE
.
wﬁd.s‘ volatile

other
end
products
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Environmencai Conditionos \ ' -

“The ‘optimum conditions for anaerobid doigescton call for
’ . 2
v '~ a temgerature of 80° to 100°F*

(29° - 37°0), \ . . .
- absolutely no oxygen present,)
- a pH of 6.8 to 7.2 (neutral), and
- no toxic materials present.
. _— - ]
If these condisions are not met, the activity of the methane
fermenters can decrease drastically. Undble to keep up with the

.acids produced by the acid formgys, the methane fermenters .continue

to slow down because of thé deecreasing pH (or increasing acidity or .
"sourness"), of the digester. .Onl¥ part®of the digestion process
{then occurs. St . R v
As noted earlier,.an fnsufficiently thick sludge can also upset
the proceéis By diTuting the alkaline buffer added to the digester tg
maintain a near-neutral pH. This dilution can lead.to decreases in
pH which result in poor methane fermenter activity and a "sour"
dig‘gSCer. Such a digester may take 30 to 60 days to recover and

.require additions of alkaline éogpounds or "seed'siudge" before

"

returning to "normal.” (This will be ddscmfsed later.

¢ N v
. The acid former and methane fermenter groups of bacteria can be
further classified according to the temperaturés at which they thrive.
Psychrophilic bacteria thrive {n temperatares below 68°F (20°C),
although their activity becomes almost negligible below S0°F (10°C).
Because sludge digestion in this temperature range takes 50 to 180
days, few digesters are designed today to opgrate in this range.
However, many unheated digesters are still 4n use, ﬁcluding Imhof f

L)

tanks,

Mesophilic baccér
85° - 100°F (30° - 38°C).

require higher CemperaCurés, ﬁreferably
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. °
Thermophilic bacteria prefer even h&gher temperatures; i.e., *
gré\atgr than 113°F (45°C). Digettion in this range is hastenbd, and
takes from 5 to 12 days. Howevel, difficulties in maintaining high
temperature and the sensitivity of the baCCeria,cﬁ temperdture changes
have prevented most plants from, operating at thi level.
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Contact (Mixirg) . )
> . - ‘ . . .

To utilize the volatile solids in the sludge as food, the bacteria
must come into physical contact with them. In many anaerobic Y
'digestion tanks, the only mixing which occurs is that caused
‘maturally by the rising methane gas. If the sludge loading to the \
digester can bé maintained at 0.4 pounds of sludge/cu. ft. of digester
capacity/day, gatural mixing may be all that is needed., Periods of R
decreased loading can interrupt mixing and cause the formation of ¢scum ,
blankets at the top of the digester, fouling® machlnery and clqgg1§;
valves. Increased loading can slow gas production. Thus, nadural
mixing wo:ﬁ; to a certain extent but only when carefully controlled.
More recenfly designed digesters do not rely on natural mixing

.«
b

@ alone, however. [
~ Mechanicalvmixing devices such as diffusers;'propellers, .
- impetlers, 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 desjgnated
perxpheral ports, has'also become popular in design, mostly as an
aid to gas mixing. .

N

R . hd

. * Food , )
g The compo%ition’;f the sludgE itself obviousi& has a large
effect upon the ease and speed of the digestive process. The volatile
ssolids that are readily soluble in water will be easily broken down .
A by the acid formers. Insoluble organics, such as vegetable fats and
oils must first be converted to soluble forms by hacterial epzymes.

i Enzymes are proteins which occur in all living organisms and are
necessary for biological'functions. Mineral oils, such as éuel oils,
automotive oils and paraffins, can ‘cause tgxicity problems in the
“digester. Large amounts are best handled by pfetreatment. , b

.

, ‘k o As important as the composition of the sludge fed to the digester

is its consistency. These factors have been noted in_previous seftions
but are worth’ reviewing here: , 2 N

S . »
Sludge must be sufficiently concentrated or "thick" {

enough to prevent dilution of the digester alkaline

buffer and other problems, yet "thin" enough to pump.

Slwdige must have a large enough éoncentration of
volatile solids {organics to meet the food needs of ¢

. the bacteria and prevent tHe digester capacity from '
*e 1 £411ling with dnert material (grit, debris).

3
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The digestion process has *been 1mproved over the years *
chroughithe addition of, new equipmenc to 1ncrease efficiency‘and
prevent problems The earliesc digesters were simply open-top,
unheated tanks mixed only by the, movement of gases. As the sludge was
digested, its various componencs would arrange themselves in the
tank according to density.® Grit and o,ther inert material would, fill '
in the bottom of the tank.” Decomposéd sludge solids would form the
next layer. A zone of bacterial actiVRy on newly fed sludge would
form next.. Then would come the supernatant ‘or water layer. On
top of that a scum layer of, lighcﬁr sludge particles would form
Gases produced during digestion “would-escape to the aCmosphere.
LAfter a few years, digester capaci,cy would be severely reduced because
of growth in bottom deposits Band the scum layer.

Placing a cover on the digester énables the operator to collect
the methane gas produced by the digester process. Fixed covers are
concrete or fnetal, and are bolted to the digeSCer wall. They must .
be equipped wich‘pressure relief ddvices. If these fail, serious
damage can result sincc’pressure changes inside the digester can
cause an explosion or implosion (in case of vacuum relief failure).

N
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‘Floaping covers move up and down along cover guides in the
digester walls. .The cover floats on the sludge at a level dependent
upon the amount of sludge added to or withdrawn from the digester
The gui must be maintained in operating order for this cover té
work properly. The amount of sludge pumped into the digester must
also be carefully controlled in this variable capacity sjtuation.
:Lfloacing covers have been li1fted over the digester walls because of
““high sludge levels. ** - *
An extension of thg floating cover concept is the Gas {iolder
Cover. With this mechanism, the covérican lift as much as siz feet

above the minimum height because of gas pressure under its donié. Metal

gq}des and rollers attached to the digester wall superstructure
* permit this movement. FProjlems arise whep scum is allowed to
accunulate between the walls and the cover. v

The addition of a heating mechanism and a phmp to recirculate
deposited sludge back up into the active zone incre¥ses the contact
between the volatile solids and the bacteria and decreases the amoupt
of time reQuired for digestion. Because the mixing activity prevezgs
the layering presehc in unmixed tanks, all mixing mechanisms must be
shut down and time allowed for the solids to settle before the
supernataﬂt«liquid can be withdrawn 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 gccurs.. This eliminates the need to shut down
mixers before’withdxawing supernatant or digescadbsludge. Futhermore,

. the second tank also contains digested sludge and active bacteria
which can be added to the ¥irst tankR to correct souring. The
two-tank system is often refgrrgd‘co as ""two-stage' digestion,
just as one-tank systems are called "ome-stage."”

‘

Anaerobic Digestion Products ¢ .

Digestion Products are gases (methane and carbon ‘dioxide),
supernatant }dquid, and digested'sludge. & problem by-product can be ,
a b}ankéc of scum which forms at the surface of the digester. . .
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 befome ¢oncentrated in the scum layer, and unleds -
mixing occurs, digeStion will bé minimal. = ¢

° N A) .

The other nuisance by*product is excess alkalinity in the form of
ammonium ions VH,*1). Unless removed by a denitrificdtion step
beforg digestion, ‘this ammonium must be eliminated By elutriation
(washgng) or some other method prioc¥ to the chemical conditioning step
for sludge dewatering. Otherwise, the amfonium would react with the
conditioning chemicals to form ammonia gas whith would escape’ into
< . “

[N
e .
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sy
the atmosphere of the dewatering atéa, causing a health hazard to
plant personnel. ~ ‘

ra

The supernatdnt 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 Bst, the
supernatant may cause a decrease in the quality of the treatment
plant's final effluent. Many operators increase the number of 3
supernatant discharges tou secondary treatment but‘decrease the amount
released at each discharge. This can help prevent shécking the
systerg. The pgoblem of solids in the supernatant is also alleviated
by ensuring good settling conditions. N

The solids portion df the digestion products ‘consists of !
inorganics and volatile solids that were not ea51ly digested.

Digested sludge:- ! . / '
o
(1) can déin or dewater easily;

(2) does not have a noxious odor;
(3) has a smaller volume-than did the original
sludge entering the digesﬁer, -
- (4) is "lumpy” and black in color-zgrey streaks
indicate undigested sludge:
(5) should contain 40 to 60 percent less volatile

solids than the feed sludge. . - s _ -
' N
. . .
' This stabilired sludge can then be disposed of through land- ‘
filling, land applicatgon, incineration, or other approved process.

. -

N
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® L3 3 Presented are selected portions of existing training resources .
. which may be useful in developing g training program on anagrobic <. M
digestion. Each resource has béen selected for its representativeness A
to training level, topic area or instructional approach. These_ - . B )
resources are to serve only as a guide in selegting appropriate training
resources and should not be consfdered a total training program. :
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Learning Resource 1 N * i c. z “‘
Primary Treatmefit and Sludge Digescion Workshop. o
Ontario Ministry of the”Environment e e .
Training and Certification Branch h 4 R ‘ % A - ,
Pollution Control Branch : . s . - > ” R
Ministry of the Environment _ . o - .
135 st. Clair Avenge West .. . . . R ¢
Toronto, Ontario M4V 1P5 " . .
~ k4 .
- . i . .
L S ! . N :

Presented are s%lgcted parts of a training manual pﬁepared as a <
~home study, -and_referedse manual for plant operators and &5 the text ¢ 2 °,$. :
for the related workshdp. jecr.ives are indicated at the s .

. beginning of each topyg¢. Hands -on participacion is ,en;g:ouraged. . ‘o,
. This lesson discusses digester theory ‘and operation, mixing, heacing RS .
systems, and single- ‘and two-stage digestion, N Z oA
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Other manuals relating to the water and wastewater
tréatment processes published by the Training and
Certificrc_ion Section, Mintstry of the Envirfgpment,
include:® - . R

- 2 - .
[
L)
L )
Basic Sewage Treatment Operation.

P
Basic Water Treatment Operation

e - -
. Surface Water Treatment WOrkshop.\\

.

Activated Sludge Process Workshop
Prevengign Maincenance\iorkghop \

Pump Operation Workshop -

o

5. - Basic‘Gas Chlorination Workshop %

P .

z
N -

+ Copies may be purchased at: -~
~

Ontario Govemmenﬁ Book Store

880 Bay Streef ,
Toronto,,Ontario

M5S 128
'

’.

L}

. "?,‘
-

or may be ordered by mail by writing' to:
L)

Ministry of Government Services’ o

Publications Centre A . - "

880 Bay Street X .o,

Toronto, Ontario M5S H.8

.
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SUBJECT: * TOPIC: 4, o

Digester Operations Anaerobic Digestion

OBJECTIVES:
The tr'ainee will be able to:

1. Recall the objectives of Sludge
Digestion.
'2;' DLscus§ the principles of the
' AnaeroBic Digestion Process.

List the p’aramecars which ml;lSC be
controlled for good digester
operation. - -

4. Show by-.a simple diagram the
/Ai\aerobic Digestion Process.

5, Name five objectéves,which mixing
\ zan mttain in the Anaerobic
Digestion Process. -

?

L3

* .
Name the three ‘temperaCure ranges
at which a dfg'escar may be ogezrated.

ten ,
. Name and discuﬂfs four means used to
heat 3 digester.
2
gnderscéﬂd and discuss single stage’
and two-stage” digester operation.

.

£
3 >




ANAEROBIC
+ DISBESTION OF SLUDGE

»
. -

OBJECTIVES OF SLUDGE DIGESTION . .

Settled solids and flozicing scum removed from the sedimentation
tanks and clhrifiers, consist of a watery, malodorous mixture called
raw sludge. In the majority of the plants~this raw sludge {s-pumped
to a digester for treatment before disposal. Thé"prima.ryhgurpose of
sludge digestion is to reduce the complex organic mater présent. Ain
the raw sludge to a_material that is relativély odor free, can be '
readily ‘dewatlered, bapable’of'being disposed of without causing
envix:-onmenCa problems, and which will undergo little or no further
decompositigp. Digestion of sludge can be carried out either by o
anaerohic or aerobic processes. Topic 8 deals with she aerobic
process.

»

MAEROBI& DIGESTION PROCESS PRINCIPLES_AND THEORY ' -

- In the anaerobic process the organic solids are liqtified and ”
brought into solution by a catalyst called enzymes present in the
sludge. The organic mate’rfal_, is then broken down by the action of®
two different groups of bacteria living together in the san
environment. One group consists of microorganisms commonly referred
to Qﬂcid formers. The second gyoup, which utilize the acid formed
by the acid *formers are methane fermenters, commonly referred to as
methane ' formers.

- -

°
The digestion process is normally described in three stages: *
> P .
» . ~
1. Acid fermentation stage

. »

»2. Acid regression stdge

-

3
3. Alkaline fermentation stage

P .
Acind Fermentation Stage ‘\
¢ Durjng the acid fermentation stage, the ‘o_rgan‘ic compounds,
principally carbohydratesi are broken down to volatile fatty acids,
primarily acetic, butyric and propionic acids. This production of N
volatile acids results in”a drop in pH and causes putrefactive od{o_rgu
The organisms primarily responsible for this stage of digestion fre
the acid formers. This~group encompasses a large number of bacteria
which are anaerobic or facultatively anaerobi® As a rele. the acid
formers are very vigorous ¥eprodycers and are less sensitive to .
environmental’ factors than the methane formers. .




N . ’
- . , .
. Ajid Regressi,on Sjge o '0 - .
¢ .
14
. During the acid tegression stage, decomposiciqn of organic acids
(volatile acids) and soluble nitrogenous compounds occurs which
result in the ‘formation=of the following principal composhds: -
. N ~
- o 1. ammonia .
v ~—
- [ :
. 2. amines . .
3 i 3. acld carponates . ’ .
’ ™~ ° ¢ ¢ ‘
ot During this stage the pH will tend to increase.®, .
v v
e . Alkaline Fermentation Stage - T -,
» s h

During the alkaline fermentation stage, destrucciorhof
~nitrogenous compounds and cellulose oiurs The volatile organic*
acids, prodyced during stage 1 of, the process are byoker} down to
\)roduce carbon dioxide (CO,), methane (CHA) and water. he principal

. organisms responsible for %his process arp the methane formers.

W, -
: o e, . These organisms are strittly anaerobic, are a slower reptoduciny
bacter‘t .y, and ards much more sensitive to their vironment . than Ehe
acid fonners. These organisms reproduge most eWkectively in the pH
range of 6.8 - 7.2 wlthough experience has shown ¥at satisfac®ry
digestion will codtinue E( T pH rangd‘of 6. 5 S, .
- - - - v‘

. ™
‘ These three stages occdr concinously {lnd for al_l praeticai
purposes, simulcaneously o /

N

s ¢ . ) . .
. = ,
» DIGESTER OPERATION CRITERIA . >
- - .
The basic criterion for good dig,eSCer operazion is the maint¥rance
) L of a suitably balanced environment it the dlgester for the growing or

° -teproducing of both acid fortiers and methane fofmers. To maintain this

balance in the process the operator must exercise control over the

¥ following parameters: ¢ d - .

s - e
’ . 1. food supply (raw "s}pdge loading rate) ﬂ

2. volatile 8cRs/alkalin1€y relationship . .
. , ) ; .
<' N 3. mixing, of the digester contents

° 4. temperature .
* Generally, in an efficient digester operat’ion the volatile solids
L ] content of the sludge is reduced by 40 to 60 percent ."WThe time
required to digest the sludge, may be from two weeks to four months -

. - .
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duration and 1§ depenaenc upon the above parameters. Ejigure 411.
1lldscracef_in éitiple equations what happens in the digester.

It" is important to
more sensitive to upset
volatile acid formers.
anaerobic digester in a
is keg} in balance with

note that the methane forming organisms are
and reproduce at a'slower rate than the
Every effort should be made to operate the
manner Qhereby the rate of acid formation

the produttion of methane. The mosy on

caqseipf diges upset that occurs in the process is that< ﬂe
methane gas ffrmers faildng to keep pace with the acid forming
organisms wiR' the resultjthhc'chb digester becomes overly aE;dic.
When a buildup of this.acid condition develops, the rate of the
digestion process will begin to slow, and if left unchecked will .
result in serious inhibition or even complete failure of the digestion
process. , As acid concentrations increase, pH levels drop. The, optimun
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 acids test and the alkalinity test have proven more useful
and effective 15§Q;edgccing and avolding process failures. In

eneral, thers is ralat fonship between acids and alka!lnicy which
will,remain fairly constant during satisfactory digestiot. ™ The
alkaliﬂi;y is always greater than the volatile acids concentration to
“sone ree. A fairly rapid increase in volatile acids with an
«associated decrzase in alkalinity indicates an impending process upset.
2Should the alkalinity concentration be allowed to drop to a level

lower than that of the acids, all digester buffering capacity will be .,
lost, the pH will very rapidly drop to a level well below 7.0, and

the process could be considered as having failed. Such an upset is
usually accompanied by, poor gas production and quality and perhaps
by*foaming. Careful monitoring, therefore, of the alkalinity.and
acids concentrations, will provide warning of an impending pfpcess
upsety as opposed to pH Bhowing process upset after the fact, and
various measures can be taken to avert complete digestion failure.

0

Such Deasures are described in detail later in the text. .
: e : . .
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REACTIONS IN DIGESTION PROCESS

Raw Sludge Microorganisms*-> co H 0 +"Organ1t Acids

- Complex- "A In%erme,&iate Cellular & Other
Substrate Principally Degradation Lnt’emediite *
Carbohydrates’ Acid Formers Products . Degradation ‘
Fats . (Saprophytic) . Products. .
Proteins (Faculative)

Organic Acids + Microorganisms —> CH, + CO3 + Other End
Cellular & Other "g" Methane Carbon Products
InCel::mediate Principally Dioxide Hy0, HyS |
Degradation Methane \ ° J‘
' Products Forpers |
|
* . (Adaerobes) ’ a |
. |
i MIXING

Mixing i& an important factor in the process and should
accomplish the following: ( . P

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

°

¢ 2. Quickly distribute the raw sludge t]’lroughout‘ «

the digester and put the microorganisms in ~
rapid contact with fresh, food sources. :

3. Achieve good pH control by distributing puffering

B ~ alkalinity ti;::ughout the-digestion tank. \

. 4. Ybtain the best possible distribution of heat . .
throughout the tank. .

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

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

Mixing can be accomplished by various means:
1. By mechanical mixers.

2. By digester gas recirculation. .
.’ it

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

PR ‘4
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}hchanical4ﬂix1ng

A . The prqpellerdcype mixers are found mainly on fixed-cover é/

digesters, Normally, two or three of these units are supported
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 serve the mixers. The draft tubes are steel and range from

N 18 to 24 incHes in diameter. The top of the draft tube has a rplled
lip and i$ locafed 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-degree elbow type is placed
so that the discharge is along the outsidéMwall of che tank to create

. a vortex (whirlpool) action. <

¢

v > 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
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
v the draft tube to be discharged at the bottom. By operating ‘the
. o* motor in the opposite direction, che digeSCeﬂ sludge is pullkd from the!
° bottdm of the tank and is then discharged over the top of the draff
tube near thevsurface. If the digester is equipped with two eﬁits,
te an effective method in breaking up a scum blanket is by operating one
unit in one d{rection 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 sludge,
. and corrosion by hydrogen sulphide presenc in the digester gas.
+ * Maintenance consists of lubrikation and, if belt-driven, adjustment
B of belt tension. R : >

v -’

o

a The drawback og a draft-tube~type mixer is related to the
digester sludge level. ILf the sludge level is maintained at a,
constant elevacion, a scum blanket may form on.the surface. When the
scum blanket belomes thick the mixer will only pull the ligfid sludge
from under the blanket and not disturb the scum itself. Lowering the
tevel of the digester to just 3.or 4 inches 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 direccion\&ixers.
.

L Pumps are sometimes used to mix digesters. This method is
common in smaller tanks. When external heat exchangers are utilized,
a larger centrifugalxpump 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. @ '
. B Y S
The tank may or may not be equipped with a draft tube such that
the pump suétion can be from the top or the bottom of the digester.
Control of scum blankets with this method of mixing is deperidant upon
hdw the operator maintains the sludge level and where the pump is®
pulling from amd dischaﬁgi?g to the digester. N

s
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Maintenance of the recirculating sludge pump requires normal

“lubrication and a good pump-shaft water sealing system. The digested
sludge 1s 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 R
discharge pipes. If a rapid increase in pressure djfferential is
seen, the operator has an indication that pump cloffging has occurred.

Mixing by Digester Gas Recirculaiion

In these systems, the digester ga& is collected.and 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 gag rises td the surface, See Figure 4-2,

[ ~ -

- ~ -

> - HEATING AND TEMPERATURE CONTROL
o0

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 (509F)
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
TR and the digestion process 1mprove§. The bacteria appear capable of
surviving temperatures well below freezing with little or no harm.

- The psychrophilic digestion upper limit is around 20SC (68°F).
Digestion in this range requires from 50 to 180 days, depending upon
the degree of treatment requi enerally, chese digescars are
e€sting sludge.

2

The middle range of organisms are called the mesophilic (medium

temperature loving) bacteria; they thrive between a temperature of

20°C apd 45°C (68° and 113°F). This is the most common operational .

range, with températures usually being maintained at_ .about 35°C to

37°9C (95° to 98°F). Digestion at that temperature miy take from .

about 25 to 30 days, depending upon the required degree of volatile

solids reduction and the ddequacy of mixing. The high rate prccesses .
- 4 ‘
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are usually operated in the mesouhil’ic 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 proceed more 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 betweén 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.
HEATING SYSTEMS ' -
Digester heating can be accomplished by the following means: ‘
e
1. Hot-water coils within the digester. . .
2. Recircula;ting sludge through an external heat -~ .
excha}(nger. ¢
3. Direéc contact of hot gas with sludge. B .

4.% Steam injection. N

? |
External Heat Exchanger ' i
|

-~
’

an external héat exchanger. Hot water is pumped from the boiler to

‘the heat exchanger where it passes through a jacket while the
recirculating sludge padses 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 some.advantages

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 ig that in

a single stage digeSCer system it is essencial to stop sludge
recirculation to allow the tank contents do sgratify prior to the
discharge of supemacanc This can result In an increased tendency to
form a "cake" on the exchanger coils, or jackets due to localized
overheating of the sludge. - i .

¥ The most common of the four is the recirculation of slddge chroug)\ .

/ * t
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Hot-Water Coil

a
.

Hoc‘wgi?r coils within the digester consistihg of pipes either
horizontally or vertically attached to the inside wall of the digester
is another method of heating digesters, although not too common .in
newer plants. This method tends to create a problem of sludge caking
on the pipe nd thereby effectively insulatihg them, thus reducing
the amount §§:heat transferred. Where coils are used water
temperaturesentering the coils are limited to a Cemperature 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 Infection

'l
Direct contact of hot gas with sludge and steam injection methods
have been used in the past with varying degrees of success. However,
chgfe systems are rarely installed in current practice.
4 [

]

N ..
For simplicity, single- scage digester operation will be covered
under four headings: »

- -

SINGLE-STAGE DTGESTION

x

1. Loading

2
2, , Process .

3. Supernatant Selection

4. igested\Sludge Removal

.

LOADING .
Ideal conditions would be met if the raw sludge could be pumped

t. . contlnuously to the' digester. "In practice, however, for various
reasons, continuous loading is not posgible. Some small plants,
receiving eight hours per day of operator's supervision, may load the
digester three times a day,any at about 8 o'clock.in the morning,

12 noon, and 4 in the afternoon. When automatic pumping facilities
*are‘provided, ,the other extieme may be reached with loading being
effected once each hour. Where supervision i$ 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 digester -if
too many' pumping cycles are provided due to exhaustion of raw sludge
supply. 1In insttallations where raw, sludge must be pymped long
distances to the digester, the'sludge line must be filled with,dilut
sludge before the pump is shut off, to prevent plugging. The :ﬁ}}f’}yy—‘§

pumping cycle will direct the diluted sludge to the digester.
*

-

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

top half of the digester. 4s indicated in the Flow Diagram appended .
. . as Figure 4-3, the raw sludge may be mfxed with seed sludge leaving ®
"y the heat exchanger. ¢ o , . N
o . . . Al k] \‘ l' kN .. ! .
. L~ PROCESS CRITERIA - ¢ ! -

-

. -) .
The same process parameters apply to single-stage dig€stion as

multi-stage digestion with the following operational,techniques .
being®peculiar to the ‘single-stage process: . .
1. Mixing_ C. - LA, W i .
o Inh a single stage unit, mixing facilities, ,if any, .
are designed only to mix the matgrial in the top’ 4 . ~
- half of the fank. In practice, this type' of a ’ con
' . design makes it almost- impossillle to operate an -

efficient digestion system. Thus {t is difficult .
/CO obtain a concenirated sludge from a single-stage * 4 V4
digester operation ‘ .

.

- e .
In a single-stage digester an improper mixing progr’am“ . -
could lead to the process failure. 'The active volume N )
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. b
. . ‘2. Temperature . - .
The importance of temperature has been discussed in ve
Section {Digester Systems). The major objective
P ) hire is to maintain the sludge temperature to within,
539> +1°C (#33°F). .

- N
’

SWPERNATANT SELECTION .- ¢ ,

. ~ ]
In a single stage digester it is difficult o obtain a good <
supernatant. Nevertheless, an attempt- should be made to remove any
excess liquid. Mixjng devices should be shut off for a period of
time before sthe 3upernatant is withdrawn.' Through experience, the
-y operator Will learn the duration of the quiescent settling pe';iod |
required to obtain an opylmum supernatant . - : .

- - .
R Ip digesters where a variable level of supernatant selegtion is .
provided, the supermataat is removed via the line proving to be the .
most satisfactory., An example of a supernatgnt.selector system is o s

appended in Figure %-4, In simpler installations the withdrawal .
control is maintained by a sleeve-height adjustment. Other inggallations® }
- .

t : . s A,
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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
s tests. For quick results, the test can be carried out by'using a

4 centrifuge with the standatd suspended solids test -peing used where
complete laboratory equipment is available., 1In a gpd supernatant.
a suspended solids concentration of 3,000 ,to 10,000 mighc be
,Seen, although many supernatants have solids levels far exceeding

these concentrations. . ¥

%‘ ) ’ ) )
5
. v .
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. R DIGESTED SLUDGE REMOVAL S T

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 usipg a single-stage digestion process. In a
4 digester equipped with a fixed cover and from which: digesttr gas is

used to operate other components of the treatment system,’the -
digested sludge is West removed when Lthe 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 Should 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 mpay create an explosive hazard by drawing
air into the digester, chr?ugh the pressure-vacuum relief valve.

, TWO_STAGE DIGESTION . . ,
GENERAL. . '
- Two stage digestion is govered under five:headings: } v
. -~ »

1. Sludge Loading

2. Operating Criteria: . 9
3. Sludge Tradsfer N, /
’ T4, Supernatant Selection . \
* " . e -
. 5., Digested Sludge Removal - .
- - . . ~
’ . -~
-.: - ne . i o
° " . ]
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SLUDGE LOADING L ‘
1 Whete mixing is practiced thg raw sludge may be directed do any
point in the.first-stage tank. « Ideally, as ‘with most biological
systems, a constant sludge feed rafe would be preferred. However,

in practice, sludge is fed on a cycli(‘.al basis, “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-Wour
period although in smaller plants, the feeding might be accomplished
over an-.8-Hour period. A good Cwo—scage degign will allow the use -
of either tank for the first stage. An example of a Two-Stage
Digester is appended in Figure 4-5. ' ’
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QPERATING CRITERIA *  © T e

Where mixing devices are available they are opera}:ed to, control

_ the scum blankets and*minimize inactive or dead spacgs, and to bring
" bacteria and fresh food sources rapidly: COgether. .Md;%ing ¥s carried
out, in the first-stage digeSCer, the nixing devices ‘hay be operated
either full-or part-time. When part—time operation is desiped the:.o

cle is set up iA relation to test ahd observation of “scum blanket

rmation and not og power saving.. In some operacions ‘the mixers
may be operated only a few hours a day. It should be edphasized that
full- -time mixing is, however, the preferred praccice. ‘

"An impropax mnu.ng program could result in p(r’ocgss fdildre. The
active voluge ilable for the digestion process can be greatly
reduced by the ormation of a scum blanket or formation of foam when
tke scum blank begins to digest. In two-stage digegfers which are 7
not equipped ylth positive mixing devices, the scum blankets may be
partly contrgfled by the use of compressed air to mix .the tank contents.
This contro measuyre may be carried out two or three cimeS a year,
depending the néed. Caution: when using air for mixing, gr;aac -

e taken té ensure that. the explosive air/gas mixture is not
7" Obtain the services of a qualified Safely Officer. Forbid
ng in plant areay’ ber footwear, use no-sparking tools and
o not bang pipes so 8s to cause a spark at dxgeSCer opening. Also,
open as many manholes as possible for’® ventilation.

’ (4

Temperature in the secondary digester normally is from 3° to 5°
Cengigrade below-that of the primary unit. Under normal conditions,
this makes heating of the secondary digester unnecessary except during
the coldest part of the yeldr., But “if satisfactory digestion is not
obtained, it may be necessary to increase the CemperaCUre. “It 4hould
be remembered that the optimum mesophilic digescion is carried out at
between 33 and *35 dégrees €., However, lower cemperatures may be_used
where excess digester capacity is available allowing,ﬁong sludge\
retention- times. . * v .Y
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B In digestdrs wMere heating 1s p;ovidéd by 'ex.c‘ernal heat exchangers,
the operator should recirculate warm supernatant to the top ,bf the scum
layer at the center of €he tank and preferably ‘at one or more additional
points. This procedure wibl not only increase the temperature of che
scun blanket, buf will increase the moisture content of the blanket’
thus aiding digestion and 1ncrcasing its specific gravity causing it ‘\
to settle and mix with the rest of the matgrials, in e dlgeSCer.'
) AN
. . - < <

Examples of Operacing wC:p,teria for MesophLllc, Digestion

Loading * M - 0‘05 2o, iS 1bs. vSAft /day

Al L
Temperatuge 35° - 37°C (95 - 98 F) € A
)

Retention Tiu;e’ 20 -ﬁ 30 days

. Volatile Acids | 50 -2250 mg/l

Alkalinity -~ 2000 - 300Q mg/1
B 6.5- 7.5F

.0 \ SLUDGE TRijSFER "

Sludge can be cransferred from the hrsc stage digester -to the
second-stage digesger by a number.of methods;,three of which are as
follows: .

-

e, " H <
v H

1. Automacig cransferﬁmay be effected by using an
'equalizing line, as shown on Diagram Figu®e 4-5.

Siudge may be transferred u?siyg che' heat exchange
unit recirculacing line. °
L
Bottom sludge may be pumped to che «fecond SCa&e
unit diréctly. ., .
Most of the sludge digestion is acc‘omplished %n’ the erimary
digegter and 907 of the :gas production occurs there. The secondary
ster is used basically as a holding, tank for separacion of the
lids from the liduor and tQ allow some further' digestion of the,
olatile magter in the sludge To accompli this the secondary
digester must be quiescent or with as little mixing as experiences:
deems necessary. Therefore, on a normal operation process, when raw
sludge is pumped to ®he primary digester, an &qual vplume i® transferred
to the secondary digester and settled supqrnatant -from the seconddry
digeECer is fec/vrned to the plant. Nevertheless, at leasf once-a

r

o
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. ¢
week, transfer of sludge must be made from the bottom o} the first-

stage tank. If this is not-dome the bottom withdrawal line will
glyg’ﬁg with grit or heavy compacted solids. °

SUPERNATANT 'SELECTION ~ - ° ’ .
¥ - . >
. In 2 two-stage digestion system the supernatant is obtained from
the second digester. Tpe supernatant can be selected automatically
_wiren.a sludgp transfer takes place or a% a manual operating procedure
when the plant can best receive the extra BOD loading. In either
the fixed-cover or the floating-cover installations, the operater
should select the best guality supernatant fot withdrawal. By
observing and sampling material from the various Supernatant sampling
lines, the operator can detexmine the depth of the best material.
AutSmatic quality selectors are sometimes installed for this purpose.
They should be checked for effectiveness qu1Ce«£fequencly apd

backflushed when they become élogggﬁn

DIGESTED SLUDGE REMOVAL ’ -

o

« " .
Digested sludge should be withdrawn as soon as it has‘r ched
a realonably good scagecaihdigestion as determined from its volatile
ent or at a rate commensurate with minimal supernatant distharges.
In\a fiked-cqver installation the sludge must be removed in smalls
batches. 1f this is not done the gas pressure will not be maintained.
On the other hand, in a digester equipped yith a floating cover, the
sludge settled in a second-stage unit may bé removed more or less as
convenience requires; moderately 1a£gg withdrawals will not cause.

process Failure or loss of gas pressure.
<

SAFETY CONSIDBRATIONS

- 2

When withdrawing sludge from % ffxed-cover unit, air may be
drawn into the 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 a3 floating cover' 1f creation of a vacuum is to be
prevented infthe tank. For most lefficient operation of the digestion
system the withdrawal rate of the sludge from either digester should
be no faster than the ratée at which the gasgai’duccion from the
system is able, to malntain a pogitive pressure Ain the digester (at
least two inches of water). If the draw operation is too fast the

.’gés pressure drops due to volume expansioy. Home operators prefer
to pump raw sludge to the digester during digested sludge drawoff
;ggﬁaincafa the required positive pressure.
t
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Learning Resource 2 N .
Sludge Treatment and Disposal
Course Number 166

Anaerobic Digestion II.

prepared by Linn- BenCOU/éommunity College

6500 SW Pacific Boulevard ~ M
Albagy, OR 97321

prepared for United States Environmental Protection Agency

National Training®nd Operational Technology Center . S

26 West St. Clair
Cincinnati, OH 45268 . '

s

Presented is the second part of a two-part series on ‘Anaerobic
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. Thg lesson utilizes the audio-visual (slide-tape) format
‘with accompany’printed student materials. ~The program is designed
for use with any standard 35mm slide projecc0r ang' a cassetteectape
player. Trainee objectives lesson outline,_slide drrative, references,

and student worksheet are included. ,
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.

Lesson Déscription ) | , 1
. . « . s . o
This l&son is Part II of a two-part series on Apaerobic Digestion,

Part 1 should be viewed before Part II. This lessoh discusses the

classifiéacion of digester by function, roof desigh and temperature

range, The lesson also. discusges mixing systems, t,as syscem components,

operational control basics, and generaT safety. . .
¢
£ N M -
s N
Estimated Time -
Student preview of objectives 5-10 minutes
Presengacion of material 40-80 minutes
. Worksheet 10-15 minutes
: Correcc worksheec and discussion 10 minutes
i
Instructional MaCerials‘ List .
' 1., Student text "Anaerobic Digestion Part " v
/2. Slide Set "Anaerobic Dlgestion Part 11"
3. Slide.Projector .
4. Screen , .
5. Examples of gas safer.v equipment | '
.,
‘ A) 3

Suggested Sequence of Presentation
L}
Ry Assign Beading - emphasis on-flow diagrams, glossary and
- objectives. *
" .2, Shoy slide tape programs, or lecture using the slidés.
3. Open discussion - review plant flow diagrams, safety“equipment,
sampling and use of moving averages on trend charts,
4. Assign wogksheets, |
5. Correct worksheets, -

g .
Required Reading / ‘
; v J r - &
&  Lesson "Anaerobic Digestion, Part IT" i .

Reference Reading
.
Operations Manual Anaerobic Sludge Digestion, pages 4- 25 through
4-31, 4-16 through 4-18.

*
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. ob ect'ives il "'7
N j - T e 1 3 ‘
. Upon completion of this lesson the student should be able to do R
N the following: , @
v
T 1. Recall'the three digester classifications by function. a
. 2. State which di&escar performs the majority /of digestion.
i . 3. Identify digesters by roof design.
- 4. Recall the name of the most common, dlgescive operating range.
- ’ 5. State the stemperature range for the mesoph‘ilic temperature
range.
6. State the normal digescion time for the mesophilic range.
7- Recallk the maximum temperature, variation allowéd for a properly
operated anaerobic digester., -
8. State the three types of heat exchanges. . .
. « 9. Recall which type of heat exchanger is the'easiest to maintain.
. N o 10. Desgyibe the purpose of mixing. .
~, 11. Identify basic gas componencs - -
- 12. Describe thie ‘finctioh of the gas comgonencs
'5 13., Recall the cypicai volatile slid/ft.3 loading. i
. i \ 14. Recall a cypical volatile acid/alkalinity ratio. i . -
i 15. Idencify the five sample poifits on an anaerobic digescer v '
R i .
. . ’ - N . . - 1] .
... '. W - - . - 4 * ' -
T :
- N . P v
. . ; ", °
. * IR LI N . o
- I %‘ . . .
N s
t L] B > £
. % i : ) f e -
- . . . ¢ .
\ . ) . °
5 B 2 . . - '
e . N y
. 4 ———
- . PP e ST L - -
v ‘ . ) 5 - .
— < Sl - " . - T i
M‘- ——e LY e _ - (R ¢ ° e ’ , ‘ R
.y 4 " '@
.. ¢ . - . .
. /. . N T > R
Ly [ X o7 - < .. !
3 . . > ° \’v * -
L4 . - .
' . ’.’W ST o ‘,A - s i - - - -
oy « > '
» ’ - -
T e
. .. - &
- . E .
) . >, . Y
’ -~ wF e T o -0 -
- - 3 t . o o
~ -
. 4 b : ?
L4
‘ - > -4 - e vl ¥
CoL - o,
- ' ‘\‘\.'_ ‘ *
\ ~
- .. .
| B ,




L 4
ANAEROBIC DIGESTION II
i .. LESSON OUTLINE -
" »
‘" I. Preview
”, A3
. A. Classification by fui;cc:lon .
. B. (Classification by roof desigh
C. Effects of temperature . )
D. Mixer types ‘
.. E. Gas system . ‘
 ° P. Sample points ° ;
Do G. Testing ) -
. H, Safety ¢ 4
: II. Classification
A. Function .. ,
1 o~ 1. Primary-
* a) Receive sludge first
b) Majority of diges:ion
. 2. " Secondary , -
a) Follows -primary .
. t b) Sludge gas storage ° *
N ¢) Multiple dig’esters - dperacional flex:lb:ll:lcy
% . B. Roof design
: . 1. Fixed .
g" » a) Primary
. 2. "Floating roof .
L a) floats on s}udge T,
L . b) 1evel controlled by sludge draw off
¢ ¢) secondary
H d) corpels prevent roof from falling
H 3. Gas Holding
: a) floats on gas :
¢ . b) height controlled by gas and l:lqu:ld draw off rates
» ¢ C. Temperature Classification
. a) température §ontrols digestion t.ime
. b) normal mesophilic -
I ©e) 95-98°F ‘ .
ot d) 20-30 days ,
' } e) not vary more than l°F/day
-- <t III. Boilers and Heat Exchangers '
st ‘ ‘A. Boiler s
4 1. low pressure
. * 2. uses methane “
i . 3. alternate source
N B. Heat exchanger o
o “ 1. internal - coils -
e 1 *a) difficult to maintain %emperaCure
b . >
d -
I - ‘ )
- O E, 33 < ’
’ » \ 4" .
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& ., * . . ' - .
v - 2, Steam injection .
L ' . ay internal .
’ N b} both beating and mixing
- . c) boiler water treatment
. 1 . d) adds extra water.
. c, . . e) maintenance * . -
, . 3. Direct gas . )

- a) heats and mixes - o, ¢

- . b) danger - °
- - . 4, - Exterpal . '
. a) ease of maintenance
° b) hot water
- .- o) pre-heat sludge v
; - * d) ' circulate sludge next to hot water coils
+e) mixing * - N
* £) regular cleaning . '
L\ . '4 5. Temperature Control and Efficiency
e a) rate of recirculation ‘
e b) efficiency of boilet . .
- v c) BTU value of gas < . o -

' d) rate of flow . .
e) temperature of raw sludge

v v £) efficiency of heat exchanger ¢ " «
» g) 19F/day , . . W
© - 1IV. Mixing System et —_— .
iy Y . A. Contact of sludge and micro-organisms .
N . . B. Mixer ' . .
L. - 1. compressed gas < . s ' Co 5'
t . 2. mechanical ’ -
g 3. pumps * . . kS
V. Gas System
' LA % A. Equipment } ,
. . . < 1. heat sensitive valve ' }
2. . ® . 2, flame arresters ' .
' 3. pressure reducing valve
. 4., moisture - sedimentation traps 7 =
: . 5. orifices - manometers , 0
. ' 6. gas meters
e B. Designed for safety and control.
T 1. corrosive
- ‘ . 2." explosive ° ’
- GVI*' Operation Control ’ -
A. Major areas . ;
1. bacteria . -
<, DR a) anaerobic. , ]
. . - b) slow ‘ “ < -
- . - ¢ ¢) ratio 20:1 . v :
2 .t . 2. Food. 4 ~
R a) 5-8% solids
o b) no toxic material i P
.. . c) stable pH S, .
s 7 - d) constant feed rite : .
s )
%;,4 P ’ . - ” * *
. - . .o ’ ©o-
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3. Loading : <

o “a) F/M ratio . ¥
b) hydraulic loading
i ¢) 0.03 to 0.1 1bs Vs/ft3 * -,
. d) 20 days retentive time Wi,
4, Mixing B
o . . a) artificial best .
‘ o - b) loading 0.4 1lbs VS/ft gives natural loading \
- . 5. Enviro tal conditions
, a) a:ﬁc:&ic ) )
. b) pH 6.8 - 7.2 . , .
. 7 ¢) va 50-300 . e -
N d) alk 3,000-600 mg/1 1- . ‘
e) VA/Alk 0.25 or below °* *
. . 6. Time ’
a) controlled by loading apd Cempera:ure -
N " ) 95-989F, 20-30 dlys
VII. Sampling and Texting ° -
. - . A. Sampling points .
. 1. digested sludge
’ 2. digesting sludge . :
', a) thief hole .
L 3. raw gludge ' M . {
»r "+ 4, - supernatant ¢ B * .
5. gas ° y 8 .
L B. Typical test pH, %y molsture, temperature, alk, V.A.
. C. pH and temperature .
1. raw, digested, digesting, supernatant
» D. Flow . . ¢ . s
1. all points ‘
, E. Efficiency : .
- ! - 1. T.S., %4 moiscure, VS compared between riﬁd digestad
- ' F. , Gas : i .
- 1.2 €Oy, Flow' ' . . - ’
G. Supernatant ¢ . -, :
1. BOD, S.S. and VSS [
. s H. Control test N
o . I. - VA/Alk ratlo 8 . -
o .2. Dbetter than pH .
v L. Ploc on 30-day moving averages ~
‘ . VIII. Safety’ . | .
a. ,General . ~ * -
’t) rubber-soled shoes P R
{ : 2) religh?%urner with caution S
v 3) fix Te TASAP T
4) check for combustible gas ghd 02 in canks, ,
IX. A. Summary ) o 8
- . . .
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Narrative * > L e

Slide #

1. Anaerobic Digestion ~ This is Part .1l of g two-part series on the
§ basic theory and operation of anaerobic dlgesters The two parts

6 should be viewed consecutively. c
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 manag'ér. ~

3. During this lesgon, we will deal with the classification of
digesters by function, roof design and temperature, the effects of
sIudge temperature and ways tocontrol that temperature.

4. We will discuss mixer types, the’gas system components, _specifically

the safety devices,and the overald system operation. We will also
discuss six factors that affect cﬁeratioual concrol, some common
test points and typical tests and finally there will be an overview
~ i of safety ‘considerations. . B

5. Digesters may be classified by functlon as to nrimary, secondary, or
' gas-holding. '

' N . . .
. 6. Primary digesters aré the, units tHat first receive the sludge - 1c
is here that the majority of the digestlon takes place.

., »
| 7. Secondary digesters receive digested sludge from the primary
| digester. They, serve essentially.as sludge and gas storage areas.
| f The third function which a digester may provide is that of gas * '
| holding. =~ Gas holding digesters usually would follow secondary
digesteérs and collect gas from both Rrimary and secondary digesters.
Having multiple digescars provides an operational flexibilitv, ’
.especially during start u'p dnd digescer upset.

8. Primary and secondary digescers may be further classifie,d by roof .
! design as to fixed or floating roof. ‘Thé gas, holder is-a type of
floating roof. ' . :

. .
. , . . o .

9. With the fixed roof design, gas is stored in lthe.upper portion of .
the tank. Gas pressure in the tank is controlled by gas draw off
. racaand liquid level. - R

10. On the other hand, with the floating roof design, the roof floats’ L
. + on the sludge. With this design, the gas must be drawn off 26 it
. ' ' is produced. There is very little gas storage area.

p . 11, .Fixed rdof digescers can be idenufied by the fact that the solid
4 . 'cqncrete roof usually is flush with the top of the walls, -

. . -

] A
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12,

13.

14,

15.

16.

17.

18'
¢

«The length of time required for digegtion to come to completion is
., a function of the temperature range: Operating within the; to-

. .
. - - ’ -2z
On the floating roogﬁmé'eSCers the roof may be below or abowe the
walls, and roof guides are visible around the top edge of the
digester.

Primary digesters are usually the fixed roof type, and secondary
digesters are usually the floating roof design.
\]

.
v

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 wal],of the digester. - S
Digesters that serve the third function, ‘gas holding, require a
specialfroof design. The roof of this type of digester floats
high pfove the sludge and is totally supported by the gas pressugeg
in the digester. Since gas pressure holds up the roof, its R

. position is controlled by rates of gas produced and gas and/or

sludge draw off. . -

The domé shaped roof makes the gas~holding digester easy*go
identify.

Besides'classifying digesters as tb function and roof design, they
may begclagsified by the.operaging temperature of the digesting

T

sludge. There are three typical temperature ranges: psychrophilic,‘

mesophilic, and chermophilic, the most common of which is the
mesophilic.

>

mesophilic range at 95-98° F. will normally complete digestien in

L d

>

20-30 days. - p -
. l A - L
. ‘ 7 ’ “ -
Boilers and;%?ac Exchangers ) ) . 1
19. This temperaCure sholld not vaxy more than 1° F. per day. To
maintain this temperature, a boiler” and heac exchanger of some
type are qecessarxﬁ ‘ , @5
. ' ¢
20. The bbiler is usually of the lot pressure type (less‘than OQ psi) %
and fired by the methane in the digester gas. Using the digester
gas to Yire the boiler reduces overall energy requiréments and
makes the anaerobic digestion prqcess an energy producer rather
than a consumer. -
o K l
21., Besides having the digester gas available, an altermative energy

-

source such as natural gas is ustally reguired for start.,up and
as back up at times of digester upset, During these incidents,
the quality of the gas will deteridrate to the poinc that proper

temperaCure ¢an no longer be maintained. . -
- : " k] ‘o .
P Y
' h ° b
- L ' -
. -t .
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Along with the boiler, there must be a heat exchanger. There are
three basic types: internal, direct gas ajd extermal.

Internal heat exchangers are usitally the hot water.cype and consist
of a set of internal coils through which the hot water passes.

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

Another type of internal heat exchange} is the steam injection
type ~ with this style of heat.exchange, live steam is bubbled
through the digesting&s%udge both heating and mixjng. P

This type of heating adds extra water to the sludge. Furchermore,
it requires special chemical treatment of the boiler make up water
and coff¥nuous maintenance of check valves to prevent back flow of
sludge into thé boiler.

Direct gas systems consisg of an open flame contained in a hollow
tube below the sludge Surﬁace. This type of heat exchanger both
heats and mixes. - B
N -
This cype of system offers an obvious safety problem; that is, if
’ the methane within the digestersis ignited by the' open flame, a
violent explosion will occur.

bl

Al

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 1is used.

’
Hot water from the boiler is passed through a set of tubes within
the heat exchanger. Partially digested sludge is mixed with raw
lsludge by the sludge recirculation pump and then circulated through
the spaces between the hot water tubes and then to the digester.

The mixing of parcially digescad sludge with raw sludge improves
heat transfer efficiency. The recirculation pump helps wich
mixing. i R [

To maintain the heat exchanger effictently, :he tubes must be
cleaned on a regular basis. , -

Concrollfgg\ﬂﬂr4;mperaCure of the éludge and the overall enérgy
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 apd feed rate of
the raw sludge as well as the recirculation rate of the digescad
sludge, . ‘

.
.
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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!.~

N .

Mixing Systems ' \

b4

» 35. As has been mentioned before, éhe digestion of raw sludge cannot ~
take place unless the microorganisms within the digester can come
in contact with the volatile solids within the sludge.
- L .
- »
- 36. This contact'is enhanced by continual mixing'of the digesting .
_ sludge. - Several methods of mixing are used. They include:

i
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
2 38. £s has been mentioned previously, one of the ﬁajo} by-products of

- the anaerobic digestion process. is the production ot digester gas,
which is mostly methane. '
RS R . N & B ; N
39. ‘Becauke of the explosive .nature of the gas, spec{al equipment is ‘
, required for safe' Handling. This is true regardless of the major
use, of the gas. - :
~ t ¢ . ! M
40. To prevent flash fires in the digester, flame argresters are
< installed on the top of the digester as well as all other gas
exit 'poinc's.
- v ‘ ¢
* " 41, Heat sensitive walves are installed at Various Points in the gas ,
. systen to hélp prevent explosion as a result,’of a fire within the®
: gas ‘'system, . - ° N . \
s - 42. Pressure within the gas sysfem is maincai‘ned by a comp¥essor and’ .
. [ various pressure regulation valves. ' ‘
. . ' i SR
43, The vfuagﬁonal,qua'licy of the gas is improved by the reduction of
: moisture and :sediment W moisture and sediment traps.

. -

. 44. The rate of gas flow is fmeasmred by sharp edged orifices and ,
" indicated on manometers. . .
. / s )
L 45. Gas consump‘f:ion is mg'?sured by tHe typical gas meter. \ N
. ~ R ‘ . P Y .
B 46. When digester gas systems are properly designed thef operate safely
- . while con'croj.'ling 3 steady pressure and removing sfdimentation and °
. ° ‘moisture, plu§ monitgring bo¥h gas flow and consumgftion. . T
Lt . I PR .
. » .2 y 24
5 - . ° El
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E
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47.7.Digester gas is not easily stored in a typical gas container due
to its corrosive and explosive nature. Therefore, any) excess that
is produced is consuwmed via a waste gas burner. '
[
48. To obtain optimum digestion from the digester, six factors must be
controlled. v )
‘ \

(- .
49.: They are bacteria, food, loadings mixing, environmental conditions
and tife. . ' . .

e . .
50\ The bacteria of major concern are the methane producers which are
strict anaerobes. To protect their environment, all air must be 1+ 7

prevented from entering the digester. .

gl. These organisms are rather slow in their digestion process;
therefore, a ratio of 20 times more seed organisms than fo®d is )
required. That is, each day, only one 1lb. of food should be fed P
for each 20 1bs. of organisms in the digester. Thatsis why it _ -
normaily talggs 20 days or more to-.gomplete 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, ang have a stable ~ Y

pH. ‘/The rate and frequency of feed must be constant. -
’ . -

54. Loading refers to both the food to organisms ratio and the hydraulic®
loading. ' ' .. * '

“ F 4
55. The food 'to organisms ratio for conventional opera%ll range ,
from 0.03 to 0.1 lbs. of volatile solids per cubic foot of digester ‘
sludge. Hydraulic loadfng affects detention time. The detention
time must be*long enough tao allow for complete ;igestion, which .
may be 20 days or more. -

56. The food must mix with Che organisms. Mixing may be natural or .y
artifical. However, artifical mixing gives the best results and '
reduc¥s dead spotg. . .

\ .
B

57. As mentioned beﬁ)re, the henvironmental conditions must be strictly
anaercbic, and a volatile acids to alkaline ratio of 0.25 or below
will painsain a steady pH. V. ~ R T e

s8. Digestion time is relative to temperature and controlled by loading. N
That is, at 95-98°F. a detentiop time of 20-30 days should be
maintained. . ) ,
59. To control the digester,_dt is necessary to monitor regularly at
various points. Samples’should be collected from raw sludge,
digester sludge, dig&sted sludge, supérnatant and gas. Digested - -
Yludge is usually collected through speécial sampling holes called -
thief hdles. T o -




— ‘ . . .

. -

.

One or mor,
digester.

e

-~

61. Samples collected from these points should be evaludted by -
laboratory .tests. Tests such as pH; percent of moisture, temperature,
alkalinity, and volatile acids are among the many requxred .
monitoring tests. - \

.
’ Voo

62, Raw sludge, digesting sludge, digested sludge, and supernatant are
3 atr chgeked for pH and temperature. These tests should be run and
%‘* \ compared at least daily.- - R .

63. Sludge and gas flow are measured at all entrance and exit paints op

- the digester. . //~/ . .
N . . - N ’

4. To determine the efficiency of the; digester, togal solids, percent
moisture, and volatile golids tests are run on che raw sludge and compared .,
with digesting and digesced 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 quality : and dffester performance. To determine the - a
effect of supernatant on the other treatment processes, boch BOD ¢ .

- and S.S. are monicored . .

’ - N - “

P 66. * The ultimate control tests for digester dperations are volatile' o

. acids and alkalinity.? This ratio 4ndicates impending changes in

I » " the pH of the digester and, thus, the health of the methane formers.

-;' z A, change in VA/Alk ratios will inddcate possible digester

P ¢ " problems long before a change in pH can be measured. .

O - N » -

-

- ' 67. For best control, trend charts of all parameters should be
:, escablished with 30 day mqﬂ.né averages. o el e
. N S < < *
N 68. To prevenc accidencs with, diges‘cers, the following precaubions e
sh uld gg‘,considerea Wéar rubber solecb shc@s Vhen“waﬁing on
che roo NeSer smoke ‘around the digesver vencs’ Relight che ’
waste gas bﬁYnem with caucioh. > . QB'
,4 . 8
69. ".Fix gas. leaks AS{y. Neevex‘“gnoer a ,parc!ally full or empty 4
N diges’cer\wichou?%ﬁeckingv fo?t o":gygen deplecion;a%fpd explcfsive gase&. .
. . . 4 \
70, During this lesson, we H;we seen_,&ac Bjgesters are cl%sified t’hrggg
ways: by funcéion, by roofodesign, pnd,éby operating Cemperat;ure 2
. +The mesophilic temperature cl,ass'ifibcaticp,pi:s«'ggl@‘most common1 -s ",&,? 3 “\
’ o -. FLI @.&
71. We learned that digester’ Cemperacure ds con,t?glledzy.by a heaf’ C e
exchanger- and that the sludge tempe, ;a:ure mth be cp,ntrnl d)wi.thin e s
10 r/da¥. ,,(o:,'@’a. .8
FS .

. R . o : L B
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. »
Ve looked at several types.of thixers and learned that mixing improves
digestion, ’ ‘

. v . ~

We previblied the bisic components of the gas system and learned that
ther system is designed to control the pressure of the gas, remove
sediment and moilsture, measure flow and consumption and protect

the dfgestet®from.fire and explosion. :

Y ' [
We saw that for proper operational congrol, the digester must be
. gonitored and special control tests run on the samples collected.
. .

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

¢ >
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ANAEROBIC DIGESTTON II.  *
% L LN &
. WORKSHEET . . . ’ -
v ' ¢
1. Digestion may be classified by function. On the list below, place
an "X" beside the three terms Used to describe these three fusctions:
£ d .
’\’/‘_" a. digestion . °
—_— & ' .,
. X B+ primary 1 4
c. solids reduction
,
\ d. conditioning - v
. qu hal
+ ' o X e. secondary ‘ '
iy
4
o . __j_ f. gas production , . ‘
¢ | . . g. endrgy costsavings .. ‘J
B A K ‘
h. gas producers . - |
- | o
i. gas holdin; . |
“ "‘K"'l 8 ¢ 8 L, . |
2, Find the correct name for this digester in the above list and write 3 !
, the corresponding l‘eccer*in the following blank: B » ~ . |
. - \ _— ;
'{J.L\Selecc the ‘proper name for ti most commo\digester,'operacir:g range., , )
. . S , . S .
. X __ a. mesophilic , - T e
. . e Fa
. 4 b. psychrophilic
2, o
c, esophilic . . = -
* d. the;-mophiuc K
i ! : e. none of the above ' ' 1/
\ R .- . ) = &
4, Select the temperature range for the most common digester operating
range. . 1
- a. 65-78° F T
" -
b. 79-959 F . *
S e ) \D , s 'éo e © ‘
T * X c. 95-98°F ’
5 Q . m . *
sy d. 98-108° F* T
o - S
Si e : e. none of the above - .
i —_— . : .
N . ° Y
e ‘ ) { : .
- * n - red
» . . - 83 .
¥ . . . - . 1,
3 ' . MR AN
2 i [ 44 - ) :
- ’
' . - -~ e N co.
L. - e N
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‘ ,‘ 0. -
] 4 LY
For a normally operated anaerobic digester operating within the
typicgl temperature range, complete sludge digestion should take

place in:
+a., 10-20 days

20-30 days

30-35 dags

40-50 days

M

Using the pictures below,'idencify é;ch of the digesters by roof
design. . s °

none of the abovel

o

_gas holding

-
»

fixed

~ floating

floating

-




o T . ) .
~ . > 3
‘ B ., . ’ i .
’ o . . r .
* 7. 1In order to maintain an anaerobic digester in‘ optimum conditionj”

;"’“‘» "c'he digegter sludge temperature should not cp‘?dge more than

il degrees F. per day. ¢ s .

1 ‘W - - N '
e L e 4 - ') * v -
. {____;' - . ‘ N s
. . = 1§ . .
. ,b.3 3 .. *
" e I . ) & . . . ) -
P et ¢. 2 - - N, . .
. ‘ 8 ’% . ’ * N
. f « . R
3 X _d. 1 A e " :
[ LY - B ; - P

& . * . \ h ) ’ .

) e. mnone of che’aboye . PR .

4 - : g |

8. From the list below, select the three most common cypes of heat ‘

v exc angers. oot . - . Lo » .
. . ¥
Aie . a. ipternal combustion engide™ | . . o0
i e - .

A < - ° “

% X b, direct gas flame . ’ . . :

Z . » . . ~ °

‘. L Ic.. low pressite , . . >

s - @‘_l coil type ' - - oy .
£ . . PO . e
“ X e. M;n‘ternal ¢ (}, . <
‘ ; —_— Rl 3 . " . *
- . 28 draft tube . - .. - . lalrr
. o oy , . - , / s y P
. il g “ externag R <Y . - ’
o ‘» PR S BN i
. 3 M .
» ., h. boiler - 8 \‘A -
> . R . N < Rl
9, From the previous list, indicate the cype of heat exghanger that -
- - qffers the easiest fidintenance., . .
e : ¥ < )
6 : . A 4 ) , . TN
w > ~ .
L . 1Q. The major purpose for mixing is to : {select one) T .
- N . .
- “x__a. bring food and mitroorganisms inté contact. ¢ * G
W . " b. break up the scum blanket. o * : *
. . - - . )
/ - c. \reduce energy requirements by cifcularion heaced sludge.
-+ . * - ‘
.. . d. relea"se .gas from che sludge parcicles. . o
. L3
. . . . ) -
- : N % : . N e
. - g ‘ ¢ oo )
% . . . . . .
T . ¥ . N - . R

) ) ” - . i ‘ T o ’,.
I . . T
I’ N . 14
b ¢ Y T e ' -
C. . » S =
5. FTN R j ;
?-« ) ‘ - A d - - ~ ¢ te *
Y (8, ‘e ‘e - ) -

A g o 4 \ > N . . ) . .=
. EMC o R ! ’46.'\ ! *

$ L gy R e ‘ ‘.
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11. Match the list of gas handli
sof functions on the right.

+ D flame/drresters'

E  waste gas burner

B gas meter N

N

D heat sensitive valve

IS T

. o v~

] v .
. *

ng equipment oft the left with”the list
(Ar™ answer may be used more than omce.)
y A

. B
+ C_ sharp edged ofifice

»

moisture traps

®
&  sadiment traps

12. Typical volatile solids/ft.3

mighﬂt‘*be:

a. 0.004 to 0.04 ibs.

(b
N
N S b}
fy
d.
L d
e. all of the R{pove
, )
“"C— Ve . .
. . R . -~
v N
>
.
. .
i )
e e ¥
» A
‘ -
. K .
. . N « -
, N
. . .,
. M .
: iy
s .
H 2R , 3
L} -
N N
'
. B
. . ¢ g i
N ) . ~N . st
it
. .
*
N
\ . i . £
.
‘e
N . 4 PSS
P
B
. * » rn
o o
. ¢ . 47 - .
M B
Beegy, . B - -
- . - Ft P *

a. improve gas quality - ®
| b. measure gas consumption
N 'c. ;neasure&};hs flow
d. . safety - ,
e. di:sposal of excess gas Y

. "
\

' . 3
loadings for an anerobic digester .

fee.3

4
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.13. Using the ‘drawing ab?ve, match the items indicated with the -

. ‘- description. . [+
i \ . - .
’ A __ flame arrester . .
R - N
. - : ’ ¢ ! -
s \ Fs waste fas burner oo -, - ,
e E - B < , °
) ) 8as met‘e.r'= i . . , .
, D theat densitive walve . - -
— : . X °
B moisture and sediment traps °
:*;5% * e ° . ‘ ’ H a .
. e
C fnan?meters ' M
+
* S e 13. The most common Volatile dcids to alkalinity ratio for an anatrobic .
. digester would be: ) . . e
- \ .
: , . - .
4 a. 0.25
: o 44‘ A - * ’
5. 1 ¢ o
s b 50 . . . ,
. . ] - *
.. PRy L [
L 4 . 0.4 « - -
. . . 1=
t. N . . e 0 1
. N X . 0.25 3 . «
. ——— .
-~ 4 . N A
e, 0. '
=~ —— . d
! 15.7 Using the diagram below, indicate what material is being sampled at o
each pointf. , . %
N = Y, o~ * Lo b .-
I D _ supernatant « - . - B__gas
D KO ¥ C
A raw sludge e , _E digested sludge
} v . —_— se ’—.—r—. \
- . . v . _ M
.. .. . C .digesting s‘ludge. - - i
’ < - . i
AN L] . S, . i . -
. . . L
- 1 © A r' (N -~ " g
- . v 0 " - ¢ ‘
- - A N 9
- . ) - .
i e Y .t
s e, - . - ¢ N ’
5 - - x . ;
- i 'u‘ o i : ) ° : - - ' ot
’; - - X .t ‘e
. - D K . s
7 \ . : oo . .
. kd F A N ) , ot
= kN ~ - . . ‘ > . -
. %’%* o I o . . . - ‘e .
. * d .
‘e e . r . 5 .
~ i ' . . .
| 97 ~ -
~ . . b Y o » -
- 3. : > b i \ . 5l ’
B ia e . L. v -
- . .
. 4 N «
. IR . 48 o .
- N, . . ”
Ve em . .. 2 - -
- ; (VR Y . . - .
Vo .&X&;‘:{: - - oy “




Learning Resource 3

“Anaerobic Digestion'

Wastewater Treatmeént Plangggperator Training Program
Intermediate Course = Volume B

Water Pollution Control Federation

2626 Pennsylvania Avenue, N.W.

Washington, DC 20037

’

& .
- . N .
4 Presented are selécted parts of a training program designed for
those already employed as wastewater treatment plant operators. The
general objective of the program is to prepare students for futther
‘hands-on and skills training in wpnit process gperacioq. .
. This part of the unit describes the purpose and the methods of =
anaerobic digestion. Also examined is the activity that occumss in
the anaergbic digester. Performance objectives, upit objectives,
instrugtional resources, instructor 4activities, and discus$ion
questions are 1nc1fded.

- -

v

The unit uses the audio-wisual (slide-tape) formate -with -an?
accompanying printed student workbook. The audio-visual portion of
the program is designed for use with any standard 35mm slide projector
and a cassette tape player. Pre- and posc tests are provided within
the student workbooks. . N




: NAME:
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UNIT 8B - PRE-TEST .

.

. DATE:

L4

- e — P [T R

The following qu.escions are designed to help yoﬁ"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 chrough the Um.c Answer each questipn 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.

, PN e

1. Put an "X"'beside each-of the Following statements that 1is a Frgason
* * [N for and result of anaerobic digestwn .
; »
a. production of a sludge gasier to dewater.
b. elimination of all odors. .
c. lowerin®™In the.number of pathogens.. '. L ®
d. reductwn in the volume of solids. .
\
2. What are’ the two dlfferenc kinds of bacteris ihvolved 1n che”
o™ . anaerobic digestidn process? N . .
d . » '
- - P a. I% hd
b. . ,
’ ]
3. Briefly explain how these cwq differenc kindg of bacteria work
A e together. . -
4 N B
- ,
. -

©
s

Which of "these two_different kinds®of \bacteria i% more sensitive? -

. .
. - s [ ‘ *

5 o, 4
" 5. a
€

: "y

:“ ) - ' b.

?‘3 s

s o R

; EMC

o i

14

If organlc loadings are too high, what will happen c0 ~the

balance bemeen ‘the bacteria?
£

o -

. . B . 8
s /
- 5 ..
% » ‘\
' -
If organic boadings are too low, ‘what’'will happen to the balance

between the bacteria? . -

*
iy . -




. wran e .
- - .
N .
. ¢ ~
"6. About what percentage of the' gases produced in the digester is * -
. . ? ' 'Y
e a methane ) 4 & ' ‘ .
~ Lo
; % s ¢ - °
7. Why is it important to provide mixing in the digester? v ’
——— ~ . .
I ¢ ’
. » -
s -t_’.
. .
. L1 - '3
. '
. 8. Sludge that is easily dewaterable, does not smell too bad, has a
., Tumpy black ‘appearance, and does not have grey streaks in it'is
y .
(well/incompletely) digested sludge. .
: 9. Give a brief description of at o .
- .
. a. two-stage gigestion set-up - *®
» ) * e
s .
’ . o T~
+ P 5 w3
. , - i
o \ . & N H
, i b. one-stage digestion set-up ot @
S ~ g ,
L 4
. ! . )
{ . _ .
. ~ ,\
7 A S
R
Q; ~ o, -
10. It is expected chac the liquid level wjll vary greatly in a digescar
. with a fixed cover. B
TRUE FALSE PR
o ® AR ) o :
/ 11. ' The pottoms of digesters are cone-shaped. Why? LY e«
e , — -
. NP P v R - .
+ -
12. It is important that the temperature of the digester be kept at a %
. constant temperatwure, someplace in the range of 90,to 98°F. Jow /
: * is this donel , ‘
*x v 4 ’ .
’ . e Q -
. ] , c
) . “ - N .0
[ . - .
.I . ) , P .t / ‘I
- v, v ) : ™ - P
" . ¢ .
o, QO : 51 6 O ) -
CERIC 4. & o
-] T~ O s L
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. ; ’ A

13. What imptrtant control do we have over gas pressure or vacuum build-
b ups in the fixed-cover digester?” '

‘-

A

3

. ~ !
14. There isswater vapor in the gas removed from the digester. As ‘the

. gas cools in the pipes, this water vapor condenses and forms water,
, Where is this water collected? v .
’ * *.
. T e
S — — . &
15. What are the two ways used to provided mixing in the digester? . N
. i . ; .,
b. . - * .
! .
16. In terms of good digester results, what arg the two main things
that we are looking for? .
. 3 ) .
g. ’
- B R .
, b7. : . ) . *
. 17. What are the two main indicators that we can use to warn us:about
- s possible digester problems? ‘ - .
a. - s A - . .
g o
. «
b. . " . .
~, \ i "
< 18. 1f we are getting indications of digester problems, can you list
. at least two things that should be checked?
B a - o . - -y - ¢ . * S .
b. iy e . - ‘. . . .

% When you have completed your®answers and are ready tq check them, go on
+to the next page. o .

ERIC . .
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“

(four points)

UN}T 8B - PRE-TEST

A\ J

ANSWERS TO

<

¢

)

¢

Check over your answerh, remembering that we are’more Concerned with
you having the right idea than the same words as given here.
allotted for each question are indicated in parentheses.

Poi

N 2
b . : 7 -
.‘R’ , - -
. 8.
‘1‘" i a
"’Z . f. o
K
&
“‘8 v
- -
o - \‘1 ‘
«ERIC -
w.

Aruten provided oy eric

*

(two points)

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

(four ‘points) *TRE acid-forming bacteria digest the organics in the

process.

, sludge producing.acid as they do so.

keep the process going., . '

(one pgint)

“(four poinCS)

e
.

4

methane-producing baccenba

Too much would upset the,
The methane-producing bacteria eat the acxd, and thus

3

-~

a. Acid forming bacceria will mulsiply rapldly 4nd produce too much

acid.

it all, and the process will fgil.

-

h. There wiil not be enoughﬂa

producers alive. This means

and the process will fail. -

(two points)

T8 (one potmt—65%—

the top of the digester.

(one point) well
- -~

>

14

-

-
LY

con

It also helps distribute heat,

“

dead’ areas, and helps to mix microorganisms apd sludge

THe methane-producing bacteria will not be able to handle

s produced to keep enough methane ’
at even a small increase in .
lgading will be too much for®the methane pfoducers to hahdle

.,

&,

o

Mixing helps prefent*a scum blanket from forming at . T
prevent

¥



(four points)

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), vhere the supernatant is separated from the
sfudge.

b. The digestion process happens in one tank. Mixing has to be
stopped before supernatant is withdrawn.

(one point) FALSE /! -

(one point) This helps the sludge settle, and allows the fhickest
sludge to be removed from the digester.'

L4 "
(one point) A sludge rgcirculacion'sysCem is used to pass sludge
through a heat exchanger to keep the temperature in the proper
range.

(one point) pressure vactum relief valve

(one point) drip traps
;cwo points)

a. mechanical mi&ing
b. gas miding *
-

(two poings) BN .

a. reduction in the volume o£~ofganic solids *'»
b. a good supernatan .

(two points)

.a. volatile aeids‘level,'
b. gas produdtion

{two po%pts) Any two of the followiag:

.8, tegberaCure
b. TmiXing‘§ystem - - ~—— -
c. hydraulic overloading
.H& well did you make out? Mark your score here.
- . . .
A out of 36
<Now let your program administrator know that you are 'eady to begin
studying Unit 8B. Do not go op- to the next page until after you have
comple:ed the Unic 8B Tape 1 audio-visual program. . S A

— “

*
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Aruitoxt provided by Eric:
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UNIT 8B - SUMMARY : t ?,c;{i

. TAPE 1 X N

r . N

) < . N - > .

The following summarizes what has peenbtalked about so €3, in Unit &B ‘.
Tape 1. Read this summarv over carefully, making sure tl;?dt yon ¥

understand each of the points mentioned. ¢

'-

* -t

Reasons for and, results of sludge digestion:

- production of a sludge easier to dewater;
.~ reduction of odo¥s;
- lowering 1\1 the number of, pachogens\ and
- reduction in the volume of solids,
- ,.3‘5*
Anaerdbic digescion iska biological procéss chau makes use of two
different kinds of baCCeria. , ‘.\-/_ : .

\ -

L4

- Acid forming baCCeria:’ These b t&ria fotm acids as dhey

digest -organics in' the s'fudge K kéep dh growing. and
reproducing as long as food 1s. 3 ble. They alsd keep
on producing ﬁcid .as they work e A

5 . -
a4 o -~

- Methane Loducing 'baCCerla ' The methane producing bacterig
5 Gvide the balance to the acid’forming bacteria, The )
[}

'

methane producing bacteria eat the acid produced by the
d=-presducing bacteria, and'keep the procass uo ing, 1If
there were too much acid, the digestion process yld stop.
N H - ™

The acid formers will survive as long as chere 4s food availahle. ;guc

the methane producers’are sensitive andgcan only operate under anaglobic,

conditions. Even changes in loading, pH, dr temperature will,affect
.methane producers. Methane producers werk best at a constant ~<l‘<
temperatur) someplace between 90 and 98°F. They don't like changes .
of more than I°F per day. N [N i :
. 3 7 ) l

¢ N
It the methane producers cannot work, chq:e will 'soon be e much"! id
in the digester. The coler of thesgludge will beqome, dirfy- grey, éd
there will be a strong sour smell. Once it starts, the situatfon %ill
get worse. ' s
. ¢ ‘y
‘ ot N : =
Acid’\forming bacteria form volatile acids. These volatile acids are d
eaten by the.methane producing bacteria, which change che ad¢id into
. methane, carbon dioxide, and water. '

v .
o= 0

There has to be a proper balahce becwe the®acid forming and methane
producing bacteria. . » .
M . a ‘e
-~ If che organic loading .is too, high, then the acid forming
bacteria will multiply rapidly and produce a large amount
“of, acid. The me thane producing bacteria will not be able
. b .

) 7

. 4 ﬁ - ’

-~




B , -«
e —— . \ -’
‘ to handle it all, and the extra acid will lower the ‘pH in
the digester. The process will fail.

- If the organic loading is teo low, there will not be
enough acids formed to keep a reasonable number of methane N
producers alive. ,Even a small increase™in loadingwill be

° ) too much for the methane producers to handle. The proce§%

N will fail. “

)

-t

.

About 65% is methane, 30%
(In the

There are gases broduced in the dkgeSCer.
¢arbon diowide, and 5% other gases like mitrogen and hydrogen.
Basic Course, we had lumped chis 5%.in with the methane.)

Mixing in the digester Ts important because it helps preVenc a ‘scum
blanket from forming at the top of the digester liquid. Mixing also
'helps distribute heat, prevent dead areas, and helps to mix the

microorganisms and the sludge.

£y

was formed duryng the digestlon process. Thxs supernatant is put back

¢ When mixing isisc0pped a supernatant forms. It includes tNe water that
chrough the -plant because it is high in suspended solids.and B.0.D.

+ kell digested sludge is easily dewaterable and does noc smell too bad.
g - It has a lumpy black appeatance
¢ . .
Incompletely digested has an extreggly strong sour smell,zizg/zas grey
streaks in 1t.

> & ~N

Properly digescad sludge is dewatered and tiren disposed of on approved
land or land fills.
—~

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

N

&
Two-stage digészzgn: Two tanks are involved. The first s

. 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. InTthe secondary
v , digestex, the supernacanc is separaCed from the sludge.

L 1 .

Most of chl deigmposicion and gas production cakes place in the primary
- digesCer .

When raw sludge is pumiped to the‘Lrimary digester, ghout the same
+, amount of digested sludge is cransferred to the secondary digester.
°
’ \The one-stage digestion s&E—up is more difficult to operate because
everything has to happen in the same tank. Also, all mixing has to
-/P\~ stop for several hours before any supernatant can be drawn off.

s O ‘ ' N 56 . L
65 \

[N . - . . ’ N

-

~

-




) * ’ - ‘t 5 ~
a
) N M » .
L4 . B
1f a digester has a ffxed cover, then e’very time raw sludgesis added,
.~ about the same amount of supefnatant has to be displaced because the 3 Te
¢ liquid 1!} the digester is kept at ahout the same level.
. v Vs B . .
a If the digester has a 'floating cover, the rodf can move up and down. -
This means that the liquid levelqin the digester can vary.
The bottoms of all digesters are cone-shaped so that the thickest sludge N
can be removed from the digest®rs ’ !
~ 14 . . 4
v The sludge recirculation system keeps e contents of the digester ’ .
at the proper temperature, This diag¥am- shows how digester sludge
passes through the heat exchanger: LN ) . - % .
-~ . . N v V
- s { .
R - - - .
- ’ /— . | v
L —% tq digestet o
B s, '
L4 ! v , - ' J
. hot water inlet / = -
1 ‘ . 1 -
’/ froam digester
. - ’
[ -
. . recireulating
, L , v um
. pump
water outlet A
¢ , - . . J
by . N . . .
> « . ’

.

Supernatant drawoff lines are set up So that the operator can choose
where he will withdraw from.

- - . -~ . W
Gas from the digester is drewn off and carried to the boiler if the * B
methane is' being used as fuel, or +o the waste gas burner. - r o,

. It is important thgt a close watch be kept on the "gas produced in the
i digeSCer,. If théfe is too much gas in a fixed cover digester, there .
will be a build-uph\gf pressure. On the other hand, if there is a rapid

i drop in the level of e .liguid, a vacuum <ould develop. Either way, ’ K
< . the digester cover could be damaged. \
’ L3 ‘ -~ L9 , ¢ s %
' . I
5 v - * ‘ P
- . o
] VoS . k
L]
. . . N
.
O
. ERIC \ 66 - /
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.~ Gue of the safeguards against pressure or vacuum build-ups ds the
.= * pressure-vacuum relief valve, If the pressure is too greac,‘gas is
¥\ released. If there is a vacuum, air will be sucked in. Often, water
seals can be used as well. e 8 -

Y

. <

« Even if there are water seals or pressure-vacuum relief valves, this
does not allow youdcuc:_;ﬁgard what {s happening to .gas pressure in
‘the digester, If. ne andair are allowed to mi, an
explosive combination could result. M
Manometers oytside 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 line by the pres_'sure regulating valve. *

L . S - . .
Pipes carrying digester gas have d p traps, where condensed water
vapor from the digester gas w‘i,l‘l»x:o ect. These dripetraps bave to he

dbatned Fegmrly. LN 14 P '
\ }iixing in the digester can be done either méchani.cally, or .iay gas:
> X p . v
. 7 Mechanical mixing: "A propelloer is accache‘:‘:i to a shaft
. which goes through the cover. A motor turns the shaft .

and creates mixing dction in the digesger.
» -~
” N -
- Gas mixing: Basically, some digester g’as is taken from
> the digester, -passed through a compressor, then forced

- back into the digester a few feet frorf the bottom of the
-~ " digester. The gas bubbling back to the surface causes
mixing of the sludge. ’ 7
3 .

When you 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. ° ~——
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o UNIT 8B — SUMMARY : . -
.  TAPE 2 - >

-~ . . -
)

o .
Jn this part of theé summary we'will r
anaerobic digester control. Be surefthat you understand each of the .
points mentioned. ¢

*

b

e

- a reduction in the volume o organicasolids;’ and ' ‘
- the production of a good quality supernatant. '

MY

. * e ] . 3

organic solids are not affected in the digestion process, but choreh\ .
re changes in organic or volatile solids. '

’ g ~
Some of the organic or volatile sollds are changed to wdter and gas in
the digester. In a properly operated digester, there should be an
organic solids reduction’of “about 40 to 60%7. That is, gfhe digestion 4
process reduces the amount of dT®gnic solids by about one-half.
I3 ’ . .
- If the supernatant is nbt as googd as 1t should be, vou probably need a
angeﬁ settling time before any supernatant is withdrawn. . ?
v T hd
There are Cwo indicamrs that warn us if we are running igto digester J
. problems: L \, b 4
. . . R /5 A U
"~ Volagile acids level: If there %s a drastic clfange from your
digester's ysual volatile acids level, or if the volatile
acids level reaches 2000 mg/l, you can expect digester
‘ problems,, ~ . -

) ¢

.- Gas production and quality: Normallyn_the’ gas produced in the -
~+ digester*is about A5% methane, 80% carbon dioxide, and 5%
“ . other gases. Your warning~sign is a drop in the methane,

' concentratfon, or an increase in the tarbon dioxide
concentration. Normally the methane burn-off flame will be
blue with only & trace of yellow. It will be almost

, invisibke 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

¢ ' 3 a
may go out. ~ 95 . -
i R N ¢4 your ndicac‘ors.ara showing that you might be running, into problems,
. here argf the things you should check: ~ @
~ . - I3
. ’ - temperature: The temperature of the digester should be kept - -
‘-t .. constant, somgplace batween 90 and 98°F.. A temperature
B ~change of more than a couplegof degrees in the past week, or
. more than oné degree {n any one day, could he the cause of
. Y, the problenm. ) . .
A\
N . ;7 -
- . , %
.
' * . ) e, i
2 ' . . Y
PR ) - .
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- mixing system: Is the mixing system working properly? If
the plant has an intermittent mixing system, increadse how
often and how long mixing takes place.

- hvdraulic loading: Hydraylic loading 1s the number of days
- .that the®liquid stays in th& digester. In a heatedy mixed: ~
digester, the detention time is 10 to 15 days.” If the
detention time is too short, the dxgescion process will

probablv not be completer |, If you cannot increase the
deCGHCIOn cime, try to feed a’more concentrated sludge ro
--the digester. You always have to be carefu?l that you .are 1
. ) not pumping too much water - or grxc - to the digester. Try
\\:) . j;horCer and more frequent pumping of sludge ca.che digester.

S . - , )
~2=""NORE POINTS ABOUT DIGESTER OPERATION y ' »
LY -

»

o 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 gheal if raw sludge could be pumped to the digester

continuously, But this is not possible. Smaller plants that are * .

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 aftercoon). -

In largeryplants where automatic pumping is possible, pumping mav be

so freque%c that it is almost continuous. If there is.24-hour

o supervision of the plant, and pumping is manually controlled. there may
Be six to eight pumping cycles every day. 1 K . . ..
If sludge is being pumped to the digester for too long a period it mav **
become too thin and chere will be too much extra water bexng pumped to

L

¢
~¢ “the digeSCer -, .
- Sludge Transfer' - ’ C o,
. — - * .
Moving sludge from the primary to phe secondary digester can be done from
. ’ the top or the bottom of the primicy digester. It is a good idea,
. ;hough to ‘use the bottom lines at least one a week, so that they will
.t not plug up with grit andssdlids, \ o R A
- ) 4
b~ §ggernatanc Sejeetion | . . )
% . e o
[ It is hard to get a good supernatant from a single stage digester. Still,™ . ,
you should try to femove excess liquid. Mixing devises sholild be shut N
N ~off for a while before supernatant is withdrawn, Experience will tell
* " yols how long a seccling time is ‘needed to get a good supernatant. if .
- you have a number of subernatant draw-off Iines, you should use the one ' ‘
3 that glves the best supernatant: , . .

~ (44
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Full Tt Provided by ERIC.

“In two-stage digesters, the supernatant is drawn of'f from the secondary
digester. The supernatant might be selected~automatically when a
_sludge transfer takeseplace, .@r the supernatardt might be withdrawn when
the plant can best take the extra B.0.D. loading. The equipment you -
_havg'available will dete;m'ne how and whgn supernatnat is,withdrawn.

You should carry_out a Susgended SOlldS test on the supernatant. If<the
., suspended solids levels are more than 5000 to 7509 mg/1, you can
probahly expect problems to dewelop in‘otheg parts of the plant. «

T El

Digested SMMge Remo:/al
FEE -

\

4

When you ate taking opt sludge from a fixed cover digester. This would
draw in air.and create an explosive ‘condition., Your best bet is to

pump only small apounts, agd if possible, raw sludge should be added

at the same time so that the liduid 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.-=tn 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 concentration, you should be using the t:otal, and

t:he volanle solids tests.

“ .
"A two-stage digester will produce a more concentrated sludge. If at
deast one of the digesters has a floating cover, then yow, can remove

the slydge from the secondary digester whenever it is convenient.

Because the’ tanks are connected #nd at least one of the digesters has

a floating cover, taking out a lot of sludfe at one time will not disturb’
the process or cause a loss of gas pressure. Agam you should be !
using the total, and ‘the volatile solids tests to ‘evalliate the stability’
of the slud{;e and its concentration. ’

$ -
This is the end of the review for this Unit. Before going On &0 the
review exercise, however, you should check over the complete summary, ,
just to be sure that you have not missed any of the points.

When you are ready, go on to the review exercise on thé next page. '

N
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UNIT 8B ~ REVIEW EXERCISE . .
AR ‘-
e . . '

.. . . - e

. - ‘.
Knswer the following questions ad best you can, in your owh words

L "¢where nedessary. R o
4 <

2 4
. 1. "We mentioned. four results of the sludge process. Do you,recall

what they are'.: B
a. . .
' & °
T . b. ) - - 5 " '
. A\ > .
. - -
Cc. . ¢ .
. . Yy M
. ) . N % J
, d. !l
X
2., There are two different kinds af bacteria involved in the anaerobic
. digestion process. What are they? Briefly describe what each . #
A ] kind dpes.s. . A
a. .
. ; = ’
» - . _ M °
. » ©
<& & .
D 4 ‘. P . .
. b.
4 . * L ‘
- v i Lo
- . =y T o
-
3. These bacteria will survive as long as there is food available.
g “

. ‘4 & . -
5 17} a
“4. These bacteria are sensitive and Can only Operate under anaerobic s
cogditions. - l
L4 . i

-

° . 3 . .
- - 5. ~Phreretas to be=a proper batance betweenw thesetwo drfferentkimds————————
af bacteria. ] o *
[, @ - . N . . <
4 N “ a. What will happen if the organic loading is too high? - '
w“* M e, T s \ ¢ )
‘- PERY 2
- g . . ‘9 s . h . ,s . D —
M ' — A ’ i : M P 1' : S
" H
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6.

7.

0 o

_Normally about what percentage bf the pases produced 1n‘the digester
is methane? .

%

o © -

the digester? .
- . N

What are some of t:he reasons why it is 1mportan‘t Cj haVe mixing in

-\.

“a. a well-digested s_ludgel?

How would you describe:

/

A

an.incompletely digested slydge? , -

LI -
B N .

1 L

¥

Briefly desccibe the difference becween two-scage and one- stage
operacion.

~

Changes in gas préssurg and liquid level aré not, as cric}:al in the
cover digester. *

Wiy are the bottoms of digesters cone-shaped?
. * . N

)

- -




12, -

N -

’

7

. 13. What is done with the gas that has been removed from the digester”
’
-~ .
., / s . ¢ [ ol ) .
14. Briefly describe the double putpose of the pressure vacuym relief
Y A
-, \.ralve.‘_ s Lt % r A
] - . o ° S
. Pl
Y ' ,
. , - -
3 .
1%, What 1s the purpose of the drip traps?
. \ . . ’
‘e .
T« — B
° ° ) ! .
.- s d
) ]
16. What am'sche two ways in which mixing can be a'ccomplished in the '
digester’e -
» D .
. &? . .;"'Q
. ~ a. : . !
“ " 0 .
- s et
b.: N = -
h . ¢ ’ ,
195 In cex‘k of digéster control, what are the two things thar we are
.+ looking for?
Te - . - :
! . a. b . 1]
» , *
. ° b. - . . .
. , “ e
18+ wWhat are-che two indicacars that we use to get warnings of ?ﬁgester
problems? Briefly describé each. A .
'f ' ) a . ’ : o
: ) D ST T
. . L > [N v
- * ¢ 0 - N
* . e I3 e . ’
» e \
b -
»
A -
S ',‘ - b . . . 4
" , . , . » . ’
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. 19. 1f you afe getting warnings thag tftere are digester problems, what
- ~ three things should you ‘check?.
’ .- - > ' * . &
*. B, 4 \
‘O' ‘& X B ’ . *
. ' ’ ' 1
v “ :
. 2 When yoUu have completedg@your answers and are ready to check them over,
5, g0 on to the next page.
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+ ANSWERS TO
UNIT 8B - REVIEW EXERCISE

In checking vour answers, remember that we are more congerned thdt you
had the right i1dea rather than the exact words as given here.

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

1. (four points) »
“production-of-a-sludge easier to dewater
reduction of odors B
low#ring in the number of, pathogens
reductien in the volume of sludge

(four pointsy

'
.

. a. Acid forming bacteria: These bacterid form acids as thev digest
organics in the sludge. They keep\ op yrowing and reproduciog
as long as there is food available. .

Methane producing bacteria: These bacteria provide the balance
to the’ acid forming bacteria. » They eat the acid produced by

the acid forming bacteria, and thus keep the process working.
(If there were too much acid, the digestion process woduld stop.)

o

(one point) acid forming bacteria

(one point) methane producing bacteria

(four points). “-a

’

[y

a. Acid forming' bacteria will multiply rapidly and produce a large ,’
amount of acid. The methane producing bacteria will not be
able to handle 1t all.. The extra acid will lower the pH in the
digester, and the process will fail,

o

There will not be enough acid formed to keep a reasonable number
of methane producing bacter{a alive. Even a small increase in

oading will be too much for the methane producers to handle,
and- the, procgss will fail. '

(one Qéinc)ﬂm§5z f .

(two ‘points) Mixing helps prevent a scum blanket from forming at the
top of the digester liquid. It helps distribyte hea:4~p{§vent
dead areas, and helps to mix the microorganisms and the sludge

* ~™




, . . » - et v,
: |24 T .
:;‘ ’ ! . s 2 I .
' - “- -t
8. «two points) . ) . .
i[ da. Well-digested sludge is easily dewaterable, and does not smell
| . . top badly. It"has a lumpy black app@arance.
| ) o . - <
i, ¢ b. Incémpletely digested sluydge has Zstrong S(S.l}_!' \S\‘mll, and grey
| streaks: in it. [ 7 -
. . K
| 9. (three points) Two tanks are involved in twosstage digestion. The
| primary digester 1s used to heat, mix and break down faw sludge,
| The secondary digester acts as a holding tank,%and essentially is
a secondary clarifier. Supernatant 1s separated from the sludge
| . in the secondary digester. In one-stage ¢igestion, everything has
| to bappen in one tank. PR
| * 10.™ {one point) floating cover . . Lo
r\‘—f —_— . * i . e
| , I1. (ope point) This allows the thickest sludge-to_be removed from the
| digester. .
» . :
{ 12, (one point) The sludge recixculation system keeps the contents of
| ‘ the digester at the proper temperature. ~
o B
: - $ te t .
i 13. (two points) The gas is-carried to the boiler if it 1s beidg used «
i ‘ as fuel, or to the waste gas burner.
\ . " 4. (two points) The pressure—vac;xum relief valve helps prevent gas
' pressure or vacuum build-ups in fhe digester. Too much pressure,
lifts the weights“and allows the‘extra gas to escape. A vacuum=~ *
forces a valve open to let air into the digester. ’
15. (age point) The drfﬁ traps,callect the water that is condensed ‘
) . inside the pipes carrying the digester gas. Q
| 16. (twe points) . ¢ T, Yo e ~
P N »
. ’ a. mechanical éﬂ.king . fs
» - b. gas mixing L.
17. (two points)
° .
- #. a reduction in the vofme of organic Soliils )
- b. the production of a, good quality supernatant
& . L4 ' - .
* 18. (four points) - v « .
.ﬁ a. Volatile acids level: The volatile acids level should be ahout
50 to 300 mg/1. At 1000 mg/1 there will be too much acid
produced and the process is likely to fail. At 2000 mg/1, .
there i not much yoy can do to stop the digestion process
from failing. - L4
l T
' - e b
e M . . . . .
S .’, ‘ -
. - A
N » ! \ ‘f‘
N w + . .
® . L.
A [ e .
" A . ‘
\ . : - . .
) . Py < . (4 ’
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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 bedome 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
How well did you do? - Mark your score here: . R
- . et :
‘. , . . out of 41 r

80%. . .

4 } 4 .

~———— —— ___On _the other hand, if you scored less than 33 point}, you should review

' .+ the points you had trouble ¥ith. If ?vou want to go 7overv§his1 Unit
’ .

If ))eu score 33 or more points, you a(e doing fine.

» agaih, now is the time to do so. . -
5 . ' . . ¢ "t e
When ydu are ready to try the final exercise for Uhit 8B, seg your
prdgramadministrator. 3 N .
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UNIT 88 ~ POST-TEST

The following questions relate to che 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 anaerobie digestion:

v

. N ] - - r*
. Ap production of a sludge egsier to dewater.
¢ b. elimination of all odors. . .
- c. g lowering in the number of pathogens. AN
- . LA A : reduction in the volume of solids. Py . ~
. . -;;\ v ,‘ s
. 2.7 'Jhac are the two different kinds of bacteriz fnvolved in Ek;e k
; anaerobic digestion process: ~
o - A . .
Lt a. s T ~ \ N .
b. ‘v:‘ ‘ .
e L]
" 3. Briefly explain how t ~}\ese two different kinds of-bacteria work,
v together. - - 2 .
. 1 .
N ¢ et
‘v\s‘k‘
. < R . o
*
4. Which of these two different kinds of bacteria 1s more sensi‘cive? -
. \ )
>~ *
4 «
5. If organic loadings are too high, what will happen to che
. . ‘balance between the bacteria? 7
. - . a * & . /‘.
LV M . -
[ 4 . - I =i - . .
“ " ) - ' -
- b. If organic loadings are too low, what wxll happen to the balance _.
becween the bacgeria? ) :
. , . v
4 > -+
N L] " .
§ e
; v
. ' ;oo .
T “ . . : l
“) 1 . v
. M 4 K
A \’ . ‘ - - = . <~ e
. - ! < [ o , -
) Ry . .
O < .. 69 /8 ’ - -
L N ’
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- . )
t . - s
. . 6. About what percentage of the gases produced in the digester 1§ >
N * methane? %
ST 7. Why is, 1t~1mporc:mc to provide mixing in the digester?
. - . o
[} 1
“ # 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.
\ . ~
v9. Give a brief descrlp‘cion of a.: o~ .
a. cwé-scage digestion set-yp l o
* N - R Y %
. - - J .
<
’
e ) . -
N 3 ’ I ’
- ) . b. onbk-stage digestion set-up - [
o .o . . . . , .
’ ~ .
~ *
; . - — -
- M e
. ( .3 3 — n .
s ) "10, It is expected that the lxqaid level will vary groatly 1n§
R . digester with a fixed covkr.
L TRUE ! . FALSE __ : .
11. The bottoms of digesters are cong-shaped. Why? -
. " .o ' .
*
. . c
. e 12. It is important that che cemperacure of the digester be kept at a
o0 constant cemperature, someplace in the-range of 90 td 98°F. ehow
' is 'this done?
— k- - N
e, M 2 i . o _ -
~L = ~3 :
1 4 .
L4 ra ‘
4 A ‘
o, - : ./ . , .
. R P , _
A ' T » - ' .
‘ ¢ S . @ , . ‘
“ ' ) n l T ) * we ‘o “
) . S i . .Y . o . -
N . ", .
. . N 1 . — .
- . 9 7 . ’ T
: o .. R SN s L . d
Y EMC . ' ’ . ( . M ¢ - [ N v
A . . - .- C
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' . ; - ‘

-
13. What important control do we have over gas pressure or vacuum
" build-ups the fixed-cover digester?
. hd @ ‘ 3
. . - N AR— <
14. There 1s water .vapor in the gas remoyed from the dlgester As the_
gas cools in the pipes, this water vapor condenses and forms .
. water. Whare is c}1 s water collected™
7 ‘/q .
. . N -
- ‘Q ;
15. Whaoc are the two ways used to, ptovi‘ded mixing in the digester?,
» A
: > . . - v
a. . !
' ! o~ » B -
X 4 b. “ . . - -
Y
16. In tet;ms of good digester results, what dte the cwo main’ things
e we are_looking for? . .
,;’ . . o 4 ! Kd &
a.. . . -7
. 7 T . % " .
b. . n R ° - R H A\
. - i "
17. W'hat are the tyo ,main }ndicairs that we.can Ase to warn (us about
possible digescer\problems" , . N °
4 a, 2 T : .
Lo . : : 3 L 11
18. 1f we are getting indications of digester problems, can ybu list
. . . at least two things that should be checked?
. a.
A )
i’ b. - Ll .
- .When yokhave completed your answers m this Post-Tesc see your .
. program administrator. . .
P * . .. \‘, [ N
N - i . Ll i
. B . ] “: //"
1} . -
- ~ .
> - . 4 -, > N I _ - —
v T A -
- . .
! - - AN .
-~ A3
° . -~ '
. - . , M v ’
. - ° .
f “ :
D' s
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Field Manual for Performance Evaluation and Troubleshooting at

Municipal Wastewater Treatment Facilities .
prepared by Culp/Wesner/Culp . "

Clean Water Consultants
prepared fqr U.S. Environmental Protectien Agency
Office of Water Program Operations
wishingCOh, DC 20460 . ' y
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_ Presented is part of a manual designed tosprovide 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 qpe indicators. Once the pfoblem has‘been‘
identified, cergxin monitoring, analyses, and for inspections that
gust be performed prior to making a decision are discussed. Correcci%e
measures to be utilized are detailed.
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TROUBLEBHOOTING GUIDE ,  AEROBIC’ DIGESTION .
o " 5
-~ 0 ‘.lMICAfbkﬂloNER!ATIONS PROBAGLE CAUSE CHECK OR MONIJOR . SOLUTIONS : . -
4 -
. - J . .
. ? \ 1. Arise in th®vola- "| la. Hydraulic overload la. Monitor thefjfollow- | la. If ™]tio ifi€reases go 0.3:
. tile acid/alkalimcy caused by storm ing twice diily (1) add seed slugge from
° R
% (VA/K1k.) ratie. ‘ infiltration, acci- unt:il problgm is' secondary digester (or) L
& v dental owerpumping, corrected: LF . . .
R ° § withdrawing too . - volatilg/acids {2} decrease sludge withdrawal
' . R . , 4 +rale to keep seed aludge
\ much sluddge. ¢ ~ alkalifiity
. . v . N in digester (and/c%) .
- 2 5 s ot - stemperature 2 .
- - N %> - , LN ) & (3) .\excend mixing tmte.
 ~ e ® P . s . “ : * (4) " ¢heck sludge temperatugps
- . - s ., \ i closely and control heat-
- . .z .
» Jt:, o ™ 3 ¢ . v 1ng if n?eded )
\ * . ‘b - - B » . "
. e ” ' +lb. Organic overload. 1b. Momitor sludfe pump-| lb.  See la. R
NP . AN ing vdlume, amoun‘i: o 5, »
. . v —— volatile solids in o % : .
. ‘/" B ° . . . feed sludge; check ~
' < ; .
. e A A" . - for increase in sep-
T P \ . \z.” . ¢ tic tapk sludge dis-
- s ', N & * . charged ‘to plant or .
~ ' ] \ ; L ~% / ‘indugtrial wastes. r "
- Y » ‘ ~
) L = c. Discharge of toxic lc. Volatile acids, pH, [ lc. Usg any or combinption of the
r . L ®© > . xal to*diges- gas production; ) following:
. «.’g . Cers S heavy check industrial / {1) solids recycle. R
-
" N .. metall, su fides, wastes at source; . .
! . ¢ ammoma. ° - check for inadequate (2} laquid dilution. .
o ) . i ' sludge pumping gener {3) decrease feed concentradicy
) i . . ; ing svifides. .| ¢ : :
A ', S} ‘ ‘ ating su y (4) precipitate heavy metals
‘ 7Y .Y 4 L \ . . with sulfur cofpound.’ Be
. . Q . AR . . sure pH n digester 1s
. . 4 * . e T 1 .- 3 . . greater .than 7.0. e
N ~ -~ \ . -
; - ' yoe ! 9 o, - X (5) Use iron salts 'to pre* !
R ’ 4 < ‘_ ) . i v, - cipitate”sulfides. .
. . . . - . ¢ N v
L i - N - . (6) Jinstituté source control
ot . o N - . < KA program for industrfal
. < ' I . “% "~ wastes. .
.- - » ' . i p .- . - -
- -ﬁi’ 3 N
f \ Ky AN f h s
r y T
. Y 3 « . w4 N
O - . ) o alt A R LY (g
E MC * e, e .
‘ ) i v ~~ (%) - - -
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TROUBLESH G GUIDE . ; . .
< 00TIN (‘;U . { ANARROBICs DIGESTION
TNDICATORS/OBSERVATIONS | | PROBABLE CAUSE , CHECK ORMOKITOR - SOLUTIONS' + ¢ ' ¥ LA
LN d - . .
- ” G - v . N ¥
[ ] 2, Co, 1w gas starts to 2.§ VA/Alk, ratio has Waste gas burner, 2, See Item 1l and start adding .
L . inCrea)se. TN , Ancreased to 0#5. . D ’ al rnity using the volatile
. ) e . - Ny, : o) achds to calculate the amount. [a
o < . - o . .. J hd & - -
>z - 0 . . . g . q . v
< 4 ¥ N Lol RN 2b. G_as:,analyzer. B RN . " o' i .
. R 3 r ;2 \ - ’ ) * A ~ -
. - . . . . * 7\ . N MR
. .. 3. pH starts to“‘dropo" 3a. VA/Alk. ratio’has. 3a. fMonitor as xhaxcat,ed J3a. Addualkalm‘x.cy‘ .
e - and (05 incpasgs ta |’ ingreased to 0.8. ‘ above, AR M L. .
. . the point. (42-458) | =~ . . > ., \
o . that nd burnablt%Jas . ot 3b," Hydrogen sulfide 3b, Decrease loading to less than °
. - mgls oktained. . . - (rotten eyg) odor.’ * 0.01 lb'vol, sqlids/cu ft/day ,
L. . T.oe . ‘ .. ™~ N e s . wunt3l Tatio drops to 0. 5 or .
- * Ad : . . T e = RS
- . 4 , ) . ° ; . \ oJ . L ) b*ﬂrl- s .. .
.- - . * ' » N .
. . - lc. Rahcid butter &dor. | ) . .
Vo R T L. J - , N . v
) N . . * v S N ’ . N
o . 4. Tge supernatagt qual-| dJa. Exgessive ‘mixiAg * 4a. | thhd{aw sample, and | 4a. Allow longer periods for . ,
% . lty’returmng te and not enough observe sep.:ra;ion - ‘gb:tlxng be'fore thhdrawxnk(; - e
« . Pprocess 1S poor, settling t'xme. pac:ern. ; supermatant. .
) causing plant wpsctd. . . . ’ N - .
4b. , Supermatant drdw- 4b. chate g_g_pth of ‘. o} 4b. adjust tank operating level or
. "‘ off point ndt at - |, supernatant by safp~ v apaw-off piye._ . .
. . same level as super- *liy at different’ >~ Lo . .- *
n, ‘. - natant layer. . depths. ° . i . T !
.. ) ’ ,
. - , . 5%
. | 9¢. Raw sludge feed - "Jc. Determine volatije dc. Schedule pipe revision for v A
R > 5 . . w3 point too cloge to ¢ n',vsolxds conteht. oonest possible time when * e '
e wy . ! supernatant draw- ~Shpu’ld be close + , digester can be dewétere.d. - ‘
o, Lo - “ off line. ' R . value found 1n well « v ' T .
- . * ) " - mixed sludge and p . . . d ’
. L. , much lower thansraw * " <
, . . i ‘ . sludge, A \: . . s
. . . . 4 . - - : - Y . .
, * e 4d., No;: withd’rawing 4d. Compare fee&x 4d. Increase digesped sludge with- .
- - . enough dige’st:ed * withdrawal-nates = drawal gates. Withdrawal ,
. ot . . sludge. . © cheak volatile . . . shguld not exceed SV of - }‘ .
: » AR P, LA R § *:solids ta see 1f  fo dxgester yolume per,day. ., .
. < e . o . * sludge is’ well-digested, . ) P
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TROYBLESHOOTING GUIDE

e

AN
-

ANAEROBIC DIGESTION

INDICA TORS/OBSERVATIONS

» \
CHECK OR MON)TOR

J SOLUTJONS

4e. Revipw feasibility of adding
powdlered carbon to digésters
wifth consult&irt or regulatory
agency.
'

.

Supernatant has a
sour odor from eirther
praimary or Secondary
digester. ‘

L3

The pll of digester
1s t tow.

A N
Overloaded digester
(\"rot‘ten egg odor").

Sa.

5b.

Sc. Toxic load (rancid
. ,bﬂtte'r odor) .

-
s

Sece Ite
? .

\'

Sa. See Item 3! .
&

.

. -
5b. See Ftem 3.

a .“
©
-

e 2 N
Sc:  See Item lcs.

. B

. - N

6. Foam oBser\{ed n
«supernatant*fro
single’stage or e .

» Primary tank.

6a. Scum blanket break-
g up. -

Excessive Yas
recirculatibn.

[ 6b.

r

76c: ~drganic ovegload.
* » “" 5

6act ,Checchondit 1on of

scum blanket.
.

+
St

20 cfM1,000 cu £t
is adeguate. =~ °
\{olat‘le solids

loading rgt 10.

hrh \

Normad condition byt &hould
stop githdrawing supernatant
§ if pdssables o
. .
.

6a.

6b. Throttle
‘0. .
. . ‘ . !

’ Pl

.

cqh\preséor output’ -

6c.  Reduce feeding rate. ? e
4 -

’ { N -

. r
7. Bottom slu‘dge too /
watery or disposal,
point too thin, P

Ja., S?xorg-cxrcuféxng.
2 hd
- e

Tb. Excessive mixing.

A}

1thg lighter«olids
to be pulled jdnto
pump suction’.

-
{7c. Sludge coning, allow} 7c.

*ﬂ' . 4 -
praw-off iine open

.to -Supernatant Zone.
- - .

» =
7a. <Change to bottom’draw-off line.
~ .

Take sample and chedd 7is " shut off mixing for 24-48 hours

how 1t concentrates
mn sectfng vessel. .
, .
Total solids test or
visual dbbservation.

" * *pefore drawing sludge. . .
e e - a
i - . .
- .
7¢.{1) “Bump” the pump 2 or 3 times
hy gtarting and’ stoppihy.

{2) Use whatcvc?r means available
. to pump diguster congents
* back through the,wichdz\x(&l

- 1~
line. *
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A TROUBL.ESHOOTING GUIDE . ’ R .. ANAEROBIC DIGESTION EICE .
0 v .
lmlCAYOﬁS/OUERVATIOO‘S 'PROBA&E CAUSE ‘.~ CHECK OR MONITOR , - SOLUTIOD’S .
. - . = o
. . « . | 7¢c. (continued) a0 . . °
- Dk . . (3 1f, availablé‘, attach a water
b ' » hose to the!pump stgction
/ ’ . line an@ force wate‘%:hrougt) ’
v . .. I * it, (Water source must be
- . i nonpotable.) Run forino mor
. - * ) .. than 2 or 3 min to avoad
. ' ) -~ d N . diluting the digester
o H ‘ R r
, 3 \
- Q . . . *
‘8. Sludge t:empex'ature 8a. Sl_'udge is plugging La., Check inlet and out-y 8a. Oper#r_leat exchanger and clean. .
b is falling and can external heat, . let pressure or s .
not be matntained at . exchanger, ] exchanger. .t *
~narmal level. ‘3 -~ 2 R . e 4 o, .
. e 8b. Sludge recirculatjon | 8b. Check pump inlet and| 8b..(1)—~ Backflush the line with .
. . . line is partially v :‘.loutlet pressure. . heated digester swdge.
- L4 . "
2 . . ® completely plagged. 1A . ) 4 (2) Use mechanical cleanef.
R - ~ RN - T N {3) hpply water pressure. Do ' ; _:
] 2 > . , notvexceed workifgd line «r
I R N Ve R . hd ) pressure. s b
. (R} . . A . . [} - L.
. 'y, . A . . ‘ (4) Aaddapprox. 3 1b/100°gal. - |}
, 8, 8., S, « Bl ~ . . - *  water of trisodium phos- %} ¢ -
R o B &’ ’ > T . phate (TSP) or commerical
'-S‘ . y . * "' 5 R . . ' ) . 'degreasers, {(Most conven=- -,
A2 - - R N ol s - . - . 1ent method i3 to fill scum
g AR & L PR T " . . . 1. . pit to a volume equal to
i, . , ‘. - . . . Y . the line, add TSP or dthet:‘:g‘
. . . . . . , . e ” chemical, then admit to the:] .
§ ; .o . LR PR A o . -+ . linz‘and let stand for an .
. : v . ; . . tT hour. ) . ¢ R
“r / - B . . . L ., . . N , . T L !
' ) v o -] Bc. Inadequate mixing. . 8¢, éheck«te'mp‘erature 8c. Incréase mixing.
. e ; P 4. .
1 . , - St ' K , . . ‘prgfue an dxqeiter; o & - \‘ . . N
e . . ‘ N . N 5 \
[ 1 P DR ad. Ilj%ulic overload. 8d.,' Incoming sludge 58_9. See Item la. .- .
‘ . . . concefftration. ° . o . R ¢
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TROUBLESHOOTING GUIDE

. ®

ANAEROBIC DIGESTION

{ L . N
IDOICATOQSIOBSERVATION/S

" PROBABLE CAUSE

CHECK DR MONITOR

SOLUTIONS

Low water feed rate

in internal coils

used for heat ex-

change. “ ,°
N

Boiler” burner not
£aring-onfligester
gas. )

P .
c Y -
Heating cdils inside
digester have coat-
ing. A

- 4

. (1)

ALr lock in

¢ line.
Valve partially
closed., .
Low gas_ pressure.
Unburhablé, gas
due to process '
.upset.

Témperature of 1inlet
and outlet whter is
about the same.

a

8f.

Bleed air.ralief valve. ‘#

Upstream valve may be
partially closed.

' Locate and repair leak..e
(2) See. Item 3.

s

-
3
8g. Remove coating, may require

draxnxng tank.

2) Control,water temperature to
130°F maximum, .

) bl d

"

Sludge tcmperature
1s” rising,

g,

Temperature control-
ket 18 not working
‘properly. *

. .
Check water tempera-
ture and controller
setting. )
¢

’9.

1f over 120°F, reduce tmpera—
ture. Repalr or replac
controller, -

¢

- I
Recirculation pumé

pot running;, powez
circuits 0.K,

10

Temperature override |
in circuit to prevent
pumping too hot water
$hrough tubes.
£
B

visual check, no
pressure on sludge
line.

-

-

10a.

10b.

Allow 'system to cool off.

.Check temperature control
circuits,

-

e .

11

Gas.miyer feed 1x§s Mia.

@fPlugging. =

11b.

-
Lack of flow

thrbugh gas hne. <

.
-

N,
. 4

Debris in gas lines.

*Identify 14¢ tempera-
ture of gag” feed ,
pipes or dow pressurg
1in the mapometer.”.

lla.

11b.

11¢.

Flush out with water.
“
. B

« Clean feed lines and)or valves.

. . o .
Give thorough setvice when tank
1s drained for inspuction.
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TROUBLESHOO.{]NG GU]D‘E L * o ANAEROBIC DIGESTION
~ n —_—T —
_INOICATORS/OBSERVATIONS PROBABLE CAUSE ‘ CHECK OR MONITOR * soLuTions® < .
12. Gear reducer wear L 12a. Lack of proper | 123, Excessive motor 12a. Verify correct type andiamount
on mechanxcal mixers. dubrication. '’ . amperage, excessive of lubrication from manufac-
4 noise and vibrag:on, Jturer’s literatfre. -
L] e * N evidence of shaft . N
& - - . wear. - =
. ¢ f . : o7 - ‘e
R * 12b. Poor alignmeqt oOf 12b. mm 15 12b. Alorrect imbalances caused by
' equipment. . accumulation of material on
£ . 4 ' * _the internal moving parts.
o 3% o8 o e * .
: N 1 = V- T AN 7
13. sShaft, seal leaking ol13. Packing /dried out, 13. vadenoe of gas leakq l3a. Folloy manufapturer's ms:ch—
+ on pechanical mixer. or worn. . - age (evxdent: odor of : 't'ans’(or repacking. .
. ‘}aé’ » . »
o . . * . , B 138. ¢ Replace padking any time the
R - - tagk 1s e Lf 1t 21s ot
s ! . P M poélsxble when unit is operat-
. . . - - . s ‘nq s
hd rs n - A < N M L
14. Wear on mter'nal 14. Grit or misalignment] 14. wWisual observation 14. jReplace or reburld - experience
' parts of mechanical * . b when tank ¥ empty, will determine the frequency
mixer. . . r compare wigh manu- of this operat:ion,
J ’ . . N facturer's drawings Y w,
S . . for original size. ¢
s ' Motor amperage will t
‘ . also go down as mov-
. . . tng parts, are worn
“ ! « . away and get smaller. ’ : /
15. Imbalarice Of internal| 15. Poot ‘comminut 108 15.° Vibration, heating 15a. Rc.w,rse direction (’zf mxer xf
' parts because of ac- and/or screening. of motor, excessive ;’ 1t has :hxs feature. .
cumulatibn of dehzis ? amperage, noise. .
on thé moving pdarts N b 15b- b;bp and start al:etnately
. of mechanjcal mixers . g,
(large-da ter jm- " . 15c. Open%nspecnon hole and,
pellers dr turbinks’ * . visually inspect.
would be’affected P M . M .
most) . o M R ' . . 15d., Draw down tank and Clean mov-
B . L. £ . o - ingpares.” . .
- N Al 4 .
. . .. .
4 - ' " . . . .
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moum.esuoo‘rmc cunoe [w, e ANAEROBIC BIGESTION
noscATons/oassavnlons 2 T1; PAOBABLE CAUSE - “ cnecx on yowiTor ¥ ' SOLUTIONS
e : : e

16. Rolling movement of 16a.’w1 :%F? i off v [I6a. Mixer swifch or 1645 May be normal af mixers are *
scum blanket is -—t, ﬁ timer. - set on a tamer. If not and
slight or absent. o ( mixers should -be operating,

. .. . * -, check “for malfunction,
.
~ . 16b. Inadequ;te mixing. . 16b. ‘Increase mixing.

- w (13

- ‘ L4

. K l6c._ "Scum blanket is too ]16c. Measure blanket 16c. See Items 18 and 19. .
thick. . thickness.» - .
. . + . 9

17. Scum blanket is too 17, 'Supernatant overflow |17. Check gas ’pressure, )15'- ,lower contents through bottom
hich. is plugged. it may be above nor- drawoff then rod superna:ant
‘ P . ‘mal or relief va line to clear plugging. @,,

. - ‘J ’ may be venting to .
< . ’
atmospheye » . .
18.7 Scun blanket is too 1184 tLack of mixing, high  |18. Probe Hlanket for 18a. Break up blanket by using
thick. grease content. . thickndss through mixeF§..
° - ¥ thief hdle or ,in gap .
, - beside floating coved.18b. Use gludge recirculation pymps
P < - apd discharge above the -
il blanket.
. - . . .o - € : T
» ‘ I3
N % .. . 18c. Use chemicals to soften g
' “L e . . lanke:r .
. . -
. ¢ . R . 184d. Brpak up blanket physxcally
v . - ' s’ - ?’ with pole
. .
‘ L3 ’ . . . p, - ’
) . .- ¢ | 18e. modi ficatton.
™ « .
. - . » -

19. Draft mixers 19. Scum blanket too hxgh 19. Rolling movement on | 19a. Lower siydge level :%na
not moving\gurface and allowing thin’ " » sludge surface. above .top of tube allo Pig
adequately. M sludge to travel . thick material Jto be pulled

. ° Gnder it L - . * ingo tube * continue for 24-
, ’ ~ e 48 hour's' .
R . . . .
. . *n g
» ’ . o N 19b. Reverse direq:ion. (1 f possible)
. L - N o A .
w . . - ) 8 3. ’ -
. s, f . . : b
- . - . Sl (% .
. .. . %




L, 2
*
1 -
»
¢ LS
i
3
TN
D)
O

TROUBLESHOOTING GUIDE

- .
g

ANAEROBIC DIGESTION

INOICATORS/OBSERVA TIONS ‘

.

PAROBABLE CAUSE "

CHECK OR MONITOR

SOLUTIONS

20. Gas ts leak1ng 20. vdlve not seating 20. Check the manometer 20. Remo PRV cover and move «
through pressure’ re- properly or 1s to see” if digester wexg;ft holder until 1t seats
Iief valve {PRV) on <> stuck opepn. \ gas pressure 1s properly. Install new ring
, toof. . 4 normal. 1f needed. Rotate a few timés
for good seating. j
- 2 . - ’
; 7 >
21. Manometer, shows 2la. Obstrucfon.or 2la. If all.use points 2la. Purge with h1r, drain conden-
.digester gas pressure water 1n main burnex| . are operating and, © sate traps, check for low
. 1s abové normal. gds line. normal, then check . Spots. Care must be taken
* ' D . forAa waste gas line not to force’ air 1nto
, C L ‘* restriction or a R digester. lE
N - 3 . ” .
s, e L . Plugged, or stuck L, . .
- - safety device.
. s ° ’ ‘ .
. 21b. Dic oter PRV 15 21b. Gas is nof escaping 21b. Rémye PRV cover and manually
stuck shut. 1 as 1t sh_ould. open vdive, clean yalw‘e seat.
N *
: 2lc. W« . gas burner 2lc. Gas meters show ex- 2lc. Relevel floating cover 1f 9‘35
o P ] ‘
11 ;)reSSux'g.vcon-u cess 'gas 1s being escapes around d?me due to
trc ylve is-closeq produced, but not tilting.
. , .o going to waste gas g
burner.
. . ’ . e
=2 Manometer shows 22a. Too fabt withdrawal | 22a. Check vacuum breaker] 22a. Stop supernatant dxschan;e’
digester gas pres- “ causing a vacuum in- tb be sure 1t 1s and close off all gas outlets
surd below ncrmal. . side, digester. operating properly. from digester until pressyre
. N returns to normal.
. . . R - .
. ¢+ +{22b. Adding too much%limed 22b. Sudden increase in 22b? Stop addition of lime and
Co, .1n digester gas. 1ncreasQ miXing. .
., 2 g9 91{ < 9“‘
" , s {. - Jy
- . Y _
23. - Pressure regulating 23a. Inflexible diaphrayml23a. Isolate valve"and 23a. '1f no'leaks are folad (using «
valve not opening as e LY open cover. ). soap solution) diaphragm may
. pressure 1ncreases. i , ' M be lubricated and ftlned
S, ‘ ' ' using neats-foot o1il.
* D - .
/ . - 231). Ruptured diaphragm. }23b. visual inspectrea 23b. Ruptured diaphragm.would re=-
. * . . ’ ) ’ M

quire replacement. .

Y

\J
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TROUBLESAQOTING GUIDE L . ANAEROBIC DIGESMION .
>
INDICA TORS/OBSERVA TIONS PROElABLE CAUSE CHECK OR MONITOR SOLUTIONS R '
L 4 ] e N o g
24. Yellowggas flame 24. Poor quality gag with|{24. Check COp, content 24. Check concentration of sludge ’
from waste gas a hxgh‘(:o2 content. . will be higher than feed - may be tdo dilute. If
. burner. . ~normal. s0, increase sludge concentra-
. . c . | . tion. See Items 2 and 3.
. ! : T, N
o - " T T T s
25. Gas meter. failure 25a. Debris in line. 25a. Condition of gas }l25a, Flush with water, isolating
{propeller or lobee . line. . digester and' working from #
— typ#). . - v . . . digester toward points Of
. . usage. *
° ) . AR . R - . .
e . e * 25b. Mechanical failure. | 25b. Fouled or worn 25b. Wash with kerosene or replace
. parts. . worn parts. ~
. ¢ ’ A v .
N . . A ] < . . . »
26. Gas meter failure o 26a. Inflexxbie diaphragmf 26a. Isolate valve and J6a. If no.leaks are found {using
p : (bellows: type). ’ . open cover. * . sbap solution) diaphragm may be
3 [ ’ lubricated and sOfteneq using
. . neats-foot o01l.
- o PR ‘ : P . [}
N | " 26b. Ruptured diaphragm. {26b. Visual inspection. 26b. Replace dxaphrqgm.‘ A ’
.
w . .
feo —t - i 26c. Metal guides may need to be
g ~ : N ‘ . - replaced 1f corroded.
- N 0
, - ; 3
» \ - . .
27. Gap pressure ﬂ’lghe; 2]a. Supernatant lineg 27a. Supernatang,over-— ° 274. Check every two hours dur’an
r.h'an normal during ‘ plugged. flow lines. i -freezang conditions, dnject
freezing weather. . L} * steam, protect ling from
s - weather by covering ang in-
. AR ' . sulating overflow box. i
. . ] » A
‘1. - 27b. Pressure relief 27b. He?ts c{m pressure {27b. If freezing is a problém, apply
. stuck ot closed. - ,rellef valves. Iight grease layer impregnated
. . \ ‘. v . . with rock salt. - P
. - . . b i - , : . /
. : ) ) . ’ o
. ’ [ -
* ' N (e . .
- . - - . o Ju') B Jj =
A 9) . ) - . - - >
-~ & RN — .
‘ N - v
: . 4 , -
‘ g ’ a . l’ RN ’ .
’ SO . ;

-
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TROUBLEGHOOTING GUIDE * o : @ ANAEROBIC DIGESTION -
I_NOICATO(\S/O‘SERVATIONS‘ PROBASBLE CAUSE ¢ CHECK OR MONITOR & SQLUTIONS [} . .
i .
- K} .
28. -Ggs pressure lower 28a; Pressure relief . ‘28a‘ Pressure relief “]28a. Manuall§ operate vacuu’m‘rehgf(
than norma. valve or other pres- valve and devices. , |+« -. and remove corrosion 1f present
“ . sure control devices . . and interferring with operation]
7 - stuck op?n. - . ) // .,
. * - ’
Tt - '28y. Gas line or hose 28b. Gas lint and/or hose. 28b. Repair as nedded. L
, » _leaKing. ) . . o .
- . P . ' ¢ . }
L . - — o X . 1)
29. s around metal 29. An’chor bolts pulled 29. Concret#broken around 29. Repair concrete with fast seal- P~
covers. . loose amd/or sealing anchors, tie-downs *+ 1ng comcrete repair material.
@ , E *  material moved_ or be?ug, sealing mater- ‘New tie-downs may, have to be
' c;:ackmg. 1als! displaced. ‘ welded ontg old ones and re- .
. o - . . 3 dnlleﬂ Tanks shayld be
- Vo P . . » ‘draineqd and well ye{\tilated for
. - ' ﬁg tins procedure. New sealant
b . . N . . ot t&frial should'be applied to -
« . . . .. . . - 2 leaking aarea. '
.. . . - . .
30. Suspected gas'rg.aking 30.' Freezig and thawing |30. Apply soap solutions 30. If this,1s a serious problem, - :-
through concrete causing widenmg ‘of to suspected area and ,drain tank, clean cfacks and '
cover. constructnon cracks. <. Check for. bubbles. repair with concrete sealers.
- . h Y 3 E g X . Tanks should bg drained and -
L R % e Ca - woll, ventilated for t?n.s nro- - .
- N * c cedure. A
- ,’ ’ - N .
31. Floating «.0\\1\52 tilts gla. . Weight drstributéd '31a,~ Locatiog of wéxghts, 3la. If moveable ballast or weighis
ing? litgle or' o unevw T 1. are provided, move th'em around -
scum around the edgeg T R r unt1l the cover s level. If, .
M . . . / no weights-are provided, use .
R i L , . g . a minimal number of sand.bags
8 ° » +°to, cause cover to level up. )
- e’ ' , * R : - (Notes 1pressure relief valves|” *
. » L. - . = anay need to, be, reset if signi- .
- 4 - S '{ : fxcan,t amounts of weight aré«
M : . ¢ . R added ) i - . .
. . . . . P . , . s .. . .
ﬁ' T -’ ' N ‘ I IS * ) N . -
N ‘ . S - \ - 9 : 4 T .
N B - ' . - % . e .- b e AL ~—
. . r 4 R . “ i
. v
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TROUBLESHOOTING 6! ‘ ANAEROMIC. D IGESTION
"Mfi:nons/oésenvinons, *.]" .,  PROBASLE CAUSE . CHECK OF MONiTOR /’ soLuTIONs ¢ L
Y 7 " . T n T o 3
T - y 31b. Water from ¢onden- |31b. Check around the / 31b. Use s!;[*\&') or other mean# s
* . . sation or yain waterd edges of ‘the metal . memove the water. Repair roof
. coliecting on top of -égver. *(Some covers 1f leaks 1n the "rodf are con-
' - . L. megdl cover m one, with insulating . trabuting to th(_ water problem.
N : J location, e woodan roofs have ‘ u*:f’“
1, ', v ,° 1inspection holes for ‘ .
L. - . U this pu'rp?se.) - M .
LN A3 . R ! . a
K - = . A O , T —‘7— 0 p-
52_. Pioating cover tplt- | 32a. Excgss Scum 1p one | 32a, - Probe with a stick 32a.” Use chemicals or degreasing
. .. 1ng, heavy thick scum aréa, causing oycess) or some Other method agents’ $hch as Digest-aide oy
accumulatmg around ara’:g v : K o deteymine the com Sanfax to soften the scum, '
' -”*edge . .. = ’ | LN dition of theé scum. ,* then hose down with water.
o . o T STt . ‘. ER Contlnue on regulhr-basis.ever
. %%‘M . . , . * # : two'to three months or more =
e . P £ ) .o a] . frequently 1if needed. .
" . s - RN v , :
" **) 32p. Guides- br rOi¥ers 32b. Distance between 32b. Soften up the scum (as in'32a)
. s out of adjustment. v guirdes’ or -rollesz_’ and readjust rollers for -
T, ’ ’ . © and therwall. I guides %o that skirt doesn't
) Y » { PR . e o * 'rub on the walls, . -
t . p - . W * L] .
. ’ ‘32c_. Rollers or gua.des' 4 32¢ lDetemine the nggmal} 32¢. Drain tank if necessary taking
“ T - hroken. & ‘ posxtxon 1f ‘the sus< care as cover .lowe’rs’ to cor--
. R L - ; . pected broken pagt, [ . bels ‘not to-allow it to binde
tae, . -, - ' [ 18 gevered by- sludge or cofe down—uReverly..lt. may,
, & ! SRS . * p Verify correck locg- 4 be ne®:ssary to use a crane Or
. s . * tion” using manufac- . Jacks i order to- prevent
" » ‘ S turesrs\anfbrmation structural® damage with thxs
- . . and/or prints if case. ‘¢ o
. T « - B - ‘ ~ ngcessary. , N R ,
. . . 14 oo . . ¥
- S - » a3 . LA - - (] - P T s -
33. Cover bindm‘g even - |33. Intgrnal gutdo\vor guy| 33. Laver down to corbels’y 33. Drain and repaitrs holding the
. . through. rouers and [ wires are binding ar Open, hut(_h and using : cover in a fixed posxcion if
guides are froe.. f RV danuqed (somc covers | , bteathmg apparatus & necessary. s .,
Y aré buxlt, like: umbralq explosxonproof light, B . . T
¢ las wath guides . . * 1f pogsible, inspect |, ' o , ,c'
/ - R attached tg,the cen-.|, " from the top. If . A S0 BT
y . , ter’ coluxm) N . cover Mill not go all ¢ : P et
,‘vz,..' ) e [ - . 0
e - TS o S . ' R PR
M . ' o s kS LTt .
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d . - . 2 33. (continued)
. “ A A the way down, 1t may , N - L
: - ' . be necessary tg.secure - P
" . . Lt R
4 . . 30 one position with a L, ..
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dearning Resource 5
+ “Second Stage Digestion"

Criteria for the Establishment of Two-Year Post.High School’
Wastewater Technology Programs (CEWT), Plang Operations for
Wastewater Facilities, Part C - September 1973

Charles County Community Collge

Greenville Technical College

Linn-Benton Community College

Clemson University

Clemson, SC .
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v
Presenttd is an excerpt from the instructar's guide for a -
learning modudg on a floating-cover, seccndﬁsgage digester unit with
» gas sr,orage. The module {is orgamzed; around sixteen.,objectives common
to’all pgdcesses. Each module is designed to heldp the inscructor plan
a course of study for “the operation of a treatment proc‘éss usimgthe
composite model plant process unit. Material in the module can be
adaptéd 2 courses which upgrade the training of operagors in ormal
operations procedures, abnormal .operations procedures, preventive
maintenance procedures, or corrective maintenanct® grocedures.

- -

: 4;1 Each module begins with a statement of purpose chac explains what

theystudent will be smdying Next, all the objectives of the module
and code numbers keyed to“a; computerized list of instructional
resources are listed. Als included "are conditions of learning, .
acceptable performance levels, instructor activityramistuder———
activity. Evaldation Cechhiques atre suggested Examples for the

first fivenobjectvives are presented.
.

L)
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PURPOSE:,
*

<

»

,

OBJECTIVES:

» .

v . \\\
) '
' MODULE 12
SECOND STAGE DIGESTION <

A floating-cover unit
with gas st‘rage -

Composite Model Plant, Unit

* * S

-

In this module thes smdenc will learn to ﬂerform all the
acgivities in the obJeccives as théy apply to a floating-
coglr unit with gas storage. READ PAGES 1 TO 1! BEFORF

USERG THIS N E,

d . -
12.1  Identi he second stage digestidn unit. s
12.2 Describe\the second gtage digestion process in

. technicall and nontechnical terms'.

12.3 ¥ Describe the safety procedures for¢the second
stage digpsthon unit and explain how the procddures
procacc ployees and visitors. .

Yy the components of a second stage digestion

unit. Explain the purpose of eath component , how

the component works and why it is importar. 1

Describe the normal operation procedures for the

second stage digestion unit components.

12.

12.6 Perform the normal operation procedures for che
second stage digestion unit. s
12.7 Describe and perfomn the start-up and shut-down
* j procedures for, the second stage dxgest‘ion unit.
. 2.8 Describe the abnormal operatlon procedures for the
i -* sécond stage digestion process.” -
\ = 12.9 Desdribe‘the preventi¥e maintenance procedures for
. . " the second stage digestion unit.
12.10 Perform the preventive maintenance procedureq for "
5 the second-stage digestion unig,
12.11 Destribe the eorrective ma1ntenance procedures for
the second stage digestion unit compgnents.
12.12" Perform the corrective maiptenance pyocedures for
the second stage digestion unit components.
12,13 Perform the safety procgdures fdr the Second SCaM
- digestion unit and ‘demonstrate how che‘g' protect
’ employees and visitors.
. 12.14 Compare other second stage digestion unijts to the
floatmg-cover unit with®gas storage (composite
""»:p model plant unit L).
’ "’«2, 15 Name ahd ‘locate the components of the second stage

digestion unit. " Name and select reference
materials which explain the nomal operation
procodures, the purpose of each component, how the
component works angd why i {s important.

v had . « »

P
]

—

o
EY
v
-
o
.
A3
1,




Lo~ ° . . 12.16 Perform the abnormal operacion procedures for the i K
. N ) second stage digestion unit. e .
. RESOURCES: 3 116 120 T25 126 141 143 146 185 %07 308 i
. 309 314 315 316 317 320 -321 324 _ 421 459 511 “,. %
- \ 551 552 553 554 §87 990 1033 1034 1399
\ . Rhdkk  KEKAK o —_—
. . \ ) Y
[ v ~ OBJECTIVE 12.1 Identify the second stage digestion unit.
] CONDITIONS: “Given a unit, a model of a unit or a <
photograph of a urit. , :
- -
KCCEP’!‘ABLE PERFORMANGE: The student will: . )
. - © Indicate whether the process unit 1s used °
Q ) for second stage digesti‘on .
~ -
- L]
. * BNSTRUCTOR ACTIVITY: 1. Point out characceriscics which ,
- distinguish the second stage digestion .
* unit from other process units. .
M«‘ . * : - ! : ¥~y
. . STUDENT ACTIVITY: 1. Develop a picture file of second stage
o ' - , digestion /finits. Mark distingdishing .~
. s . ’ , Charactedstics. . t o, Fe & .o
I r ’ '
X Y , ,
) '
: ,OBJECTIVE 12,2+ ,
v By . ¢ .
.~ CONDITIONS: Given photograph} of chg‘secgnd stage P
o e .- digestion unit. ¢
. ) A ' . t -
ACCEPTABLE PERFORMANCE: The St{ldent willy - . . - ¢ . ' e
] .
.o T A . Describe the second stage dlgestion unic, »
'~ ~ explaining the meaning of: -,
. B3 . * . 4
.ty anagrobic digester : g
T .» digester -
. . ae #° { digestion tank
3 A ’ sludge digescer LY \/ N .
- K . M ¥ N
’,‘. Descdbe the purpose of second stage %
h . ! .7 digescion. .
- "‘ . . L] 4 » - .
v o * v s ) . e . L
¥ . p -
. .
., ] . ‘Q‘gg " . . . - ’ L
- i .
! 5,‘ " ‘ Y " ‘.A . -0 / v L
-~ . ‘ - .
: { .o " .
< e ‘ 7 ,
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Describe how“second stage digestion
affects.

. ¢ sludge conditioning
sludge, dewatering
solids disposal
flow Tmeasurement
pumping and piping

Use diagrams, photographs gﬁd slides to
describe second stage digestion..
Describesthe second stage digestionb
process during & plant tour, React to
. the student's descrlption of the process.

STUDENT ACTIVITY; * Describe the second stage digestion

. - . process while vlewlng photographs,
diagrams<and slides, -
Observe and describe the second digestion
process during a plant tour.

. P ‘. - -kkkkk kkkkk . S~ ., '

'OBJECTIVB 12.3 Describe the safety procedures for the second
r ‘stage digestion unit and explain how the
procedures, protect employees and visitors.,

CONDITIONS: Given a list of operation and maintenance
. procedures.

3

ACCEPTABLE PERFORMANCE: The sEqdent will:

i Describe"the*‘gafe’t‘y procedures for the
' second stage digestion unit, commenting
‘on:

-—

High-risk activities

opening digester cover access hatches
* removing debris from channels - -
working near sources Of gas leakage
wotking with switches in automatic
.. position . -
LU %
Sources xﬁ;nger '
acid wdstes
caustic wastes
' ;deep wells
electrical equipment
explosive gases
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STUDENT. ACTIVITY:

-~

¢

——

r———

. [)
: i
fire —. . ’ -
moving parts hd
open doors and covers
slippery walks - .
toxic gases ‘. \
welding Corcl
Safecy equipmen ;g
explosion proof elecfrical fixtures
firemfighting equipment
‘first aid kit
flame arrester 8 |
flame trap - . -
gag masks
handrails ’
no smoking signs -
nonsparking hand tools
pressure relief valve
protective clothing” * s
safety treads on ladders and stairs
vacuum relief valye
vents -

-
Expfain how the procedures protect” -
employees and visitors. -
- »

Discuss treatmgnt plant case histories.
Describe the conditions in a plant and
ask for evaluation. -
Describe the safety procedures for each
operaci&n and maintenance procedure
Prepare sl;des of sources of danger and, .
lhigh-risk activities. ~

N -
Read case histories and comment on
employee «safety procedures.
Evaluate cfnditions which the inStructor .
has described. Suggesc remedies. E™ Y
Role play operation or mainténance v
procedures. Select proper safety eguipment A
and name the sources of danger and high-
risk activities. Develap a manual of | N .
safety procedures for the second
stage 'digestion unit.
Identify sources of danger and.high-risk
at:ti'vicies pictureds in slides.

v
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OBJECTIVE 12.4: Identify :he components of a second scagp
« figestioh unit. Explaip the purpose of each \ N
. - \ component, how the component Wworks and why it
”‘ . is important. ¢ -~ 1
o= .» CONDITIONS: - R Given a ._secon,d Stage digestion unit, unit

components or a diagram, model or photographs
“ of a unit and a list of;cdmp'onents.
| . .

1 .
ACCEPTABLE PERFORMANCE: The student will: . ' s
' Identify components of the second stagé
digestion unit and associated equipment.

boiler
R ' ’ + fire-fighting equipmenc
’ \ : . first-aid kit c )
- ' floating cover . ) A
! gas recirclx)acion unit . <
- compressor ' ¢ N
! oiler
, » pressure gage ~
s —~ , . valve ' . .
. ° - *, valve timer .
A manometer :
ot ¢ meter = . ‘
. - v .fotdr ] i
N piping ’ Lo ’ -
- < ” - . pressure relief valve L. :
’ ‘ recirculation pump - - ' -
~ _sludge pump ~--'.. L
e " . / switchgear ., . L .
Ty i valuum relief valve. ~ .
. . . water trap . . ‘
-~ . [ : ’ o |
Tt Explain the purpose of each component, how
. , \/ ' 1 the component works and why it is - \
P . P important. . - /| .
Lt B v P £ Iy
INSTRUCTOR ACTIVITY: 1. Point out and name, components in diagrams,
. -l photographs .or models. ’
v : ‘ 2. Arrange photographs or models of
) M components in the workshop for scudenc _ , . g
. : o .identification. : "
‘ y - - ~ - 3. Point out,and name components during a
plant tour. . - .
. 4. Questifod the students’ abouc the »?urpose
: . ' « of each cogponent, how the component».
. . * works and’ why it is importang . . .
. . ' P4
(VU S — + —_—— o
1 = N -
. iy . R . \\‘
r . "
\ , - "
e . . . . . .
. CEN 9 9 . N
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OBJECTIVE 12.5:

CONDITIONS:

ACCEPTABLE "PERFORMANCE:

»

1. Identify the componenCS which the
inscjccar names on diagrams, phocagraphs
or modéls, -

2. tdencify the components at stations in
the workshop in writing.

3. Identify“components during a plant tour,
4. ' Explain the purpose of each compovent,
how the component works and why it is
* important. .

‘ w

P
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Déscribe the nprmal operation procedures for
the secopd stage digestion unit componenCS
1isCed in Dbjective 12.4. .
Given a second scage digestion unit or slide‘s
or phocag‘raphs of a" second, stage diggstion
unit, a list of componenCS of the unit, a
checklist of- tharacterists and a normal

operation procedures manual.

The studdnt will:

Describe the characcariscics of each
ponent which the operacar }hecks to ',
i\“:emine whether the,component is ’
ctioning normally, co;zinencing on:
color °f ,
corrosio
motion v
odor
, ° position td
' pressufe
sohﬁdll‘ .
temperature .
vagcuum .
vibration * .
S
Name the sense or indicator which monitor
each characteristic. N

Explain how often the characteristics of
each component faust"be checked and why the
component indicate chac it is not functioning
normally, including:

»

pe
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making adjustmentsi § '
deciding sabout corrective maintenance
reporting to superVisors
reporting in written records

Explain why a coqponenc's charactdristics
must be returned to normai. o

Describe routine sampling for the second
stage digesciqn process.

List routine calculations for the second
stage digestion proceés.

Describe routine procedures for recording
data. .

Describe the characteristics of the
componerits of the secopd stage

digestion unit. '

Describe the hormal operation prqgedures -

for the second stage digsscion unit..
Use color pictures.
Deséribe the normal operadion proced res
during a slide show of comgonents of \,
the second stage digestion unit. \
Describe’ and explain the _normal’ ‘Qperation

.-

procedures during a planc tour. .Liste
to the student’s description of the A
procédures. *\ oo~ *

Develop a checklist, listing the
components of the second stage@digescion
unit and th&Tr normal characce}istics
Develop a manual of,normal operacion
procedures. Bota
Describe the normal operacion p;ocedures
during a slide show of componenvs of Che
econd stage digestion-unit.

bserve and describe the normal operacion
kfocedures during a plany c0ur. v

]
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‘tearning .Resource 6 .
Anaerobic Digestion and Analytical Control" ¢
Slide Cassette XT-34 - 13 minutes
Available on loan from: M A
Natienal Training*agd Operational Technology Centgr
26 West St. Clair
¢incinnati, OH 45268

=3

®

-

Discussed are the anae:pbicldecomposicion procesges utilized to creaE
organjic materials in wastewater, the environmental conditions reguired
for the involved‘baCCeria"and a descriotion of the related process
control analyses. The program is designed for experienced wastewater .
tteatment plant operators who yish to upgrade plant performance and

to increase their own ghowledge and skills. References and instructions
for the.unit are provided. . - ‘ -

.
. -

§lide number Material presented in slide

- .

1. Caption - Anaerobic Digestion and Analytical’
Control. R 1 .
Three steps in; treatment of organic wastes
.Basic~technology N
Energy sources - organic materials
Bacteria =
Anaerobic decompositions
Volatile organic matter
Digestion prope§§es
. Liquefaction T
End products of liquefaction
End proddcts of gasification
Balanced digestion{ processes
Stages of digestio :
Graph
Acid fermgncacion stage
High acidity =" low pH
Facultative organisms
Acid regression stage
Bicarbonate alkalinity
.Alkaline fermentation state
Types of, Macteria
. Biplogical oxidation of organic wastes
Environmental characteristics. of bacteria .,
*  Grow fadt i ‘
' pH independent .
o , Temperaturg independent .
. Stimulated by oxygen - .

74 *  Chavacteristics of methane forming bactéria
Grow slow . . )
Tempkrature dé%endenp
Sudden temperature changes
pH dependent * B
Subject to o*ygen toxicity ,

2
3
2p
)
6
7
8.
9
10
11
2

—
(= ANV B S P
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-
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Slide number

34
35 -
36
37

;39

.Need for analytical coptfols

Material presented in slide

* -
Operation of an anaerobic digester
Analytical confrol -
Analysis of sludge supernatant
Criteria for performance evaluation
Volatile acid -to alkalinity ratio -~
Volatile acids determination in the
- laborato¥y
Adding indicator
Adding sample to fritted glass crucible
Applying suction :
hdding chloroform-butanol reagent
Titration .
Column partition chro@acography N
Routine process control ‘.

Importance of volatile acid,décerﬁinacion ’

Alkalinity

Test for alkalinity

Analyses ofsammdnia

Total organic nitrogen »
Kjedahl nitrogen deCerminacian
Nitrogen content in sludge

COD test ‘ N\ -

. COD criteria for a good supernatant

pH “
Monitoring gas production ’
Environmental conditions

Credits o -,
Clean water ’

N

»




Aruitoxt provided by Eic:

Learning Redource 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 Protegtion Agency

Office of Water Program Operations

Manpower and, Traiming Staff

.
B v

Presented is a guide for -the development of standard operating
job procedures for the digestion process. Following a brief -
description of the process and equipment use, opergting procedures =
and step sequence are provided for safety inspection, fank and
structure inspection, equipment and electrical inspection, primary
digester start-up, continuous shift operation, shut- down procedures,
and equipment malntenance. . . B

'
v
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. ¥ o > STANDARD OPERATING JOB PROCEDURES i
- 3 v :
’ . ‘.M. chwing
. } 50JP No 10 R ‘ Prepared by - ¥4 lm%l& Date 4-73 A\
. * |, PROCESS Digestion . ! Approyed by i .
. ° . ) - ‘e ,
OPERATING PR(IJEDURES STEP SEQUENCE . 'ﬂﬁmnon?opsﬁhiﬂc GOALS/SPECIFICATIONS ] TRAINING * .o
. - - ) GUIDE' NOTE
A.  PRESTART uP 13SPECTION PROCHBDURLES - . ° \ ’ RS \
’ . - > d . L] 1
L. Safety. 1. Make certain all 1. If valves' operation 1s not propelr-stop V.l S
-, Inspection | valves are closed. :
T2, ' .Loc¢k out all switch 5 g ‘)c{l_. 13
) - gear, e . ' .
Gt . - - N .
fe 2. Tank and 1.¢ Physically 1nspect the|l. Remove 311 foreign Ol)jLLtS such as X11.2 .
©° Structure interior of all tanks contafners, woodsciraps, welding rods, 1
© Inspection for obstruction. . ladders, ectc.
a £) . . . . -
42. Replace and seal all . : V.8
- inSpectaon, pnrts.
§ ®.
3. Check all liney for . . ' »
- - leaks ~ | . > . v
- A% Fill W1l digesters witd A o C X11.3° '
- water or raw sewage to r °
operating level 1n N \
primary digesters and .
just enough to float . “ ! \
covers of secondary ’
* . digesters. > . .
he [ Y
. v, 5. Close valves listed 1n - : -
' previous step.: '
\ ‘ . . -
1 ® 1 '
(€ . . . ) \ .
EMC SOJP KO . b4 . B R
Ao o e . R ' ' ' 7/

-’ -




STANDARD OPERATING JOB PROUEDURES

66

SIS S,

106

. v : ce C.M. Schwing )
SOJP 10 - " Prepared by T.T. bchwnnh Date 4-73
at
. PROCESS ! higestion ¢ N Approved by _ . . .
: . ] >’ ' *
OPERATING PROCEDURES} | STEP SEQUENCE TNFORMATION/OPERATING GOALS/SPECIFICATIONS TRAINING
! o N GUIDE NOTE
3. kquipment 1. Check all manometers 17 Refer tg ?ianufa‘.tmca‘s bulletin v.3
, Inspection for proper flurd. : -
. £l
’ 2 Check all gas weters 1. Refer to Manufacturers .bulletip ) Ve, Al
N for proper opcration. -y ) . i
. [ ’ )
. 3. Check sludge recircu- 1. Refer to Manufacturers bulletin V.5
) latién pumps for F .
proper operation, .
\ . . . . .
' 4. Check siudge drawoft 1. Refer, to Manufacturgrs bulletin Jv.c
, pump for proper . ‘ .
. operation, 4 !
5. Chech heat cxchun{;crs 1. Refer to Manufactuiers bulletain V.o
-for-proper operatiof. s
, 6. Check pressure and . Refer to Manufgceturers bulletin . .7
. vaduum telief valves - 1.4
u . . for propes operation. 0 L " . ‘
7. Check gas reciniculatiol. Refer to Manuffactiners bulletin V.8
R unit. for proper o - XI1.4
A operation. ~
N ) . . .
4. l;ﬁcctll\,dl L. Chech electrical . Refer to equipment maintenance records for V.Y
nspection " swigch gear for proper overload ‘heater proper size. XI1.5
nowenc latare and make N !
certain cxplosion- ' \ v ~
proot fixtuies are, $ ‘
- intact, e b - - . 5
. ¥
¢ 2 Unlock .md at.tlvutej' I. Measure voltage at all points up to motor
i switch gear. i disconnect,
X .
’ “r 4 * N . ”
l() 4 “} & -

%
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* . . * ; o ~ STANDARD OPERATING JOB PROCEDURES
. Lo - ) ' ’ C.M. Schwing -
SOJP NO 10 . Prepared by 1.1'. Schwing Date 4-73
. . —_— . . é — = S
. PROCESS Digestyon o - . ' Approved by, :
v h .
OPE-RTTG PROCEDURES STEP.SEQUENCE TNEX_)RMATIOMOPEﬁTm'G M7 SPECTFICAT10NS TRAINING
v , ~ _ GUYDE NOTE
D 3 Y —¥ 3 N -
. . 3. Actxvaté/o«plosn{e. 1. Refer’ to Manufacturers instructions. v.io, Xt.l
. " . .8as devector and . ' . Xth.o
e - alarmesystem. : ‘ .
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. e - N L . .
. STANDARD OPERATING JOB PROCEDUR . S .
3 o . w «C.M. Schwing B
+ SOJP NO A0 ‘ ‘ Prepared by ¢ i Sl g 'Date. 1-73 .- '
PROGESS  Bigestion . M Approved by N - <
. N € N . N h‘ }
- — n
OPERATING mocm_ﬁ STEP SEQUENCE fNiERMATIOMOPERATING, GOALS/SPECIFICATIONS TRAINING
Lot hd - *-|GUIDE NOTE
, s - . AR N -
B. STARTUP PROGLOURES Bl . p - -l t,2- -t @
' £ T s ' "
1. Primary & [1. dJeat ¥l and ¥3 ! 1. To achreve goal, stuart up heat -exchangers| V.5 °
Digestey - .digesters to operatMmg as outlined ‘1n O 4 M mantal for.thes umity = P
\ Startup temperature. Open valves 4, 0, 7, &, 9, and 10; start
* . > recarculation pumps 1 and 2. Auxiligry
. - . e fuel witl have to be used for this step.
, . N N . ~— . . .
« 2. Maintarn dpgester ate 1, To achieve this goal, liy-p.x»@cat' [.2 2l
. operating temperature. exchanger by opening valves 18719, 20, .
N . L 4 ant 21 and clostng valves 7 and 8 until .
v N temperatire drops 1%} and then go back tof . N
. . amormal walve arrangement. Continue to
SR ' -+ yectirculate the contents by, the use of ' Lo
. woro . . the recirculation pumps. 5 y
. -
. |3+ Add seed sYudge from, 1. Seed studge shonld-be about 20% of the 1. e .
- awell operua‘ted . . volume of the digester being Started up. 4 . '
digester.. .. L . T e '
° . . ' . w H .
1. JAdd sludge at the rate| 1. Determwine piF, total solids, volatile? ll'l.ﬁ.“’
. .|* of 5 pounds of volatilg rnul solids, alkalinmity and volatile » Vi3
. L solids per day/per ‘ cids on all sludge added to dlgcz,tcw.:\ X4 \
. 1000 cu.ft. of capacity. . v ’ J .
A B
R . . » -
~ - . - ! *
o ~ v
. . . . o,
e . ‘ N w7 P * 1
. . . ‘ 1.
. Rl .
. . .- , . i . . .
? . . i » e
. 1 (%4 ‘e 3 . o
< " - N — .
SOJP NO 10 - . . y . . .
: v - —_— . - . ~ ¢ - o~
& bt s . ‘1U8 * <~
. e 4 . * - - w
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STANDARD -OPERATING JOB PROCEDURES

Lo

N

B '

.. . A -

.. Digestion

A
¥ ¥

i

v s =" I N

: , C.M. Schwang
. Prepared by T.T. Schwing

. Approved by
» t

o STEP SEQUENCE %

a2

iﬂiﬁﬂyATION;OPERATING GOALS/SPECIFICATIONS

TRAINING
GUIDE HOTE

zZot

6.

) ,day/pcr 1000 cu. fr.

.opera¥

+

availtable,
fogas 'recirculation unlt.

ff gas, ploductlon, -pH,
and - alkalnﬂ;ty ;nclca&
increase thk¥sitdge
feed rate to 14 ’pounds,
of volatite sofids pey,
of
“This may

If

capacrty
take 60 dids.
good 15cstxoh‘
on Lontlnycs
1ncrensé siudge feed
at increiments of § . ¢
pounds df volatile -
solids7per day/per

1000 cu.ft. of capacity
until a loading of

5) pounds of wvolatile
solidy per day/per
1000 cu.fr. is '
achlqved , " a

When sﬁfficncnt gas is
start up

o

-

After imitial’ digester
is in operation, make
411 transfers to other
primary ‘unit and
proccedgmhrou3h steps
.1 throligh B.8 above!

1

1

'

.1hc'pﬁ should rise to approximatedy

6.8-7.2; alkalinity shouly increase to
aboag 1800 ppm. SPLCIAL NOTE: In general
do not expect the volatile acids to drop.
until organic Teced rate is stabilized,

c .

o ; ' )
_ See manufacturers opcrutlons'bullctln.

. WARh[NG Uo-not penmlt digester gas {

prchurc to fall below 0.5 w C.

. l '

11,1

VIT.1 & 3
Vill.l
X.1 -

]:MC BOJPNO _lo_

Aruitoxt provided by Eic:




STANDARD OPERATING JOB PROCEDURES '
SOJP . C.M7 Schwing'
%o 10 Prepared by _ T.T. Schwing Date 4-73
. . . . R . i +*
APROCESS  Digestion . ! P Approved by ‘. | l )
a e r {
0 'TING PROC . STEP §§Qm. CE g’ TRFORMATION/ OﬁﬂTl’NG GOALS/SFECIFICATIONS TRAINING
. ‘ v GUIDE NOTE
’ '’ * '
: . I8. After both primary -
, digesters are ; - " .
. successfully operating . & "
. maké, transfers to g . "
secondary digesters. A
é r
* . o
= ) .
w
> ’
¢ / :
» . * L)
. ,
a
t f o’ ’
| <\ A <
* ‘ R R M »
- * ‘
- 3 . N ®
*, R , . '
| L 1

Q
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‘ - ° . STANDARD OPERATING JOB PROCEDURES . )
o ’ . N C.M. Schwing
- S0JP NO 10 . . Prepare.d by _T.T. Schwing Datf 4-73
. PROCESS . " bigestion : , Approved by '
. . . .

TRFORMATION/OPERATING GQALS/SPECIFICATIONS

- OFERATING PROGEDURE] - STEF SEQUENCE: T NG
: DE:NOTE*
1 C. CONTINUOUS OPERATING PROCEDURLS : .- . .
» L4 Ay
ot - . 0
‘| t. Continuous 1.0 Pu@p‘ raw slydge for ’ 1.2
' Shift thichéner or other
Operation v units ot a (.ontmuous
. .| © basis 1f at all,- ‘a * e
. . possible. 2
N ¢ 1Y <12, Grab spmple and | “ 11,1
o ) : . composite. ' Vil
&~ - -
. o ' M - ' . M . X.1
i * 1. _Rdw,sludge pumped |l. Sample should be analyzed for pl, total
. .t ' solids, volatile total solids. b
. . . . R
. " 2! *Transfer sludge 2. Sample should be analyzed for pll, total
. . ' , . ¢ solids, volatile total&solids.
3. Digested sfudge 3. Sample should be analyzed for pl, total ?
~ . ’ ) solids, volatile‘total solids. v
L] - .
- . .. . »
. 4. Supernatant 4. *Sample should, be analyzed for pH, tou{l
® . solids; volatile total solids. .
5. Gas S. Sample should-be analyzed for methane vil.2
. ? concentration, ’ . .
. ’
3% Observe operation of .
heat-.exchangers for
proper temperaturc. . 4 ’ ) ’
‘ . di1 -
° N - » . . , ..
o - - = - . -
sepWO _yg . , . -
- . . - ‘ }’ [
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PROCESS

sodf No 10°

Digestion

STAﬁDARD OPERATING JOB PROCEDURES

'

C.M. Schwing

’ Pf;pared‘by T.1. Schwing

Approved by .3

" Date :4-73 %
—_——

.

[ OPERATING PROCEDURES

hY

STEP SEQUENCE | R

TRNFORMATION/OPERATING GQALS7SPECIFICATIONS

TRAINING
GUIDE NOTE

-
.-

'
.

2. Lvery 4 llours

—

Olyserve operation of
all pumps for:proper
operation.

Observe opcrivlon of

gas recirculation umt

for proper operation.

Record thd following
meter readings:’

1. Volume of gas
‘ from each '
: digester.

2. Volume of gas to
waste.

3. Volume of guas’ to
other process
units. "

4. Volume of*raw

sludge -to digestes

S. Volume of digested |

sludge from
digester.

‘6. Volume of super-

natant.

(Y

XHit.
»

L Q
B " S0JP NO 10
ERIC - '

Aruitoxt provided by Eic:
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PROCESS. *

STANDARD OPERATING JOB PROCEDURES

'

A

Digestion .,

.

) Prepared by

- G.M. Schwi

%

“T.T. Schwing
)

Iy

)
. * >

.

Approved by

P

-0

Date 473

. STEE SEQUENCE

e
v

S/

/

Yy

TRAINING

OPERATING FI_(OCEDUR!B

3

3. « kvery Shaft

TNFORMATION/ OPERATING GOALS/SPECIFICATION

.

v manometer F¥udings:
1 -

Complete shaft report.

Record the fol low\ing

<
1. Lach~digester

2. Service line
3. Waste®line
Regord the élevativn
of the floating
covers., .

°
Place composite
sampres in central
sample storage.

LY
‘

Replace rccorder

Chpris.
Carefully calculatd
24 hour 1lows,

Check recorder pey
for proper mhing.

Complete darly and
montirly log sheets,

GUTDE NOTE
o

v,
X1, 1

.1
XI1r.1

w.i,
Xit.l
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OPERATING Fﬁocz;}unm 7 STEP SEQUENCE INFDRMAT’IO.NIOWﬂTING GOALS/SPECIFICATIONS N TRAINING
: 4 : He- [} - - { GUIDE N
3 . 19 5 A ¥ »
D. SHUT DOWN PRYEEDURES . .
h -, . - ) -
. 1. The Shut Down |1. Sto;‘)'feeding'raw - PN ’
*Procedure is sludgg or \transferrxng . R
for tyking the sludge to the umat at -
digester out least one weel prior - '
- of service for to expected -shut down .
. - Cleamingsy date, Ve * -
— . “
S S . 2. When gas production " i
: has fallep off to a
minimum, close gas .
\ valve. )
N . v ) ) e | .
3. Open hatchcs\ to - - . <
' g atmosphere. hdad -
i v . {4, 1f primary digeste‘r, - TN~
- _=|' pump sludge to other .
‘ T, primary and/or . >
secondary digesters. R
¥,
. 1. If secondary ) . .
,° \ . digester, withdraw . | °
' , oo as much superna- .‘ t
. tant as possiblce :
o, back to plunt.-. R
/:. ’ ) ‘e ¢
. N .
. - =~ v, -
P . - * g
) L, R . - . -
]:l{‘lcso.m No _ 10_. 3 114
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|~ OPERATING PROCEDURES L
[

STEP SEQUENCE

RMATION/OPERATING GOALS/SPECIFI

TONS

| .

801

Pump digested sludge
to disposal as long
as possible.

When sludgé can no
longer be withdrawn
by normal pumping,
ventilate digester
space above liquid by
discharging fresh air
into digester.

L4
Use Stang deluge
nozzleeor fire hoses
to break up sludge, .
scum, and grit

deposit. -

Recirculate contents
with trash pump~

Pump homogenized -
sludge to *i:po:ul. .
“

When digester 15 empty
continue ventitlation
and then do inspection
.for determining
maintenance required.

After required

maintenance, go buck'-"

to startup procedures.
«

8

WARNING:

Po Not enter digestelr unless
equipped with breathfing apparatus.

N

Q
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STANDARD OPERATING JOB PROCEDURES . -
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. g : C.M. Schwiifg
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Schwing

‘ o N . ) ~
-OPERATIN‘G PROCEDURES| . STEP SEQUENCE N RMATTION/OPERATING GOALS/SPECIFICATION
I * (\

N

= &PROCESS Migestion Approved by ~

E.  PREVENTIVE MAINTENANCE (MAY BLYDONL BY QTULRS) >
] . 3 . &
Tt . » >
Equipment 1. lanspect
Maintenance '

pumps, 1. §Seé Manufacturers O & M Manual ,
. r

. . -
> -

L

.
l.ubricate motors . Sec lubrication schedule for proper
. . tubrrcant and ‘interval.

Y
Kh t

Check motar . . Record:
electrically .
' . Voltage
, Amperage
‘. . Insulation resistance

.

“
Inspegt switch gear -
annuagly, !

. . f

@

~z

Inspect pressure 1. Sce Munufacturerg 0 4 M Manual
relief valves N -

annually. . - N N
/o A\
Inspect all flame 1. Sece Munufuctgrers O & M Manual -
arresters annually. ) LN
L2 .

Cﬁlib(ate flow meters. |1. Seg¢ Manufactyrers O & M Manual

3 o

Q ;
. E lCHOJP Nﬂ_ 10_ -
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Learning Resou}ke 8. .
Operation of Hﬁstewacer Treatmenf: Plants: A Field Study
Training Prdgram ' “
Second Editien <
Prepared by California Scace U?iversity, Sauramento
Kenneth D. Kerri, Project Director.

Pregaﬁ .for U.S. Environmental Protection Agency

Office pf Wateg® Program Operations,
Municipal Permits and Operations Division
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well+organized records ofgthe resylting data to ‘the successful
operation of a di%estion system. Presented is a gj\ecklisc intended
the system. The list is-
for the preparation df a
Plotting certairm™”
)
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. (Lesson 5 of 6Lessons) ., ‘
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124 OPERATIONAL STRATEGY , 1240 Operation and Maintenance Checklist .
_ Al prewoos ASCuUSSIONs and problem assignments were in- The following checklist is intended to'nelp the op'erator re-
" tended to pfowde you with the basic working pnnciples of main on-top of the system This listis general in nature, and
L anaerobic sludge’digestion Therr successtul application in the, does not cover all situations, but serves as an exampie of the.,
., Operaton of a digestion system requires sound and thorough checkiist that should be made for each plant Yo, shodid pre-
daily operatonal checks in combination with adequate sam- pare a similar checklist for the anaerobic studge digesters at
3 ‘w pling and neat well-cfganized records of the résulting data your treatment plant As you make your rounds Inspecting
P Many operators find that plotting certain dperational data in a each tem, be alert Investigate and record anything that looks
d graptucal form 1s very hefptul iq recognize changes Or trends in different or uiusual, smells different, feeis dyffgrent (hotter or
digester performance Informative operational data that coukd vibrating more) and sounds different it problems appear to be
be plotted against ime include” - developing, correct them now or alert your supervisor of the ~
1 Dvges!er lgading | . B ., enanges . -
a Volatle sokds added, lbs/day per cub«c foot of digester ‘
i capacity . h
or b Volatle sokds added, Ibslday per volatip solds under « )
digestion, ibs
* 2. Volatle acxisialkalinity refatonstug o -
.
. Volatle acxds. mg/L per allltahmly, mgll * . .
3 Qas production .
. 1000 cutnc feet of gag procuced per day * .
4_ Carbon dioxide cohtent otmges gas - .
Parcent carbon dioxide: . J
5 Temperature .

N

CHAPTER 12. SLUDGE 6IGES:TION AND SOLIDS HANDLING

Degrees Fanrenneit ot Degrees Celsiug,

Successtul plant operatars use basic knowledge together
with the dauly checks and cata to rematn alert to changes in the
system and to anticipate problems, rather than finding it nec
.essary to react to fully developed upsets =
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. 4. Water lvel in sigbt glass of day-water tank
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3 . .
h R ; .
ITEM
A. Raw Siudge Pumping

1 Total sludge volume pumped in 24 hours or indi-
vidual feed penods Record pump countef or meter
reading. ¢

2. Properoperation of pump(s) Check oi lavel While
operating check motor, pump, packing (leaks), suc-

. bon and discharge pressurg ~

3. Hdgnsity meter is used, checkior proper operauon
dunng pump run.

4, J:{:nmemauon. especially pumpwgoe clock opora-

‘ v

5 * Sludge hne valve positions.
6. Visual obsarvaton of raw studge being pumped
Note consistency (thick or thin), color and odor (sep- .
. tic). Y
7. Automatic sampler operation
8. Exefuse aji sludge valves by opening and closing.

9 l.ubnwe ali valve stems. inspgct.and grease pump
motor beanngg according to manufacturer's rec-
ommendabons.

N

Borler and Heat Exchanger

1. Tempera!ure of the recirculated studge

2. Temperature ‘of the recirculated hot water

3. Boier and hewxchangef temperature'and prés-
syre. . . e

5. Boder and heat ex& er operation -
a. 'G”wmd’“ﬁ ‘; M y
b. - Make-up water valve %’

¢ ¢ Pressure rejaet(pop-oﬂ) varve

d. Power failure orlow gas pressure shutdown
e Safetydevices * . N
8. Bouler inng (flame-asr mixture). .

7. Recirculated sludge pump operation, Check oit
level. While pump is operati®) check motor, plamp,
packung (laaks), suction and discharge pressures

8. Inspect and grease pump motor beanngs according

+  tomanufacturer’s recommendatons.

Digesters )
1. "Regord gas metef reading. R ¢
2 Q\ockgasmandmeters ‘(drgester gas pressure) *

3. Record di d@ster a8 pressure and/or floating cover |
posttion and indicator fevel reading.

4, Dran gasline cond traps and sedimentation
traps (from one to four mes per day dependlng on .
locabon of trap in gas system, temperature changes-
and digester mixing systems). h

5. Check liqud levelin in thedigester.

. 8. Check supematarit tubes for operdfbonandwash 4

down supematant box. \
’dgesler gas safety analyzer (LE.L) and

- .

-

. Sludge Digestion
q
SCHEDULE !
SEML AS '
' QAILY | WEEKLY | MONTHLY | ANNUALLY REQUOREO{ N
o S0 S S MR RO R
| ! ~
| . |
-
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X 5

Aruitoxt provided by Eic:

8 Check and record lavel of water seal {located on
eentef dome of hixed cover tigesters and between
“tank walt and cover of floating cover digesters)

9 Check operation of mixing equvpment
GAS . @ yan

s & Flowrate,cim
b Pressure. pst
¢ Compressor opera
MECHANICAL
a Motor operaton
b Onve beitsor g_eaugdueers-
c. Vibtaqons .

d  Directioh of mixing (down<up)
10 Exarmine waste gas*bumer for propev operation
s a Pioton ? .
b Numberofbumers on
c. Drgester gas pressure (wasting or excess)
11 Exercse all sludgd and gas system vaives by open-
ng and Fosnng ’
12, Check all supematant tubes for operation and sam-
ple each for clearest iquor for supematant removal

from digester.
13, Check digester for scum blanket butldup .

14 Examune the digester stricture and piping system '
for possible gas lsaks Ewmne the dlgoslel struc-
ture for cracks.

15. Clean, inspect and calibrate thextig gas salety

*  analyzer and recorder .

16 Lubncate all valve stems and rotating equipment as
» required by the manufacturer.

17 Clean and refill gas manometers with proper fuids

to levelg specified by manufacturers

18 _ Flush find refill water seals (from 210 6 months)

. Check weekly on fixed cover digester seals ;

18. For ﬂoaﬂng cover digesters nspect flotation com-

partment for Corg
‘bmldup (pump out) andloéktor comosion of cover
intertor

. 20. Dewater digester and deanout repair and ant.
Normal cleanout schedyles are thiee (3) t0 eug&; 8)
years,

-
M
- - L .

- 7 & pai

" 1241 Sampling‘and Data ch.cmm N .

. Results &nd interpretation‘of lab tests tell you what you are ™
feeding a digester and how the digester is treating-the studge.
bcany recording lab results helps to interpret what's hap-
a‘: digester If dndesirable trends start to
refer to appropriate secuonmmusmanmllorme
correctrve acton, -1.

‘

SCHEDULE.
L]

OALLY

WEEKLY
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Sludge Digestion

SCHEDULE 4

8l
WEEKLY | WEEKLY | MONTHLY

A Raw Sludge
1 Composite raw siudge sample If grabrs takef mslead
then prepard a gomposite twice a week
2. Total and volhtie soids
3 pH

-B, Supérnatant ~
1 Solds (total and volatile) and COD Gtaphucally record
the data and be Alert to lang-lerm decreasing quakty
(increased levels of sohds and COD) of supema(anx
, quakty.

. G Dwested Stugge
1 Grab sample
" 2. Temperature’
3 pH @ ~
4 Cubcfeetof total gas anq CO, content .
5.-Galculate and graphically record gas producuon end
=~ CO,content .
Calcutate andt 9raph~ca!ry recotd loaa-ng rale (sohds
and hydraulic)
Volatile acgs
Alkabrety- .
Calculate and graphcaily reoora volame acndtalkahmty
relauonshcp .
16 Digested studge total sonas ang volatle sohas
17 Souds (1otal and volatle) and temperature profile at
wfive-1001 (1 5 m) mntervals from the digester bottom up
td the surface If scum blanket p(esenl try to break it
up.

£  Solds Balance ,

1 éak:utawhe solds balance on the digesters (see Sec-
von 12 3M Sohds Balance) This calculation helps in-
+ ¥ dicate 0 you how well you are controling the digester
. operaton

‘

in ltem 12 41, C-11, as regards the profile samplirigrof the ,
digester, the solids and temperatute data should be carelully
examinéd for indications of poor mixing 1n the digester or gnt

‘ accu;gulauon at the bottom of the digeste(. The operator

data to cakufate the uselul volume of the diges-

ter (total volume minus the gnt volume). Such data can be

graphically plotted against ume o shof the rate of gnt buikdup

and the date fof digester cleaning. An exampig of such a plot1s

Mustrated in Figure 12,21, am\ough actual data may not plot a
strmgm kne .

. N
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1242 Nt;ml Qperation

In thus chapter we have giscussed the following mponanl
topics regarding digester operation

1. Section 12 1. Components in the Anaerobic Sludge Diges-
bon Process:

2. Section 122, Operauomol Dngeslers and .
3 Secton 12 3, Digester Controls and Test lnlerprelallon

Thus section combines the tuighhghts of those portions o! the
previous sections that ase cntal lo the actual day-to-day op-
eration of an anaerobic studge digester For detads. refer to the
actual section The normat operation of a d»gesxer involves the
following activities.

1 Feeaing Sluage to the Digester (Secton12 22, Feeding).

2. Mantaining the Proper Temperature (Section 12 14, Diges-
ter Healng):

3. Keeping the Contents of the Digester Mixed (Sectian 12 15,
Dwgester Mxing), .

4 Rermvmg Supernatant (Secuon 1227, Supema«anx and
Sohds). and :

s. Mmdrawmg Sluage (Section 12 28, Rate of Sludge with-

Lelsstudyeachomolmesea%lmues ’
1. Feeding Sludge (0 the Digester (SeeSecuon 1241, A Raw
Sludge)

-

a. Pump as thik a sludge as possible to the digester
Watch sludge beng pumped. listen to sound of sludge
pump, and observe any instruments that mdicate thick-
ness of studge

Sl

b. Pump small amounts of sludge at regular intervals to
prevent too much raw sludge too fast for the
organisms or for the temperature controls 1o maintain a
constaft temperature . ,

¢ Calkculations

(1) Try not to add more than one pound of volatile
matter per day for every ten pounds of digested
sludge instorage (1 kg V M.day per 10 kg digested
sludge) This ratio may vary from digester lo diges-
ter and from season 10 season.

(2) Calculate the' volatle acx/alkalinity relationship
and plot the resuits If the refationship starts to in-
creasae, try to pump a thicker sludge or reduce the
> amount of volatile matter added per day Also re-
duce ﬂ_\e pumping rate of digested siudge.

See Section 123 Digester Controls and Test Interpretation,
- B. Volatle Acxt/Alkality Relauonshlp and K. Computing Di-
gester Loadings for delails.

2. Maintainihg the Proper Temperature (See Section 12 40, B,
Boter and Heat Exchanger) N

Pacord ihé tenigigature ol the reciculated sludge every
*day. ! the temperalure changes from the desired level. ad-
just the temperature controis. Do not allow the temperature
to ¢ more than 1°F (0 5°C) per day Determine the
temperature (usually between 95 and 98°F or 35 and 37°C)
that best suits your digester

: '31. Keeping the Contents of the Digester Mixed
How & digester is moted dépends on the mring equipment

117

Studge Digestion

.
and whether you have a single-stage or two-stage digestion
process Digester contents must be well mixed to provide f
an even distnbution of food {raw sludge). organisms. alka-
hnity. heat and waste bactenal products Good mixing
should prevent the buildup of a scum blariket and the depo-
sttion of gnt on the bottom of the digester i mixing is -
adequate. try incréasing the ime of mixing and/or J00king
for equipment problems

4 Remowing Supermatant

Supernatant shoukt be d from the U9 S on a
dally basts \Whether you have a single-stage or two-stage
digestioq process, mixing should be stopped for 6 1o 12
hours before supematant removal to allow the supernatant
lo separate from the digested sludge. Adjust or select the
supermnatant tube that produces the teast soids to remove
supemaitant from the digester Carefully obsérve your other
treatment processes o be sure the supematant does not
cause a solids or BOD overoad on other treatment pro-
cesses Remove supematant and digested studge unti suf
firent space is obtained In the digesters for.the ncoming
raw sludge

5 withdraming Sludge

Before wﬂhdra\nng sludge. s(op mixing for 6 to preferably
12 hours 1o allow the d d sludge to from the
supematant. The d»gesler contents must be well mixed be- |
fore stopping mixing so a lot of raw sludge will not be re-
moved with the difested sfudge Good mixing also prevents
the buildup of a scum blanket and the devglopment of con-
ing dunng the removal of digested sludge The withdrawal
rate of shidge from extier digester should be no faster than
arate at which the gas production from the system is able to
mantain a8 positive pressure in the digester, (at least two
inches (5 cm) of water cotumn)
©

1243 Troubloshooung

Using the iformation obtained ffom the analysis of the sam:
ples and tie daily rounds. thg' knowledgeable and alert
operator £an note changes froM normal operation The first
step ts to realize that there i1s 2froblem. and the second step 1s°
10 take the appropnate corrective action Table 122 15 -
tended to be an example of a logical sequence that can be
foliowed to derdufy and correct an impending or actual digeste
upset The fouf indicators of a problem tell you to look for one
or more of the problem areas histed that need correcting

Toxicity can be a very difficult problem to identify and solve
Heavy metals can gracdually creep up in concentrations until
toxic levels are reached Also asthe pH decreases the concen-
trations of dissolved metats tend to increase and become toxic
to bactena in the digester

Po‘sscble'memods of controling toxic matenals include ®

s

1 Remove loxic matenal from waste,
2. Dilute toxic rhatenal below s toxic level.
3 Add a chemical that will neutrahze the toxic matenal, and

4 Add a chemical that will cause the toxic matenal to precipr-
tate out of solution or form an insolublg compound

It soluble toxic heavy metals are present. sodiumesuifide ,
{Na,S) can be added which will cause the formation of non-
toxiC insoluble heavy metal sutfide compounds Digesters are
similar to people 1n many ways A small amount of something
may be very good for a digester. but oo much may be toxic as
shown in Table 123 .

N




Treatment Plartts
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TAB.LE 122 DIGESTER OPERATION TROUBLESI-.IOOTING

By

¢ . .
INODICATION'FROM DATA . PROBLEM AREA ‘ "¢ POSSIBLE CAUSE
- « o Toxicity 1 Slug of toxic materal E
. . 2, Constant feed that has reached toxic imit
L e Digester Loading 1 Change in raw sludge pumping -
" . 2. Raw sludge density or V'S changed
» — ; 3 Raw sludge pH change |
* Rise 0 V AAlk Ratio . " 4 Decrease in effective volume of the
+ Gas Producton Decroass . ‘ N digester
of Increase mn GO, ) Owgester Heating 1 Heat exchangers plugged.
. 2. Recircutated sludge pump not working
Decrease n VS Redwoon° 4 3 Botter maltuncton . X
» High Sohds n Supernatant 4 Unsteady studge temperatures — more than«°F/
N R day or 0.5°C/day
v Digester Moung 1 Fouled draft tube *
A ‘ 2. Mechankal or electncal failure.
. 3. In case of gas mung, nadequate recirculation
. Gas System 1. Gas nfeter fallure.
Do . ) 2 Leaking gas
. o 3 Abnormal pressure ° .
° 4 Plugged gas line -
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TABLE 123 BENEFICIAL AND TOXIC
CONCENTRATIONS OF MATERIALS ON DIGESTION
™ PROCESS

Moderately
Inmibrtory
1500-3000*
2500-4500
1000-1500

Toxic

3000
8000
3000
12 000
8 000

Matenat |
Ammonia Nitrogen mg L
sCaiciry mg L
Magnesium mgL
Potassium mg/L 200-400 2500-4500
Socium mgik 100-200 3500-5500

Toxw at gher pH values . \

Beneticial
50-200
100-200
75-150

12.44 Actual Digester Operation

By using the procedures outhned in this Section, digesters
can be operated successtully without any probiems. The in-
formatigg plotted in Figure 12 22 shows some of thé,informa-
tion used by an operator to operate foer digesters wuh atotal
capacity of 6 9 million gailons (26,000 cu m) This actvated
sluage plant treats an average daily fiow of approximately 18
MGD (68 130 cu mday) with flaws averaging over 24 MGD
(90,840 cu mycay) dunng the canmng season Under adverse
conditions. the dagesters have provuded only 8 days of deten-
ton time. yet the digesters have never become upset

Raw studge from the pnmary clantiers and gravity thickened
“waste actvated sludge are fed on a regular basis throughout
the day 0 each thgester Every 2 hOurs the Operators read and
record the gages pump meters and temperature readings
Temperatures are controfled by adjusting the heat exchanger

Digester contents are continuously mixed through “draft
tubes Every day the flows through the draft tubes are teversed
for two hours to knack off rags accumulated on the draft tubeg

T Additional mixing is available using digested siudge recircula-
ton pumps, If necessary The operator revtews the lab data
and of prodlems appear to be developing. additional mixing 1s
applied if appropnate [t everything is satistagtory and mixing
1s greater than usual, mixing s 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. galions per day
b- pH .

¢ Totat solugs, %%

d Volatile solds, %

* 2 Dwgester Gas

a Totat producnon. cubac feet per day
b. Carbon dioxke. °

3 Digested Sludge (mixed digester contents)

1
a Volaute acxds. mg/L
b." Alkalimty, mgiL
¢ Total soids. %
d Volatle acids. %
e pH s

4 Slu'dge removed (mixed digester contents)
a Volume, galions per day

b. Total solds. %
¢ ¢ Volaule $ohds, % .

+  Volatle acxd/alkalinity 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 alkatine

ity are normally run thrée times per week on @ach digester If

\
Sludge Digestion

one high vglatile acid reading is observed, the volatile acid test
1s repeated the neil day Usuaily the volatile a&d value is back
down to the normaf range the next day If the volatile acio value
15 high, the raw sludge pumped to the digester 1S cut in hatt of
stopped untl the volatile acid reading )s normal again Usuaily
this requires only one or two days .

These digesiers” are not used for liquid-solkis 'sepdration
Therefore, no information ;s collected on the supernatant

¢

/
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Presented is a learning activity that requires trainees to .

. practice applying the process of troubleshooting 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

Jincludes: trainee entry level behavior and learning objectfves,

trainee and instructor materfals used, classroom set-up lesson

H outline, and trainee notebook contents.
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TROUBLESHOOTING 6 & M PROBLEMS IN 3
‘e ,  WASTEWATER TREATMENT FACTLITIES
SN “tnct af Instilicteon 12:  Sokids Handling
N Lesson 2: Problem Solving in Anaerobic Digestion
%sson 2 of 5 lessons ' Recommended Time: 110 minutes .
o

. ; . )

- ' Purpose: This lesson requires the trainees to practice app1y1ng the «

process of troub]eshootIng 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 operataor. 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 tpat each work group part1c1pates in both
observer and troubleshooter roles. The thrust of the exercise is.to em-
phasize the Ymportance of oral tommunicatién and attitude in troubleshoot-
ing. In this exercise proper application of the process of troubleshoot1ng
and interpersonal communication skills are.more important than is S0lution
of the technical problems provided. - v

Trawnee Entry Level Behavion: Trainees should have achieved the learn-
v ing objectives specified for Unit 12, Lesson 1 before beginning this lesson.
4 - )
Traunte Leannung Objectives: At the conclusion of this lesson the
P trainee will be able to: .

.
4

1. Demonstrate proper troubleshooter behavipr and apply the JL
. process of troubleshooting in an 4ral interview irole playing
- exercise. . ! -

2. Explawn the importance of proper troubleshgoter behav1or by
. N observing and constructivély critiquing other trainees' per-
£ formances during a role play:ng troubleshooting exercise.

3. Demonstrate his/her abiJity to organize and conduct an oral
interview to obtain essential technical data for trouble-
[ . shoot1ng an anaerobic digester problem and recognize how the
interview teehnique must be adapted to respond to the person~
ality and attitude of the plant operator.

_— ) .- %
o 4. Demonstrate his/her understanding of anaerobic d1gester .
: ¢ - operations and troubleshooting by successfully solving the N s

: e probﬂems presented, Sl Tl . ’///’//,,—\
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Tnstuctional Approach: Trainee problem 501V1ng in a role playing

exercise using ‘the “f1shbow1' techﬁ1que .

Fishbowl Technique *The apprdach to. this.lesson subdivisien employs

two educational techriiques that allow the trainegs to part1c1p6te in and
experience the process of troubleshooting. :

v ¢

~— 1. One techn1que is "role playing." For each problem, a four-person

group is a5519ned with one person playing the role of the operator - with
specific instructions, and the ogher three persons,playing: the ro]e of .
" troubleshvbters. ) ’

v

]

The secomd technique is the “fishhow1" technique, where gpe group ob-
serves the other group carrying out the role playing exercis€ in attempting
to solve the assigned problem. The observing group should take ndtes on
what thEy see and report back at the appropr1ate time.

— Thé group involved in "role playing" to solve-the assigned prob]em is
known as the "inner group" (Ans1de the f1shbow1) and 15 seated accordingly’
The group of observers is kndwn as the "outer group." -

Groups for this lesson subdivision must be pre-designated by the .in-
structor and should be as balanced as possible in composifion so' that all
groups are roughly comparable. \ % - }

2. The individual selected to play the role of “plant opeFator" from
each group should be a person who is relatively experienced in the inspec-
tion of treatment plants compared fo his/her fellow trainees. The selected
individuals should also be chosen from among those who have personalities
which would make them not reticent to bart1c1pate The individuals who B
are to be “plant operators" should be pre-selected and given the1r instruc- -
tions in advance of this lesson subdivision. - "

\

3. If is very important that the observers be encouraged to give honest
feedback to the troubleshooters - after the 20 minute troubleshooting ex-
perience is completed. ¥t is this feedback that prov1des much ofs the learn-
ing experience for this lesson. -

4, After one problem has been analyzed .and feedback providéd, the
groups must switch so that the “inner™ and "outer" groups change places.
A new "operator" and new troubleshooters then addre§§ 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 wesults and for the trainees to discuss their Jrole

playing experiences. This overall comparison, of.what occurred in eachs .. -
group is an essential conclusion to this exercise that allows the trainees
to compare notes and obtain an overall impression of the troub]eahooter- }
operator re]at1onsh1p N PR
. ' . , )
? <

: . RS . oA v ‘e 5
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BN . 6. Some trainees may be very timid jn their role playing ipvolvement.
~ In* trial presentations, a very small percentage (1%) were very negative .
and even belligerent. The instructar 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 oshers, he/she .
. should be excused from this portion of the lesson. .
ot Details on adminmistering the lesson are provided in—the lesson plan
outline. . . .
g% Lesson Schedufe: The 110 minuteis allocated to this lesson should be
: scheduled as fol}'lows:‘ . p
TIME SUBJEGT
. Vd
. 0 - 10 minutes . Instructor Intraduces 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 . .
) l 50 -~ 60 minutes Observers for Prpblem 1 Report Findings
g 60 - 80 minutes Designated Grogps Analyze-and Troubleshoot 5
4 - Problem. 2 i
. R i 80 - 90 minutes Observers for Problem 2 Report Findings
K . 90 - 110 minutes Entire Class Convenes to Discuss-Findings
\. P . o * and Experiences wlh the Instructor ,

Tracnee Materials Used in Lesson:

.

1.' Tratnee Notebook, pages T12.2.1, ""Instructions to Troubleshocters:
Probler 1

\ . o - .
2. Traunee Notebook, pages T12.2.2, "Instyuctions to Troubleshooters: '
Problem 2. ‘ -
. 3. Fueld Manual fon Pmﬁam’ance Evafuation and Troubfeshooting at.-
a Municipal Wastewaten Trgatment Plants, pages 295-315. )
Instcton Maternials Used {n Lesson: . N
b . . * .
1. Instructon Notebook, Pages 12.2.1 - 12.2.11, Unit 12, Lesson 2. >
s 2. TInstaucton Notebogk, pages H12.2.1 - H12.2.2 4 "Instructions to . '
* .+ Operators: Probfem }§." ‘ . \
* 3. Instructon Notebobh, pages N12.2.3 - H12.2.5 , "Instrustions to '
¢ Operatdrs: Problem 2." - L. / :
! ” . . Ty *
ol e va .
- ¢ * N
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Instaucton Maten{aZA-Recommended-5q4 DeveLofnent: None
. . .
1. -Additional Instructor References: None oot
Classnoom Sez-&p: The classroom should be set up to acconmodate)
If possible, to avoid distraction from one

groups of eight (8) trainees:
. group tp another, separate rooms should be used for each group of 8.

€ Each group of 8 consists of two (2) four- person groups an, “1nner"
group who are actually participating in the role playing- prob1em solving

) ,
LN . .
.
-7

"% and an “outer" group who are observing.
JLEach "inner" group consists of three (3) troubleshooters and one (1)
¢ trainee who is p]ay1ng the eperator's role.
* fach group of 8 shou]d be arranged as in this dIagram ?
o . :
. B . . LR e
A . . au,d:

s 3

~ Outer Group
4 Qbservers <
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LESSON OUTLINE

Prior to Start 4¢f Lesson 7.

- ¢
A. Trainee groups should be designated by
Course Director or instructor.
lnstructor should Spoese one fhember of
each group tc Play the role of "operator "

I1.

1, Distribute "Instruct1on;téb Gperatlng

Personnel" to persons selected as
operators. v

)
Introduction (10 minutes)

Introduce lesson _

A.

»
L

. B. Announge groip composition ’ .
Select groups to be "1nner or "outer"
groups.

.

-
.

Emphasize to"trainees playing the'role of
troubleshooters that they should:

1
[

’

Hork as afteam in questioning the

“operator." . ..

2. Use the "Process of Troubleshogtlng "
s be-analytical.

° Find -the ‘ansfer and solve the opera
tor's problem in 20 minutes.

Emphasize to the “outer" group of obser-
vers to take notes and be prepared to-
nt on how well the troubleshooters

v

’

as operators for Problem 1. that they are

* to be cooperative but LnexpeALaned In
response to any questwn that is not
covered in the operator’s instruction
'sheet they arp to indicate that they don't

r

. . . A
Privately.emphasize to’the iranees acting

AN

+ " KEY POINTS & .
INSTRUCTOR GU$DE

[

v

Guide: Instructions for operator
are_available.,as partiof Instructons
Roteboak, pages H12:2.1 - H12.2.5
They must be reproduced prior to

the lesson.

¥

Instrnéglons for traubleshoo%ers

are inclluded in the Tracnee Ngtebook,

pages T12 2.1 \‘21:12\2 2 s
~ 3 =

I

. &,

Refer to the "Instructlon Approach’
section of the lesson plap for de-
tailed discussion ef the pproach*

-

-Pa1r1ng Group 1 w1th Group 2,

Group 3 with Group 4, etc.s, is
probably the easiest approach.
numbered groups solve problem 1-and
L éven numbered groups solve problem 2.

P}

" &

P— K
Use the 20 minutes allocated for
- | preparation below té. brief the

"operators" while the troubleshooters

plan their approach.,

Y

’

0dd -

°

&

o

”»
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t LESSON OUTLINE ‘
! . “40\4 the an?,:er 1f the troubleshooters -
. . give detailed instructions on how to ob-
}' tain the answer, the operator will agree
to get the answef .and.call the trouble-
. shooter back tomorrow
e Private]y emphasue to the students acting
- , as operators for Problem 2 that they are
‘ to be nefuctant and defensive to the point
of thinly veiled hgstility.. In response*
to any questwn that is not covered in
the operator's mstructmn sheet,, they are
- “to indicate that they don't know the
*  answer. 'If the troubleshooters, ask-for
sadditional information or data, the
operator cannot, will, not or does not
have time to furmsﬁ it.

L

9
G. Have student greups go to the1r.3551gned

. p]aces
< . Preparatlon (20 minutes‘iﬁ
. A. Allow troubleshooting groups and opera-
o tors 20 minutes to prepare their approaches
to Problem 1.
IV. -Problem’l {20 mgnutes) . .
. A. Instructor should make sure “inner" and

“outer" groups go to their respective
‘seats. o

.

14
B. Instructor should “"cruise" from group to
group to oversee the exercise.

c. Can t‘in'ie after 20 minutes. .

> V. Feedback for P’rob]eml {10 minutes) © L
. P

A QObservers:should.report their findings on
how the troub]eshooters -performed.,

P o

: . B. fter 10 minutes, “have groups switch .
- places ‘for Prob]em ?.

':* e o . 2w
8 4 Bl

.

\ KEY_POINTS &
INSTRUCTOR GUIDE

5

2%
'a \ - 6* .
» .
s
< . —
L4 / »
is cineiiAriet roperatorsh
Use this ¢t w brief "operators”
/ ¢
. . 5
¢
. \ \X
' f ‘\
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QA i T Provided nau:

A. Instructor should maké sure “inner" and
“outer” groups go to their respective-
seats.
‘B:  Instructor should “cruise” from group to
~group to oversee the exercise.
C. Call time after 20 minutés. |

LESSON OUTLINE *
Problem 2 (20 minutes)

Feedback for Problem 2 (10 minutes)

A. Observers-should report their findiﬁgs
on how the troubleshooters performed.
B. . After 10 minutes, bring the entire class

back together to review the problems,
the observatidns and the results of the
exercise.

Oiscussion of Findings and Resu]ts (20 minutés)
A. Brief review of resulfs of the trouble-

shooting problems. ~\\\\vo

<

—
v

Problem 1

If the troubleshooters follow pr
troubleshooting techniques, the
obvious cause should become apparent.

-
-

’

-

The digester is organfcally and hydrau-
Tically overloaded because the weekend
operator pumped down the out f ser-
vice primary c]ar1f1qg as quickly as
possible. The operator should re-
_duce or cease pumping raw sludge to

{

" the d1gester

-2.

i

KEY POINTS &
INSTRUCTOR GUIDE

»

Key Pqint: The instructor should
cover the techiical solutions as
quickly as possible. Focus dis-
cussion on the observed behavior

of the troubleshooters and operators.
Emphasize: T s,
1. The importance of .a systematic
approach

That the technique can be used
by people other than operations
consultants )

a. Senior operators

b. Department heads

c. Regulatory personnel

Clues:

1. Rapid temperature drop indicates
increased hydraulic load to

_digester.
Foaming and froath1ng character- |
istic of organic overload. J
"Rotten' egg” odor is typical of
organic overload prob]gms




r

i

2.

v

"ERIC ) :

LESSON OUTLINE

He should add lime to raise the pH.and
continuously recirculate the digester
.contents via the heat exchanger to
g;gdua]]y raise the temperature to
Fo -

The troubleshooter should have the
opérator start the corrective program
immediately and then assure’the opera-
tor that a continual follow-up will

- be implemented to confirm and assist.

.

Problem 2 7
If the tﬁbubleshooteés follow proper
troubleshooting procedures, the
problem and its se can be deter-
mined. - ’ .

~n

The digesters have received a slug of
toxic material, maybe heavy metals.
The operatoriiould isolate and hold
the waste if possible. (He tried to_
do this.) If not, “the operator should
reduce mixing to minimize contact of
the toxic sludge with the entire
digester contents.

H . \

-~

BAFuiToxt Provided by ERIC

Ly

1.
2.

’

T

¢
1.

12

3.

Feeding Lime:

KEY POINTS & .
INSTRUCTOR GUIDE °

Must slurry lime before feeding.
Can estimate lime dose by drawing
a five gallon sample of digester
contents and adding--1ime to sam-
ple while monitoring the pH. Can
then estimate the total pounds of
1ime needed to increase the diges-
ter pH. .
Feed about half the total lime
dose-the first day. Wait a day |,
and monitor pH. Add more lime

as neéded on following days to
avoid overdosing the digéster.

\

B

»

1

ues: . . .
Sudden ‘loss of gas production and

rapid drop in pH indicates possi-

b1 toxici!y. .

"Rancid butter" odor of digested
sludge indicates presence of
butyric acid. x The methane form-

~ers have been%ined. This is
characteristicYof toxic effects.
"Rotten egg" odor is character-
istic of organic overload.

Operator was treating the dairy
waste problem which he had be- -
fore but the treatment is not
yorking this time.

. ;

N

S .

B3
Loty
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The final sojution i1l depend on the
type and amount of waste present. It
may be possible to dilute the waste
below towic level using either seed
sludge from ahother digester or water
for the dilution. .

Or you might:

-,
1. Form an 1nsoluble product. Remove
soluble 'sulfides by adding iron
/ salts causing iron sulfide to form.
Remove heavy metals by adding sul-
furic acid or & sulfidetto cause
formation of metal su]figss.
2. Use another compound that will re-
act with the toxi¢ comgpound to ~
form less harmful compounds. To,
discover just what type of antago-
nistic glement is needed, some
careful work will be needed.

3. Empty the digesters ind start
all over agadn.’

]
**4, The best long-term solution-is to
implement a good industrial pre-
treatment system to make stre that
this doesn't happen again. -

=

'
»

S 3

L4

+ KEY POINTS &
INSTRUCTOR GUIQE «  » _

The "rotten egg” odor came from

the raw sludge pumped to the °©
drying beds. Cime the sludge an
the cbeds to reduce odors and- dw~’

comgzsition.
"Bulking" in the activated
sludge units may be defloccula-

_ tion “caused by toxic load to the
plant. -

)_ |

'

<

Note: This is especially true with
cyanide and chromium wastes.
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< B. 'Discuss with class whether or not the Key Points: ®iscuss these key )
o troub]eshoo‘ters approached the problem by | points with the class and maximize
T using the Protess of Troubleshootmg class input. —a

v * C. What aspects of troukleshooter operator
’ behavibr were observed in the exercise?
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Note on Distribution of Instructions,

4 -

The following sets of instructions must be reproduced prior to this

lesson and distributed to trainees for the lesson.

Distribution

Tl ) 4
"Instructions to Trougieshooters“ go to each troubleshooter
and each observer and are included in the Trainee Notebook as
pages T12.2.1 and T12.2.2. « vy

- “Instructions to Operators" go only to trainees playing.the
role of "Operator" and to each observer: These are included in
the Instructon Notebook as pages H12.2.1°-H12.2.5. Troubleshooters
are not given the "Instructions to Operators” for the problem which
they must troubleshoot.

Troubleshooters may be 6iven,copigs of the "Instructions to
Operators" after the problem has been conpleted

" 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 distrjbute copies to
the "observers" as the problem solving exercise begin9 and copies
to the “"troubleshooters" when the exercise. is completed.
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Solids Handling ) ©
. “ - -
* ® ®  Pproblem Solving in-Anaerobic Digestion ‘
» 4 ‘e
o~ Tnstructions ‘to Troubleshootens . gm
‘ . Proplem Number 1 )
. - . - \
» You are an operations consultant with Acme Environmental Associatey.’

It is early Monday morning and you receive a tel ephone c311 from an
operator-that is a‘client of your firm. s

I He reports that foam is being discharged from the'up;;er level super-

natent line and foam is v151b1e through the sight g]asses in the digester

roof. .

. The plant is a 1 MGD trigkiing filter unit with a flxed cover anaerobic

K digester. The-last time that you visited the plant was 6 months’ ago. -

- N

The operator is uncertified and has been on the job for about a year.

He i's cooperative but relatively inexperienced. He is’toncerned and asking
for he]p ‘ . N -

.

You inform’the operator that you expect to be in hts vicinity later 1n .
‘ the morning and will be travehng with some of the other field staff per-'
sons from your offlce s0 you'll bring them along.

.

-

As you enter the p]ant you notice that the flame at, the waste gas burner
has an orange color. You detect a septic sewage "rotten egg" odor. You !
. also notice that one of the two primary clarifiers is qut of service.

. When yo‘u”arrive at the plant (after having revievgﬁ] available records),

s ‘you blegin your troubleshooting procedures.
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Problem Solving in Anaerobic Digestion

* Insthuctions to Troubleshooters

—

~ ProbJem Number 2

You are an operations consyltant for Anderson Environmental 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 thit your.firm designed. He states that the plant smells terrible and
that the odor is makjing h1m i11 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 1nnediate1y

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,put he 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 «calling the plant, you pull the file and study the situation. The
plant is a 2 MGD activateg siudge 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 cloth|ng manufacturer and a lage metal office furniture
manufacturing and finishing operation -

AN monthly operating recordsGthat you could obtain show good operating
results. You could find no operating records Jfor the past 3 months however.
The operator is certified under the\grandfathen clause and has over 25 years
experience. The last AEA Vvisit of the treatment plant site was about 7 wonths
ago.. The operator has never-called AEA to ask for assistance, so you assumed
. .that the operation was runiiing’ smootHly. e '

.

You telephone the plant and offer to visit with &he operator to assist in
splving 'the odor problem. The operator says that he is too busy to be visit-
ing with people hecause he's having digester 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
stime with.2 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.. As you near the .plant, you detect a strong septic
sewage “"rotten egg" odor. The primary tanks which you pass look bad They're

black and_black sludge ‘is floating on the surface.
Vo <
/ .




¢
)

TROUBLESHOJTING 0 § M PROBLEMS IN .
- . . WASTEUATER TREATMENT FACILITIES . .
\ bty -\\ L. .

Unit of Instrwetion 12: Sokids Handling i : -

Lesson 2: Problem Sovlving in Anaerobic Digestion ' |

4
Ins tructon Handout Contents

7 Instructions to Opérating Personnel

. s Problem Number 1 - . . .5 v . . . e .. .. H12.2.1

Problem Number 2 « . . o v ot v ot e

.



/
Solids Handling

Problem Solving in Anaerobic Digestion

’
! (

Instructions to Operating Pensonnel
Problem Number 1 '

1. You are the operator of a 1 MGD trickling filter plant with a single
fixed cover, heated anaerobic digester,

2. You are an uncert1f1e3?operator and, in addition to the wastewater
treatment plant, you also operate the water plant, collection system
and water distribution system. You're still on ‘brobation with your
employ®r”and are willing to do almost anything to solve the problem
qu1ck1y and demdnstrate your competence as an operator,

3. On Monday morning when you arrive at the plant\you discover foam
being discharged from the upper level supernatant line and, when
. you investigate the cover, you see foam through the s1ght 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 prov1des the only mixing in the unit,

5. You immediately telephone your community's eng1neer1ng firm and talk
swith 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 specific questiorrs, you supply the following data. ' (1f

v you knew what datawere important and how to properly interpret-the data,
you would not have called for assistance. ) -

a, Operating Data on the Digester -

BE. 223X L o e e

Parameter Mone TJues. Wed. Thurs. Frir. Sat. Sun. Mon (today)

pH 7 7.0 7.0 7.0. 7.0, - - 6.6,
Température, -
OF ? 9% ] 95 95 , - - 92 .

Volaiile Acids,. s .

ma/1 800 - - - - - -2
Alkalinjtyy )

mg/1 R 2700 - - - - - - ? 0
Sludge Pumped . “

to Digester . No Records-e==-= e
4 . '. \ .
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You cannot herform solids analyses or gas analyses in your

laboratory because you don't have the equipment for these tests.
.

Digester gas has a "rotten egg" odor but 1s still burnable.

The waste gas burner flame is orange colored.

No sludge has been withdrawn from digester for over a mohth.

Nothing unusual occurred last week when you were on duty. The
only thing that you can reriember is that a flight chain broke on
number one~primary settling tank Friday.

You instructed the weekend operator to dewater number one pr1-

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. . - N
L]

g. There are no significgﬁtripdustries connected to the system.

h. Lime.is available at the water plant.

1.

7. Additional Data: \ -

., .a. If the troub]eshooters ask you to do 50, you will run add1t1ona1
\*27 tests. You w111 run these tests only 1f asked to do so. -

‘Add1t1ona1 Data.for* Monday

Volatile Acids, g/l 1600 .
A]ka]inity, mg/1 | 1800 +
b. If the troubleshooters suggest that you "lime" the digester, make
" syre that they tell you how to do it because you've never limed a
dtgester before. *How do you add the 1ime%Z How much do you add? *
. : — ) * s ™~

.

- Instruttions on Operator Behavioq v

-~

. You are~a cooperative but inexperienced operator If you receive any ,
questions for-which the an'swers are not provided in these instrudtions, indi-
cate that,you do not know thg answer. If:tHe troubleshooter gives 1nstruc-
tions on how to obtain the answer, agree to -try. to get it and indicate that
you wi ca]] Rim back tomornpw w1th the aosWer

.
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4.

5.
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6.

. Solids Handling
Problem Solving in Anaerdbic Digestion
InagguctLonA 2o Opdrating PenAonnaL

Problem Number 2 -

1
P *

!
You are the operator of a 2 MGD activated sludge plant with two-stage
anaerobic digesters. M

You are certified under the grandfather clause because you have:
, twenty-five years of experience and did not-have to }ake a test de~
‘' signed by some young engineer.

.ﬂ
The anaerobic digesters are floating gover units.of:equal size Nith
gas mixing equipment and external,heat exchangers Digested sludge is
dewatered on sludge drying beds. . .
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 £omplaining
and demanding that you do something. -To top off your day, some engineer
fi EA has decided- to come over because of complaints by 2 city official.

The digesters were both full when you noticed the gas production ande
pH drop.* The last time that happened the cheese plant had slugged the
treatment plant. To cure the problem, you raised -t H with lime and
rested the digesters. This is what you are doing nowy ept you had
to fill two dryipg beds with sludge - 1n order to have room to mix the

lime. The beds and what little gas 1s being produced have a “rancid .
butter" odog.

You will ansWer questions from the troubleshooter but you will not offer
any additional informapion. *

7

ipq,havé modified the digesters so that they operate as two single-
tage complete mixing digesters. ‘Both digesters are sick.

pH: Today—-6 1on both digesters. \
Prior to fa11ure pH varied between 7.1 and 7.2 on both digesters

Yolatile Acids: Today--4 000 mg/1
Prior to failure: 400 mg/1 on both digesters
L] ,

Alkalinity: Today--1,200 mg/1
Prior to failure: 2 400 mg/1.0n both digesters




N .. x . - .

4 %

e. Toidate you have added 1,506 1bs of lime to each of the 'z:Ilgesters ~
and have succeeded in stopping the pH drop. The pH has rlot yet

begun to increase. ‘

The temperature ln each unlt is 95°F and it has renmned nstant.

Prior to the failure the gas mixing system was operated of a dailgy
* basis and scum is not a problem.

Total raw sludge solids content is between 6 and 8 percent.
Volatlle solids content of sludge 15 approximately 60 pércent.
The rate of Yeed to the//gester has remained constant.

The digested sludge and what little ga§ is being produced does not -,

have a "rotfen egg" odor. The odor is similar to the smell of

Jrancid butter.” e

» .

. 1. Since you have not been pumpln 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 a
top. You've had to pump some raw sludge to the dry1ng béds ‘and its , -
beginning to smell. . N

m. Theé pH drop occurred overnight and the usable gas -product.1on ceased

overnight. o / 4
n. Your grit collector works,well and there is ng large accumulatlon
of grit in the digesters. .

- .

0. You have no labor’atory capab1l1ty to run,exotic texts. The only

‘. - tests you can run'are those required to operate the plant and comply

. lnstructlons“dnﬂperatorp&ehngr oo .

Aruitoxt provided by Eic:

. volunteer anyinformation, ¢ ¢

. with NPDES reporting requ1renfents N R N
p._ To top-.things ot’f, the actwated S&ld%ﬂ units stanted bulking about
b Q"’Ehe same time ‘the_digesters fajled u're having trouble getting 4
. the\’act;ivated ‘sludge plant back 1n operation.

o "‘9 -

N 22O .1 &
Yo*re getfin ug Bganr ret1?emegt and youzdo‘n?t realg 1ike othér geop‘le
meddling aroundcyour plant. Yowsarg reluctant to prodtde 1nformat un and
are defensive. You wil apsyer sdec'lﬁp questlé’ns rel@tantly but you gon t

i -\‘*" 55"114}1‘7 ‘3 5 w °

‘, ﬁ‘} (b
You think you can SOlve you{; problem m:tHOut‘any tIE]p people will leave
you along and*‘let you do the job: You're “uptet because 5&)3 re about? toore- .
ceive @ 25 year award from- thé Stdte Water Pollut16n Confr‘o] federatwn Cnapter
and you don't want this incident to spoil -it. . - IS

. . . " .. 3
. - .
L

14




. >

Yog're upset with the city officials _because they've asked the ‘engineers
to come help you solve this problem. Your attitude about engineers is
negative because in. your opinion you've never met one that knew anything
about operations and very few that knew anything about designing wastewater
treatrent plants;  You had some good ideas when the plant was being designed
but AEA chose to-?gnore them all.

Yoy want to get r1d of these AEA peoplesas quickly as possible and get
_back %o work. . e

B
L 3




Learning Resource 10

Operations Manual: Anaerobic Sludge Digestion < Part III, Potpourri,
8.5. Environmental Protection Agency

Office of Water Program Operations

Washington, DC 20460

el
-

. 1
Presented are seledted parts of a manual designed to satisfy a
neeg for a guide to digester operation and maintenance for plant
opeg:fors. Topics include troubleshooting, general operation, safety,
star»up of units, basic theory, samplinghpand laboratory testing.
The selections presented: discuss safety, present case history
examples of problem solving and opelational experiences, and lisg
examples of gadgets devised by operators to assist in solving problems
around their plants. v

.

~
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BASIC CAUTIONS Mechanical equipment” should aiways have
. =~ . 1 machie guards in place Operators must be
Sludge‘handhng areas and equipment are tramed in their prqper use and follow all,
potentially among the most dangerous in a applicable safety rules,
\ - wastewater treatment plant. : ’ e
‘ ' MAINTENANCE SAFETY L
. Plant operators shoy!d be thoroughly familiar ,\TJ‘
. with the problem aress, the safety devices The ollown)g rules apply at alt imesawhen-
that shdyid be used,.thé precautions to take ever working on equipment
: and some general rules for working safely. ’ P
5 : > 1 Lock out and tag main switch to prevent
A Pump- rooms can accumulate combustible accidentat starting, ‘ -
7 gases, deplete oxygen in the air and be the site : N
,Of mechanical problems. Pump rooms should 2 When working on pumps, be sure suction ,
" be gdequately ventilated and provided with ' and discharge valves are fully closed and ‘¢
low-level okygen alarms, Pumps should have ‘tagged_ Be sure pump s vented and ;
. isolation valves on the suction and discharge drgined. 3"
e * side for isolating the unit. Piping, comnections . e, .
: , and equipment should be checked on a 3, 1solate fue! lines as applicable - .
<" frequent basis for leaks - . ot .
[ © .. %' v DANGERAREAS '
Y Dried sludge and powdered chemicals present " . . ) L
“ dust problems, Operators should wear goggles “»*Digester 3 + | ’
and facetype breathing filters when workingz;~"¥ -5
K with these compounds. . ® When y’.ou rust enter the digester, observe s
1. L the following basic rules for your protection
Methane gas 15 explosive when in contact with _ . : ’
. ar., Avoid muang arr with methane In'the- 1 Provide adequate ventilation. to remove
i range of from 20.1 to 5 1. Maintain a posn‘nve‘ . gases and to supply- o'xygen. Be sure -
- pressure in all gas hnes to prevent leakage of " exhaust fan 1s on L &
i ar nto the pipeline, Methane gas 1S also ]
oduced from digested or partially dlggsted 2. Never enter the digester alone Always
§udge. found m holding tanks. Therefore, have so to hglp in the event of . .
wherever gas may be ‘present, there should be * trouble. , i Yy
" no smoking, sparks or any open flame. Gas .
detectors must always be used before entering 3 Use safety harness equipped with safety
Lany empty digester o " line.
L - ) [ - . e .
- Electrical  snstallations,  including  light 4 Cheéck for gases with explosimeter
hd switches, temporary devices or fixtures must .
be of the explosionproof type 5 Be extremely careful about footing -
- X .
, . - ~ v
. ( "
i . .
N '] »
. o 1 4 9 .’ s , s . ’
) . - .
, KTC Tw~ 14 :
L 4 . ’
o - - I . .
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Aruitoxt provided by Eic:

6 Use bucket and rope 10 lower tools and
equipment
A\l

Laboratory Safety

The handling of wastewater and numerous
hemicals creates a potential hazard to the
nealth and safety of ndividuals in the lab

- Danger onglhyles when lab workers fail tQ use

cautidbn m handhng these matenals, fail to
read labels or fail to follow directions as to
use and procedure There always exists the
possibility of inagvertent or accidental spills
which will require imfediate, specific fand
correct action to Minimize a potentiai hazard
Inhalation of vapors must be avoided since
many chemcals or compounds are dangerous
in this respect Most hazards caused in the lab
result from inattention, carglessness and poor
housekeepmg Some specmc rules are hsted

below ~

. ®
1 Use chemicals with due respect §now
their properties ahd how to use them

2 Be-se each bottle or contamer 1s labeled
for contents, date, warnings, £1c,

3 Read and follow directions carefully
. [ .
4 Arrange and store chemicals according, to
porson, flammability, explosiveness, etc ,
and m proper areas

6. Wear proper clothin
@prons, safety gtasses,

1 e, rubber gloves,

7 Know the antdote for :poisonous
* chemicals and keep these'posted in lab

8 When collecting samples, use appropriate
sample cotlecting devices. - -

9 Use the eye wash in the tab 0 flu
harmful chemicals academly splashed on
the face and the emergency shower to
flush chemlcals off other Qa.rts of th
2 pbody

K

¢ o

i .

. General Plant Safety

'
All personnel are to assume the responsibility
of keeping walking areas safe and free of
tools. debris. spills, grease, etc , checking te
see that guards are ingplace on Operating
equipment, chain rails are 1n Place and all .
areas properly llghted

.

o Electrical Safety
1 Lock out and tag main switch of electrical
equipmeqt before working on 1t

’ .

2 Do not remove tag wf;hout first checking
with person who initialed the tag.

3 Notfy plant superintendent in the event a
motor cjrcuit breaker trips out  *

\ .

4 ,.®nly tramed plant personnel are to Open

motor control center panels_ to perform

[ authorgzed work .
- .

port and log any unusual motor temp- ~

erature, norse, vibration, ete .

The safety material presented m Thes manual
Is an mcomplete summary of°genera| safety o
procedures, All plant operators should review
their practices from time to time One of the
best manuals on plant safety for operators 1s
Safety In Wastewater Works MOP No. 1, 1976
Ediion published by the ~Nater Pollution
Control Federaton > )
«Jhe following charts Summarize details assocCi-
ated with devices fand therr function n
digester safety C

o
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DIGESTERSAFETY?DEVICES ,  « . - :
B B % . l ° . . © .
ITEMS - SAFETY DEVICES FUNCTION. . ‘ MAINTENANCE - .
I L) .~ N
N . ~ T .
GAS ) - "
B N R . s 4
1 Memane—lsexwos:ve w oo hamelAneslors ~, Protect agamnst flashback : Inspect monthily and clean every '
contact with air? | ¢ ~ R months or as experiesx & itates .
K] N id . -
| Thermavaned : Shut off gas.
* < e N Water Seat . Vents excessive gas 10 atmosphere and ‘ . .
. . . : 4 allows air into digestenunderzacuum - -
. -
. i Pressure Hehef Valve Verds excessive gas pressure L lnspect every 6 tonths of inore .
. - . B Sy . &: : ~ ‘ « often for proper operation
T Vacuum Bieaker Valve Bn?\gs air into grgester 10 break'vacuum Jnspect every 6 months or sore
[N : : - often for proper operation X
, R Pressure Regulatog ¢ Controls gas pressure on svslcm Check diaphragro cvery 6 months .
K “Automatic Gas Prlot Valves Controls gas. burners.
2, H2S Ihydrogen sulfided ~can Gas Detector To detect presence of HaS Chech monthly
be an-odocless gasin lethal Self Comagned Air Pack E To protect personnel Chech tnonthly
concentratidns. ' N
. »
EB:‘GenevaI . ‘Gpod Ventitation ~ To remove gases fromn area Service according 10 manufacturer’s
. ! . . . mstuctions. . ) ’
?
[ 4 No sinokingspatks or open To'prevenl_é’xplosnon or fire
TR sy flame, ’ - SN :
.
' Goog: intspection and hd To be surefthey work when ndeded N b 4
- ¢ er;ance program on gas ‘ , - .
syslem “nd safety devices. he . s ¥ [
.
. o o 1
, Ox - N .
DISEASE TRANSMISSION N
. . ? . .
Such as N . . !
v, Skindseases © ¢ 4 Per 3l Hygncne ToBtevent spread of diseasos m1o body Chech for corrosion and proper
Typhod ash basin . o waler pressure. Operate showers
JDysentery 0 Showers - . | webhly Check water flow rate
s~ ’ Rubber clothing ennually. | «
- Bools gloves & aprons e M E . -
v -
. . - . “ , l J i ¢ ’ ¢ : . 1
, , * : . . ‘& ¥ ey
’- A oy . ) . . o . , . ’
Emo oL | | | : |
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DIGESTER SAFETY DEVICES (Cont) i
ITEIQ . ?AFETY DEVICES N ' FU?!_ETION . M.li\INTENANCE .

CHEMICALS ., ¢
Danger from dust, inftimmatiun
and burns. I

N

- N
Seif contamned air pack
Rubber gloves and aprons
Face dust masks

To provide a noncontarminated source of
;

air for a limuted period of tirne In
tocations with deficient oxygen and/or

Clfeck an pack monthly Chedk
clothing each tume 1tis worn

R Eye wash . lethat gases, -
- Showers . :
_ 1
. i~ . !
PHYSICAL INJURY - -
Danger froms talls and misuse Machine guards To prevent physical injury Check machine guards, sakety b
of equipment Raitings and safety chains - chains and highting daily Perform:
Safety txiders . . housekeeping continually Check
’ Safety harness . ladders and harness each time used,
. > .
Housekeeping . Check first aid it weekly,
htng . < ) "
. < Firstad kit B . E
.
- 4 k ¢
ELECTRICAL .
. M e
Danger from shock and fire, Electricat tock out tags To prevent awcidental turmng on of Provide o sound maintendoce N
° . N Rubber mats - ” equipruent To prevent electrical shock program - °
> Masntenante program by grounding through body To keep * "
. equipment clean " e
_ . . ] . o
FIRE .t Portable fire extinguishers To pot oul fires - Check monthly lovite . v
. . - representatives fromn fire
° . department 1o setup rQuine
* * for testing and cheching fire
N protection equipment
fooe- L » N
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SAFETY RULES AND REGULATIONS
FOR THE PREVENTION QF ACCIDENTS

1 Protect your head! Wear a hard hat at all
times. Except 1n the office, lab or break
aregs . .

2. Prevent falling! Keep all areas clear and

* clean.

o Pick upal Ioose objects, zpols, “rash,
ladders; hose. etc

o Clean up all ol or grease spills
nmmedlately ¢

[+
9 Know Iowti':)ns of all fire extinguishers
and how to use them! ,
s .

~10 All injuries, even scratches -or skin
abrasions, MUST be reported and fnrst

+ aid given! .
BE ALERT to safety conditions around

the plan§! v

1f something js out of place or not work-
31 :: -\m—\lnr hnh! hylhe lm‘nmpd

3 Prevant body infections and disease!

Do wash hands, N

Do wear gioves when working on or
with sewage equipment or collecting
samples

Do_shower and" change clothing
befare going home .

f§r

4 Do use common sense when moving or
lifting heavy objects.
Qe Use proper equipment
o L:f; with your Iegs-not your back‘
*
5 Do not RUN to answer the telaphone!

»

6 Use handralls on,,staurwayc.

~

" 7 NEVER work on equipment withouts

) Lockmg it out at pusmbutton or
ardurt breaker .
) Taggmg marn circuit  breaker, .
> L]
8. Know “whete safety equnpment is and
how to USE it!

i
rgr-ettls
out, safety chams not nmp(ace padlocked
equipment not iocked f
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* | LOADING ' : Hydraulic Overloa_dControI by Using Polymer o
' Cotftrolling Waste Act)vawd Sludge Load to a *A 10 mgd primary_plant ‘was hydraulically
' Dlgasw , overloaded and detention times were less than
. A low solids concentration in the digester * e .
. feed caused detention time problems at a ~ A program was implemented to decrease the .
5mgd activated sludge plant treating wastes ° volume of sludge being feg, to the digester
from an industry producing corn chips This This was accomplished by adding polymer to !
was 3 result of mixing waste activated with the thickener at about (*2 m||||grams per hter
, , the raw studge The problem was solved by dosage to reduce the volume of sludge beiny .
o converting one of the two primary clarifiers umped The polymer used waseZimmitg
‘ 10 a thickener All of the waste ‘activated / No.651° . . R
sludge was then diverted to the new thick- . ’
“ener The thickerfed waste actvated studge 1s/ ~ Grit Removal in a Singl2 Stage Digester .
then séparately digested sn one primary and . C
one secondary digester while raw sludge is In a plant that was handling twice 115 design -
treated in another pair of d|gester§. By |an, a’!ngl'e stage digester finally failed to n '
| prethickening, the waste activated siidge was ~ oOperate due to a thick sgum blanket and
L corcentrated to approximately 33 percent , actumulation,of grit This glant” operator o,
, solids #and with separate digestion the ,corrected the problem by opeging all possible - .
digestion time was Incfeased allowing%oth openings, such as manhole covers and sample
A , Systems to fungtion eﬂICIently » vents, and allowing thesdigester to sit idle '
2 with no recirculation The scum blankef -
| Use of Soda Ash to Control organic formed a cover th:ckenough to prevengsdors
' Overioadmg . in the area, re .
i e c ~ -
" Vegetable processing plants seasonally cause In order to move excess grit from the bottom, -
over 100 percent increase In the amount of an air compressor with a long pipe was >
sludge handled at ong plant The operators  obtamed and air was fed jnto the bottom of L.
a daily monitor the v¥iatile acids and atkalinity the digester while sludge was being drawn off <
. . © ratio fpr digester control durlng the pro-’ to the bgds +If tried in other locations, this e
- cessing season. When the ratio climbs above procedure might be safer using steam - .
n 025 soda ash is added to bring it back iffto s ) . .,
. . controk: As-one example, when the rduo Breaking up a Scum Blanket with a Pump ! .
o -teachéd 0.25, 50O pounds of soda ash were e -
‘ added and- then seven days fater when’ the How can a“scum blanket be broken up *
. ratio again approached 025, 1,500 pounds without emptying the digester? A piant in the .
" ; were added Followsng these two additions, Nonhwest which had an eight-to-ten-foot ¥
. ' . the ratio dropped back down to less than .1 stum blanket in an existing digester, solved ‘ 2
and gas production increased to its previous the problem by imsegting a large-capacity .
i PN fevel. . ? : ’ "
3 ' S a N ¢ - ' .
2t - - "' = - L . - -~ L]
R ‘ - ‘ ) . a
i;g ) i “ v ¢ N oo :‘«'.1)- 4 b @ . M - ‘- [ *
i i - ’ . ‘ NS o
- . . Y - ..
kY
- . ol - 1 54 .
“‘ [}
- b o ST T Ly e ween’ gl s ke, e e et A
. . PRy : R ‘ P It ¢




-

-
h

LY

T

RIC

» /

chopper type pump (Vaughan Scum Gun)
through a digester manhole Several pre-
cauLions were necessary 1N this operation

1 Safetv precautions were exercised to pre-
vent explosive situations dﬁrung the
.nstatiation
»

2 Very rap:d breakup of the scum caused a
i0ad On thesgigester because foods which®
pac been tiad up in the scum, was released
into. soiution very rapidly It was neces-
sary 10 momitor volatile acids and aika,
nnity  trequently,, similar to any heavy
organi¢ loading . .

Fioating covers must be balanced to
counter icads caused by placement of thg
pump. This is particularly 1mportant if the
pump s placed off center * «

MIXING . .

S

. Use Motor Amperage Readings to indicate

Impeiler Wear

C .
A plant n Washmg}xon noted progressively
worse mixing results 1n @ digester with a draft
tube This unit had™a reversible propeller

i
* mounted on it When the unit was pulled for

.inspection, the propeller which was ghginaliy
.20 mches n diameter. had been worn t0a
10-inci diameter _Ampeya.g_e read\ngs were
compared and it, was noted tha{ tihe amperage
had Been getting progressively lower because 3
smaller volume of sludge was being moved
Reguiar momitoring of the motor s amperageés

" would have warned the gperator about this

probiem  * i
LINE PLUGGING
How t(; Unplug a Supernatant Line -

3

v
.

the pipeline into th'e digester, dislodging scum
Freezing a Sludge Link to install a Valve
¢ -
During the remodeling construction at ‘one
plant, it was necessary (0 break nto a live
drain hine that had no valve in it This was
done bysconstructing a two-piece collar to fit
ground the pioe The collar was approxi
mately tour feet long and™Tour inches larger in
diameéter than the sludge line A space was lett,
around the entire chameter of the pipe and
the length of the dégce Liquid nitrogesy was
_fed 1nfo the space in"the colldr This methed .
froze the studge  the gipeline*™ abouj two
hours, blocking the hne ~The valve was
-uiserted in the Iing beiowy the frozen section
About eight. hours later the frozen siudge had
thawed and began to flow through the newty
TOXICITY

instalied valve 4 ;
oy . .C

For over a year a plamt had had Tnronig

*+ problems w starting the digester The cause of
the problem was found to be outside the
plant The digester would show signs of a
good startup with 1gcreasing acid production,
but evety weekend the digester would quit
working and on Mondays the operator would
find no digestion taking place This was
repeated week after week .

o .

or

Because of the regular cycle of the problem, 1t
was thought that some industry might bée

-

“ninvolved The operator found that a furniturede  «

factory  was copsustemly dumping about
1,500 gallons of paint waste in1o the sewer
every Friday . © ot

:& L4
The probiem wahandiéd when the operator
reduced muxxﬁg to ,(h(ee hqurs a day This
allowed the toxic siudde to stay on one side
of the tank and not become ghoroughty and

Continuous pluggingwof supernagant lines by immediately  mixed with/ \ihe digester
scum can be a serious problem, paruCUIa{lv n conténts The I&ng-term soldgon for this
a fixed cover dugésten In one plant, a ene-inch propiem s to enforce the industrsal waste
pipe w~as passed thrdugh,a rubber plug. The ordinance and prevent the paint dumps at the
plug was fit tightly into the Supernatant’ nne, source .
and high-pressure water discharged through ' -
* " N <\
. [ » B s
4
» - r
¢ - - ' - -
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COLD WEATHER PROBLEMS .

LY
How to Prevent Freezing of Digester Pressure
Relief Valves

Cold weather problems -with gas pressure
relief valves are cgmmon and one operator
found the solution byflacing 3 barrel over

the retiet vaive’with a ight bulb insidest The

bulb produced enough heat to keep tnd valves
trom freezing This type of device sh0uld

*contain an explosnonproof cover Over the

bulb.

sy

R

EMC

Aruitoxt provided by Eic:

|
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[

sused therr own personnel

Auothe mnethod of solving freezing proBlé"rﬁs
in digester pressure relief valves 1s to put a
light grease “mixed withy-sait on the mating
surfaces fis will prevent freezing However,
it shouldfbe cleaned off in the summertime to
prevent cQrrosion

DIGESTER BRAINING
Solving a'Sludge Removal Problem

Plant operators In one glant needed to empty a
digester for-Toutine 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
ex:stmgsludgedrawoff hne

1t whs determined that the city personnel
could do the job less expensively than "a
contractor +f they had theirr own pump and
A pump normally
used for emptying barnyard manure pits was
fitted with an explosionproof motor and
hoisted to the tqp of the dng‘wer
3

A tripod was arranged over a large manhole

opening and the pump loweréd INto the ..

d-gester A discharge hose was attached to an

wrigation pipe-to carry the sludge to the-

lagoon

The pump had a cutter bar underneath the
smpeller which chopped up thick scufh, rags.
sticks. etc When the thick scum was broken

b d
up with high pressure water, 1t flowed qurte
easily through the pump- 3 Y

As the sludge level dropped, the pump was
lowered to keep 1t approximately 1} to 2 feet
below the surface of the sludge

About two digester volumes of water were
needed to hquify the sludge enough to pump
A scum layer about three feet thick and a gt
layer about four feet deep were removed from
a 50-foot diameter digester in ten days

Peroxide A . ,
When 1t was necessary to drain a digéster
contawung: partially ,digested slugge, odors
were a problem A line was tapped ato the
sludge draw-off pipeline ahd hydrogen pec.
oxide $oluton ,at 30, pereent concentratidn
was added to the sludge The concentration
was about ong gallon for every 12,000 gallons
of sludge drawn tg the beds

. *

PLANT STARTUP ¢

A plant with two digesters. primary and

secondary, Poynd 1t necelsary to empty the

pnmary for repairs The following startup

" procedure was used

5
( Temp. - \ -
Day Deg., pH Comments
. - o N
1 Tank being hiled with
¥ raw sewage

-

3 69 67 Tank futl

.
4 75 61 Added 10,000 galtons
. v @ysecondary sludge from
another plant .
e - ¢

Added 250 lbs of ime-
:

8 . 92 55 P
9 93 56 v .
£
10 97 - 59
[ -4
.
« .
v Q-
4 ' »
-
% -
| s
f\
136 L .
h o! = -

.y
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, : 1t 97 457 Added 400 ibs. of hme S ' ’
12 97 57,  Added 200 1bs of Ime o
I 1 . ' -
- 13 98 57  Added 200 Ibs of lime . ' :
. , e
19 97 57 Added 300 Ibs of hme . ’
L] N
30 » 98 58  Added 150 lbs of ime  ~ .
=
25 98 59 Added 1,000 Ibs-of lime ", )
in fast five days -
. & \
. 3% 98 80  Added 1.000 1bs. of hmg 7
= . “in last ten days
- *
790 98 71  Added 2,000 1bs of lime o
in tast 44 days n 1004b { .
R o less ncrements ~ 7
5, Also added 2% ga! de- ~
- R t foaming agent about dav
K] 60 10 prevent foaming
SN L
Sludge was being added &t about 4,000 gpd at .
3 3 percent sohds and 77 percent yolatile At .
the end of about 80 days, the volaule’ - ‘ .
v > . . .
reduction averaged about 51 percent. . . N . .
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- s " Operators have ‘dgvised several gadgets that
) assist in“solving problgms around their plants.
WOt A few examples are listed on the following

. pages showing what. can be done with httle
", A\ < .gxpenseand some ingenuity, . -
| —— e

E DIGESTED SLUDGE SAMPLER—This “home-made’” sampler 1s made from materials found

* around the plant {some, such as the rubber balls. might even be retrieved off bar screens)

? The lead can be poyred around the inner can using a metal container approximately one inch
* . Iarger in dameter. The spring support and trip mechanism can be readily fashioned from scrap
[ ) matenals The spring is weak enough so that 1t trips without lifting the device-
N Pl
’ A tripod with a reel for ransmg‘and lov'venhg can be used to allow selecting sample's at the desired
&« depths | . ‘-
| -~ ¢ N
; fRope or Cable »
" - b . Calibrated @ 5 Feet
D o
g . o .
- . Trip Mech
S Spring
- - . . Rubber Ball *
e e b - .
} a ’ . . ) -
\ ‘ Chain Attached To
- Lifting Rope y
hJ "
N % 2
L}
3 ' - ., ‘Threaded Rod ‘
.. * } Lead .- .
’ " Beer Can'
. N - ) .
N . . Rubber Ball . .
5] v Lx 2 /: -
- L3 v ~ -
. *+
L2 A v 4 > '
A * I -
» ° . ° + - )
. FIGURE 31 - . -

* DIGESTED SLUDGE SAMPLER

o
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Aruitoxt provided by Eic:
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GAS PRODUCTION ESTIMATOR—When the gas meter 1S not operating, the following system
“ may e used as a rough esumate of 8as production

1 Fdl the carboy with sludge from the active zone. . -

. . . .
2 Turn on heating pad and hold contents at same temperature 3s digester .
, . ) «
.3 Fill 3 500 m! graduated cylinder with water and invert 1t in a 2 liter beaker over the end of
the gas hose,- being careful to keep the cylinder filled with water and.not admﬁ'any air”

4 Allow gas to purge from the carboy for one hour, then set gas tube under lip of cylinder
. ¢
5 Note length of tme to dispface 400-600 mi ,

- rl ”
+, 6 Repgat for several consecutive days to get trend of production.
‘ Al

N, : Al .
= Thermometer  GlassTube & <

/ Plastic Tubing*

500 M1 Graduated
l/ Cylinder

. ﬂ ~
[~ o=t
- . .
|—| ~ T
Wide Mouth ‘_=> . .
. Carboy i
~ , - 4 2 Liter Beaker
ol 4 -
. ., 1. N
t%‘% .
/7 - Electric Heating
‘ Pad :
» . .
. o —————
- , .
. ) ' e -
FIGURE 3-2° ' . , - .
GAS PRODUCTION ESTIMATOR ‘
o . i ! N ’
- .
. 1 5 9 ' . N
. Co184 ) ~—
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" scym BLANKET FINDER-—One method for fmdmg me depth of the scLm blanket in,a digester
is llustrated here < . “n
. - . ¢ K \,' "l' ‘ -
one inch pipe marked every oot is attached 10 a wooden paddle‘ei/ ahinge T can be
. ed between the digester wall and cover in the first pcsmon P
¢ As the finder s ra:sed after passing the bottom of the biapket, the paddie wiit strajghten ouf and
lock under the scum bilanket The appropriate depth mark s noted, “the oaddle puiled back
parallel with the oole and !fted out of the dxges!er Y .
Y 1 e —_—
« * Ld
- ‘ T - -~ N
. - » . " -
N < « v " . AR \
) . . A
~ - . - . - . B
‘. « . ¢t ,
Y e \ . f . o
, " . | h Down .
i . en ‘ot .
el o o Wall and Cover € .-
Foos L T .
' . 5 B Floating | “&
' Cover +
\
0 ) '
o . u
~ . [P
LAY & =t
- ‘14
<
Hings ’
¢ &~ Lowering and .-" Measufing’
Raising Position . Position
. > N z i)
L} * Py
B . ! >
N Y. . N
? — ' Rt -
. . . e < a ’ . .
P e . o ’ ) Iy . ea . " R 2 ). o
FIGURE 3-3 . 7 ‘ v _
S SCUM BEANKET FINDER o .
Y e . N ) 5 ) Ty ~
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SUPERNATANT‘LINE PURGE DEVICE-Plugged iines due to scum can cause severe problems
. N fixed cover digesters, par!tCqurly in cold weather when pressure relief valves may freeze
’ A two inch piece ot rubber approximately the same size as the | D of the line can be fitted wnh
. " apeceof pipe through the center and secured for moving up and down in the line
' Either water or steam can be used 1o loosen the scum ' ’ o
A .
This may be bsed also in a chronically plugged sludge line if a tee or wye and valve are,provided
for access . ' v
. . : - ) L
v v ’ N ¢
. . @ 0
. \' { -
A ’
. High Pressure Water
- or Steam
P ,
02 N » ]
. s v R . ,
¢ * .
- N ‘ g .
< e Pipe Thread to Hose Thread ., N
. . - Adapter
- " 1" Pipe 4 -
. d \
—,
- 4
B8 -
X ' - -2 x 6 Rubber Ring -
. . N
- - >
! s Sypernatant . ;
- i Line - R
1 » .
’ 1
. ’ ‘ ° ﬁ - 2 -
¥ ,::fw_":‘"’ - CoTTTT T N -
FIGURE 3-4 * - ! ) .
' SUPERNATANT-LINE PURGE DEVICE . v s
“. . ) .
_— v ’ ‘ -
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AUTOMATIC PUMP SHUT-OFF CONTROL~To prevent damage to the piston pump, sludge
piping or valves, a pressure shut otf control can be addéd to existing systems with @ minimum of
expense as described befow. . .

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 switch setting, the pump

shuts oft Thus effectively prevents damage in the event a downstream valve is unintentionally

\' \ closed or if plugging develoos in the difcharge Tine ‘e
L]
The switch 1s avallable off the shelf at electrical or control supply firms
3 ; ) . 3
- . ‘
. . . \\ ‘ : .
v ' - ’ . '
¢
. -3 ’ N Discharge
Soleno:d /, Pressure v
: - J Gaer.
/ o ’ -~ "
2 . »
A ]
- 0] ., N
]
. Drive Motor . ’
. ! .
. ¥ P »
e Positive Displacement . - -
Sludge Pump .
N L/ N N
—0 o 5 —
N b | NN sy s .
° . : A
o« . " - r
. . )
¥ . v
.
- 4 v,
. ] P -
FIGURE 35
s . PRESSURE SHUT-OFF SYSTEM TO PREVENT DAMAGj TQ PUMP -
» > ’ s . \ y'
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': \ RAW SLUDGE THICKNESS CONTROL-A rather simpie control system was (ostalled at one
plant 10 prevent pumping excess watgr 10 the digester by usings the ampefage from the_pmon
' * PUMP Motor to sense changing sludge thickness .
Amerage reagings were recqogded at the same ume that total solids samples were collected It was
Stound that as the total solids Jecreased, amperage decreased and whén the values for ihe two
werg plotted on a graph, the minimum Jesirable solids content could be matched with an gmger-
‘ age Xeading (see Appendix G for informauon on graphing) .
. - A
\ » >
A .0ad meter that sensed amperage of The motor was installed in conjuncion with a one minute,
ume delay switch When §e pump came on automatically, sludge was cleared out of the fine,
. then the 1dad switch sensectthe slugdgesthickness and the ptimp shut off if the Sludge thinned out
terore the ume clock ‘nmed out .
. “ . ‘ - w ~
-, e . I’ & A
] ‘ - * -
. . 3 - .
" . M . Time Ammeter of
‘y Delay Load Meter _ * ¢
© Y a
* ~ - A - r
¢ A .
- Time Clock J ¢ '
. Co7uol . Y < M .
~ N -~ ' O 4 K
’ ' ) ’ ) i .
L~ Motor ¢
. ° 7, ~—
. . S
- “ » » {
. ’5 . P A . e
N -
. Ve L T .
R ~ . " " —
o ‘O ) < Piston Pump O .
-, =t B P -
. r
' » N
. s b A
- l ey . .
M 4
« 5‘\: . . * .
. S‘ - N ‘ ’ ’ .
. - ‘e - )
. .
, FIGURE 3.6 . .
LN k RAW SLUDGE THlCKNESS CONTROE
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SUPER ATKNT SELECTOR—An "operator made’’ devrce was installed 1n an exisung digestér N
white 1t fvas down for repairs that helped draw the best possible supematam even though liqyid

-
level vafied. .
3 ¢ * A LY JT
A hotst was mounted on the tank-wall and %" plastic coated boat control cabie was atthched to a
\ ~section ot movable supernatant pipe Alswivel joint composed of an ell and street ell allowed the »
draw-off point to be changed by operation of the hoist . . ) .
a7 o Lt V- - B
. NV . P ¢
. ¢ Ay ’ ¢ e
¢ - o . |
- : = $
1 N o toe
; 2 1 [} 4 |
{ v

_— . . .
. I3 * S . g
-~ - ¢ \b ' . - 4 ~
L4 s ] v
- : - e
s N
v o 7 .o s
. N ¢ I . Nt
. . = .), ;/'v:
’ -
plu ¢ A -5
. a~—‘ Supernatant . t.
~ ~ - Zone .
- | . N
i b &
o R ~
. < vy Swivel Joirit .
w4 7 . * . .
1 . - s i -
] " »
] ’ - .
- : : —~ ; : )
. " FIGURE37 ' . N |
UPERNATANT SELECTOR" BUILT BY OPERATORS v A ; -
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Learning Resource 11 - .

"Anaerobic Digestion.Analysis™Trainifig Module" - 5.120.2.77

Kirk%ood Commiinity College . . .

. 6301 Kirkwood Boulevard, SzW.’ T - : ;
' P.0.- Box 2068 “

- Cedax Rapids, IA 52406 . . . a .

. 4 f

3 ~r Presented are excerpts from an instructional module package for use \:)
by an instructor familiar witi* alkalinity, volatile acids, and carbon™ :
dioxide determinations for an anaerobic sludge digester. Included’

in the packdge are handouts, instructor guides, student handouts, ‘and
transparency masters. The learning activity detailed here describes
the determination of volat{le acids b¥.the silicic acid method.

.

.

* Prepared for the: . .
-, + . _lowa Department of Environmental Quality ~ .
3 Wallace State Office Building -° o . )
’ Des Moines, “IA 50319 LT .o
. . ) ) ° - R
° . . . e
: ERE J , “ - -




References:
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Instruct ional Aids:

4

-

~ ANAEROBIC DIGESTER TEST PROCEDURES

Alkalinity ’ -
Alkalinity Testing
DeCe_rmlneacion of Alkalinity

Digester Gas Anal}sis(,

(Volatile Acidd’
Volatile Acids Testing
\ Volatile Acids/Alkalini
Determination of Vola
4 Stlicic Acid Meth

* » Rapid Distillat

’ Analysis
When the participants|complete this module
théy should be able t$ analyze %nerobic
digester contents for \alkalinity and
volatilé acids and repdft the results as a
volatile acids/alkalinilty ratio. The
participant sRould alsolbe able to determine
the .amount of CO; in dipester gas upon
completion of this modulg.
Anaerobic Sludge Digegfion Manual (EPA) '
r Treatment Plants

. . Technolog s e
< - Audio-Visua |
26 West 8t. Clair ’
N . Ciffeinnati, Ohio- 45268 A .
-
:w’_ o - -
- -t Overheads - - ..
’
<, o Typed overheads are example of ovérhead .
F—— o e - layout aind content For classraom use
-t the overhedd, should be cogstructed using
e <’ v colored, lz 1nch dry transfer letters. '
- . Ofher <’erheads may be copied directly .
‘, L * -
. . . o
. ' Y.
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166~ ' ’
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Submodule Title:
3 ,~
.. Topics ?
.
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Instructional Aids:

Instructional Approach:

References:

se

.
Class Assignments: .

Instructor Notes:

b

Handout -
‘

. * Vplatile Acids
. * Silicic Acid Method

MC . '

L)
‘Handout Silicic Acid Method

Handouts ' ’ ' e
Handouts may be copied directly.

Labwr’atory supplies and apparatus

Supplies and apparatys should be supplied
per handouts so that participants may .
work in groups of 2 or 3 -

Volatile Acids

» . *

Deteminacion of Volatile Acids by Siliclc
Acid Method N : v et

1. Identify .proper apparatus and reagegts . »

needed for the volatile acids,test by,
silicic acid method. )
2. Obtain and prepare a proper sample for
the volatile acids test.
Conduct a volatile acids test using che
silicic acid methqd given proper test
equipmenC. reagents, procedures sheet
and sample. e
4. Translate the raw data from the, volatile
acids test into proper units ofl
expression given appyopriate conversion
faccars and equacions. &
e ‘
Laboratory apparatus and reagents per handout
Overhead sample calculation,
. » - ‘i

Ny

Laboraco‘fy%‘ . ‘ . o '
-
Standard Mechods, l4th Ed. | ¢
Kerri 3 ‘
“ .

Perform ghdlysis " ‘

Instructor Qutline:

1. Lisf the apparatus and reagents needed .
for silicic ac{d method. .

Dempnstrate the‘makeup of reagents and ‘\
setup ‘of apparatus. “
2. Discuss sample collection and if possible
e dengonstraCe sample c¢ollection.
by .

-~




Feriy

Y

Rivat-

e

)

Overhead

Sample, Calculations

\‘Example

- 7

\-
Apparatus:

Y

- 0 .
L2
.
0 L 4
Reagents:
4 *
-~ . i
‘ . /
- > '
. . -~
, - LKW 1
P WY
« AS °
\"'
k) : ’
i .
N
’
~
\
4
-~
P v
A}
s o
. .
»

; settling’ for 15 minutes.

3. Demonstrate the silicic acid method for
volatile acids. -

Have sérticipant terform the test.

o
4. Work a sample calculation . .

+Have participant werk calcualtions

. . e

Centrifuge or filtering apparatus
Two 50 ml , graduated cylinders
Two medicine drdppers
Crucibles, Cooch or fritted glass
Filter flask RN . . ~
Va’quum source e e *.

. One 50°nml beaker~ v
Two 5 ml pipettes .

.
\

1
2
3
4
Se
6.
7.
8
9. Buret .

1. sificic Acid, solids, 100-mesh. . Remb

fines from solid portfon of acid'by

slurrying the acid in distilled water and

removing the supernatant after allowing

Repeat the
process’ several times. PDry the washed®

> acid solids in an_oven at 103°C. and then

store in a desiccator. -

Chloroform - butanol reagent. Mix 300 ml

chloroform, 100 ml N-butanol, and 80 ml

0.5 H,50, in separatory fufinel and allow

the water and organic layers to.separate.

Drain off the lower organic layer ghrough

filter paper into a dry bottle.

3. Thymol blue, indicator solution. Dissolve

‘80 mg thymol blue in 100 ml absoluite

methanol.

Phenolphthaleincjgdicator solution.

Dissodve 80 mg phknolphtahlein

in 100 ml absolute methanol.

5. Sulfuric acid, 10 N.

6. * Standard sodiyn hydroxide-deagent, 0.02 N

Prepare in absolute methandl from conc.
NaOH stock solution in’ water.

2.

4.

»

.

W

v

o
i




Procedure: 1. Cencrifu.ge or filter enough sludge to
) . obtain a sample of 10 to 15 ml., This
same sample and filtrate shauld be used
for both the volatile acidi test and
the total alkalinity test.

2.+ Meagure volume (10 .to 15 ml) of sample
and‘place in "a ‘beaker.

3. Add a few drops of thymol blug 1ndicac0r
solution.

4. Add 10 N HS04, dropwise, until thymol
blue color Just turns to red.

5., Place 10 grams of silicic acid (sol'id
agéd) in crucible and apply suction.

6. With a pipette, distribute 5.0 ml %
acidifidd sample (from steglo) asf »
uniformly as possible over*the column.
Apply suction briefly to dra¥ the
acidif,ied sample into the silicic acid
column. Release the vacuum as soon as
the sample enters the column: -
Quickly add 50 ml * chlaroform~butanol
reagent to the column.

8. fpply suction and stop just before the
last of the reagent enters the column.

9. emove the filter flask from the, crucible.

10. }d} a few drops of phenolphthalein

Jdndicator” solution to the liquid in the
filter*flask.

11. Titrate wit:h 0.02' N NaOH titrant in
absolute me hanol, itaking care to avoid
aetating the sample.» Nicza&gn gas of
C0% - free air delivered through a small
glass tube may be used both to mix the
sample and to prevent tontact with
atmospheric CO2 during titration
(CO - free air may be obtained by *
passing air through ascarite or
equivalent). Volume of NaOH used in
sample titration, a = ‘ml . )
TRepeat .the above prqcedure using a blank
of discilled water. Volume of NaQH used
in blank titration, b = _ ml.

The sludge sample must be repre‘sencacive
of digester. The sample line should be
alidwed to run for a {e“minucas before
thev sample is taken. The sample .
- Cemperagre should be as yarm as the
digesteY itself.
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2. The sample for the volatile acids test
should not be taken immediately after
charging the digester with raw sludge..

i Should this be done, the raw sludge may
? 9hort circuit to the withdrawal point
and resul; in the withdrawal of raw sludge
rather t;han digester sludge. Therefore,
R afuqr the raw sludfe has been fed into
e tbe ‘tahk, .the tank shonld be well mixed
by ‘recirculation r other means before
a sample {1 aken.,
%.3. 1If a digestet is performing well with low

volatile acids and then if one sample
should unexpectedlsrand suddenly give a

~ high- valuk, say ovér 1000 mg/l of
volatile acids, do not become alarmed.’
e The high result may be caused by a poor,

nonrepresentatives sample of’ raw sludge

instead of dig:_sted sludge.

Resample and

retest.

The second.test may give a more

typical value.

When ingreasimg volatile

~» acids and decreasing alkalinity are
observed, this is a definite warning of
approaching control probleps.
Corrective action should be taken
‘ismediately, such ‘as reducing the feed
rate, reseeding from another digester,
maintaining optimum temperxatures,.

. improving digester mixing, decreasing

* slugge withdrawal rate, or cleaning the .

tank of grit and scum,

Equi\'ralent Weight oMegtic Acid, A = 60 mg/ml

~ Volume of Sample, B = 10 ml

" Normality of NaOH titrant, N = 0.02 N
of NaQl

Volume of NaOH used in sample titrati:)n,'
- a=2.3ml

. N

+ . -
v Volume of NaOH used in blank titration, ’

bz 05 mi v

A x 1000 ml/l x N(a-b)
B ..

Vo latile Acids, mg/l =

_\‘60 mg/ml x 1000 ml/1 x 0.02 ¢2.3 m} - 0.5 ml)
« 10 ml .

B

= 216 mg/1
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ABSTRACT

/WATER AND SEWAGE WORKS, VOHR 117 N0.*9," \S.EPTF“IBER 1970, P

ACCELERATED DIGESTION OF CONCENFRATED SLUDGE. Lt

SHINDALA, A.; DUST, J. V. CHAMPION, A. L. ) . ,
MISSISSIPPL STATE UNIV., STATE COLLEGE. DEPT. OF SANITARY EN- .t
GINEERING., AR .

329-332, 2 FIG, 4 TAB, 16 REM-, b
*ANAEROBIC DIGESTION; #*SLUDGE ¥TREATMENT; #*DOMESTIC WASTES;
ALKALINITY; HYDROGEN ION CONGENTRATION; PERFORMANCE »
*WASTEWATER TREATMENT; SOLIDS CO!\CENTRATIONk, VOLATILE ACIDS; : -
GAS PRODUCTION; LOADING RATE; VOLATILE MATTER REDUCTION. - |
A LABORATORY STUDY WAS CONDUCTER 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’D’ICESTION JTEMPERATURE OF 92 TO 95F WAS. |

MAINTAINED. LOADING PERLODS,OF 10, 15, 20, AND 30, DAYS WERE

USED. GAS PRODUCTION OF ALL ‘DIGESJPRS WAS RECOR-DFD AND

*CHANGES IN PH, ALKALINITY, VOLATILE ACIDS, AND REDUCTION IN *

VOLATILE MATTER ADDED TO THE DIGESTERS WERE OBSERVED EVERY
FOUR DAYS. RESULTS SH®WED 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 VOLATILE ACIDS AND ALKALINITY IN hd
GENERAL INCREASED WITH THE INCREASE IN SOLIDS CONCENTRATIQN,
HOWEVER, THE PH REMAINED NEARLY CONSTANT. THE MAXIMUM AMOUNT
OF GAS PER LITER OF SLUDGE WAS PRQDUCED AT THE 15 PERCENT
SOLIDS LEVEL WHILE THE '5 PERCENT SOLIDS LEVEL PRODUCED THE
MOST GAS PER U\IT OF BRY SOLIDS. LOADINGS OF CONCENTRATED
SLUDGES 4P TO 10 *MG/L BER DAY PRODUCED AN ACCEPTABLE VOLAnTILl' ' .0
SOLIDS REDUCTION. (GALWARDI-TEXAS) -

ALBUQUERQUE* PLANT DESICNF.D WITH COMPUTER IN MIND. ‘
RICOY, J. L.j; MOTOTAN, W."1. Y

WILLIAM MATOTAN AND ASSOCIATES, ALBUQUERQUE, NEW MEXICO.
WATER AND WASTES ENGINEERING, VOL. 13, NO., 1,5 P 32-35, 37,
JANUARY, f976. . ) . .
*TREA}‘_MENT FACILITIES; *WASTEWATER/ TREATMENT; NEW . MEXICO;
ACTIVATED SLUDGE; TRICKLING FILTERS; *AERATION; COMPUTERS; “
EQUIPMENT; * SETTLEMENT BASINS; ANAEROBIC DIGESTION; *SEWAGE
TREATMENT 3 * WASTE DISPOSAL; PROCESS TONTROL; ALBUQUERQUF (NM);

SCREW PUMPS. °

A NEW SECONDARY #REATMENT .PLANT ¥N ALBUQULRQU} IS DESCRIBED, .

THE NEW ACTIVATED, SLUDGE WASTE WATER TREATMENT PLANT INCLUDES

A PROCESS CONTROL COMPUTER SYSTEM, NEW LABORATORY TESTING h}
EQUIBMENT, AND MONITOR SENSOKS. THE TWO EXISTIN('I PLANTS

o @
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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 TQ, THE AERATION TANKS, THE FINAL SETTLING TANKS,
AND THEN Toffcﬂs RIO GRANDE RIVER FOR DISPOSAL. ~ AERATION
FACILITIES WERE DESIGNED SO THAT THE PLANT CAN OPERATE AS
EITHER CONVENTIONAL TAPED AERATION, STEP AERATION, OR CONTMCT
STABILIZATION. DIFFUSED AIR IS USED FOR MIXINGe+AND 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 A,
RUNNING TIME INVENTORY. THIS IS ALSQ USED AS AN AID IN DE-
TERMINING MAINTENANCE AND <OVERHAUL SCHEDULES. DISSOLVEB OXY-
GEN LEVELS IN -THE AERATION TANKS ARE CONTINUOUSLY MONITORED
BY @HE COMPUTER. ALGORITHMS ARE PROVIDED IN THE SYSTEM FOR A
WIDE VARIETY OF CONTROL{ AND SAMPLINGS. THE COMPUTER HAS A

. FIXED HEAD MASS MEMORY @F 246K AND AfCORQIMEMORY GF 24K, BOTH
EXPANDABLE. (PINTO-FIRL :
»

ANAEROBIC DIGESTION AND ANALYTICAL CONAROL (XT-34).

NATIONAL TRAINING AND ORERATIONAL TECHNOLOGY CENTER, 26 W. ST.

CLAIR, CINCINNATI, OH 45268. ¢ '

AUDIOVISUAL AIDS; INSTRUCTIONAL ERIALS; LABORATORY “PRO-
CEDURES; MICROBIOLOGY; POST-SECONDARY EDUCATIONS ANAEROBIC DE-

COMPOSITION; SLUDCE STABILIZATION; WASTEWATER TREATMENT; POL-

LUTION; WATER POLLUTION CONTROL.

13 MINUTE TAPE, 62 SLIDES, AND A SCRIPT.
THIS MODULE 1S DESIGNED FOR EXPERIENCED WASTEWATER TREATMENT
PLANT OPERATORS WHO WISH TO UPGRADE PLANT PHRFORMANCE AND TO
‘INCREASE, THEIR OWN'KNOWLEDGE AND SKILLS. IT}PRESENTS A4 DIS-
CUSSION OF THE ANAEROBIC DECOMPOSITION PROLESS UTILIZED TO
TREAT ORGANIC MATERIALS IN WASTES, AND THE ENVIRONMENTAL CON-
DITIONS REQUIRE% FOR THE INVOLVED BACTERIA.  IT ALSO CON-
TAINS A DESCRIPTION OF THE RELATED PROCESS CONTROL ANALYSIS,
VOLATILE ACIM (STEPWISE PROCEDURE®GIVEN), ALKALINITY, TOTAL
ORGANIC NITROGEN CONTENT,~TOTAL ORGANIC LOAD, PH, AND GAS PRO-
DUGTION. . co

ANAEROBIC DIGESTION ANALYSIS. TRAINING MODULE 5.120.2.77.
77 ' .
ERIC,DOCUMENT REPRODUCTION SERVICE, P.0. BOX 190, ARLINGTON, VA
22210, A .

. CHEMISTRY; INSTRUCTIONAL MATERIALS; LABORATORY PROCEDURES;"

. POST-SECONDARY EDUCATION; CARBON DIOXIDE; WASTEWATER TREATMENT
SECONDARY EDUCATION; UNITS OF STUDY; WATER POLLUTION CONTRQL;
SLUDGE DIGESTION. - —- -
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THIS DOCUMENT IS AN INSTRUCTIONAL MODULE PACKAGE PREPARED IN
OBJECTIVE FORM FOR USE BY AN INSTRUCTOR FAMILIAR WITH ALKALIN-
1Ty, 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 DIGES?PR GAS BY THE CAR=
BON DIOXIDE ABSORPTION METHODS AND VOLATILE ACIDS CON-
CENTRATION IN DIGESTER SLUDGE. THE RAPID DISTILLATION, THE

SILICIC ACID,

] AND THE "HACH" ESTERIFICATION METHODS ARE ALSO
DETAILED. r

ANAEROBIC SLUDGE DIGESTION. TN

68

WISCONSIN AVE. N.W., WASHINGTON, DG : ,
ANAEROBIC  DIGESTION;  INSTRUCTIONAL MATERIALS;  OPERATIONS
WASTEWATER; SLUDGE DIGESTION; SLUDGE; WASTEWATER TREATMENT;
PQST SECONDARY EDUCATION; WASTEWATERD%UDGE.

PRICE: $3.50-MEMBERS, $7.00-NONMEMBEKS. .

DESIGNED TO PROVIDE TREATMENT-—PLANT OPERATORS WITH THE
FUNDAMENTAI?‘THEORY OF ANAEROBIC SLUDGE DIGESTION AS IT CAN BE
APPLIED T SOLVING PLANT OPERATION PROCEDURES AND PROBLEMS.

20016. < *

ANAEROBIC SLUDGE DIGESTION:
ZICKEFOSSE, C.; HAYES, R. B,
SUPERINTENDENT OF DOCUMENTS,
WASHINGTON, DC 20402, PRICE: §9.95°

*ANAEROBIC DIGESTION; *INSTRUCTIONAL MATERIALS; *MANUALS;
LABORATORY PROCEDURES; MAINTENANCE; *OPERATIONS (WASTEWATER);
SAFETY; SAMPLING; *SLUDGE; *SLUDGE TREATMENT; *WASTEWATER
TREATMENT. ’ , ' N
189p ) ' .

COVERS TROUB{ESHOOTING, GENERAL OPERATION, SAFETY, START-UP OF
UNITS, BASIC THEORY, SAMPLING, AND LABORATORY TESTING. MANUAL

OPERATIONS *MANUAL.

U.S. GOVERNMENT PRINTING OFFICE,

. (s -
WATER ' POLLUTION CONTROL FEDERATLON PUBLECATIENS )DEPT., , 3900

DESIGNED FOR QOPERATORS.
MOST INTEREST TO BE USED.DIRECTLY. *

ANAEROBIC WASTE TREATMENT FACILI'ILL‘¢Q..t

GARROTT, W..A., JR.
UNITED STATES PATENT 4,040,963,

ISSUED AUGUST 9,

-

*

1977.

FORMAT ALLOWS PORTION OF MANUAL OF

A
OF-

FICIAL GAZETTE OF ‘THE UNITED STATES PATENT OFFICE, VOL. 961.
NO. 2, P 759, AUGUST, 1977.
*ANAEROBIC * DIGESTION; *SLUDGE DIGESTION; *PATENTS; *DIGESTION

TANKS ;

*MIXING;

TREATMENT.

Y

<1

=<

DESIGN DATA; SLUDGE TREATMENT; WASTEWATER
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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-
STRY OF LARGE PARTICLES FROM THE QUIESCENT ZONE INTO THE CLEAR
Z0NE, AND SELECTIVELY CIRCULATE MATERIAL BETWEEN THE MIXING AND
CLEAR. ZONES WITH A ROTOR BELOW THE LIQUID LEVEL IN THE:
DJGESTER.  ROTARY CIRCULATION IS ACCOMPLISHED BY A STATIONARY
¢ONDUIT 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 PEVEL IN THE 'SLUDGE DIGESTER.  THE
DIGESTER ITSELF IS A FLAT-BOTTOMED TANK WITH OUTWARDLY SLOP-
ING SIDE WALLS AND A COVER. (SCHULZ-FIRL)
ANALYSLS AND OPTIMIZATION OF TWO-STATE DIGESTION.
FAN, L. T.; ERICKSON, L. E.; BALTES, J. C.; SHM, P. S. « ¢
KANSAS STATE UNTV., MANHATTAN. DEPT OF CHEMICAL ENGINEERING.
JOURNAL WATER POLLUTION CONTROL FEDERATION, VOL. 45 NO. 4,
P 591-610, APRIL, 1973. 1l FIG. 77 EQU, 28 REF. ..
*ANAEROBIC CONTACT 'PROCESS; TWO-STAGE DIGESTION; STEADY STATE
ANALYSIS; WASHOUT ANALYSIS;, RECYCLE RATIO; ECONOMIC ANALYSIS;
ANAEROBIC PROCESSES. ¥
A MATHEMATICAL FORMULATION EMPLOYING,THE KINETIC MODEL OF WIL-
LIMON AND ANDREWS IS USED TO SIMULATE CONVENTIONAL AND  CON-
TACT . ANAEROBIC DJGESTION PROCESSES CONSISTING * OF TWO
STAGES.,  PRESENTED IS A SYSTEM OF /THO COMPLETELY MIXED
DIGESTERS IN WHICH THE PROGESS IS CARRIED OUT WITHOUT RECYCLE
(CONVENTIONAL) AND WITH RECYCLE (CONTACT). PERFORMANCE
EQUATIONS OF THE SYSTEM ARE DEVELOPED BY MEANS OF MASS “BALANCE.
A UNIFIED ANALYMIS OF THE STEADY STATES OF THE SYSTEM IS MADE
BECAUSE OF THE POSSIBLE EXISTENCE OF MULTIPLE STEWDY STATES,
TWO SPECIFIC STEARY-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
INVESRIGATED. TO FURTHER CLARIFY THE RESULTS OF THE STEADY~,
TE AND WASHOUT ANALYSES, NUMERICAL SIMULATIONS ARE CAR-
RI® OUT.  FINALLY, THE OPTIMAL: DESIGN POLICY FOR A TWO-
STAGE CONTINUOUS “ANAERGBIC DIGESTER SYSTEM IS DETERMENED BY
JOINING AN ECONOMIC MODEL TO‘THE PROCESS MODEL.  THE OP~
TIMIZATION PROBLEM IS NONLINEAR AND IS PERFORMED USING THE
SIMPLEX SEARCH TECHNIQUE.

ANNUAL DIGESTER UPSET CORRECTED.
LEE, JOHN P.
SAN MATEO WASTE WATER TREATMENT PLANT, C4LIF. .
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*VOLATILE ACIDS;" CARBON DIOXIDE; GAS PRODUCTION; SAN MATEO
(CAL); *ANAEROBIC DIGESTION; *OPERATION AND MAINTENANCE; *WASTE
WATER TREATMENT; HYDROGEN JON 'CONCENTRATIQN' LIME; CALIFORNIA;
ACTIVATED SLUDGE; SLUDGE DIGESTION. A “
SAN MATEO, CALIFORNIA HAS EXPERIENCED THREE IDENTICAL ,PRIMARY
SEWAGE DIGESTER UPSETS IN BAE PAST THREE YEARS AT ITS MUNICIPAL -
WASTE WATER TREATMENT PLANT. , THE PRIMARY DIGESTER HANDLES AP~
XIMATERY 20,000 GALLONS OF THICKENED SLUDGE PER DAY. THE
UPSETS- WERE CHARACTERIZED BY (1) AN INCREASE_JIN THE VOLATILE
ACID CONTENT OF THE DIGESTER, (2) A,bl INCREASE IN THE CARBON
* DIOXIDE FRACTION OF THE GAS PRODUCED,” AND- (3) A%‘IIC DE-

X~

CREASE IN GAS, PRODUCTION-OPERATIONAL DATA WERE P NTED FOR
THE PERIODS Jist BEFORE," DURING AND AFTER CORRECTION OF THE UP-
SETS FOR EACH OF THE THREE YEARS. FOR INSTANCE, VOLATILE
ACID CONTENT INCREASED FROM 108-—TQ 2070 MG/L WHILE CO2 -
INCREASED FROM 27 TO 43 AND GAS PRODUCTION DECREASED FRQM
91,600 TO 47,200 CU. FT. DURINGyTHE UPSET OF 1966,  THE BREAK-
ING UP OF THE GREASE BLANKET ON THE JOP OF THE DIGESTER

“* AT THE START OF WARM WEATHER INCREASED JHE “ACTIVITY OF THE
ACID-FORMING BACTERIA. CONTROL OF THE UPSETS WAS OBTKINED BY .
THE ADDITION OF UP TO 600 POUNDS OE. LIME AND THE DIVERSION OF
THE, RAW SLUDGE TO THE SEEONDARY DIGESTERs  (GALWARDI-TEXAS)

ASSESSMENT OF THE MAXIMUM CONCENTRATION OF HEAVY METALS IN
CRUDE- SEWAGE #HICH WILL NOT INWIBITITHE ANAEROBIC DIGESTLON OF
SLUDGE. . .
MOSEY, F, E. )
WATER POLLUTION RESEARCH LAB., STEVENAGE (ENGLAND){®
WATER POLEUTION CONTROL, VOL.\ 75, NO. 1; P 10-20, 1976.
7 TAB, 24 REF.
*HEAVY METALS; *ANAEROBIC DICESTION; *Equfmo&s
* MOVAL; SLUDGE DISPOSAL;- *WASTEWATER TREATMENT;
MENT,
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 EQUATLONS 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 DALY JN THE CRUDE SEWAGE DOES

2 FIG,

SOLIDS RE-
SLUDGE TREAT-
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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)

- .
JAITLE AN ASSESSMENT OF THE MIXING PERFORMANCE OF SEVERAR ANAEROBIC
N DIGESTERS USING TRACER RESPONSE TECHNIQUES. .

"“AUTHOR SMART, J \ s
CORP AUTH  ONTARIO #INISTRY OF THE ENVIRONMENT, TORONTU. ‘POLLUTION CoN-
1y 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 CRITERIA; PERFORMANCE; MTXING; 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,

AGE, AND CQNDITION, AND INCLUDED MOST EQUIPMENT TYPES CURRENTLY

IN USE. DIGESTERS TESTED RANGED IN SIZE FROM 754 CU-M TO 7667 -

CU M AND IN SPECIFIC NAMEPLATE POWER FROM 654 W/1000 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

©

SUGGESTED THAT DIGESTERS WERE GENERALLY OVERDESIGNED AND ¢
N INDICATED THAT MAXIMUM DIGESTER VOLUME WTILIZATION AND N
* & . ELIMINATION OF SUBSTRATE SHORT-CIRCUITING BY IMPROVED BESIGN
S, AND ‘MIXING EFFICIENCIES WOULD PERMIT HIGHER APPLIED ORGANIC AND
o . HYDRAULIC LOADINGS. (SMALL~FRC) *
TITLE DIGESTFION 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. . z

AYAIL T JOURNAL WATER POLLUTION CONTROL FEDERATION, VOL 42, NO 9, P
" 1666-1675, SEPTEMBER 1970. 2 FIG, 2 TAB, l((),MREF.
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®  *CASE STUDIES; *UPSET RECOVERY; VOLATILE ACIDS; GAS PRODUCTION;
& - *CONTROL; *DIGESTION; *ANAEROBIC DIGESTION; HYDROGEN 10¥ CON-
CENTRATION; ALKALINITY; AMMONIA; INDUSTRIAL WASTES; |WASTE
WATER TREATMENT; METHANE . .
THE AYAEROBIC DIGESTION SYSTEMS OF CONCERN ARE LOCATED AT

CLINTON AN® KEOKUK, IOWA. BOTH SYSTEMS RECEIVED 'SIGNIFICANT
SOLIDS' ¥ROM ORAIN AND PROCESSING INDUSTRIES.  INITIALy CON-
¥DITIONS AT CLINTON WERE PH'S.5 TO.6.0, VOLATILE ACIDS 4,000
T0 5,000 4G/L, ABKALINITY 2,Q00 MG/L, GAS PRODUCTION 4d. AT
“ KEOKUK» INITIAL CONDITIONS WERE PH46.0 TO 6,3, VOLATILE ACIDS,
'»/8,006}0/1., ALKALINLTY 3,000 MG/L, GAS PRODUCTION' O. ALKALI WAS,

- *“ADDMNY; TO RAISE THE, PH TO ABOUT 6.8 THE RECOVERY AT ELINTON
SHOWED SIGNIFICANT GAINS ONLY WHEN THE PH WAS GREATER THAN 6.5.

PART WAY THROUGH THE RECOV&(Y'PERIOD AT KEOKUK THE* ADDITJON OF

LIME WAS ‘HALTED-IN FAVOR OF AQUEOU3 AMMONIA. THE USE (F AM-

¥ MONIA  TO* NEQFRALIZE 10,000 MG/L VOLATILE ACIDS RESULTED
@ I§ AMMONIA TORILITY AND CESSATION OF GAS PRODUCTION. ATt THIS

TIME THE LONCENTRATION 'OF AMMONIA IN THE SYSTEM WAS 2,500 MG/{,

. AS NH3, THERK IS NO APPARENT RELATIONSHIP BETWEEN THE CON-
) CENTRATION OF, VOLATILE ACIDS IN=THE DIGESTER AND THE RANGES
* OF GAS PRODUCTNQN4 A DEFINITE',RELATIONSHIP BETWEEN PH AND THE
JATE OF GAS PRO ON IS APPARENT; THE MINIMUM PH INDICATED IS

.5. (HANCUFF-TEXAS)
} » \ '6 . Ry A
" . TITLE ™ THg DISTRIBUTION OF HEAVY*METALS'IN ANAEROBIC” DIGESTION. o,
AUTHOR ° HAYES, T. D. + ™ * ‘

CORP AUTH . CORNELL UNIV., ITHACA, %Dg}r.'w ARGICULTURAL ENGINEERING. 4

PUB DESC™ JOURNAL WATER POLLUTION

DESC o . *HEAVY' METALS; *ANAEROBIC DIGESTION; *TOXICITY;” *SEWERAGE
s SLUDGE; *MODEL smplas;ég(ljgmssi NICKEL; COPPER[ LEAD; CHRO- | s
‘ MIUM; ZINC; CADMIUM;~ SUBUBILITY; DISTILLATION; WASTE WATER
. TREATMENT; MUNICIPAL WASTESs ., v Co
_ ABSTRACT . THE DISTRIBUTION OF HEAVY, METALS IN_ANAEROBIC DISESTERS WAS
~, INVESTIGATED: USING THREE- BENCH-SCALE ANAEROBIC DIGESTERS FED -
. WITH SEWAGE 'CONTAINING VARYING COMCENTRATIONS .QF HEAVY METALS.
NITRATE SALTS OF CHROMIUM, COPPER, NICKEL, ZINC, CADMIUM,'AND (\
- LEAD AND DICHROMATE WERE FED TO THE DIGESTERS IN* CONCENTRATIONS

ONTROL .E?ERATION, VoL 50, “NO 1, ®

P61-72,' JANUARY, F978. 15 FIG} -5 TAP, 21 REF.

RANGING FROM 5-15,090° MG/LITER BY STEP OR PULSE FEED AP~
PLICATIONS OVER A PEREOD OF 10 DAYS. SLUDGE SAMPLES TAKEN DUR-
ING ~THE DIGESTION PROCESY WERE SEPARATED INTO SOLUBLE, RRE-
CIPITATED, ,EXTRACELLULAR, AND ,INTRACELLULAR FRACTIONS
HEAVY METAL ANALYSIS. ( R
. CENTRATIONS, AND ORGANIC ACIDS ACCUMULATION WERE MONITORED - °

DECREASING GAS GENERATION, METHANE OOR-* )

- - AS INDICATORS OF AEJAE&OBIC “DIGESTION DISRUPTION BYy HEAVY pY ’
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N 4 METALS. THE TOXICITY IM THE "HEAVY METALS ON ANAEROBIC {
. ’  'DIGESTION FOLLOWED THE RELATI ) MICKEL; COPPER, LEAD#"
- CHROMILM *ZINC, WITH SERVED FOR THE CADMIUM ,
- .t (DOSES\. HEAVY ‘ﬁETAL CO\CE\TRATION E DIGESTER WERE DIS- -
. - TRMYTED BEIWEEN THE INSOLUBLE ,OR PRECIPITATED FRACTION AND THE

INTRACELLULAR OR” BIOMASS FRACTION‘ WITH LCITTLE OF THE METALY R
* “EVIDENT IN, THE EXTRACELEULAR FRACTION. LEVELS OF HEAVY. METALS
. WHICH WOLLD PRODUCE I\HIBITIO\ AND TOXICITY. QURI\G A\IAEROBIC ¢ s
¢ - . 'DIG:STIO\ HERE CALQ&L-\T'D (LISK-FIRL) - »

v

. e , - < '

- - .
v TITLE - rrstu maAL ‘FOR PERFORMANCE EVALUATIONX AND TROUBLESHOOTING' AT
. ’ MRKCIPAL &Asrsw,\mx TREATMENT PACILITIES.
. AUTHOR  ~ -tuLp, (‘@RDO\ L.; HEIM, NANGY FOLKS. .
¥ BUB DATE 78
. TAUNIL  * . SUPERINTENDENT oa DOCUMENTS,, U. S. covsa.\\?ﬁw PRINTING QFFICE, .
_— . WASHINGTON; DC © 20402, - 'Y
: « .DESC EQUIPHENT; EVALUATION; FACILITIES; \,\w,\c\iﬁvr- MANUALS; opsa-, ,
. ATIONS (WASTEWATER); WASTEWATER TREA'NE\T “ WATER  ANALYSIS; .
. WATER POLLUTION; WATER QUALITY,, . - .
DESC NOTE 397, STOCK NO. 055- 001-010—01078 -8, PRICE: ' §5,50. a
ABSTRACT  THIS MANUAL IS A rscuw;AL FIELD TUIDE AND REFERENCE DOCUMENT .
) FOR IMPROVING THE PERFORMANCE OF MUNICIPAL WASTEWATER TREATMENT .
. PLANIS,  IT DESGRIBES GENERAL PROCEDURES FOR EVALUATISG THE
PERFORMANCE OF TREATMENT PROCESSES AND EQUIPMENT COMMONLY USED
IN MUNICIPAL WASTEWATER FACILITIES, THE MANUAL IS ORGANIZED LN
©  INTO FOUR SECTIONS. THE FIRST SECTION IS AN INTRODUCTION. THE ~ s
. 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 m-
- OTHER. IT ALSO- PRESENTS INFORMATION ON SAEETY, STAFFIYf, ! S F
: . LTORING, EMERCENCY PROCEDURES, AND MAINTENANCE:  THE FOU TH .
~ PGRT GIVES DESCRIPTIONS, DESIGN CRITERIA AND ‘SHORTCOMINGS, CON- .
. . . TROL CONSIDERATIONS, AND A TROUBLESHOOTING GUIDE FOR EACH .
) UNIT PROCESS. 8 . .
- . - . a3
TITLE FULL SEALE srwzss 0N THE ’I'HERMGPHILI.C ANAEROBIC B\’G!-_STIO\ PRO- .
. . CESS. - s , -
- AUTHOR SMART,, J.; BOYX0, B. I, 7 - A s .
CORP AUTH  ONTARIO MINISTRY OF THE ENVIRONMENT, TORONTO., + . » N *
AVAIL CANADA-ONTARIO AGREEM@NT QF GREAT LAKES WATER QUALITY, RESEARCH ¢
. REPORT NQ. 59, 1977., ENVIRONMENTAL PROTECTION ssxvrcé: EN~ . o
VIRONHENT CANADA, OTTAWA, _CANADA, 79 P, 7 FIG, 12 ms 20 -
(" REE, 4 APPEND. 73:1-20. -
~ pEsc *THERMOPHIL IC- SYSTEM; *MESOPHILIC SYSTEM; *ANAEROBIC DIGESAION; ¥
o - *THESMOPHILIC BACTERIA; *MICROORGANISMS; HEATING; HEAT RE<
SISTANCE; SLUDGE D;cgsrrox *WASTE WATER JREATMENT
. - -
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ABSTRACT A PLANT SCALE THERMOPHILIC ANAEROBIC DIGESTION STUDY WAS CON-
) DUCTED TO ASSESS THE, FEASIBILITY AND PERFORMANCE AND TO PRO-
_.VIDF ECONOMIE GUIDELINES FOR 'THE PROCESS AS COMPARED WITH
. THE CONVENTIONAL MESOPHILIC SYSTEM. THE STUDY WAS CONDUCTED IX
“OUR DISTINCT PHASES; THE FIAST THREE AT SPECIFIC APPLIED
DICESTER LOADINGS. A FULL SCALE MESOPHILIC SYSTEM, - OPERATING
ON THE SAME RAW SLUDGE FEED, WAS USED AS A COMPARISON. THE
STUDYS PROVED FULL ' SCALE  THERMOPHILIC DIGESTION 70 BE
FEASIBLE AND CAPABLE ‘OF SLUDGE STABILIZATION  PERFORMANCE
SIMILAR TO THE MESOPHMLIC CONTROL UNIT, BUT AT MORE RIGOROUS
APPLIED DIGESTER LOADIAG 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. VERY FLEXIBLE IN/PRODFCING 4 COOD ALL_AROUND
PERFORMANCE ¥NDER THE RANGE OF SHOCK LOADINGS APPLIED. WHILE
NO ACTUAL OPERATENG COST COMPARISON WAS NADE BETWEEN THE TWO
DIGESFION SYSTEMS, ESTIMATES OF ENERGY REQUIREMENTS BASED ON
THE DATA OBTAINEDs SHOWED THAT REQUIREMEKTS wolLp BE SLIGHTLY
tREATFR FOR THE THERMOPHILIC PROCESS. HOWEVER, THE*MAGNITUDE
-OF THE» INCREASE WAS SLCH “IHAT CONVERSION OF EXISTING OVERLOAD x
MESOPHILIC SYSTEMS- TO" THERMOPHILIC OPERATION WOULP BE FEASIBLE |
AND ACCEPTABLE IN VIEW OF THE LIKELY BENEFITS TO BE* OBTAINED.
(WATDOC) - . ¢ .- ‘ ..
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- *TLTLE - * ,,A GLIDE ‘FO‘B’J DEVEIOPING STANDARD . OPERATINGs JOB PROCEDURES FOR

’ ’ THE 'DIGE?TIOS* PROCESS WASTEWATER TREATMENT FACILITY. SOJP NO.
. R - 4

I N
.
% o i o

AUTHOR SCHWING, CARL X, : s

PUB DATE 73 .o oo .

AVAIL £RIC DOCQMENT REPRODUCT]ON SERVICE® P. 0, BOX 190, ARLINGTON.
. 8 : S

. W va 22210, . L
DESC GLiDES; INSTRUCTIONAL MATERIALS; JOB TRAININGY WASTE DISPOSAL;™ °
~ ., 'WATER BOLLUTION CONYROL; SLUDGE DIGESTION; WASTEWATER TREAT-
MENT; INDUSTRIAL TRAINING® POST SECONDARY EDUCATION; SAFETY;
. . GTILITIES; SATER RESOURCES. .

pEsc xoTE.  &op v .

ABSTRACT , THIS GUIDE DESCRIBED STANDARD®OPERATING JOB PROGEDURES FOR THE
DIGESTION PROCESS OF WASTEWATER TREATMENT FACILITIES. THIS
PROCESS IS FOR REDUCING THE VOLUME OF SLUBGE TO BE TREATED IN'
SUBSEQUENT UNITS AND TO REDUCE THE VOLATILE, CONTENT OF SLUDGE!
THE GUIDE GIVES STEP-BY-STEP INSTRUCTJONS FOR “JRE-STARTUP,
STARTUP, CONTINUOLS OPERATENG, SHUTDOWN, AND PREVENTIWE MAINTE-
xA§CE PROCEDURES.-  ~ ~ r - W N ?
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TITLE
AVAIL
DESC

ABSTRACT

iTsE

AUTHOR
*Corp AUTH,
- AVAIL

e DESC.-

-

. t
HOW TO KEEP AN OLD',PLANT. RUNNING..
WATER AND SEWAGE, WORKS, VDL, 123, w0. 12, P 12, DECEMBER, 1976. .
DIGESTER SOURING; TONAWANDA (NY); SODIUM BICARBONATE N ’
A TWO-YEAR SOURING’ CYCLE IN THE ANAEROBIC SLUDGE DIGESTER' WAS  °
RECENTLY BROKEN 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 COMBINATIGK OF NAHCO3
AND SODA ASH OR CONTINUED SODIUM BICARBONATE DOSING ON A YEAR-
ROUND BASIS WERE INSTRUMENTAL IN DISCONTINUING THE SOUR-, :
ING. A STABLE PH OF 7 HAS BEEN MAINTAINED. A DROP' IN
METHANE /PRODUCTION WAS THE FIRST INDICATION OF SOURING AND

. ~CAUSED-INCREASED AC‘ FORMATION AND<-A DROP IN PH. THE EFFECT,

L}

e

SNOWBALLED UNTIL PH REACHED 6.5 OR LOWER WHERE METHANE FORMA-
TION IS IMPOSSIBLE. TO A 'PLANT WHERE METHANE GAS FUELS
THE DIGESTER, “THIS WAS A YAJOR 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-
‘TIMAFED THAT 15 TONS OF SODIUM BICARBONATE. ARE USED YEARLY.
TEMPERATURE ,DROPS DO NOT AFFECT BICARBOMSTE AND IT PERFORMS
WELL WHERE L'I\jE *WAS POOR. (COLLINS-FIRL) .

.

KEEP YOUR DIGESTER IN GOOD SHAPE. Co
BARBER, N. R, ) '
CHURCH_AND' DWIGHT CO.§" INC., PISCATAWAY, NJ .
WATER AND WASTE ENGINEERING, VOL 14, N0 9, P 55, 59, SEPTEMEER,

1977, 1 oFIG" — .
*ANAEROBIC™ DIGESTIQN;. *CHEMICAL REACTIONS; *CHBEMICAL PRE=-
CIPITATION; ~ *SLUDGE TREATMENT;, LIME; « HYDROGENe ION CON«-
“CENTRATION;' ALKALINITY; TOXICITY; SLUDGE DIGESTION; WASTE

¢ WATER TREAT‘(ENT

ABSTRACT
v .

K

‘SODI UM BICARBONATE 'HAS’ BEEN USED TO SAFEGUARD AGAINST vCHmICAL’ .
MALFUNCTION OF ANAEROBIC DIGESTION CAUSED BY THE ACCUMULATION .

OF ' VOLATILE ACIDS AND CARBON ® DIOXIDE.*  SINCE NAHCO3 CAN ¢
DIRECTLY SHiFT THE EQUILIBRIUM TQ ANY’ DESIRED VALUE WITHOUT

‘FIRST REACTI\G‘('WITH SOLUBLE @02, IT HAS. BEEN USED AS AN & e
ALTERNATIVE TO LIME, 'WHICH CaN PRODUCE UNDESIRABLE SIDE EFFECTS -

SUCH AS VACUUM AND/O-I} PRECIPITATION. ' WITH LIME ADDITION, -THE .
REMOVAL OF ,C02 FROM THE DIGESTER HEAD ROOM TO REPLENISH THE CQ2 y

« TAKEN OUT OF THE SOLUTION<CAN CREATE AN INSTATANEOUS VACUUM

.&‘ -
i o A

A .

WHICH PLACES STRESSES ON TANK STRUCTURES. . THIS, MAY, IN TURN,
ALLOW OXYGEN T0 ENTER THE S¥STEM WITH RESULTING TOXICITY TO THE
ANAEROBIC ORGANISMS IN THE DIGESTER.  SCALE FORMATION DUE TO
THE PREC{PITATION OF CACOS AFTERIT REACHES ITS SOLUBILITY
LIMIT CAN ALSO PRESENT PROBLEMS. AN EQUATION REPRESENTING THE

INCREASE 1IN BICARBOMTE ALKALINITY CAUSED BY THE REAGTION OF .
- . R . . . . 2 +
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< AUTHOR
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- A
ABSTRACT

E
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.

LIME WITH SOLUBLE *02 1S PRESENTED.  CALCULATIONS "INDICATED
THAT SCALE®FORMATION IS LIKELY AT GACO3' CONCENTRATIONS GREATER
THAN 500 MG/LITER OR AT LIME CONCENTRATIONS GRBATER THAN 370
MG/1:ITER. AN EQUATION'TO ESTIMATE THE REQUIRED ALKALINITY FOR
BUFFERING THE PH AT DIFFERENT LEVELS OF CO2 PARTIAL PRESSURE IS
PRESENTED. NAHE03, A NATURAL PH CONTROL BUFBER IN ALL AQUEOUS
SYSTEMS, HAS A TOXICITY LEVEL IN ANAEROBIC DIGESTION SYSTEMS OF
0e2 MOLES, NA/LITER FOR SLUG WASTES WHEN OTHER IONS ARE AT CON~
CENTRATIONS !gquw 10™MG/LITER.  THE PRESENCE OF ANTAGONISTIC
IONS SUCH AS K AND CA Ma¥ INCREASE THE TOLERABLE LEVEL OF SA TO
DIGESTERgORGANISMS.  (SCHULZFIRL)

LIME/SODIUM BICARBONATE TREATMENT INCREASES SLUDGE DIGESTER EF-
FICIENCY. , ¥
BARBER, N. R. o o

CHURCH AND DWIGHT CO., INC., PISCATAWAY, NJ
JOURNAL OF ENVIRONMENTAL SCIENCES, VOL. 21 NO.
1978. 2 FIG, 1 TAB, 4 REF. *

2, PQ 28-30,

- 4
« *ANAEROBIC p\)ICESTI&N; *LIME; *SODIUM COMPOUNDS; *METHANE BAC-

. DURING ANJEROBIC DIGESTION IS EVALUATED.

TERIA: *ALKALINITY; CARBON DIOXIDE; CATIONS: METHANE; SEWAGE

SLUDGE; -MICROBIAL DEGRADATION; WASTEWATER' .TREATMENT; CALCIUM ,’

CARBONATE ; MUNICIPAL+WASTES; ACID BACTERIA

COMBINED LIME AND*SODIUM BICARBONATE TREATMENT .OF SEWAGE SLUDGE
METHAME-FORMING BAC-
TERIA REAUIRE 4 PR OF 6.8-7.2 FOR OPTIMUM METHANE GENERATION;
NEUTRALITY IS MAINTAINED BY CHEMICAL TREATMENT OF THE SLUDGE TO
COUNTERACT THE EFFECT OF ACID-FORMING BACTERIA. WHES 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, THE, VACUUM POTENTIAL INCREASES AND ‘AIR

MAY FLOW INTQ ,THE DIGESRER WITH TOXIC EFFECTS ON TH THANE-
" FORMING TERIA. EXCESS LIME ADDIZION IN THE PRES OF c02
CAN FO.R. INSOLUBLE CALCIUM CARBONATE WHICH WILL N INCREASE

. IS THE SLUQGE LIQLOR.

ALKALINITY. ,THE USE,OF LIME AND SODIUM CARBONATE- IN ANAEROBIC
DIGESTION REDUCES THE YOXICITY OF DIWALENT CATIONS. ¢ THE
LCOMBINED TREATMENT ALSO REDUCES THE PRESE;INCE'OF HIGH PH PATCMES
IT IS RECOMMENDED THAT LIME BE ADQED
INITIALLY TO INCREASE THE PH TO 6.346.5, FOLLOWED BY SODIUM
BICARBONATE TO INCREASE PH TO THE OPTIM‘Q{ 6.5,—7.2.. THE CHEMI-
CALS ARE ADDED, TO MAINTAIN A DIGESTER ALKALINITY OF 2,500-5,000
MG/LITER AS"CACO3 AND A VOLATILE ACID CONCENTRATION OF 300-560
MG/LITER AS ACETI€ ACID. + SODIUM BICARBONATE ADDITIONS OF 500

. ME/LITER/DAY WILL MAINTAIN A SODIUM CONCENTRATION OF 137 MG/

~ANEEENE SLUDGE WILL INCREASE

LITER; ADDITIONS.OF 1,500 LB®SODIUM BICARBONATE/1 MILLION GaL ~
IE?ICARBQNATE ALKALINITY BY 180 -

MG/LITER WHEN DIGESTER ALKALINITY 'EALLS BELOW 2,500 MC/bITER.
(LISP)-FIRL) < " Ve
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- TITLE « LIME/NA2CO3 TREATMENT IMPROVES SLYDGE DIGESTION. ) . |
*  AUTHOR JACOBSON4 A. R. . )
" CORP AUTH  ILLINOIS STATE UNIV., NQRMAL, COLL.‘OF APPLIED SCIENCE® AND
) TECHNOLOGY. . _ .
PUB DESC  PUBLIC WORKS, VOL. 109, NO. 7, P 94, JULY, 1978, .
DESC *SODIUM COMPOUNDS; ALIME; *ANAEROBIC DIGESTION; *METHANE BAG-
: TERIA; *METHANE; ALKALINITY; AMMONIA; CARBON DIOXIDE; SLUDGE
DIGESTION; 'WAs;swA'rsR TREATMENT; sx.uncs TREATMENT; MUNICIPAL )
oo * WASTES - : .
" ABSTRACT  LIME AND somuw BICARBONATD TREATMENT OF ANAER CALLY DIGESTED
- . SLUDGE PROVIDES THE OPTIMUM PH FOR METHANE-FORMING BACTERIA. A |
NATURAL BUFFER, SYSTEM ESTABLISHED BY DIGESTERS IS BASED ON
N { . BICARBONATE ALKALINITY FROM THE REACTION OF AMMONIA AND CARBON ‘
' . . * * %, TVIOXIOE TO FORM AMMONIUM\ BICARBONATE. THE OPTIMUM PH  FOR
A + GROWTH OF METHANE-PRODUCING BAGTERLA IS IN THE RANGE OF BH 7.0. : 1
. .. ' LIME WILL AD3UST THE PH.OF THE DIGESTER TO 6.3-6.%5. ‘SODIUM ! J
* BICARBONATE FURTHER INCREASES’ THE PH TO 7.0-7whs WHEN DIGESTER . . ' |
BICAREONATE ALKALINITY FALLS BELOW 2,500 MG/LITER, A 1,500 |
.- LB/MILLION GAL SODIUM BICARBONATE ADDITION WILL INCREASE THE o
— ALKALINITY BY 180.MG/LITER. , FREATMENT WITH SODIUM BICARBONATE |
IN *ADDITION TO LIME PREVENTS LIME OVERDOSE™ OR LOCALIZED PH, - |
VARIAnoris. (LISK-FIRL) . .

- :
TITLE NEW PROBLEMS CAN OCCUR WITH ANAEROBIC DIGESTION. é )
AUTHOR TAVERYy MARY ANN; NELSON, $OHN .
PUB DATE .79 . Y
AVAIL WATER AND WASTES sncmssmvc Y16 N12 ‘
DESC #WASTEWATER TREATMENT; WATER POLLUTION CONTROL; *OPERATIONS '
. (WASTEWATER); RESEARCH; *ANAEROBIC DIGESTION; *SLUDGE; MAINTE-
. NANCE; FACILITY GUIDELINES: ENVIRONMENTAL INFLUENCES; RE- .
. ' . CYCLING N ) .
DESC NOTE 14~15 & 47P "
AWABSTRACT  THIS ARTICLE DISCUSSES ms "PROBLENS EVCOUNTERED BY THE DENVER
- - . SEWAGE DISPOSAL DISTRICT I¥ ATTEMPTING TO STOP SLUDGE FOAMING
+' AND__ INGREASE SOLIDS/LIQUIDS SEPARATION IN 1ITS ANAEROBIC
. DIGESTE & - - : .
. TITLE or;t-:aAnovAL CHARACTERI§TICS 'OF ANAEROBIC DIGESTERS AT SELECTED ~
MUNICIPAL WASTEWATER TREATMENT FACILITIES IN THE UNITED STATES. |
AUTHOR SPENCER, R. R.; AND’ OTHERS \
PUB DATE  DEC 7§ . ' R
# AVAIL' NATIONAL' TECHNICAL INFORMATION SERVICE, *OPERATIONS .DIVI!ION,-'
M o SPRINGFIELD, VA 22161.° PRICE: $6.00 : .
. DESC *ANAEROBIC DIGESTERS; ACTIVATED CARBQN; *ECONOMICS; DIGESTER,
' . . GAS; *ENERGY; *FACILITIES; *MUNICIPALITIES; METHANE; OPERATIONS
(WASTEQATER), ARESEARCH; + SLUDGE ; *WASTEWATER TREATMENT. .
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ANALYZED ARE TéE OPE.ATION CHARACTERIS'&{CS OF A REPRESENTATIVE
« SAMPLE OF 60 AMERLCAN ANAEROBIC DIGESTERS. - EXAMINED ARE ®AS
PRODUCTION, SOLID RESIDENCE TIME, SLUDGE FLOW AND'  VOLATILE
SOLIDS DESTRUC‘I’IO}&. J.M}LHDED IS IDENTIFICATLON OF DIGESTERS
OPERATING AT LESS THAN’ EYPECTED EFFICIENCY. THE ADDITION OF
CARBON TO THESE STRESSEb DIGESTERS WILL IMPROVE VOLATILE» SOLIDS
DESTRUCTION AND GAS PRODUCTION., THE CURRENT AND FUTURE ENERGY
VALUE AMD USAGE (OR MONOSAGE) IS EVALUATED. DISCUSSED'IS THE

DESIRABILITY OF USING AND INCREASING WASTE GAS.

OPERATION OF WASTEWATER TREATMENT PLANTS: A HOME STUDY TRAIN-
ING PROGRAM. . .

70 .

ERIC DOCUMENT REPRODUCTION SERVICE, P. 0. BOX 190, ARLINGTON,
VA 22210, : *

ENVIRONMENTAL EDUCATION; ENVIRONMENTAL TECHNICIANS; INDEPENDENT
STUDY; INSTRUCTIONAL MATERIALS; SANITATION;  WATER POLLUTION
COXTROL; EMPLOYMENT QUALIFICATIONS; EQUIPMENT MAINTENANCE; POE-
LUTION; PUBLIC HEALTH‘ SAFETY; WASTEWATER TREATMENT.

DESC,NOTE® 1,317P

ABSTRACT

THIS MANUAL WAS PREPARED BY EXPERIENCED WASTEWATEH TREATMENT
PLANT OPERATORS TO BROVIDE A HOME STUDY COURSE TO DEVELOP NEW
QUALIFIED WORKERS AND EXPAND THE ABILITIES OF axxsrtnc WORKERS.
THE OBJECTIVE' OF ‘THIS MANUAL IS TO PRQVIDE THE ‘KNOWLEDGE AND
SKILLS-ANECESSARY FOR CERTIFICATION.  PARTICIJANTS LEARN THE
BASIC OPEBATIONAL ASPECTS OF TREAPMENT PLANTS/AND THE INFORMA~
TION NECESSARY TO ANALYZE AND , SOLVE OPERATIONAL PRO-
BLEMS. EACH OF THENCHAPTERS BEGINS WITH 'A INTRODUCTION AND
THEN DISCUSSES START-UP, DAILY OPERATION AND INTERPRETATION OF
LAB RESULTS.  TOPICS DISCUSSED INCLUDE MAINTENANCE, SAFETY,
s,s. PLING, LABORATORY PROCEDURES, HYDRAULICS, RECORDS ANALYSIS

PRESENTATION OF DATA, AND RERORT WRITING. EACH LESSON CON-
mns DISCUSSION AND REVIEW QUESTIONS AND IS COMPLETED WITH
AN OBJECTIVE TEST. - ,

-

TISLE | '\op's\snox OF WASIEWATER TREATMENT PEANTS; A HOME $TUDY TRaln-

PUB DATE

AVALL

DESC

g ROGRAM.(SECOVD FD}TIO\Y)

80"

ERIC DOCUMENT REPRODUCTION ssavxcs P, 4. BOX 190 “ARLINGTON,

VA 22210, e e .

ENVIRONMEWTAL EDUCATION; ENVIRONMENTAL TECHNICIANS; INDEPENDENT

STUDY; INSTRUCTIONAL MATERIALS; SANITATION; WATER POLLUTION
- CONTROL; WASTEWATER TREATMENT; EMPROYMENT QUALIFICATIONS;

EQUIPMENT MAINTENANCE; pommou- P¥BLIC HEALm SAFETY.
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DESC NOTE HC - MANUALS ONLY $70.00 (3 VOLUMES) - PLUS POSTAGE.
ABSTRACT PRESENTED JS THE SECOND EDITION OF A MANUAL PREPARED BY EX-
PERIENCED \STEWATER 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.® PARTICEPANTS LEARN THE BASIC ¢OPERATIONAL
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-UP, ,DAILY
,OPERATION AND INTERPRETAPION. OF LAB RESULTS. TOPICS DISCUSSED
INCLUDE MAINTENANCE, - SAFETY, SAMPLING,- LABORATORY PROCEDUBES),
HYDRAULICS, RECORﬁS, ANALYSIS AND PRESENTATION OF DATA, AND RE-
PORT WRITING. EACH, LESSON CONTAINS DISCUQSION 'AND REVIEW
\ %.STIO‘{S AND IS, CQM*ETED WITH AN OBJECTIYE TEST.

» .

'\TITI:E 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., .

) N.W., WASHINGTON, DC 20037..5,

DESC INSTRUCTIONAL MATERIALS; POST .SECONDARY EDUCATION SANITATION;
WASTE OISPOSAL; WATER POLLUTION CONTROL; WASTEWATER TREATMENT;
ENVIRONMENT; POLLUTION; "PUBLIC HEALTH; TECHNICAL REPORTS;
UTILITIES; WATER RESOURCES. . ,

DESC NOTE  536P

'ABSTRACT ~ THIS BOOK IS INTENDED TO BE A REFERENCE QR TEXTBOOK ON THE

. OPERATION OF WASTEWATER TREATMENT PLANTS. = THE BOOK .CONTAINS

THIRTY-ONE CHAPFERS 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 3IOLOGICAL REACTORS, OXYGEN
ACTIVATED SLUDGE SYSTEMS, STABILIZATTON LAGOONS, AND PHYSICAL-
CHEMICAE TREATMENT. ,, MANAGEMENT TOPICS INCLUDED ARE EF-
FLUENT -DISPOSAL, BY~PRODUCTS SOLIDS DISPOSAL, BROCESS MAN-
ACMENT AND CONTROL, ODOR CONTROL, AND ENERGY CONVERSION.

. .. THE APPENDICES INCLUDE AN ABBREVIATED GLOSSARY, LABORATORY ‘PRO-
CEDURES, AND umrs OF MEASUREMENT. .

,
<TITLE /

i<

4 A

PLANT O?ERATIONS FOR WASTEWATER FACILITIES, VOL. *II, PART C...

AN INSTRUCTOR'S GUIDE <FOR USE OF INSTRUCTIONAL ,MATERIAL 1IN

oWASTEWAYER TECHNOLOGY TRAINING PROGRAMS. .
]UTHOR STOAKES,* K.+ C.; AND OTHERS. °




.

PUB DATE ¢ 75 ; , -
AVAIL ERIC DOCUMENT REPRODUCTION SERVICE, P. O, BOX 190, ARLINGTON,
VA 22210, > .

w!."!':SC *  &P0ST SECONDARY EDUCATION; TEACHIN(S ‘CUIDES; TECHNOLOGY; WASTE

« DISPOSAL; WATER POLLUTION CONTROL,; SEWAGE TREATMENT; OPERATIONS

+  (WASTEWATER); WASTEWATER TREATMENT; EDUCATIONAL OBJECTIVES; EN-

. VIRONMENTAL EDUCATION; TECHNICAL EDUCATIONy VOCATIONAL EDUCA-
TION; WASTES. . L.

13 ’

DESC NOTE  92pP »

"' ABSTRACT THIS INSTRUCTOR'S GUIDE, DESIGNED FOR USE WITH THE CURRICULUM,

PLANT OPERATIONS FOR WASTEWATER FACILITIES, REPRESENTS A TWO-
YEAR WASTEWATER TECHNOLOGY INSTRUCTIONAL PROGRAM BASED—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..THICKEN-ING, FIRST STAGE DIGES~
TION, SECOND STAGE DIGESTION AND, SLUDGE CONDITIONING. IN
THIS GUIDE,- THE TOPICS AND-IDEAS ARE "PRFSENTED‘ 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 THE MODULE AND CODE NUMBERS KEYED ,T® A COM-

| PUTERIZED LIST OF “INSTRUCTIONAL RESOURCES ARE LISTED.  ALSO:
INCLUDED''IN EACH MODULE ARE A GLOSSARY- OF VERBS AND SECTIONS ON
LEARNI AND TESTING- CONDITIONS, ACCEPTABLE PERFORMANCE,
INSTRUCTOR ACTIVITY WND STUDENT ACTIVITY. RECOMMENDATIONS ON
EVALUATION TECHNIQUES ‘ARE INCLUDED. ]

. . LR , . [
11me 7 PRIMARY TREATMENT AND SLUDGE m&s’r‘ron WORKSHOP . -
PUB DATE 77 ‘ _ {
AVAIL PUBLICATIONS -CENTRE, ONTARIO MINISTRY OF GOVERNMENT SERVICES,
880 BAY ST., 5TH FLOOR,”TORONTO, ONTARIQ, CANADA M7A INS.
DESC BEHAVIORAL OBJECTIVES; ENVIRONMENTAL EDUCATION; POLLUTION;
. WATER POLLUTION CONTROL; WORKSHOPS; SLUDGE; WASTEWATER TREAT-
MENT; ENVIRONMENTAL TECHNICIANS; EQUIPMENT; JO%-SKILLS; saM-
_ PLING; WASTE DISPOSAL; ONTARIO Coe Cay .
" 289P, PRICE: §2.00, ORDERS MUST BE ACCOMPANIED BY CHETK OR
. , MONEY/ORDER PAYABLE TO THE TREASURER GF ONTARIO.
* ABSTRACT  THIS MANUAL WAS DEVELOPED FOR USE AT WORKSHOPS DESIGNED TO UB-
- + GRADE THE KNOWLEDGE OF EXPERIENCED WASTEWATER TREATMENT PLANT
* ¢ OPERATORS. EACH OFTHE SIXTEEN LESSONS HAS CLEARLY STATED BE-
WVIORALWOBJECTIVES TO TELL THE TRAINEE WHAT HE SHOULD KNOW
OR DO AFTER COMPLETING THAT TOPIC. AREAS COVERED® IN THIS MAN-
UAL TINCLUDE: SEWAGE CHARACTERISTICS, COLLECTION, TREATMENT,
AND SEDIMENTATJON, - AEROBIC AND ANAEROBIC DIGESTION, SAMPLING
/' AND INTERPRETATION, MONITORING AND CONTROL, AND SELECTED TESTS.
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AUTHOR
PUB DATE °
AVAIL
DESC

DESC NOTE
ABSTRACT

.ALSO SOBSTITUTED FOR LI
o SES, WHERE »IT WAS ABLE ‘TO CONTROL PH ANI}/

. . N

« : o0 4 Ay
- . - I .

. RESURRECTING THE, DEAD ANAEROBIC DIGESTER. | o v

. SNELLING, DONALD P, .
AUG 79 ) -
WATER AND SEWAGE. WORKS: V126 N8. :

. MJASTEWATER TREATMENT; *OPERATIONS (WASTEWATER); *EQUIPMENT;
WATER  POLLUTION CONTROL;' *CHEMICAL REACTIONS; UTILITIES;
*ANAEROBIC DIGESTERS ' . ’ .
66-67P

DISCUSSED ARE THE CAUSES AND REMEDIES FOR IMBALANCED ANAEROBIC
DIGESTERS. THE INFORMATION OUTLIVhS TESTS, PARAMETERS, .AND
CORRECTIVE ACTIONS. Lo, :

SODIUM BICARBONATE LAN SET’I‘LE MANY WASTE WATER PROBLEM UPSETS.
BARBER, Ne,

CHURCH AND DWIGHT COS, INC., PESCATAWAY, NJ

POLLUTION ENGINEERING, L. 9, NO. 4, P 57-59, APRIL,
FI6. .
*SODIUM BICARBONATE; *BICARBONATES;
OBIC, TREATMENT; TREATMENT FACILITIES; ~HYDROGEN ION
CENTRATION; METHANE; CARBON DIOXIDE; MICROORGANISMS EQUIP-
MENT; ALKALINEPY NITRIFICATION SEDIMENTATION; PHYSI®AL PRO-
PERTJES; CHEMICAL PROPERTIES; BIOCHEMICAL - OXYGEN DEMAND;
ODOR; *WASTEWATER TREATMENT

*ANAEROBIC DIGESTION; *AER-

1977, b,

4C0N- .

SQDIUM BICARBONATE HAS .BEEN USED BY ENGINEEKS TO PREJENT

EQUILIBRIUM DISTURBANCESZ  SEWAGE TREATMENT PLANTS. IT WAS
USED AS A BUFEER TO MAINTAIN"THE DESIRED ACID/ALKALI RATIO FOR
MAINTENANCE OF AN OPT‘IMW ’ENVIRONMENT FOR MICROBIAL GROWTH.
IN ANAEROBIC SYBTEMS, SopIUM BICARBONATE CAN CONTROL PH,
INGCREASE METHANE PRODUCTION, INCREAGE BIODEGRADATION RATES,
PRECIPITA’I’E TOXIG METALS, AND AID SOLIDS CONCENTRATION. IT WAS
D OTHER ALKALIS ¢IN AEROBIC PROCES-
ALKALINITY,” KNHANCE

NITRIFIGATION, IMPROVE BOD REDUCEION, /REDUCE OR ELIMINATE
ODORS, ~ ENHANCE ~ SETTLING ~CHARACTERISTICS, ~ AND * PRETREAT
INDUSTRIAL WASTES. i(COLLIVS-FIRL) . .
STABILITY ANDJCONTROL OF ANAEROBIC-DIGE ON. ¢

_ CRAEF, S. P.; ANDREWS, J. F. .
METROPOLITAN SANITARY DISTRICT OF GREATER CHICAGO, IL .
JOURNAL WATER POLLUTION CONTROL FEDERATIN, VOL 46, NO 4, P
666-683, {APRIL, 1974, 14 FIG, 24 REF ° .
*OVERLOADS; | HYDROCARBONS; ~ CONTROL STRATEGIES;  STABILITY;
PROCESS  CONTR| *SLUDGE DIGESTION; *ANAEROBIC .DIGESTION;

CONTROL; *WAST TREATMENT *CO‘*{PUT,B STUDIES; *MODEL STUDIES;
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% .
. DESL ORGANIC' LOADING; TOXINS; DESIGN STANDARDS; OPERATION AND ° .
* MAINTENANCE; SLUDGE' TREATMENT; METHANE; SLUDGE; ALKALINITY;
n . CARBON DIGXIDE; DIGESTION; CONTROL SYSTEMS, "
Y "ABSTRACT ~ THE DYNAMIG, RESPONSE OF .THE ANAEROBIC DIGESTER TO ORGANIC, 4
TOXIC, AND HYDRAULIC OVERLOADING WAS SIMULATED WITH A HYBRID
COMPUTER TO EVALUATE PROCESS STABILITY INDICATORS, DESIGN AND
OPERATION FACTORS INFLUENCING PROCESS STABILITY, AND CONTROL N
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,  INFLUENT SLUDGE CONCENTRATION, AND, DIGESTED SLUDGE
“ < RECYCLE. THREE CONTROL STRATEGIES (SCRUBBING OF CARBON DIOXIDE
N FROM THE GAS PHASE WITH SUBSEQUENT CAS RECYCLE, ADDITION OF A
. BASE, AND DIGESTED SLUDGF RECYCLE) WERE INVESTIGATED.
v <" CONSIDERATION ~ OF PROCESS STABILITY AND TMPLEMENTATION OF
CONTROL STRATEGIES COULD IMPROVE DIGESTER OPERATION, PERMIT . -+ °
. "INCREASED LOADINGS ON EXISTING DIGESTERS, AND DECREASE {THE =~ ¢
REQUIRED VOLUMES OF NEW DIGESTERS.' (WITT-IPCH o
. }
TITLE . START-UP OF MUNICIPAL WASTEWATER TREATMENT FACILITIES. >
AUTHOR RADER, R. D.; GREEN, R. L.; PAGE, G. L., JR. -
CORP AUTH  WILEY AND WILSON, INC., LYNCHBURG, VA .-
AVAIL Wb FOR,SALE BY THE SUPERINTENDENT OF DOCUMENTS, U.S. GOVERNMENT
PRINTING OFFICE, WASHINGTON, 'DC 20402,  PRICE:  $1.40.
< . ESNVIRONMENTAL PROTECTION AGENCY; WASHINGTON, DC.  OFFICE YOF -+
-1, WATER PROGRAM, OPERATION REPORT “EPA-43019-74-008, DECEMBER, °
1973. 92p, 3 FIG, 2 TAB, 42 REF. EPA CONTRACT 68-01-034] _
DESC . PROCEDURES; - PROCESS; SEED SLUDGE; STAFFING; STANDARD OPERATING
. » PRIEEDURES;  SITE  MEETINGS;  INVENTORY;  *ADMINISTRATIVE
DECISIONS;  *TREATMENT  FACILITIES;, *WASTEWATER TRESTMENT; i
+ *OPERATIONS; *LABORATORY TESTS; *SAMPLING; TESTING; ANALYSIS;
«'CONTROLS; 'ACTIVATED SLODGE; TRICKLING FILTER; OXIDATION
LAGOON; ANAEROBIC DIGESTION; SAFETY; CHLORINATION; SUSPENDED , -
SOLIRS; , HYDROGEN [ON CONCENTRATION; ALKALINITY; BIOCHEMICAL
OXYGEN® DEMAND; CHEMICAL® OXYGEN DEMAND; PRE-TREATMENT (WATER); .
SEWAGE TREATMENT . ;- .
ABSTRACT # 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 QF THE TREATMENT PLANT'S OPERATION SO THAT THE TREATMENT
PLANT” OR PBROCESS WILL EFFECTIVELY. TREAT THE WASTEWATER IN
COMPLIANCE “+WITH , THE SPECIFIC CONDITIONS AND LIMITATIONS
&5ESTABLISHED FOR THE TREATMENT FACILITY.  THE MANUAL WAS .
- DEVELOPED AND PREPARED WITH THE AID AND COOPERATION OF
WASTEWATER  TREATMENT PL’N”F"OPERATORS NAND  SUPERINTENDENTS,

v
.
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START-UP EXPERTS, THE ACADENIC COMMUMNITY, MANUFACTURERS AND ’
) - SUPPBIERS OF WASTEWATER TREANENT PLANT EQUIPMENT, AND
LITRRATURE REYIEW OF WASTEWATER TREATMENT PLANT OP‘ERATIONS AND
RECOCNIZED START~UP TECHNIQUES. INFORMATION IS PROVIDED ON
! PREPARING FOR ACTCAL ‘TREAT“IENT PLANT START-UP. PREPARATIONS
. . _FOR START-UP--INCLUDE: STAFFING THE PLANT, DEVELOPING STANDARD
- : * OBERATING PROCEDURES, DRY- AND WET-RUN, TESTING OF EQUIP“IENT
"& (ON-SITE OPERATOR TRAINING, SAFETY , AND ESTABLISHING PROUEDURES
EN ZXJNSTRLCTION IS CONTINUING DURING START-UP. THIS MANUAL
*. ' DESCRIBES START-UP PROCEDURES FOR SOME OF THE MORE COMMON
. * PRETREATMENT AND PRIMARY TREATMBNT.UNITS; FOR THE SPECIFIC ¢
¢ SECONDARY TREATMENT PROCESSES OF ACTIVATED SLUDGE, TRICKLING
. . PILTERS, STABILIZATION PONDS AND AERATED LAGOONS; #ND FOR THE
'SLUDGE HANDLING UNITS AND THE ANAEROBIC DIGESTION PROCE$S. THE
. i START-UP PROCEDURES FOR' ADVANCED ‘&ASTEWATER TREATMENT UNITS AND
? . © PROCESSES ARE NOT CONSIDER‘QDD i THIS MANUAL., (EPA)
. » -Jm
. ) h
v . -
,,TITLE& - A SURVEY OF THF-PET(FORXANCE OF SEWAGE SLUDGE DIGESTERS IN GREAT
. £ . BRITAIN.
THOR SWANWICK, J: D.; SHURBEN D. G.; JACKSON .
RP AUTH  WATER POLLUTION RESEARCH LAB., STEVENAGE (ENGLAND) . 0~
AvalL . WATER POLLUTION CONTROLJ» VOL 68, NO 6, P 639-647, NOV-DEC, ~—_
. * 1969. 13 TAB, 4 REF. oot e '
DESL ' '*UNHEATED *MESOPHILIC; OVERLOADING; ANIONIC DETERGENTS: GREAT
_— . e BRITAIN; *ANAEROBIC DIGESTION; *SEWAGE TREATMENT' *PERFORMANCE;
b FACILIT[ES RETENTION; OBERATION DESIGN TBﬂPERATURE" DE-
oo v e ___TERCENTS’ INDUSTRIAL WASTES .__# .
‘ N ABSTRACT DYRING THE LAST FOUR “EARS THE HATER POLLUTION RESEARCH
» ) LABORATORY HAS BEEN ASKED TO INVESTIGATE AN INCRBA‘SING NUMBER
° 0 OF DfFFICULT!ES WITH ANAEROBIC SLUDGE DIGESTION. A SURVEY HAS-
N MADE IT POSSIBLE TO ACCESS THE TOTAL POPULATION SERVED BY THE
i ANAEROBIC PROCESS. THIS REPORT*IS £ FIRST ASSESSMENT OF THE
a 7 INFORMATION +OBTAINED FROM '1400 QUESTIONSATRES WHICH WERE
L e +» CIRCULATED ,TO ALL LOCAL AUTHORITIES AND MAIN DRAINAGE
' AUTHORITIES. HEATED AND URHEATED DIGESTERS -WERE TREATED
- SEPARATELY AND ALL PLANTS HAVE BEEN CbASSU:IED ACCORDING TO
- DIGESTER PERFORM EY RETURNS WERE RECEIVED FROM 142 FLANTS
. s WITH HEATED D STERS, SERVING POPULATLONS AMOUNTING TO A TOTAL
OF OVER 18 MILLION PEOPLE.’ THE CAUSES OF 92 CASES OF
. DIBFICULTY 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 -
» ot - ‘ RESULTED FROM STRATIFICATION AND LOSS OF, SOLIDS FROM THE -
W2 \ DIGES‘TION TANK. . OVERLOADING ' WAS ALSO REPORTED AS THE MAIN
Ry ¥ - -~
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CAUSE FOR DIFFFCULTIES AT A “NUMBER OF °TREATMENT PLANTS.
~ LOADING RATES OF PRIMARY DIGESBERS WERE ANALYZED AND TABULATED.
HOWEVER,” NO  CORRELATION BETWEEN LOADING AND  DIGESTER
PERFORMANCE WAS FOUNDJ, RETURNS WERE' RECETIVED FROM 104 PLANTS
WITH USHEATED DIGESTERS, SERVING POPULATIONS AMOUNTING TO A
TOTAL OF 1.7 MILLION ¢ PEOPLE.  TWENTY-FOUR WORKS REPORTED {-,
DIFFICULTYES ._CAUSED M¥YNLY BY OVERLOADING AND LOW WINTER .
TEMPERATURES.  DUE TO THE KREQUENCY OF SHORT RETENTION PERIODS )
. REPORTED, A DETAILED ANALYSIS WAS MADE OF THIS. PARAMETER AND /
. \ ’ THE KESULTS<FROM 83 WORKS WERE TABUL ATEDJ) ALSO, 1T WAS NOTED, \

P o THAT THW ABSENCE OF LABORATORY CONTROL WAS MORE PREVALENT AT
- SMALLER-'WORKS. (GALWARDI-TEXAS) .

‘- (3 P v .

TITLE _ TROUBLESHOOTING O & M PROBLEMS IN WASTEWATER TREATMENT AMERICAN
INST NAME- P LIC WORKS ASSOCIATION o . P
- * ILITI’ES’X INSTRUCTION NOTEBOOK

.o

“PUR DATE . AUG 76 , _
AVAIL ‘, NATIONAL TECHNICAL I’WOMATION svsmq 5285 PORT .g)YA'L ROAD,
, .7 SPRINGEIELD, VA 22161. PRICE: $19, 00. . .
C . DESC €9 BEHAVIORAL OBJECTIVES; BIOLOGICAL TREATMENT;. *ENVIRONMENTAL - &y °
' ) TECHNICIANS; EQUIPMENT' * [INSTRUCTLONAL+ MATERIALS; JOB SKILLS; ~,
*MAINTENANCE;  *OPERATIONS (WASTE%ATER) XPOST  SECONDARY .
. EDUCATION; SEDIMENTATION BASINS; S STAFFING; WASTE DIS- '
N s . POSAL; *WASTEWATER TREATMENT; WATER POLLUTION CONTROL - v
- %sc NOTE  e72p . . i S ‘
ABSMRACT @ THIS DOCUMENB/ CONTAINS THE INSTRUCTOR GUIDELINES FOR A COURSE
. . ON OPERATION 70 MAINTENANCE PROBLEMS IN WASTEWATER TREATMENT
H

R

-
*o

- . - PLARTS.  FACH/ LESSON PLAN MODULE CONTAINS: (1) A SET OF
~ INSTRUCTIONS; {2) LESSON OUTLINE; 1, (3) VISUAL AIDS; (4) NOTEBOOK -
HATER[ALS' (5) HANDOUT; AND (6) GUIDELINES ON THE APPROACH TO .
W *  THE ﬁESSON. FOR EACH LESSON THE INSTRUCTOR IS PROVIDED WITH A . f
- SET OF BEHAVIORAL OBJECTIVES, PRESENTATION OPTIONS,” AND SUGs - .
9 : C¥STED TEST QUESTIONS. LESSON TOPICS [INCLUDEA (1) SCREEN- _ .-
. ING AND COMMUNICATION; (2) SEDIMENTATION BASINS; (3) BIOLOGI* P
- CAL TREATMENT UNITS; (1.) SLUDGE " CONDITIONING, DEWATER[NG', AND
, _[)ISPOSAL; (5) EQUIPMLNT AND (6) STAFFING. - - .
. * N AD , .
TITLE TROUBLESHOOTING 0 & M PROBLEMS IN WASTEWATER. TREATMENT PLANTS.
. . INSTRUCTOR MANUAL. ¢ v
INST NAME  SOUTHERN ILLINOIS UNIVERSITY AT EDWARDSV[LLE ENVIBUNMENIAL L
- ‘ RESOURCES TRAINING CENTER ENVIRONMENTAL PROTECTIQN AGENCY, -
’ CINCINNATI, OH.. v . o
9 PUB DATE . 80 e ) - e vt
» AVATIL ~___ NATIONAL TECHNICAL INFORMATION SERVICE 5285 PORT ROYAL 'ROAD,
~T SPRINGFIELD, VA 22}6l. ° A -
DESC SEWAGE TREATMENT; * HANBBOOKS; ACTIVATED  SLUDGE  PROCESS; -
. EROBIC PROCESSES; DBFSINFECTION; PERFORMANCE EVALUATION; o,
e ©ooe MAINTENANCE; LIQUID.WASTES; SOLID WASTES. .
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PUB DATE
AVAIL
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ABSTRACT

TITLE

PUB DATE
AVAIL

DESC

B
PB81-142325, .
THE INSTRUCTOR NOTEBOOK IS DESIGNED FOR USE BY INSTRUCTORS WHO
WISH TO TEACH A SHORT-TERM EDUCATFON/TRAINING COURSE ON THE
,PROCESS OF ' TROUBLESHOOTING OPERATION AND MAMNTENANCE PROBLEMS
‘IN WASTEWATER TREATMENT FACILITIES. THE MATERIALS ARE GEARED
TOWARD PROCEDURES ‘\For\’ IDENTIFYING AND ISOLATING A ..PROBLEM,
FORMULTATING ALTERNATIVE ACTIONS AND SOLUTIONS, AND COMBIWING
CORRECTIVE ACTION WITH SHORT AND LONG-RANGE FOLLOWUP. “BOTH
+INTERPERSONAL AND TECHNICAL SKILLS ARE STRESSED IN THIS 15 UNIT
COURSE WHICH INCLUDES BOTH INSTRUCTOR AND TRAINEE MATERIALS.
THE UNITS COVER THE MAJORITY OF LIQUID AND SOLID WASTE
TQEATMENT PROCESSES” AND OPERATIONS .COMMONLY, ENCOUNTERED IN
*ICIPAL WASTEWATER TREATMENT FACILITIES.

K4
WPCF  WASTEWATER TREATMENT PLANT OPERATOR "TRAINING PROGRAM:
“BASIC COURSE. S
76 '
WATER BOLLUTION CONTROL FEDERATION,
WASHYNGTON, DC  20037.
AUDIOVISUAL  AIDS; INSTRUCTIONAL
ROST-SECONDARY EDUEATION; WATER POLLUTION CONTROL; OFERATIONSe, |
WASTEWATER; WASTEWATER  TREATMENT;  BEHAVIORAL  OBJECTHYES;
ENVIRONMENT; ENVIRONMENTAL TECHNICANSY JOB  SKILLS; PUBLIC
HEALTH. N
INCLUDES 287 35MM SLIDES, ™0 AUDIO CASSETTES, AND MODERATOR
_WORKBOOKS -, ORDER N0. E0100, $300.00; STUDENT MATERFALS ONLY -
;ORDER NO. E0010, $7.00. .
HIS TRAINING PROGRAM IS DESIGNED FOR THOSE IND
FMPLOYED AS WASTEWATER *TREATMENT
THOSE NEW TO THE. FIELD.  THE JOURSE®™SERVES AS A BASIC
JNTRODUCTION AND . UTILIZES A  SYNCHRONIZED  PRESENTATION
VINCORPORATING SLIDES AND AUDIO CASSETTES. THIS PROGRAM MAY BE,
USED INDIVIDUYALIA 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
URIT THE STUDENT IS PROVIDED WITH, A SUMMARY AND REVIEW
EXERCISE. , PRE- AND 'POST-TRAINING EVALUATION MECHANISMS ARE
PROVIDED. A PROGRAM GLOSSARY IS INCLUDED roa BEFERENCE.

.
2 -

2626 PENNSYLVANIA AVENUE,

MATERIALS;  POLLUTION;

S ALREADY
LANT OPERATORS AS WELL AS

< . * ., ~
WPCF WASTEWATER TREATMENT PLANT OPERATOR  TRAINING PROGRAM,
INTERMEDIATE COURSE: STUDENT WORKBOOR, vOoL B. ' . ‘
78

WATER POLLUTION CONTROL FEDERATION,
WASHINGTON, DC 20037, -
NVIRONMENTAL TECHNICIANS;

2626 PENNSYLVANIA AVENUE,

INSTRUCTIONAL MATERIALS; OPERATIONS
WASTEWATER; ~ PO§T-SECONDARY ~ EDUCATION;  SLUDGE;  TRICKLING

4 FILTERS; WASTE ~STABILIZATION PONDS;* WASTEWATER TREATMENT;
AUDIOVISUAL AIDS; CERTIFICATION; J8B SKILLS; POLLUTION; WATER
POLLUTLON CONTROL. . ’
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144 P. COURSE"{ATERIALS 3sMy SLIDES ‘(APPROX. 230), 7' TAPE
CASSETTES, ADMINISTRATOR HANDROOK, CARRYING CASE, AND. STUDENT
WORKBOOK - ORDER NO. E:‘0293 « $300. 00 STUDENT WORKBQQK ONLY -
ORDER 80. E0294, §$3.50., R °
"THIS DOCUMENT “i5 ONE 1IN A SERIES, OF SELF-INSTRUCTIONALS
WQRKBOOKS , FOR TRI(NINC' WASTEWATER TREATMENT PLANT OPEBATORS IN
THE BASIC FUNCTIONS OFe FACILITY OPERATION.  THE WORKBOOK
CONTAINS A PRE- AND POST—TEST QUESTIOVNAIRE FOR EACH UNIT AS
WI:LL AS SELF-TESTS AND INTERIM GULDES THE UVITS DISCUSSEB N
THIS V'OLU‘H-: ARE NASTP STABILIZATION PONDS, TRICKLING -FILTERS,
AND SLUDGE HA\DLI\G AND DIGESTION . /
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PROBLEM. ., .

“ MIGNONE, N. A. »

WATER AND SEWAGE WORKS. DE{LEMBER 1976.
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JOURNAL WATER POLLUTION CONTROL FEDERATION. VOL 40, P. 581,
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ENVIRONMENTAL REQUII TS AND CONTROL.
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ANAERGBIC WASTE TREATMENT FUNDAMENTALS - PART 3-
TOXIC MATERIALS AND THEIR CONTROL.  * :
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DAGUE, R. R.

JOURNAL WATER POLLUTION CONTROL W#BERATION. VOL. 40,

P. 2021, 1968.

APPLICATION OF PROCESS KINETICS TO DESIGN OF ANAEROBIC
PROCESSES. .
LAWRENCE, A. W..
ANAEROBIC BIOLOGICAL TREATMENT PROCESSES, ADVANCES, IN
CHEMISTRY. SERIES 105. AMERICAN CHEMICAL SOQIQ?Y
WASHINGTON, D.C. 20036. 1971.
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ASSESSMENT OF THE MAXIMUM CONCENTRATION 91" HEAVY METALS
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MOSEY‘ F. E. !
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CATIQN‘[OXICITY AND STIMUL?{K&N IN ANAEROBIC WASTE
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CONTROL OF ANAEROBIC DIGESTION PROCESS.
COLLINS, A. S. AND B. E. GILLILAND. , > )
JOURNAL, ENVIRONMENTAL ENGINEERING DIVISION -

ASCEw# VOL. 100, BE2, P. 487, 1974. !

CONTROLLING SULFIDES IN ANAEROBIC DIGESTERS HITH
FERROUS CHLORIDE. ‘
TALTY, R. D. '

WPCF HIGHLIGHTS, NOVEMBER 1978.
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DEMONSJIRATION OF ANAEROBIC DIGESTERS IN DEVELOPING
COUNTRIES>~* PART II.

SIMRSON, M. H.

JOURRAL awmomznm. scmncas 22, 3, 16 (1979).

DIGESTER GA% l:lELPS MEET ENERCY NEEDS. ' N
WARD, R. S

JOURNAL WATER POLLUTION CONTROL " FEDERATION. VOLZ 46, ) s - .
P. 620, 1974. ) , ¢ -
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DIGESTER SUPERNATANT: PROBLEMS, CHARACTERIJTICS AND . - \\ |
TREATMENT. . v T o
KAPPE, S. E. . = P
SEWAGE IND. WASTES, 30, 937,(1958). A L -
DIGESTION: CONCENTRATION - LOADING - TIME Lmn‘sl, \
CLARK, R. H. AND V. D. ORR. . . \ ‘ \
JOURNAL SANITARY ENGINEERING DIVISION - ASCE. ¥oL. 98,” \ - \ 3
SAS, P. 809, “1972. . , u( ) .
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DESIGN AND COST CONSIDERATIONS IN HIGH RATE SLUDGE mcssuou. .
_ESTRADA, A. A,
JOURNAL SANITARY ENGINEERING DIVISION - ASCE. V&R, 86, SA3, .
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DESIGN “SONSIDERATIONS FOR ‘ANAEROBIC CONTACT SYSTEMS < L ‘

DIETZ, J. C., P. W. CLINEBELL, AND A. L. .STRUB. . N |
JOURNAL WATER POLLUTION CONTROL FEDERATION. VOL. 38, P. 517, B
1966. . o
| i §
DYNAMIC MODELING AD SIMULATION OF THE ANAEROBIC mcasr;on . I
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ANDREWS, .J. F. AND S. P. GRAEF. .
AMERICAN CHEMICAL SOCIETY. 1971, .
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ANDREWS, J. Fv—— S . P ]
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AUTHOR LANK, J. £., JR. , L
CORP AUTH  1pAHO UNTVERSITY, MOSCOW. - .

AVAIL | MASTER'S THESIS, MARCH 1970, 63, . 13. -

< » TITLE ¢ EFFECT OFSDETENTION TIME ON ANAEROBIC DEGESTION.

AUTHOR HINDIN, E. AND G. H. DUNSTAN. )

AVAIL ,  JOURNAL WATER POLLUTION CONTROL FEDERATION, VOL. 32,

- '+ P, 930, 1960. \ .
- & o7
TITLE THE EFFECT OF TEMPERATURE ON ANAEROBIC DIGESTION. N
: . AUTHOR . SCHWERIN,.D. J. ~ &2 \ .
- AVAIL UNPUBLISHED MASTER'S THESIS. MARQUETTE UNIVERSITY, .

MILWAUKEE, WISCONSIN 53233. JUNE 1976. -

» o .

TITLE ° EFFECT OF TRERMAL PRETREATMENT ON DIGESTIBILITY AND
. L. - DEWATERIBILITY OF ORGANIC SLUDGES. .
. AUTHOR HAUG,' R. T., D. C. STUCKEY, J. M. GOSSETT, .
. : P. L. McCARTY. ' v A -
AVAIL JOURNAL WATER POLLYTION CONTROL FEDERATION. VOL. 50,
< P73, 1978, .

.
f

TITLE °  EFFECTS OF ANAEROBICALLY DIGEST!‘ED‘ MUNICIPAL SEWAGE SLUDGE -

APPLICATION ON CHEMICAL BROPERTIES OF SELECTED SOILS WITH .
EMPHASIS ON DISTRIBUTION OF ZINC AND CADMIUM FORMS . .
AUTHOR* KOENIG, A. R . © 4
—CORP AUTH  CORNELL UNIVERSITY, ITHACA, MY.
‘ AVATL * UNIVERSITY MICROFILMS INTERNATIONAL, ANN ARBOR, MICHIGAN
o -'\ -, 048106, ORDER NO. 77-~18, 173, PHD THESIS, 1976, P. 369. . )
. ’ . N . - L N -
< TITLE* EFFECTS OF SULFIDES ON ANAEROBIC TREATMENT. e :

.« AUTHOR - LAWRENCE, A. W. AND_P. L. McCARTY,
. . AVAIL PROCEEDINGS 19TH PURDUE IND. WASTE CONFERENCE. PURDUE UNIVER- v
= - siy, LAFAYETTE INDIANA 4790% 1964.

TITLE ELECTRODE POTENTIALS AND ELECTROLYTIC CONTROL IN THF ANAEROBIC
- ' DIGESTION PROCESS. - . . '
SUTHOR ‘ BLANC, F. C.; MOLOF, A. H, ,
x ?  CORP AUTH  NORTHEASTERN UNIVERSITY, BOSTON, mss A
AVAIL 'PROCEEDINGS, INDUSTRIAL wASTE CONFERENCE, 24m MAY 6, 7, AND

- : _ 8, 1969, P. 1040-1059, " .
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USEPA. - .
ENVIRONMEN'I‘AL PROTECTION TECHNOLOGY SéRIES. CINCANNATI,
OHIO 45268. EPA-600/2~77-214, NO%ER 1977.

ESTIMATIN(f COSTS AND MANPOWER REQUIREMENTS FOR CON-
VENTIONAL WASTEWATER TREATMENT FACILITIES. .

USEPA. / . '
OFFICE OF RESEARCH AND DEVELOPMENT. CINCINNATI, OHIO

45268. 17090 DAN 10/71% “1971.

FULL SCALE STUDIES ON THE THERMOPHILIC ANAEROBIC °

* BIGESTION PROCESS. .

SMART, J. AND B. I. BOYKO. o
RESEARCH REPORT NO. 9. ONTARIO MINISTRY OF THE ENVIRONMENT.
TORONTO, ONTARIO. L977. .

HEAVY METAL REMOVAL WITH COMPLETELY MIKED KNAEROBIC FILTER.
DeWALLE, F. B., E. S. K. CHIAN, J. BRUSH.

JOURNAL WATER POLLUTION CONTROL FEDERATION., VOL. 51,
1979, ! -

>

HEAVY METALS IN DIGESTERS: FAILURE AND CUREwe ¢
REGAN, T. M. AND M. M. PETERS. o
JOURNAL WATER POLLUTION CONTROL FEDERATION. VOL. 42, P. 1832,
1970, ’ -

o) N
HIGH-RABE DIGESTER LOADINGS. A
ZABLATZKY, A. R. AND BAER, G. T.

P. 22,

JOURNAL WATER POLLUTION CONTROL FEDERATION. VOL 43‘ P268,
1971. s .

N .
HIGH-RATE DIGE§TER MIXING STUDY USING RADIOISOTOPE TRACER.
ZOLTAK, J. AND A. L. GRAM. ¢
JOURNAL WATER POLLUTION CONTROL FEDERATION. VQL. 47, P. 79,
1975. ¢ .

*WARD, R. L.; ASHLEY, C. S.

SANDIA LABS., ALBUQUERQUE, N. MEXICO:

APPLIED AND ENVIRONMENTAL MICROBIOLOGY, VOL. 33, NO. 4, .

P. 860-864, APRIL 1977, - . -

mmovmc ANAEROBIC DIGESTER OPERATION WITH POWDERED -

ACTIVATED CARBON, *5
NTETUOLO, T. AND ADAMS, A. D. +

" DEEDS AND DATA-WATER POLLUTION CONTROL FEDERATION, JULY,

IDENTIFICATION OF THE VIRUCIDAL AGEN'; IN WASTE WATER SLUDGE.

INACTIVATION OF VIRUSES DURING ANAEROBIC SLUDGE DIGESTION
BERTUCCI, et al.

JOURNAL WATER POLLUTION CONTROL FEDERATION. VOL. 49, P. 1645
1977, .

1976,
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TITLE INCREASED LOADINGS ON DIGESTERS WITH RECYCLE OF DIGESTED
.« SQLIDS. © , -
AUTHOR PFEFFER, JOHN T. |
CORP AUTH  ILLINOIS UNIVERSITY, URBANA. .
AVAIL JOURNAL WATER POLLUTION CONTROL FEDERATION, VOL. 40, NO. 11,
PART 1, P. 19201933, NOVEMBER 1968.
TITLE 'INDIVIDUAL VOLATILE ACIDS IN ANAEROBIC TREATMENT.
AUTHOR MCcCARTY, P. L., et al.
© AVAIL JOURNAL WATER POLLUTION CONTROL FEDERATION, _VoL. #5 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,
“~ B, 1911, 1978, ¢

TITLE INTERACTION OF HEAVY METALS IN THE ANAEROBIC SLUDGE
v DIGESTION SYSTEM. ) .

AUTHOR HAO, S. S.

AVAIL - DISSERTATION ABSTRACTS., 39, 6085 '(1979).

TITLE , Ion EFFECTS IN ANAEROBIC DIGESTION«y

AUTHOR LAWRENCE, A. W., KUGELMAN, I. J., AND McCARTY, P. L.
AVAIL 'TECHNICAL REPORT NO. 33, DEPARTMENT OF CIVIL ENGINEERING,
. ’ STANFORD UNIVERSITY (HARCH 1964).

n

TITLE KINETIC ARD ACTIVITY PARAMETERS .OF 'ANAEROBIC FERMENTATION
SYSTEMS. ' .
AUTHO? AGARDY, F. J., et al. ’

AVAIL . SERL RaﬂbRT 63-2, uuxvsnstrv OF CALIFORNIA, ‘BERKELEY (1963).

TITLE KINETICS OF ANAEROBIC TREATMENT AT REDUCED TEMPERATURES.

AUTHOR O'ROURKE,-J. T.

AVAIL UNPUBLISHED DOCTORAL DISSERTATION STANFORD UNIVERSITY:
PALO ALTO,, CALIFORNIA 94305. 1968.

TITLE KINETICS OF METHANE FERMENTATION IN ANAEROBIC TREATMENT
AUTHOR LAWRENCE, A, W. AND P. L. McCARTY,
AVAIL ' JOURNAL WATER PQLLUTION CONTROL FEDERATION: RESEARCH

. SUPPLEMENT. P. R!. FEBRUARY 1969.

.
.

TITLE MANUAL OF PRACTICE NO. 8.

AUTHOR WATER POLLUTION CONTROL FEDERATION.

AVAIL WASTEWATER TREATMENT BLANT DESIGN WATER POLLUTION
CONTROL FEDERATION. WASHINGTON, D.C., 1977.

TITLE *  MIXING IN ANAEROBIC DIGESTERS—-TONAWANDA NEw YORK.
AUTHOR OLDSHUE, J. Y.
AVAIL AMERICAN ‘CITY (FEB. 1974), P. 80.

TITLE MIXING IN ANAEROBIC DIGESTION.
auTHOR “28& VERHOFF, F. H., M. W TENNEY, AND W. F. ECHELBERGER.
AUAIL 7 BIOTECHNOLOGY AND BIOENGINEBRING voL xv1 P, 757, 1974.
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TITLE A MULTI-STAGE FERMENTATION SYSTEM FOR FUNDAMENTAL ANAEROBIC
DIGESTION, RESEARCH. R

AUTHOR ‘SCHAMBURG, FRANK D/, KIRSCH EDWIN J. )

CORP AUTH  BRITISH CQLUMBIA RESEAKCH COUNCIL, VANCOUVER.

AVAIL PROCEED INGS, INDUSTRIAL ASTE  ONFERENCE, 21ST, MAY 3, 4, S,
1966, PURDUE UNIVEKSITY, VOL.'l, NQ. 2, MARCH 1956
P. 368-380. PUBLIC HEALTH SEBVICE GRANT WP00760-01, PUBLIG
HEALTH SERVICE FELLOWSHIP 5-F1-WP-22, 348-0l,

TITLE NEW DIRECTIDNSlIN ANAEROBIC DIGESTION OF SLUDGES..
AUTHOR MALINA, J. F.sAND E, M. MIHOLITS.
AVAIL ADVANCES IN WATER QUALITY IMPROVEMENT. GLOYNA, E. F.,
. AND ECKENFELDER, W. W., EDS. UNIvéRslTY OF TEXAS
. PRESS. AUSTIN,'TEXAS. 1968.
= b

. ’
A NEW SLUDGE DIGESTION PROCESS.
DRNEVICH, R. F. AND L. C. MATCH.
PROCEEDINGS OF THE 5TH VATIONALQCONFERENCE ON AGCEPTABLE
SLUDGE” DISPQSAL TECHNIQUES, ORLANDO, FLORIDA. JANUARY 31-
FEBRUARY 2, 1978. INFORMATION’ TRAVSFER INC., ROCKVILLE
MARYLAND 20852.

~

TITLE Nsu TWIST {N DIGESTER DESIGN.

AUTHOR DAVIS, G. H.

AVAIL . JMERICAN GITY ﬁyv COUNTYY P, 68, MAY 1976.

TITLE - UTR}ENT REQUIREMENTS AND BIOLOGICAL SOLIDS ACCUMULATION IN
ANAEROBIC DIGESTION
AUTHOR : R. E."AND McCARTY, P. L.
AVAIL ADVANOES IN WATER POLLUTION RESEARCH, VOL: II, ED. BY
CKENFELDER, PERGAMON PRESS (1964)

TITLE . OPTTMIZING GAS PRODUCTION, METHANE CONTENT AND BUFFER
CAPACITY IN DIGESTER OPERATION.

AUTHOR BROVKO, N. AND K.f¥. CHEN. . ,
AVAIL WATER AND SEWAGE WORKS. P. sS4, JULY 1977.

TITLE OXYGEN TOXICITY IN,DIGESTERS.
AUTHOR FIELDS, M., AND F. J. AGARDY.
AVAIL PROCEEDINGS 26TH PHRDUE INDUSTRIAL WASTE CONFERENCE.
PURDUﬂ’UNIVERSITY P. 284, 1971, /

, /
TITLE * g THE pH TOLERANCE OF ANAEROBIC DIGESTION. - 4 ‘/;>
AUTHOR . CLARK, R. H. AND R. F., SPEECE.
AVAIL " ADVANCESSIN WATER POLLUTION RESEARCH. VOL. I. S. H. JENKINS,
ER. PERGAMON PRESS, OXFORD, ENGLAND.,1970.

Ed i
TITLE PERIPHERAL MIXING TURNS SLUDGE INTO F?é: GAS.
AVAIL THE AMERICAN CITY AND COUNTY. P. 58, 'JuLY 1977.

TITLE } POPULATION DYNAMICS IN ANAEROBIC DIGESTION. . toa

AUTHOR PFEFFER, J. T., M. LEITER, AND J. R." WORLUND. R
'AVAIL * JOURNAL WATER POLLUTION CO@TROL FEDERATION. VOL. 39, P. 1305,
1967.
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CTITLE POWDERF:D ACTIVATED CABBON IMPROVES ANAER@B[C DIGESTION . '@
AUTHOR * “HUNSICKER, M., AND ALMEIDA, T, o
AVA?E - -WATER AND SEWAGE wom\s P. 62, JULY (1976). % ﬁ
TITLE PR[NCIPLES OF ANAERQB[C DIGESFION. . \ :
AUTHOR PRETORIUS, W. A.

AVAIL WATER pOLLUTION CONTROL (1973), PP. 202- 20&. . ‘§ :f;
' o e
TITLE PROCESS DESIGN MANUAL FOR sLUDCE TRE.ATMENI AND D[SPOSAL; &
AUTHOR _° USEPA. L] R 5{
AVAIL EPA TECHNOLOGY TRANSHR EPA -625/1- 79-011(1979) CHAPTER 5:
TITLE PROCESSI¥ OF COMBINED PHYSICAL-CHEMICAL BIOLOG[CAI! swpcs
AUTHOR 'PARKER, D S., D! G. NILES, WND F, J. zUDICK. =
AVAIL JOURNAL WATER POLLUTION CONTROL FEDERATION. VOL. 46, 5’ 2281
: . 1974, . -
[N ] . «‘ <o
.
TITLE PUMPING SLUDGE LONG DISTANCES. i - EELE oL
AUTHOR SPARR, ANTON E. o ;“ ;
CORP'AUPH  POTTER (ALEXANDER) ASSOCIATION, NEW YORK. N .
AVAIL * JOURNAL WATER POLLUTION CONTROL FEDERATION, voL. 1.3, NO. 8,
) AUGUST, 1971, P. 1702-1711. . e
TITLE REQUCTION OF .BACTERIA IN SLUDGE TREATMENT.
AUTHOR KAMPELMACHER, E. H., AND N. VAN NOORLE, JANSEN, L."h
AVAIL ., JOURNAL WATER POLLUTION CONTRQL FEDERATION. vox., 41. ’
‘P, 309, 1972. » -
‘l
TITLE REDUCTION OF DIGESTED SLUDGE VOLUME BY coumom;o RECIR(“U-
LATION, s
AUTHOR TORPEY, W. N, *AND N. R. MELBINGER. .
AVAIL JOUSNAL WAZER #QLLUTION FEDERATION. vOL. 39, P. 1464, 1967.
TITLE ¢ * REVIEW PAPER: THE THERMOPHILIC ANAEROBIC DI(; ST[ON pr{gcuss.

y AUTHOR “BUHR, H. 0. AND ANDREWS, J. F. ¢
AVAIL WATER RES. VOL. 11, P. 129, 1977, P e . N
TITLE THE ROLE OF SULFIDE IN PREVENTING HEAVY m;rAL TOXICITY lN .

N - ANAEROBIC TREATMENT. >

AUTHOR LAWRENCE, A. W. AND P. L. McCARTY. Ll !

AVAIL JOURNAL, WATER POLLUTION CQNTROL FEDERATIGN. VOL.. 37, P. 392,
. 1965. - . S .
S i s r' M

TITLE SLUDGE nxcssuou OF MUNICIPAL msrswnar} snuncas SLUDGE

STREATMENT AND DISPOSAL. i

.AUTHOR" . USEPA, ; l' -

AVAIL @ V¥OL. 1. USEPA ENVIRONMENT RESEARCH INFORMA’EION CENTER.

. CINCINNATI,' OHIO a5268,. EPA-625/ 4-78- oi(ﬁ‘»ocrosaa 1978.
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FITLE LUDGE HANDLING AND CONDITIONING.
AUTHOR iYSEPAu
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REPORT- SUBMITTED 10, MUNICIPAL CONSTRUCTION DIV., OFF. WATER e\
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SLUDGE TREATMENT. PROBLEMS AND SOLUTIONS, P\RT 1.
SMITH, J. E., JR. °
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STUDIES ON THE OXIDATI\OU KINETXCS OF BIOLOGICAL.SLUBGE ¢ !

ECKENFELDER, W. W., JR. . -
SEWAGE AND INDUSTRIAL \MSTES. voL. 28, 8, P. 983 1956.

A STUDY OF SLUDGE HANDLING AND DISPOSAL. .

U. S. DEPARTMENT OF INTERIOR.

FEDERAL WATER POLLUTION CONTROL ADMIRISTRATION, OFFICE 3
RESEARCH. NO. WP-20-4. MAY 1968. e e

A SUMMARY OF OBSERVATIONS ON THERMOPHILIC DIGESTER OPFRATIONS

OHARA, G. T.,.AND COLBAUGH, J. E. * .
PROCEEDINGS OF THE NATIONA; CONFERENCE OF MUNICIPAL, SLUD
INFORMATION TRANSFER, INC., °

SURVEY OF ANAEROBIC DIGESTIOY SUPERNATANT TREA’NENT *

ALTERNATIVES. g p .
MIGNONE, N. ¢ ‘

"A. . .
WATER AND SEWAGE WORKS. JAN. 1977.

.TEMPERATURE EFFECTS ON ANAEROBIC DIGESTION OF RAW SEWAG}E

SLUDCE.
GOLVERE,, C.»C. -
SEWAGE AND INDUSTRIAL WASTES. VOL. 30, P. 1225, 1958.

THERMAL EFFECTS ON CO\(PLETELY MIXED ANAEROBIC DIGESTION.
MALINA, J. F.
WATER AND S‘EWAGE WORKS.
~4

THERMOPHII?IC DIGESTJON AT THE HYPERION‘TREATMENT PLANT.
GARBER, W» F., et al.

JOURNAL WATER POLLUTION 'CONTROL FEDERATION VOL. 47, P.
19752 .

P, 52, JANUARY 1964.
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THERMOPHILIC PROCESSING OF MUNICIPAL WA‘STFE.
COULTHARD, T: L. AND P. M. TOWNSLEY.
PAPER NO. 74.219, CANADIAN SOCIETY OF AGRICULTURAL

EN«{INEERS. 1974. N >
R ..
THE TOXICITY OF CADMIUM TO ANAEROBIC DICESTION: ITS
MODIFIGATION BY INORGANIC ANIONS.
«MOSEY, F. E. .

WATER POLLUTION RESEARCH LA'B., STEVENAGE (ENGLAND) .
WATER POLLUTION CONTROL VOL. 70, 1971, P. 584-598.

%BXICITY SYNERGISM AND.ANTAGONISW IN ANAEROBIC WASTE .
TREATMENT PROCESS. . | . .
KUGELMAN, L. J. AND K. K. CHIN. !

ANAEROBEC- BIOLOGICAL TREATMENT PROCESSES. ADVANCES IN
CHEMISTRY®SERIES™NO. 105, AMER., CHEM, SQC. 1971.

TREATMENT AND D}SPOSAL OF WASTEWATER SLUDGES.-

VESILIND, P. A.
ANN ARBOR PRESS. ANN ARBOR, MICHIGAN 48106. 1974.
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