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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 . ’ . \ / .
Your comments and- suggestions regarding tHese publications
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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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Gidbert, W. G., Perspective’on Training Needs. Paper presented
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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.
*

-

.




: ¢ * Y
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 '
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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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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, -

. . -
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«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 .
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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
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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 -
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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