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CHAPTER |

INTRODUCTION

With petroleum-based fuel prices at all-time record highs and growingcpotaiest in
environmentally conscious products, alternative fuel sources are recemag@ttention
than ever. Universities, private and public corporations, and government ageacies a
spending millions of dollars each year to further research towards productioaativeff
and feasible alternative fuels that are renewable, clean burning, and more ieabtoom
produce compared to the long-established fossil fuels. One alternative fueshzeen
received with great success in Europe and Asia, and is showing increased intiére
United States, is biomethane (biogas). Biogas has been evaluated as omeost the
energy-efficient and environmentally beneficial technologies for bioerngaguction

(Fehrenbaclet al., 2008)

Biogas is a biologically-produced, renewable fuel that can be used for any cambusti
process that utilizes methane as a fuel source, such as heat, transpoleatrasitye and
combined heat and power (CHP) generation. Biogas can also be scrubbed and upgraded

to meet pipeline gas quality standards for transmission. Biogas is comprisethanenet



carbon dioxide, hydrogen sulfide and other trace gases, and is generateddigabiolo
anaerobic digestion of organic compounds and materials, such as agricultural wastes,
including animal and crop wastes, food wastes, energy crops, industrial wadtes, a

municipal wastes.

With the success of biogas as a fuel source in Europe and Asia, and the prospectioé¢ future
biogas as a fuel source in the United States, research studies were ge:ttbavaluate

anaerobic digester operations from an alternative fuels production standpoint.

The scope of this research study was to operate suspended growth, continudususkirre
reactor (CSTR) anaerobic digesters at the bench-scale level to evalpiateed operation
technigues/methods and develop biokinetic relationships. Multiple digestenrseaere
operated simultaneously for approximately fourteen months to obtain data tbatsedrto
develop improved operational processes and biokinetic relationships, along with evaluation

of treatment performance under various operating conditions.

The ultimate goal of this study was to develop biokinetic constants and a datébas
anaerobic digester operating parameters using manual operating techhthedseach-

scale level that could be applied for automation of full-scale biogas/bgyeperduction
facilities for the purpose of enhanced biogas production. The purpose of automating full
scale biogas/bioenergy production facilities is to improve digester apesatnd enhance
biogas production by producing the maximum specific biogas/methane production rate
possible from a given anaerobic digester reactor volume while maintainiilg sligester

operating conditions.



Considering technology currently available for on-line monitoring and preoessol of
biogas production facilities and waste treatment facilities, fasltould ultimately
implement automated monitoring of key analytical parameters and biokinettamisnsiong
with a means for adjusting selected variables through the use of programogable |
controllers (PLCs) to optimize for biogas production and treatment performaree whi

maintaining adequate pH and alkalinity requirements.

Feedstocks used for this research project consisted of combined agricultteal was
feedstocks, such as laying hen litter, swine manure, corn husklage, thin stotaged!

alcohol production, and sweet corn silage juice. Feedstocks were chosen based on
availability and reasonable trucking distance within a specific regitmedfnited States
based on the concept of regional waste biogas production facilities. Individdsideks

were characterized for chemical oxygen demand (COD), nutrient value, and pH and
alkalinity. Individual feedstocks were blended together to provide a co-digestionsproces
based on individual feedstock characterization to control COD to nutrient ratios, pH and
alkalinity demands in the digesters, manage ammonia inhibition/toxicity, axdi@r
macronutrients (nitrogen and phosphorus) and micronutrients without requiring additional
nutrient supplementation. Trace elements like iron, nickel, cobalt, selenium, molyhdenum
and tungsten are important for the growth rate of microorganisms and often radsieble

for biogas production if single feedstocks such as energy crops are used (Abdoun and
Weiland, 2009; Jarviet al., 1997). Feedstocks were provided by outside suppliers and
shipped to laboratory facilities in Stillwater, Oklahoma, and storefCairda walk-in

refrigerator prior to use.



Multiple bench-scale anaerobic digesters were operated in a semi-confiedl oS TR
mode. Feed was pumped into the digesters via peristaltic pumps controlled tonElect
timers. Once daily, digester lids were removed to allow for wasting ateigeontents to
maintain digester operating volumes. All digesters were operated under mesophil
conditions. Digesters were operated in a temperature controlled room arderature
was maintained between %€3to 36C throughout the course of the research study period.
Digesters were operated in a once-through CSTR mode similar to fdlegmadations at
conventional anaerobic digestion facilities. However; one digester waseamperat biomass
recycle CSTR mode to evaluate the impacts of sludge recycle on trepgmentnance and
biogas quality and quantity. To accomplish biomass recycle, digester contemtemeved
once daily to maintain a standard digester operating volume. The digestersoaremted
from the biomass recycle digester were placed into a laboratory centridige
centrifugation, the centrate was wasted and sampled as effluent, whntntentrated
biomass was returned to the digester. Excess centrate remainiregfiféat sampling was
discarded. The biomass recycle digester was operated under the same maimiethanc
sampling programs as the other digesters. All digesters were routimglesafor key

analytical parameters and monitored for biogas production quantity and quality.

Biokinetic relationships were developed from data obtained during the course edd¢hech
study for specific biogas production rate, specific methane producterarat specific

substrate utilization rate, or substrate removal, in terms of COD. Biokawetstants were
developed according to the Stover-Kincannon Model (Stover & Kincannon, 1982, 1983, and

1984).



CHAPTER Il

REVIEW OF LITERATURE

CURRENT STATE

Many European and Asian countries have already turned to biogas as a majuurites| s
for electricity production, transportation fuel, and heating fuel. Biogasntlyri@counts

for 2/3 of the renewable energy in Europe and is typically produced from agyadtul
wastes, including animal and crop wastes, energy crops, industrial veastesunicipal
wastes (European Biomass Association, 2009). Germany has become thelargddts
biogas producing country with approximately 4,000 on-farm biogas production plants in
operation at the end of 2008 (Fachverband Biogas, 2009) The most common digester
reactor configuration is the vertical CSTR which is applied in nearly 90% ofddenm
biogas production facilities in Germany (Gemmekal., 2009). An estimated six to

eight million family-sized, low-technology digesters are used in the Fsr(Ehina and
India) to provide biogas for cooking and lighting. Over 1,000 high-rate anaerobic

digesters are operated world-wide to treat organic polluted industséd staeams



including beverage, food, meat, pulp and paper, and milk processors (IEA Bioenergy,

1999).

BACKGROUND

Biogas is a biological product that occurs as a result of anaerobic digestion of organi
compounds and materials, both in soluble waste constituents, or in particulate suspended
solid matter that serves as a food or fuel source for anaerobic microorgariibmthree

main components of biogas are methane, carbon dioxide, and hydrogen sulfide. The
fractional composition of biogas, as well as methane yield, varied basgaste source
quality, sulfur content, type of digestion system used, and hydraulic retentiorHiRii¢ (

(Braun 2007).

Methane is a colorless, odorless, combustible gas and the principal component of natural
gas and biogas. Methane typically comprises 65 to 85 percent of biogas, depending on
waste source quality. Methane production can be estimated based on substredé rem
efficiency in terms of COD. For each gram of COD removed/converted undeolaicae
conditions, 0.35 liters of methane is produced at standard conditf@har(@ 1 atm)

(Metcalf and Eddy, Inc., 2003). Methane from biogas can be used as a fuel soarce fo
variety of operations, such as heat fuel, engine fuel for transportation, emgiher f
electricity generation, and engine fuel for CHP, which is the processabfi@ty

generation and waste heat recovery. Biogas is usually used to fpebcatengine CHP
processes where electricity generating efficiencies cai rgato 43%. An alternative to
reciprocal engine CHP processes is the microgas turbine. Microgasesuresult in

lower electricity generation efficiencies between 25%-31%, but provide long



maintenance intervals. The big advantage of microgas turbines compared tcadcipr
engines is the high exhaust temperatures of’276r higher which provides excellent

heat for steam production (Schnatchl., 2005). Biogas can also be merged with natural
gas in pipelines, but must be conditioned prior to injection. To be used for fuel purposes,
biogas must first be cleaned and separated as many gas utility proviplens 88%

methane content and a minimum heating value of 990 British thermal units per standard
cubic foot (Burns & McDonnell, 2010). Waste heat produced by combustion of biogas
can also be collected and used to return heat to maintain digester temperaupply

heat for water or air heating demands.

Combustion of methane results in reduced emissions when compared to fossil fuels.
Concentrations of greenhouse gases in the atmosphere are rising rapicbgals of

fossil fuel carbon dioxide emissions. In order to minimize global climate impaa

result of greenhouse gas emissions, a report by the Intergovernmeeiab @timate

Change (IPCC) indicated that greenhouse gas emissions must be reducedham leal t

of the global emissions from the year 1990 (2000). Combustion of methane, compared to
oil and coal, resulted in greatly reduced carbon dioxide, nitrogen oxide, sulfur dioxide
particulate, and mercury emissions as demonstrated in a recent stadsnpdrby the

United States Environmental Protection Agency (NaturalGas.org, 2010).

Carbon dioxide is a colorless, odorless gas which typically comprises 10 to 35 pércent o
biogas composition. Carbon dioxide removal is not required for combustion of biogas.
However; if the biogas produced is to be blended in with natural gas pipelines or used for

transportation fuel, carbon dioxide must be removed since it dilutes the energyt cbnte



the biogas, but is considered to have no significant environmental impact (IEA

Bioenergy, 1999).

Hydrogen sulfide is an odorous and toxic gas produced during decomposition of sulfur-
containing residues by sulfate-reducing bacteria that compete withrmogdrac bacteria

for substrate. The lethal concentration for 50%5j.6f humans for 5 minutes of

exposure is 800 ppm hydrogen sulfide (Speece, 2008). The characteristic rotten egg odor
of hydrogen sulfide is a nuisance, but hydrogen sulfide can also be of majerrctorc

plant operations due to its corrosive nature. Hydrogen sulfide has been found to be
corrosive to cast iron, steel, ferric stainless steel, 300 series sta@tdels, copper nickel
alloys, high nickel molybdenum alloys, copper, copper-based alloys (brass and som
bronzes), Monel metal, and silver (Speece, 2008). For this reason, hydrogen sulfide can
have detrimental effects on reactor/digester surfaces, piping, amitalezimponents.
Several methods for hydrogen sulfide removal exist. The most common continercia
practiced methods are air/oxygen dosing to biogas, iron chloride dosing to therdigeste
contents, iron sponges, iron oxide pellets, activated carbon, water scrubbing, sodium
hydroxide scrubbing, biological removal on a filter bed, and air stripping and rgcover

(IEA Bioenergy, 1999).

Anaerobic Digestion Process

Anaerobic digestion consists of three major processes: hydrolysis, felimeratd
methanogenesis. First, solid particulate matter must be hydrolyzed to soluble
compounds, such as carbohydrates, proteins, and lipids that can be transported across the

microorganism cell wall before it can be used as a food or fuel source. Theyhigdrol



process can be assisted using mechanical methods, such as grinders/choppeast® dec
particle sizes, to reduce the time required to achieve biochemical hydiatyzab

increase the degradation rate of substrates, pretreatment procesyesacsianical,

thermal, chemical, or enzymatic processes can be applied (Mdidler2003).

Mshandetest al. noted that the degradation process is faster with decreasing parggle siz
but does not necessarily result in improved methane yield (2006). However; it should be
noted that depending on waste characteristics, not all digestion processeguni the
hydrolysis step. The second major process in anaerobic digestion is the feomentat
process. The fermentation process is facilitated by facultative andteldig@erobes and

is also referred to as acetogenesis (Speece, 2008). During the féionentacess,

complex soluble compounds are further broken down into simple compounds such as
acetate, hydrogen, carbon dioxide, and occasionally propionate, and butyrate.plh low
conditions, acetate is found in the acidic form §CBOH). At higher pHs, acetate exists
in the acetate salt forms of sodium acetate (N#&IPD), potassium acetate (KGEDO)

and calcium acetate (Ca@EOO) (Stover, 1998). Although acetate is usually present in
higher concentrations than other volatile fatty acids (VFAS), propionate ayrateut

were found to cause more inhibition to methanogens (Waalg 1999; Mo6sche and
Jordening, 1999). The inhibition was found to be a result of the undissociated forms,
resulting in increased VFA inhibition in low pH systems. Studies performeahbgrC
indicate that propionic acid is predominant during unstable digester conditions, is
difficult to degrade, is not a known methanogenic substrate, and must first pass through
acetogenesis before being converted to methane (1983). By-products from the

fermentation process are the precursors for the final process of metbduetion,



methanogenesis. In this process, the fermentation by-products are converbgasdlyi
select bacterial genres known as methanogens. The methanogens can bentvided i
groups, one group known as aceticlastic methanogens, which physically spli¢ atiet
methane and carbon dioxide, and the other group known as hydrogen-utilizing
methanogens, which use hydrogen as an electron donor and carbon dioxide as the
electron acceptor to form methane (Metcalf and Eddy, Inc., 2003). A diagram of the

basic anaerobic processes previously described can be viewed in Figure 1.

When acetic acid is converted to methane and carbon dioxide, the carbon dioxide reacts
to produce both methane and carbonic acid. The carbonic acid represents the majority of
the acidity produced by anaerobic treatment. The major requirement fonig@jkiali
anaerobic systems is neutralization of high carbonic acid which results frangihe

partial pressure of carbon dioxide in the system. The alkalinity requiremerffor V
neutralization is small compared to that for carbonic acid. If acetptegent as sodium

and potassium acetate salts, sodium and potassium acetate get convertedi® metha
sodium bicarbonate, and potassium bicarbonate. No carbon dioxide is produced in this
process (Stover, 1998). Sodium and potassium bicarbonate are referred to asdyenera
alkalinity. Calcium acetate gets converted to methane, carbon dioxide, and calcium
carbonate. The carbon dioxide produced prevents an excessive increase in system
alkalinity and pH. Methanogenesis is typically considered to be the rate lisiépgn
anaerobic treatment with upset conditions usually accompanied by an increagein VF
and a decrease in process efficiency (Stover, 2009). McCarty stated thanenet
fermentation of fatty acids is the ultimate step that determines thenomaxoading rate

in treatment of readily degradable organic materials and that failunetbfine-formers

10
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Figure 1.Basic Diagram of Anaerobic Digestion Processes
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to utilize the volatile acids at approximately the same rate as theyoalecpd can result
in a build-up in volatile acids and a drop in pH (1966). However; the rate-limitipg ste
can vary based on organic loading rate and substrate characteristicss [tudened
using high-solids swine waste concluded that hydrolysis was the r#tadistep at high
organic loading rates, while acetogenesis was the rate-limitipgstewer organic
loading rates (Barber, 1987). Studies using municipal wastewater and refuss sludg
determined hydrolysis to be the rate-limiting step due to slow degradatiqmsf li
(O’'Rourke, 1968). Temperature impact studies have determined that tempaifatise
the rate of conversion of acetate to methane. Studies by $t@eand Speece have
both shown methanogenesis rates to be dependent on temperature (1994 and 1970,
respectively). As temperature decreases, methanogenesis rataseend cause

methanogenesis to become the rate-limiting step.

Advantages of Anaerobic Digestion

Anaerobic digestion provides several advantages over conventional activated sludge
treatment processes when treating high-strength wastes, suclcaliuagfiwastes.
Anaerobic digestion processes typically require no nutrient addition, have lower
alkalinity demands when compared to aerobic treatment processes, and can produce a
high quality effluent that can be recycled back for reuse, used for irrigation pyrposes
discharged (Stovest al., 1984). Anaerobic processes also have lower sludge yields;
typically 6 to 8 times less sludge is produced for anaerobic processes abtopaeeobic
processes, which requires less cost expenditures for sludge handling operatimadf (M

and Eddy. Inc., 2003). Anaerobic digesters can also handle higher organic loading rates

12



in the range of 3.2 to 32 kg CODifiay compared to aerobic processes which may be

limited to 0.5 to 3.2 kg COD/ffday (Speece, 1996).

Healthy anaerobic digestate can be a quality fertilizer source. dhiadreatment
minimizes the survival of pathogens which is important for using digested residue as
fertilizer (Weiland, 2010). The anaerobic digestion process is capable ofatiactiof

weed seeds, bacteria, viruses, fungi, and parasites (Sahlstrom, 2003; Strauchgmd Phil

2000).

Another economical benefit to anaerobic digestion can be the possible occurrence of
ammonium magnesium phosphate (struvite) precipitation. Struvite is a highxgualit
high-value fertilizer that can be harvested from anaerobic processesld to offset
operating costs. Struvite can form in anaerobic systems when the wastes stoe#ain

high concentrations of orthophosphates, ammonia and magnesium (Loestvathal

1994). It has been observed that reducing the partial pressure of carbon dioxide trigge
struvite precipitation (Speece, 2008). Although struvite formation can serve as a
financial return for plant operations through fertilizer sales, it is oftendenes! a

nuisance by operating staff. The precipitant typically forms in pipe elbows ana pum
inlets, or on surfaces close to inlets and outlets of secondary clarifiesinglCSTR

reactors (Speece, 2008).
PREVIOUS STUDIES

Studies were performed by Takamura to evaluate the performance alao&STR
and packed bed reactors using centrifuged thin stillage from fuel alcohol poodas

substrate from a waste treatment standpoint (1983). Takamura observed bdttesubs

13



removal efficiency and stability at lower substrate loading rates uatiged bed reactors
operated at HRTs below 15 days. However; he found that the CSTR systems were
capable of handling higher loading rates with hydraulic retention times ofy2Gda

longer. Takamura also monitored methane production for both systems and found that

both systems produced nearly identical volumes of methane per mass of sudxbtrate f

Research studies performed by Dutt expanded on Takamura’s work by evalugttierg hi
substrate loading rates on anaerobic packed bed reactors and conventional and modifie
CSTRs (1985). Dutt’s studies demonstrated pH and alkalinity problems as a result of
high loading rates and low HRTs of 6 days, requiring calcium carbonate addition

supplement alkalinity and maintain pH levels.

Pilot-scale treatability studies were performed by Lanting annd<=by feeding thin

stillage from fuel alcohol production to an Upflow Anaerobic Sludge Blanket BJAS
digester at HRTs of 10 hours (1985). The system managed to achieve COD removal
efficiencies of 76%. Nitrogen and phosphorus addition were required along witlt causti

addition to maintain proper pH levels.

Extensive bench-scale studies were performed by Sébakrusing thin stillage from

fuel alcohol production to evaluate anaerobic suspended growth and anaerobidrfixed-fi
reactors to evaluate the effects of substrate loading rates on sulestrat@l kinetics

(1983, 1984). Substrate removal kinetic constants were shown to be a function of mass
substrate loading rates. These studies showed that pH and alkalinity requerement
decreased significantly with increasing solids retention time (SRT)ubsdrate strength.

It was also observed that substrate removal efficiencies remainesened®% - 99%
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with SRTs of 10 days or greater. Below the limiting SRT of 4 days, VFA accuamulat
resulted in significantly decreased treatment performance, with ridgligeatment

performance observed at SRTs of 2 days.

Waste sludge from the Stowral. studies was used to perform batch anaerobic studies

to directly compare continuous feed systems with batch feed systems (1983, 1984). Fai
comparison of the two systems was prevented due to high substrate loading in the batch
feed systems causing VFA accumulation and methanogen inhibition/toxicity not
experienced in the continuous fed systems. When substrate loading rates wex@ lowe
for batch feed systems to minimize VFA issues, the batch feed systergsineti

approached those determined during the continuous feed studies.

Suspended growth studies were performed by Ganapathi to investigatettislineaf

thin stillage from fuel alcohol production from a waste treatment standpoint (1984).
Ganapathi operated both aerobic and anaerobic treatability studies and concluded that
thin stillage from fuel alcohol production was susceptible to anaerobic digestion
treatment processes with COD removal efficiencies of 98% or gedateganic loading
rates up to three times higher than that of the aerobic systems. Ganapatbdopera
anaerobic systems at several different flow rates and influent debstrecentrations and
determined that specific substrate utilization rate was a function ofisgebstrate

loading rate according to the Stover-Kincannon Model. Ganapathi also stated that
extreme caution should be used when incorporating anaerobic batch treatment kinetics
into those of continuous systems as batch system kinetics appear different from the
continuous feed kinetics due to build up of VFAs above certain specific substratgloadin

rates, resulting in methanogen inhibition/toxicity.
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Fixed-film up-flow anaerobic digestion studies were performed for a pefitvdo years
using thin stillage from fuel alcohol production from a waste treatment standpoint
(Gonzélez, 1987). Gonzalez developed biokinetic constants relative to fixed-film
systems for the purpose of reliable full-scale fixed-film anaerolsiesydesign and
operation. Biokinetic constants were developed for specific substratetiatiizate,
specific biogas production rate, and specific methane production rate as@fofct
mass specific substrate loading rate according to the Stover-Kincannon NBmitedalez
experienced decreasing substrate removal efficiencies, decrbaxyag methane
content, and increasing biogas carbon dioxide content as specific substraig tateh
increased above determined optimum loading rates. Gonzalez also attributed this
decrease in digester performance to VFA accumulation, resulting in methanoge
inhibition/toxicity. Gonzalez concluded that development of biokinetic constants for
specific substrate utilization rate, specific biogas production nades@ecific methane
production rate allowed for prediction of digester operations and the ability hdamai

stable digester operating conditions with varying substrate COD cortcamdra

Hanseret al. performed anaerobic studies to evaluate ammonia inhibition using batch

feed and CSTR experiments (1998). Swine manure was used as the sole substrate for
CSTR experiments while batch feed studies used various blend ratios of swindland cat
manure. CSTR experiments were performed at mesophilic and thermophilic conditions
while batch studies were only performed at thermophilic conditions. Hatakn

observed stable CSTR digester operations with ammonia concentrations as high as 6,000
mg/L for both mesophilic and thermophilic conditions. Batch feed studies exhibited

toxicity at free ammonia concentrations of 1,100 mg/L and higher with digesterfpHs
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8.0. Batch feed digesters exhibited toxicity through reduced biogas production with
reduced methane yield. These batch feed studies demonstrated the ability of
methanogens to tolerate free ammonia concentrations 7-10 times higher than that
reported earlier by Braust al. and De Baeret al. and even higher than the 700 mg/L
threshold reported by Angelidaki and Ahring (1981, 1984, and 1993, respectively). A
study performed by Kroiss found process inhibition by undissociated ammonia at

concentrations of 80 mg/L and higher (1985).

Studies by Angelidakét al. and Dornack demonstrated increased ammonia toxicity with
increased temperature (2003 and 2009, respectively). Nielsen and Angelidaki @eérform
studies to evaluate strategies for digester recovery following ammmiiiation (2008).
Nielsen and Angelidaki found that the most stable digester recovery process was

accomplished by diluting digester biomass with recycled digester effluent.
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CHAPTER Il

METHODOLOGY

Anaerobic digestion research optimization studies were initially pertbusiag five
bench-scale, semi-continuous flow, anaerobic digester CSTRs with liquid volumes of
12.0 liters and headspace volumes of 1.25 liters. An additional single reactor was later
operated at a liquid volume of 11.0 liters and headspace volume of 2.25 liters due to
increased feed rate (decreased hydraulic retention time) and digestar sezac

limitations. The anaerobic digesters were operated at various HRTs and I@deng

over the course of approximately fourteen months. The purpose of this study was to
perform research simulation treatment studies for evaluations of operations and
performance capabilities of full-scale bio-energy anaerobic digesteenhanced and

optimized biogas (methane) production.

FEEDSTOCKS

Feedstocks used for the anaerobic digestion research studies consisted tidiayitigr,
swine manure, corn husklage, thin stillage from fuel alcohol production, and sweet corn

silage juice. Feedstocks were chosen for this study based on availaibhilitya specific
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region of the United States based on the concept of regional waste biogas production
facilities. The feedstocks were evaluated for regional availabiidyr@asonable trucking
distance to centrally located biogas production facilities. Feedstockpmeided by
outside suppliers and delivered to the laboratory facilities located in $¢iflwa
Oklahoma. All feedstocks were stored ¥ 4rior to use. Feedstocks were blended
together based on individual feedstock characterization data. Individual feedséveks
characterized for pH, total COD (tCOD), soluble COD (sCOD), total soli@} (latile
solids (VS), total suspended solids (TSS), volatile suspended solids (VSS), ttitahKje
nitrogen (TKN), ammonia-nitrogen (NHN), total phosphorus (T-P), and ortho-
phosphate (P©P) as viewed in Table 1. Individual feedstocks were blended together
based on individual characteristics to manage desired COD to nutrient ratios, pH and
alkalinity demands in the digesters, manage ammonia inhibition/toxictyprawide
macronutrients (nitrogen and phosphorus) and micronutrients without requiring

additional nutrient supplementation.

Feed blends consisted of 0.2 grams sweet corn silage juice, 1.0 gram husklage, 11.4
grams hen litter, 38 mL swine manure, and 942 mL thin stillage. All masses and volumes
of individual feedstocks listed were per liter of feed. Feed blends were typicade in

15 to 18 liter batches. All feed blends were stored@tptior to use. Swine manure was
screened using a screen with 1 millimeter pore sizes. Hen litter vigisegten 110 gram
batches or less. The hen litter was then placed in a beaker and diluted with ee-ioniz
water to a final volume of 1 liter. This mixture was then placed in a household kitchen
style blender to break up the large chunks. The mixture was then poured into an Imhoff

cone and allowed to settle for a minimum of 20 minutes. The supernatant layer and litter
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Analytical Testing Program

TABLE 1

Parameter

Individual
Feedstocks

Digester

Feed

Digester
Contents

Effluent

Temp

pH

tCOD
sCOD

TS

VS

TSS

VSS

TKN
NH3-N
Total P
PO,-P
VFA

T-Alk
P-Alk
Biogas CQ
Biogas HS

Xy X X ¢ ¢ X X x X X

X ¢ X X ¢ 5¢ X X % X X

XX XXX X ¢ XX X X X x X X 5

X XX X xXXx X
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solids were collected and placed into the feed blend, while the grit that collethed i
bottom portion of the Imhoff cone was discarded. Grit was discarded as most of the gri
material was considered non-biodegradable and would settle and collect inoine dfot

the digester reactors and build up reducing, effective digester working vollieed

blends were prepared according to the previous volumes and masses throughout the
course of the entire study. Feed blend preparation routines were consistettdhtroug

the course of the study. Digester influent feed blends were characterizdd, COD,

solids, nitrogen, and phosphorus content as viewed in Table 1.

DIGESTER OPERATIONS

The anaerobic digesters were initially seeded with anaerobic sludgeeubliexn the
Oklahoma State University Swine Production Facility anaerobic digesteglleas
anaerobic granular sludge from an industrial wastewater treatment @iatedon
Oklahoma. Digester mixing was accomplished via magnetic stir bar aatlesspeed
magnetic mixer. Additional mixing was provided through biogas production due to

methane insolubility and the mixing action provided as biogas rises to the liqudesurf

The initial seed and start-up of the digesters was followed by an acclimitoiiZation
period to ensure proper sludge acclimation to the feed blend. The initial
acclimation/stabilization period was performed by manually introducindgl amaunts
of feed to the digesters and gradually increasing feed volume with time. Atechma
period feed rates started at approximately 50 mL of feed per day and tyrattrabsed
until the first desired HRT operating condition was achieved. Feed rate mareavals

were determined by monitoring pH, volatile fatty acids (VFASs), paatialinity (P-Alk),
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total alkalinity (T-Alk), and COD. Upon reaching the desired HRT operating toomdi
digesters were allowed a stabilization period of typically 2-4 weaksH, VFA, P-Alk,
T-Alk, and COD stabilization. Stabilization periods were followed by 2-Awietailed
data collection periods. During stabilization periods, samples for digestentant
digester effluent characterization, as seen in Table 1, were typiolifigted three times
per week. During data collection periods, samples for digester content andrdigeste
effluent characterization, as seen in Table 1, were typically caleletiéy. Digesters

were allowed a stabilization period following each increase in feed losatiag

Daily digester feed volumes were contained in beakers and pumped into the digester
reactors via peristaltic pumps. Feeds were replenished daily. The fésiofahe feed
pumps were controlled with variable speed pump controllers that were operated via
electronic timer, feeding approximately one minute out of every 4 hours for 24 hours per
day operation. Each feed beaker was mixed via magnetic stir bar and vepiedie
magnetic mixer. The digesters were sealed with gas-tight lids with twbdad fittings

that provided outside connections. These two fittings provided feed line access and
biogas collection line access. The feed lines were connected to the jpepstalbs and
transferred feed to one of the bulkhead fittings in each digester, which had tubes
connected on the inside of the reactors, so that feed was introduced three-qudnrters of t
way to the bottom of each reactor. The biogas collection fittings were mauhia the

head space of each digester. Effluent was removed once daily to maintain digester

operating volumes.

Daily digester maintenance consisted of scraping digester wdilgalagmove sludge
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buildup and checking all fittings and lines for plugging and leaks. Feed pumps, pump
tubing, and all magnetic mixers were checked daily for proper operation, and pump
tubing was replaced as needed. Table 2 outlines these and other daily maintenance duties

performed throughout the course of the study.

All digesters were operated in a once-through, semi-continuous fed, CSTR maqule exce
for one digester. The once-through digesters operated in a CSTR mode were numbered
Digesters 1-4. One digester, numbered Digester 5, was operated in a bioywss rec
CSTR mode to evaluate the impacts of sludge recycle on treatment performeénce a
biogas quality and quantity. To accomplish biomass recycle, digester contemts wer
removed once daily to maintain a standard digester operating volume. The digester
contents removed from Digester 5 were placed into a Fisher Scientifithdard200
centrifuge and centrifuged for 15 minutes at 4,000 rpm. After centrifugatiorenbhate
was wasted and sampled as effluent, while the concentrated biomass weslrietiihe
digester. Remaining centrate after effluent sampling was discardgdst&i5 was
operated under the same maintenance and sampling programs as the othes.digeste
However; due to decreased HRT, increased feed loading rate, and digester size
limitations, it was required to reduce the liquid operating volume of Digester 5 to 11.0
liters to maintain adequate headspace for biogas collection and analysisteDige
contents were monitored daily for pH, temperature, VFA, P-Alk, and T-Alk. Riges
contents and treated effluent were routinely characterized for pH, tCOM), S VS,
TSS, VSS, TKN, NB#N, T-P, and P@P throughout the course of the research

optimization studies as viewed in Table 1. Digester reactors were operateshied,
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TABLE 2

Research Study — Daily Duties
(System Maintenance)

Morning

Afternoon

Reactor Maintenance
(Scrape and clean reactors, brush
outlets)

Check Mechanical Mixers
(Mixing)

Check Feed Pumps, Tubing, Etc.
(Insure working properly)

Measure Influent Flow Rate
Measure pH, VFA, T-Alk, P-Alk
Measure Temperature

Add Feed

Collect Samples
(See Table 1)

Waste Mixed Liquor
(Use for lab sample)
(Measure volume)

* Check Mechanical Mixers
(Mixing)

* Check Feed Pumps, Tubing, Etc.
(Insure working properly)
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temperature controlled room. Air temperature in the room was maintainetCaio33
36°C throughout the course of the research study period to maintain digester reactor
temperatures, instead of using heated water baths. Bench-scale digesgnaphstcan

be viewed in Appendix A.

BIOGAS MONITORING

Digester biogas production rates were initially monitored using a gastamh chamber
consisting of an inverted one-liter graduated cylinder with the open end ©flitiger
submerged in a water bath. The upper portion of the cylinder was supported with a ring
stand. A gas line connected to the gas collection bulkhead fitting on the digester lid
transferred biogas to the inverted cylinder where the biogas produced was aollecte
Water was drawn up into the cylinder under vacuum. Biogas production then forced the
water out of the cylinder and was monitored with time to determine biogas production
rates. An Automatic Methane Potential Test System (AMPTS) unit fropr&cess

Control AB of Sweden (BioProcess Control) was obtained towards the end of the study
and later used to measure biogas production rates from the digesters by ploiodesg
produced in the digesters directly to the gas cell plate of the AMPTS unit. The&MPT
unit consists of a cell plate which is submerged in a water bath. The celiqi¢ains

15 individual gas collection cells. Each cell is individually calibrated by Bigssoc

Control to one-hundredth of a milliliter of gas volume. The cell has a pivot at one end
and a magnetic tip at the other which closes a circuit. The water bath ehsurexjais
produced is trapped in the cell. When the cell is filled with biogas produced from the
digester, the cell lifts, breaking or opening the circuit on the cell plate ancoteeshs

vented to the atmosphere. The cell plate is connected to a laptop computer with
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application-specific software developed by Bioprocess Control. The computearsof
counts the number of circuit breaks and produces an average gas production rate as well

as a total accumulated gas production volume.

The AMPTS unit can measure biogas production rate in terms of biogas or in terms of
methane. To measure gas production rate in terms of biogas, biogas produced in the
digester is plumbed directly to the gas cell plate. To measure gas prodatgionterms

of methane, biogas produced in the digester is first passed through a small biogas
scrubbing bottle containing a 3.0 molar sodium hydroxide solution and Alizarin Yellow
R color indicator to indicate when the solution is spent. When biogas is passed through
the scrubber bottle, carbon dioxide and hydrogen sulfide are scrubbed or removed from
the biogas, filling the gas cell with methane instead of biogas. The bogabing

feature of the AMPTS unit was not used with the bench-scale digesters dueargé¢he |
volume of biogas produced by the bench-scale digesters and the limited scrubbing

capacity of the scrubber bottles due to small volumes of scrubbing solution.

Biogas quality was monitored by plumbing biogas produced in the digesters to a gas
collection chamber previously mentioned. A sample line was also placed into the
inverted cylinder so the biogas could be sampled for carbon dioxide and hydrogen
sulfide. Sampling and analysis for carbon dioxide was performed using a&zdtha

Fyrite® Classic Gas Analyzer model no. 10-5032 capable of measuring gas carbon
dioxide concentrations from 0% to 60%. Sampling and analysis for hydrogen sulfide was
performed using a Sensidyne AP-20S Gas Detection Pump and hydrogen sulfide
detection tubes. Hydrogen sulfide detection tubes used during the course of the study

were capable of measuring 25 ppm to 12,500 pp8 HBiogas collection lines were
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switched daily between the AMPTS unit and the gas collection chamber tohaueisct
of the bench-scale digester portion of the study during detailed data collectosger

obtain both biogas production rate and biogas quality data.
ANALYTICAL TESTING

Analytical testing was performed using a combination of methods from Standard
Methods for the Examination of Water & Wastewate¥ Edlition (Standard Methods), as
well as several spectrophotometric methods from Hach Company, Inc (Hamhgvét;
VFA, P-Alk, and T-Alk data was generated using the titration method developed by
Ripleyet al. (1986) with contributions from Jenkiesal. (1983). The titration method
developed by Riplegt al. involves titration to two pH end points using sulfuric acid.
The first titration end point occurs at pH 5.75 which correlates to the P-Alk paramet
which corresponds roughly to the bicarbonate alkalinity as determined by Jetrdtins
(1983). The second titration end point occurs at pH 4.3 which correlates to the T-Alk
parameter. The difference in titrant volume between the two end points coreldtes t
VFA parameter or intermediate alkalinity as referred to by Rigilel. (1986) which
approximates the volatile acid alkalinity. The following equations are usedctdate

the three previously mentioned parameters:

T1+N = 50,000

P —Alk =
S

Ty * N * 50,000

T —Alk = 5
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_ (Ty—T1) = N 50,000

VFA
S

Where:
P-Alk = partial alkalinity, mg/L as CaGO
T-Alk = total alkalinity, mg/L as CaC{
VFA = volatile acids, mg/L as GEOOH

T1 = volume of titrant used to reach pH 5.75 end point, mL
T» = volume of titrant used to reach pH 4.3 end point, mL
N = normality of acid used

S = sample volume used, mL

Digester pH testing and all sample pH testing were performed using asn(Kt estr

10 meter. The pH meter was calibrated once per week using a three-poiatioalibr

with pH buffer solution standards of pH 4.0, 7.0, and 10.0. Digester ORP testing was
performed using an Oakton ORPTestr 20 meter. The ORP meter was edlbiwaire

use with an ORP standard solution of +200 mv. All COD, TKN, NH3-N, T-P, and PO4-
P analytical testing was performed using a Hach DR2800 spectrophotometercand Ha
spectrophotometric methods. All TS, VS, TSS, and VSS analytical testing was
performed according to methods described in Standard Methods. All analytical tes

performed and the detailed test method numbers can be viewed in Table 3.

KINETICS DEVELOPMENT

Data obtained from the digester reactor portion of the study was used to develas kineti
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TABLE 3

Analytical Test Parameters and Methods

Parameter

Method

pH

Oxidation Reduction Potential

Volatile Fatty Acids (VFA)

Partial Alkalinity (P-AlK)

Total Alkalinity (T-Alk)

Total Chemical Oxygen Demand (tCOD)
Soluble Chemical Oxygen Demand (sCOD)
Total Solids (TS)

Volatile Solids (VS)

Total Suspended Solids (TSS)

Volatile Suspended Solids (VSS)

Total Kjeldahl Nitrogen (TKN)
Ammonia-Nitrogen (NH-N)

Total Phosphorus (T-P)

Ortho Phosphorus (R&P)

Electrode Method
Electrode Method
Titration Method
Titration Method
Titration Method
Hach Method 8000
Hach Method 8000
Standard Method 2540 B
Standard Method 2540 E
Standard Method 2540 D
Standard Method 2540 E
Hach Method Simplified TKN

Hach Method 10205
Hach Method 10210

Hach Method 10209
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relationships using the Stover-Kincannon Model (Stover & Kincannon, 1982, 1983, and
1984). Data obtained from digester reactors was used to develop a mass balance of

substrate into and out of the digesters as follows:

mass of substrate into the reactor = mass of substrate out of the reactor +

mass of substrate consumed biologically
Since CSTR suspended growth systems were modeled with the research performed, the
resultant mass balance equation follows:

FS;i=FS +(dS) |74
| = I'oe dtG

Where:
F= flow rate, L/day
S = influent substrate concentration, mg/L
S = effluent substrate concentration, mg/L

V = reactor volume, L

(dS/dt = ((dS/dt)/X) = specific substrate utilization rate, g COD Removed/da
g VSS

The specific substrate utilization rate from the previous equation is mattaligat
described as a function of the substrate loading rate or food-to-microord&ildjratio

based on monomolecular kinetics as follows:

FS;

it 4

(GHe=v- Unar (X 37)
dt FS;
(Kp + VXl)

Where:

30



FS/XV = F/IM = food-to-microorganism ratio, g/g day
X = reactor mixed liquor volatile suspended solids, mg/L

U = specific substrate utilization rate, g COD Removed/day/g VSS

Umax = maximum specific substrate utilization rate, g COD Removed/day/g VSS

Kg = proportionality constant or specific substrate loading rate where ¢hefrat

substrate utilization is one-half the maximum rate,
g COD Applied/day/g VSS

The biokinetic constantshdy and Kg were determined from the data obtained during the
research portion of this study. The specific substrate utilization rate wieista
function of the F/M ratio in terms of COD. The reciprocal of U was plotted as adnct
of the reciprocal of the F/M ratio to achieve a linear monomolecular kirdgiconship.

In linearized form, 5% is the reciprocal of the y-axis intercept, and the slope of the line

is equal to IR/Umax

The specific biogas production rate is mathematically described as fuoicthe mass

substrate loading rate as follows:

_ G (X~ 77)

FS;
VX)

(Gp +
Where:
G = specific methane production rate, L/day/L Reactor Volume

Gmax = maximum specific methane production rate, L/day/L Reactor Volume

Gg = proportionality constant or specific substrate loading rate where éhefrat

biogas production is one-half the maximum rate,
g COD Applied/day/g VSS
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The biokinetic constantsfzx and g were determined from the data obtained during the

research portion of this study. The specific biogas production rate was plotted as a
function of the F/M ratio in terms of COD. The reciprocal of G was plotted as @ofunct
of the reciprocal of the F/M ratio to achieve a linear monomolecular kimdgicanship.

In linearized form, G5y is the reciprocal of the y-axis intercept, and the slope of the line

is equal to @/Gmax

The specific methane production rate is mathematically describefdiastian of the

mass substrate loading rate as follows:

FS;
(M + %)

Where:
M = specific methane production rate, L/day/L Reactor Volume

Mmax = maximum specific methane production rate, L/day/L Reactor Volume

Mp = proportionality constant or specific substrate loading rate wheretéhefra

methane production is one-half the maximum rate,
g COD Applied/day/g VSS

The biokinetic constants ¥4y and Mg were determined from the data obtained during

the research portion of this study. The specific methane production rate was scdte
function of the F/M ratio in terms of COD. The reciprocal of M was plotted as adancti
of the reciprocal of the F/M ratio to achieve a linear monomolecular kin&tcoreship.

In linearized form, Myax is the reciprocal of the y-axis intercept, and the slope of the line

is equal to M/Mmnax
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AMPTS KINETICS EVALUATION

AMPTS studies were also conducted for development of biokinetic constants by
performing batch feed studies using small reactors. The purpose of the AMPii&kine
studies was to evaluate the potential for developing a quick and simple method/procedure
to determine kinetic relationships for full-scale applications without thetkermg bench-
scale operations. Since substantial data were obtained during the course of the bench
scale digester portion of the research, kinetics data obtained during theSAdfiRlies

could be directly compared and contrasted with the kinetics data developed from the
digester reactors. For the AMPTS portion of the study, small 500 mL digesterseate

up in a batch reactor mode at multiple food-to-microorganism (F/M) ratiagesiairs

were set up with 300 mLs of seed sludge and various feed volumes. Seed sludge used for
the AMPTS kinetics relationship studies was supplied from an operating digester f

the previously mentioned bench-scale digester studies. Digesters wgpdrset

duplicates with one set of digesters providing unscrubbed biogas to the AMPTS eell plat
and another set of digesters providing scrubbed biogas (methane) to the AMPTS cell
plate. A control digester was operated for each study. The control digesteed no

feed addition. Air temperature in the room was maintained’& 8#ough the course of

the study period and used to provide and maintain digester reactor temperatadceahste
using water baths. Seed sludge was characterized for tCOD, sCOD, TSSK¥ES, T
NHs-N, T-P, and P@P before initiating the studies. Study completion was determined
by calculating a theoretical maximum gas production based on COD loadingth®nce
digester(s) with the lowest COD load (lowest F/M ratio) approached thestivabr

maximum gas production volume and gas production rate substantially decreased, the
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study period was determined to be complete and all digesters were imnyeshateled
and analyzed for sCOD, TSS, VSS, VFA, P-Alk, and T-Alk. AMPTS digester

photographs can be viewed in Appendix B.
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CHAPTER IV

RESULTS

Anaerobic digestion research optimization studies were performed usingticie be

scale, semi-continuous flow, anaerobic digester CSTRs. The anaerobic digesters w
operated at various HRTs, SRTs, F/M ratios, and loading rates over the course of
approximately fourteen months to obtain data necessary to determine biotomstiants

for specific substrate utilization rate, specific biogas production nades@ecific

methane production rate in terms of specific substrate loading rate. Biokiestants
were developed according to the Stover-Kincannon Model (Stover & Kincannon, 1982,

1983, 1984).

SUBSTRATE CHARACTERIZATION

Individual feedstocks were characterized for pH, TS, VS, TSS, VSS, tCOM),sCO
NHs-N, T-P, and P@P. Results for individual feedstock characterization can be viewed
in Table 4. Individual feedstocks were blended together to provide a co-digestieasproc
based on individual feedstock characterization to control COD to nutrient ratios, pH and

alkalinity demands in the digesters, manage ammonia inhibition/toxicitypranatle
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TABLE 4
Individual Feedstock Characterization

Sample pH TS VS TSS VSS tCOD sCOD NN T-P PQ-P
Description (s.u.) (%) (%) (mg/L) (mg/L) (mg/L) (mg/L) mg/L) (mg/L) (mg/L)

Hen Litter 75.95 46.97
Swine Manure 8.2 271 168 10,800 8,200 35200 13,700 27,900 395 17
Husklage 91.19 87.56
Silage Juice 4.0 749 7.11 32,200 31,600 133,400 91,400 67 385 367

Thin Stillage #1 4.6 559 491 27,600 26,600 93,600 59,300 89 1,090 422
Thin Stillage #2 4.2 6.69 6.01 25800 25600 118,300 57,450 46 1,170 575
Thin Stillage #3 4.2 6.22 548 28,600 28,400 118,400 63,400 22 1,315 600
Thin Stillage #4 4.5 6.11 5.34 28,000 28,000 120,200 59,300 20 1,325 570
Thin Stillage #5 4.5 537 456 20,900 20,500 104,500 61,600 14 1,375 525
Thin Stillage #6 4.4 506 4.26 17,400 17,300 104,000 65,000 24 1,365 570
Thin Stillage #7 3.4 6.24 5.62 30,800 30,550 117,300 61,750 15 1,165 730
Thin Stillage #8 3.8 6.08 5.33 26,000 25,600 115,200 55,700 35 1,135 688
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macronutrients and micronutrients without requiring additional nutrient suppldéranta
Influent feed blends consisted of 0.2 grams sweet corn silage juice, 1.0 gram husklage,
11.4 grams hen litter, 38 mL swine manure, and 942 mL thin stillage from fuel alcohol
production. All masses and volumes of individual feedstocks listed were per ligedof f
Influent feed batches were characterized for pH, tCOD, sCOD, TS, VS, TSS TS|,

NHs-N, T-P, and PO4-P. The research project was broken down into four data collection
phases for ease of data analysis and interpretation. Phase | ofmnrétbvember 14,

2009 to January 29, 2010. Phase Il occurred from February 28, 2010 to April 16, 2010.
Phase Il occurred from April 22, 2010 to June 16, 2010. Phase IV occurred from June
17, 2010 to December 10, 2010. Average influent feed characteristics for each phase can

be viewed in Table 5.

BENCH-SCALE DIGESTER STUDIES

Digester Characterization

Digester contents were routinely monitored for pH, temperature, tCADDsTS, VS,
TSS, VSS, TKN, N&N, T-P, PQ-P, VFA, P-Alk, and T-Alk throughout the course of
the research optimization studies. Average digester feed conditions, digestat cont
characterization, and COD utilization/removal data can be viewed in Tablesi§ht
for Phase I, Phase I, Phase lll, and Phase IV data collection periqutnesly. Since
Digesters 1-4 were operated in a once-through CSTR mode, the effluent @, tCO
sCOD, TS, VS, TSS, VSS, TKN, NHN, T-P, PQ-P, VFA, P-Alk, and T-Alk
concentrations determined from the digester contents are equivalent to therdigest

effluent concentrations. However; Digester 5 was operated in a biomasg IE&ydR
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Average Influent Feed Characterization Data

TABLE 5

Study Phase Period

Phase | Phase I Phase llI Phase IV
(11/14/09 — (02/28/10 — (04/22/10 — (06/17/10 —
Parameter 01/29/10) 04/16/10) 06/16/10) 12/10/10)
pH (s.u.) 5.2 5.5 4.6 4.3
tCOD (mg/L) 104,590 108,709 102,830 96,386
sCOD (mg/L) 55,808 57,138 59,694 48,520
TS (%) 6.12 5.94 4.64 4.26
VS (%) 5.41 5.07 3.76 3.43
TSS (mg/L) 28,039 26,109 20,804 21,113
VSS (mg/L) 27,639 25,247 20,354 20,801
TKN (mg/L) 1,600 1,888 1,418 1,616
NH3z-N (mg/L) 209 196 230 229
T-P (mg/L) 1,291 1,367 1,314 1,441
POs-P (mg/L) 509 576 625 721
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TABLE 6
Average Anaerobic Digester Characterization
Phase | (November 14, 2009 - January 29, 2010)

Once-Through Digester #

Parameter 1 2 3 4
Feed (L/day) 0.405 0.365 0.346 0.373
COD Fed (g/day) 42.542 44.383 35.941 38.835

F/M (g COD/day/g VSS)  0.223 0.240 0.180 0.181
U (g COD R/day/g VSS)  0.218 0.236 0.177 0.177

COD Removed (%)* 97.6 97.7 97.8 97.6
HRT (days) 28.9 27.4 35.0 34.0
SRT (days) 28.9 27.4 35.0 34.0
pH (s.u.) 7.2 7.3 7.2 7.2
Temperature®C) 35.5 35.3 34.9 35.4
tCOD (mg/L) 28,222 24,710 28,748 29.874
sCOD (mg/L) 3,037 2,633 2,882 3,112
TS (%) 2.68 2.51 2.64 2.76
VS (%) 1.89 1.77 1.91 1.98
TSS (mg/L) 20,083 18,265 19,817 17,170
VSS (mg/L) 17,091 15,767 17,135 18,246
TKN (mg/L) 1,845 1,963 2,064 2,183
NH3z-N (mg/L) 868 868 845 807
T-P (mg/L) 674 506 643 742
PO,-P (mg/L) 187 185 178 186
VFA (mg/L) 1,565 1,514 1,409 1,472
P-Alk (mg/L) 5,622 5,536 5,624 5,570
T-Alk (mg/L) 6,231 6,019 6,134 6,214
VFA/P-Alk 0.279 0.270 0.251 0.265

* Based on influent mass tCOD minus effluent mass sCOD
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TABLE 7
Average Anaerobic Digester Characterization
Phase Il (February 28, 2010 - March 26,2010)

Once-Through Digester #

Parameter 1 2 3
Feed (L/day) 0.356 0.364 0.342
COD Fed (g/day) 39.838 40.663 36.720
F/M (g COD/day/g VSS) 0.276 0.288 0.249
U (g COD R/day/g VSS) 0.264 0.275 0.238
COD Removed (%)* 95.6 95.2 95.7
HRT (days) 32.2 31.3 30.2
SRT (days) 32.2 31.3 30.2
pH (s.u.) 7.5 7.5 7.6
Temperature®C) 35.2 35.2 34.9
tCOD (mg/L) 23,972 23,151 26,186
sCOD (mg/L) 5,972 5,636 5,630
TS (%) 2.56 2.45 2.60
VS (%) 1.5 1.43 1.58
TSS (mg/L) 16,834 15,982 17,703
VSS (mg/L) 12,247 11,745 13,350
TKN (mg/L) 2,820 2,719 3,440
NH3z-N (mg/L) 1,462 1,367 1,462
T-P (mg/L) 858 705 860
PO,-P (mg/L) 291 281 297
VFA (mg/L) 1,688 1,517 1,770
P-Alk (mg/L) 7,217 6,659 7,173
T-Alk (mg/L) 8,883 8,176 8,944
VFA/P-Alk 0.236 0.230 0.248

* Based on influent mass tCOD minus effluent mass sCOD
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TABLE 8
Average Anaerobic Digester Characterization
Phase Il (April 22, 2010 - June 16, 2010)

Once-Through Biomass Recycle

Parameter Digester #1 Digester #5
Feed (L/day) 0.514 0.586
COD Fed (g/day) 25.889 60.287
F/M (g COD/day/g VSS) 0.446 0.298
U (g COD R/day/g VSS) 0.428 0.297
COD Removed (%)* 95.9 99.7
HRT (days) 23.3 21.4
SRT (days) 23.3 239
pH (s.u.) 7.4 7.4
Temperature®C) 35.5 34.7
tCOD (mg/L) 20,616 32,344
sCOD (mg/L) 4,484 5,317
TS (%) 2.53 3.49
VS (%) 1.29 2.04
TSS (mg/L) 15,770 25,233
VSS (mg/L) 10,621 17,255
TKN (mg/L) 1,795 3,988
NH3-N (mg/L) 863 1,025
T-P (mg/L) 688 1,411
PQOy,-P (mg/L) 371 382
VFA (mg/L) 1,311 1,227
P-Alk (mg/L) 5,230 5,296
T-Alk (mg/L) 6,558 6,539
VFA/P-AIk 0.251 0.235

* Based on influent mass tCOD minus effluent mass sCOD
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TABLE 9
Average Anaerobic Digester Characterization
Phase IV (June 17, 2010 - December 10, 2010)

Once-Through Biomass Recycle

Parameter Digester #1 Digester #5
Feed (L/day) 0.660 1.032
COD Fed (g/day) 63.722 98.907
F/M (g COD/day/g VSS) 0.620 0.307
U (g COD R/day/g VSS) 0.592 0.306
COD Removed (%)* 95.7 99.8
HRT (days) 19.6 12.6
SRT (days) 19.6 124
pH (s.u.) 7.2 7.2
Temperature®C) 35.9 35.2
tCOD (mg/L) 20,910 47,363
sCOD (mg/L) 5,199 4,333
TS (%) 2.19 4.89
VS (%) 1.16 2.97
TSS (mg/L) 12,716 41,624
VSS (mg/L) 9,074 27,533
TKN (mg/L) 1,979 5,367
NH3-N (mg/L) 578 668
T-P (mg/L) 949 2,546
PQOy,-P (mg/L) 396 394
VFA (mg/L) 1,565 1,057
P-Alk (mg/L) 4,133 4,188
T-Alk (mg/L) 5,659 5,246
VFA/P-AIk 0.410 0.259

* Based on influent mass tCOD minus effluent mass sCOD
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mode. To accomplish biomass recycle, digester contents were removed froterfiges
and placed into a Fisher Scientific Marathon 3200 centrifuge and centrifuges f
minutes at 4,000 rpm. After centrifugation, the centrate was wasted and sampled as
effluent, while the concentrated biomass was returned to the digester. Digetaent
was characterized for sCOD, TS, VS, TSS, and VSS. Digester 5 averagateffl

characterization data for Phase Il and Phase IV data can be viewaHle 10.

Digester reactors were operated in a vented, temperature controlledAaom.
temperature in the room was maintained 8C3® 36C throughout the course of the
research study period to maintain digester reactor temperatures] iofstessng heated

water baths.

Individual feedstocks were blended together to provide a co-digestion process based on
individual feedstock characterization to control COD to nutrient ratios, manageraam
inhibition/toxicity, and provide macronutrients and micronutrients without nequir
additional nutrient supplementation. Nutrient concentrations were monitored throughout
the course of the study to ensure that the digesters did not operate under nutcient defi
conditions. As seen in Tables 6 through 9 sN\Hconcentrations averaged between 578
mg/L and 1,462 mg/L for the once-through CSTR digesters and between 668 mg/L and
1,025 for the biomass recycle CSTR digester4-P©oncentrations averaged between

178 mg/L and 396 mg/L for the once-through CSTR digesters and between 382 mg/L and
394 for the biomass recycle CSTR digester. AdequateNN&hd PQ-P concentrations

were maintained at all times throughout the course of this research argjend manual
nutrient additions were performed at any time. Micronutrient analysespeeiormed

on digester effluents to confirm adequate micronutrients were availabidHeo
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TABLE 10
Average Digester 5 Effluent Characterization

Phase Il Phase IV

(04/22/10 - (06/17/10 -
Parameter 6/16/2010) 12/10/10)
sCOD (mg/L) 5,317 4,333
TS (%) 1.17 0.95
VS(%) 0.23 0.18
TSS (mg/L) 441 472
VSS (mg/L) 326 373
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co-substrate feed mixture.

VFA to P-Alk ratios (VFA/P-AIk) are an important operational parameteahaerobic
digesters in relation to pH buffering capacity. It can be observed in Talliexugh 9

that the average VFA/P-Alk ratios ranged from 0.230 to 0.410 throughout the course of
the study. As long as the VFA/P-AIK ratio remains below 0.5, anaerobic digestion
systems should be able to tolerate moderate variations in VFA concentrattbrigtlev
fluctuation in pH, while a rise above 0.5 is an indication of possible concern with a lack
of pH buffering capacity. If the VFA/P-AIK ratio increases above 0.8, thiesyis likely

to experience a severe drop in pH from small changes in VFA concentrations (@onzale
1987). It should be noted that digester pHs were maintained between 7.2 and 7.6
throughout the course of this research project and that no manual pH adjustments wer

performed at any time.

Tables 6 through 9 also present the average U values in terms of g CQbeRétay/g
VSS in the digester, and percent COD removal. Percent COD removal wadatedlon

a mass basis of grams per day using the following equation:

(Influent tCOD (%y) — Effluent sCOD (d%y)) + 100
% COD Removal =

Influent tCOD (d%;y)

The once-through CSTR digesters attained high COD removal efficiehmesghout the
course of this research study with average COD removal efficiencigedie5.2% and
97.8%. The biomass recycle digester attained excellent COD removalneigsie

between 99.7% and 99.8%. Effluent soluble COD trend plots for Phase I, Phase Il, Phase
lll, and Phase IV can be viewed in Figures 2 through 5, respectively. Data points
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connected by lines as observed in Figures 2 through 5 indicate data collectols peri
used for determining digester kinetics. Data points not connected by lines in Rigures
through 4 indicate acclimation/stabilization data points that were not used for
determining digester kinetics. Phase |, Phase II, Phase Ill, and Phase ddta

obtained during the bench-scale digester study period can be viewed in Appendix C, D,

E, and F, respectively.

Digester Substrate Kinetics

Digester substrate kinetics were developed in terms of COD accordingStotles-
Kincannon Model (Stover & Kincannon, 1982, 1983, an 1984). Data obtained from
digester reactors was used to develop a mass balance of substrate into and out of the

digesters as follows:

mass of substrate into the reactor = mass of substrate out of the reactor +

mass of substrate consumed biologically

Since CSTR suspended growth systems were modeled with the research performed, the

resultant mass balance equation follows:

FS;i=FS +(d5) |74
| = I'oe dtG

Where:
F= flow rate, L/day

S = influent substrate concentration, mg/L
S = effluent substrate concentration, mg/L
V = reactor volume, L
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(dS/dt = ((dS/dt)/X) = specific substrate utilization rate, g COD Removed/da
g VSS

The specific substrate utilization rate from the previous equation is matbalhyati
described as a function of the specific substrate loading rate or food+ftmerganism

(F/M) ratio based on monomolecular kinetics as follows:

FS;

——1

(G)e=v-= Unar (X 57)
dt FS;
(Kp+ 7%

Where:

FS/XV = F/IM = food-to-microorganism ratio (specific substrate loadatg);
g COD Applied/day/g VSS

X = reactor mixed liquor volatile suspended solids, mg/L
U = specific substrate utilization rate, g COD Removed/day/g VSS

Umax = maximum specific substrate utilization rate, g COD Removed/day/g VSS

Kg = proportionality constant or specific substrate loading rate where ¢hefrat

substrate utilization is one-half the maximum rate,
g COD Applied/day/g VSS

The biokinetic constants iy and Kg were determined from the data obtained during the
research portion of this study. The average U values from each data collecien pha
were plotted as a function of the average F/M ratios in terms of CORm@msnsEigure 6.
The reciprocals of the average U values from each data collection phasgloteEd as a
function of the reciprocals of the average F/M ratios to achieve a linear mauutaol

kinetic relationship as seen in Figure 7. In linearized forgyyl3 the reciprocal of the

y-axis intercept, and the slope of the line is equalgtiigae UmaxiS determined from
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Figure 7 to be 16.95 g COD Removed/day/g VSS witly addue of 17.13 g COD

Applied/day/g VSS.

Digester Biogas Production

Digester biogas production rates were initially monitored using a gastamh chamber
consisting of an inverted one-liter graduated cylinder with the open end oflitiaec
submerged in a water bath. Water was drawn up into the cylinder under vacuum. Biogas
production then forced the water out of the cylinder and was monitored with time to
determine biogas production rates. The AMPTS unit from Bioprocess Control was
obtained towards the end of the bench-scale digester portion of the studyeandddtto
measure biogas production rate. Biogas collection lines were switcihedateveen the
AMPTS unit and the gas collection chamber to obtain both biogas production rate and
biogas quality data. Biogas quality was monitored by plumbing biogas frodigésters

to the gas collection chamber. A sample line was placed into the inverted cgbnthe

biogas could be sampled for carbon dioxide and hydrogen sulfide. Sampling and analysis
for carbon dioxide were performed using a Bacharach Ey@itassic Gas Analyzer

model no. 10-5032 capable of measuring gas carbon dioxide concentrations from 0% to
60%. Sampling and analysis for hydrogen sulfide were performed usingiayBe AP-

20S Gas Detection Pump and hydrogen sulfide detection tubes. Hydrogen sulfide
detection tubes used during the course of the study were capable of measuring 25 ppm to
12,500 ppm HS. Biogas collection lines were switched daily between the AMPTS unit
and the gas collection chamber during detailed data collection periods to obtain both
biogas production rate and biogas quality data. Average biogas chaaticterdata for

each digester during each data collection phase can be viewed in Tables 11 through 14.
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TABLE 11
Average Biogas Characterization Data
Phase | (November 14, 2009 - January 29, 2010)

Once-Through Digester #

Parameter 1 2 3 4
Feed (L/day) 0.405 0.365 0.346 0.373
COD Fed (g/day) 42542 44383 35.941  38.835
F/M (g COD/day/g VSS) 0.223 0.240 0.180 0.181
U (g COD R/day/g VSS) 0.218 0.236 0.177 0.177
COD Removed (%)* 97.6 97.7 97.8 97.6
HRT (days) 28.9 27.4 35.0 34.0
SRT (days) 28.9 27.4 35.0 34.0
Biogas (L/day) 18.700 24.667 17.800 17.125
Biogas (L/day/L)** 1.558 2.056 1.483 1.427
Biogas (L/day/g COD R)* 0.347 0.453 0.448 0.403
Methane (L/day) 12.348 17.064 11.748  11.292
Methane (L/day/L)** 1.029 1.422 0.979 0.941
Methane (L/day/g COD R)*  0.229 0.311 0.295 0.266
Biogas CO2 (%) 33.3 33.7 33.6 33.9
Biogas H2S (ppm) 1,390 1,588 1,440 1,333

* Based on influent mass tCOD minus effluent mass sCOD
** Biogas produced per liter of reactor volume
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TABLE 12
Average Biogas Characterization Data

Phase Il (February 28, 2010 - March 26,2010)

Once-Through Digester #

Parameter 1 2 3
Feed (L/day) 0.356 0.364 0.342
COD Fed (g/day) 39.838 40.663 36.720
F/IM (g COD/day/g VSS) 0.276 0.288 0.249
U (g COD R/day/g VSS) 0.264 0.275 0.238
COD Removed (%)* 95.6 95.2 95.7
HRT (days) 32.2 31.3 30.2
SRT (days) 32.2 31.3 30.2
Biogas (L/day) 17.152 18.442 14.558
Biogas (L/day/L)** 1.429 1.537 1.213
Biogas (L/day/g COD R)* 0.429 0.466 0.371
Methane (L/day) 12.144 12.948 9.972
Methane (L/day/L)** 1.012 1.079 0.831
Methane (L/day/g COD R)* 0.305 0.332 0.257
Biogas CO2 (%) 29.2 29.5 31.2
Biogas H2S (ppm) 1,769 1,638 1,579

* Based on influent mass tCOD minus effluent mass sCOD
** Biogas produced per liter of reactor volume
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TABLE 13
Average Biogas Characterization Data
Phase Il (April 22, 2010 - June 16, 2010)

Digester #
Parameter 1 S
Feed (L/day) 0.514 0.586
COD Fed (g/day) 25.889 60.287
F/M (g COD/day/g VSS) 0.446 0.298
U (g COD R/day/g VSS) 0.428 0.297
COD Removed (%)* 95.9 99.7
HRT (days) 23.3 21.4
SRT (days) 23.3 239.1
Biogas (L/day) 25.560 28.479
Biogas (L/day/L)** 2.130 2.373
Biogas (L/day/g COD R)* 0.422 0.457
Methane (L/day) 15.744 17.532
Methane (L/day/L)** 1.312 1.461
Methane (L/day/g COD R)* 0.262 0.285
Biogas CO2 (%) 33.6 34.0
Biogas H2S (ppm) 2,000 2,000

* Based on influent mass tCOD minus effluent mass sCOD
** Biogas produced per liter of reactor volume
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TABLE 14
Average Biogas Characterization Data
Phase IV (June 17, 2010 - December 10, 2010)

Digester #
Parameter 1 5
Feed (L/day) 0.660 1.032
COD Fed (g/day) 63.722 98.907
F/M (g COD/day/g VSS) 0.620 0.307
U (g COD R/day/g VSS) 0.592 0.306
COD Removed (%)* 95.7 99.8
HRT (days) 19.6 12.6
SRT (days) 19.6 124.1
Biogas (L/day) 18.658 38.279
Biogas (L/day/L) 1.555 3.274
Biogas (L/day/g COD R)* 0.310 0.384
Methane (L/day) 12.024 23.309
Methane (L/day/L) 1.002 2.119
Methane (L/day/g COD R)* 0.160 0.252
Biogas CO2 (%) 31.2 33.7
Biogas H2S (ppm) 2,850 2,028

* Based on influent mass tCOD minus effluent mass sCOD
**Biogas produced per liter of reactor volume
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A biogas trend plot of average biogas composition as a function of F/M based on average
biogas composition values and F/M ratios for all digesters for the entire afuihse

research study can be viewed in Figure 8. As viewed in Figure 8, at an F/M ratios
greater than 0.460 g COD Applied/g VSS and higher, biogas production and biogas
guality decreases, most likely as a result of VFA accumulation resuitmgthanogen

inhibition/toxicity.

Digester Biogas Kinetics

The specific biogas production rate is mathematically described ast@fuoicthe mass

specific substrate loading rate as follows:

N FS;
(G +73)

Where:
G = specific methane production rate, L/day/L Reactor Volume

Gmax = maximum specific methane production rate, L/day/L Reactor Volume

Gg = proportionality constant or specific substrate loading where the rate of

biogas production is one-half the maximum rate,
g COD Applied/day/g VSS

The biokinetic constantsfzx and G were determined from the data obtained during the
bench-scale digester portion of this study. A comparison of average F/M ratios and
average G values for each data collection phase can be viewed in Table 15. However, it
should be noted that the Phase I, Digester 2 G value was not used to determine biogas
kinetics due to limited data as a result of gas leaks during the Phase | dataoroll

period. The Phase IV, Digester 1 G value was not used to determine biogas kinetics due
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TABLE 15
Average Biogas and Methane Production Rates

Phase | (November 14, 2009 - January 29, 2010)

FIM G M
(g COD/ (L Biogas/ (L Methane/
Digester day/g VSS) Day/L) Day/L)
1 0.223 1.558 1.029
2 0.240 2.056 1.422
3 0.180 1.483 0.979
4 0.181 1.427 0.941
Phase Il (February 28, 2010 - March 26, 2010)
FIM G M
(g COD/ (L Biogas/ (L Methane/
Digester day/g VSS) Day/L) Day/L)
1 0.276 1.473 1.064
2 0.288 1.550 1.091
3 0.249 1.371 0.940
Phase IIl (April 22, 2010 - June 16, 2010)
FIM G M
(g COD/ (L Biogas/ (L Methane/
Digester day/g VSS) Day/L) Day/L)
1 0.446 2.215 1.392
5 0.298 2.373 1.461
Phase IV (June 16, 2010 - December 10, 2010)
FIM G M
(g COD/ (L Biogas/ (L Methane/
Digester day/g VSS) Day/L) Day/L)
1 0.620 1.555 1.002

5 0.307 3.274 2.119

61



to reduced average biogas production compared to the lower F/M ratios as sdda in Ta
15. This decreased biogas production rate most likely indicates VFA inhibitiamoxi
resulting in decreased COD utilization/removal and poor biogas production. Biomass
recycle G values were not used to determine biogas kinetics due to siglyificghnéer
biogas production rates as a result of increased COD volumetric and masg tases.
Biomass recycle digester biogas kinetics would be different than the onoetthr
digester biogas kinetics and would have to be developed as a separate set of kinetic
relationships. Biomass recycle digesters can be substrate loaded avbigimatric
substrate loading rates (kg/dayjrthan once-through systems. The average G values
from the once-through digesters for each data collection phase were platateson

of the average F/M ratios in terms of COD as seen in Figure 9. Theooadgpof the
average G values from each data collection phase were plotted as a function of the
reciprocals of the average F/M ratios to achieve a linear monomoleculac kine

relationship as seen in Figure 10. In linearized forppy@ the reciprocal of the y-axis
intercept, and the slope of the line is equal §Ggax Gmaxis determined from Figure

10 to be 2.38 L Biogas/day/L Reactor Volume withgav@lue of 0.13 g COD

Applied/day/g VSS.

Digester Methane Kinetics

The specific methane production rate is mathematically describefdiastian of the

specific mass substrate loading rate as follows:

N FS;
(M + %)
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Where:
M = specific methane production rate, L/day/L Reactor Volume

Mmax = maximum specific methane production rate, L/day/L Reactor Volume

Mp = proportionality constant or specific substrate loading rate wheretéhefra

methane production is one-half the maximum rate,
g COD Applied/day/g VSS

The biokinetic constants iy and Mg were determined from the data obtained during

the bench-scale digester portion of this study. A comparison of averagati®and

M values for each data collection phase can be viewed in Table 15. However, it should
be noted that the Phase |, Digester 2 M value was not used to determine methase kinet
due to limited data as a result of gas leaks during the Phase | data colpectoml. The

Phase IV, Digester 1 M value was not used to determine methane kinetics clwegulre
average methane production compared to the lower F/M ratios as seen in Table 15. This
decreased methane production rate most likely indicates VFA accumulation and
inhibition/toxicity to the methanogens, resulting in decreased COD utilizegraoXal

and poor methane production. Biomass recycle M values were not used to determine
methane kinetics due to significantly higher methane production as a resuleakextr

COD volumetric and mass loading rates. Biomass recycle digester mé&thatics

would be different than the once-through digester methane kinetics and would have to be
developed as a separate set of kinetic relationships. Biomass recyclerdigastbe

substrate loaded at higher volumetric substrate loading rates (kg}igyém once-

through systems. The average M values from the once-through digestershfoliaéa
collection phase were plotted as a function of the average F/M ratios mige@OD as

seen in Figure 11. The reciprocals of the average M values were plotted asom fohcti
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the reciprocals of the average F/M ratios to achieve a linear mononaolkmétic

relationship as seen in Figure 12. In linearized forgNb the reciprocal of the y-axis
intercept, and the slope of the line is equal {gMWhax Mmaxis determined from Figure

12 to be 1.66 L Methane/day/L Reactor Volume with amvsllue of 0.14 g COD
Applied/day/g VSS. A summary table of the digester substrate, biogas, andienetha

biokinetic constants can be viewed in Table 16.

AMPTS STUDIES

AMPTS Substrate Characterization

AMPTS studies were also conducted for evaluation of potential development of
biokinetic constants by performing batch feed studies using small reaCtwgurpose
of the AMPTS kinetics studies was to evaluate the potential for developing a quick and
simple method/procedure to determine biokinetic relationships for full-apglecations
without performing the long-term bench-scale operations. Since substargialagat
obtained during the course of the bench-sale digester reactor portion of thehresearc
kinetics data obtained during the AMPTS studies could be directly compared and
contrasted with the kinetics data developed from the digester reactors. SA8tiRdies
were performed using a feed blend identical to that used during the bench-geslerdi
portion of the study. Influent feed was characterized for tCOD and sCOIDerihfeed
characteristics can be viewed in Table 17. Seed sludge used for the AMPTS kinetic
relationship studies was supplied from an operating digester from the previously
mentioned digester studies. Seed sludge was characterized for tCOD, sSCORSESS

TKN, NHs-N, T-P, and PQP.
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TABLE 16
Bench-Scale Digester Biokinetic Constants

Parameter Value

Umax(g COD R/day/g VSS) 16.95
Kg (g COD/day/g VSS) 17.13
Gmax(L/day/L Reactor Volume) 2.38
Gg (g COD/day/g VSS) 0.13
M max(L/day/L Reactor Volume) 1.66
Mg (g COD/day/g VSS) 0.14
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TABLE 17
AMPTS Influent Feed Characterization Data

Influent
Parameter Feed
tCOD (mg/L) 103,150
sCOD (mg/L) 56,450
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Seed sludge characterization data can be viewed in Table 18. For the AMPTS portion of
the study, small 500 mL digesters were set up in a batch reactor mode aenfmutis|
to-microorganism (F/M) ratios. Digesters were set up with 300 mLs of kelgesand
various feed volumes. Air temperature in the room was maintainedGt@36C
throughout the course of the study period to maintain digester reactor tenmgsgratur
instead of using heated water baths. Once the digester(s) with the lovi2b&2O
(lowest F/M ratio) approached the theoretical maximum gas production valuinée
gas production rate substantially decreased, the study period was determined to be
complete and all digesters were immediately sampled and analyzed for $S6, VSS,
VFA, P-Alk, and T-Alk. AMPTS digester effluent data can be viewed in Tablet19. |
should be noted that Table 19 includes two columns containing F/M ratios. One F/M
column is labeled Initial F/M column and represents the initial F/M ratiamstef g
COD/g VSS at the onset of the study. The other F/M column represents &/ rat

terms of g COD/day/g VSS with respect to the HRT of the study period.

AMPTS Digester Substrate Kinetics

Table 20 presents the U values in terms of g COD Removed/day/g VSS in eatdr diges

and percent COD removal for each digester. Biokinetic constgpsaldd Kg were

determined from the data obtained during the AMPTS research portion of thisTted
specific substrate utilization rate was plotted as a function of the Fidimatrms of

COD as seen in Figure 13. The reciprocal of U was plotted as a function dfignecal
of the F/M ratio to achieve a linear monomolecular kinetic relationship as seiguia F

14. In linearized form, K4« is the reciprocal of the y-axis intercept, and the slope of the
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TABLE 18
AMPTS Seed Sludge Characterization Data

Seed
Parameter Sludge
tCOD 40,150
sCOD 11,310
TSS 32,800
VSS 19,900
TKN 6,550
NH3-N 1,790
T-P 4,160

PO,-P 740
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TABLE 19
AMPTS Digester Data

tCOD Initial F/IM FIM
Feed Fed (gCOD/ (gCOD/ HRT SRT sCOD TSS VSS VFA P-Alk VFA/
Digester (L) (9) g VSS) g VSS) (days)(days) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) P-Alk

1 0.000 0.000 0.568 0.202 2.81 2.81 6,650 29,600 19,700 3,900 10,450 0.373
2 0.000 0.000 0.568 0.156 3.65 3.65 6,920 28,900 19,400 3,400 8,800 0.386
3 0.012 1.238 0.776 0.276 2.81 2.81 8,560 26,000 18,200 3,700 8,625 0.429
4 0.012 1.238 0.776 0.276 2.81 2.81 6,900 26,000 18,600 3,875 8,900 0.435
5 0.015 1.547 0.828 0.227 3.65 3.65 8,960 25,900 18,400 3,875 7,200 0.538
6 0.015 1.547 0.828 0.227 3.65 3.65 8,000 27,100 19,000 3,325 7,275  0.457
7 0.024 2.476 0.983 0.350 2.81 281 11,220 25,000 17,800 4,325 7,150 0.605
8 0.024 2.476 0.983 0.350 2.81 2.81 8,940 24,300 18,000 4,175 7,100 0.588
9 0.030 3.095 1.087 0.298 3.65 3.65 11,620 25,700 18,100 4,750 5,925 0.802
10 0.030 3.095 1.087 0.298 3.65 3.65 12,060 26,900 18,800 5,175 5,775 0.896
11 0.036 3.713 1.190 0.424 2.81 281 12,540 23,800 17,000 5,625 5,900 0.953
12 0.036 3.713 1.190 0.424 2.81 281 10,840 23,300 17,200 4,975 5,425 0.917
13 0.048 4.951 1.398 0.497 2.81 281 15280 24,000 17,700 5,750 5,075 1.133
14 0.048 4.951 1.398 0.497 2.81 281 13,900 25,100 18,200 6,600 5,250 1.257
15 0.060 6.189 1.605 0.571 2.81 281 16,320 24,000 17,600 6,675 4,475 1.492
16 0.060 6.189 1.605 0.571 2.81 281 12,960 25,000 19,100 6,025 4,425 1.362
17 0.060 6.189 1.605 0.440 3.65 3.65 16,840 27,100 18,900 7,000 4,075 1.718
18 0.060 6.189 1.605 0.440 3.65 3.65 16,360 25,400 17,900 7,125 4,125 1.727
19 0.090 9.284 2.123 0.582 3.65 3.65 20,100 23,800 17,900 6,475 3,175 2.039
20 0.090 9.284 2.123 0.582 3.65 3.65 20,680 23,400 17,400 6,525 2,950 2.212
21 0.120 12.378 2.642 0.724 3.65 3.65 21,540 26,800 19,300 7,400 2,625 2.819

22 0.120 12.378 2.642 0.724 3.65 3.65 21960 24,800 18,300 7,025 2,000 3.513
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TABLE 20

AMPTS Digester Effluent Data

tCOD Initial F/M FIM U COD
Feed Fed (g COD/ (g COD/ (gCOD/ RemovedHRT SRT
Digester (L) (9) g VSS) g VSS) day/g VSS) (%) (days)(days)
1 0.000 0.000 0.568 0.202 0.083 41.2 281 281
2 0.000 0.000 0.568 0.156 0.060 38.8 3.65 3.65
3 0.012 1.238 0.776 0.276 0.117 42.3 281 281
4 0.012 1.238 0.776 0.276 0.148 53.5 281 281
5 0.015 1.547 0.828 0.227 0.097 42.9 3.65 3.65
6 0.015 1.547 0.828 0.227 0.111 49.0 3.65 3.65
7 0.024 2.476 0.983 0.350 0.133 38.1 281 281
8 0.024 2.476 0.983 0.350 0.177 50.6 281 281
9 0.030 3.095 1.087 0.298 0.122 40.9 3.65 3.65
10 0.030 3.095 1.087 0.298 0.115 38.7 3.65 3.65
11 0.036 3.713 1.190 0.424 0.172 40.7 281 281
12 0.036 3.713 1.190 0.424 0.206 48.7 281 281
13 0.048 4.951 1.398 0.497 0.180 36.3 281 281
14 0.048 4.951 1.398 0.497 0.209 42.0 281 281
15 0.060 6.189 1.605 0.571 0.221 38.7 281 281
16 0.060 6.189 1.605 0.571 0.293 51.3 281 281
17 0.060 6.189 1.605 0.440 0.162 36.7 3.65 3.65
18 0.060 6.189 1.605 0.440 0.169 38.5 3.65 3.65
19 0.090 9.284 2.123 0.582 0.222 38.2 3.65 3.65
20 0.090 9.284 2.123 0.582 0.212 36.4 3.65 3.65
21 0.120 12.378  2.642 0.724 0.309 42.6 3.65 3.65
22 0.120 12.378  2.642 0.724 0.300 41.5 3.65 3.65
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line is equal to I§/Umax UmaxWas determined from Figure 14 to be 16.98 g COD

Removed/day/g VSS with agivalue of 40.168 g COD Applied/day/g VSS.

AMPTS Digester Biogas Kinetics

Digesters were set up in duplicates with one set of digesters providing unscrulgazesd bio
to the AMPTS cell plate and another set of digesters providing scrubbed biogas

(methane) to the AMPTS cell plate.

Biokinetic constants g and G were determined from the data obtained during the

AMPTS research portion of this study. AMPTS digester biogas production ratbs ca
viewed in Table 21. The specific biogas production rates were plotted as arflofcti

the F/M ratio in terms of COD as seen in Figure 15. The reciprocal of @letéed as a
function of the reciprocal of the F/M ratio to achieve a linear monomolecular kinetic

relationship as seen in Figure 16. In linearized forppy@ the reciprocal of the y-axis
intercept, and the slope of the line is equal §Gg3x GmaxWas determined from Figure

16 to be 1.29 L Biogas/day/L Reactor Volume withgav@lue of 0.262 g COD

Applied/day/g VSS. Specific biogas production rates for the initial F/M ratios of 1.398 g
COD Applied/g VSS and higher F/M ratios were not included in Figure 15 and 16 for
biogas kinetics determination due to decreasing biogas production rates nipst like
resulting from VFA inhibition/toxicity. A biogas trend plot of average biogas

composition as a function of initial F/M based on average biogas composition values and
F/M ratios for the AMPTS digesters can be viewed in Figure 17. As viewedureHAg

at the initial F/M ratio of 1.398 g COD Applied/g VSS and higher, biogas production rate

and biogas quality decreases most likely as a result of VFA inhibitiontoxici
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TABLE 21
AMPTS Digester Biogas Data

tCOD Initial F/M FIM

Feed Fed (gCOD/ (gCOD/ HRT SRT G M

Digester (L) (9) g VSS) g VSS) (days)(days) (L/day/L) (L/day/L)

1 0.000 0.000 0.568 0.202 281 281 0.261

2 0.000 0.000 0.568 0.156 3.65 3.65 0.292

3 0.012 1.238 0.776 0.276 281 281 0.639

4 0.012 1.238 0.776 0.276 281 281 0.456

5 0.015 1.547 0.828 0.227 3.65 3.65 0.618

6 0.015 1.547 0.828 0.227 3.65 3.65 0.435

7 0.024 2.476 0.983 0.350 281 281 0.769

8 0.024 2.476 0.983 0.350 281 281 0.648

9 0.030 3.095 1.087 0.298 3.65 3.65 0.664

10 0.030 3.095 1.087 0.298 3.65 3.65 0.531

11 0.036 3.713 1.190 0.424 281 281 0.805

12 0.036 3.713 1.190 0.424 281 281 0.625

13 0.048 4.951 1.398 0.497 281 281 0.634

14 0.048 4.951 1.398 0.497 281 281 0.491

15 0.060 6.189 1.605 0.571 281 281 0.593

16 0.060 6.189 1.605 0.571 281 281 0.405

17 0.060 6.189 1.605 0.440 3.65 3.65 0.457

18 0.060 6.189 1.605 0.440 3.65 3.65 0.312

19 0.090 9.284 2.123 0.582 3.65 3.65 0.597

20 0.090 9.284 2.123 0.582 3.65 3.65 0.393

21 0.120 12.378 2.642 0.724 3.65 3.65 0.639

22 0.120 12.378 2.642 0.724 3.65 3.65 0.352
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AMPTS Digester Methane Kinetics

Biokinetic constants IMyx and Mg were determined from the data obtained during the

AMPTS research portion of this study. AMPTS digester methane productisrcaatde
viewed in Table 21. The specific methane production rates were plotted as a function of
the F/M ratio in terms of COD as seen in Figure 18. The reciprocal of M ot@sdoas a
function of the reciprocal of the F/M ratio to achieve a linear monomolecular kinetic

relationship as seen in Figure 19. In linearized forgNb the reciprocal of the y-axis
intercept, and the slope of the line is equal g MmaxWas determined from

Figure 19 to be 0.71 L Methane/day/L Reactor Volume withsavdue of 0.135 g COD
Applied/day/g VSS. Specific methane production rates for the initial &fidsrof 1.398

g COD Applied/g VSS and higher F/M ratios were not included in Figure 18 and 19 for
methane kinetics determination due to decreasing methane production ratekatyost li
resulting from VFA inhibition/toxicity. A summary table of the AMPTS diges
substrate, biogas, and methane biokinetic constants can be viewed in Table 22. As
viewed in Figure 17 at the initial F/M ratio of 1.398 g COD Applied/g VSS and higher,

methane production rate decreases most likely as a result of VFA inhibitiorjt

BENCH-SCALE DIGESTER KINETICS VS. AMPTS DIGESTER KINETICS

Substrate Kinetics Comparison

Since substantial data was obtained during the course of the digester reaictorgbort
the research, kinetics data obtained during the AMPTS studies could be directly

compared and contrasted with the kinetics data developed from the bench-scédesdiges
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TABLE 22
AMPTS Digester Biokinetic Constants

Parameter Value

Umax(g COD R/day/g VSS) 16.98
Kg (g COD/day/g VSS) 40.17
Gmax(L/day/L Reactor Volume) 1.29
Gg (g COD/day/g VSS) 0.26
M max(L/day/L Reactor Volume) 0.71

Mg (g COD/day/g VSS) 0.14

85



Bench-scale digesters were operated in a semi-continuous fed, CSTR mode, while
AMPTS digesters were operated in a batch mode. Both studies were perfonngettheisi
same feed blend throughout the course of the studies. The AMPTS digestersedede se
with sludge from one of the operating bench-scale digesters. Both studees wer
performed using vented, temperature controlled rooms with air temperatirgained
between 3%C to 36C throughout the course of the studies to maintain digester operating
temperatures. Biokinetic constants were developed for both studies based on mass
specific substrate loading rate according to the Stover-Kincannon Model (Stover &
Kincannon, 1982, Stover & Kincannon, 1983, and Stover & Kincannon, 1984). A
summary table comparing the biokinetic constants developed from data obtaineldefrom t
bench-scale digester studies and from the AMPTS digester studies cawde ivie

Table 23.

The biokinetic constants\dx and Kz obtained from the bench-scale digester studies and
the AMPTS studies were used to calculate U values as a function of F/Mhusing t

following equation:

_ Unae®) (57)
K5+ (77)
Where:
X =reactor VSS, g/L

An X value of 10 g/L (10,000 mg/L) was chosen based on average once-through digester
VSS concentrations throughout the course of the bench-scale digester studigss &f se

F/M ratios were chosen to calculate U value data points to produce U vs. F/M curves
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TABLE 23
Comparison of Biokinetic Constants

Bench-Scale AMPTS

Digester Digester

Parameter Constants Constants

Umax(g COD R/day/g VSS) 16.95 16.98
Kg (g COD/day/g VSS) 17.13 40.17
Gmax(L/day/L Reactor Volume) 2.28 1.29
Gg (g COD/day/g VSS) 0.11 0.26
M max(L/day/L Reactor Volume) 1.55 0.71
Mg (g COD/day/g VSS) 0.11 0.14
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based on the biokinetic constantgaland Ks obtained from both the bench-scale
digester studies and the AMPTS studies. The generated curves from botr digeses
were plotted together for direct comparison and can be viewed in Figure 20.nAs see
Figure 20, the calculated U values plotted according to the bench-scaterdigiggsand
K values follow an initial rapid increase and then start to level off as thdatalt U
values approach }dxaccording to monomolecular kinetics. However; the calculated U
values plotted according to the AMPTS digestggddnd K values produced a
significantly different U response curve with much lower specific sulbstitdization
rates for the same specific substrate loading rates as the bereHigeaters; as a result
of the high determined Kvalue. The significantly higherg&alue determined from the
AMPTS studies is a direct result of the high initial F/M ratio VFA inhdwittoxicity
impacts, as a result of the batch operating mode of the AMPTS digesters e tapidue
semi-continuous feed mode of the bench-scale digesters. The high initial BAmat
the AMPTS digesters resulted in VFA inhibition/toxicity and poor treatmentimeaince
in terms of COD removal compared to the bench-scale digesters that did natreceeri

VFA inhibition/toxicity.

Biogas Kinetics Comparison

The biokinetic constants {zxand G obtained from the bench-scale digester studies and
the AMPTS studies were used to calculate G values as a function of F/Mhssing t

following equation:

G )

s+ (77)
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An X value of 10 g/L (10,000 mg/L) was chosen based on average once-through digester
VSS concentrations throughout the course of the bench-scale digester studiess Afs
F/M ratios were chosen to calculate G value data points to produce G vs. F/M curves
based on the biokinetic constantg.and G obtained from both the bench-scale
digester studies and the AMPTS studies. The generated curves from botr digeses
were plotted together for direct comparison and can be viewed in Figure 21enAs se
Figure 21, the plotted G values calculated according to the bench-scalerdsyggstand

Gg values follow an initial rapid increase and then start to level off as thdatalt G
values approach £zxaccording to monomolecular kinetics. However; the calculated G
values plotted according to the AMPTS digestgi@nd G values produced a
significantly different G response curve with much lower specific biogas produates
for the same specific substrate loading rates as the bench-scaterdjgesa result of the
high determined &value. The significantly higherg&alue determined from the
AMPTS studies is a direct result of the high initial F/M ratio VFA inhibitioxicity
impacts as a result of the batch operating mode of the AMPTS digestgrarea to the
semi-continuous feed mode of the bench-scale digesters. The high initial Bdmat
the AMPTS digesters resulted in VFA inhibition/toxicity and poor biogas production
performance compared to the bench-scale digesters that did not experience VFA

inhibition/toxicity.

Methane Kinetics Comparison

The biokinetic constants Mxand M; obtained from the bench-scale digester studies and

the AMPTS studies were used to calculate M values as a function of F/M lusing t
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following equation:

a0 ()
us + (i7)

An X value of 10 g/L (10,000 mg/L) was chosen based on average once-through digester
VSS concentrations throughout the course of the bench-scale digester studiess Afs
F/M ratios were chosen to calculate M value data points to produce M vs. F/M curves
based on the biokinetic constantgdand Ms obtained from both the bench-scale
digester studies and the AMPTS studies. The generated curves from botr digeses
were plotted together for direct comparison and can be viewed in Figure 22.nAs see
Figure 22, the calculated M values plotted according to the bench-scakeidies and
Mg values follow an initial rapid increase and then start to level off as thdatald M
values approach Mxaccording to monomolecular kinetics. However; the plotted M
values calculated according to the AMPTS digestgsdnd Ms values produced a
significantly different M response curve with much lower specific methasduption
rates for the same specific substrate loading rates as the berechigeaters; as a result
of the high determined pivalue. The significantly higher Mvalue determined from the
AMPTS studies is a direct result of the high initial F/M ratio inhibitiondibyx impacts
as a result of the batch operating mode of the AMPTS digesters compdredéoni-
continuous feed mode of the bench-scale digesters. The high initial F/M rahes in t
AMPTS digesters most likely resulted in VFA inhibition/toxicity and poorhaeé
production performance compared to the bench-scale digesters which did notneeperie

VFA inhibition/toxicity. AMPTS study raw data can be viewed in Appendix G
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CHAPTER V

DISCUSSION

The scope of this research project was to operate suspended growth, CSTR anaerobic
digesters at the bench-scale level to evaluate improved operation technegjbedsand
develop biokinetic relationships. Multiple digester reactors were operatatliaeously

for approximately fourteen months to obtain data that were used to develop improved
operational processes and biokinetic relationships, along with evaluationtofenea
performance under various operating conditions. Biokinetic relationships were
developed for specific substrate utilization rate, specific biogas produetie, and

specific methane production rate in terms of specific substrate loatisg ra

The goal for developing improved operational processes and biokinetic relgigashi

the bench-scale level is to apply the improved techniques and relationships t¢altull-s
biogas/bioenergy production facilities for improved digester operations and enhanced
biogas production by producing the maximum specific biogas/methane production rate

possible from a given anaerobic digester reactor volume.

Considering technology currently available, the purpose of this research pagease
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the biokinetic constants developed from the bench-scale digesters to develop a PLC
algorithm to automate digester operations with input of key analytical peasne

control injection of substrate, and on-line monitoring of key digester operating
parameters to optimize digester operating conditions and provide enhanced biogas
production with improved methane content while maintaining good digester health, (pH,

alkalinity, and nutrient requirements).

When performing anaerobic digestion processes from a waste treatmepbgta waste
treatment plants have little to no control over substrate selection and are forcegjto a
and treat whatever waste flows and loads are provided. As a result, flow and loading
conditions often vary due to changing waste stream characteristics ngesuliinstable
digester operation. Unstable operating conditions often result in digester urgimétlict
poor substrate removal, poor biogas production, poor biogas quality, and even digester
failure. An example of digester failure can be observed in the AMPTS stueiesysly
mentioned where high initial F/M ratios (high COD loading conditions) in sevethaéof
digesters resulted in VFA accumulation and inhibition/toxicity to the methanogens,
resulting in poor COD removal, poor biogas production, and poor biogas quality.
Substrate overdosing as a result of insufficient substrate monitoring and rdigeste
monitoring is a common reason for digester failure. Low feed rates arefalsncern

and do not provide maximum biogas production per reactor volume available (this is of
particular concern relative to biogas/bioenergy applications). Itgeriant to select
high-strength (high COD) waste sources to avoid limiting substrate oneasia result of

low HRT to avoid digester solids dilution and allow proper time for methanogen growth.
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When performing anaerobic digestion processes from an alternativerieeiy/e

production standpoint, it is important to select a quality substrate(s) that iy readi
available and amenable to anaerobic digestion processes. It may also beninporta

have a variety of quality substrates to choose from due to possible seasotiahvami
availability. Substrates must be routinely monitored and characteriz€®Drand

nutrient value. The PLC algorithm must be able to adjust at least a selectd#dlone

rate of the various feedstocks based on substrate COD and nutrient data input obtained
through analytical laboratory testing to optimize the digester reactorogadi

production, treatment performance, and pH and alkalinity control. The purpose for input
of substrate COD data into the PLC is to adjust flow rates according to sub<hate
concentrations to maintain stable substrate mass loading rates (F/Miratiwsdigester
reactor to minimize specific substrate loading rate peaks and vadeysiated with

unstable operating conditions and lack of full use of anaerobic reactor volume biogas

production capabilities.

On-line digester monitoring for key parameters is a critical part of thedale digester
optimization process. Key on-line monitoring parameters include digester pH
temperature, biogas flow rate, biogas methane, carbon dioxide, and hydrogen sulfide
content. Important digester parameters to monitor through laboratory ealgbytictices
include VFAs, alkalinity, COD (same as effluent COD for once-througiesys, TS,

VS, TSS, VSS, NN, and P@Q-P. The PLC algorithm needs to be able to read and
interpret the key digester parameters for both on-line monitoring and anadigiaagntry
and adjust specific substrate loading rates accordingly. For exampkegslegrpH and

alkalinity and increasing VFAs and effluent CODs with decreasing bjogalkiction
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rate and methane content would be cause for concern and reason to reduce substrate
loading to the digester. With an automated PLC system with specific paramete
setpoints, an upset condition with one or a combination of the key parameters would
automatically reduce substrate loading rates, allow for digestevery, and

significantly reduce the risk of digester failure. On the other hand, inadecpeatd
anaerobic digester volume could also be determined and the specific substrate loading

rate increased for increased biogas production.

By determining biokinetic constants for the substrates, a PLC algorithm casalbedcto
monitor the critical on-line monitoring parameters previously mentioned andeetda
input from laboratory analytical testing for full-scale digester oparat The biokinetic
constants, when combined with proper on-line monitoring and laboratory analytical
testing, can be used to predict and maximize treatment performance antelyjtima

enhance biogas production with the highest methane content possible.

The biokinetic constants developed during the course of this research project do not
necessarily apply to different substrates. The biokinetic constants wilbbgate
specific, and the biokinetic constants will have to be determined for each applicat
Different substrates may require different operating techniqgues/methodolddie
digesters operated during the course of this study were operated under mesophilic
conditions. However; the key operating parameters for consistent anaerohierdiges
operation and optimization remain the same for thermophilic operating conditions as

well.
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Biomass recycle was proven during the course of this research project todoellane

option for increased biogas production and enhanced COD removal. Biomass recycle for
full-scale applications can be accomplished by a solids/liquid separatioe dawit as a
centrifuge, dissolved air or gas flotation system (Stover, 1987), gravitihtmdéner,

ultrafilter membranes, etc. The effluent produced after the solids/liqp@daten

process is of high quality for recycle or reuse such as direct irrigation, ancjiréyrof

the separated solids/biomass are recycled back to the digester react@maseimnd

maintain high biomass inventory. The biomass solids returned to the digestar react
provide significant advantages for operations compared to the currently used once-
through operating systems. Biomass recycle provides biomass managementrahd cont
and allows increased substrate loading while maintaining low, stable ogdfa ratios

with decreased inhibition as a result of increased biomass inventory. Biomads re
provides process stability and performance enhancement with nutrient and glkalinit
recycle for enhanced pH control, and enhanced and optimized biomethane production by
enhanced COD removal. A portion of the biomass solids can also be wasted from an

operating system as concentrated solids with high fertilizer nutriamng.val

The data obtained during this research project has proven through proper laboratory
analytical testing and monitoring of key digester operating paranibterghis approach

to digester optimization can be applied to full-scale anaerobic digestion m®testhe
purpose of enhanced biogas production with maximum possible methane content. This
research project has also proven through proper laboratory analyticeyj tesdi

monitoring of key digester operating parameters that it is possible to pustedige

operating conditions towards the maximum specific methane production raieitpefr
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digester reactor volume while maintaining operational stability andiélya Operating
anaerobic digestion systems for the primary purpose of biogas/bioenergy production,
rather than for waste treatment, will place greater emphasis on obtai@imgaimum
specific biogas/methane production rate possible from a given anaerobterdigastor

volume.
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CHAPTER VI

SUMMARY, CONCLUSIONS, AND RECOMMENDATIONS

The scope of this research project was to operate suspended growth, CSTR anaerobic
digesters at the bench-scale level to evaluate improved operation technebhedsyand
develop biokinetic relationships. Multiple digester reactors were operatatliaeously

for approximately fourteen months to obtain data that was used to develop improved
operational processes and biokinetic relationships, along with evaluationtofenea
performance under various operating conditions. Biokinetic relationships were
developed for specific substrate utilization rate, specific biogas produaterand

specific methane production rate in terms of specific substrate loadasg rat

The ultimate goal of this study was to develop biokinetic constants and a datébas
anaerobic digester operating parameters using manual operating technthedseach-
scale level that could be applied for automation of full-scale biogas/b@geperduction
facilities for the purpose of enhanced biogas production. The purpose of autométing ful
scale biogas/bioenergy production facilities is to improve digester aqpesand enhance

biogas production by producing the maximum specific biogas/methane production rate
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possible from a given anaerobic digester reactor volume while maintainilg sta

digester operating conditions.

Considering technology currently available, the purpose of this research pagease

the biokinetic constants developed from the bench-scale digesters to develop a PLC
algorithm to automate digester operations with input of key analytical paasnet

control injection of substrate, and on-line monitoring of key digester operating
parameters to optimize digester operating conditions and provide enhanced biogas
production with improved methane content while maintaining good digester health, (pH,

alkalinity, and nutrient requirements).

The following conclusions can be drawn from this research study:

1. Individual feedstocks chosen for this study when combined to form a co-digestion
substrate proved to be highly biodegradable and can be successfully converted to biogas
with consistent average methane content between 65% - 70% using anaerobandiges

processes.

2. Substrate utilization kinetics were found to be predictable as a functiors®f ma
specific substrate loading rates. Substrate utilization can be atgymagdicted using

the Stover-Kincannon Model.

3. Specific biogas and methane production rates were found to be predictable as a
function of mass specific substrate loading rates. Specific biogas andenetha
production rates can be described by monomolecular kinetics, the same as specifi
substrate utilization rates. Biokinetic constants were developed to be usedsaalell
anaerobic digester operations to predict specific substrate utilizatiorficspegas
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production, and specific methane production rates at various specific substratg loadin

rates.

4. Substrates must be routinely monitored and characterized for COD and nutrient value
Full-scale anaerobic digestion plants, for the purpose of alternative fugyene

production, should have the ability to adjust at least a selected one of the rate of the
various feedstocks based on substrate COD and nutrient data input obtained through
analytical laboratory testing to optimize the digester reactor(s)dgabiproduction,
substrate removal, and pH and alkalinity control. Influent flow rates showadjbsted
according to substrate COD concentrations to maintain stable substrateauass |

rates (F/M ratios) in the digester reactor to minimize specific @ibdtrading rate peaks

and valleys associated with unstable operating conditions and lack of full use of

anaerobic reactor volume for biogas production capabilities.

5. The biokinetic constants, when combined with proper on-line monitoring and
laboratory analytical testing, can be used to predict and maximize tregentmmance
and ultimately enhance biogas production with the highest methane content possible

while maintaining operational stability and reliability.

6. Improper monitoring and correlation of substrate loading and key digestermgperati
parameters can lead to unstable operating conditions with digester urgiméticpoor
substrate utilization rates, poor biogas production, poor biogas quality, and even digester

failure.

7. Substrate overdosing as a result of insufficient substrate monitoring anerdigest

monitoring is a common reason for digester failure. Low feed rates arefalsncern
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and do not provide maximum biogas production per reactor volume available. Itis
important to select high-strength (high COD) waste sources to avoid lirsitbgjrate
injection as a result of low HRT to avoid digester solids dilution and allow proper ti

for methanogen growth.

8. Operating anaerobic digestion systems for the primary purpose of biogas#pjoene
production, rather than for waste treatment, places greater emphasis omglkeni
maximum specific biogas/methane production rate possible from a given anaerobic

digester reactor volume.

9. Biomass recycle is an excellent option for increased biogas production and enhanced
COD utilization. Biomass recycle provides biomass management and control ared allow
increased digester substrate loading rates while maintaining low, spevkging F/M

ratios with decreased inhibition as a result of increased biomass inventoryasBiom

recycle provides process stability and enhanced performance witmnhatraééalkalinity
recycle for enhanced pH control, and enhanced and optimized biomethane production by

enhanced COD utilization.

10. AMPTS studies show potential for developing a quick and simple method/procedure
to determine biokinetic relationships for full-scale applications without peifigrthe
long-term bench-scale operations. However; biokinetic constants developedasing t
AMPTS studies were different than those determined form the bench-sadeedig

AMPTS study biokinetic constants differed due to batch feeding compared to semi-

continuous feeding, resulting in initial high F/M ratios in the digesters causiAg V
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accumulation and methanogen inhibition/toxicity resulting in poor substrate removal,

poor biogas production, and poor biogas quality.

From the research study conclusions presented, it is recommended to pursue the

following:

1. Develop PLC algorithms for full-scale anaerobic digestion altemnaiels/energy
production plants using the co-digestion process of combined feedstocks and/or
individual feedstocks according to the key laboratory analytical testingnptees and

key on-line digester monitoring parameters previously mentioned in carrelaith the
biokinetic constants developed to maximize biogas and methane production rates based

on substrate loading rates.

2. Develop laboratory analytical testing and on-line digester monitoringgmnsgior key
operating parameters for full-scale anaerobic digestion biogas/bigygm@duction

plants. Important digester parameters to monitor through laboratory arigygicéces
include VFAs, alkalinity, COD, TS, VS, TSS, VSS, NN, and PQ-P. Key on-line
monitoring parameters include digester pH, temperature, biogas flow mgasbi
methane, carbon dioxide, and hydrogen sulfide content. Key digester paraareters f
both on-line monitoring and analytical data entry should be used to adjust specific

substrate loading rates accordingly.

3. Continue investigation in AMPTS study methodologies to overcome the problems
associated with batch feeding and initial high F/M ratios that result inadéAmulation
and methanogen inhibition/toxicity ultimately resulting in poor substrate removal, poor

biogas production, and poor biogas quality.
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APPENDIX A

Bench-Scale Digester Photographs
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APPPENDIX B

AMPTS Digester Photographs
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APPENDIX C

Phase | Raw Data
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Phase 1-4
Individual Feedstock Characterization

Sample pH TS VS TSS VSS tCOD sCOD NN T-P PQ-P
Description (su) (%) (%) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) ng/L)

Hen Litter 75.95 46.97
Swine Manure 82 271 168 10,800 8,200 35200 13,700 27,900 395 17
Husklage 91.19 87.56
Silage Juice 40 7.49 7.11 32,200 31,600 133,400 91,400 67 385 367

Thin Stillage #1 46 559 491 27,600 26,600 93,600 59,300 89 1,090 422
Thin Stillage #2 42 6.69 6.01 25800 25600 118,300 57,450 46 1,170 575
Thin Stillage #3 42 6.22 548 28,600 28,400 118,400 63,400 22 1,315 600
Thin Stillage #4 45 6.11 534 28,000 28,000 120,200 59,300 20 1,325 570
Thin Stillage #5 45 537 456 20,900 20,500 104,500 61,600 14 1,375 525
Thin Stillage #6 44 506 4.26 17,400 17,300 104,000 65,000 24 1,365 570
Thin Stillage #7 34 6.24 562 30,800 30,550 117,300 61,750 15 1,165 730
Thin Stillage #8 38 6.08 533 26,000 25600 115,200 55,700 35 1,135 688
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Phase |
Influent Feed Characterization
November 14, 2009 - January 29, 2010

Feed Feed pH tCOD sCOD TS VS TSS VSS TKN NH3-N T-P PQ-P

Date Description  Number (s.u.) (mg/L) (mg/L) (%) (%) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L)  (mg/L)

12/11/09 Blend #1 Feed #1 5.0 107,100 50,100 7.7401 7 27,000 26,000 1,670 185 1,058 545
12/12/09 Blend #1 Feed #1 50 107,100 50,100 7.7401 7 27,000 26,000 1,670 185 1,058 545
12/13/09 Blend #1 Feed #1 50 107,100 50,100 7.7401 7 27,000 26,000 1,670 185 1,058 545
12/14/09 Blend #1 Feed #1 50 107,100 50,100 7.7401 7 27,000 26,000 1,670 185 1,058 545
12/15/09 Blend #1 Feed #1 5.0 107,100 50,100 7.7401 7 27,000 26,000 1,670 185 1,058 545
12/16/09 Blend #1 Feed #1 5.0 107,100 50,100 7.7401 7 27,000 26,000 1,670 185 1,058 545
12/17/09 Blend #1 Feed #1 5.0 107,100 50,100 7.7401 7 27,000 26,000 1,670 185 1,058 545
12/18/09 Blend #1 Feed #1 5.0 107,100 50,100 7.7401 7 27,000 26,000 1,670 185 1,058 545
12/19/09 Blend #1 Feed #1 50 107,100 50,100 7.7401 7 27,000 26,000 1,670 185 1,058 545
12/20/09 Blend #1 Feed #1 5.0 107,100 50,100 7.7401 7 27,000 26,000 1,670 185 1,058 545
12/21/09 Blend #1 Feed #2 55 117,200 60,150 5.7701 5 25,400 25,000 1,550 222 1,208 427
12/22/09 Blend #1 Feed #2 55 117,200 60,150 5.7701 5 25,400 25,000 1,550 222 1,208 427
12/23/09 Blend #1 Feed #2 55 117,200 60,150 5.7701 5 25,400 25,000 1,550 222 1,208 427
12/24/09 Blend #1 Feed #2 55 117,200 60,150 5.7701 5 25,400 25,000 1,550 222 1,208 427
12/25/09 Blend #1 Feed #2 55 117,200 60,150 5.7701 5 25,400 25,000 1,550 222 1,208 427
12/26/09 Blend #1 Feed #2 55 117,200 60,150 5.7701 5 25,400 25,000 1,550 222 1,208 427
12/27/09 Blend #1 Feed #2 55 117,200 60,150 5.7701 5 25,400 25,000 1,550 222 1,208 427
12/28/09 Blend #1 Feed #3 55 107,900 56,100 5.7094 4 28,600 28,600 1,690 208 1,380 447
12/29/09 Blend #1 Feed #3 55 107,900 56,100 5.7094 4 28,600 28,600 1,690 208 1,380 447
12/30/09 Blend #1 Feed #3 55 107,900 56,100 5.7094 4 28,600 28,600 1,690 208 1,380 447
12/31/09 Blend #1 Feed #3 55 107,900 56,100 5.7094 4 28,600 28,600 1,690 208 1,380 447
1/1/10 Blend #1 Feed #3 55 107,900 56,100 5.70 4 4.28,600 28,600 1,690 208 1,380 447
1/2/10 Blend #1 Feed #3 55 107,900 56,100 5.70 4 4.28,600 28,600 1,690 208 1,380 447
1/3/10 Blend #1 Feed #3 55 107,900 56,100 5.70 4 4.28,600 28,600 1,690 208 1,380 447
1/4/10 Blend #1 Feed #3 5.5 107,900 56,100 5.70 4 4.28,600 28,600 1,690 208 1,380 447
1/5/10 Blend #1 Feed #4 53 111,400 57,550 5.60 6 4.27,400 27,200 1,210 269 1,160 465
1/6/10 Blend #1 Feed #4 5.3 111,400 57,550 5.60 6 4.27,400 27,200 1,210 269 1,160 465
1/7/10 Blend #1 Feed #4 5.3 111,400 57,550 5.60 6 4.27,400 27,200 1,210 269 1,160 465
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Influent Feed Characterization (Cont.)

Phase |

November 14, 2009 - January 29, 2010

Feed Feed pH tCOD sCOD TS VS TSS VSS TKN  NH3-NT-P PQ-P

Date Description Number (s.u) (mg/L) (mg/L) (%Y%) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L)

1/8/10 Blend #1 Feed#4 53 111,400 57,550 5.606 487,400 27,200 1,210 269 1,160 465
1/9/10 Blend #1 Feed#4 53 111,400 57,550 5.606 487,400 27,200 1,210 269 1,160 465
1/10/10 Blend #1 Feed#5 4.8 109,200 56,400 6.349 526,400 25,800 1,350 197 1,255 560
1/11/10 Blend #1 Feed#5 4.8 109,200 56,400 6.349 526,400 25,800 1,350 197 1,255 560
1/12/10 Blend #1 Feed#5 4.8 109,200 56,400 6.3469 526,400 25,800 1,350 197 1,255 560
1/13/10 Blend #1 Feed#5 4.8 109,200 56,400 6.3469 526,400 25,800 1,350 197 1,255 560
1/14/10 Blend #1 Feed#5 4.8 109,200 56,400 6.3469 526,400 25,800 1,350 197 1,255 560
1/15/10 Blend #1 Feed#5 4.8 109,200 56,400 6.3469 526,400 25,800 1,350 197 1,255 560
1/16/10 Blend #1 Feed#5 4.8 109,200 56,400 6.349 526,400 25,800 1,350 197 1,255 560
1/17/10 Blend #1 Feed#5 4.8 109,200 56,400 6.349 526,400 25,800 1,350 197 1,255 560
1/18/10 Blend #1 Feed#5 4.8 109,200 56,400 6.349 526,400 25,800 1,350 197 1,255 560
1/19/10 Blend #1 Feed#5 4.8 109,200 56,400 6.349 526,400 25,800 1,350 197 1,255 560
1/20/10 Blend #1 Feed#5 4.8 109,200 56,400 6.349 526,400 25,800 1,350 197 1,255 560
1/21/10 Blend #1 Feed#6 5.2 91,100 53,650 6.518 5.30,200 29,600 2,110 210 1,345 555
1/22/10 Blend #1 Feed#6 5.2 91,100 53,650 6.518 5.30,200 29,600 2,110 210 1,345 555
1/23/10 Blend #1 Feed#6 5.2 91,100 53,650 6.518 5.30,200 29,600 2,110 210 1,345 555
1/24/10 Blend #1 Feed#6 5.2 91,100 53,650 6.518 5.30,200 29,600 2,110 210 1,345 555
1/25/10 Blend #1 Feed#6 5.2 91,100 53,650 6.518 5.30,200 29,600 2,110 210 1,345 555
1/26/10 Blend #1 Feed#6 5.2 91,100 53,650 6.518 5.30,200 29,600 2,110 210 1,345 555
1/27/10 Blend #1 Feed#6 5.2 91,100 53,650 6.518 5.30,200 29,600 2,110 210 1,345 555
1/28/10 Blend #1 Feed#6 5.2 91,100 53,650 6.518 5.30,200 29,600 2,110 210 1,345 555
Average 5.2 106,971 55,269 6.39 5.67 27,461 26,947609 209 1,233 509

Minimum 48 91,100 50,100 5.60 4.86 25400 25,000210 185 1,058 427

Maximum 55 117,200 60,150 7.74 7.01 30,200 29,6(0110 269 1,380 560
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Phase |
Digester 1 Operations Data
November 14, 2009 - January 29, 2010

Biogas Biogas

pH Temp. Feed tCOD sCOD TS VS TSS VSS TKN NH3-N -P T PO4-P VFA P-Alk T-Alk Waste Biogas CO2 H2S
Date (su) (0C) (Uday) (mg/L) (mgll) (%) (%) (nhy/ (mg/l) (mg/L) (mg/L) (mg/L) (mg/ll) (mg/Ll) (mg/L) (mg/L) (L/day) (L/day) (%) (ppm)
11/14/09
11/15/09
11/16/09 7.1 0.100
11/17/09 7.1 34.0 0.100
11/18/09 7.1 1,790 21,000 19,800 501 69
11/19/09 7.1
11/20/09 7.0
11/21/09 7.1
11/22/09 7.2 38.5 455 2,495 2,950
11/23/09 7.2 38.0 0.100 2,500 32,200 29,800 372 72 370 2,650 3,020 0.250
11/24/09 7.3 37.0 0.200 650 2,613 3,263 0.080
11/25/09 7.1 36.0 0.200 4,000 4.0 34,000 31,400 3 41 39 413 2,725 3,138 0.130
11/26/09 7.2 0.220
11/27/09 7.2 36.0 0.200
11/28/09 7.2 36.5 0.200 400 3,375 3,775 0.080
11/29/09 7.2 0.200
11/30/09 7.2 36.5 0.300 2,600 3.87 35,800 32,800 4 47 60 463 3,913 4,375 0.130
12/1/09 7.2 36.5 0.300 413 3,950 4,363 0.080
12/2/09 7.2 36.5 0.300 3,825 3.50 31,000 27,600 753 89 588 4,250 4,838 0.100
12/3/09 7.2 36.5 0.300 640 3,960 4,600 0.050
12/4/09 7.3 36.5 0.350 2,320 348 29,800 26,600 630 80 560 4,300 4,860 0.070
12/5/09 7.3 37.0 0.300
12/6/09 7.3 37.0 0.300 800 4,180 4,980 0.050
12/7/09 7.3 36.5 0.100 3,113 3.30 34,600 30,800 731 121 960 4,000 4,960 0.050
12/8/09 7.2 36.0 0.300 840 4,560 5,400 0.050
12/9/09 7.2 36.0 0.300 2,500 3.16 254 25600 28,40 700 154 800 4,740 5,540 0.020
12/10/09 7.2 36.5 0.300 680 4,940 5,620 0.050
12/11/09 7.2 36.5 21,800 2,025 3.38 2.73 26,600 0(®B, 723 107 980 4,600 5,580 0.050
12/12/09 7.2 36.0 0.300 1,275 4,425 5,700 0.080
12/13/09 7.3 36.0 0.350 1,000 4,975 5,975 0.080
12/14/09 7.2 36.0 0.400 29,700 2,525 277 216 @r,0 23,200 725 162 963 5,238 6,200 0.100
12/15/09 7.2 35.0 0.400 1,113 5,113 6,225 0.080
12/16/09 7.2 35.0 0.350 45,900 3,150 292 224 @®b,421,800 653 158 1,175 5,238 6,413 0.100
12/17/09 7.2 35.5 0.375 1,075 5,375 6,540 0.080
12/18/09 7.2 35.5 0.410 39,800 4,100 3.01 2.32 @®b,822,800 828 440 173 1,163 5,325 6,488 0.130
12/19/09 7.2 35.5 0.475 1,138 5,575 6,713 0.080
12/20/09 7.2 35.5 0.400 1,175 5,575 6,750 0.080
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Phase |

Digester 1 Operations Data (Cont.)
November 14, 2009 - January 29, 2010

Biogas Biogas

pH Temp. Feed tCOD sCOD TS VS TSS VSS TKN NH3-N -PT PO4-P VFA P-Alkk  T-Alk Waste Biogas CO2 H2S
Date (su) (C) (Uday) (mg/L) (mg/L) (%) (%) (mg/ (mg/ll) (mg/L) (mg/) (mg/L) (mg/ll) (mg/L) (mg/L) (mg/l) (L/day) (L/day) (%)  (ppm)
12/21/09 7.2 35.0 0.400 23,300 4,075 295 223 ™4 19,800 643 157 1,213 5,525 6,738 0.100
12/22/09 7.2 35.5 0.450 1,300 5,588 6,888 0.080
12/23/09 7.2 36.0 0.425 31,700 3,050 284 214 @M,2 21,200 783 625 200 1,213 5,425 6,638 0.480
12/24/09 7.2 35.5 0.450 1,313 5,513 6,825 0.380
12/25/09 0.525 0.525
12/26/09 0.450 0.450
12/27/09 0.375 0.375
12/28/09 7.3 35.0 0.400 1,150 5,813 6,963 0.480
12/29/09 7.2 35.5 0.450 35,800 3,550 2,74 2.07 @B,6 20,600 1,905 753 565 212 1,225 5,350 6,575 0.33026.4
12/30/09 7.2 35.0 0.500 31,100 3,300 280 2.06 @®,6 20,000 878 640 200 1,150 5,650 6,800 0.360 32.0%,200
12/31/09 7.2 35.5 0.500 31,700 2,950 272 2.02 0#1,4 19,000 943 480 202 1,475 5,088 6,563 0.380 34.0%,600
1/1/10 7.2 35.0 0.500 31,300 3,100 272 2.03 21,4009,000 1,368 905 435 208 0.300 34.0% 1,900
1/2/10 7.2 34.5 0.500 31,500 2,875 2,78 197 20,4008,000 1,680 915 475 210 1,362 5,388 6,750 0.380 6.098 1,400
1/3/10 7.2 34.5 0.500 28,400 2,950 2,65 196 19,4007,800 1,756 960 675 208 1,237 5,463 6,700 0.360 8.7 1 34.0%
1/4/10 7.3 34.5 0.500 21,900 2,950 2.66 197 20,007,800 2,120 930 450 200 1,412 5,463 6,875 0.380 2.09% 1,200
1/5/10 7.2 35.0 0.500 31,100 2,302 259 190 21,00a8,000 1,910 918 565 204 1,162 5,038 6,200 0.380 8.7 1 34.0%
1/6/10 7.2 35.0 0.150 30,800 2,900 255 1.85 20,0007,000 1,680 990 575 218 1,200 5,900 7,100 0.180 2.098
1/7/10 7.2 35.0 0.100 27,600 2,700 256 1.88 19,4006,800 968 630 232 1,213 5,725 6,938 0.130 24.0%
1/8/10 7.2 34.0 0.500 32,300 3,350 2,66 198 20,4007,200 1,940 943 535 214 1,500 5,475 6,975 0.280
1/9/10 7.3 34.5 0.350 1,537 5,538 7,075 0.180
1/10/10 7.2 34.5 0.050 1,463 5,500 6,963 0.080
1/11/10 7.3 35.0 0.500 43,300 3,250 2.67 190 20,0016,600 1,000 595 232 1,737 4,988 6,725 0.380
1/12/10 7.2 35.0 0.500 0.580
1/13/10 7.2 35.0 0.500 26,500 2,800 2,62 1.85 20,0017,000 970 835 230 1,562 5,413 6,975 0.280
1/14/10 7.2 34.0 0.400 0.200 36.0% 1,300
1/15/10 7.2 35.0 0.500 26,200 3,350 243 171 16,5014,500 995 553 252 1,550 5,213 6,763 0.380
1/16/10 7.4 34.0 0.450 0.350
1/17/10 7.3 34.0 0.450 0.500
1/18/10 7.4 33.5 0.350 25,800 3,200 287 193 22,6018,600 2,380 1,010 685 232 1,725 5,363 7,088 00.33
1/19/10 7.3 35.5 0.500 23,100 2,700 3.00 202 21,8017,200 1,010 935 248 2,050 5,838 7,888 0.430
1/20/10 7.3 34.0 0.500 28,200 3,300 287 196 10,6016,200 1,053 1,423 256 1,900 5,788 7,688 0.380
1/21/10 7.4 35.5 0.500 25,800 2,675 274 186 10,2016,200 1,088 775 248 1,837 5,838 7,675 0.430 982.0 1,000
1/22/10 7.4 35.5 0.400 23,000 2,575 270 1.79 0,2016,000 1,025 1,060 240 1,775 5,725 7,500 0.430 .0984 800
1/23/10 7.4 35.5 0.100 0.050
1/24/10 7.4 35.5 0.200 0.175
1/25/10 7.4 35.5 0.100 21,500 2,650 251 1.65 18,8015,200 1,230 493 250 1,375 6,763 8,138 0.130
1/26/10 7.5 34.5 0.500 24,000 3,375 242 1.67 17,0015,000 1,688 1,235 735 252 2,037 6,138 8,175 00.33 36.0% 1,800
1/27/10 7.4 35.0 0.500 20,600 3,350 271 177 10,4015,000 1,240 550 256 2,137 6,063 8,200 0.380 986.0 1,700
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Phase |
Digester 1 Operations Data (cont.)
November 14, 2009 - January 29, 2010

Biogas Biogas
pH Temp. Feed tCOD sCOD TS VS TSS VSS TKN NH3-N -PT PO4-P VFA P-Alk T-Alk Waste Biogas CO2 H2S

Date (su) (oC) (Uday) (mgll) (mg/l) (%) (%) (nhy/ (mg/l) (mg/L) (mg/L) (mg/L) (mg/ll) (mg/L) (mgil) (mg/L) (L/day) (Lday) (%)  (ppm)
1/28/10 7.4 355 0.500 27,600 3,700 2.60 1.75 17,2014,400 1,870 1,240 850 256 1,950 6,213 8,163 00.38
1/29/10 74 350 0500 1,712 6188 7,900  0.380
Average 72 355 0.357 29,010 3011 288 200 23220192 1845 868 663 187 1192 5038 6231 0.23@1.27 33.3% 1,390
Minimum 70 335 0050 20,600 1,790 242 165 16,5014,400 1,368 372 435 39 370 2495 2950 0020 7018. 24.0% 800
Maximum 75 385 0525 45900 4,100 410 273 35,8032,800 2,380 1,240 1423 256 2,137 6,763 8,200 5800. 26.40  36.0% 1,900
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Phase |
Digester 2 Operations Data
November 14, 2009 - January 29, 2010

Biogas Biogas

pH Temp. Feed tCOD sCOD TS VS TSS VSS TKN NH3-N T-P PO4-P VFA P-Alk T-Alk Waste Biogas CO2 H2S
Date (su) (oC) (Lday) (mg/lLl) (mg/l) (%) (%) (nhg/ (mg/l) (mg/ll) (mg/l) (mg/l) (mg/ll) (mg/l) (mg/L) (mg/l) (L/day) (L/day) (%) (ppm)
11/14/09
11/15/09
11/16/09 7.1 0.100
11/17/09 7.0 34.0 0.100
11/18/09 7.1 1,320 9,600 8,800 472 69
11/19/09 7.1
11/20/09 7.1
11/21/09 7.1
11/22/09 7.2 38.5 235 2,645 2,880
11/23/09 7.3 38.5 0.100 1,920 20,800 19,200 288 56 475 2,450 2,925 0.250
11/24/09 7.3 375 0.200 500 2,513 3,013 0.080
11/25/09 7.2 36.0 0.200 1,600 3.6 28,000 25,800 331 35 475 2,613 3,088 0.130
11/26/09 7.2 0.220
11/27/09 7.2 36.0 0.200
11/28/09 7.2 36.5 0.200 400 3,400 3,800 0.080
11/29/09 7.2 0.200
11/30/09 7.2 36.5 0.300 2,000 3.3 31,200 28,200 51 463 3,625 4,088 0.130
12/1/09 7.2 36.5 0.300 413 3,950 4,363 0.080
12/2/09 7.2 36.5 0.300 2,350 3.3 30,800 27,200 480 63 600 4,175 4,775 0.100
12/3/09 7.2 36.0 0.300 740 3,760 4,500 0.050
12/4/09 7.3 36.5 0.350 2,950 35 28,400 25,600 583 680 4,320 5,000 0.070
12/5/09 7.3 36.5 0.300
12/6/09 7.3 36.5 0.300 820 4,100 4,920 0.050
12/7/09 7.3 36.5 0.100 2,125 3.3 28,600 26,200 601 106 1,020 4,220 5,240 0.070
12/8/09 7.2 36.5 0.300 780 4,720 5,500 0.050
12/9/09 7.2 36.5 0.300 2,763 33 2.6 28,800 25,800 798 147 900 4,620 5,520 0.070
12/10/09 7.2 36.5 0.300 780 4,860 5,640 0.050
12/11/09 7.2 36.5 25,400 2,100 32 26 25800 22,80 705 125 1,060 4,520 5,580 0.050
12/12/09 7.2 355 0.300 1,262 4,250 5,512 0.080
12/13/09 7.3 355 0.350 1,025 4,838 5,863 0.080
12/14/09 7.2 355 0.400 27,400 2,350 27 21 23,800,800 658 125 975 5,025 6,000 0.100
12/15/09 7.2 35.0 0.400 1,113 5,050 6,163 0.080
12/16/09 7.2 35.0 0.350 35900 2,725 29 2.2  26,6022,800 595 157 1,038 5,300 6,338 0.100
12/17/09 7.2 35.0 0.375 900 5,350 6,250 0.080
12/18/09 7.2 35.0 0.410 28,200 3,450 3.0 23 24,6021,200 665 290 168 1,213 5,138 6,350 0.130
12/19/09 7.2 35.0 0.475 1,063 5,475 6,538 0.080
12/20/09 7.2 35.0 0.400 1,063 5,475 6,538 0.280
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Digester 2 Operations Data (Cont.)

Phase |

November 14, 2009 - January 29, 2010

Biogas Biogas

pH Temp. Feed tCOD sCOD TS VS TSS VSS TKN NH3-N T-P PO4-P VFA P-Alk T-Alk Waste Biogas CO2 H2S
Date (s.u.) (0€) (Uday) (mg/l) (mg/Ll) (%) (%) (my/ (mg/L) (mglL) (mglL) (mglL) (mg/l) (mg/L) (mg/lL) (mg/l) (L/day) (Lday) (%)  (ppm)
12/22/09 7.2 35.0 0.450 1,150 5,538 6,625 0.330
12/23/09 7.2 355 0.425 25900 2575 27 2.1  22,40Q0,000 768 490 196 1,050 5,013 6,063 0.480
12/24/09 7.2 35.0 0.450 1,213 5,400 6,613 0.430
12/25/09 0.525 0.525
12/26/09 0.450 0.450
12/27/09 0.375 0.375
12/28/09 7.3 34.5 0.400 1,100 5,563 6,663 0.480
12/29/09 7.3 35.0 0.450 28,900 3,325 2.5 1.8 19,408,000 2,060 788 400 206 1,263 5,213 6,475 0.330
12/30/09 7.3 35.0 0.500 26,000 2950 2.4 1.8  18,2007,000 905 460 202 1,213 5,625 6,738 0.360 34.0%,4002
12/31/09 7.3 35.0 0.500 24,400 2,675 2.2 16 17,205,400 938 340 186 1,275 5,200 6,475 0.360 36.0%,1002
1/1/10 7.3 34.5 0.500 23,200 2,875 24 1.7  18,2006,20D 1,925 888 430 210 0.300 34.0% 2,000
1/2/10 7.3 34.0 0.500 16,200 2,925 21 15  14,4003,00D 2,525 958 355 194 1,250 5,400 6,650 0.380 0986. 1,600
1/3/10 7.3 34.0 0.500 24,200 2,750 2.0 1.5 14,0002,00D 2,040 965 470 210 942 5,283 6,225 0.360 34.0%
1/4/10 7.3 34.5 0.500 23,300 2,800 2.4 1.8 16,0004,20D 1,790 993 385 206 1,113 5,125 6,238 0.380 0984. 1,400
1/5/10 7.2 34.5 0.500 25,200 2,700 2.4 1.8 18,6006,00D 1,910 965 585 162 1,312 5,363 6,675 0.380 09836.
1/6/10 7.3 34.0 0.450 27,200 2,650 2.6 1.9 18,4006,20D 1,680 940 445 210 1,000 5,300 6,300 0.380 0982.
1/7/10 7.3 34.0 0.350 25,000 2,600 25 1.8  18,2005,40D 960 475 234 1,050 5,638 6,688 0.130 32.0%
1/8/10 7.2 335 0.500 25,600 3,325 25 1.8  19,2006,60D 2,500 980 444 208 1,250 5,275 6,525 0.530 0 25.
1/9/10 7.3 335 0.500 1,288 5,200 6,488 0.280 26.7
1/10/10 7.3 34.0 0.400 1,213 5,300 6,513 0.380
1/11/10 7.3 34.0 0.250 39,700 2,500 2.5 1.8 19,2006,800 978 430 220 1,388 5,175 6,563 0.130
1/12/10 7.2 34.5 0.550 0.430
1/13/10 7.2 34.0 0.350 24,500 2,575 2.6 1.8 18,7506,250 1,038 745 238 1,413 5,350 6,763 0.230
1/14/10 7.2 35.0 0.100
1/15/10 7.2 35.0 0.500 23,800 2,700 2.6 19 17,7506,000 1,033 425 236 1,475 5,388 6,863 0.380 22.3
1/16/10 7.5 35.0 0.400 0.300
1/17/10 7.4 34.5 0.500 0.500
1/18/10 7.4 34.5 0.500 22,400 2,500 2.9 2.0 21,40Q7,600 2,280 1,023 423 236 1,375 5,338 6,713 0.380
1/19/10 7.3 35.0 0.500 21,600 2,300 2.9 2.0 22,2008,400 1,013 630 248 1,475 5,688 7,163 0.430
1/20/10 7.4 35.0 0.500 19,900 2,525 2.8 1.9 19,80Q7,200 1,060 413 260 1,250 5,800 7,050 0.380
1/21/10 7.4 35.0 0.500 15,900 2,525 2.7 1.9 18,80@5,800 1,100 710 254 1,475 5,525 7,000 0.430 34.0%,100
1/22/10 7.4 35.0 0.350 23,300 2,425 2.6 1.8 18,6005,600 1,120 823 250 1,338 5,675 7,013 0.380 34.0%,000
1/23/10 7.4 35.5 0.250 0.050
1/24/10 7.4 35.5 0.500 0.400
1/25/10 7.4 35.0 0.500 21,600 2,875 2.6 1.7 18,8005,000 1,175 408 250 1,400 6,488 7,888 0.430
1/26/10 7.5 345 0.050 17,700 3,075 2.6 1.7 19,8006,200 1,132 1,230 643 256 6,163 6,163 7,638 0.130 28.0% 1,100
1/27/10 7.5 35.0 0.100 17,500 2,625 2.5 1.6 16,8023,600 1,310 653 260 1,500 6,250 7,750 0.130
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Phase |

Digester 2 Operations Data (Cont.)
November 14, 2009 - January 29, 2010

Biogas Biogas

pH  Temp.  Feed tCOD sCOD TS VS  TSS VsSs TKN  NH3-N T-P PO4-P  VFA  P-Ak T-Ak Waste Biogas CO2  H2S
Date (su) (oC) (uday) (mg/L) (mglL) (%) (%) (mg/ (mg/L) (mg/t) (mg/ll) (mg/L) (mg/l) (mg/L) (mg/L) (mg/l) (Uday) (Liday) (%)  (ppm)
1/28/10 74 355 0500 23,300 3400 25 1.7 16,4004200 1,752 1,290 540 256 1,925 6200 8125  0.180
1/29/10 74 350 0.500 1,662 6038 7,700  0.380 222
Average 73 353 0.364 24,400 2606 27 19 208198251 1,963 874 496 185 1,158 4,941 6,011  0.252 .0524 33.7% 1,588
Minimum 7.0 335 0.050 15900 1,320 20 1.5 9,600 ,808 1,132 288 290 35 235 2,450 2,880  0.050  22.208.09%2 1,000
Maximum 7.5 385 0550 39,700 3,450 36 2.6 31,2028200 2,525 1,310 823 260 6,163 6488 8125  0.5326.70  36.0% 2,400
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Phase |
Digester 3 Operations Data
November 14, 2009 - January 29, 2010

Biogas Biogas

pH Temp. Feed tCOD sCOD TS VS TSS VSS TKN NH3-N -PT PO4-P VFA P-Alk T-Alk Waste Biogas CO2 H2S
Date (su) (0C) (Uday) (mg/l) (mg/l) (%) (%) (nig/ (mg/ll) (mg/l) (mg/ll) (mg/L) (mg/ll) (mg/l) (mg/L) (mg/L) (Lday) (L/day) (%) (ppm)
11/14/09
11/15/09
11/16/09 7.1 0.100
11/17/09 7.0 33.0 0.100
11/18/09 7.1 1,940 21,200 20,000 480 71
11/19/09 7.0
11/20/09 7.1
11/21/09 7.0
11/22/09 7.1 37.5 615 2,295 2,910
11/23/09 7.2 38.0 0.100 2,020 30,600 28,400 245 68 590 2,365 2,955 0.250
11/24/09 7.2 37.0 0.200 700 2,388 3,088 0.080
11/25/09 7.1 36.0 0.200 3,500 3.8 35,400 32,600 368 35 463 2,675 3,138 0.130
11/26/09 7.2 0.220
11/27/09 7.2 35.0 0.200
11/28/09 7.2 35.0 0.200 400 3,313 3,713 0.080
11/29/09 7.2 0.200
11/30/09 7.2 36.0 0.300 3,100 3.5 31,600 29,000 356 49 450 3,725 4,175 0.130
12/1/09 7.2 35.5 0.300 463 3,763 4,225 0.080
12/2/09 7.2 34.0 0.300 2325 34 32,800 29,600 488 64 600 3,463 4,963 0.100
12/3/09 7.2 36.0 0.300 720 3,840 4,560 0.050
12/4/09 7.3 36.0 0.350 2,750 35 31,600 28,400 685 88 580 4,360 4,940 0.070
12/5/09 7.3 35.5 0.300
12/6/09 7.3 35.5 0.300 840 4,220 5,060 0.050
12/7/09 7.3 35.5 0.100 2,500 35 31,000 28,400 566 97 960 4,160 5,120 0.070
12/8/09 7.2 35.0 0.300 840 4,660 5,500 0.050
12/9/09 7.2 35.0 0.300 3,163 33 26 29,000 26,000 730 155 820 4,700 5,520 0.070
12/10/09 7.2 35.0 0.300 780 5,120 5,900 0.050
12/11/09 7.2 35.0 30,000 2,175 34 2.7 27,400 28,80 783 108 700 5,140 5,840 0.050
12/12/09 7.2 35.0 0.350 1,275 4,288 5,563 0.080
12/13/09 7.3 35.0 0.250 1,000 4,963 5,963 0.080
12/14/09 7.2 35.0 0.400 43,500 1,975 2.9 2.3 26,418,000 708 137 975 5,100 6,075 0.100
12/15/09 7.2 34.5 0.400 1,013 5,125 6,138 0.080
12/16/09 7.2 34.5 0.375 44,900 3,025 3.0 23 25,8@2,200 523 155 1,000 5,163 6,163 0.100
12/17/09 7.2 34.5 0.375 1,013 5,175 6,188 0.080
12/18/09 7.2 35.0 0.410 31,800 3,600 3.0 23 27,2(#B,800 778 470 164 1,200 5,150 6,350 0.130
12/19/09 7.2 35.0 0.350 1,150 5,413 6,563 0.080
12/20/09 7.2 35.0 0.400 1,100 5,600 6,700 0.080
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Digester 3 Operations Data (Cont.)

Phase |

November 14, 2009 - January 29, 2010

Biogas Biogas
pH Temp. Feed tCOD sCOD TS VS TSS VSS TKN NH3-N -PT PO4-P VFA P-Alk T-Alk Waste Biogas CO2 H2S

Date (su) (oC) (Uday) (mg/l) (mg/l) (%) (%) (nig/ (mg/ll) (mg/l) (mg/ll) (mg/L) (mg/ll) (mg/l) (mg/ll) (mg/l) (L/iday) (L/day) (%) (ppm)
12/21/09 7.2 34.5 0.400 36800 3975 2.9 2.2 24,800,200 665 150 1,175 5,325 6,500 0.100
12/22/09 7.2 35.0 0.250 1,450 5,138 6,588 0.130
12/23/09 7.2 35.0 0.425 32,000 2,800 2.7 21 23,200,800 738 545 192 1,088 5,150 6,238 0.430
12/24/09 7.2 35.0 0.450 1,163 5,288 6,450 0.330
12/25/09 0.500 0.500
12/26/09 0.450 0.450
12/27/09 0.375 0.375
12/28/09 7.3 34.0 0.400 1,163 5,550 6,713 0.480
12/29/09 7.3 35.0 0.400 35,500 3,300 2.6 2.0 20,408,600 2,200 720 570 196 1,275 5,050 6,325 0.230
12/30/09 7.2 34.5 0.400 34,000 2,925 27 2.0 20,803,400 898 560 194 1,375 5,363 6,738 0.280 34.0% ,2002
12/31/09 7.3 34.5 0.400 28,700 2,675 2.6 1.9 19,803,000 920 440 180 1,137 5,113 6,250 0.330 36.0% ,8001
1/1/10 7.3 34.0 0.400 28,400 2,875 26 2.0 20,008,400 1,940 870 400 196 0.250 34.0% 2,000
1/2/10 7.3 34.0 0.400 28,300 2,850 26 1.9 20,200/,80D 2,750 953 435 202 1,275 5,125 6,400 0.330 0%4. 1,800
1/3/10 7.3 34.0 0.400 28,400 2,725 2.6 1.9 18,800,8(D 2,060 973 610 188 1,088 5,275 6,363 0.330 0984.
1/4/10 7.3 34.0 0.400 29,000 2,975 2.5 1.9 18,800,60D 1,902 988 615 192 1,237 5,438 6,675 0.330 0982. 1,200
1/5/10 7.3 34.0 0.400 28,100 2,875 2.5 1.9 19,200%,40D 1,876 948 630 190 1,262 5,213 6,475 0.330 0984.
1/6/10 7.3 34.0 0.400 33,100 2,950 2.5 1.9 18,600,80D 1,772 923 630 204 1,175 5,325 6,500 0.330 0984.
1/7/10 7.3 34.0 0.100 27,700 2575 25 1.9 19,400,60D 943 540 220 1,012 5,238 6,250 0.130 26.0%
1/8/10 7.2 34.0 0.400 29,900 3,375 25 1.9 18,800,000 2,320 975 745 202 1,400 5,325 6,725 0.130 9 24.
1/9/10 7.3 34.0 0.150 1,500 5,550 7,050 0.130
1/10/10 7.3 34.0 0.150 1,412 5,363 6,775 0.080
1/11/10 7.4 34.5 0.200 44,400 2,950 2.5 1.8 19,801,600 1,020 725 220 1,450 5,475 6,925 0.130
1/12/10 7.2 34.0 0.350 913 6,838 7,750 0.380
1/13/10 7.2 34.5 0.350 26,600 2,900 2.5 1.8 19,2515,000 1,015 490 222 1,537 5,363 6,900 0.230
1/14/10 7.2 34.5 0.350 0.150 36.0% 1,100
1/15/10 7.2 35.0 0.400 28,700 3,125 25 1.9 18,786,500 1,028 463 244 1,238 5,575 6,813 0.330
1/16/10 7.4 34.5 0.350 0.250
1/17/10 7.4 35.0 0.350 0.450
1/18/10 7.4 34.5 0.100 17,700 2,625 2.7 1.9 21,208,000 2,460 1,065 658 240 1,438 6,000 7,438 0.130
1/19/10 7.3 35.0 0.350 25,800 2,625 2.9 2.1 21,218,200 1,033 823 234 1,638 6,150 7,788 0.130
1/20/10 7.4 35.0 0.400 27,300 2,950 2.8 1.9 20,607,800 1,040 1,050 254 1,425 6,450 7,875 0.330
1/21/10 7.4 35.0 0.400 26,800 2,725 28 2.0 20,2a0/,000 1,115 670 246 1,638 5,725 7,363 0.280 34.0% 1,000
1/22/10 7.4 34.5 0.075 28,800 2,625 28 2.0 21,0a07,200 1,080 980 246 1,600 5,713 7,313 0.130 26.0% 600
1/23/10 7.3 35.0 0.450
1/24/10 7.3 35.0 0.400
1/25/10 7.3 34.5 0.450 25900 2,875 2.7 1.9 20,216,400 945 498 254 1,788 5,775 7,563 0.380
1/26/10 7.4 34.5 0.450 25,400 2,850 2.8 1.9 19,8aw,000 1,762 1,135 478 252 1,662 5,813 7,475 0.330 34.0% 1,400
1/27/10 7.4 34.5 0.450 24,900 2,700 2.7 1.9 19,805,800 1,175 853 252 1,775 6,138 7,913 0.330 34.0% 1,300
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Phase |
Digester 3 Operations Data (Cont.)
November 14, 2009 - January 29, 2010

Biogas
sCOD TS VS TSS VSS TKN NH3-N -PT PO4-P VFA P-Alk T-Alk Waste Biogas CO2
(mg/ll) (%) (%) (My/ (mg/l) (mg/ll) (mg/l) (mg/L) (mg/ll) (mg/l) (mg/l) (mg/l) (Liday) (L/day) (%)

Biogas
H2S

(ppm)

3,225 28 19 19,206,200 1,660 1,385 918 222 1,975 6,200 8,175 0.38017.8
1,825 6,088 7,913 0.380

2,841 28 20 230,305 2,064 845 632 178 1,131 4,987 6,134 0.207 .4 21 33.0%
1940 25 1.8 18,6005800 1,660 245 400 35 400 2,295 2,910 0.050 17.826.0%
3975 3.8 27 354082600 2,750 1,385 1,050 254 1,975 6,838 8,175 00.50 24.9 36.0%

1,440
600
2,200
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Phase |

Digester 4 Operations Data
November 14, 2009 - January 29, 2010

Biogas Biogas

pH Temp. Feed tCOD sCOD TS VS TSS VSS TKN NH3-N -PT PO4-P VFA P-Alk T-Alk Waste Biogas CcOo2 H2S
Date (su) (C) (Uday) (mg/L) (mg/ll) (%) (%) (mhg/ (mg/l) (mg/l) (mg/L) (mg/l) (mg/l) (mg/L) (mg/ll) (mg/ll) (Lday) (L/day) (%) (ppm)
11/14/09
11/15/09
11/16/09 7.1 0.100
11/17/09 7.0 35.0 0.100
11/18/09 7.0 1,830 15,200 14,800 428 64
11/19/09 7.0
11/20/09 7.1
11/21/09 7.0
11/22/09 7.1 39.5 625 2,610 3,235
11/23/09 7.1 40.0 0.100 3,300 14,600 14,000 328 83 530 2,670 3,200 0.250
11/24/09 7.2 39.0 0.200 538 2,813 3,350 0.080
11/25/09 7.1 36.0 0.200 8,100 4.1 39,800 35,800 525 46 475 2,950 3,425 0.130
11/26/09 7.2 0.220
11/27/09 7.2 36.0 0.200
11/28/09 7.2 36.5 0.200 550 3,625 4,175 0.080
11/29/09 7.2 0.200
11/30/09 7.2 36.0 0.300 4,700 3.8 39,000 35,600 515 78 650 3,938 4,588 0.130
12/1/09 7.2 35.5 0.300 600 4,188 4,788 0.080
12/2/09 7.2 36.0 0.300 2,775 35 30,200 26,400 585 70 513 4,338 4,850 0.100
12/3/09 7.2 36.0 0.300 800 3,860 4,660 0.050
12/4/09 7.3 36.0 0.350 2,860 34 31,200 28,400 723 540 4,520 5,060 0.070
12/5/09 7.3 36.0 0.300
12/6/09 7.3 36.0 0.300 600 3,980 4,580 0.050
12/7/09 7.3 36.0 0.100 2,313 34 30,000 27,600 574 108 980 4,100 5,080 0.070
12/8/09 7.2 36.0 0.300 820 4,600 5,420 0.050
12/9/09 7.2 35.5 0.300 2,975 3.3 2.7 28,600 25,600 848 159 960 4,540 5,500 0.700
12/10/09 7.2 35.0 0.300 680 4,900 5,850 0.050
12/11/09 7.2 35.5 54,400 2450 34 2.7 27,200 28,60 608 120 600 5,240 5,840 0.050
12/12/09 7.2 35.5 0.350 1,162 4,488 5,650 0.080
12/13/09 7.3 35.5 0.250 975 4,975 5,950 0.080
12/14/09 7.2 35.5 0.400 39,600 2,450 29 2.3 26,202,800 803 163 1,038 5,025 6,063 0.100
12/15/09 7.2 35.0 0.400 1,063 5,025 6,063 0.080
12/16/09 7.2 35.0 0.375 45,300 3,375 35 2.3  25,6001,800 590 159 1,038 5,200 6,238 0.100
12/17/09 7.2 35.0 0.375 1,050 5,275 6,325 0.080
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Phase |
Digester 4 Operations Data (Cont.)
November 14, 2009 - January 29, 2010

Biogas Biogas

pH Temp. Feed tCOD sCOD TS VS TSS VSS TKN NH3-N -PT PO4-P VFA P-Alk T-Alk Waste  Biogas CO2 H2S
Date (s.u) (€) (Uday) (mg/l) (mgill) (%) (%) (ng/ (mg/ll) (mg/ll) (mg/l) (mg/l) (mg/L) (mg/l) (mg/ll) (mg/L) (Lday) (Liday) (%)  (ppm)
12/18/09 7.2 35.5 0.410 33,000 4,150 3.1 2.4 26,403,600 723 655 169 1,075 5,400 6,475 0.130
12/19/09 7.2 35.0 0.350 1,038 5,613 6,650 0.080
12/20/09 7.2 35.0 0.400 988 5,913 6,900 0.080
12/21/09 7.2 35.0 0.400 39,000 4,325 2.9 2.2 25,201,400 625 159 1,075 5,538 6,613 0.100
12/22/09 7.2 35.0 0.250 1,125 5,900 7,025 0.280
12/23/09 7.2 35.5 0.425 36,000 3,175 2.9 2.2 23,600,600 638 685 196 1,250 5,663 6,913 0.380
12/24/09 7.2 35.0 0.450 1,150 5,638 6,788 0.430
12/25/09 0.500 0.500
12/26/09 0.450 0.450
12/27/09 0.375 0.375
12/28/09 7.2 34.5 0.400 1,138 5,925 7,063 0.480
12/29/09 7.2 35.0 0.400 37,000 3,550 2.7 21 21,800,800 2,460 708 575 208 1,250 5,100 6,350 0.280
12/30/09 7.3 35.0 0.400 28,000 3,150 2.7 21 22,800,800 860 610 210 1,275 5,225 6,500 0.330 16.6 .0984 2,200
12/31/09 7.3 35.0 0.400 31,800 2,900 2.7 2.0 21,20019,800 885 445 200 1,350 5,288 6,638 0.330 36.0%,8001
1/1/10 7.2 34.5 0.400 33,400 3,175 2.7 21 21,600 9,600 2,525 845 465 142 0.250 34.0% 1,800
1/2/10 7.3 34.5 0.400 34,900 3,225 2.6 2.0 21,000 8,60 1,865 878 615 206 1,087 5,213 6,300 0.330 09%84. 1,400
1/3/10 7.3 34.5 0.400 27,600 3,100 2.7 2.0 20,600 8,400 2,220 908 625 204 1,012 5,313 6,325 0.330 3 17.32.0%
1/4/10 7.3 34.5 0.400 33,200 3,100 2.6 1.9 20,400 8,200 1,902 940 645 200 1,138 5,375 6,513 0.330 3 17.34.0%
1/5/10 7.2 34.5 0.400 21,600 3,075 2.6 1.9 20,000 7,600 2,220 908 670 198 1,162 5,063 6,225 0.330 09%28.
1/6/10 7.2 34.5 0.400 35,200 3,175 2.6 1.9 19,800 7,600 1,832 915 640 210 1,287 5,288 6,575 0.330 3 17.36.0%
1/7/10 7.2 34.5 0.300 28,400 2,900 2.7 2.0 21,000 8,40D 908 570 238 1,213 5,475 6,688 0.130 34.0%
1/8/10 7.2 34.0 0.400 33,700 3,950 2.7 2.0 21,000 7,80D 2,260 903 790 208 1,400 5,325 6,725 0.430
1/9/10 7.3 34.5 0.400 1,225 5,000 6,225 0.230
1/10/10 7.3 34.5 0.350 1,500 5,388 6,888 0.280
1/11/10 7.3 35.0 0.350 54,000 2,950 2.7 1.9 20,40017,800 933 620 232 1,563 5,250 6,813 0.330
1/12/10 7.2 34.5 0.350 825 7,100 7,925 0.280
1/13/10 7.2 34.5 0.400 30,300 3,225 2.6 1.9 20,00017,250 870 745 234 1,488 5,275 6,763 0.280
1/14/10 7.2 35.0 0.400 0.150 36.0% 900
1/15/10 7.2 35.5 0.200 27,200 3,650 2.8 2.0 20,50018,000 930 605 240 1,487 5,688 7,175 0.230
1/16/10 7.4 35.0 0.300 0.200
1/17/10 7.3 35.0 0.350 0.450
1/18/10 7.3 35.0 0.400 28,900 3,150 3.1 2.0 22,80018,400 2,680 948 655 234 1,713 5,875 7,588 0.230
1/19/10 7.3 35.5 0.400 27,400 2,625 3.0 21 23,00018,400 940 1,038 242 1,838 6,075 7,913 0.330
1/20/10 7.4 35.5 0.150 26,500 2,875 2.9 2.0 20,60017,200 985 895 248 1,588 6,125 7,713 0.130
1/21/10 7.4 35.5 0.350 23,900 2,875 2.9 2.0 20,40017,400 1,000 1,040 252 1,938 5,775 7,713 0.180 982.0 700
1/22/10 7.3 35.5 0.450 27,800 3,025 3.0 2.0 23,20018,200 980 1,350 232 1,875 6,025 7,900 0.330 34.0%,000
1/23/10 7.3 35.5 0.300 0.150
1/24/10 7.3 35.5 0.300 0.300
1/25/10 7.3 35.0 0.450 17,200 2,850 2.6 1.9 20,60016,800 1,040 545 252 1,825 5,925 7,750 0.380
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Phase |
Digester 4 Operations Data (Cont.)
November 14, 2009 - January 29, 2010

Biogas Biogas

pH Temp. Feed tCOD sCOD TS VS TSS VvSS  TKN NH3-N -PT PO4-P  VFA P-Ak  T-Ak  Waste Biogas CO2  H2S
Date (s.u.) (0C)  (Uday) (mg/L) (mgll) (%) (%) (nhg/ (mg/l) (mg/l) (mg/L) (mg/ll) (mg/L) (mg/ll) (mg/L) (mg/L) (Lday) (L/day) (6) __ (ppm)
1/26/10 7.4 35.0 0.450 27,600 3,100 2.9 20 222008000 2,320 1,005 1,148 242 1,950 5663 7,613 00.33 34.0% 1,100
1/27/10 7.3 355 0.450 26,400 2,725 2.9 2.0 21,4007,000 1,050 933 254 1,938 5750 7,688  0.330 36.0%,100
1/28/10 7.3 355 0.450 25100 3225 29 1.9  20,6007,600 1726 1020 850 242 1,875 5675 7,550  0.380
1/29/10 7.3 35.0 0.500 1,925 5713 7,638  0.380
Average 7.2 35.4 0.337 32221 3253 3.0 21 23500,585 2,183 807 737 186 1,149 5061 6,214 0235 .1317 33.9% 1,333
Minimum 7.0 34.0 0100 17,200 1,830 2.6 1.9  14,6004,000 1,726 328 445 46 475 2610 3,200  0.050 16.6028.0% 700
Maximum 7.4 40.0 0500 54,400 8,100 4.1 27 398085800 2,680 1050 1,350 254 1,950 7,100 7,925 00.70 17.30 36.0% 2,200
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APPENDIX D

Phase Il Raw Data
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Phase I

Influent Feed Characterization
February 28, 2010 - April 16, 2010

Feed Feed pH tCOD sCOD TS VS TSS VSS TKN NH3-N T-P PQ-P
Date Description Number (s.u.) (mg/L) (mg/ll) (%)(%) (mg/l) (mg/L) (mg/L) (mg/L) (mg/L)  (mg/L)
2/28/10 Blend #1 Feed #8 55 119,700 55,900 6.230 5. 31,000 30,400 2,280 193 1,270 580
3/1/10 Blend #1 Feed #8 55 119,700 55,900 6.23 0 5.431,000 30,400 2,280 193 1,270 580
3/2/10 Blend #1 Feed #8 55 119,700 55,900 6.23 0 5.431,000 30,400 2,280 193 1,270 580
3/3/10 Blend #1 Feed #8 55 119,700 55,900 6.23 0 5.431,000 30,400 2,280 193 1,270 580
3/4/10 Blend #1 Feed #8 55 119,700 55,900 6.23 0 5.431,000 30,400 2,280 193 1,270 580
3/5/10 Blend #1 Feed #8 5.5 119,700 55,900 6.23 0 5.431,000 30,400 2,280 193 1,270 580
3/6/10 Blend #1 Feed #8 5.5 119,700 55,900 6.23 0 5.431,000 30,400 2,280 193 1,270 580
3/7/10 Blend #1 Feed #8 5.5 119,700 55,900 6.23 0 5.431,000 30,400 2,280 193 1,270 580
3/8/10 Blend #1 Feed #8 5.5 119,700 55,900 6.23 0 5.431,000 30,400 2,280 193 1,270 580
3/9/10 Blend #1 Feed #8 55 119,700 55,900 6.23 0 5.431,000 30,400 2,280 193 1,270 580
3/10/10 Blend #1 Feed #8 55 119,700 55,900 6.2340 5. 31,000 30,400 2,280 193 1,270 580
3/11/10 Blend #1 Feed #8 5.5 119,700 55,900 6.2340 5. 31,000 30,400 2,280 193 1,270 580
3/12/10 Blend #1 Feed #8 55 119,700 55,900 6.2340 5. 31,000 30,400 2,280 193 1,270 580
3/13/10 Blend #1 Feed #8 55 119,700 55,900 6.230 5. 31,000 30,400 2,280 193 1,270 580
3/14/10 Blend #1 Feed #8 55 119,700 55,900 6.230 5. 31,000 30,400 2,280 193 1,270 580
3/15/10 Blend #1 Feed #9 5.6 110,300 52,800 6.5067 5.28,800 27,700 2,360 202 1,600 570
3/16/10 Blend #1 Feed #9 5.6 110,300 52,800 6.5067 5.28,800 27,700 2,360 202 1,600 570
3/17/10 Blend #1 Feed #9 5.6 110,300 52,800 6.5067 5. 28,800 27,700 2,360 202 1,600 570
3/18/10 Blend #1 Feed #9 5.6 110,300 52,800 6.5067 5. 28,800 27,700 2,360 202 1,600 570
3/19/10 Blend #1 Feed #9 5.6 110,300 52,800 6.5067 5. 28,800 27,700 2,360 202 1,600 570
3/20/10 Blend #1 Feed #9 5.6 110,300 52,800 6.5067 5. 28,800 27,700 2,360 202 1,600 570
3/21/10 Blend #1 Feed #9 5.6 110,300 52,800 6.5067 5.28,800 27,700 2,360 202 1,600 570
3/22/10 Blend #1 Feed #9 5.6 110,300 52,800 6.5067 5.28,800 27,700 2,360 202 1,600 570
3/23/10
3/24/10
3/25/10
3/26/10 Blend #1 Feed #10 5.5 100,400 58,200 5.2%1 4 22,400 21,600 1,390 200 1,335 570
3/27/10 Blend #1 Feed #10 5.5 100,400 58,200 5.2%1 4 22,400 21,600 1,390 200 1,335 570
3/28/10 Blend #1 Feed #10 5.5 100,400 58,200 5.2%1 4 22,400 21,600 1,390 200 1,335 570
3/29/10 Blend #1 Feed #10 55 100,400 58,200 5.2941 4 22,400 21,600 1,390 200 1,335 570
3/30/10 Blend #1 Feed #10 55 100,400 58,200 5.2941 4 22,400 21,600 1,390 200 1,335 570
3/31/10 Blend #1 Feed #11 4.7 96,100 56,200 5.6067 4.21,300 20,300 1,532 252 1,355 525
4/1/10 Blend #1 Feed #11 4.7 96,100 56,200 5.60 7 4.621,300 20,300 1,532 252 1,355 525
4/2/10 Blend #1 Feed #11 4.7 96,100 56,200 5.60 7 4.621,300 20,300 1,532 252 1,355 525
4/3/10 Blend #1 Feed #11 4.7 96,100 56,200 5.60 7 4.621,300 20,300 1,532 252 1,355 525
4/4/10 Blend #1 Feed #11 4.7 96,100 56,200 5.60 7 4.621,300 20,300 1,532 252 1,355 525
4/5/10 Blend #1 Feed #11 4.7 96,100 56,200 5.60 7 4.621,300 20,300 1,532 252 1,355 525
4/6/10 Blend #1 Feed #11 4.7 96,100 56,200 5.60 7 4.621,300 20,300 1,532 252 1,355 525
4/7/10 Blend #1 Feed #11 4.7 96,100 56,200 5.60 7 4.621,300 20,300 1,532 252 1,355 525
4/8/10 Blend #1 Feed #12 55 104,800 63,300 5.6372 4.21,900 20,900 1,408 231 1,350 554
4/9/10 Blend #1 Feed #12 55 104,800 63,300 5.6372 4.21,900 20,900 1,408 231 1,350 554
4/10/10 Blend #1 Feed #12 5.5 104,800 63,300 5.6372 4 21,900 20,900 1,408 231 1,350 554
4/11/10 Blend #1 Feed #12 5.5 104,800 63,300 5.6372 4 21,900 20,900 1,408 231 1,350 554
4/12/10 Blend #1 Feed #12 5.5 104,800 63,300 5.6372 4 21,900 20,900 1,408 231 1,350 554
4/13/10 Blend #1 Feed #12 5.5 104,800 63,300 5.6372 4 21,900 20,900 1,408 231 1,350 554
4/14/10 Blend #1 Feed #12 55 104,800 63,300 5.6372 4 21,900 20,900 1,408 231 1,350 554
4/15/10 Blend #1 Feed #12 55 104,800 63,300 5.6372 4 21,900 20,900 1,408 231 1,350 554
4/16/10 Blend #1 Feed #12 55 104,800 63,300 5.6372 4 21,900 20,900 1,408 231 1,350 554
Average 55 115,763 54,963 6 5 29,908 29,133 2,270 196 31,38 576
Minimum 55 100,400 52,800 5 4 22,400 21,600 1,390 193 1,270 570
Maximum 5.6 119,700 58,200 7 6 31,000 30,400 2,360 202 1,600 580
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Phase Il

Digester 1 Operations Data
February 28, 2010 - April 16, 2010

Biogas Biogas

pH Temp. Feed tCOD sCOD TS VS TSS VSS TKN NH3-N -PT PO4-P VFA P-Alk T-Alk Waste Biogas CO2 H2S
Date (su) (oC) (Uday) (mg/ll) (mg/Ll) (%) (%) (nhg/ (mg/lL) (mg/ll) (mgl/L) (mg/L) (mg/l) (mg/ll) (mg/ll) (mg/l) (L/day) (L/day) (%) (ppm)
2/28/10 7.6 0.250 1,788 6,825 8,613 0.080
3/1/10 7.5 35.0 0.250 30,500 4,520 2.40 152 16,0002,800 1,340 1,058 282 1,887 6,663 8,550 0.080
3/2/10 7.3 35.0 0.350 2,150 6,200 8,350 0.080
3/3/10 7.6 35.0 0.350 25,200 4,890 2.48 154 16,2002,000 1,480 660 278 1,862 7,013 8,875 0.080
3/4/10 7.7 35.0 0.250 1,888 6,825 8,713 0.080
3/5/10 7.6 35.5 0.300 24,800 5,220 254 1.58 15,802,000 1,420 798 250 1,775 7,163 8,938 0.130
3/6/10 7.5 0.400 1,962 7,088 9,050 0.080
3/7/10 7.7 0.200 1,638 7,650 9,288 0.080
3/8/10 7.6 35.5 0.400 23,700 5,780 259 157 18,2003,500 1,550 1,223 300 1,750 7,375 9,125 0.130
3/9/10 7.4 35.5 0.300 1,938 7,225 9,163 0.080
3/10/10 7.6 35.5 0.400 24,700 5950 257 158 17,5013,400 1,225 920 298 1,800 7,425 9,225 0.380
3/11/10 7.5 35.0 0.400 1,775 7,350 9,125 0.330 1,400
3/12/10 7.4 35.0 0.400 25,150 5,700 256 157 17,3012,900 1,520 913 302 1,787 7,138 8,925 0.130 986.0 2,000
3/13/10 7.6 35.0 0.400 23,750 6,010 257 155 16,2012,300 1,305 995 296 1,713 7,325 9,038 0.430 16.236.0% 2,000
3/14/10 7.6 35.0 0.400 26,550 5,780 259 157 15,6012,300 1,315 755 298 1,612 7,238 8,850 0.430 29.530.0% 1,800
3/15/10 7.5 35.0 0.400 24,350 5,760 259 157 17,0012,600 1,490 883 294 1,775 7,488 8,263 0.330 18.6
3/16/10 7.5 34.5 0.400 26,700 5,930 253 155 16,3011,500 1,435 820 266 1,675 7,175 8,850 0.280 16.828.0% 1,300
3/17/10 7.4 35.0 0.400 25,400 6,050 2.48 146 15,8012,200 2,800 1,585 1,163 290 1,838 7,150 8,988 3800. 20.4 28.0%
3/18/10 7.3 35.0 0.400 25,100 6,090 2.69 1.61 19,2013,900 1,015 778 284 1,837 7,288 9,125 0.330 15.428.0% 1,000
3/19/10 7.5 35.0 0.300 25,100 6,290 254 150 17,8012,400 3,280 1,600 925 222 2,037 6,863 8,900 00.13 30.0% 1,100
3/20/10 7.4 35.0 0.400 24,750 6,290 2.60 154 17,5012,400 1,645 1,078 296 2,313 7,025 9,338 0.430 .4 17 30.0% 1,000
3/21/10 7.4 34.5 0.400 25,050 5,900 256 1.49 18,4013,700 1,600 975 296 1,875 7,344 9,219 0.380 16.928.0% 800
3/22/10 7.3 35.0 0.400 24,350 6,140 2.61 154 18,3013,400 1,570 735 306 1,907 7,156 9,063 0.380 18.6
3/23/10 7.4 35.5 23,900 5,840 2.72 1.60 16,500 (01,9 1,655 940 258 2,094 7,250 9,344 0.130
3/24/10 7.6 0.100
3/25/10 7.6 0.100 25,250 6,200 2.67 155 17,400 4Qmp, 1,650 840 228
3/26/10 7.5 35.5 0.200 23,600 6,180 2.66 158 19,2013,500 2,525 1,570 788 303 1,875 7,781 9,656  00.23 30.0%
3/27/10 7.4 35.5 0.400 23,750 6,510 2.65 155 17,9012,200 1,640 905 302 1,750 7,469 9,219 0.330 16.7
3/28/10 7.4 35.0 0.400 23,750 6,130 254 145 17,4012,400 1,585 728 260 1,718 7,344 9,062 0.280 13.3
3/29/10 7.2 35.5 0.400 24,200 6,230 259 151 17,5012,400 1,555 818 294 2,000 7,219 9,219 0.330 21.128.0% 2,000
3/30/10 7.5 35.5 0.400 24,550 5,950 2.63 1.53 18,0013,000 1,535 1,003 304 1,750 7,469 9,219 0.230 .5 18 30.0% 2,000
3/31/10 7.5 35.5 0.400 22,850 5,980 253 1.45 17,4012,500 1,550 735 294 1,594 7,250 8,844 0.280 17.528.0% 2,000
4/1/10 7.5 35.5 0.400 24,000 6,310 2.63 1.53 17,4002,900 1,545 845 290 1,813 6,656 8,469 0.330 16.030.0% 2,000
4/2/10 7.4 35.5 0.400 22,400 7,120 2.67 151 17,6002,200 2,675 1,515 845 304 1,750 7,188 8,938 0.33018.6 28.0% 2,000
4/3/10 7.6 35.5 0.200 22,550 5960 2.31 1.37 13,5001,300 1,515 698 298 1,407 7,406 8,813 0.280 26.0% 1,600
4/4/10 7.5 35.5 0.400 1,719 7,250 8,969 0.280 19.6
4/5/10 7.5 35.0 0.400 22,800 6,000 2.63 144 16,8001,900 1,520 688 274 1,906 7,219 9,125 0.130 10.530.0% 2,000
4/6/10 7.4 35.5 0.400 23,450 6,340 2.64 1.53 17,202,300 1,460 1,043 302 1,719 6,875 8,594 0.330 3 16. 30.0% 2,000
4/7/10 7.4 35.5 0.400 21,750 6,090 250 141 15,9001,700 1,430 838 312 1,625 6,594 8,219 0.330 16.030.0% 2,000
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Phase I

Digester 1 Operations Data (Cont.)
February 28, 2010 - April 16, 2010

NH3- Biogas Biogas
pH Temp. Feed tCOD sCOD TS VS TSS VSS TKN N T-P PO4-P VFA P-Alk T-Alk Waste Biogas CO2 H2S

Date (s.u.) (oC) (Uday) (mg/Ll) (mg/ll) (%) (%) (mg/ (mg/l) (mg/L) (mg/ll) (mg/l) (mg/L) (mg/ll) (mg/ll) (mg/ll) (Lday) (Liday) (%)  (ppm)
4/8/10 7.4 35.0 0.400 23,350 6,170 2.61 149 17,0002,000 1,425 668 270 1,906 6,688 8,594 0.330 16.60.0% 2,000
4/9/10 7.6 35.5 0.400 22,600 6,260 261 148 16,5001,100 1,235 1,180 318 1,000 7,438 8,438 0.330 6 17.28.0% 2,000
4/10/10 7.8 355 0.400 22,150 6,130 258 143 16,8011,800 1,370 713 334 1,000 7,563 8,563 0.330 15.25.0% 2,000
4/11/10 8.0 35.5 0.400 22,150 5810 226 128 1r,9010,700 1,400 635 342 1,094 7,969 9,063 0.330 16.28.0% 2,000
4/12/10 8.0 35.0 0.400 21,300 5,770 266 146 17,1011,700 1,370 753 314 938 7,406 8,344 0.330 15.38.09%2 2,000
4/13/10 7.9 355 0.400 22,100 5,960 248 136 16,4010,800 1,315 720 344 1,156 7,688 8,844 0.330 14.0.0% 2,000
4/14/10 7.7 355 0.400 21,750 5,840 2.33 129 14,7010,800 1,310 660 329 1,219 7,594 8,813 0.230 16.28.0% 2,000
4/15/10 7.7 355 0.400 21,600 5,860 251 141 16,5010,600 1,315 888 217 1,156 6,969 8,125 0.230 16.28.0% 2,000
4/16/10 8.0 355 0.400 875 7,688 8,563 0.330 16.2
Average 7.5 35.2 0.356 23,972 5972 256 150 16,8312,247 2,820 1,462 858 291 1,688 7,217 8,883 70.25 17.15 29.2% 1,769
Minimum 7.2 34.5 0.100 21,300 4520 226 1.28 12,9010,600 2,525 1,015 635 217 875 6,200 8,125 0.08010.50  25.0% 800
Maximum 8.0 35.5 0.400 30,500 7,120 272 161 1®,2013,900 3,280 1,655 1,223 344 2,313 7,969 9,656 4300. 29.50 36.0% 2,000
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Phase II
Digester 2 Operations Data
February 28, 2010 - April 16, 2010

Biogas Biogas
pH Temp. Feed tCOD sCOD TS VS TSS VSS TKN NH3-N T-P PO4-P VFA P-Alk T-Alk Waste Biogas CO2 H2S

Date (su) (oC) (Uday) (mg/ll) (mg/ll) (%) (%) (nhg/ (mg/L) (mglL) (mg/L) (mg/l) (mg/l) (mg/l) (mg/L) (mg/lL) (L/day) (L/day) (%) (ppm)
2/28/10 7.6 0.300 1,838 6,625 8,463 0.080
3/1/10 7.5 35.0 0.200 28,200 4,860 2.32 152 14,8002,000 1,390 593 288 1,725 6,575 8,300 0.080
3/2/10 7.3 35.0 0.350 2,100 6,200 8,300 0.080
3/3/10 7.6 35.0 0.350 24,950 5,050 243 152 15,6001,600 1,470 448 286 1,625 6,925 8,550 0.130
3/4/10 7.6 34.5 0.300 1,775 6,775 8,550 0.080
3/5/10 7.6 35.5 0.300 24,200 5,220 253 157 16,0002,200 1,405 603 296 1,487 6,638 8,125 0.130
3/6/10 7.6 0.400 1,650 7,050 8,700 0.080
3/7/10 7.5 0.400 1,513 7,100 8,613 0.080
3/8/10 7.5 35.5 0.400 24,300 5,440 259 156 17,7003,600 1,445 1,153 302 1,450 6,825 8,275 0.130
3/9/10 7.3 35.5 0.300 1,600 6,838 8,438 0.080
3/10/10 7.6 35.5 0.400 24,000 5510 257 158 17,2013,300 1,305 908 288 1,375 6,975 8,350 0.330
3/11/10 7.5 35.0 0.400 1,600 6,950 8,550 0.330 32.0% 2,000
3/12/10 7.3 35.0 0.400 24,750 5,760 264 1.62 17,5012,900 1,415 1,033 322 1,625 7,025 8,650 0.330 .6 18 26.0% 1,800
3/13/10 7.6 35.0 0.400 24,300 5,610 261 1.53 16,9012,900 1,270 673 242 1,575 7,113 8,688 0.230 13.834.0% 2,000
3/14/10 7.6 35.0 0.400 25,100 5,980 270 164 18,1013,100 1,305 545 298 1,562 7,113 8,675 0.380 27.832.0% 2,000
3/15/10 7.5 35.5 0.400 24,650 6,000 255 154 16,7012,000 1,440 553 298 1,550 7,063 8,613 0.380 21.528.0% 1,500
3/16/10 7.5 35.0 0.400 24,250 5,880 240 1.48 16,7012,300 1,385 668 256 1,500 6,875 8,375 0.330 20.526.0% 1,000
3/17/10 7.3 35.0 0.400 24,200 5730 241 142 165,0012,200 2,480 1,470 540 282 1,512 6,738 8,250 00.58 20.4 28.0% 1,000
3/18/10 7.3 35.0 0.400 24,650 5,750 261 158 18B,2013,300 1,485 570 240 1,588 6,725 8,313 0.580 17.728.0% 700
3/19/10 7.5 35.0 0.200 22,850 5910 246 1.45 16,5011,800 3,320 1,410 570 204 1,900 6,525 8,425 00.13 30.0% 700
3/20/10 7.4 35.0 0.400 23,800 5900 250 1.48 16,6011,800 1,515 1,008 282 1,850 6,513 8,363 0.480 .7 17 28.0% 300
3/21/10 7.3 34.5 0.400 25,150 6,730 257 1.53 D7,6012,800 1,485 940 286 1,594 6,594 8,188 0.480 18.428.0% 200
3/22/10 7.3 35.0 0.300 25,100 5,880 249 1.48 16,0011,900 1,485 708 290 1,500 6,781 8,281 0.380 15.930.0% 800
3/23/10 7.4 35.0 23,350 5,460 247 145 16,700 Q2,2 1,490 773 182 1,844 6,500 8,344 0.130 26.0%
3/24/10 7.6 0.100
3/25/10 7.5 0.100 21,900 5800 244 142 16,500 7001, 1,520 935 248
3/26/10 7.4 35.5 0.200 22,150 5,760 256 151 17,2012,500 2,550 1,490 893 272 1,750 6,781 8,531 00.33 30.0% 700
3/27/10 7.4 35.5 0.500 23,000 6,010 244 1.45 17,0012,000 1,510 568 278 1,531 6,469 8,000 0.430 17.528.0% 1,700
3/28/10 7.3 35.0 0.400 23,300 5870 2.39 139 16,9011,700 1,450 600 272 1,719 6,406 8,125 0.430 17.330.0% 2,000
3/29/10 7.2 35.0 0.400 22,400 6,230 237 1.37 15,1011,300 1,460 673 284 1,688 6,000 7,688 0.430 19.130.0% 2,000
3/30/10 7.4 35.5 0.400 23,100 5,590 243 1.39 15,7011,900 1,340 550 280 1,469 6,594 8,063 0.430 18.434.0% 2,000
3/31/10 7.4 35.5 0.400 22,000 5,510 233 1.32 15,3011,100 1,365 615 284 1,531 6,063 7,594 0.430 18.930.0% 2,000
4/1/10 7.4 35.5 0.400 23,400 5,660 232 135 14,9001,000 1,325 605 280 1,375 5,656 7,031 0.430 19.030.0% 2,000
4/2/10 7.4 35.5 0.400 21,850 5520 2.36 1.35 15,6001,100 2,525 1,185 623 274 1,688 6,156 7,844 0.43017.3 28.0% 2,000
4/3/10 7.5 35.5 0.400 21,650 5290 2.01 115 12,1000,700 1,305 550 278 1,344 6,156 7,500 0.430 18.030.0% 2,000
4/4/10 7.4 35.5 0.400 1,875 5,938 7,813 0.280 18.0
4/5/10 7.4 35.5 0.400 22,050 5250 243 1.27 14,7000,800 1,315 905 272 1,657 6,406 8,063 0.380 20.330.0% 2,000
4/6/10 7.4 35.5 0.400 22,050 5,630 243 134 16,1001,200 1,115 595 260 1,532 6,031 7,563 0.380 18.030.0% 2,000
4/7/10 7.3 35.5 0.400 23,300 5,430 237 131 16,0001,100 1,325 553 330 1,531 6,250 7,781 0.330 17.830.0% 2,000
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Phase II
Digester 2 Operations Data (Cont.)
February 28, 2010 - April 16, 2010

NH3- Biogas Biogas
pH Temp. Feed tCOD sCOD TS VS TSS VSS TKN N T-P PO4-P VFA P-Alk T-Alk Waste Biogas CO2 H2S

Date (su) (oC) (Uday) (mg/ll) (mg/ll) (%) (%) (mg/ (mg/L) (mg/ll) (mg/l) (mg/ll) (mg/l) (mg/ll) (mg/l) (mg/ll) (Lday) (Lday) (%) (ppm)
4/8/10 7.3 35.0 0.400 22,600 5,490 244 139 15,701,200 1,310 593 288 1,875 5,938 7,813 0.330 17.530.0% 2,000
4/9/10 7.5 35.5 0.400 22,200 5,720 2.34 1.32 15,900,100 1,145 748 286 1,031 6,625 7,656 0.330 18.830.0% 2,000
4/10/10 7.8 35.5 0.400 21,050 5560 2.40 1.30 15,301,200 1,290 493 306 812 7,063 7,875 0.230 17.7 2.098 2,000
4/11/10 7.9 35.5 0.400 20,250 5,190 251 1.35 16,301,100 543 292 938 6,906 7,844 0.330 16.1 28.0%,0002
4/12/10 7.9 35.5 0.400 20,900 5220 230 1.28 14,300,600 1,215 1,198 318 938 6,906 7,844 0.330 18.332.0% 2,000
4/13/10 7.8 35.0 0.400 20,750 5,580 245 1.33 15,810,800 1,240 545 319 1,187 7,344 8,631 0.330 17.530.0% 2,000
4/14/10 7.6 35.5 0.400 20,850 5,560 226 128 18,60,300 1,225 630 312 937 7,219 8,156 0.130 17.3 8.092 2,000
4/15/10 7.7 35.5 0.400 21,200 5,610 248 1.38 14,500,000 1,265 1,090 307 1,125 7,063 8,188 0.230 .0 17 28.0% 2,000
4/16/10 7.9 35.5 0.400

906 7,313 8,219 0.280 19.6

Average 7.5 35.2 0.364 23,151 5,636 245 143 15,981,745 2,719 1,367 705 281 1,517 6,659 8,176  70.2918.44 29.5% 1,638
Minimum 7.2 34.5 0.100 20,250 4,860 201 115 12,1010,000 2,480 1,115 448 182 812 5,656 7,031 0.0803.80 26.0% 200
Maximum 7.9 35.5 0.500 28,200 6,730 270 1.64 18,2013,600 3,320 1,520 1,198 330 2,100 7,344 8,700 5800. 27.80 34.0% 2,000

139



Phase I
Digester 3 Operations Data
February 28, 2010 - April 16, 2010

Biogas Biogas

pH Temp. Feed tCOD sCOD TS VS TSS VSS TKN NH3-N -PT PO4-P VFA P-Alk T-Alk Waste Biogas CO2 H2S
Date (su) (oC) (Uday) (mg/ll) (mg/l) (%) (%) (nhy/ (mg/l) (mg/l) (mg/l) (mg/l) (mg/ll) (mg/ll) (mg/l) (mg/L) (Lday)  (L/day) (%) (ppm)
2/28/10 7.7 0.200 1,950 7,113 9,063 0.080
3/1/10 7.6 35.0 0.200 25,800 4990 236 150 15,402,600 1,490 830 288 1,975 7,050 9,025 0.080
3/2/10 7.6 35.0 0.100 1,925 7,313 9,238 0.080
3/3/10 7.9 35.0 0.200 25,850 5510 243 150 15,6Q001,800 1,640 770 290 1,875 7,350 9,225 0.130
3/4/10 7.8 35.0 0.200 2,100 6,713 8,813 0.080
3/5/10 7.9 355 0.100 25,950 5,240 244 150 16,202,400 1,520 633 252 1,862 7,188 9,050 0.130
3/6/10 8.0 0.200 1,900 7,113 9,013 0.080
3/7/10 7.9 0.200 2,200 6,888 9,088 0.080
3/8/10 7.6 355 0.400 27,550 5,440 2.63 1.68 18,80m4,200 1,495 745 294 2,013 7,000 9,013 0.130
3/9/10 75 36.0 0.200 2,050 6,650 8,700 0.080
3/10/10 7.7 35.5 0.300 26,450 5750 261 168 18,304,300 1,400 870 270 2,063 7,150 9,213 0.080
3/11/10 7.5 35.5 0.400 2,412 6,788 9,200 0.080 32.0% 2,000
3/12/10 7.5 35.0 0.200 25,650 5360 226 1.67 18,4013,700 1,415 1,165 344 1,825 7,413 9,238 0.130 .0 10 36.0% 1,600
3/13/10 7.6 35.0 0.400 29,150 6,130 2,66 168 18,2014,100 1,250 715 302 2,050 7,225 9,275 0.280 17.632.0% 1,200
3/14/10 7.6 35.0 0.400 30,050 6,010 2,65 169 18B,3014,200 1,400 755 258 1,912 7,013 8,925 0.330 22.332.0% 1,700
3/15/10 7.5 35.0 0.400 28,250 5,480 2.68 167 20,305,700 1,385 603 294 1,775 7,500 9,275 0.330 9%26.0 1,200
3/16/10 7.5 34.5 0.400 29,800 5,470 268 171 18B,4014,400 1,440 668 304 1,837 7,038 8,875 0.330 16.634.0% 1,400
3/17/10 7.4 345 0.400 28,850 5680 246 158 16,4014,200 3,300 1,525 955 266 1,663 7,175 8,838 00.38 15.0 28.0%
3/18/10 7.3 34.5 0.400 28,150 5420 251 165 18,005,000 1,445 755 288 1,737 7,363 9,100 0.330 18.730.0% 600
3/19/10 7.4 35.0 0.400 27,900 5560 275 172 19,504,300 3,860 1,540 965 288 2,125 7,125 9,250 00.38 11.5 32.0% 400
3/20/10 7.4 35.5 0.400 28,000 5530 285 1.75 20,1014,900 1,700 968 290 2,100 6,900 9,000 0.330 10.030.0% 200
3/21/10 7.3 34.5 0.400 28,550 5,570 280 171 20,505,300 1,540 1,113 284 1,969 7,031 9,000 0.330 1 9. 28.0%
3/22/10 7.3 35.0 0.400 28,900 5,880 277 171 19,9015,400 1,535 920 316 1,969 7,406 9,375 0.330 15.4
3/23/10 7.4 34.5 30,250 5,690 2,75 1.75 18,000 QM5 1,565 1,113 188 2,000 7,156 9,156 0.130
3/24/10 7.6 0.100
3/25/10 7.5 0.100 27,000 5550 2.76 1.69 19,700 70D4, 1,590 1,175 250
3/26/10 7.5 35.0 0.200 27,000 5810 280 174 19,6014,600 3,400 1,555 1,030 306 1,906 7,438 9,344  2300. 32.0% 2,000
3/27/10 7.5 35.5 0.500 26,700 5990 271 164 19,2014,200 1,585 885 304 2,062 7,188 9,250 0.330 11.628.0% 1,200
3/28/10 7.4 35.0 0.450 29,450 6,030 266 166 17,603,700 1,525 853 304 1,937 7,094 9,031 0.330 11.732.0% 2,000
3/29/10 7.2 35.0 0.400 26,250 5,860 273 163 18,60L3,700 1,535 798 306 1,932 7,188 9,125 0.330 982.0 2,000
3/30/10 7.4 35.0 0.400 27,200 5,630 2.60 155 18B,60L3,900 1,505 865 304 1,907 7,281 9,188 0.330 15.934.0% 2,000
3/31/10 7.4 35.0 0.400 26,000 5,700 262 161 17,603,400 1,500 703 302 1,750 7,000 8,750 0.380 14.132.0% 2,000
4/1/10 7.5 35.0 0.300 26,600 5,730 272 164 17,9018,300 1,490 1,025 304 1,844 6,750 8,594 0.330 7 14. 30.0% 2,000
4/2/10 7.4 35.0 0.400 25,800 5920 264 156 18,4018,400 3,200 1,495 915 302 1,657 7,031 8,688 0.330 14.1 30.0% 2,000
4/3/10 75 35.0 0.450 24,100 5830 231 135 14,702,500 1,440 563 304 1,438 7,375 8,813 0.330 14.330.0% 2,000
4/4/10 75 35.0 0.200 1,688 7,531 9,219 0.330
4/5/10 75 35.0 0.400 24,050 5730 269 152 17,102,300 1,365 1,033 238 1,937 7,094 9,031 0.380 2 20. 30.0% 2,000
4/6/10 7.4 355 0.400 23,850 6,360 2.67 152 17,702,500 1,435 1,095 378 1,625 7,188 8,813 0.380 8 12. 30.0% 2,000
4/7/10 7.4 355 0.400 24,050 5,670 2.60 146 18,002,600 1,455 833 340 1,625 6,906 8,631 0.380 18.334.0% 2,000
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Phase I
Digester 3 Operations Data (Cont.)
February 28, 2010 - April 16, 2010

Biogas  Biogas

pH Temp. Feed tCOD sCOD TS VS TSS VSS TKN NH3-N -PT PO4-P VFA P-Alk T-Alk Waste Biogas CO2 H2S
Date (s.u)  (oC) (Liday) (mg/l) (mg/ll) (%) (%) (nhy/ (mg/l) (mg/ll) (mg/L) (mg/ll) (mg/l) (mg/l) (mg/l) (mg/l) (L/day) (L/day) (%) (ppm)
4/8/10 7.4 35.0 0.400 24,500 5,810 263 151 17,30012,100 1,340 783 338 1,782 6,406 8,188 0.330 18.434.0% 1,200
4/9/10 75 34.5 0.400 24,100 5550 257 147 17,10012,300 1,375 1,010 334 1,156 7,469 8,625 0.330 0 15. 32.0% 1,400
4/10/10 7.8 35.5 0.400 23,000 5460 2.67 150 17,80 12,400 1,335 838 312 906 7,750 8,656 0.330 15.3 2.0%3 1,900
4/11/10 7.9 35.5 0.400 23,450 5130 2.75 155 18,60 12,700 1,360 728 324 1,000 7,563 8,563 0.330 12.432.0% 2,000
4/12/10 7.9 34.0 0.400 22,250 4,970 248 139 16,70 12,300 885 336 1,156 7,438 8,594 0.330 10.3 32.0%1,000
4/13/10 7.8 335 0.400 21,250 5,330 213 1.19 1,20 9,500 1,280 658 348 1,063 7,031 8,094 0.330 11.3
4/14/10 7.6 33.0 0.400 20,800 5,510 214 121 »,60 9,500 1,300 695 279 1,250 7,531 8,781 0.330 11.830.0% 1,200
4/15/10 7.6 335 0.400 22,550 5,670 251 1.37 15,40 10,700 1,360 763 251 1,563 7,281 8,844 0.330 17.130.0% 2,000
4/16/10 8.0 355 0.400 969 7,781 8,750 0.330 16.7
Average 7.6 34.9 0.332 26,186 5630 2.60 158 B7,70 13,350 3,440 1,462 860 297 1,770 7,173 8,944 30.26 14.6 31.2% 1,579
Minimum 7.2 33.0 0.100 20,800 4,970 2.13 119 12,20 9,500 3,200 1,250 563 188 906 6,406 8,094 0.080 .1 9 26.0% 200
Maximum 8.0 36.0 0.500 30,250 6,360 2.85 1.75 20,50 15,700 3,860 1,700 1,175 378 2,412 7,781 9,375 3800. 223 36.0% 2,000
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APPENDIX E

Phase Ill Raw Data
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Influent Feed Characterization
April 22, 2010 — June 16, 2010

Phase IV

Feed Feed pH tCOD sCOD TS VS TSS VSS TKN NH3-N T-P PQ-P

Date Description Number (s.u.) (mg/L) (mg/ll) (%)(%) (mg/l) (mg/L) (mg/L) (mg/L) (mg/L)  (mg/L)

4/22/10 Blend #1 Feed #12 55 104,800 63,300 5.6372 4 21,900 20,900 1,408 231 1,350 554
4/23/10 Blend #1 Feed #12 5.5 104,800 63,300 5.6372 4 21,900 20,900 1,408 231 1,350 554
4/24/10 Blend #1 Feed #12 5.5 104,800 63,300 5.6372 4 21,900 20,900 1,408 231 1,350 554
4/25/10 Blend #1 Feed #12 5.5 104,800 63,300 5.6372 4 21,900 20,900 1,408 231 1,350 554
4/26/10 Blend #1 Feed #13 4.6 102,600 58,600 4.5465 3 19,300 18,900 1,416 251 1,330 628
4/27/10 Blend #1 Feed #13 4.6 102,600 58,600 4.5465 3 19,300 18,900 1,416 251 1,330 628
4/28/10 Blend #1 Feed #13 4.6 102,600 58,600 4.5465 3 19,300 18,900 1,416 251 1,330 628
4/29/10 Blend #1 Feed #13 4.6 102,600 58,600 4.5465 3 19,300 18,900 1,416 251 1,330 628
4/30/10 Blend #1 Feed #13 4.6 102,600 58,600 4.5465 3 19,300 18,900 1,416 251 1,330 628
5/1/10 Blend #1 Feed #13 4.6 102,600 58,600 4.5465 3. 19,300 18,900 1,416 251 1,330 628
5/2/10 Blend #1 Feed #13 4.6 102,600 58,600 4.5465 3. 19,300 18,900 1,416 251 1,330 628
5/3/10 Blend #1 Feed #13 4.6 102,600 58,600 4.5465 3. 19,300 18,900 1,416 251 1,330 628
5/4/10 Blend #1 Feed #13 4.6 102,600 58,600 4.5465 3. 19,300 18,900 1,416 251 1,330 628
5/5/10 Blend #1 Feed #13 4.6 102,600 58,600 4.5465 3.19,300 18,900 1,416 251 1,330 628
5/6/10 Blend #1 Feed #13 4.6 102,600 58,600 4.5465 3.19,300 18,900 1,416 251 1,330 628
5/7/10 Blend #1 Feed #13 4.6 102,600 58,600 4.5465 3.19,300 18,900 1,416 251 1,330 628
5/8/10 Blend #1 Feed #14 4.9 100,300 57,150 4.6072 3.21,600 21,200 1,408 233 1,305 615
5/9/10 Blend #1 Feed #14 4.9 100,300 57,150 4.6072 3. 21,600 21,200 1,408 233 1,305 615
5/10/10 Blend #1 Feed #14 4.9 100,300 57,150 4.60r2 3 21,600 21,200 1,408 233 1,305 615
5/11/10 Blend #1 Feed #14 4.9 100,300 57,150 4.60r2 3 21,600 21,200 1,408 233 1,305 615
5/12/10 Blend #1 Feed #14 4.9 100,300 57,150 4.60r2 3 21,600 21,200 1,408 233 1,305 615
5/13/10 Blend #1 Feed #14 4.9 100,300 57,150 4.6072 3 21,600 21,200 1,408 233 1,305 615
5/14/10 Blend #1 Feed #14 4.9 100,300 57,150 4.6072 3 21,600 21,200 1,408 233 1,305 615
5/15/10 Blend #1 Feed #14 4.9 100,300 57,150 4.6072 3 21,600 21,200 1,408 233 1,305 615
5/16/10 Blend #1 Feed #14 4.9 100,300 57,150 4.6072 3 21,600 21,200 1,408 233 1,305 615
5/17/10 Blend #1 Feed #14 4.9 100,300 57,150 4.60r2 3 21,600 21,200 1,408 233 1,305 615
5/18/10 Blend #1 Feed #14 4.9 100,300 57,150 4.60r2 3 21,600 21,200 1,408 233 1,305 615
5/19/10 Blend #1 Feed #14 4.9 100,300 57,150 4.60r2 3 21,600 21,200 1,408 233 1,305 615
5/20/10 Blend #1 Feed #14 4.9 100,300 57,150 4.60r2 3 21,600 21,200 1,408 233 1,305 615
5/21/10 Blend #1 Feed #14 4.9 100,300 57,150 4.6072 3 21,600 21,200 1,408 233 1,305 615
5/22/10 Blend #1 Feed #15 4.2 105,400 58,100 4.3%2 3 18,900 18,600 1,402 209 1,335 618
5/23/10 Blend #1 Feed #15 4.2 105,400 58,100 4.3%2 3 18,900 18,600 1,402 209 1,335 618
5/24/10 Blend #1 Feed #15 4.2 105,400 58,100 4.3%2 3 18,900 18,600 1,402 209 1,335 618
5/25/10 Blend #1 Feed #15 4.2 105,400 58,100 4.38%2 3 18,900 18,600 1,402 209 1,335 618
5/26/10 Blend #1 Feed #15 4.2 105,400 58,100 4.38%2 3 18,900 18,600 1,402 209 1,335 618
5/27/10 Blend #1 Feed #15 4.2 105,400 58,100 4.38%2 3 18,900 18,600 1,402 209 1,335 618
5/28/10 Blend #1 Feed #15 4.2 105,400 58,100 4.38%2 3 18,900 18,600 1,402 209 1,335 618
5/29/10 Blend #1 Feed #15 4.2 105,400 58,100 4.3%2 3 18,900 18,600 1,402 209 1,335 618
5/30/10 Blend #1 Feed #15 4.2 105,400 58,100 4.3%2 3 18,900 18,600 1,402 209 1,335 618
5/31/10 Blend #1 Feed #15 4.2 105,400 58,100 4.3%2 3 18,900 18,600 1,402 209 1,335 618
6/1/10 Blend #1 Feed #15 4.2 105,400 58,100 4.38%2 3.18,900 18,600 1,402 209 1,335 618
6/2/10 Blend #1 Feed #16 4.2 105,300 61,500 4.7701 3. 22,400 21,700 1,432 214 1,310 600
6/3/10 Blend #1 Feed #16 4.2 105,300 61,500 4.7701 3. 22,400 21,700 1,432 214 1,310 600
6/4/10 Blend #1 Feed #16 4.2 105,300 61,500 4.7701 3. 22,400 21,700 1,432 214 1,310 600
6/5/10 Blend #1 Feed #16 4.2 105,300 61,500 4.7701 3. 22,400 21,700 1,432 214 1,310 600
6/6/10 Blend #1 Feed #16 4.2 105,300 61,500 4.7M1 3.22,400 21,700 1,432 214 1,310 600
6/7/10 Blend #1 Feed #16 4.2 105,300 61,500 4.7M1 3.22,400 21,700 1,432 214 1,310 600
6/8/10 Blend #1 Feed #16 4.2 105,300 61,500 4.7M1 3.22,400 21,700 1,432 214 1,310 600
6/9/10 Blend #1 Feed #16 4.2 105,300 61,500 4.7M1 3.22,400 21,700 1,432 214 1,310 600
6/10/10 Blend #1 Feed #16 4.2 105,300 61,500 4.7@1 3 22,400 21,700 1,432 214 1,310 600
6/11/10 Blend #1 Feed #16 4.2 105,300 61,500 4.7@1 3 22,400 21,700 1,432 214 1,310 600
6/12/10 Blend #1 Feed #17 4.3 98,300 66,450 4.5162 3. 22,300 22,200 1,470 250 1,230 770
6/13/10 Blend #1 Feed #17 4.3 98,300 66,450 4.5162 3. 22,300 22,200 1,470 250 1,230 770
6/14/10 Blend #1 Feed #17 4.3 98,300 66,450 4.5162 3.22,300 22,200 1,470 250 1,230 770
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Phase Il
Influent Feed Characterization (Cont.)

April 22, 2010 — June 16, 2010

Feed Feed pH tCOD sCOD TS VS TSS VSS TKN NH3-N T-P PQ-P
Date Description Number (s.u.) (mg/L) (mg/ll) (%)(%) (mg/l) (mg/L) (mg/L) (mg/L) (mg/L)  (mg/L)
6/15/10 Blend #1 Feed #17 4.3 98,300 66,450 4.5162 3.22,300 22,200 1,470 250 1,230 770
6/16/10 Blend #1 Feed #17 4.3 98,300 66,450 4.5162 3. 22,300 22,200 1,470 250 1,230 770
Average 4.6 102,830 59,694 464 3.76 20,804 20,354 1,418 0 23 1,314 625
Minimum 4.2 98,300 57,150 438 3.52 18,900 18,600 ,404 209 1,230 554
Maximum 5.5 105,400 66,450 5.63 4.72 22,400 22,200,470 251 1,350 770
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Phase I
Digester 1 Operations Data
April 22, 2010 - June 16, 2010

Biogas Biogas

pH Temp. Feed tCOD sCOD TS VS TSS VSS TKN NH3-N -PT PO4-P VFA P-Alk T-Alk Waste Biogas CO2 H2S
Date (s.u)  (oC) (Uday) (mg/ll) (mg/lL) (%) (%) (nhg/ (mg/l) (mg/Ll) (mg/l) (mg/l) (mg/l) (mg/L) (mg/ll) (mg/l) (Uday) (Lday) (%) (ppm)
4/22/10 7.6 355 0.400 1,031 6,719 7,750 0.330
4/23/10 7.6 0.400
4/24/10 7.9 35.5 0.400 906 6,938 7,844 0.480
4/25/10 7.9 355 0.400
4/26/10 7.3 35.5 0.400 22,060 5,820 2.28 1.20 13,800,400 1,150 693 362 1,594 6,875 8,469 0.730
4/27/10 7.1 355 0.400 2,438 5,656 8,094 0.280
4/28/10 7.3 35.0 0.400 21,550 5,640 2.40 1.29 1,000,200 1,135 703 368 1,781 6,313 8,094 0.280
4/29/10 7.3 355 0.400 1,781 6,156 7,938 0.280
4/30/10 7.4 355 0.000 19,850 5,340 2.54 1.26 16,810,500 1,135 680 366 1,750 6,594 8,344 0.130
5/1/10 7.3 35.5 0.400 1,562 5,594 7,156 0.080
5/2/10 7.3 35.5 0.400 1,562 5,438 7,000 0.230
5/3/10 7.3 35.5 0.400 22,450 5,710 253 1.29 15,801,900 1,110 658 363 1,687 5,813 7,500 0.380
5/4/10 7.3 35.5 0.400 1,500 6,000 7,500 0.430
5/5/10 7.3 355 0.430 21,600 5,660 2.60 1.36 17,300,700 1,030 718 368 1,594 5,844 7,438 0.380
5/6/10 7.3 355 0.450 1,406 5,875 7,281 0.380
5/7/10 7.4 355 0.100 20,250 4,950 2.60 1.34 17,201,100 1,075 765 349 1,563 6,313 7,875 0.130
5/8/10 7.1 355 0.500 2,375 5,469 7,844 0.180
5/9/10 0.500
5/10/10 7.0 35.5 0.500 20,300 4,770 2.29 121 12,800,300 955 595 339 1,907 4,906 6,813 0.630
5/11/10 7.4 35.5 0.500 968 5,563 6,531 0.380
5/12/10 7.5 355 0.500 21,150 4,910 2.88 145 18,301,600 970 760 357 1,594 5,500 7,094 0.780
5/13/10 7.5 355 0.550 1,125 5,469 6,594 0.480
5/14/10 7.4 355 0.600 22,450 4,730 2.86 1.42 18,0.1,300 975 638 354 1,688 5,631 7,219 0.480
5/15/10 7.5 355 0.600 1,062 5,438 6,500 0.480
5/16/10 7.5 355 0.600 1,094 5,631 6,625 0.480
5/17/10 7.5 35.5 0.600 22,500 4,460 2.80 1.50 19,502,500 870 650 359 1,219 5,625 6,844 0.480 34.092,000
5/18/10 7.4 35.5 0.600 22,450 4,410 2.57 143 16,311,700 860 628 1,281 5,031 6,313 0.530 24.8 32.092,000
5/19/10 7.3 35.5 0.600 21,700 4,220 2.78 1.39 19,202,500 3,100 845 708 357 1,750 4,781 6,531 0.58026.5 34.0% 2,000
5/20/10 7.5 36.0 0.600 22,850 4,240 2.76 1.64 16,501,500 865 768 1,218 5,313 6,531 0.430 23.1 34.092,000
5/21/10 7.4 355 0.600 23,050 4,430 2.78 1.44 18,501,800 840 720 364 1,500 5,063 6,563 0.555 34.09%,000
5/22/10 7.5 355 0.600 21,600 4,320 2.44 1.31 ™,60,300 795 670 1,125 5,125 6,250 0.530 22.0 34.09%,000
5/23/10 7.4 355 0.600 21,250 4,280 2.70 1.35 17,510,800 705 598 362 1,219 5,031 6,250 0.530 21.8 4.098 2,000
5/24/10 7.4 355 0.600 20,950 4,020 2.58 1.28 16,6.1,000 800 1,062 4,969 6,031 0.530 19.5 32.0% 002,0
5/25/10 7.4 35.5 0.600 21,100 3,990 2.79 142 18,702,000 780 680 366 1,094 5,031 6,125 0.580 20.7 4.098 2,000
5/26/10 7.4 35.5 0.600 21,750 4,090 2.50 1.27 15,300,900 795 1,031 4,938 5,969 0.530 25.9 34.0% 002,0
5/27/10 7.3 35.5 0.600 2.72 1.33 17,600 11,800 83,97 710 735 366 1,094 4,781 5,875 0.430 25.9 34.0% 0002,
5/28/10 7.4 355 0.600 22,850 4,170 271 1.30 07,001,000 800 1,063 5,031 6,094 0.480 22.9
5/29/10 7.5 355 0.600 20,650 4,220 2.42 1.20 16,410,800 800 693 379 1,250 4,875 6,125 0.580 23.6
5/30/10 7.4 355 0.600 21,450 4,360 2.61 1.29 15,509,800 1,313 4,906 6,219 0.530 29.7
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Phase Il
Digester 1 Operations Data
April 22, 2010 - June 16, 2010

Biogas Biogas
pH Temp. Feed tCOD sCOD TS VS TSS VSS TKN NH3-N -PT PO4-P VFA P-Alk T-Alk Waste Biogas CO2 H2S
Date (s.u.) (oC) (Lday) (mg/L) (mg/l) (%) (%) (mg/ (mg/l) (mg/l) (mg/L) (mg/L) (mg/L) (mg/l) (mg/L) (mg/l) (Lday) (Lday) (%) (ppm)
5/31/10 7.4 355 0.600 18,350 4,110 2.49 1.23 ™M,909,800 800 665 386 1,188 4,906 6,094 0.480 29.2
6/1/10 7.4 35.5 0.600 18,750 4,220 2.45 1.23 14,60m,100 1,125 4,625 5,750 0.630 28.4
6/2/10 7.4 35.5 0.600 18,500 4,110 2.32 1.17 14,108,900 785 718 379 1,062 4,688 5,750 0.480 29.4
6/3/10 7.3 35.5 0.600 18,650 4,480 2.18 1.16 13,209,400 1,093 4,688 5,781 0.530 29.5
6/4/10 7.4 35.5 0.600 18,150 4,070 2.46 1.24 15,80®,000 705 705 392 906 4,500 5,406 0.530
6/5/10 7.4 355 0.600 1,156 4,688 5,844 0.580
6/6/10 7.3 355 0.600 1,250 4,625 5,875 0.580
6/7/10 7.4 355 0.600 18,850 4,180 2.25 1.16 14,509,300 745 750 389 1,219 4,625 5,844 0.530
6/8/10 7.4 355 0.650 1,063 4,625 5,688 0.580
6/9/10 7.4 36.0 0.650 18,650 4,030 2.26 1.13 13,309,100 715 715 387 1,093 4,563 5,656 0.580
6/10/10 7.3 35.5 0.650 1,125 4,469 5,594 0.630
6/11/10 7.3 35.5 0.625 18,700 3,870 2.22 1.12 12,609,100 740 635 399 1,094 4,406 5,500 0.580
6/12/10 7.4 36.0 0.660 1,125 4,375 5,500 0.630
6/13/10 7.4 36.0 0.400 969 4,344 5,313 0.430
6/14/10 7.5 36.0 0.100 16,950 3,700 2.39 1.16 14,209,100 725 760 402 938 4,750 5,688 0.130
6/15/10 7.5 355 0.300 844 4,656 5,500 0.180
6/16/10 7.3 355 0.700 18,350 3,980 2.19 1.11 12,009,300 665 575 383 1,313 4,250 5,563 0.680
Average 7.4 355 0.510 20,616 4,484 2.53 1.29 15,710,621 3,538 863 688 371 1,316 5,242 6,558 0.46225.18 33.6% 2,000
Minimum 7.0 35.0 0.000 16,950 3,700 2.18 1.11 12,008,900 3,100 665 575 339 844 4,250 5,313 0.080 5019. 32.0% 2,000
Maximum 7.9 36.0 0.700 23,050 5,820 2.88 1.64 19,5012,500 3,975 1,150 768 402 2,438 6,938 8,469  00.78 29.70 34.0% 2,000
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Phase I
Digester 5 Operations Data
April 22, 2010 - June 16, 2010

Biogas Biogas

pH Temp. Feed tCOD sCOD TS VS TSS VSS TKN NH3-N T-P PO4-P VFA P-Alk T-Alk Waste Biogas CO2 H2S
Date (su)  (oC) (Liday) (mg/l) (mg/l) (%) (%) (nhg/ (mg/ll) (mg/ll) (mg/l) (mg/ll) (mg/ll) (mg/l) (mg/l) (mg/L) (Lday) (L/day) (%) (ppm)
4/22/10 7.9 335 0.400 718 7,063 7,781
4/23/10 7.5 0.400
4/24/10 7.9 335 0.400 1,281 7,375 8,656
4/25/10 7.9 35.5 0.400
4/26/10 7.3 35.0 0.400 24,450 6,300 2.67 150 18,5012,700 1,305 920 357 2,063 5,094 7,156 0.050
4/27/10 7.1 35.0 0.400 1,625 5,438 7,063
4/28/10 7.3 355 0.500 27,050 6,240 3.06 1.66 2r,3014,500 1,195 1,185 355 1,375 5,594 7,063 0.050
4/29/10 7.3 355 0.500 1,531 5,625 7,156
4/30/10 7.4 355 0.500 27,050 6,070 3.03 1.60 2Zr,5015,000 1,240 1,450 359 1,219 5,875 7,094 0.050
5/1/10 7.4 35.5 0.500 1,344 6,531 7,875
5/2/10 7.3 35.5 0.500 1,218 5,813 7,031
5/3/10 7.3 35.5 0.500 31,200 6,380 3.07 1.85 21,6006,200 1,180 1,220 349 1,625 5,406 7,031 0.040
5/4/10 7.3 35.5 0.520 1,344 5,844 7,188
5/5/10 7.3 355 0.530 31,050 6,580 3.28 190 24,5006,800 1,170 1,040 367 1,344 5,375 6,719 0.050
5/6/10 7.3 355 0.530 1,281 5,813 7,094
5/7/10 7.2 34.5 0.600 28,400 5,880 3.11 1.77 21,8005,300 1,115 1,245 357 1,500 5,594 7,094 0.050
5/8/10 7.2 34.5 0.600 1,250 5,406 6,656
5/9/10 0.600
5/10/10 7.1 34.5 0.600 29,900 4910 361 210 25,6017,800 1,055 1,250 315 1,687 4,938 6,625 0.040
5/11/10 7.4 35.0 0.400 593 6,188 6,781
5/12/10 7.5 345 0.400 29,550 5,180 296 1.75 19,2014,800 1,000 1,090 359 1,188 5,500 6,688 0.040
5/13/10 7.4 35.0 0.500 938 5,781 6,719
5/14/10 7.4 35.0 0.600 31,500 5,280 3,53 201 28,9015,800 1,030 1,185 364 1,000 5,438 6,438 0.040
5/15/10 7.5 34.0 0.600 1,000 5,375 6,375
5/16/10 7.5 34.0 0.600 1,219 5,469 6,688
5/17/10 7.5 335 0.600 32,150 4900 3.67 214 25,5018,100 970 1,520 378 1,125 5,250 6,375 0.050 984.0 2,000
5/18/10 7.4 345 0.600 30,500 4,890 346 2.08 ™M,7017,000 990 1,360 1,375 5,063 6,438 0.050 26.8 0984. 2,000
5/19/10 7.3 35.0 0.600 31,300 4,750 3.18 195 2,7016,900 4,225 1,020 1,300 376 1,375 4,844 6,219 0500. 28.0 36.0% 2,000
5/20/10 7.5 345 0.600 31,350 4,790 346 1.89 ™M,2017,200 1,025 1,480 1,188 5,375 6,563 0.050 21.2 4.098 2,000
5/21/10 7.5 34.5 0.600 31,900 5,170 3.28 201 2Zr,3015,900 1,050 1,340 385 1,188 5,406 6,594 0.050 .0 25 34.0% 2,000
5/22/10 7.5 34.5 0.600 33,000 5,650 3.19 189 2r,0015,300 1,060 1,305 1,156 5,438 6,594 0.050 22.4 4.098 2,000
5/23/10 7.4 34.0 0.600 35,300 5,470 356 210 26,0017,700 1,065 1,540 386 1,406 4,844 6,250 0.050 .3 27 34.0% 2,000
5/24/10 7.5 34.0 0.600 32,750 5,220 3.60 2.06 27,8018,400 1,060 1,281 5,219 6,500 0.050 21.0 32.0%,0002
5/25/10 7.5 34.0 0.600 32,750 5360 3.62 2.13 6,0017,700 1,040 1,190 394 1,187 5,438 6,625 0.050 .0 25 34.0% 2,000
5/26/10 7.5 345 0.600 35,250 5,650 3.72 223 5,1017,700 1,055 1,219 5,344 6,563 0.050 28.4 34.0%),0002
5/27/10 7.4 34.5 0.600 36,450 7,060 332 201 28,8017,300 3,750 1,035 1,535 396 1,375 5,031 6,406 0500. 26.9 34.0% 2,000
5/28/10 7.5 345 0.600 33,200 5,120 3.33 196 2,5017,200 1,031 5,344 6,375 0.050 28.2
5/29/10 7.5 34.0 0.600 33,550 5,640 3.07 189 2,301,700 960 1,535 410 1,063 5,281 6,344 0.050 31.7
5/30/10 7.4 34.5 0.600 35,750 5,300 353 216 M,6016,900 1,250 5,094 6,344 0.050 29.4
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Phase I
Digester 5 Operations Data
April 22, 2010 - June 16, 2010

Biogas Biogas
pH Temp. Feed tCOD sCOD TS VS TSS VSS TKN NH3-N T-P PO4-P VFA P-Alk T-Alk Waste Biogas CO2 H2S
Date (su)  (oC) (Liday) (mg/l) (mg/l) (%) (%) (nhg/ (mg/ll) (mg/ll) (mg/l) (mg/ll) (mg/ll) (mg/l) (mg/l) (mg/L) (Lday) (L/day) (%) (ppm)
5/31/10 7.5 34.5 0.600 29,250 5,270 3.36 193 M,9016,600 945 1,425 407 1,093 5,063 6,156 0.050 29.8
6/1/10 7.5 34.5 0.600 32,250 5,020 352 210 24,60Q@,700 1,188 5,000 6,188 0.050 28.9
6/2/10 7.4 34.5 0.600 31,800 4,750 344 205 21,8005,300 945 1,745 401 1,093 5,063 6,156 0.050 32.8
6/3/10 7.4 34.5 0.600 36,150 4910 3.81 223 28,2008,500 1,156 5,063 6,219 0.050 30.5
6/4/10 7.5 34.5 0.600 33,600 4950 366 220 27,3009,100 925 1,775 414 1,000 5,125 6,125 0.050
6/5/10 7.5 35.0 0.600 1,125 5,031 6,156
6/6/10 7.4 35.0 0.620 1,094 4,500 5,594
6/7/10 7.4 34.5 0.630 37,850 4,970 439 248 34,4021,300 910 2,215 403 1,344 4,719 6,063 0.050
6/8/10 7.4 34.0 0.700 1,125 4,969 6,094
6/9/10 7.4 34.5 0.700 34,350 4,650 3.78 223 27,0008,100 860 1,540 409 1,156 4,594 5,750 0.050
6/10/10 7.4 34.5 0.700 1,219 4,781 6,000
6/11/10 7.4 34.5 0.730 35,650 4,440 425 247 33,4021,300 900 1,610 417 1,188 4,750 5,938 0.050
6/12/10 7.5 35.0 0.740 1,031 4,844 5,875
6/13/10 7.3 35.0 0.800 1,125 4,813 5,938
6/14/10 7.4 35.0 0.800 35,700 4,380 454 262 3b,7022,300 820 1,955 404 1,188 4,531 5,719 0.050
6/15/10 7.4 34.5 0.800 1,281 4,438 5,719
6/16/10 7.4 35.0 0.800 35,400 4,330 4.06 2.38 31,0020,700 805 1,130 400 1,125 4,594 5,719 0.050
Average 7.4 34.7 0.580 32,344 5317 349 2.04 352316,327 3,988 1,025 1,411 382 1,228 5,309 6,539 049. 27.25 34.0% 2,000
Minimum 7.1 335 0.400 24,450 4330 267 150 18,50 1,700 3,750 805 920 315 593 4,438 5,594 0.040 0021. 32.0% 2,000
Maximum 7.9 35.5 0.800 37,850 7,050 454 262 35,7022,300 4,225 1,305 2,215 417 2,063 7,375 8,656 0500. 32.80 36.0% 2,000
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Phase IV
Influent Feed Characterization
June 17, 2010 - December 10, 2010

Feed Feed pH tCOD sCOD TS VS TSS VSS TKN NH3-N T-P PQ-P

Date Description Number (s.u.) (mg/L) (mg/L) (%) (%) (mg/L)  (mg/L) (mg/L) (mg/L) (mg/L)  (mg/L)

6/17/10  Blend #1 Feed #17 4.3 98,300 66,450 451 62 3. 22300 22,200 1,470 250 1,230 770
6/18/10 Blend #1 Feed #17 4.3 98,300 66,450 451 62 3. 22,300 22,200 1,470 250 1,230 770
6/19/10 Blend #1 Feed #17 4.3 98,300 66,450 451 62 3. 22,300 22,200 1,470 250 1,230 770
6/20/10 Blend #1 Feed #17 4.3 98,300 66,450 451 62 3. 22,300 22,200 1,470 250 1,230 770
6/21/10 Blend #1 Feed #17 4.3 98,300 66,450 451 62 3. 22,300 22,200 1,470 250 1,230 770
6/22/10  Blend #1 Feed #18 4.2 98,400 56,450 412 22 3. 20,400 20,100 1,360 207 1,290 650
6/23/10  Blend #1 Feed #18 4.2 98,400 56,450 412 22 3. 20,400 20,100 1,360 207 1,290 650
6/24/10  Blend #1 Feed #18 4.2 98,400 56,450 412 22 3. 20,400 20,100 1,360 207 1,290 650
6/25/10  Blend #1 Feed #18 4.2 98,400 56,450 412 22 3. 20,400 20,100 1,360 207 1,290 650
6/26/10 Blend #1 Feed #18 4.2 98,400 56,450 412 22 3. 20,400 20,100 1,360 207 1,290 650
6/27/10 Blend #1 Feed #18 4.2 98,400 56,450 412 22 3. 20,400 20,100 1,360 207 1,290 650
6/28/10 Blend #1 Feed #18 4.2 98,400 56,450 412 22 3. 20,400 20,100 1,360 207 1,290 650
6/29/10 Blend #1 Feed #18 4.2 98,400 56,450 412 22 3. 20,400 20,100 1,360 207 1,290 650
6/30/10  Blend #1 Feed #19 4.2 101,100 59,350 412 223 19,800 19,200 1,770 204 1,380 650
7/1/10 Blend #1 Feed #19 4.2 101,100 59,350 412 22 3. 19,800 19,200 1,770 204 1,380 650
7/2/10 Blend #1 Feed #19 4.2 101,100 59,350 412 22 3. 19,800 19,200 1,770 204 1,380 650
7/3/10 Blend #1 Feed #19 4.2 101,100 59,350 412 22 3. 19,800 19,200 1,770 204 1,380 650
714/10 Blend #1 Feed #19 4.2 101,100 59,350 412 22 3. 19,800 19,200 1,770 204 1,380 650
7/5/10 Blend #1 Feed #19 4.2 101,100 59,350 412 22 3. 19,800 19,200 1,770 204 1,380 650
71/6/10 Blend #1 Feed #19 4.2 101,100 59,350 412 22 3. 19,800 19,200 1,770 204 1,380 650
717/10 Blend #1 Feed #19 4.2 101,100 59,350 412 22 3. 19,800 19,200 1,770 204 1,380 650
7/8/10 Blend #1 Feed #19 4.2 101,100 59,350 412 22 3. 19,800 19,200 1,770 204 1,380 650
7/9/10 Blend #1 Feed #19 4.2 101,100 59,350 412 22 3. 19,800 19,200 1,770 204 1,380 650
7/10/10  Blend #1 Feed #19 4.2 101,100 59,350 412 223 19,800 19,200 1,770 204 1,380 650
7/11/10  Blend #1 Feed #19 4.2 101,100 59,350 412 223 19,800 19,200 1,770 204 1,380 650
7/12/10 Blend #1 Feed #20 4.2 98,600 44,350 4.24 37 3. 23,000 22,700 1,410 193 1,700 733
7/13/10 Blend #1 Feed #20 4.2 98,600 44,350 4.24 37 3. 23,000 22,700 1,410 193 1,700 733
7/14/10 Blend #1 Feed #20 4.2 98,600 44,350 424 37 3. 23,000 22,700 1,410 193 1,700 733
7/15/10 Blend #1 Feed #20 4.2 98,600 44,350 4.24 37 3. 23,000 22,700 1,410 193 1,700 733
7/16/10  Blend #1 Feed #20 4.2 98,600 44,350 424 37 3. 23,000 22,700 1,410 193 1,700 733
7/17/10  Blend #1 Feed #20 4.2 98,600 44,350 424 37 3. 23,000 22,700 1,410 193 1,700 733
7/18/10  Blend #1 Feed #20 4.2 98,600 44,350 424 37 3. 23,000 22,700 1,410 193 1,700 733
7/19/10  Blend #1 Feed #20 4.2 98,600 44,350 424 37 3. 23,000 22,700 1,410 193 1,700 733
7/20/10 Blend #1 Feed #20 4.2 98,600 44,350 4.24 37 3. 23,000 22,700 1,410 193 1,700 733
7/21/10 Blend #1 Feed #20 4.2 98,600 44,350 4.24 37 3. 23,000 22,700 1,410 193 1,700 733
7/22/10 Blend #1 Feed #20 4.2 98,600 44,350 424 37 3. 23,000 22,700 1,410 193 1,700 733
7/23/10 Blend #1 Feed #20 4.2 98,600 44,350 4.24 37 3. 23,000 22,700 1,410 193 1,700 733
7/24/10  Blend #1 Feed #21 4.3 97,100 50,150 442 54 3. 22900 22,200 1,650 215 1,465 723
7/25/10  Blend #1 Feed #21 4.3 97,100 50,150 442 54 3. 22900 22,200 1,650 215 1,465 723
7/26/10  Blend #1 Feed #21 4.3 97,100 50,150 442 54 3. 22900 22,200 1,650 215 1,465 723
7/27/10  Blend #1 Feed #21 4.3 97,100 50,150 442 54 3. 22900 22,200 1,650 215 1,465 723
7/28/10 Blend #1 Feed #21 4.3 97,100 50,150 442 54 3. 22,900 22,200 1,650 215 1,465 723
7/29/10 Blend #1 Feed #21 4.3 97,100 50,150 442 54 3. 22,900 22,200 1,650 215 1,465 723
7/30/10 Blend #1 Feed #21 4.3 97,100 50,150 442 54 3. 22,900 22,200 1,650 215 1,465 723
7/31/10 Blend #1 Feed #21 4.3 97,100 50,150 442 54 3. 22,900 22,200 1,650 215 1,465 723
8/1/10 Blend #1 Feed #21 4.3 97,100 50,150 442 435 22900 22,200 1,650 215 1,465 723
8/2/10 Blend #1 Feed #21 4.3 97,100 50,150 442 435 22900 22,200 1,650 215 1,465 723
8/3/10 Blend #1 Feed #21 4.3 97,100 50,150 442 435 22900 22,200 1,650 215 1,465 723
8/4/10 Blend #1 Feed #21 4.3 97,100 50,150 442 435 22900 22,200 1,650 215 1,465 723
8/5/10 Blend #1 Feed #21 4.3 97,100 50,150 442 435 22,900 22,200 1,650 215 1,465 723
8/6/10 Blend #1 Feed #21 4.3 97,100 50,150 442 435 22,900 22,200 1,650 215 1,465 723
8/7/10 Blend #1 Feed #21 4.3 97,100 50,150 442 435 22,900 22,200 1,650 215 1,465 723
8/8/10 Blend #1 Feed #21 4.3 97,100 50,150 442 435 22,900 22,200 1,650 215 1,465 723
8/9/10 Blend #1 Feed #21 4.3 97,100 50,150 442 435 22900 22,200 1,650 215 1,465 723
8/10/10  Blend #1 Feed #21 4.3 97,100 50,150 442 54 3. 22900 22,200 1,650 215 1,465 723
8/11/10  Blend #1 Feed #21 4.3 97,100 50,150 442 54 3. 22900 22,200 1,650 215 1,465 723
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Phase IV
Influent Feed Characterization (Cont.)
June 17, 2010 - December 10, 2010

Feed Feed pH tCOD sCOD TS VS TSS VSS TKN NH3-N T-P PQ-P

Date Description Number (s.u.)  (mg/L) (mg/L) (%) (%) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L)  (mg/L)
8/12/10 Blend #1 Feed #21 4.3 97,100 50,150 4.42 54 3. 22,900 22,200 1,650 215 1,465 723
8/13/10 Blend #1 Feed #21 4.3 97,100 50,150 442 54 3. 22,900 22,200 1,650 215 1,465 723
8/14/10 Blend #1 Feed #21 4.3 97,100 50,150 442 54 3. 22,900 22,200 1,650 215 1,465 723
8/15/10 Blend #1

8/16/10 Blend #1

8/17/10 Blend #1

8/18/10 Blend #1

8/19/10 Blend #1

8/20/10 Blend #1 Feed #22 4.2 114,500 48,250 549 .78 4 28,300 27,900 1,430 184 1,375 700
8/21/10 Blend #1 Feed #22 4.2 114,500 48,250 549 .78 4 28,300 27,900 1,430 184 1,375 700
8/22/10 Blend #1 Feed #22 4.2 114,500 48,250 549 .78 4 28,300 27,900 1,430 184 1,375 700
8/23/10 Blend #1 Feed #22 4.2 114,500 48,250 549 .78 4 28,300 27,900 1,430 184 1,375 700
8/24/10 Blend #1 Feed #22 4.2 114,500 48,250 549 .78 4 28,300 27,900 1,430 184 1,375 700
8/25/10 Blend #1 Feed #22 4.2 114,500 48,250 549 .78 4 28,300 27,900 1,430 184 1,375 700
8/26/10 Blend #1 Feed #22 4.2 114,500 48,250 549 .78 4 28,300 27,900 1,430 184 1,375 700
8/27/10 Blend #1 Feed #22 4.2 114,500 48,250 549 .78 4 28,300 27,900 1,430 184 1,375 700
8/28/10 Blend #1 Feed #22 4.2 114,500 48,250 549 .78 4 28,300 27,900 1,430 184 1,375 700
8/29/10 Blend #1 Feed #22 4.2 114,500 48,250 549 .78 4 28,300 27,900 1,430 184 1,375 700
8/30/10 Blend #1 Feed #22 4.2 114,500 48,250 549 .78 4 28,300 27,900 1,430 184 1,375 700
8/31/10 Blend #1 Feed #22 4.2 114,500 48,250 549 .78 4 28,300 27,900 1,430 184 1,375 700
9/1/10 Blend #1

9/2/10 Blend #1

9/3/10 Blend #1

9/4/10 Blend #1

9/5/10 Blend #1

9/6/10 Blend #1

9/7/10 Blend #1

9/8/10 Blend #1 Feed #23 4.4 93,100 48,850 451 2 3.7 22,300 21,800 1,620 225 1,395 773
9/9/10 Blend #1 Feed #23 4.4 93,100 48,850 451 2 3.7 22,300 21,800 1,620 225 1,395 773
9/10/10  Blend #1 Feed #23 44 93,100 48,850 4.51 72 3. 22,300 21,800 1,620 225 1,395 773
9/11/10  Blend #1 Feed #23 44 93,100 48,850 4.51 72 3. 22,300 21,800 1,620 225 1,395 773
9/12/10  Blend #1 Feed #23 44 93,100 48,850 4.51 72 3. 22,300 21,800 1,620 225 1,395 773
9/13/10 Blend #1 Feed #23 44 93,100 48,850 4.51 72 3. 22,300 21,800 1,620 225 1,395 773
9/14/10  Blend #1 Feed #23 4.4 93,100 48,850 451 72 3. 22,300 21,800 1,620 225 1,395 773
9/15/10 Blend #1 Feed #23 4.4 93,100 48,850 451 72 3. 22,300 21,800 1,620 225 1,395 773
9/16/10 Blend #1 Feed #23 4.4 93,100 48,850 451 72 3. 22,300 21,800 1,620 225 1,395 773
9/17/10  Blend #1 Feed #23 4.4 93,100 48,850 451 72 3. 22,300 21,800 1,620 225 1,395 773
9/18/10  Blend #1 Feed #23 44 93,100 48,850 4.51 72 3. 22,300 21,800 1,620 225 1,395 773
9/19/10  Blend #1 Feed #23 44 93,100 48,850 4.51 72 3. 22,300 21,800 1,620 225 1,395 773
9/20/10  Blend #1 Feed #23 44 93,100 48,850 4.51 72 3. 22,300 21,800 1,620 225 1,395 773
9/21/10  Blend #1 Feed #24 44 94,800 46,550 4.39 59 3. 21,800 21,400 1,700 249 1,415 733
9/22/10  Blend #1 Feed #24 4.4 94,800 46,550 439 59 3. 21,800 21,400 1,700 249 1,415 733
9/23/10 Blend #1 Feed #24 4.4 94,800 46,550 439 59 3. 21,800 21,400 1,700 249 1,415 733
9/24/10  Blend #1 Feed #24 4.4 94,800 46,550 439 59 3. 21,800 21,400 1,700 249 1,415 733
9/25/10 Blend #1 Feed #24 4.4 94,800 46,550 439 59 3. 21,800 21,400 1,700 249 1,415 733
9/26/10  Blend #1 Feed #24 44 94,800 46,550 4.39 59 3. 21,800 21,400 1,700 249 1,415 733
9/27/10  Blend #1 Feed #24 44 94,800 46,550 4.39 59 3. 21,800 21,400 1,700 249 1,415 733
9/28/10  Blend #1 Feed #24 44 94,800 46,550 4.39 59 3. 21,800 21,400 1,700 249 1,415 733
9/29/10  Blend #1 Feed #24 44 94,800 46,550 4.39 59 3. 21,800 21,400 1,700 249 1,415 733
9/30/10 Blend #1 Feed #24 4.4 94,800 46,550 439 59 3. 21,800 21,400 1,700 249 1,415 733
10/1/10  Blend #1 Feed #24 4.4 94,800 46,550 439 59 3. 21,800 21,400 1,700 249 1,415 733
10/2/10  Blend #1 Feed #24 4.4 94,800 46,550 439 59 3. 21,800 21,400 1,700 249 1,415 733
10/3/10 Blend #1 Feed #24 4.4 94,800 46,550 439 59 3. 21,800 21,400 1,700 249 1,415 733
10/4/10  Blend #1 Feed #25 4.3 86,400 46,600 3.92 13 3. 15,900 15,900 1,650 230 1,335 743
10/5/10  Blend #1 Feed #25 4.3 86,400 46,600 3.92 13 3. 15,900 15,900 1,650 230 1,335 743
10/6/10  Blend #1 Feed #25 4.3 86,400 46,600 3.92 13 3. 15,900 15,900 1,650 230 1,335 743
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Phase

\%

Influent Feed Characterization(Cont.)
June 17, 2010 - December 10, 2010

Feed Feed pH tCOD sCOD TS VS TSS VSS TKN NH3-N T-P PQ-P

Date Description Number (s.u)  (mg/lL)  (mg/lL) (%) (%) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L)  (mg/L)

10/7/10  Blend #1 Feed #25 4.3 86,400 46,600 3.9213 3.15,900 15,900 1,650 230 1,335 743
10/8/10 Blend #1 Feed #25 4.3 86,400 46,600 3.9213 3.15,900 15,900 1,650 230 1,335 743
10/9/10 Blend #1 Feed #25 4.3 86,400 46,600 3.9213 3.15,900 15,900 1,650 230 1,335 743
10/10/10 Blend #1 Feed #25 4.3 86,400 46,600 3.9213 3 15,900 15,900 1,650 230 1,335 743
10/11/10 Blend #1 Feed #25 4.3 86,400 46,600 3.9213 3 15,900 15,900 1,650 230 1,335 743
10/12/10 Blend #1 Feed #25 4.3 86,400 46,600 3.9213 3 15,900 15,900 1,650 230 1,335 743
10/13/10 Blend #1 Feed #25 4.3 86,400 46,600 3.9213 3 15,900 15,900 1,650 230 1,335 743
10/14/10 Blend #1 Feed #25 4.3 86,400 46,600 3.9213 3 15,900 15,900 1,650 230 1,335 743
10/15/10 Blend #1 Feed #25 4.3 86,400 46,600 3.9213 3 15,900 15,900 1,650 230 1,335 743
10/16/10 Blend #1 Feed #25 4.3 86,400 46,600 3.9213 3 15,900 15,900 1,650 230 1,335 743
10/17/10 Blend #1 Feed #25 4.3 86,400 46,600 3.9213 3 15,900 15,900 1,650 230 1,335 743
10/18/10 Blend #1 Feed #26 4.4 105,400 44,850 3.%12 19,900 19,400 1,680 258 1,405 753
10/19/10 Blend #1 Feed #26 4.4 105,400 44,850 3.%12 19,900 19,400 1,680 258 1,405 753
10/20/10 Blend #1 Feed #26 44 105,400 44,850 3.®12 19,900 19,400 1,680 258 1,405 753
10/21/10 Blend #1 Feed #26 44 105,400 44,850 3.®12 19,900 19,400 1,680 258 1,405 753
10/22/10 Blend #1 Feed #26 44 105,400 44,850 3.®12 19,900 19,400 1,680 258 1,405 753
10/23/10 Blend #1 Feed #26 44 105,400 44,850 3.®12 19,900 19,400 1,680 258 1,405 753
10/24/10 Blend #1 Feed #26 4.4 105,400 44,850 3.812 19,900 19,400 1,680 258 1,405 753
10/25/10 Blend #1 Feed #27 4.4 93,500 45,550 3.9314 3 20,200 20,200 1,620 248 1,415 743
10/26/10 Blend #1 Feed #27 4.4 93,500 45,550 3.9314 3 20,200 20,200 1,620 248 1,415 743
10/27/10 Blend #1 Feed #27 4.4 93,500 45,550 3.9314 3 20,200 20,200 1,620 248 1,415 743
10/28/10 Blend #1 Feed #27 44 93,500 45,550 3.9314 3 20,200 20,200 1,620 248 1,415 743
10/29/10 Blend #1 Feed #27 44 93,500 45,550 3.9314 3 20,200 20,200 1,620 248 1,415 743
10/30/10 Blend #1 Feed #27 44 93,500 45,550 3.9314 3 20,200 20,200 1,620 248 1,415 743
10/31/10 Blend #1 Feed #27 4.4 93,500 45,550 3.9314 3 20,200 20,200 1,620 248 1,415 743
11/1/10 Blend #1 Feed #27 4.4 93,500 45,550 3.9314 3.20,200 20,200 1,620 248 1,415 743
11/2/10 Blend #1 Feed #27 4.4 93,500 45,550 3.9314 3.20,200 20,200 1,620 248 1,415 743
11/3/10 Blend #1 Feed #27 4.4 93,500 45,550 3.9314 3.20,200 20,200 1,620 248 1,415 743
11/4/10 Blend #1 Feed #27 4.4 93,500 45,550 3.9314 3.20,200 20,200 1,620 248 1,415 743
11/5/10  Blend #1 Feed #28 45 88,700 42,450 3.7495 2.18,500 18,500 1,630 241 1,460 675
11/6/10  Blend #1 Feed #28 45 88,700 42,450 3.7495 2.18,500 18,500 1,630 241 1,460 675
11/7/10  Blend #1 Feed #28 45 88,700 42,450 3.7495 2.18,500 18,500 1,630 241 1,460 675
11/8/10  Blend #1 Feed #28 45 88,700 42,450 3.7495 2.18,500 18,500 1,630 241 1,460 675
11/9/10 Blend #1 Feed #28 4.5 88,700 42,450 3.7495 2.18,500 18,500 1,630 241 1,460 675
11/10/10 Blend #1 Feed #28 4.5 88,700 42,450 3.7495 2 18,500 18,500 1,630 241 1,460 675
11/11/10 Blend #1 Feed #28 4.5 88,700 42,450 3.7495 2 18,500 18,500 1,630 241 1,460 675
11/12/10 Blend #1 Feed #28 4.5 88,700 42,450 3.7495 2 18,500 18,500 1,630 241 1,460 675
11/13/10 Blend #1 Feed #28 45 88,700 42,450 3.7495 2 18,500 18,500 1,630 241 1,460 675
11/14/10 Blend #1 Feed #28 45 88,700 42,450 3.7495 2 18,500 18,500 1,630 241 1,460 675
11/15/10 Blend #1 Feed #29 45 90,900 45,050 3.7896 2 18,100 18,000 1,710 267 1,520 750
11/16/10 Blend #1 Feed #29 45 90,900 45,050 3.7896 2 18,100 18,000 1,710 267 1,520 750
11/17/10 Blend #1 Feed #29 4.5 90,900 45,050 3.78%6 2 18,100 18,000 1,710 267 1,520 750
11/18/10 Blend #1 Feed #29 4.5 90,900 45,050 3.78%6 2 18,100 18,000 1,710 267 1,520 750
11/19/10 Blend #1 Feed #29 4.5 90,900 45,050 3.78%6 2 18,100 18,000 1,710 267 1,520 750
11/20/10 Blend #1 Feed #29 4.5 90,900 45,050 3.789%6 2 18,100 18,000 1,710 267 1,520 750
11/21/10 Blend #1 Feed #29 45 90,900 45,050 3.7896 2 18,100 18,000 1,710 267 1,520 750
11/22/10 Blend #1 Feed #29 45 90,900 45,050 3.7896 2 18,100 18,000 1,710 267 1,520 750
11/23/10 Blend #1 Feed #29 45 90,900 45,050 3.7896 2 18,100 18,000 1,710 267 1,520 750
11/24/10 Blend #1 Feed #30 45 89,100 41,350 3.7686 2 18,800 18,800 1,710 253 1,530 753
11/25/10 Blend #1 Feed #30 4.5 89,100 41,350 3.7686 2 18,800 18,800 1,710 253 1,530 753
11/26/10 Blend #1 Feed #30 4.5 89,100 41,350 3.7686 2 18,800 18,800 1,710 253 1,530 753
11/27/10 Blend #1 Feed #30 4.5 89,100 41,350 3.7686 2 18,800 18,800 1,710 253 1,530 753
11/28/10 Blend #1 Feed #30 4.5 89,100 41,350 3.7686 2 18,800 18,800 1,710 253 1,530 753
11/29/10 Blend #1 Feed #30 45 89,100 41,350 3.7686 2 18,800 18,800 1,710 253 1,530 753
11/30/10 Blend #1 Feed #30 45 89,100 41,350 3.7686 2 18,800 18,800 1,710 253 1,530 753
12/1/10  Blend #1 Feed #30 45 89,100 41,350 3.7686 2.18,800 18,800 1,710 253 1,530 753
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Phase IV
Influent Feed Characterization (Cont.)
June 17, 2010 - December 10, 2010

Feed Feed pH tCOD sCOD TS VS TSS VSS TKN NH3-N T-P PQ-P
mg/L
Date Description Number (s.u.) (mg/L) (mg/L) (%) (%) ( )g (mg/L) (mg/L) (mg/L) (mg/L) (mg/L)
12/2/10 Blend #1 Feed #30 45 89,100 41,350 3.7686 2.18,800 18,800 1,710 253 1,530 753
12/3/10 Blend #1 Feed #30 45 89,100 41,350 3.7686 2.18,800 18,800 1,710 253 1,530 753
12/4/10 Blend #1 Feed #30 45 89,100 41,350 3.7686 2.18,800 18,800 1,710 253 1,530 753
12/5/10 Blend #1 Feed #30 4.5 89,100 41,350 3.7686 2.18,800 18,800 1,710 253 1,530 753
12/6/10 Blend #1 Feed #31 4.4 105,100 52,300 5.1330 4 24,200 23,900 1,740 290 1,670 605
12/7/10 Blend #1 Feed #31 4.4 105,100 52,300 5.1330 4 24,200 23,900 1,740 290 1,670 605
12/8/10 Blend #1 Feed #31 4.4 105,100 52,300 5.1330 4 24,200 23,900 1,740 290 1,670 605
12/9/10 Blend #1 Feed #31 4.4 105,100 52,300 5.1330 4 24,200 23,900 1,740 290 1,670 605
12/10/10 Blend #1 Feed #31 4.4 105,100 52,300 5.#30 24,200 23,900 1,740 290 1,670 605
Average 4.3 96,386 48,520 4.26 343 21,113 20,801 ,6161 229 1,441 721
Minimum 4.2 86,400 41,350 3.74 2.86 15,900 15,900 ,36Q 184 1,230 605
Maximum 4.5 114,500 66,450 5.49 478 28,300 27,9001,770 290 1,700 773
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June 17, 2010 - December 10, 2010

Phase IV
Digester 1 Operations Data

Biogas Biogas
pH Temp. Feed tCOD sCOD TS VS TSS VSS TKN NH3-N -PT PO4-P VFA P-Alk T-Alk Waste Biogas CO2 H2S

Date (su) (oC) (Uday) (mg/l) (mg/l) (%) (%) (mg/ (mg/l) (mg/ll) (mgll) (mg/l) (mg/l) (mg/ll) (mg/ll) (mg/L) (Lday) (L/day) (%) (ppm)
6/17/10 7.4 36.0 0.200 1,063 4,625 5,688 0.280
6/18/10 7.3 36.0 0.700 18,250 4,040 216 1.12 10,809,000 675 725 393 1,437 4,219 5,656 0.630
6/19/10 7.2 36.0 0.700 1,218 4,188 5,406 0.680
6/20/10 7.1 36.5 0.800 1,313 4,000 5,313 0.780
6/21/10 7.3 37.0 0.750 17,350 3,720 240 123 1,709,900 565 678 382 1,094 4,156 5,250 0.680
6/22/10 7.3 36.5 0.320 1,000 4,313 5,313 0.330
6/23/10 7.3 36.5 0.200 18,250 3,900 2.08 1.01 11,909,000 590 608 382 1,032 4,281 5,313 0.180
6/24/10 7.3 37.0 0.750 1,219 4,125 5,344 0.580
6/25/10 7.3 37.0 0.700 20,100 3,740 2.23 1.11 12,609,200 548 590 382 1,125 3,969 5,094 0.580
6/26/10 7.3 37.0 0.750 17,750 3,620 212 111 11,408,600 520 610 382 1,187 4,188 5,375 0.630
6/27/10 7.3 375 0.700 1,031 4,094 5,125 0.680
6/28/10 7.4 37.0 0.600 19,050 3,600 212 112 11,708,800 505 615 388 1,188 4,406 5,594 0.630
6/29/10 7.3 36.5 0.600 1,188 4,281 5,469 0.280
6/30/10 7.3 36.5 0.750 19,800 3,700 1.98 1.01 9,908,400 500 595 378 1,313 4,563 5,875 0.680
7/1/10 7.4 36.5 0.750 1,250 4,094 5,344 0.430
712110 7.3 36.0 0.700 18,900 3,700 2.33 1.20 13,300,300 495 520 388 1,094 4,344 5,438 0.630
7/3/10 7.3 36.0 0.700 1,031 4,531 5,563 0.580
714110 7.4 36.0 0.700 18,800 3,740 233 120 13,700,600 498 733 400 1,000 4,375 5,375 0.580
7/5/10 74 36.0 0.700 1,094 4,344 5,438 0.580
7/6/10 7.4 36.0 0.700 18,050 3,700 227 115 12,300,100 458 710 366 938 4,375 5,313 0.530
717110 74 35.5 0.700 1,094 4,344 5,438 0.580
7/8/10 7.4 35.5 0.700 18,500 3,940 2.31 1.08 12,900,000 455 635 368 1,125 4,281 5,406 0.430
7/9/10 7.3 35.5 0.700 1,125 4,313 5,438 0.580
7/10/10 7.3 36.0 0.700 1,156 4,250 5,406 0.580
7/11/10 7.4 36.0 0.700 1,156 3,938 5,094 0.530
7/12/10 7.1 36.0 0.700 1,469 3,594 5,063 0.580
7/13/10 7.1 36.5 0.700 14,250 3,260 9,200 7,100 227 193 1,125 3,781 4,906 0.680
7/14/10 7.1 36.5 0.700 21,150 3,160 12,800 9,000 321 182 1,406 3,813 5,219 0.580
7/15/10 7.1 36.5 0.700 1,500 3,719 5,219 0.580
7/16/10 7.1 36.5 0.700 18,750 3,060 12,200 8,200 5 18 202 1,406 4,063 5,469 0.680
7/17/10 7.1 36.5 0.700 1,343 3,938 5,281 0.580
7/18/10 7.0 36.5 0.700 1,375 3,969 5,344 0.580
7/19/10 7.1 37.0 0.700 20,100 3,415 11,400 7,900 3 20 140 1,375 3,813 5,188 0.680
7/20/10 7.2 36.5 0.700 1,062 3,844 4,906 0.580
7/21/10 7.2 37.0 0.700 18,900 7,290 11,100 7,400 124 232 1,375 4,000 5,375 0.680
7/22/10 7.0 37.0 0.700 1,406 3,969 5,375 0.580
7/23/10 7.2 37.0 0.700 1,000 3,938 4,938 0.680
7/24/10 7.1 37.0 0.700 1,094 3,375 4,469 0.580
7/25/10 7.2 37.0 0.400 1,032 4,156 5,188 0.330
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Digester 1 Operations Data (Cont.)
June 17, 2010 - December 10, 2010

Phase IV

Biogas Biogas
pH Temp. Feed tCOD sCOD TS VS TSS VSS TKN NH3-N -PT PO4-P VFA P-Alk T-Alk Waste Biogas CO2 H2S
Date (su) (0C) (Uday) (mg/Ll) (mgll) (%) (%) (my/ (mg/ll) (mg/Ll) (mg/L) (mg/Ll) (mgll) (mg/L) (mg/l) (mg/l) (Lday) (L/day) (%) (ppm)
7/26/10 7.3 36.5 0.100 906 3,813 4,719 0.080
7/27/10 7.2 36.5 0.300 937 3,938 4,875 0.230
7/28/10 7.2 36.5 0.600 1,312 3,719 5,031 0.580 31.2 34.0% 2,000
7/29/10 7.1 37.0 0.700 1,437 3,594 5,031 0.580 32.2 34.0% 2,000
7/30/10 7.2 37.0 0.700 1,313 4,000 5,313 0.730 32.1 34.0% 2,000
7/31/10 7.3 375 0.700 1,125 4,031 5,156 0.530 32.0% 2,000
8/1/10 7.2 38.0 0.600 1,125 4,344 5,469 0.630 16.1
8/2/10 7.2 38.0 0.700 1,125 4,406 5,631 0.530 19.4
8/3/10 7.2 38.0 0.700 1,000 4,250 5,250 0.630
8/4/10 7.2 38.0 0.700 937 4,344 5,281 0.580 13.1
8/5/10 7.2 375 0.700 1,000 4,281 5,281 0.530 19.8
8/6/10 7.2 37.0 0.750 1,156 4,250 5,406 0.630 17.7
8/7/10 7.2 37.0 0.750 1,094 4,219 5,313 0.630 22.0
8/8/10 7.3 37.0 0.700 1,000 3,844 4,844 0.580 26.1
8/9/10 7.2 375 0.700 1,219 3,906 5,125 0.680 27.7
8/10/10 7.1 37.0 0.700 1,313 3,781 5,094 0.580 20.4
8/11/10 7.1 37.0 0.700 1,188 3,781 4,969 0.680 34.0% 6,000
8/12/10 7.1 375 0.700 1,156 3,500 4,656 0.730 36.1 34.0% 5,000
8/13/10 7.1 375 0.700 1,187 3,594 4,781 0.580 334
8/14/10
8/15/10
8/16/10
8/17/10
8/18/10
8/19/10
8/20/10 7.1 36.5 1,094 4,156 5,250 0.080
8/21/10 7.0 37.0 0.700 1,000 4,281 5,281 0.580
8/22/10 7.1 36.5 0.600 1,282 4,156 5,438 0.580
8/23/10 7.2 36.5 0.450 1,000 3,906 4,906 0.530
8/24/10 7.1 37.0 0.550 1,125 4,156 5,281 0.580
8/25/10 7.1 36.0 0.700 1,094 3,625 4,719 0.580
8/26/10 7.1 35.0 0.700 1,563 3,500 5,063 0.730
8/27/10 7.0 34.5 0.700 1,875 3,063 4,938 0.530
8/28/10 6.9 35.0 0.700 2,219 2,969 5,188 0.580
8/29/10 6.9 35.0 0.700 2,156 2,844 5,000 0.630
8/30/10 7.0 36.0 0.700 2,344 2,844 5,188 0.580
8/31/10
9/1/10
9/2/10
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Phase IV
Digester 1 Operations Data (Cont.)
June 17, 2010 - December 10, 2010

Biogas Biogas

pH Temp. Feed tCOD sCOD TS VS 1TSS  VSS  TKN NH3N -PT PO4-P VFA  P-Ak T-Ak Waste Biogas CO2 H2S
Date (su) (oC) (Lday) (mg/l) (mgll) (%) (%) (mhy/ (mg/ll) (mg/ll) (mg/L) (mg/t) (mg/L) (mg/L) (mg/L) (mg/ll) (Uday) (L/day) (%0) (ppm)
9/3/10

9/4/10

9/5/10

9/6/10

9/7/10

9/8/10 7.2 350 1,031 4,313 5344  0.080
9/9/10 7.2 350  0.400 1,062 4563 5625  0.430
9/10/10 7.2 355  0.500 1,344 4,625 5969  0.480
9/11/10 7.2 355  0.650 1,312 4,344 5656  0.580
9/12/10 72 350 0550 1,406 4313 5719  0.580
9/13/10 7.2 350  0.600 1,344 4000 5344  0.380
9/14/10 7.2 355  0.600 1,281 4219 5500  0.530
9/15/10 7.1 355  0.650 1,656 4,000 5656  0.550
9/16/10 7.2 355  0.650 1,344 4250 5594  0.580
9/17/10 7.2 350  0.700 1,531 4,219 5750  0.580
9/18/10 7.2 355  0.700 1,250 3,969 5219  0.680
9/19/10 7.3 355  0.700 1,375 4,063 5438  0.630
9/20/10 72 355  0.750 1,312 3969 5281  0.780
9/21/10 72 355  0.750 1,344 3969 5313  0.680
9/22/10 73 355  0.100 969 4500 5,469 0.080
9/23/10 72 355 0750 1,281 4,094 5375  0.630
9/24/10 7.2 355  0.750 1,531 4,094 5625  0.680
9/25/10 7.2 355  0.700 1,281 4125 5406  0.630
9/26/10 7.2 350  0.750 1,312 4,094 5406  0.680
9/27/10 7.1 350  0.750 1,500 3,969 5469  0.830
9/28/10 7.1 355  0.750 2219 3594 5813  0.580
9/29/10 7.1 355  0.750 1,625 3469 5094  0.580
9/30/10 7.1 355  0.750 2281 3469 5750  0.730
10/110 71 355  0.750 1,969 3,406 5375  0.680
10/2/10 7.2 355  0.800 1875 3,656 5531  0.680
10/3/10 7.2 355  0.800

10/4/10 7.3 355  0.800 1,531 4563 6,094  0.680
10/5110 7.2 355  0.800 1,813 4500 6313  0.730
10/6/10 7.2 355  0.800 1531 4563 6,094  0.730
10/7710 7.2 355  0.800 1,688 4,406 6,094  0.830 25.4
10/8/10 7.1 355  0.800 1,938 4,406 6344  0.705 276
10/9710 7.1 355  0.800 1,563 4,000 5563  0.780
10/10/10 7.2 355  0.800 0.650
10/11/10 72 355  0.800 23,900 4,090 234 1.32 Q03,8 10,200 625 423 1,594 4219 5813 0.705
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Phase IV

Digester 1 Operations Data (Cont.)
June 17, 2010 - December 10, 2010

Biogas Biogas

pH Temp. Feed tCOD sCOD TS VS TSS VSS TKN NH3-N -PT PO4-P VFA P-Alk T-Alk Waste Biogas CO2 H2S
Date (su) (oC) (Uday) (mg/l) (mg/ll) (%) (%) (nhy/ (mg/l) (mg/Ll) (mg/ll) (mg/l) (mg/ll) (mg/ll) (mg/l) (mg/ll) (L/day) (L/day) (%) (ppm)
10/12/10 7.1 355 0.800 1,657 4,281 5,938 0.880
10/13/10 7.1 355 0.800 21,900 3,930 2.23 1.26 8,6 9,700 640 1,725 438 1,375 3,844 5,219 0.605
10/14/10 7.2 355 0.800 1,563 4,156 5,719 0.830
10/15/10 7.2 355 0.800 21,850 4,280 2.28 1.27 Q06,5 11,200 463 468 1,469 4,250 5,719 0.705
10/16/10 7.1 355 0.800 1,657 4,281 5,938 0.830
10/17/10 7.1 355 0.800 0.700
10/18/10 7.2 355 0.800 20,600 3,620 223 1.24 (4,8 10,100 445 447 1,469 4,406 5,875 0.705
10/19/10 7.1 355 0.800 1,937 4,188 6,125 0.730
10/20/10 7.1 355 0.800 22,450 4,230 241 131 (b,2 10,200 605 1,620 442 1,593 4,063 5,656 0.705
10/21/10 7.2 355 0.800 1,531 4,000 5,531 0.780
10/22/10 7.1 355 0.800 19,500 4,310 1.79 0.95 Qm,0 7,800 605 423 1,281 4,063 5,344 0.705
10/23/10 7.1 355 0.800 1,437 3,719 5,156 0.880
10/24/10 7.1 355 0.800 0.750
10/25/10 7.1 355 0.800 20,850 4,850 1.88 1.05 Qm,9 8,400 620 1,580 424 1,625 3,906 5,631 0.755
10/26/10 7.1 35.0 0.800 2,063 3,781 5,844 0.780
10/27/10 7.1 355 0.800 22,250 5,210 1.84 1.00 ®,90 7,900 700 381 2,063 3,625 5,688 0.605
10/28/10 7.1 355 0.800 2,000 3,594 5,594 0.780
10/29/10 7.1 355 0.800 20,750 5,850 1.88 0.99 (®,90 7,900 635 396 3,812 3,563 7,375 0.705
10/30/10 7.3 36.0 1,813 4,031 5,844
10/31/10 7.1 355 0.800 6,063 4,875 1®,93 0.730
11/1/10 7.3 35.5 17,700 5430 171 084 8600 (7,10 755 407 1,625 4,281 5,906 0.205
11/2/10 7.4 355 1,250 4,438 5,688 0.080
11/3/10 7.2 355 0.600 20,300 4,550 1.99 1.03 1,508,900 825 1,200 431 1,438 4,625 6,063 0.205
11/4/10 7.2 35.0 0.600 2,000 4,531 6,531 0.580
11/5/10 7.2 35.0 0.600 21,750 4,660 225 1.17 15,3010,100 705 403 1,875 4,563 6,438 0.605
11/6/10 7.2 35.0 0.600 1,750 4,531 6,281 0.580
11/7/10 7.2 35.5 0.600 0.550
11/8/10 7.2 35.5 0.600 1,625 4,688 6,313 0.605
11/9/10 7.1 35.5 0.700 1,687 4,688 6,375 0.630
11/10/10 7.2 36.0 0.500 1,687 4,688 6,375 0.430
11/11/10 7.2 355 0.400 1,437 4,594 6,031 0.380
11/12/10 7.2 355 0.450 1,531 4,750 6,281 0.330
11/13/10
11/14/10 7.2 355 0.400 0.350
11/15/10 7.2 355 0.400 1,375 4,563 5,938 0.280
11/16/10 7.2 35.0 0.400 1,281 4,656 5,938 0.330
11/17/10 7.3 35.0 0.400 1,625 4,813 6,438 0.330
11/18/10 7.2 35.0 0.400 1,656 4,875 6,531 0.230
11/19/10 7.2 35.0 0.400 1,969 4,844 6,813 0.280
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June 17, 2010 - December 10, 2010

Phase IV
Digester 1 Operations Data (Cont.)

Biogas  Biogas
pH Temp. Feed tCOD sCOD TS VS TSS VSS TKN NH3-N -PT PO4-P VFA P-Alk T-Alk Waste Biogas CO2 H2S

Date (su) (0C) (Uday) (mg/L) (mgll) (%) (%) (mg/ (mg/ll) (mg/L) (mg/Ll) (mg/L) (mg/ll) (mg/l) (mg/ll) (mg/ll) (Lday) (L/day) (%) (ppm)
11/20/10 7.2 35.5 0.400 1,531 4,688 6,219 0.330
11/21/10 7.2 35.5 0.400 1,594 4,781 6,375 0.280 34.0%
11/22/10 7.3 36.0 0.400 1,406 5,094 3,500 0.330 28.0%
11/23/10 7.3 35.5 0.400 1,344 5,094 6,438 0.230 13.7 28.0%
11/24/10 7.3 35.5 0.400 1,532 5,156 6,688 0.280 18.0%
11/25/10 7.3 35.5 0.400 19,600 4,190 212 1.06 (01,4 8,400 1,125 5,219 6,344 0.405
11/26/10
11/27/10 7.2 35.0 0.400 19,900 4,300 215 1.13 (m,5 9,600 785 470 1,312 5,063 6,375 0.380 9.6
11/28/10 7.2 35.0 0.400 18,200 4,130 224 1.17 (8,2 8,800 1,531 5,313 6,844 0.305 5.0 24.0%
11/29/10 7.2 35.5 0.400 17,400 4,490 2.05 1.04 a@m,7 8,900 2,725 790 1,555 510 1,438 5,031 6,469 50.20 12.0 22.0%
11/30/10 7.3 35.0 0.400 17,500 4,140 2.06 1.04 @m®6 8,700 1,187 5,313 6,500 0.355 9.6 24.0%
12/1/10 7.3 35.0 0.400 17,500 4,220 2.12 1.06 12,908,300 805 492 1,187 5,313 6,500 0.305 115 926.0
12/2/10 7.4 35.0 0.400 18,350 4,340 2.11 1.11 12,208,400 1,125 5,000 3,125 0.355 121
12/3/10 7.4 35.0 0.400 18,400 4,320 211 111 11,608,600 1,250 5,156 6,406 0.205
12/4/10 7.1 35.0 1.150 22,750 5,720 240 1.34 1™,800,400 935 480 3,063 4,656 7,719 1.105 13.3  0%0.
12/5/10 6.9 35.0 1.150 25,000 7,640 256 140 16,10,200 4,375 3,469 7,844 1.005 13.6
12/6/10 6.8 35.0 1.150 30,100 9,910 239 1.37 1™,7Q0,400 2,525 825 1,440 532 4,531 2,500 7,031 50.95 10.7 42.0%
12/7/10 6.6 35.0 1.150 30,900 11,830 2.37 1.41 Q03,710,800 4,312 1,938 6,250 1.055 8.1 40.0% 0,0
12/8/10 6.6 35.5 1.150 34,400 13,430 249 1.48 m,7 10,500 760 596 5,438 1,875 7,313 0.855 42.0%3,000
12/9/10 7.0 35.0 29,950 12,0900 2,57 1.43 16,500,600 4,656 3,000 7,656 0.205 30.0% 2,000
12/10/10 7.0 35.0 27,450 12,230 2.15 1.26 11,300,600 845 524 3,563 2,625 6,188 0.205 24.0% 1,500
Average 7.2 35.9 0.660 20,910 5,199 219 1.16 82,719,074 2,625 578 949 396 1,565 4,133 5,659 0.562 9.241 31.2% 2,850
Minimum 6.6 34.5 0.100 14,250 3,060 1.71 0.84 8,6007,100 2,525 185 520 140 906 1,875 3,125 0.080 5.00 18.0% 1,500
Maximum 7.4 38.0 1.150 34,400 13,430 257 148 a®,5 11,200 2,725 935 1,725 596 6,063 5,313 10,938 1051. 36.10 42.0% 6,000
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Phase IV
Digester 5 Operations Data
June 17, 2010 - December 10, 2010

Biogas Biogas

pH Temp. Feed tCOD sCOD TS VS TSS VSS TKN NH3-N T-P PO4-P VFA P-Alk T-Alk Waste Biogas CO2 H2S
Date (s.u) (c€) (Uday) (mgll) (mgll) (%) (%) (nhy/ (mg/L) (mg/ll) (mg/ll) (mg/L) (mg/l) (mg/L) (mg/l) (mg/l) (Lday) (L/day) (%) (ppm)
6/17/10 7.4 35.0 0.900 1,156 4,625 5,781
6/18/10 7.4 35.5 0.500 36,550 4,410 455 2.62 ®,9022,300 835 1,525 390 1,062 4,563 5,625 0.050
6/19/10 7.4 36.0 1.000 1,063 4,500 5,563
6/20/10 7.3 35.0 1.100 969 4,844 5,813
6/21/10 7.5 35.5 0.700 34,800 3,860 433 237 &,3019,700 735 1,925 385 938 4,656 5,594 0.050
6/22/10 7.4 35.5 0.800 844 4,656 5,500
6/23/10 7.3 36.0 0.900 37,350 3,770 386 229 31,2020,500 640 1,870 376 938 4,406 5,344 0.050
6/24/10 7.3 34.5 1.000 1,000 4,219 5,219
6/25/10 7.4 36.0 1.000 38,200 3,850 411 245 31,6020,600 652 1,810 372 937 4,313 5,250 0.050
6/26/10 7.4 36.0 1.000 35,750 3,620 386 224 9,9020,100 568 1,360 360 813 4,375 5,188 0.050
6/27/10 7.3 35.5 1.000 875 4,344 5,219
6/28/10 7.4 36.0 0.800 39,200 3,970 433 254 883,4022,000 593 2,235 382 781 4,594 5,375 0.050
6/29/10 7.3 35.0 0.800 813 4,250 5,063
6/30/10 7.4 35.5 1.000 40,150 3,970 432 257 ®4,4022,700 648 2,065 370 688 4,281 4,969 0.050
7/1/10 7.4 35.5 1.000 625 4,625 5,250
7/2/10 7.4 35.5 1.100 42,400 3,760 494 284 39,8004,700 680 1,545 384 688 4,406 5,094 0.100
7/3/10 7.4 34.0 1.000 781 4,375 5,156
7/4/10 7.4 34.0 1.000 45,500 4,020 550 3.11 46,4007,300 668 1,785 376 844 4,344 5,188 0.050
7/5/10 7.4 34.5 1.000 688 4,469 5,156
7/6/10 7.4 34.5 1.000 45,850 3,750 522 296 42,6026,000 640 2,350 358 688 4,469 5,156 0.050
7/7/10 7.4 34.5 1.000 750 4,500 5,250
7/8/10 7.4 35.5 1.000 44,600 4,380 4.80 2.84 39,2005,500 635 2,200 380 688 4,563 5,250 0.050
7/9/10 7.4 34.0 1.000 938 4,344 5,281
7/10/10 7.4 34.0 1.000 1,031 4,031 5,063
7/11/10 7.4 34.5 1.000 1,093 4,063 5,156
7/12/10 7.2 35.5 1.000 1,375 4,125 5,500 0.100
7/13/10 7.2 36.5 1.000 47,000 3,820 39,300 24,800 20 3 187 1,094 4,125 5,219 0.100
7/14/10 7.2 37.0 1.000 51,000 3,630 38,600 23,200 49 2 154 1,219 4,219 5,438 0.100
7/15/10 7.1 35.0 1.000 1,469 3,906 5,375
7/16/10 7.0 34.5 1.000 46,800 3,950 44,100 24,800 49 2 170 1,657 3,406 5,063 0.100
7/17/10 7.0 34.5 1.000 1,750 3,250 5,000
7/18/10 7.0 35.5 1.000 1,531 3,594 5,125
7/19/10 7.1 36.0 1.000 44,850 3,745 32,300 20,500 67 2 182 1,375 3,688 5,063 0.100
7/20/10 7.2 36.0 1.000 1,250 4,063 5,313
7/21/10 7.2 36.0 1.000 43,300 9,320 34,000 20,100 33 3 113 1,687 3,219 4,906 0.100
7/22/10 7.0 35.0 1.000 1,688 3,250 4,938
7/23/10 7.0 35.0 1.000 1,594 2,875 4,469 0.100
7/24/10 7.1 34.5 1.000 1,563 3,125 4,688
7/25/10 7.3 37.0 0.100 843 4,313 5,156
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Phase IV
Digester 5 Operations Data (Cont.)
June 17, 2010 - December 10, 2010

Biogas Biogas
pH Temp. Feed tCOD sCOD TS VS TSS VSS TKN NH3-N T-P PO4-P VFA P-Alk T-Alk Waste Biogas CO2 H2S
Date (s.u.) (oC) (LUday) (mg/L) (mg/ll) (%) (%) (nhg/ (mg/l) (mg/l) (mg/l) (mg/l) (mg/l) (mg/ll) (mg/l) (mg/l) (L/day) (L/day) (%) (ppm)
7/26/10 7.4 36.5 0.200 844 4,250 5,094 0.100
7/27/10 7.4 36.5 0.300 875 4,625 5,500
7/28/10 7.2 36.0 1.000 1,562 3,313 4,875 0.100 46.6 38.0% 2,000
7/29/10 7.1 37.0 1.000 1,093 3,688 4,781 41.2 36.0% 2,000
7/30/10 7.1 37.0 1.000 1,250 3,719 4,969 45.8 36.0% 2,000
7/31/10 7.3 37.0 1.000 1,125 3,969 5,094 47.1 34.0% 2,000
8/1/10 7.2 375 1.000 1,344 4,250 5,594
8/2/10 7.2 37.0 1.200 1,250 3,906 5,156 45.7
8/3/10 7.2 375 1.300 1,219 4,031 5,250 39.3
8/4/10 7.3 37.5 1.200 938 4,250 5,188 48.9
8/5/10 7.2 37.0 1.200 1,000 4,313 5,313 48.4
8/6/10 7.2 37.0 1.100 844 4,375 5,219 43.2
8/7/10 7.2 37.5 1.200 1,031 4,094 5,215 36.8
8/8/10 7.3 37.0 1.000 969 4,406 5,375 31.8
8/9/10 7.3 375 1.000 875 3,969 4,844 0.100 43.2
8/10/10 7.2 37.0 1.000 937 3,813 4,750 40.6
8/11/10 7.2 375 1.000 844 3,631 4,375 0.100 32.0% 6,000
8/12/10 7.2 375 1.000 938 3,750 4,688 46.6 36.0% 7,500
8/13/10 7.2 38.0 1.000 812 3,219 4,031 46.3
8/14/10
8/15/10
8/16/10
8/17/10
8/18/10
8/19/10
8/20/10 7.1 35.5 2,812 5,969 8,781
8/21/10 7.0 36.0 1.000 1,312 3,969 5,281
8/22/10 7.1 36.0 0.900 1,343 3,563 4,906
8/23/10 7.2 36.0 0.600 1,250 3,719 4,969
8/24/10 7.2 36.5 0.700 1,000 3,750 4,750
8/25/10 7.2 355 1.000 1,156 3,719 4,875
8/26/10 7.1 34.5 1.000 1,375 3,563 4,938
8/27/10 7.1 34.0 1.000 1,375 3,344 4,719
8/28/10 7.1 34.0 1.000 1,282 3,156 4,438
8/29/10 7.1 35.0 1.000 1,281 3,375 4,656
8/30/10 7.1 35.5 1.000 1,156 3,688 4,844
8/31/10
9/1/10
9/2/10
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Phase IV
Digester 5 Operations Data (Cont.)
June 17, 2010 - December 10, 2010

Biogas Biogas
pH Temp. Feed tCOD sCOD TS VS TSS VSS TKN NH3-N T-P PO4-P VFA P-Alk T-Alk Waste Biogas CO2 H2S
Date (su) (0C) (Uday) (mg/l) (mg/ll) (%) (%) (mg/ (mg/L) (mg/l) (mg/ll) (mg/l) (mg/L) (mg/ll) (mg/l) (mg/ll) (Lday) (L/iday) (%) (ppm)
9/3/10
9/4/10
9/5/10
9/6/10
9/7/10
9/8/10 7.3 34.0 1,000 5,219 6,219
9/9/10 7.2 34.0 0.700 1,156 4,750 5,906
9/10/10 7.2 34.0 0.800 1,282 4,656 5,938
9/11/10 7.2 34.5 0.900 1,625 4,406 6,031
9/12/10 7.3 345 0.850 1,250 4,844 6,094
9/13/10 7.2 34.0 0.850 1,093 4,438 5,531
9/14/10 7.2 34.0 0.850 1,281 4,188 5,469
9/15/10 7.1 34.0 0.900 1,406 3,875 5,281
9/16/10 7.2 34.5 0.900 1,281 4,031 5,313
9/17/10 7.2 34.0 1.000 1,438 4,125 5,563
9/18/10 7.3 34.0 1.000 1,281 4,094 5,375
9/19/10 7.3 335 1.000 1,219 3,969 5,188
9/20/10 7.3 345 1.100 1,156 4,563 5,719
9/21/10 7.3 35.0 1.100 843 4,438 5,281
9/22/10 7.3 345 1.100 813 4,531 5,344
9/23/10 7.3 345 1.100 875 4,781 5,656
9/24/10 7.3 34.5 1.100 937 4,563 5,500
9/25/10 7.3 34.5 1.150 813 4,656 5,469
9/26/10 7.3 34.5 1.200 843 4,688 5,531
9/27/10 7.2 34.5 1.200 875 4,469 5,344
9/28/10 7.2 345 1.200 1,031 4,188 5,219
9/29/10 7.2 345 1.200 1,000 4,313 5,313
9/30/10 7.2 34.5 1.200 1,031 4,250 5,281
10/1/10 7.2 345 1.200 969 4,375 5,344
10/2/10 7.2 34.5 1.200 969 4,250 5,219
10/3/10 7.2 34.5 1.200
10/4/10 7.2 34.5 1.200 625 4,438 5,063
10/5/10 7.2 35.0 1.200 1,093 4,438 5,531
10/6/10 7.2 35.0 1.200 1,000 4,594 5,594 0.125
10/7/10 7.2 35.0 1.200 938 4,375 5,313
10/8/10 7.2 35.0 1.200 1,157 4,281 5,438 0.125
10/9/10 7.2 35.0 1.200 1,062 4,063 5,125
10/10/10 7.2 35.0 1.200
10/11/10 7.2 35.0 1.200 47,400 4,550 5.07 3.04 o001,1 26,300 735 389 875 4,219 5,094 0.125
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Phase IV
Digester 5 Operations Data (Cont.)
June 17, 2010 - December 10, 2010

Biogas Biogas

pH Temp. Feed tCOD sCOD TS VS TSS VSS TKN NH3-N T-P PO4-P VFA P-Alk T-Alk Waste Biogas CO2 H2S
Date (su) (0C) (Uday) (mg/l) (mg/ll) (%) (%) (mg/ (mg/L) (mg/l) (mg/ll) (mg/l) (mg/L) (mg/ll) (mg/l) (mg/ll) (Lday) (L/iday) (%) (ppm)
10/12/10 7.2 35.0 1.200 875 4,188 5,063
10/13/10 7.2 35.0 1.200 46,850 4,220 4.89 295 (®9,1 25,900 3,804 705 2,810 413 875 4,188 5,063 0.125
10/14/10 7.2 35.0 1.200 875 4,156 5,031
10/15/10 7.2 35.0 1.200 45450 4,240 495 3.01 0,8 28,500 575 456 906 4,125 5,031 0.125
10/16/10 7.1 35.0 1.200 938 4,000 4,938
10/17/10 7.2 35.0 1.200
10/18/10 7.2 35.0 1.200 48,250 4,330 499 3.04 00,9 31,700 565 447 906 4,219 5,125 0.125
10/19/10 7.2 35.0 1.200 1,000 4,281 5,281
10/20/10 7.2 35.0 1.200 49,950 4,340 524 316 08,9 31,700 4,640 725 2,810 412 907 4,156 5,063 0.125
10/21/10 7.2 35.0 1.200 906 4,219 5,125
10/22/10 7.2 345 1.150 57,350 5,010 5.31 3.17 0,6 30,800 720 404 1,343 3,563 4,906 0.125
10/23/10 7.1 345 1.100 1,219 3,875 5,094
10/24/10 7.2 35.0 1.100
10/25/10 7.2 35.0 1.100 54,350 4,160 5.62 3.32 ®b,5 35,800 6,000 715 5,200 418 875 4,250 5,125 0.125
10/26/10 7.1 34.5 1.100 1,219 4,031 5,250
10/27/10 7.2 345 1.100 51,850 4,490 536 3.18 0,5 31,900 705 394 1,344 3,625 4,969 0.125
10/28/10 7.2 34.5 1.100 1,344 3,594 4,938
10/29/10 7.2 335 1.100 51,600 4,320 561 3.17 (®0,8 31,300 680 383 1,125 4,188 5,313 0.125
10/30/10 7.2 335
10/31/10 7.2 335 1.100 1,343 3,813 5,156
11/1/10 7.3 335 52,100 4,200 5.28 3.01 50,800 (®1,4 780 380 875 4,688 5,563 0.125
11/2/10 7.3 335 688 4,250 4,938
11/3/10 7.3 35.0 0.900 49,950 4,170 492 295 46,6031,300 5,360 910 3,320 407 813 4,906 5,719 0.125
11/4/10 7.3 36.0 1.000 938 4,656 5,594
11/5/10 7.2 34.0 1.000 49,900 4,260 5.24 299 %b5,1034,900 800 390 1,032 4,531 5,563 0.125
11/6/10 7.3 35.5 1.000 937 4,719 5,656
11/7/10 7.3 35.5 1.000
11/8/10 7.3 36.0 1.000 57,450 4,470 536 3.31 49,7033,600 795 388 937 4,813 5,750 0.125
11/9/10 7.2 36.0 1.100 781 4,531 5,313
11/10/10 7.2 36.0 1.100 48,050 4,250 481 297 066,2 31,300 5,320 795 3,040 400 875 4,656 5,531 0.125
11/11/10 7.2 355 1.100 1,062 4,438 5,500
11/12/10 7.2 36.0 1.100 47,600 3,700 471 293 ®88B,2 26,600 880 710 938 4,656 5,594 0.125
11/13/10
11/14/10 7.3 355 1.100
11/15/10 7.3 35.0 52,600 4,250 541 3.38 47,100 4082, 6,040 860 3,460 730 844 4,500 5,344 0.125
11/16/10 7.3 36.0 1.100 1,063 4,531 5,594
11/17/10 7.2 36.0 1.100 48,700 4,480 5.05 3.12 03,0 29,000 720 403 1,000 4,281 5,281 0.125
11/18/10 7.2 36.0 1.100 938 4,500 5,438
11/19/10 7.1 35.0 1.100 46,950 4,110 5.13 3.15 03,3 28,700 730 410 1,032 4,406 5,438 0.125

162



Phase IV
Digester 5 Operations Data (Cont.)
June 17, 2010 - December 10, 2010

Biogas Biogas
pH Temp. Feed tCOD sCOD TS VS TSS VSS TKN NH3-N PT- PO4-P VFA P-Alk T-Alk Waste Biogas CO2 H2S

Date (su) (©C) (Uday) (mg/ll) (mg/l) (%) (%) (My/ (mg/ll) (mg/L) (mgll) (mg/ll) (mg/ll) (mg/l) (mg/l) (mg/l) (Liday) (L/day) (%) (ppm)
11/20/10 7.0 34.5 1.100 1,375 3,906 5,281
11/21/10 7.1 35.0 1.100 969 4,344 5,313 32.0%
11/22/10 7.2 34.5 1.100 46,450 4,420 4.85 2.95 0,0 28,000 6,240 710 3,400 413 1,063 4,156 5219 250.1 32.0%
11/23/10 7.2 34.5 1.100 1,375 3,750 5,125 35.7 32.0% 500
11/24/10 7.2 35.5 1.100 49,700 4510 5.03 299 0%,3 29,900 715 421 875 4,469 5,344 0.125 32.0% 0001,
11/25/10 7.2 34.5 1.100 48,150 4,700 5.14 3.06 0@®,4 28,100 969 4,250 5,219 0.125 37.7 32.0% 01,00
11/26/10 27.2
11/27/10 7.2 34.0 1.100 50,000 5,390 5.28 3.20 007,4 30,800 670 413 1,156 3,563 4,719 0.125 27.2
11/28/10 7.1 34.0 1.100 49,700 4,390 5.39 3.27 08,5 30,400 1,125 3,938 5,063 0.125 34.0% 1,250
11/29/10 7.1 34.0 1.100 48,650 4,470 507 3.09 0,7 28,300 5,625 725 3,120 468 1,469 3,531 5,000 250.1 32.0% 1,200
11/30/10 7.3 34.5 1.100 50,350 4,210 472 3.04 0,0 28,500 719 4,406 5,125 0.125 16.3 34.0% 01,20
12/1/10 7.3 35.0 1.100 47,050 4,460 477 3.06 42,1029,700 735 484 750 4,531 5,281 0.125 22.6 34.0%4.,200
12/2/10 7.3 34.5 1.100 49,700 4,360 4.84 3.03 42,1028,800 813 4,500 5,313 0.125 29.2
12/3/10 7.2 35.0 1.100 48,650 4,250 5.07 3.13 42,9029,200 745 460 750 4,250 5,000 0.125 20.0 32.0%,300
12/4/10 7.3 35.5 1.100 46,100 4,020 453 3.06 38,1028,900 782 4,281 5,063 0.125 33.6 32.0% 1,000
12/5/10 7.2 35.0 1.100 48,750 4,460 4.66 3.08 40,4029,200 656 3,750 4,406 0.125
12/6/10 7.2 35.0 1.100 52,400 4,260 4.79 3.07 39,0027,700 5,275 680 3,090 434 750 4,000 4,750 0.125 30.7 32.0% 1,500
12/7/10 7.1 35.0 1.100 50,350 4300 459 3.09 ®6,2027,000 906 4,125 5,031 0.125 36.0% 1,800
12/8/10 7.3 35.0 1.100 51,400 4390 429 297 36,3028,100 770 446 687 4,063 4,750 0.125 19.3 34.092,000
12/9/10 7.3 35.0 1.100 49,500 4,480 470 3.05 ®9,6027,500 812 4,594 5,406 0.125 26.6 34.0% 2,000
12/10/10 7.3 35.0 1.100 48,950 4530 436 3.00 (84,6 26,200 850 524 1,000 4,656 5,656 0.125 36.092,100
Average 7.2 35.2 1.032 47,363 4,333 4.89 297 41,6227,533 5,367 668 2,546 394 1,057 4,188 5,246 70.10 36.21 33.7% 2,028
Minimum 7.0 335 0.100 34,800 3,620 3.86 224 29,9019,700 3,804 249 1,360 113 625 2,875 4,031 0.05016.30 32.0% 500
Maximum 7.5 38.0 1.300 57,450 9,320 5.62 3.38 55,5035,800 6,240 910 5,200 730 2,812 5,969 8,781 50.12 48.90 38.0% 7,500
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APPENDIX G

AMPTS Study Raw Data
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AMPTS Study Data
Influent Characterization Data

Sludge Feed tCOD tCOD sCOD sCOD

(L) L (mg/L) (9) (mg/L) (9)

Digester

1 0.300 0.000 0 0.000 0 0.000
2 0.300 0.000 0 0.000 0 0.000
3 0.300 0.012 103,150 1.238 56,450 0.677
4 0.300 0.012 103,150 1.238 56,450 0.677
5 0.300 0.015 103,150 1.547 56,450 0.847
6 0.300 0.015 103,150 1.547 56,450 0.847
7 0.300 0.024 103,150 2.476 56,450 1.355
8 0.300 0.024 103,150 2.476 56,450 1.355
9 0.300 0.030 103,150 3.095 56,450 1.694
10 0.300 0.030 103,150 3.095 56,450 1.694
11 0.300 0.036 103,150 3.713 56,450 2.032
12 0.300 0.036 103,150 3.713 56,450 2.032
13 0.300 0.048 103,150 4.951 56,450 2.710
14 0.300 0.048 103,150 4.951 56,450 2.710
15 0.300 0.060 103,150 6.189 56,450 3.387
16 0.300 0.060 103,150 6.189 56,450 3.387
17 0.300 0.060 103,150 6.189 56,450 3.387
18 0.300 0.060 103,150 6.189 56,450 3.387
19 0.300 0.090 103,150 9.284 56,450 5.081
20 0.300 0.090 103,150 9.284 56,450 5.081
21 0.300 0.120 103,150 12.378 56,450 6.774
22 0.300 0.120 103,150 12.378 56,450 6.774
Average 0.300 0.045 93,773  4.642 51,318 2.540

Minimum 0.300 0.012 103,150 1.238 56,450 0.000
Maximum 0.300 0.120 103,150 12.378 56,450 6.774
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AMPTS Study Data
Seed Sludge Characteristics

tCOD tCOD sCOD sCOD  TSS TSS VSS VSS TKN TKN NW NHsN T-P T-P PQP  PQ-P
(mg/L) (9 (mgl) (99 (mg/l) (99 (mgl) (99 (mg/L) (9)  (mg/L) (9)  (mglL) (9) (mg/L) (9)
Digester
1 40,150 12.045 11,310 3.393 32,800 9.840 19,9009705. 6,550 1.965 1,790  0.537 4,160  1.248 740 0.222
2 40,150 12.045 11,310 3.393 32,800 9.840 19,9009705. 6,550 1.965 1,790  0.537 4,160  1.248 740 0.222
3 40,150 12.045 11,310 3.393 32,800 9.840 19,9009705. 6,550 1.965 1,790 0537 4,160  1.248 740 0.222
4 40,150 12.045 11,310 3.393 32,800 9.840 19,9009705. 6,550 1.965 1,790 0537 4,160  1.248 740 0.222
5 40,150 12.045 11,310 3.393 32,800 9.840 19,9009705. 6,550 1.965 1,790 0537 4,160  1.248 740 0.222
6 40,150 12.045 11,310 3.393 32,800 9.840 19,9009705. 6,550 1.965 1,790 0537 4,160  1.248 740 0.222
7 40,150 12.045 11,310 3.393 32,800 9.840 19,9009705. 6,550 1.965 1,790 0537 4,160  1.248 740 0.222
8 40,150 12.045 11,310 3.393 32,800 9.840 19,9009705. 6,550 1.965 1,790  0.537 4,160  1.248 740 0.222
9 40,150 12.045 11,310 3.393 32,800 9.840 19,9009705. 6,550 1.965 1,790 0537 4,160  1.248 740 0.222
10 40,150 12.045 11,310 3.393 32,800 9.840 19,9009705 6,550 1.965 1,790 0537 4,160  1.248 740 0.222
11 40,150 12.045 11,310 3.393 32,800 9.840 19,9009705 6,550 1.965 1,790  0.537 4,160  1.248 740 0.222
12 40,150 12.045 11,310 3.393 32,800 9.840 19,9009705 6,550 1.965 1,790  0.537 4,160  1.248 740 0.222
13 40,150 12.045 11,310 3.393 32,800 9.840 19,9009705 6,550 1.965 1,790  0.537 4,160  1.248 740 0.222
14 40,150 12.045 11,310 3.393 32,800 9.840 19,9009705 6,550 1.965 1,790  0.537 4,160  1.248 740 0.222
15 40,150 12.045 11,310 3.393 32,800 9.840 19,9009705 6,550 1.965 1,790  0.537 4,160  1.248 740 0.222
16 40,150 12.045 11,310 3.393 32,800 9.840 19,9009705 6,550 1.965 1,790 0537 4,160  1.248 740 0.222
17 40,150 12.045 11,310 3.393 32,800 9.840 19,9009705 6,550 1.965 1,790  0.537 4,160  1.248 740 0.222
18 40,150 12.045 11,310 3.393 32,800 9.840 19,9009705 6,550 1.965 1,790 0537 4,160  1.248 740 0.222
19 40,150 12.045 11,310 3.393 32,800 9.840 19,9009705 6,550 1.965 1,790 0537 4,160  1.248 740 0.222
20 40,150 12.045 11,310 3.393 32,800 9.840 19,9009705 6,550 1.965 1,790 0.537 4,160  1.248 740 0.222
21 40,150 12.045 11,310 3.393 32,800 9.840 19,9009705 6,550 1.965 1,790  0.537 4,160  1.248 740 0.222
22 40,150 12.045 11,310 3.393 32,800 9.840 19,9009705 6,550 1.965 1,790  0.537 4,160  1.248 740 0.222
Average 40,150 12.045 11,310 3.393 32,800 9.840 9009, 5.970 6,550 1.965 1,790  0.537 4,160  1.248 740 2220
Minimum 40,150 12.045 11,310 3.393 32,800 9.840 90®, 5.970 6,550 1.965 1,790 0.537 4,160  1.248 740 2220
Maximum 40,150 12.045 11,310 3.393 32,800 9.840 9(®, 5.970 6,550 1.965 1,790 0.537 4,160  1.248 740 2220
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AMPTS Study Data

Biogas Data
Biogas Methane Biogas Methane VA P-Alk VA/P-Alk
L) L) (L/g COD R) (L/g COD R) (mg/L)  (mg/L)

Digester
1 0.220 0.157 3,900 10,450 0.373
2 0.320 0.243 3,400 8,800 0.386
3 0.560 0.286 3,700 8,625 0.429
4 0.400 0.161 3,875 8,900 0.435
5 0.710 0.335 3,875 7,200 0.538
6 0.500 0.207 3,325 7,275 0.457
7 0.700 0.313 4,325 7,150 0.605
8 0.590 0.199 4,175 7,100 0.588
9 0.800 0.302 4,750 5,925 0.802
10 0.640 0.255 5,175 5,775 0.896
11 0.760 0.263 5,625 5,900 0.953
12 0.590 0.170 4,975 5,425 0.917
13 0.620 0.205 5,750 5,075 1.133
14 0.480 0.137 6,600 5,250 1.257
15 0.600 0.162 6,675 4,475 1.492
16 0.410 0.083 6,025 4,425 1.362
17 0.600 0.170 7,000 4,075 1.718
18 0.410 0.111 7,125 4,125 1.727
19 0.850 0.176 6,475 3,175 2.039
20 0.560 0.121 6,525 2,950 2.212
21 0.980 0.146 7,400 2,625 2.819
22 0.540 0.082 7,025 2,000 3.513
Average 0.643 0.512 0.230 0.153 5,350 5,759 1.211
Minimum 0.220 0.400 0.146 0.082 3,325 2,000 0.373
Maximum 0.980 0.640 0.335 0.255 7,400 10,450 3.513
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AMPTS Study Data

Effluent Characterization Data

sCOD  sCOD TSS TSS VSS VSS
(mg/L) (9) (mg/L) (9) (mg/L) (9)

Digester

1 6,650 1.995 29,600 8.880 19,700  5.910
2 6,920 2.076 28,900 8.670 19,400  5.820
3 8,560 2.671 26,000 8.112 18,200  5.678
4 6,900 2.153 26,000 8.112 18,600  5.803
5 8,960 2.822 25,900 8.159 18,400  5.796
6 8,000 2,520 27,100 8.537 19,000  5.985
7 11,220  3.635 25,000 8.100 17,800  5.767
8 8,940 2.897 24,300 7.873 18,000  5.832
9 11,620  3.835 25,700 8.481 18,100  5.973
10 12,060  3.980 26,900 8.877 18,800  6.204
11 12,540  4.213 23,800 7.997 17,000 5.712
12 10,840  3.642 23,300 7.829 17,200  5.779
13 15,280  5.317 24,000 8.352 17,700  6.160
14 13,900  4.837 25,100 8.735 18,200  6.334
15 16,320  5.875 24,000 8.640 17,600  6.336
16 12,960  4.666 25,000 9.000 19,100  6.876
17 16,840  6.062 27,100 9.756 18,900  6.804
18 16,360  5.890 25,400 9.144 17,900  6.444
19 20,100  7.839 23,800 9.282 17,900  6.981
20 20,680  8.065 23,400 9.126 17,400  6.786
21 21,540  9.047 26,800  11.256 19,300  8.106
22 21,960  9.223 24,800  10.416 18,300  7.686
Average 13,143  4.694 25541 8.788 18,295  6.308
Minimum 6,650 1.995 23,300 7.829 17,000 5.678
Maximum 21,960 9.223 29600 11.256 19,700  8.106
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