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Overall Program Agenda

9:30-10:20 Biosolids Management / Regulatory Framework

10:20-10:30 Break

10:30-12:00 Biosolids Treatment Technologies

12:00 - 13:00 Lunch

13:00 - 13:30 Sidestream Treatment and Advanced Stabilization
13:30-14:30 Energy Management

14:30 Workshop Closure



Biosolids Management Seminar

Expected Learning Outcomes

* Discuss the regulatory framework for
management of sewage sludge;

» Discuss major residuals thickening and
dewatering unit processes;

 Discuss sludge conditioning for thickening
and dewatering;

» Discuss major residuals stabilization unit
DrOCEeSSES;

* Discuss side-stream treatment and post-
dewatering advanced stabilization

O



Program Agenda

* Regulatory Framework

 Sludge Thickening

» Sludge Dewatering

» Sludge Conditioning

» Sludge Stabilization

« Side Stream Treatment

» Post-Dewatering Advanced Stablilization




THERE WILL BE ACTIVE LEARNING
COMPONENTS TO

THE SEMINAR

As my daughter says...

“If you snooze you lose”




REGULATORY FRAMEWORK &
CONSIDERATIONS




Residuals regulation Is

federal level under 40 CFR 503

governed at the

Major Sections

» General Provisions
»Land Application

» Surface Disposal

»Pathogen & Vector
Attraction Reduction

> Incineration

PART 503—STANDARDS FOR THE
USE OR DISPOSAL OF SEWAGE
SLUDGE

Subpart A—General Provisions
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$35 Addwiomal or more siingest Teqeienans.
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Subpart A—General Provisions

§503.1 Purpose and applicability.
anﬁm e (1) This pant establishes stamdards,
of genanl

:.uﬂ_g'e ;aenmm: :um:gdmummt of domestic
sEWaZe in 3 eatment works. Standards are in-
chaded in this for semaze shudes appled do
the land, oo a amface disposal site, or fired
In a sewage smdee incnerator. Also included in
this part are pathogen and alernarive VeCtar AtTac-
tion rediction requitements for sewage shidze ap-
plied o the land or placed on a surface dispesal
site.

() In addidon, the standards in this part inchude
ﬂ:e:equgmn\fmunr_nzm:\ecntdkmmzm-
quirements when sewage shidge 5 applisd to the
land, placed on 2 aface dispesal site, or fr=d in
a sewage sludge incnecatar. Al inchuded i this
PAIT are reportng requinaments for Class I shodge
menagement facilines, publicly owned Teatment
works (POTW:) WE\BIEEJWHTEBC[I.L:LW
nc!r!umdmnur.emLmsallmuperdm and
POTWS that serve 10,000 people or more

(b) Applica 1) This appliss to amy
parsmn%gn pmpmsl:mme sﬁrdt_-a appliss sew-
age shudge to the land, or fires sewage shudze in
a sewage shadge incinsrator and to the owner/oper-
artor of a surface disposal site.

(T) This applies o sewage shidee ap
mﬂ:elunip;nh mns.n'_ac.edrpo.al.ﬁ
fired m 2 sewage shadge incinerator.

(3) This part appliss to the exit gas from a sew-
age shudes mcmerator stack

= This part mplies o land whers sewage
shudze is 10 a surface disposal sitz, and 1o
a sewnge shudee incineratar.

§503.2 Compliance period.

(2) Conpliance with the stndards m this part
<hall be achizved as expeditionsly as practicable,
'tu1 i po case later than February 19, 1094, When

with the stndards requires construc-
r.nn of pew pollution conmol facilities, complince




For land application sewage sludge must

meet certain requirements

Non-Hazardous
 Criteria Pollutants

« Pathogen Content

* Vector Attraction
Reduction
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requirements of 40 CFR 261

* |gnitable

> Flash Point < 140°F
« Reactive

» EXxplosive

» Reacts with water (fire, toxic
gas, etc.)

 Corrosive
» pH<2.0orpH>125

 TOXIC
» TCLP extractable toxics

on-hazardous” sludge must meet the

PART 261—IDENTIFICATION AND
LISTING OF HAZARDOUS WASTE

Subpan A—Gonoral

© and
Dedinttson o

Defaison of hazandous waste
Exclusio
clal roguirements for hecardous
ste grnerated by comnditlanally esempt

1 quaniity generators.
Reguirements for recyclable mate

o hazardows wastlie I cmpty
2518 X wastes regulsted under  Toxic

Sulntmnwe C

2619 Roguirements for Untversal Waste

Subpart 8—Crtona for Idontfying the
Characterstics of Hazardous Waste
and for Listing Hazardous Waste

tertie e sdeniafylang thie chiatuc tes
hizardo L
Criteria for Myt ing hazardous wast e

Subpan C—Charactuistics of Hazardous
Wasto

Mtabilicy.
rrosivity
teristic of reactivity
Toxicity characteristic,

rteristic of

51.3) General

210 Hazsedous wastes froen  oan-specifle
SOurces

261.32 Harardous wastes fram  speciiic
NOUrT e

%11 Descarded comeerclal choemical pood
ucts. off sprcificat on W 8. contalner
residurs, and spill residues thereol

2135 Deletion of cvrtain lscardous waste

codes following equipment cleaning and
rrplac ement
]

g ablo Sy rggas Fuel Exeluston
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METHOD 1) X

LuacHnG PROCE

APPENDEX VI TO PPART M1--1Ass FPOR 1 05T
oS WAST

APPENTNX IX TD PART
Unnest §5260.20 Anp 2

19, May 19, 1980, undess

noted

Subpart A—General

§261.1 Purpose and scope

() This part wentifies those solid
wastes which are subject to regulation
as hazardous wastes unider parts 262
through 265, 268, and parts 270, Z71. a
124 of this chapter and which are sub
ject to the notitication requirements of
section W10 of RCRA. In this part:

1) Subpart A deflnes the terms
‘solid waste” and “harardous wasto
identifies those wastes which are ex
Cluded from reguiation under parts 262
through 266, 265 and 270 and establishes
spocial management roquiroments for
hazardous waste produced by condi
tonally exempt sosall guantity genera
tors and hazardous waste which Is re
cycled

Z) Subpart B sets farth the criteria
used by EPA o sdentifly ds
of hazardous waste and to
ticular hazardous wastes

3) Subpart C Wentifles characteris
Ucs of hazardous waste

§) Subpart D lists particular haz-
ardous wastes

L) The defindtion of solid wasto
contalned In this part applies only to
es that also are hazardous for pur
poses of the regulations Implementing
subtitle € of RCRA. For example, It
does not apply to materials (such as
nan-hazardous Scrap. paper, textiles, or
rubber) that are not otherwise haz
ardous wastes and that are recycled

2) This part ldentifles only some of
the materials which are solid wastes
and hezardous wastes under soctions
1007, 3013, and 1 of RCRA. A material
which Is not defined as a solid waste in
this part, or Is not 4 hazardous waste
Idenitified or listed In this part, Is still
a solid waste and a hazardous te tor
purposes of these sections 1f

1) In the case of sections 3007 amx!
3013, EPA has reason to bolleve that

1




40 CFR 503 reqgulates specific heavy

metals as “criteria” pollutants

* Celling Concentrations
» “Exceptional Quality” Thresholds
 Cumulative Pollutant Loading Rates

« Annual Pollutant Loading Rates




Exceed celling levels then land

application is not permitted!

TABLE 1 OF §503.13.—CEILING
CONCENTRATIONS

Ceiling con-

centration
Pollutant (milligrams

per Kilo-

gram)’
AISENIC ..o 75
Cadmium .. 85
(@70]o] o1 SRR 4300
Lead ..o, 840
MEICUNY .., S7
Molybdenum ... 75
NICKel oo 420
Selenium ... 100
74 | [« 7500
T Dry weight basis.




“Exceptional Quality” has lower criteria

pollutant concentrations.

TABLE 3 OF § 503.13.—POLLUTANT
CONCENTRATIONS
Monthly av-
erage con-
centration
Pollutant (milligrams
per kilo-
gram)?
AT S NG e 41
CadmMIiUM 39
(7o) o] o =] 1500
Lead o, 300
A =T o1 U | Y 17
NICK e e, 420
S ENIUM e 100
NG e 2800




for “non-EQ” biosolids.

Cumulative loading rate tracking required

TABLE 2 OF §503.13.—CUMULATIVE POLLUTANT

LOADING RATES

Pollutant

Cumulative
pollutant
loading rate
(kilograms
per hectare)

ATSENIC e
Cadmium
Copper
Lead e
Mercury
NICKE e
Selenium
Zinc

41
39
1500
300
17
420
100
2800




Annual pollutant loading rate also applies

for “non-EQ” biosolids.

TABLE 4 OF § 503.13.—ANNUAL POLLUTANT
LOADING RATES
Annual pol-
lutant loading
rate (kilo-
Pollutant grams per
hectare per
365 day pe-
riod)
ArSENIC ..oviitiii e 2.0
Cadmium ... 1.9
(o] o] o 1= T 75
Lead . 15
MEICUNY e 0.85
NiCKel oo 21
Selenium ... 5.0
ZINC oo e 140




DON'T" BE "NON-EQ”

Save yourself a lot of regulatory
headaches on cumulative and
annual pollutant loading rates

tracking

15



Active learning exercise...

What federal regulation establishes the
standards for classification of materials as a
hazardous or non-hazardous waste?

What are the four particular demonstrations
that have to be made to show you are non-
hazardous?

. @



Pathogen reduction requirements are

regulated under 40 CFR 503.32

SEPA Environmental Pathogen Classifications
Regulations and * Class A
Technology e Class B

Control of Pathogens and
Vector Attraction in
Sewage Sludge Class A

* Lowest Pathogen Density
« < 1,000 MPN/gram fecal
coliform density

Class B

« Lower Pathogen Density

¢ < 2*10°% MPN/gram fecal
coliform density




“Class B” pathogen reduction using PSRP

unit processes

« Aerobic Digestion
» > 40-days MCRT @ 20°C or > 60-days MCRT @ 15°C
« Anaerobic Digestion
» > 15-days MCRT 35°C to 55°C or > 40-days MCRT @ 20°C
« Air Drying
» > 3-months at > 0°C (above freezing)
« Composting
» Windrow, aerated static pile, or in-vessel systems
» > 40°C for at least 5-days AND > 55°C for at least 4-hours

« Lime Stabilization
» pH > 12.0 standard units for > 2-hours




Class A pathogen reduction by “time and

temperature”.

100.000 I
If % Solids < 7%, then
D = {50.70 *10%)/(10"24°T) but not less than 30 minutes
10.000 S If % Solids = 7%, then |
D={131.7 *10%)/(10"T), but not less than 20 minutes
T
3
S 1.000
w
E
= \
0.100 \ N
—< 7% Solids \
— 7% Solids \_
0.010 i ‘
120.0 130.0 140.0 150.0 160.0 170.0 180.0

Temperature (°F)




“Class A" pathogen reduction using PFRP

unit processes.

« Composting
» Aerated Static Piles and in-vessel systems temperature
maintained at > 55°C for at least 3-days

» Windrow systems temperature maintained at > 55°C for at
least 15-days with at least 5-turnings

* Heat Drying
» Dried to > 90% dry weight solids
» Particles Heated to > 80°C (indirect dryers) or

» Gas In contact with particles has a wet bulb gas
temperature > 80°C (direct dryers)

* Heat Treatment
» Liquid heated to > 180°C for > 30-minutes
» Zimpro, Porteous, and/or CAMBI thermal lysis

20



“Class A" pathogen reduction using PFRP

unit processes

« Thermophilic Aerobic Digestion
» ATAD type systems
» Heat generated from aerobic degradation of volatile solids
» Sensitive to feed solids degradable VS content and %TS feed
» Temperature maintained at > 55°C for 10-day MCRT
 Irradiation
» Not commonly applied
» Beta or Gamma Rays > 1.0 megarad at > 20°C
« Pasteurization

» Sludge Temperature maintained at > 70°C for at least 30-
minutes

» Uncommon on “liquid” sludge due to heat demand
» Common on dewatered cakes (e.g., RDP lime stabilization)

21



Vector attraction reduction Is regulated

under 40 CFR 503.33.

Table 2.3 Vector Attraction Reduction Methods

1. Volatile Solids Reduction by a minimum of 38 percent

2. Volatile Solids Reduction additional testing for anaerobic digestion

3. Volatile Solids Reduction additional testing for aerobic digestion

4. Specific Oxygen Uptake Rate (SOUR) equal to or less than 1.5 mulligrams of oxygen per
hour per gram of dry solids at 20 degrees Celstus (°C)

5. Aerobic process for a minimum of 14 days at a temperature of greater than 40°C and an

average temperature greater than 45°C

6. pH of 12 or higher by alkaline addition, and the maintenance of at least pH 12 for two
hours without addition of more alkaline material: then pH 11.5 or higher for an additional
22 hours

7. A total solids concentration equal to or greater than 75 percent for a material that does not
mclude unstabilized solids generated in a primary treatment process prior to mixing with
other materials

8. A total solids concentration equal to or greater than 90 percent for a material that contains
unstabilized solids generated in a primary treatment process prior to nuxing with other
materials
Injection of liquid biosolids below the land surface

10. Incorporation of biosolids that have been surface applied or placed on a surtace disposal
site within 6 hours after application to or placement on the land

11. Biosolids placed n an active disposal unit shall be covered with soil or other material at
the end of each operating day

12. The pH of domestic septage shall be raised to 12 or higher by alkaline addition and.,
without further alkaline addition, remain at 12 or higher for 30 minutes.




Active learning exercise...

23

What federal regulation establishes the
standards management of sewage sludges

by land application, land disposal, and
Incineration?




Active learning exercise...

Class B pathogen reduction can be
achieved using a “process to
reduce pathogens™ and Class A pathogen
reduction can be achieved using a “process
to reduce pathogens”

Discuss with a "neighbor” what process your
utility uses for pathogen reduction.

24



Active learning exercise...

Discuss with a neighbor what FOUR criteria
must be demonstrated in order to land apply

biosolids:
1.

2.
3.
4.

25




State and local regulations may result in

more stringent regulatory constraints.

————

North Carolina Administrative Code

Title 15A

Department of Environment and Natural Resources
Division of Water Quality

Subchapter 2T
Section .0100 through
Section .1600

WASTE NOT
DISCHARGED TO
SURFACE
WATERS

Last Amended on September 1, 2006
Environmental Management Commission
Raleigh, North Carolina




In Virginia new biosolids management

rules have recently been promulgated...

° Project 1248 - Final
—
STATE WATER CONTROL BOARD

Amendment of Regulations Pertaming 1o Bilosskds Atter

Tranafer from the Department of Health
j I eeS Table of Contents

CHAPTER 32 VIRGINIA POLLUTION ABATEMINT [VFA] PEANMIT RIGULATION .. 1
Pant | Genere 1
Defriticat 1
. — Purpase L]
0 Faturamarts sed prod Biwe) s
Eachipoas . 0
:
0. EMect of & VPA permn 1
» Regulations
SVAL2S-3240 Appication for a VPA permiz i
L] L] o
» VPDES Permitting

« 9VAC25 - 32
» Regulations

SVACLS- 32180, Pobv matice of YPA parmvd achion and pubinl cormment pered 4

o35 10 InfOrmaton

OSUSNG Tequated by OTher QOVerTment ageacier

» VPA Permitting "

Mot S atoen, revsCaton and reasuance, snd Larm nabon 1%
Causes far Lamminabon 3
Cauwes far mosificasion oL
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State and local frameworks may raise the

bar for management.

« Statewide Programs
» Application Rates
» Slope Restrictions
» Buffer Restrictions
» Soil pH Management
» Nutrient Management Plans

« Local Government
Programs
» Local Oversight Function
» Monitor Application at Sites
» Additional Residuals Testing
» Enforce State Regulations
» Fee Supported Program




Will land application be viable or vulnerable

over the long term?

* Regulatory Challenges
» Federal Rules
» State Ordinances
» Local Ordinances

* Legal Challenges
» Toxic Tort Claims
» Personal Property

> Public Nuisance
Claims




Biosolids land application has been

challenged in the trial courts.

Human Impact Claims

VA - Whyatt et. al. vs. Sussex
Surry LLC and Synagro

TN — Jones vs. Erwin Utility
District

FL — Bowen vs. American Water
Services Residuals
Management

PA — Pennock vs. Lenzi

Animal Impact Claims

GA — Boyce vs. Augusta-Richmond
County

GA — McElmurray vs. Augusta-
Richmond County




Pressure also exists for regulatory

change on several fronts.

Emerging Contaminants
« Endocrine Disruptors
Pharmaceuticals
Personal Care Products
Flame Retardants
Dioxins

;
|
|

e o
Environmental Chemistry

[ ]
v The Handbook of

[ J
wvh
-

Pathogens
* Bacteria
* \irus

Odors & Bio-aerosols ) Springer




32

An example of how regulatory changes

can destabilize biosolids management.

A

9-0]0-0-~|+ =

o—
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The rules are changing for existing and

new sewage sludge incinerators (SSI).

A

9-0]0-0-~|+ =

o—




The former regulatory framework for

sewage sludge incinerators.

« 40 CFR Standards of Performance for Sewage Treatment Plants
» Particulate Matter
» Opacity

« 40 CFR 61 National Emission Standards for Hazardous Air
Pollutants (HAPS)

» Mercury (HQ)
» Beryllium (Be)

« Part 503 Regulations
» Incorporate 40 CFR 61 for Be, Hg
» Total Hydrocarbons/CO

» Lead, Arsenic, Cadmium, Chromium, Nickel
(Measured in Biosolids)




Regulations have been evolving based on

an expanded waste definition

« Clean Air Act Established Emission Standards for
Specific Categories of Solid Waste Incineration
Units (70 FR 74870)

» Municipal Waste > 250 TPD

» Municipal Waste < 250 TPD

» Hospital/Medical Waste

» Commercial or Industrial Waste
» Other Categories of Solid Waste

« EPA Established Emission Standards for other
Solid Waste Incinerator Units — 12/2005

» Did Not Include Emission Standards for SSI Units




Regulations have been evolving based on

an expanded waste definition

 Sierra Club Petitions EPA for SSI emission
standards/litigates

- Initial position of EPA — “no changes necessary to
/0 FR 74870"

» EPA classifies sewage sludge as a solid
waste and therefore regulated by CAA

* Rule promulgated to establlsh regulatory
reqmrements for SSI units "new” and
“existing”




Both FBTO and MHI will be regulated

under the new rules

* Two Subcategories of SSI's

- Multiple Hearth (163 units)
- Fluidized Bed (55 units)

. Regulated Pollutants:

Cadmium (Cd)
- Dioxins/Dibenzofurons (CDD/CDF)
- Carbon Monoxide (CO)
- Hydrogen Chloride (HCL)
- Mercury (HQ)
- Oxides of Nitrogen (NOx)
- Opacity
- Lead (Pb)
- Particulate Matter (PM)
- Sulfur Dioxide (SO,)




Emission limits were developed based on

the best performing units sampled.

« Section 129A-CAA —Emission limits for existing units
cannot be less stringent that the average emission
limitation achieved by the best performing 12% of units
In a source category” — MACT Standards

« EPA's interpretation is that emission levels for each
pollutant should be used to define “best performing”.

 Therefore the proposed limits represent the average of
the lowest 12% of emission levels for each pollutant
and not the best performing 12% of installations.




What has been the response to a “sea
change” in regulations...

Stay with Incineration
Upgrade APC System

Asheville, NC

Stay with Incineration

G b N
reensboro, NC Upgrade APC System

Stay with Incineration

High Point, NC
1 Upgrade APC System

Abandon Incineration

| .
Columbia, SC Landfill / Class B Land Apply

North Charleston Abandor.m Inc.lneratlon
39 Landfill Disposal



Active learning exercise...

Discuss the four potential challenges or
regulatory changes which may impact
biosolids and residuals management.

Discuss how your utility would respond to
any one of these challenges if you lost the
ability to manage biosolids as you do now.

40




C. Michael Bullard, P.E.

Vice President

National Residuals & Biosolids Leader
Hazen and Sawyer — Raleigh Office
(919) 755-8582
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Biosolids 101 - Program Agenda

» Sludge Thickening
« Sludge Dewatering

» Sludge Conditioning for Thickening and
Dewatering

43




SLUDGE THICKENING

44
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Dissolved Air Flotation Thickener

MIXING CHAMBER
AND NOZZLE

W7

4

FEED
SLUDGE

PRESSURE
RELEASE
WALVE ——

FRESSURIZED
RECYCLE WITH
DISSOLVED AIR =

Figure 17.24

THICKENED
SLUDGE

SURFACE
SKIMMER

FLOATED SLUDGE
LAYER

—BAFFLE
’/' EFFLUENT

DRAWOFF _x/ (f
r— e

DISSOLVED AIR
FLOTATION TANK

|

-]

AlR

AlR SATURATION
TANK -

Schematic of dissolved air flotation thickener.

SETTLED
SLUDGE

3
(2

RECYCLE
PUMP

AlR

COMPRESSOR

T RECYCLE
FLOW

Source: WEF, MOP-8.




Dissolved Air Floatation Thickener

R .
1]
.
|.>"
{H),
<o
'..( .

Image §k omlih\ecsén rSon
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Gravity Belt Thickener

 PLOWS
/.—"
FLOCCULATION ———__ p
TANK
1 f -
i WASH
POLYMER \/ STATION
FILTRATE
COLLECTION THICKENED
PAN /SUMP SLUDGE
PLMP
SLUDGE

FILTRATE AND
BELT WASHWATER

POLYMER
INJECTOR /MIXER

Figure 17.26 General schematic of a gravity belt thickener.

— ADJUSTABLE

RAMP

THICKENED
SLUDGE

Source: WEF, MOP-8.




Gravity Belt Thickener
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Feed Solids, %TS

2.0% - 4.0%

0.5% - 1.0%

1.0% - 2.0%

Thickened Solids, %TS

5.0% - 8.0%

4.5% - 5.5%

4.5% - 6.0%

Solids Loading Rate
(Ib/hr-meter)

750 - 1,000

600 - 750

750 - 900

Hydraulic Loading Rate
(gallons/minute-meter)

75-100

200 - 250

150 - 200




Rotary drum thickener




Gravity Thickening
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SLUDGE HOPPER e

Figure 17.23 Typical gravity thickener.

WALKWAY OVERFLOW
DRIVE UNIT~~._ LAUNDER ~
~
- — -FEEDWELL
B WEIR PLATE
| N - p | { ~ \ EFFLUENT
i-\] R L m I BIPE
A B 2 ==
—i— '\/}J. T“"-».-i|g|: /
7 - LILJ':___l‘ll - '
INFLUENT PIPE ~—~
: T - PICKETS
CENTER CAGE 7&1‘\{17— RAKE ARMS
CENTER COLUMMN - SOUEEGEES
CENTER SCRAPER BLnnF57 RAKE BLADES
T

T~ THICKEMNED SLUDGE
DISCHARGE PIPE

Source: WEF, MOP-8.




Gravity sludge thickener

SALTTEERTYES

Image: Madison (WI) MSD @'
. http:/iwww:madsewer.org/SolidWaste Treatment.htm
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Feed Solids, %TS

2.0% - 4.0%

0.5% - 1.5%

1.0% - 2.0%

Underflow Solids, %TS

5.0% -7.5%

2.0% - 3.0%

3.0% - 5.0%

Solids Loading Rate
(Ib/day-sft)

20-30

5-15

Hydraulic Loading Rate
(gallons/day-sft)

400 - 750

100 - 200

250 - 450




Biosolids 101 - Program Agenda

ud hickeni
« Sludge Dewatering

» Sludge Conditioning for Thickening and
Dewatering

54




SLUDGE DEWATERING

55




Belt Filter Press Dewatering

« Good

— Simpler than centrifuge
operation

— Can be automated
— High solids capture rate

— Relatively low
maintenance costs

 Not so Good
— Odor control
— High water requirements

— Difficult for large roller
and belt replacement

— Large footprint
requirements

56
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Feed Solids, %TS

3.0% - 4.0%

2.0% - 3.0%

2.0% - 4.0%

Cake Solids, %TS

24% - 30%

12%-18%

20% - 25%

Solids Loading Rate
(Ib/hr-meter)

800-1,200

400 - 600

600-750

Hydraulic Loading Rate
(gallons/minute-meter)

60-75

40-60

60-75




High Solids Centrifuge

 Good L-\nl

— Generally higher solids content [
than belt press (1-2%7?)

— Compact footprint

— Can generally be automated
— High solids capture rate

— Fully enclosed

 Not so Good

— Specialized maintenance and
operation

— High rotational speeds

— Higher power consumption
— Higher noise

— Wear and tear

58




Plate and Frame Filter Presses

« Good
— High solids
* Not so Good
— High pressure operation
— Batch process
— Difficult to automate

— High operation and
maintenance requirements

— Skilled / trained labor
reguirements

— High chemical costs
(typically lime and ferric)
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Rotary Screw Presses

- Slow rotating screw presses
solids into smaller and smaller
area toward discharge

« Two types — inclined and
straight

« Good
— Low speed, low power
— High solids capture rate
— Low water requirements
— Automated operations
— Ease of maintenance

* Not so Good
— Recent technology

— Lower performance without
primary solids

60




Rotary Fan Presses

Slow turning internal disc,
pressure creates cake

 Good
— Low speed, low power
— High solids capture rate
— Low water requirements
— Automated operations
— Ease of maintenance

* Not so Good
— Better with primary solids

— Performance with WAS
should be piloted
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Biosolids 101 - Program Agenda

ud hickeni

+ Sludge-Dewaterng

» Sludge Conditioning for Thickening and
Dewatering
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SLUDGE CONDITIONING FOR
THICKENING AND DEWATERING
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Polymer Types

* Polymer iIs used for sludge conditioning
and to enhance settling, thickening, and

dewatering
CAUTION
 Electronic charge ~
* Charge density y
» Molecular weight WET
FLOOR

 Molecular structure
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Milky/cloudy liquid totes

Higher concentration of
active polymer

Shorter self life than dry
polymer

Usually 25% to 60%
active polymer




Dry Polymer

Pellet or flake

orovided in large bulk

nags

« Lower concentration
of active polymer

* Longer shelf life than
emulsion polymer

o \

-
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Sludge Stabilization - Outline

* Aerobic Digestion
* Anaerobic Digestion

70




AEROBIC DIGESTION
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Aerobic Digestion — Overview

* Why Aerobic Digestion?
»Plant size (~< 5-mgd)
» Complexity
»Biosolids constraints
»Energy
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Aerobic Digestion — Overview

GOAL

 Achieve desired volatile solids
reduction (VSR) in an aerobic

biological reactor. Eiodegradable { Nonbiodegradabie
INPUTS Vter ater
* Primary sludge, WAS, or both
(thickened or non-thickened) - Biodegracabi
* O, (via diffused air, mechanical (L. NH;, PO Organic
aerator, draft tube, etc.) o
« Mixing (aeration, or aeration + S0z + 1,0
mixing) Biomass
» Alkalinity (naturally occurring o,
HCO,", or OH- or CO,42 chemical /\Hm“@ v
addition) Nutients inaciive N partcuate
OUTPUTS e Mo o Viter
« Red. sludge volume (e.g. VSR Srac Degger, andim, 1959
occurred)

. Suiernatant



Aerobic Digestion — Overview

Biomass (input and food source)
Dissolved Oxygen (D.O.) from aeration

C.H,NO, + 70, — 5CO, + 3H,0 + NO, + H*

Carbon oxidizes and causes pH

O, (D.O.) oxidation state is reduced

NH,; is an intermediate product of WAS
degradation, and it is nitrified into NOg’

Due to conversion of organic N to NO;", causing pH to drop
(consumption of alkalinity: H* + HCO;— H,CO,; pH = -log[H*])
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Aerobic Digestion — Overview

Highlights:
* Tank Sizing & Operation

» Alkalinity and pH

» Aeration for. Oxygen Supply
* Process Monitoring.and Control




Aerobic Digestion — Tank Sizing

« Tank volume governed by solids retention time (SRT)
necessary to achieve required volatile solids reduction

(VSR) kgat 10°C 00247

kgat 15°C 0.06d7!

_O(X; + Fps) kgat20°C  0.104d !

== ki, at 25°C 0.14d7!

X (kyP, + 1/SRT) -
B For Class B:

where ¥ = volume of aerobic digester, m- At 20°C 40 days
Q = average flowrate to digester, m°/d At 15°C 60 days

X; = influent suspended solids, mg/L
Fpg = fraction of influent BOD that is faw primary solids

S = digester influent BOD, mg/L

X = digester suspended solids, mgfL

ky; = reaction rate constant, d

P, = volatile fraction of digester suspended solids
SRT = solids retention time, d

WEF, 1998



Aerobic Digestion — Tank Sizing

VSR as function of temperature and SRT:
60 —
& @
W a
8 ° 0% °
5 g BaoD .
g 40| _oto 4002 - —° 38% minimum
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Aerobic Digestion — Tank Sizing

VSR considerations at variable temperatures:

60 , : ]_
® 501 i
§ |L__43%___
S 40 ' Example: ~
0 I
2 SR = |§ SRT = 30 days
— o
S % :“” : n Summer Temp = 25°C
% 20 |- 'L 'IE Winter Temp = 10°C -
= Iy )
= I I o
| |U
O o |
| lol I L | | | |

0
0 200 400 600 800 1000 1200 1400 1600 1800
Temperature °C X sludge age, days




Aerobic Digestion — Operation

Supernatant § 4 pgested

« Typical single stage i
batch operation
» In-tank thickening
. 0.5% - 1.5% TS (typ.) i ‘ * s *
» Supernatant o
- Telescoping valve or 1

ﬂoa.ting decanter (a) Batch-Operated Aerobic Digester

Feed

Sludge ) Iw<
9 S

Supernatant
e
Liquor

Qsi

Digested
Sludge Q4
—_——

(b) Aeration Cycle (c) Settling Cycle
(Sludge Feeding and Digestion) (Digested Sludge and
Supernatant Withdrawal)

Reynolds & Richards, 1996



Aerobic Digestion — Operation

« Typical single stage continuous operation

» Upstream thickening
» As discussed earlier in presentation
 If thickened upstream, < ~3.5% - 4% TS for adequate tank mixing

» Downstream thickening
» As discussed earlier in presentation

» Dewatered liquid from thickening
Air

Thickener 1’ i J’ Digested

Feed Aerobic Sludge
Hy Digester
Sludge g Q4

Sludge Displacement
or Holding Tank

|

I
Qg | Supernatant O, | Digested Sludge
Liquor ¢ (Alternate Withdrawal)




Aerobic Digestion — Alkalinity and pH

« Reactions during aerobic digestion (nitrif.)

C5H?OQN + 502 — 4C0O, + H,O + NH,HCO;, B -

Destruction of biomass in aerobic digestion © Dl i ol ot
<€ 4 ammonia

NH,;™ + 20, —» NO;~ H,O 7 Ib alkalinity cons.

Nitrification of released amimonia-nitrogen L per Ib ammonia conv.

« Reactions during aerobic/anoxic digestion (nltrlf and denit.)
Up to 50% recovery

- " of alkalinity
GH7ON + 4NO; - + HyO — NH,y 2N; |+ No aeration 25% -
Denitrification using nitrate-nitrogen as eléctron aéceptnr 50% of time

Daigger et al. 1997 o Req meCh_ miXing
L+ Will decrease VSR

« |f pH < ~5.5, supplemental alkalinity addition required




Aerobic Digestion — Aeration for Oxygen

Supply

« Maintain D.O. = 1.0 mg/L during aeration

« ~2.31b O, per Ib BOD oxidized

« Oxygen transfer efficiency will also dictate blower req.

OXrGEN
TRAMNSFER
MecHANICAL AERATOR TYPE EFFICIENCY (%)
Fine-bubble membrane : :
diffusers (total floor coverage)® 20-39 Typlcal for aerobic
Coarse-bubble diffusers” 10-15 dlgeSthn
Jet aerators” 22-27
Fixed mechanical aerators |0—18
Floating aerators |0—18
Rotor brush aerators 10—-18

Hammer & Hammer, 2008




Aerobic Digestion — Process Monitoring

and Control

« Performance considerations:
>VSR
>SRT

* Monitoring considerations:

Operating range

Monitoring parameter Frequency Minimum Nominal Maximum
Temperature, °C Daily 15 20 37
pH Daily 6.0 7.0 7.6
Dissolved oxygen, mg/L Daily 0.1 0.4 to 0.8 2.0
Alkalinity, mg/L as calcium carbonate Weekly 100 =500 —
Ammonia-nitrogen, mg/L Weekly o <20 40
Nitrate, mg /L Weekly — <20 —
Nitrite, mg/L As required —_ <10 —
SOUR, mg oxygen/h/g total solids As required — <1.5 —
Phosphorus, mg /L As required <5

83 Stege and Bailey, 2003



Sludge Stabilization - Outline

e Dicest

* Anaerobic Digestion
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ANAEROBIC DIGESTION
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Anaerobic Digestion — Overview

* Why Anaerobic Digestion?
»Plant size
» Biosolids constraints
»Energy
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Anaerobic Digestion — Overview

GOAL

* Achieve desired VSR in an anaerobic biological reactor, and recover
byproducts of process as valuable resources

M Digester Gas
* Primary sludge, WAS, or

both (thickened) Gas
« Heat (via heat exchanger)
* Mixing (biogas or mech. Sludge Feed @Hﬂm .

mixing) _,:, Acive

| Exhanger | —>

OUTPUTS " e
» Digested sludge w/ red. |

volume (e.g. VSR Racycle

occurrecg) ’ T~

« Dewatered liquid
« Methane rich biogas
* Nutrient rich biosolids = Digested Blosolide

WEF, 2010
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Anaerobic Digestion — Overview

Complex biodegradable
particulates (raw sludge)

l Hydrolysis

Soluble organics
(amino acids, simple sugars, &
long chain fatty acids)

Acidogenesis

v

Volatile fatty acids

(propionic, butyric,
valeric, etc.)

: |

\ 4

Hydrolysis:

> H,

Acetate [« .
Acetogenesis

<
Methanogenesis |CO,[Methanogenesis

» Hydrolytic bacteria convert complex
organics into smaller molecules, and
solubilized to amino acids, simple sugars,
and LCFA

Acidogenesis:
 Acidogenic bacteria convert products of
hydrolysis into VFAs, acetate, and H,

Acetogenesis:
 Acetogenic bacteria convert products of
acidogenesis into acetate & H,

Methanogenesis:

* Methanogenic Archae generate CH,

* Aceticlastic (acetate > CH, + CO,)
« Hydrogenotrophic (H, + CO, - CH,)




Anaerobic Digestion — Temperature

« Temperature impacts anaerobic digestion
> VSR
» Methane formation

a
~
3 WETHANE

L -
o ] 20 30 40 50 s 8
SRT, DAYS WEF, 2010 g
-
a
=
-
w
=

30 50 80

89 SRY,DAYS Grady, Daigger, Lim, 1999



Anaerobic Digestion — SRT and Tank

Sizing

« REMINDER - CFR 503 mandates:
» Class B biosolids: SRT = 15-days
» Class A biosolids:
* If feed sludge < 7% TS: SRT (days) = 50,070,000/100-147
* If feed sludge = 7% TS: SRT (days) = 131,700,000/100-147

« SRT = HRT = Tank Volume / Q

» Tank Volume = SRT x Q
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Anaerobic Digestion — Mixing

Digester mixing is vital for some of the following reasons:
Reduction of thermal stratification

91

Dispersion of “food”

Primary methods:

1.

Mechanical
 Pumped

* Impeller,
propeller,
and turbine
wheels

Gas
recirculation

 Tubes,
lances, and
diffusion

1
Botiom diffusers Gas
COMPIEssor

a Gas
camprnwl}r

Covar-mountad lances

a)
Soum
Deflacting Braskar
Auziliary mms—._ “"IE": nozzle
milxing Y por Mii
i
nozzhs Yoo | 8

{d]

Ny | nazzle

W
Retirculation

Mixing nozzle
yno puma

Auxiliary
pump
External pumped recirculation

=TT
ounlad o aEs
1o cover "\ ~ /z.-/ COMmprassor
',

[optional)

Gasfiifter

Compraessar

—
=
:I 1.9
=3
B,
0
1
1
El.ll'JLl:I Gias pistons Gias
qenaratar Comprassar
(&)

Reawarse motar

External drafl fubas

Motor and
gear bax i
|

Low-spaad turbine

Iatar and

. Vortax
gear box T

! mixer

Low-spead mixar

(4]

Rewverse motor
ard gear bax

C.]
m | propsller

Internal draft tubes

Metcalf & Eddy. 2003



Anaerobic Digestion — Heating and

Temperature Control

I I IS IS S S S S s . m Iﬂfﬁﬂﬂ
Fuel Oil Digester Gas | ges
y
Boiler Gas
58
©
Tz
SIH!!EQFGH . m

o

Heat —
Exchanger
—

i

____é____

|
\

> Digested Blosolids
WEF, 2010
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Anaerobic Digestion — Heating and

Temperature Control

Depending on desired operation, digester contents are heated to:
« Mesophilic temperatures (~35°C, ~95°F)
« Thermophilic temperatures (~55°C, ~131°F)

Heat is imparted to sludge via Heat Exchanger:

Typ. heat sources for
Heat Exchangers from
biogas combustion:

» Fired boilers (steam or
hot water) from biogas
or fuel oil combustion

« Cogeneration (AKA
“CHP”, or combined
heat and power)

www.hrs-heatexchangers.com www.tranter.com ° Wate r-source heat
pump

Concentric Pipe Spiral Plate

.:0 =
Y =4
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Anaerobic Digestion — Monitoring and

Control

Temperature
» Maintain mesophilic or thermophilic temperature range
» Daily temperature deviation < 0.6 °C (1 °F)
° pH
» Desired operating range is 6.8 to 7.2, ideal for methanogens
« At pH < 6, un-ionized volatile acids are toxic to methanogens
* At pH > 8, un-ionized ammonia is toxic to methanogens

Alkalinity
» Ammonium bicarbonate (NH,HCO,), calcium, and magnesium
» Desirable range: 1,500 — 5,000 mg/L and CaCOs,

Volatile Acids
» VA: ALK ratio = volatile acids (mg/L) / alkalinity as CaCO4 (mg/L)
0.3 - 0.4 corrective action needed; > 0.8 methane inhibition
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Anaerobic Digestion — Implications of

Sludge Feed Type

Volatile Solids Reduction at Selected Degradation Rate Constants

80.0%

70.0%

60.0%

|| VSR = VSR * (1-e™)

Where:

PS VSR jax = 65.0%

PS Rate Constant = 0.125-0.150 per day
WAS VSR .. = 32.5%

Volatile Solids Reduction (%VSR)

N w B n
o o o ot
o o o o
X S X =S

10.0%

——\WAS - Low Range WAS - High Range

bbb || ——Ps-lowRange ——Ps - High Range
0.0% = HE HE HE HE HE HEHH I HEHH I HEHH I HEHH I HEHH
0.0 50 100 150 200 250 30.0 350 400 450 500

35 Digester Residence Time (days) I




Anaerobic Digestion — Implications of

Sludge Feed Type on Overall Mass Red.

96

With Primary Clarifiers

Plant Type NOI Pr-lfl:nary
Clarifiers Primary Secondary
Feed Solids Rate 1,780 1,250 970
(Ibs/MG Treated) 0.77 VS/TS 0.80 VS/TS 0.82 VS/TS
Digester MCRT 20 20 20
(days)
Volatile Solids Reduction 0 0 0
(% VSR) 22.5% 62.5% 22.5%
Volatile Solids Destroyed
(Ibs VSR/MG Treated) 310 625 180
Post Digestion Solids 1,470 1,415

(Ib/MG Treated)

Note: Sludge production estimate based on 250 mg/L influent BOD and TSS concentration, 10-day MCRT activated sludge
process, 30% BOD removal and 60% TSS removal in primary clarifiers (where applicable), influent VS/TS fraction 0.80, 20%
influent volatile solids un-degradable particulate solids.




Anaerobic Digestion — Implications of

Sludge Feed Type on Digester Gas Yield
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Plant Type

No Primary

With Primary Clarifiers

Clarifiers Primary Secondary
F