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NOTICE

This report was prepared by the team of The City of Oneida, O’Brien & Gere, Ecovation, Inc. and the HP
Hood Company in the course of performing work contracted for and sponsored by the New York State
Energy Research and Development Authority (hereafter "NYSERDA"). The opinions expressed in this
report do not necessarily reflect those of NYSERDA or the State of New York, and reference to any
specific product, service, process, or method does not constitute an implied or expressed recommendation
or endorsement of it. Further, NYSERDA, the State of New York, and the contractor make no warranties or
representations, expressed or implied, as to the fitness for particular purpose or merchantability of any
product, apparatus, or service, or the usefulness, completeness, or accuracy of any processes, methods, or
other information contained, described, disclosed, or referred to in this report. NYSERDA, the State of
New York, and the contractor make no representation that the use of any product, apparatus, process,
method, or other information will not infringe privately owned rights and will assume no liability for any
loss, injury, or damage resulting from, or occurring in connection with, the use of information contained,

described, disclosed, or referred to in this report.



ABSTRACT

A three-month pilot test was conducted at the City of Oneida Wastewater Treatment Plant (WWTP) to
evaluate the potential of using Ecovation’s Mobilized Film Technology (MFT) anaerobic pretreatment
system at the WWTP to treat both the high-strength waste and process wastewater received from HP Hood
Company (HP Hood). The incorporation of anaerobic pretreatment into the WWTP’s overall treatment
process would 1) reduce the organic load to the WWTP’s aeration tanks, 2) increase the volume of biogas
produced by the WWTP, which could be used to generate electricity, thereby reducing their overall costs,

and 3) provide a more sustainable waste management practice for HP Hood’s Oneida facility.

Both the high-strength waste and a mixture of the high-strength waste and the process wastewater were
found to be effectively treated in the MFT anaerobic pretreatment system. The processing scheme included
pretreating the streams in a dissolved air flotation (DAF) unit to remove the bulk of the fats, oils and grease
(FOG) and suspended solids. The DAF float solids were sent directly to the WWTP’s existing anaerobic
digesters, while the DAF subnatant was sent for treatment in the MFT reactor. Extrapolating the amount of
biogas that was produced by the pilot system to a full-scale system, it is estimated that 78.5 MMBTU per
day could be produced, which would be enough to run a 250 kilowatt (kW) generator.

Key words: Anaerobic treatment, dissolved air flotation, dairy waste, wastewater treatment
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SUMMARY

In January 2005, the City of Oneida and Bricar Engineering Associates completed an energy reduction
feasibility study, which was co-funded by NYSERDA. The study identified six energy conservation
measures, including the installation of an anaerobic pretreatment system dedicated to treating wastewater
from the HP Hood Company Oneida milk processing plant (HP Hood). HP Hood currently contributes 40-
60% of the BODs and TKN load to the city’s wastewater treatment plant (WWTP). The predicted annual
energy savings for the WWTP associated with this measure was 32,850 MMBTU of natural gas and the
predicted annual cost savings was $328,500 due to usage of biogas produced from the anaerobic system to

generate heat and electricity. The estimate capital cost to implement this measure was $6,660,000.

The city decided to take a preliminary step in implementing the measure by pilot testing Ecovation’s
Mobilized Film Technology (MFT) anaerobic pretreatment system. In addition to energy and cost savings
for the WWTP, drivers for the project included:

e Improved performance of the WWTP;

The ability of the WWTP to accommodate regional residential, commercial and industrial growth,

which is anticipated as the Turning Stone Casino Resort expands;

e The ability of the HP Hood Oneida plant to expand, which is currently limited in part by
wastewater treatment capacity;

e A desire to improve the sustainability of the HP Hood Oneida plant, so it remains competitive with
other HP Hood plants (and can maintain/expand production); and

e  Public health concerns over failing septic systems in neighboring villages, which may ultimately

be incorporated into the city’s sewer system.

The pilot demonstration project was conducted at the WWTP from September 2 - December 5, 2006. The
objectives of the project were to 1) demonstrate that 90-95% of the five-day biochemical oxygen demand
(BOD:) of the wastewater could be converted to biogas and 2) develop a basis of design for a full-scale
facility. The project was performed in three phases:
e  Startup and acclimation of the MFT reactor, including an initial characterization of HP Hood’s
process wastewater and high-strength waste;
e Steady operation of the MFT reactor treating only high-strength waste; and

e Steady operation of the MFT reactor treating both high-strength waste and process wastewater.

During the wastewater characterization, startup and acclimation, it was determined that the concentration
of fats, oils and grease (FOQG) in the high-strength waste were well above the tolerable level for high-rate
anaerobic systems, and would require pretreatment. A dissolved air floatation (DAF) system was added to

the pilot system treatment train, prior to the MFT reactor. Upon conclusion of pilot testing, it was
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determined that both the high-strength waste DAF subnatant and the combined high-strength waste and

process wastewater stream could be effectively treated in a high-rate MFT at a reasonable organic loading
rate (OLR).

Based on the results of pilot testing, a full-scale basis of design (for treatment of the combined process
wastewater/high-strength waste stream) was selected at average and maximum OLRs of 15 kg COD/m’-d
and 25 kg COD/m’-d, respectively. It was estimated that this would produce approximately 33 million
BTU (MMBTU)/d (at a methane yield of 5.6 scf/lb COD). In addition to biogas generated by the MFT
reactor, considerable energy could be recovered from digestion of the DAF float, which was estimated at
45.5 MMBTU/d. At a conservative 28% conversion efficiency, this 78.5 MMBTU/d translates to 6,443
kWh/d of electricity and 268 kW.
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Section 1

CHARACTERIZATION OF THE HIGH-STRENGTH WASTE AND PROCESS WASTEWATER

HP Hood generates two waste streams at its Oneida facility, which are both potential candidates for
anaerobic treatment; process wastewater and high-strength waste (“slop material”). The process wastewater
is stored in an equalization tank at the HP Hood site, then discharged to the City of Oneida WWTP via a
dedicated pipeline.

Samples of both waste streams were sent to Ecovation’s Technology Development Center and a NYS
Certified Contract Laboratory (Life Sciences of Dewitt, NY) for chemical and physical characterization,
and to conduct biochemical methane potential (BMP) analysis. (Since there was no data available on the
composition of the high-strength waste, the waste stream was sampled for five days and an intensive
characterization of this stream was performed.) BMP analysis was performed to determine the maximum
amount of the chemical oxygen demand (COD) that could potentially be converted to biogas (methane).
Due to the high level of fats, oils and grease (FOQG) in the samples, samples were also sent to Ecovation’s
subsidiary, Krofta Technologies (Dalton, MA), to determine if dissolved air flotation (DAF) should be used

prior to anaerobic treatment for removal of FOG and total suspended solids (TSS).

RESULTS OF FIVE-DAY HIGH-STRENGTH WASTE SAMPLING AND ANALYSES

The five-day high-strength waste sampling program was conducted from May 15-19, 2006. The results are
presented in Table 1-1. The high-strength waste stream had an average COD of 210,000 mg/L, with a
standard deviation of 60,000 mg/L (range of 140,000 - 296,000 mg/L). The soluble COD (sCOD) averaged
32,800 mg/L (range of 24,000 — 40,000 mg/L), or 16.3% of the total COD.

Table 1-1. Results of Five-Day Sampling and Characterization of the High-Strength Waste Stream
Parameter  Units 15-May 16-May 17-May  18-May 19-May Average Stdev.

cobD mg/L 296,000 174,000 140,000 176,000 222,000 201,600 60,289
sCOD mg/L 40,000 32,000 24,000 28,000 40,000 32,800 7,155
TSS mg/L 39,000 36,300 32,400 46,600 52,200 41,300 8,006
VSS mg/L 37,500 32,300 28,800 39,800 44,600 36,600 6,212
TKN mg/L 1,080 1,620 1,640 1,810 1,740 1,578 289
STKN mg/L 448 285 398 286 252 334 84
NH,-N mg/L 115 3.3 2.0 2.2 2.9 4.4 4.0
TP mg/L 1,180 318 268 401 369 507 379
Soluble P mg/L 237 261 188 194 374 251 75
FOG mg/L 5,000 3,700 5,000 8,300 21,000 8,600 7,138
Ca mg/L 446 412 375 792 480 501 167
Mg mg/L 43 43 <50 <50 <50 43
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Parameter  Units 15-May 16-May 17-May  18-May 19-May Average Stdev.
TDS mg/L 17,100 18,500 11,500 7,590 17,800 14,498 4,754
mg/L
Alkalinity as 406 - 196 230 876 342 332
CaCO3

The TSS and volatile suspended solids (VSS) averaged 41,300 mg/L and 36,600 mg/L, respectively. The
ratio of VSS to TSS of 0.89 indicated that the solids were highly degradable.

The high-strength waste had a relatively high total Kjeldahl nitrogen (TKN), averaging 1,578 mg/L. The
soluble TKN, by contrast, was only 334 mg/L or 17.8% of the total, which indicates that most of the TKN
is in the solids portion of the high-strength waste. The ammonium nitrogen (NH4-N) was low, averaging

4.4 mg/L; virtually all of the nitrogen was organic nitrogen in nature.

Of particular concern were the high concentrations of FOG, which averaged 8,600 mg/L, with a peak
concentration of 21,000 mg/L. These concentrations are well above the tolerable level for high-rate

anaerobic systems. Therefore, pretreatment to reduce FOG levels was deemed necessary for the high-

strength waste stream.

RESULTS OF BMP TESTING
The result of the BMP testing is shown in Figure 1-1. The control (i.e., sucrose) averaged 99.8%

conversion to methane. The high-strength waste averaged 96.6%, and the process wastewater averaged

66.2% (after two weeks' incubation at 35°C).

Figure 1-1. Results of BMP Assay Testing
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RESULTS OF DAF BENCH-SCALE TESTING
The results of the bench-scale DAF testing are presented in Table 1-2 and Table 1-3 for the process

wastewater and high-strength waste, respectively.

Table 1-2. Results of DAF Testing on Process Wastewater

Process Percent
Parameter Units Wastewater DAF Effluent Reduction

TSS mg/L 407 168

FOG mg/L

Rise Rate inch/1% min.

The bench-scale DAF testing on process wastewater was performed under the following conditions:
e pH adjustment with 375 mg/L sulfuric acid to pH 4.52;
e Coagulant dose of 200 ppm SRL Sumalchlor 50;
e  Mixing for 2 sec at 304 rpm followed by mixing for 60 sec at 31 rpm;
¢  Flocculant addition of 5 mg/L Cytec Superfloc C-1596; and
e Mixing for 2 sec at 307 rpm followed by mixing for 10 sec at 30 rpm using a Phipps & Bird 7790-
400 jar tester.

Table 1-3. Results of DAF Testing on High-Strength Waste

High-
Strength DAF Percent
Parameter Units Waste Effluent Reduction

TSS mg/L 31,640 2,070

FOG mg/L 10,000 950

Rise Rate. inch/1% min.

For the high-strength waste test, neither pH adjustment nor coagulant addition was necessary. Only
flocculant (Cytec Superfloc A-1883RS; 75 mg/L; mixing for 2 sec at 312 rpm followed by 10 sec at 29
rpm; Phipps & Bird 7790-400 jar tester) was required to remove the majority of TSS and FOG from the

high-strength waste stream; however, COD was also removed.

1-3



A combination of process wastewater and high-strength waste (at 6% by volume) was also tested. The

results are presented in Table 1-4.

Table 1-4. Bench-Scale Testing Results for Combined Process Wastewater and High-Strength Waste

Process & High- DAF Percent
Parameter Strength Waste Effluent Reduction

pH S.u. 6.49 4.47 —

TSS mg/L 916 155 83

COD mg/L 8,020 1,400 83

FOG mg/L 680 39 94
Recycled Flow % 25
Rise Rate. inch/1% min. 12
Sludge Volume ml/L 40

The bench-scale DAF testing on combined process wastewater and high-strength waste was performed
under the following conditions:

e pH adjustment with 300 mg/L sulfuric acid to pH 4.56;

e Coagulant dose of 300 ppm SRL Sumalchlor 50;

e Mixing for 2 sec at 306 rpm followed by mixing for 60 sec at 34 rpm;

¢  Flocculant addition of 10 mg/L Cytec Superfloc A-1883RS; and

e  Mixing for 2 sec at 307 rpm followed by mixing for 10 sec at 30 rpm

High removal efficiencies for FOG, TSS, and COD were obtained; however, the amount of polymer
required was higher than for the process wastewater alone. High COD removal was also observed, which is

atypical for dairy wastewater. Generally COD removal of <50% is observed.

Figure 1-2 shows the process wastewater before and after DAF treatment, the high-strength waste before

and after DAF treatment, and the combined streams before and after DAF treatment.
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Figure 1-2. Samples of Process Wastewater Before (a) and After (b) DAF, High-Strength Waste
Before (c) and After (d), and Combination of the Two Before (e) and After (f)

(d)

As was previously discussed, it was not possible to treat the process wastewater or the combined streams
without pH adjustment. It was also not possible to partially treat the samples; no removal of FOG was
observed until the critical polymer dose was reached, and at this point any FOG that could be removed was

removed.

Concerns over high sludge production led to a second round of testing with emulsion polymers, which have
proven successful with similar types of wastes. Both Drewfloc 2249 and 2270 (Ashland Chemical) were

tried. The results are presented in Table 1-5.

Table 1-5. Bench-scale DAF Testing with Drewfloc 2249 (DAF 1) and 2270 (DAF 2)

Process &
High-Strength DAF Percent DAF Percent
Parameter Waste Effluent 1 Reduction  Effluent2  Reduction

pH S.u. 3.97 4.16 - 4.19 -

TSS mg/L 44,345 10,029 77 1,066 98

COD mg/L 108,500 47,800 56 16,700 85
Recycled Flow % 510 520
Rise Rate. inch/1% min. 4 10
Sludge Volume ml/L 140 110

The bench-scale DAF testing with alternative polymers were performed under the following conditions:
e  Drewfloc 2249 at 160 mg/L
e Drewfloc 2270 at 149 mg/L
e  Mixing for 2 sec at 310 rpm followed by mixing for 10 sec at 35 rpm
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The sludge volume produced with Drewfloc 2270 was half that produced in the earlier tests. A decision

was made to use Drewfloc 2270 for the pilot demonstration.
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Section 2

DESCRIPTION OF THE PILOT DEMONSTRATION SYSTEM

SYSTEM SUMMARY

Since DAF pretreatment was required, the larger pilot Mobilized Film Technology (MFT) unit originally
identified by Ecovation for use on the Oneida project was replaced by a smaller MFT unit. (This was due
to the fact that the DAF pretreatment lead to decreased COD concentrations, which meant that larger than
anticipated volumes of high-strength waste would need to be shipped and stored on-site at the Oneida
facility if the larger pilot unit were to be used.) A diagram showing the process flow scheme is presented in
Figure 2-1. The high-strength waste was delivered by truck to a holding tank of approximately 750 gallons.
The material was stored for at least one day before processing, which was done to ensure that the pH level
was at or below 4.6, necessary for effective processing, as dictated by bench-scale testing. A picture of the

building, raw influent holding tank and anaerobic influent tank is provided as Figure 2-2.

Figure 2-1. Process Flow Scheme for Oneida/HP Hood Pilot
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Figure 2-2. Picture of the Building, Influent Holding Tank and Anaerobic Influent Tanks

Every other day, approximately 300 to 400 gallons of high-strength waste was batch processed in the pilot
DAF unit shown in Figure 2-3. A three-foot diameter, pilot-scale Krofta Technologies Supracell DAF unit
was used. A schematic of the system is shown in Figure 2-4. Ashland Drewfloc 2270 was added to the
unit at approximately 150 mg/L. The pilot DAF float was pumped to a sludge storage tank, then to the
WWTP’s existing DAF, and then to the WWTP’s existing anaerobic sludge digesters.

The subnatant from the DAF unit was pumped to the MFT influent tank, a stainless steel 700 gallon tank
(Figure 2-2). The MFT tank was mixed using a recirculation pump that drew liquid out of the bottom of the
tank and fed it back into the top of the tank. The influent feed to the MFT unit was metered from the tank to
the MFT unit by feed pump and recycle loop pump, which provided expansion of the reactor bed in a
“trickle and bump” mode of operation. The MFT system and its operation are described in detail in the

following section.
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Figure 2-3. Picture of the Pilot DAF Unit

Figure 2-4. Recycled Flow Pressurization System — Krofta Supracell
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DETAILS OF THE MFT ANAEROBIC PILOT SYSTEM

The pilot MFT system was a 20 inch diameter by 12 feet tall cylindrical reactor constructed using 304
stainless steel (Figure 2-5). The reactor had a maximum working bed height of seven feet, resulting in an
empty bed volume of approximately 108 gallons. The reactor was covered with an insulating blanket to

reduce heat loss.

The system was initially seeded with biologically active sand (i.e., sand with a biofilm coating) from an
Ecovation project site in Canandaigua (Centerra Wine Company) in order to minimize the time required for
startup. The initial bed volatile solids (BVS) were measured to be 17,700 mg/L. The starting operating bed

height under flowing conditions was approximately six feet.

Flow was pumped into the bottom of the vessel using a two-pump configuration. A “trickle” pump
delivered flow just below or at the incipient media fluidization level. The flow rate was maintained between
3.0 and 3.5 gallons per minute (gpm). This pump was operated continuously. The “bump” pump cycled on
and off every 30 seconds. During the “on” period, the flow to the reactor was increased to approximately

5.0 gpm, which fully fluidized the media.

Flow exited the reactor through a submerged port into a 12-inch diameter small “swirl” tank (that created a
tangential swirl pattern). This allowed capture of media particles exiting the MFT reactor due to gas
attachment. The media were returned to the MFT using a positive displacement pump to a point just above
the incipient media fluidization level. (In the larger MFT reactors, this is normally accomplished internally
using a baffling system.) Recycle flow for the “trickle and bump” pumps was taken from a port about mid
height in the swirl tank. Wastewater flow was added to the recycle flow stream just before entering the
MFT. Additionally, a bicarbonate solution (0.5 Ib/gallon) was added to the recycle flow stream at this point
for alkalinity control. Effluent flow exiting the swirl tank via a gravity overflow was captured in a 1,500

gallon effluent tank; flow volume into this tank was measured and recorded daily.
Heating of the wastewater to an optimal mesophilic temperature (95° to 97°F) was achieved by

withdrawing a stream of several gallons a minute from the swirl tank, passing it though a submersion heater

and sending this flow back into the liquid volume above the media bed in the MFT reactor.
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Figure 2-5. Picture of the Pilot Anaerobic MFT System
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Section 3

RESULTS OF PILOT-SCALE DAF PRETREATMENT

Upon commencement of the pilot demonstration, additional analyses for COD, sCOD, TSS and VSS were
conducted on four batches of high-strength waste. Results are presented in Table 3-1. The raw high-
strength waste had an average COD of 124,250 mg/L. This is considerably less than was observed during
the five-day sampling period where the COD averaged approximately 200,000 mg/L. Pretreatment via DAF
reduced the COD in the DAF subnatant by almost 72%, to 35,100 mg/L. TSS and VSS in the DAF
subnatant averaged 503 and 475 mg/L, respectively.

Table 3-1 Pilot-scale DAF Performance Treating High-Strength Waste

Raw High- Removal
Parameter Strength Waste DAF Subnatant Efficiency
COD mg/L 124,250 35,143 72%
sCOD mg/L 46,525 32,729 29%
TSS mg/L 503
VSS mg/L 475

Additional testing was performed during Phase 3 of the project (treatment of the combined high-strength
waste and process wastewater). During Phase 3, the DAF was operated 3-4 times per week due to the

larger volumes required to feed the anaerobic system. Results from this phase are presented in Table 3-2.

Table 3-2 DAF Performance Treating the Combined High-Strength Waste and Process Wastewater

Removal

Parameter Influent Subnatant Float Material Efficienc
COD mg/L 8,326 6,864 33,218 18%
sCOD mg/L 5,472 4,873 8,482 11%
TSS mg/L 2,118 1,103 18,213 48%
VSS mg/L 1,885 1,028 17,068 46%

As is observed, TSS removal efficiency was just under 50%. (Note: The TSS in the subnatant were
colloidal in nature.) COD was reduced by 18% and sCOD by 11%, which is typical for dairy wastewater.
The float solids averaged approximately 1.8% (18,213 mg/L), which is low compared to the 4-6% TSS
typically observed. A mass balance was performed using COD, TSS, and VSS data and even at this low
float solids concentration, the volume of the float accounted for 5.6% of the total flow to the DAF. Treating

the DAF subnatant in the MFT reactor was done without issue, as is detailed in Section 4.
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Section 4

DEMONSTRATION TEST RESULTS

Results of the three-phase demonstration project are presented below. The three phases were as follows:
e  Startup and acclimation (Phase 1)
e  Testing with high-strength waste (Phase 2)

e  Testing with combined process wastewater and high-strength waste (Phase 3)

The MFT reactor was placed into service on September 2, 2006. The reactor was seeded with a sand media
from an existing reactor used to treat winery wastewater. For the first several days of the pilot test, primary
effluent from the WWTP was used to help “reactivate” the microbial population on the media. (The seeded
media had been stored onsite for approximately 3 months.) Beginning September 8, high-strength DAF

subnatant was fed to the MFT reactor system.
Results from each phase of the demonstration project are presented below. The results are divided into two
sections: (1) data gathered during the entire testing phase, and (2) data gathered once quasi-steady-state

conditions were achieved (referred to herein as the “evaluation period”).

The influent and effluent COD data for the duration of the demonstration project are presented graphically
in Figure 4-1. A complete data set is provided as Appendix A.

Figure 4-1. Influent and Effluent COD Concentrations during Overall Demonstration Period
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RESULTS OF STARTUP AND ACCLIMATION (PHASE 1)

Figure 4-2. Influent and Effluent COD Concentrations Observed During Phase 1
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The MFT reactor was started on September 5, 2006, and operated in a recycle mode for the day. On
September 6, primary effluent from the WWTP was fed to the reactor to “reactivate” the microbial
population on the sand media. On September 8, high-strength waste DAF subnatant was added to the MFT
feed tank. From September 8 - September 11, a mixture of WWTP primary effluent and high-strength DAF
subnatant was fed to the MFT reactor. Beginning September 11, only high-strength waste DAF subnatant
was fed to the MFT reactor. The system was operated under these conditions through September 23, at
which point startup and acclimation were considered complete. Influent and effluent COD data collected

during Phase 1 are presented graphically in Figure 4-2.

RESULTS OF TESTING WITH HIGH-STRENGTH WASTE (PHASE 2)

Overall Phase 2 Results

Data on high-strength waste treatment were collected from September 24 to November 14, 2006. The
results for COD and sCOD removal efficiency are presented graphically in Figure 4-3, and summarized in
Table 4-1. Due to a malfunctioning in-line heater, the temperature of the reactor varied quite a bit during
the initial part of Phase 2, as is evidenced in the plot presented in Figure 4-4. As a result, the evaluation
period for Phase 2 is defined as the time period between October 19 and November 14, when the reactor

temperature maintained a constant value in the mesophilic range (97°F (+/-1°F)).
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Figure 4-3. COD and sCOD Removal Efficiencies Observed During Phase 2
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Table 4-1. Summary of all COD and sCOD Data for Phase 2

Parameter Influent Effluent % Removal

Despite the difficulty with maintaining an optimum mesophilic temperature, COD and sCOD removal

efficiencies averaged 80.7% and 84.3%, respectively, at an average applied OLR of 21.2 kg COD/m’-d for
the entire period, which included a considerable number of days when the reactor temperature was below

90°F. As shown in Figure 4-4, the effluent sCOD concentration increased quickly once the temperature fell
below the optimal range. Results for total COD (not shown) produced essentially the same correlation. For
this reason, the evaluation period for Phase 2 is defined as the period when the heater was fully operational

and capable of delivering optimal and stable temperature control.
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Figure 4-4. Effect of Temperature on Effluent Quality (sCOD) During Phase 1
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Results for Phase 2 Evaluation Period

A summary of data collected during the Phase 2 evaluation period (October 19 to November 14, 2006) is
presented in Table 4-2. Influent and effluent COD and sCOD data are presented as Figure 4-5 and Figure 4-

6, respectively.

Bicarbonate was used for alkalinity control during the study. Since the alkalinity in the bicarbonate solution
is dilute (0.5 1b/gal), a fairly large volume was required. Therefore, the volume of bicarbonate solution fed

to the reactor had to be taken into account when analyzing the data. To do this, the total volume of effluent

was measured and the volume of bicarbonate solution was subtracted from this volume to obtain the actual
flow of the high-strength waste. The influent concentrations were then corrected based on the ratio of

corrected effluent volume to actually effluent volume (that averaged 0.87 and ranged from 0.78 to 0.92).

COD and sCOD removal efficiencies, based on corrected volume, averaged 82.7% and 87.8%,
respectively, during this period at an average applied OLR of 23.7 kg COD/m’-d. Note: The actual daily
removal efficiencies were calculated based on an MFT mass balance that included mass of COD in, mass

of COD out, and the change in reactor concentration (change in the “storage” term).

4-4



Table 4-2. Summary of COD, sCOD, TSS, and VSS Concentrations for the Phase 2 Evaluation Period

Corrected

*

Parameter Influent Effluent Removal (%)

sCOD 23,654 3,168 87.8

VSS 1,207 1,648

* Note: the removal efficiencies were calculated based on daily mass balance that included influent and effluent COD

values and the change in the reactor concentration (storage term)

Figure 4-5. Influent and Effluent COD from the Final Four Weeks of the Phase 2 Evaluation Period
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*Note: influent COD values are corrected for dilution due to addition of bicarbonate for pH control
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Figure 4-6. Influent and Effluent Soluble COD during the Phase 2 Evaluation Period
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There are several other interesting observations concerning the Phase 2 COD, sCOD, TSS, and VSS results.
The ratio of sCOD to COD averaged 92% for the influent and 66% for the effluent. This indicates that a
greater fraction of the effluent COD was due to suspended solids. The ratio of VSS to TSS (% volatile
solids) was 87% for the influent. The ratio in the effluent was 48%, which indicates that a significant
fraction of the TSS in the effluent were non-volatile. As will be discussed later, it is believed that this was
due to precipitation of inorganic compounds, most likely as calcium phosphate and calcium carbonate
compounds. There were eight days during the Phase 2 evaluation period when BODs analyses on the

influent and effluent were performed. The data are presented in Table 4-3.

Table 4-3. Summary of Influent and Effluent BODs Data During the Phase 2 Evaluation Period

Influent Corrected Inf. Effluent Soluble Effluent
(mg/L) (mg/L) (mg/L) (mg/L)

13,000 11,100

18,000 14,150

24,000 21,400

10,000 8,940
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As shown, the influent BODs concentrations averaged 15,290 mg/L and the corrected values (accounting
for dilution) averaged 13,280 mg/L. The effluent total and soluble BODs concentrations averaged 1,510
mg/L and 604 mg/L, respectively. BODs removal efficiency in the MFT averaged 88.6% for total influent
to total effluent and 95.5% for the total influent to soluble effluent. The ratios of BODs to COD averaged
0.50 for the influent and 0.31 for the effluent.

The soluble BODs concentrations averaged 604 mg/L, ranging from 240 mg/L to 1,300 mg/L. This
indicates approximately 60% of the residual BOD; was particulate in nature and could potentially be
removed, if desired, using a post anaerobic solids removal process such as DAF or perhaps feeding the
effluent to the primary clarification system. This could further reduce the load on the Oneida WWTP, by

sending more organics directly to the existing anaerobic sludge digesters for biogas production.

Limited information was also collected on the concentrations and forms of the major macronutrients,
nitrogen (N) and phosphorus (P), during the Phase 2 evaluation period. Three sample sets were processed
for TKN and ammonium (NH,"-N). These data are summarized in Table 4-4. The increase in ammonium
indicates degradation of a portion of the proteins in the high-strength waste. The loss of TKN and organic
N is likely due to accumulation of biomass in the reactor during this period. As will be discussed later in
this section, the bed volatile solids (BVS) concentration, a measure of the amount of biomass in the MFT

reactor, increased significantly during this period.

Table 4-4. Summary of Nitrogen Data Taken During the Phase 2 Evaluation Period

Parameter Influent Corlr:zft-:ted Effluent Difference
TKN mg/L 551 485 371 (104)
NH,"-N mg/L 16 14 59 45
Organic N mg/L 535 471 312 (159)

The concentrations of total phosphorous (TP) and ortho-phosphate (OP) observed during the entire Phase 2
test period are presented in Table 4-5. Although some of the P was likely consumed as a result of cell
growth, the amount should be approximately 1/6™ of that observed for nitrogen. Based on loss of organic
N, this would translate to approximately 27 mg/L of P. The measured difference for average influent
(corrected for dilution) and effluent for TP and OP were 119 mg/L and 147 mg/L, respectively. Therefore,
it is believed that most of the P loss was due to precipitation reactions (as calcium phosphates), which is
common in dairy wastewater under anaerobic conditions. The fact that the reduction in OP and TP are

approximately the same indicates that OP was the phosphorus species that was primarily removed.
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Table 4-5. Summary of Total and Ortho Phosphorus Data for Entire Phase 2 Test Period

Influent TP Influent OP
Influent TP Corrected Effluent TP  Influent OP Corrected Effluent OP

10/03 750 581 500 302 234 118

10/10 253 206 104 242 197 91

10/17 300 251 150 281 235 120

10/24 350 318 150 288 262 81

10/31 313 286 138 284 260 67

11/7 400 356 240 281 250 83
Average 394 333 214 284 240 93

RESULTS OF TESTING WITH COMBINED PROCESS WASTEWATER AND HIGH-
STRENGTH WASTE (PHASE 3)

Beginning November 15, 2006, a combination of process wastewater and high-strength waste was fed to
the MFT reactor. HP Hood mixed the high-strength waste and process wastewater in approximately 5,000
gallon batches, and trucked the material to the Oneida WWTP, where it was pumped into an existing empty
sludge storage tank. The original plan was to dilute the high-strength waste with primary effluent from the
WWTP. However, HP Hood subsequently offered to provide the actual mixture of the two streams
generated at the HP Hood facility to ensure that any effect due to cleaning agents present in the process
wastewater was captured during the project. The two waste streams were mixed in proportion to the
average volumetric production at the plant, which is approximately 6% high-strength waste. Approximately
600 to 700 gallons of the mixture was processed through the DAF unit, with the subnatant subsequently fed
to the MFT reactor.

Overall Phase 3 Results

Phase 3 operations extended from November 15 to December 4, 2006. During the final days of testing, the
low ambient temperatures, coupled with the high volume of wastewater being fed, resulted in the reactor
temperature decreasing precipitously; the heating system was unable to maintain temperatures in the
optimal mesophilic range. These days were not included in the Phase 3 evaluation period but all data are

included in Appendix A.
A plot showing the effect of temperature on system performance is provided as Figure 4-7. The removal

efficiency, in general, varied between the mid-60% to mid-70% range. When the temperature decreased to

below 80°F, the removal efficiency fell to below 50%. Since a full-scale system would not be operated
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outside of the mesophilic range, these data were excluded from the evaluation period as mentioned above.

The average temperature maintained during the Phase 3 evaluation period was 93°F.

Figure 4-7. Scatter Plot of COD Removal Efficiency as a Function of Temperature
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The influent and effluent concentrations for COD and sCOD over the entire Phase 3 testing period are
depicted in Figure 4-8 and Figure 4-9. During this period, the OLR averaged 17.1 kg COD/m’-d and the

empty bed hydraulic retention time was 12.9 hours.

Figure 4-8. Influent and Effluent COD During Phase 3 Testing
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Figure 4-9. Influent and Effluent Soluble COD During Phase 3 Testing
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As can be seen in Figures 4-8 and 4-9, the inlet COD concentrations varied widely during Phase 3. Because
of this, the data was evaluated for the overall period and then separately for the higher concentration period
(Phase 3a) and lower concentration period (Phase 3b). The results for COD and suspended solids for Phase
3 are presented in Table 4-6. During Phase 3, bicarbonate powder was added directly to the MFT feed tank

to eliminate any dilution.

Table 4-6. Phase 3 Overall Results for COD, sCOD, TSS and VSS

Parameter Influent Effluent % Removal

sCOD 5,399 1,639 69.6

VSS 1,410 438

The COD removal efficiency averaged 71% and sCOD removal efficiency averaged 70%. Considering that
the majority of COD is likely associated with the process wastewater, this represents a relatively high
efficiency for the degradable fraction of the COD for the mixture. For example, if it is assumed that the
DATF treated portion of the mixture associated with the high-strength waste had a COD of 30,000 mg/L
(29,100 mg/L was the Phase 2 average), and the process wastewater had a COD of 6,000 mg/L after DAF,
the composite would be 7,440 mg/L, with 76% of the COD from the process wastewater. The degradable

fractions for the high-strength waste and the process wastewater from the characterization study BMP
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testing were 96.6% and 66.2%, respectively. The composite of the two can be calculated to be
approximately 73.5% degradable using the above scenario. This agrees well with the 71% observed

removal efficiency achieved.

Unlike Phase 2 testing, where TSS and VSS increased due to the high COD concentrations and associated
biomass growth, a significant reduction in both TSS and VSS was observed during Phase 3 testing: 57%
and 69%, respectively. The ratio of VSS to TSS changed from 0.83 in the influent to 0.60 in the effluent.

This indicates that some of the effluent TSS was mineral in nature (i.e. precipitated P species).

Results for Phase 3A Evaluation Period

From November 22 to 25, 2006, the post-DAF mixed wastewater had a COD concentration that was more
than double the typical levels. To evaluate whether or not the system could handle a concentration spike,
the flow rate was maintained at a more-or-less constant rate; the hydraulic retention time (HRT) was 14.1
hours versus 12.9 hours overall, which led to an increased average OLR of 23.5 kg COD/m’-d. Results for

this evaluation period are presented in Table 4-7.

Table 4-7. Phase 3A Results for COD, sCOD, TSS and VSS

Parameter Units Influent Effluent Removal
CoD mg/L 13,708 3,185 76.8%
sCOD mg/L 9,417 2,452 74.0%
TSS mg/L 3,251 856 73.7%
VSS mg/L 2,703 439 83.8%
OLR kg COD/m*-d 235

Despite the high OLR and low temperature (averaged 88°F), removal efficiencies were quite high,
averaging 76.8% and 74.0% for COD and sCOD, respectively. The TSS and VSS removal averaged 73.7%

and 83.8%, respectively. No analyses were performed for BODs or nutrients during this period.

Results for Phase 3B Evaluation Period

From November 27 to December 1, 2006, the COD and sCOD concentrations were considerably lower than
typical levels. These results, along with TSS and VSS data, are presented in Table 4-8. Note the OLR
averaged 15.6 kg COD/m’-d and the HRT was 10.5 hours. The average temperature was 96°F.




Table 4-8. Phase 3B results for COD, sCOD, TSS and VSS

Parameter Units Influent Effluent Removal
COoD mg/L 5,574 2,032 63.5%
sCOD mg/L 4,181 1,756 58.0%
TSS mg/L 1,286 663 48.4%
VSS mg/L 1,026 390 62.0%
OLR kg COD/m*-d 15.6

The reduction in COD and sCOD averaged 63.5% and 58%, respectively. The initial BMP testing
conducted on the process wastewater indicated that the degradable fraction was 66.2%. The TSS and VSS

concentrations during Phase 3B were reduced by 48% and 62%, respectively.

Samples were collected for BODs analyses on the final three days of the period. Unfortunately errors were
made at the contract laboratory and no data are available for the influent BODs. The effluent BODs and
effluent soluble BODs concentrations averaged 253 mg/L (240, <200, 320) and 108 mg/L (84, 120, 120),
respectively. This represents a significant reduction in what would be the loading from HP Hood on the

Oneida WWTP if anaerobic pretreatment were to be installed.

BED VOLATILE SOLIDS (BVS)

The BVS, a measure of the active biomass in the reactor, were analyzed over the course of the study. The
increase in BVS over time is presented in Figure 4-10 for samples taken at the six-foot level in the MFT
reactor (measured from the bottom of the bed up). The BVS increased dramatically during the study from
approximately 16 g/L to over 50 g/L in the two month period. Samples were also taken at the four-foot
level near the end of the study, which averaged between 30 and 40 g/L. The total biomass in the MFT was
estimated to be 5.82 kilograms at the start. This increased to 12.15 kilograms by the end of November,
which represents a more than doubling of the biomass in the system. Since the biomass levels in the MFT
continued to increase over the course of the pilot testing, results generated in the earlier phases have to be
considered conservative since they were generated with lower biomass levels. This indicates that the

“trickle and bump” flow scheme was effective in increasing biomass in the MFT system.
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Figure 4-10. Bed Volatile Solids (BVS) over Time
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SUMMARY
Phase 2

High-strength waste DAF subnatant can be effectively treated in a high rate MFT reactor. During the Phase
2 evaluation period, COD removal efficiency averaged 82.9% and sCOD removal efficiency averaged
87.8%, at an average applied OLR of 23.7 kg COD/m’-d. The corresponding total and soluble BODjs
removal efficiencies were 88.6% and 95.5%, respectively. On four occasions, the OLR was greater than 30
kg COD/m’-d, with a peak day of 47.5 kg COD/m’-d on October 23, 2006. These high spike loading rates
resulted in the COD removal efficiency decreasing for that day, but no long-term reduction in removal was
observed. When the OLR returned to the normal range, removal efficiencies returned to normal levels. The
effect of applied OLR versus removal efficiency for COD and sCOD are presented in Figure 4-11 and
Figure 4-12, respectively. Based on the data developed, a conservative OLR for the high-strength waste
would be on the order of 20 kg COD/m’-d.

Phase 3

During the Phase 3 evaluation period, removal efficiencies averaged 71%. During the period when the
COD was quite high, averaging 13,700 mg/L after DAF pretreatment, the removal efficiency averaged just
below 77% at an OLR of 23.5 kg COD/m’-d. When the COD was lower, 5,570 mg/L, the removal
efficiency averaged 63.5%; the OLR during this period was 15.6 kg COD/m’-d. Effluent BODs averaged
250 mg/L during this period and sBODs averaged 110 mg/L. The effluent TSS averaged 663 mg/L, a 48%
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decrease from the influent TSS, indicating a significant fraction of the influent TSS were degraded during
anaerobic treatment. Overall results indicate that a combined high-strength waste and process wastewater
stream can be effectively treated in a high-rate MFT at a reasonable OLR. This would significantly reduce
the overall loading on the Oneida WWTP, while concurrently generating significant biogas that could be

used to generate electricity.

Figure 4-11. Scatter Plot of COD Removal Efficiency vs. Applied OLR for Phase 2 Testing
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Figure 4-12. Scatter Plot of Soluble COD vs. OLR for Phase 2 Testing
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Percent Probability

Section 5

FULL-SCALE BASIS OF DESIGN

DEVELOPMENT OF COD MASS LOADING BASIS OF DESIGN

Weekly BODjs data of the process wastewater collected over a 105 week period were evaluated. A
probability plot of the data is shown in Figure 5-1. The 95th percentile BODs loading was selected as the
basis of design for a full-scale system, which is 5,348 1b BODs/d. This was converted to COD using a
BODs/COD ratio of 0.5 (typical for dairy wastewater and observed during the pilot study), which results in
a maximum COD design load of 10,696 Ib/d. The average BODs loading rate was 2,990 1b/d, which
translates to 5,980 Ib COD/d for average loading rate from the process wastewater. The average and

maximum flow rates were 194,000 gpd and 233,000 gpd, respectively.

Figure 5-1. Probability Plot of BODs in Process Wastewater
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Weekly high-strength waste data collected from December 2004 through March 2006 were evaluated. The
average flow rate, based on flow averaging for 7 days-per-week, was 76,500 1b/d or 9,170 gpd (calculated
at 8.34 Ibs per gallon). The 95" percentile was approximately 12,000 gpd. The COD of the post-DAF high-
strength waste was 30,000 mg/L. This results in 3,000 Ib COD/d contribution from the high-strength waste
at the 95" percentile and 2,300 Ib COD/d at the average loading condition.

Combining the two streams, the maximum total OLR to the anaerobic MFT would be 13,700 1b COD/d.
Based on a total flow of 212,000 gpd, the resulting COD concentration is 7,750 mg/L. Note: The average
COD measured during Phase 3 was 7,717 mg/L, which includes the four days of very high COD observed
around Thanksgiving. The average after that period (Phase 3B) was 5,770 mg/L. The average loading rate

comes out to 8,280 1b COD/d, or 60% of the maximum loading rate. Therefore, an average and maximum
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OLR of 15 kg COD/m’-d and 25 kg COD/m’-d, respectively, were selected for the full-scale basis of

design (for a combined process wastewater/high-strength waste stream).
Note: The COD mass loadings presented herein are somewhat conservative in that the loss of COD in the
process wastewater from DAF pretreatment was not taken into account. This is minor, and accounts for

approximately 5 to 10% of the load associated with the process wastewater.

Mass Loading with the Inclusion of Whey Permeate from HP Hood’s Vernon Facility

HP Hood also wanted to consider the case where 6,000 gallons of whey permeate from the Vernon facility
would be trucked to the Oneida treatment plant and treated in the MFT. During the course of the study,
three samples of whey permeate and two samples of skim permeate were analyzed for COD, sCOD, TSS,
and VSS. The COD averaged 50,440 mg/L, while the sCOD averaged 49,460 mg/L. One load per week of
this material would increase the total load to the MFT system by 361 1b/d assuming the permeate is held in
a storage tank and metered into the system over the course of the week. Note: Ecovation has considerable
experience treating whey permeate including a full-scale system at Breyers Yogurt Company in North
Lawrence, NY. Removal efficiencies of approximately 95% are typical. It was calculated that addition of
the whey permeate would increase the average and maximum OLR to 8,540 1b COD/d and 14,060 1b
COD/d, respectively.

EXPECTED BIOGAS PRODUCTION

Based on the pilot test results, a COD removal efficiency of 71% is assumed for the combination of the
high-strength waste and process wastewater and 95% for the whey permeate. Using this assumption, the
total COD available for conversion to biogas would be 6,139 Ib/d. At a methane yield of 5.6 scf/lb COD,
this translates into 33 million BTU (MMBTU)/d.

In addition to biogas generated by the MFT reactor, considerable energy could be recovered from digestion
of the DAF float. Using a conservative influent average of the high-strength waste to the DAF unit of
124,250 mg COD /L and an effluent subnatant COD of 35,170 mg/L, removal of COD in the DAF was
calculated at 71.7%. Therefore, the total COD of the float removed from the DAF system and sent directly
to the anaerobic digesters would be 8,916 1b/d (based on 12,435 1b/d COD at a flowrate of 12,000 gpd).
Assuming 95% conversion of this highly degradable material, the amount of methane generated would be

an additional 47,430 scf/d or 45.54 MMBTU/d.
The combined total of methane generated would be 81,810 scf/d or 78.5 MMBTU/d. At a 28% conversion

efficiency, this translates to 6,443 kwh/d of electricity potential. If a 250 generator were installed by the

WWTP (the amount of gas generated could support a 268 kW generator, but these are not commercially
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available), 6,000 kWh/d of electricity could be produced, which, at a unit price of $0.12/kWh, translates to
$262,800 per year.
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