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Executive Summary

1. Atotal of eleven phosphorus removal technologies were evaluated as being applicable
to Keene. Four (#2 #3 #4, and #5 on Table 2.1) meet the 1.0 mg/l cold weather permit
for total phosphorus, Two (#6 and #7) will meet a 0.36 mg/l mass loading limit, and Four
(#8, #9, #10 and #11) will meet a warm weather limit of .2 mg/l::

P site and process flow

2. All process technologies would be adaptable to the Ke
train footprint.

4. If mass loading limits are approved, than a limit of mg/l far warm weather conditions
with 3.3 to 3.6 MGD effluent flow§ g¢ould change the
depending on the cost and opera
usage. '

E.1
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1.0 Chapter 1 - General

The City of Keene, Department of Public Works, retained the services of Stantec to develop this
stand alone document that provides a technology screening evaluation for different phosphorus
removal technologies. This evaluation provides the City with additional information to support
their comments to the EPA in response to the draft NPDES permit w:th, spect to proposed

phosphorus limits for the Wastewater Treatment Facility effluent dis arge"f' In developing this

document, Stantec reviewed the draft NPDES permit and suppe

act sheet with respect to

fhg/! during cdld weather

1ent also comments on the

1.1
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2.0 Chapter 2 — Summary of Technologies

2.1 TECHNOLOGIES SUMMARIES

The principal treatment process technologies in use today for phosphorus removal have been
selected for this evaluation and are discussed below. Some gé er. are made, and

treatment performance predicted. In order to develop morg absolute détérminations with
tewater Treatment iity, any process

respect to the processes’ application to the Keene ng

#i5

returned. “Ehis process is well established with many

T

d, resulting in a net savings on a life cycle cost basis.

It has been:demonstrated toreduce phosphorus to levels of 0.8 to 1.2 mg/i; however, this

2.1.2 PRIMARY CHEMICAL PRECIPITATION (#2)

This process considers the application of metal salts to precipitate phosphorus within the
primary clarifiers. The capital costs are very low, and the addition of chemical coagulants to the
primary process has been reported to enhance clarifier performance and remove arganic solids.

This process would result in an increase in sludge production. Final effluent phosphorus levels
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are reported in the range from 0.6 — 1.0 mg/l. A disadvantage of this process is the potential
higher chemical use, as well as the potential of over removing phosphorus essential to the
downstream activated sludge process. This process also does not have the ability on its own to

meet any of the proposed effluent criteria.

21.3 SECONDARY CHEMICAL PRECIPITATION (#3)

This process considers the application of metal salts to precipitate Bspho'rus within the

secondary clarifiers. The capital costs are also very low but slic her than the primary

location. A further advantage with the secondary location js f € conti ecirculation of
coagulant with the Return Activated Sludge (RAS). i
practice than what static jar testing would indicate.. 1
phosphorus uptake is also less impacted from agdi
process also results in a small increase in sludge product
reported in the range from 0.5 — 0.9 mg/i%A di

chemical use. This process also does no ‘
proposed final effluent criteria, although in practice, : et of less than 0.6 mg/l is

frequently achieved.

precipitation is the n ontrol effluent sclids. As the chemical dosage increases, the greater

percentage of phosphorus will be concentrated in the effluent solids.

2.1.5 EBPR W/ CHEMICAL ADDITION (#5)

In order to optimize the biological uptake of phosphorus with chemical addition as previously
described. The system would consist of new tankage upstream of the existing aeration tanks to

provide volume for an anoxic zone. Nitrate-rich mixed liquor is recycled from the aeration tank

2.3
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to the anoxic tank, where the collection of organic materials in the influent can serve as
hydrogen donors for the dentrification of the nitrates. As a result, part of the organic matter is
consumed and nitrate is convertad o nitrogen gas, with release to the atmosphere. The mixed
liguor is then aerated in the aeration tank, so that the remaining organic matter and ammonia

are oxidized. Phosphorus removal is also achieved.

This process has been demonstrated to reduce phosphorus to leveisiof 0°3.to 0.6 mg/l;

however, this process may not be considered to reliably reduce.gencentration levels to under

0.5 mg/l if effluent solids exceed 10 mg/l. Because the permit is seasé
could be further investigated to better define predicted p G Técnce.

lly based, this process

2.1.6 EBPR W/ CHEMICAL ADDITION AND F

This option combines the process to optimize the biologlc ake of phosphorus with chemical

addition as previously described, with the

polishing filtration step’” As discussed, the filtration equipment has severai options, including
disk filters and variations of sand filters. Filtration equipment varies with performance and head
loss requirements, and shouid be piloted prior to selection. This process is also well established
with many case studies. There is a larger increase in sludge production, as the effluent
suspended solids are now reduced to less that 5mg/l, and with out the EBPR process, chemical

costs are likely higher. This process has also been demonstrated to reduce phospharus to
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levels of 0.1 to 0.3 mg/l. For the purposes of this evaluation, disc filiers have been assumed for
use with the technology. Wastewater flows into the inside of the filter discs from the center |
drum. Solids are retained within the filter discs while the clean water flows out and into the
collection tank. During normal operation, the dises remain static until the water level in the inlet
channel rises to a specific point. When this occurs, backwash is initiated. The filtered effluent

provided the source of the backwash. There is a larger increase in sludge production, as the
&s has been

effluent suspended solids are now reduced to less that 5mg/l. This

demonstrated to reduce phosphorus to levels of 0.1 to 0.3 mgt

2.1.8 TERTIARY CLARIFICATION WITH FILTRATION {#8)

This process uses a tertiary solids contact clarifier. @s.a separate phosphorus ation step.

it produces a chemical sludge which can optimize chem

i

not allowing th
reintroduction of phosphorus in the sludge return streams.

'y

IS optibn than includes the

addition of a polishing filtration step. As'd

niequipment has several options,

D2 process by Parkson is an option that

s stern, flash mixing, two-stage filtration, and reject

potential in the filters. This chemically treated secondary effluent is introduced into the first-
stage deep-bed Dynaéand filter where the precipitated phosphorus is removed. The filtrate from
this first-stage filter is further polished in the second-stage standard-bed DynaSand filter. The
expected filtered effluent total phosphorus level leaving the D2 process is 0.03 mg/L provided

that secondary effluent total phosphorus does not exceed 1.5 mgiL.

mah k3 1-dh proposalsiis58000 w-ww satesikeene phosphorusireporl.doc 2 . 5




Stantec
PHOSPHORUS REMOVAL TECHNOLOGY SCREENING EVALUATION

KEENE, NH WWTP
Chapter 2 — Summary of Technologies

May 10, 20G6

2.1.9 MEMBRANE BIOLOGICAL REACTOR (MBR) W/ CHEMICAL PRECIPITATION (#9)

This alternative would convert the present process to an MBR, The MBR consists of a
suspended growth biological reactor integrated with a membrane system. Essentially, the
membrane replaces the solids separation function of secondary clarifiers and tertiary filters. An
MBR operates at a high mixed liquor concentration in the range of 10,000 to 12,000 mg/l.
Chemical addition is required to remove soiuble phosphorus. Efﬂuent ﬂhofphorus levels are

t of chemical use. A

reported in the range from 0.01 — 0.1 mg/t, dependant upon the am

disadvantage of this process is the potential for higher sludge _]‘Aﬁen and energy cost. This
process is an emerging technology, and requires a major Cab [
it exceeds the permit abjective and should not be CONnsi¢ '

alone.

2,110 TERTIARY BALLASTED FLOC (#10)

finely divided magneti the metal hydroxide floc particles which bind precipitated
phaosphorus and otherpollutants. The dense "magnetic seed” substantially increases the
settling rate so that the clarifier can be very small. The magnetite seed is magnetically

recovered from the sludge and recycled back to the process.

CoMag recommends that multi-point coagulant addition be practiced whenever chemical

precipitation is practiced to achieve the effluent total phosphorus limits. This will enhance
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performance and result in less coagulant consumption. Secondary effluent that has already had
coagulant applied (1% stage of multi-paint treatment) is delivered to the CoMag process by a
secondary effluent pump station at the chlorine contact tank. The chemical addition system

would include:

» Flow-paced chemical addition system.

» Programmable logic controller (PLC) for coagulant addition, s ‘recycle and sludge

wasting.

oagulant into the

» Duplex metering pump system to inject the alumingm sulfate (a

wet well of the secondary clarifier pumping st

The magnetite contCe ion'in the magnetite tanks serves two major functions:

+ Magnetite witiva specific gravity of 5.2 greatly increases the settleability metal hydroxide

floc.

» Magnetite in the sludge is processed over a magnetic drum where it is recovered and

recycled back t¢ one of the magnetite tanks.

The magnetite-laden floc flows from the reaction tanks to two clarifiers that operate in parailel.

meh kAC1-6h proposals\0556000 w-ww saiasikeane phosphorusireport doc 2 7
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Settled sludge is drawn through a recycle/waste pump located beneath each clarifier.
Approximately 80 percent of the solids underflow is recirculated back to the magnetite contact
tank to improve the flocculation by increasing the mass of solids in contact with the phosphorus
precipitate and recycling the coagulant. The remainder of the settled sludge (20 percent) is

diverted to an in-line sludge shear and magnetite recovery system using a magnetic drum
. The phasphorus

separator that captures the magnetite and recycles it back to the proce
sludge flows to the sludge thickening system for further processing afd offisite disposal.

The CoMag system provides for automated process control by:usin LC to continugusly

monitor the instrument signals and, based on the progra nd set points,

adjust the chemical feed rates, sludge pumps, and maké othér process char The operator

will control the process through a local control pangl.and moniter the status of th

and/or adjust the control set points.

Table 2.1 and Fi 2.1rep

L

i"f'-spectrum is needed as the proposed permit limitations indicate a

removal. This look atith

seasonal approach to'g uent phospharus.
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PHOSPHORUS REMGVAL TECHNOLOGIES

Effluent Phosphorus, mg/l

Figure 2.1

permit fact sheet, a warm weather limit of 0.2 mg/! total phosphorus and a cold
g/l are proposed for the City of Keene in the draft NPDES Permit. This

usion that examined the impact a discharge of 6.0 MGD would have

Accarding to
weather limit of 1
finding is based on d'¢
on the Ashuelot Rivers"The draft permit proposes a specific concentration limitation for
phosphorus. In our opinion, the more appropriate limitation should be based on a mass
discharge. This is especially important as the technology necessary to achieve limits of less
than 0.2 mg/l involve more costly tertiary filtration or ballasted flocculation processes. A mass
limit based on 0.2 mg/f at 8.0 MGD allows for a discharge of 10 [bs TP per day. A limit based on
0.5 mg/l at 6.0 MGD allows for a discharge of 25 Ibs TP per day. Atthe present actual average

29
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daily effluent flow of 3.3 MGD (per EPA Fact Sheet), a mass limit of 10 Ibs/day results in a
required effluent concentration of 0.36 mg/l, while 25 Ibs/day represents a concentration of 0.9
mg/l. These can be achieved by less costly technologies, such as technology #6 (EBFR with
chemical addition and disc filtration) and technology #7 (multipoint chemical addition with disc

filtration).

Stantec recommends that the City petition the EPA for a mass limit for efflient total phosphorus

and further refine the costs for adapting the technologies to be

of the facilities at the Keene WWTP,

pplicable to construction

YITHER FACILITIES

2.3 BENCHMARK COMPARISONS WIT

fn 2005, the City of Burlington, Vermont effluent phosphgtus ayeraged 0.42 mg/l with a high of

0.54 mg/l and a low of 0.34 mg/l. The City uses supplemehtalalum addition to keep effiuent

21 O meh k\31-dh proposats\0556000 w-ww salasikeene phosphorusireport. doc




PHOSPHORUS REMOVAL TECHNOLOGIES SUMMARY

TABLE 2.1
Process/ Process/Tech Facilities/Chemicals Effluent Parformance Process! Estimated Ability ta
Technology Dascription Raquired Phos, History! Biosalids Construction | POy Limits
Limits Number of Impacts Costs of:
# Name achievable | Instaliations
1.0 38 2
1. EBPR {AQ) Enhanced = Censtruction/Creation | 0.8 - 1.2 Established Slight increase in | $2,500,000
Biological of Anaerobic zone at | mg/l technelogy, sfudge production
Phosphorus beginning af the growing
Removal activated sludge number of X
(EBPR) process instailalions
» no chemicals
required
2. Primary Chemical | Matal Salt » Chemical Storage 0.6-1.0 well Moderate $655,000
Pracipitation addition and Feeding mgA established ingrease in .
upstraam of Equipment technology. sludge production
Prmary « Building Addition numerous I
Clarifiers = Primary darifier installations
impravements
= Sludge pumping
improvements
3. Secondary Metal Salt » Chemicat Storage 0.5-09 Well Smalf increase in | $1.130.000
Chemical . addition and Feeding maf! establishad siudge preduction
Precipitalion upstream of Equipment Required technelogy, ¥
Secondary numerous
Clarifiers installations
4. Multi Paint Metal Sal! + Chemical Slorage 04-08 Well Larger increase $1,600,000
Chemical Addilion addition and Feeding myfl established in sludge
upstreant of Eguipment Reguired technolagy, production
both Primary « Building Addition numerous - X
Clarifiers and « Primary clarifier instaflations
Secondary improvemenis
Clarifiers + Sludge pumping
improvemenis
5. EBPR w/ EBPR with « Construction/Creation | 0.3-06 Established Larger increase $3 630,000
Ghemical Addition secondary of Anaerobic zona at | mg/l technalogy, in sludge
Chemical beginning of the many production
Addition activated siudge instailations
process X
+ Chemical Storage
and Feed Equipment
« Sludge pumping
improvemants
6. EBPR w/ EBFR with « Construction/Crealion | 0.1 - 0.3 Established Larger increase $6,630,000
Chemical Addition & | secondary of Anaerabic zone magit technology, in siudge
Filtration Chemical » Chemical Sierage many production
Addition and and Fead Equipment instailations X
Tertiary disc » Effluent Disc Filters
Filtration required
« New Building .
7. Multi Point Multi Paint + Chemical Storage 0.1-03 Established Large increase in | $4,600,000
Chemical Addilian wf | Chemizal and Feed Equipment | mgd technaology, sludge praduction
Filtration Addition and + Effluent disc Filters many ¥
Tertiary required instalialions
Filtration + New Building
8. Tertary Tertiary Solids « Construction of 0.03-0.1 Established Moderale 57,455,000
Clarification w/ two Contact Tertiary Solids mgdl wastewater increase in
stage Filtration Ciarifiers for Contact Clarifiars treatment sludge production
Chemical « Effiuent Filters technology. . X
Precipilation, required with many
followed by twa | « New Building wastewaler
stage Filtration instailations
9. MBR wf Chemical | Membrane » Construction of 0.01 - 0.1 Emerging Large increase in | $10,500,000
Addition Bielcgical ’ Membrane Biological | mg/t technology, sludge production
Reactor w/ Multi | Reactar many v
Paint Chemical | « Chemical Storage installations
Addition and Feeding
Equipment
10. Tertiary Ballasted « CoMag® (Magnetite | 0.01-0.1 New and Potentially small | $6,530,000
Baflasted Floc Clarification Weighled) or Actiflo® | mg/ Emerging increase in
Process {Sand Weighted) technology sludge production
proprietary process teing piloled, X
equipment na
= Chemical Feed installalions
Systems for CeMag,
few for Actifle
11, Vertiary Multi Point » Construction of in- 0.01 -0.05 New and Fotentially large 58,855,000
Membrana w/ Chemical tank Memgrane mgh Emerging increase in
Chemical Addition Adaition Microfitration equip. technology sludge production
fallowead by = Chemical Storage being piloted, X
Tertiary and Feed Equipment few
Membrane » Sludge pumping Instalations
Microfiltration impravements
Notes:
1) Capital Costs are for PO, Unit pmcess cquipimenl and appuricnant 1ankags aad caquipment anly for similar sized fucilities. Costs have nol been adapted 1o the Keene
WWTP

Stantec
TABLE 2.1
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3.0 Chapter 3 - RECOMMENDED TREATMENT TECHNOLOGY

Table 3.1 provides a rating matrix of all technologies discussed in this evaluation. This matrix

ranks technologies for the three treatment ranges and should be used.in conjunction with Table

%M Costs and operational

2.1, with its estimated construction costs and consideration for,

option (#8) or installation of the CoMag (Tertiary

summer limitation.
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