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ENGINEERING FEASIBILITY AND COST
ANALYSES OF NITROGEN REDUCTION FROM
SELECTED POTWS IN MASSACHUSETTS

EXECUTIVE SUMMARY

The states of Connecticut and Rhode Island have established nitrogen removal programs to
improve water quality in Long Island Sound and Narragansett Bay, respectively. Central and
western Massachusetts have a number of Publicly Owned Treatment Works (POTWSs) that
discharge within the Connecticut River (and four of its tributaries — the Chicopee River,
Millers River, Deerfield River, and Westfield River), the Blackstone River, and the Ten Mile
River watersheds, all of which eventually flow to either Long Island Sound or Narragansett
Bay, but historically have not been subjected to effluent nitrogen limits. This report
evaluates the point sources of nitrogen from twenty-one of these POTWs in central and
western Massachusetts and estimates the costs associated with reducing the nitrogen
discharge from each. Figure ES-1 presents the POTWs evaluated.

Evaluations of the twenty-one POTWs include the use of the BioWin simulation package to
aid in determining:

« the maximum nitrogen reduction, either seasonal or year round, resulting from
operational and minor modifications/retrofits to the existing facility under
existing flows;

« upgrades and associated costs required to meet an effluent concentration of 8
mg/L total nitrogen seasonally (May —October) and annually at permitted flows;
and,

« upgrades and associated costs required to meet an effluent concentration of 5
mg/L total nitrogen seasonally (May — October) and annually at permitted flows.

The description of each facility in this report includes a discussion regarding minor
modifications/retrofits and recommended upgrades to achieve the various nitrogen limits. A
standard evaluation approach was developed for determining recommended upgrades. This
did not result in, nor was it a project goal to determine, the most cost-effective approach for
each facility to achieve the different levels of nitrogen removal.

ES-1



Vermont
New Hampshire
DEERFIELD
17 MILLERS
18
New York
9
CONNECTICUT r
10 CHICOPEE Massachusetts
13 F 16
WESTFIELD r
r 14
11
12 BLACKSTONE
19
FACILITY FACILTY PERMITTED
No. NAME CAPACITY (mgd)
Blackstone River
Watershed
1 Upper Blackstone WPAD 56
2 Grafton 24
3 Northbridge 1.8
4 Douglas 0.6
5 Upton 0.4
6 Uxbridge 2.5 Island
7 Hopedale 0.6 Connecticut
Connecticut River
Watershed
8 Springfield 67
9 Amherst 71
10 Northampton 8.6
11 Holyoke 17.5
12 Chicopee 15.5
13 Easthampton 3.8
14 S. Hadley 4.2
Chicopee River
Watershed
15 Palmer 5.6
16 Ware 2
Millers River Watershed
17 Erving Center 2.7
Deerfield River so\,\\"
Watershed \olan
18 Greenfield 32 ond
Westfield River
Watershed Atlantic Ocean
19 Westfield 6.1
Ten Mile River Watershed
A
20 North Attleborough 4.6
21 Attleboro 8.6
werialhy .
N @ ; MASSACHUSETTS DEP
(&) STEARNS & WHELER [ (CIDIM] WASTEWATER TREATMENT FACILITY
0 5 10 20 nvironmental Engineers clentists Camp Dresser & McKee Inc. TOTAL N |TROGEN REMOVAL
T \liles HYANNIS, MASSACHUSETTS One Cambridge Place, 50 Hampshire Street
Cambridge, MA 02139
Tel: (617) 452-6000 WATERSHEDS AND POTWs
DATE: 3/27/08 JOB No.: 61625 consulting + engineering * construction « operations Flg ure ES-1

J:\60000\61265 MADEP\10\Drawings\PDF\61265.pdf




The total costs to achieve annual TN limits of 8 and 5 mg/L at the twenty-one facilities
evaluated in this report is over $750 million and $900 million, respectively, based on the
assumptions made in this evaluation. These assumptions include the use of permitted flows
and assumed influent nitrogen concentrations when data was not available. The permitted
flow used for each facility is a flow that, for many communities, may not be realized in the
near-term or even long-term future. On average, the twenty-one POTWSs are operating at
about two-thirds of permitted capacity with five facilities operating at or less than 50%
capacity. Also, the majority of the facilities did not have influent nitrogen data and as a
result, critical data had to be assumed. The combination of these two factors results in
upgrade costs that may be conservative. The summary of the upgrade costs and associated
modifications for all facilities is shown in Table ES-1.

The Upper Blackstone Water Pollution Abatement District is the only one of the facilities
that is currently being upgraded to achieve nitrogen removal (an annual average TN of 8 to
10 mg/L although not required by the current permit). This facility has also undergone a
recent facilities planning process that determined a 20 year design flow projection of 45 mgd
(80% of the permitted flow of the facility). Thus, in addition to the evaluation at permitted
capacity, this facility was also evaluated at the reduced design flow. As shown in Table ES-
1, the upgrade costs for the 45 mgd facility were significantly less than those associated with
upgrades at permitted capacity. With all other analyses completed at the permitted flow of
the facilities, a similar reduction in upgrade costs may be seen when more realistic design
year flows are used.

(continued)
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Table ES-1

FACILITY MODIFICATION AND COST SUMMARY

CAPITAL COSTS

CAPITAL COSTS

CAPITAL COSTS

CAPITAL COSTS

MODIFICATIONS TO TO ACHIEVE MODIFICATIONS TO MODIFICATIONS TO TO ACHIEVE PROCESS USED TO
POTW NAME OPERATIONAL OR LOW | »cjEVE SEASONAL TN OF | SEASONAL TN OF | ACHIEVE ANNUAL AVERAGE TOACHIEVE ACHIEVE SEASONAL TN OF | SEASONAL TN OF ACHIEVE ANNUAL TO ACHIEVE
COST RETROFITS ANNUAL TN OF 8 ANNUAL TN OF 5
8 MG/L 8 MG/L TN OF 8 MG/L MGIL (MILLIONS) 5 MG/L 5 MG/L AVERAGE TN OF 5 MG/L MGIL (MILLIONS)
(MILLIONS) (MILLIONS)
Blackstone River Watershed
Add two aeration tanks, Add two aeration tanks,
Upper Blackstone Water Ongoing upgrade to Add two aeration tanks, Add two aeration tanks, :]Fe'\/;\vsc;gr%?;??m zones, two :\I/:v’g\?]é\rf]v&::elgg‘li(érzsone&
Pollution Abatement operate in MLE, A/O | IFAS in aerobic zones, and $130 IFAS in aerobic zones, and $130 e T $180 oo $180
_— 2 oo e denitrification filter, denitrification filter,
District at 56 mgd and A“/O modes two new clarifiers two new clarifiers ; : . . ! .
intermediate pump station, intermediate pump station,
and methanol facility and methanol facility
Upper Blackstone Water Ongoing upgrade to Add one aeration tank, Add one aeration tank,
Pollution Abatement operate in MLE, A/O Currently designed to achieve annual average TN of 8 mg/L and monthly limit of 8-10 mg/L IFAS in all tanks, one $90 IFAS in all tanks, one $90
District at 45 mgd @ and A%O modes clarifier clarifier
Add two aeration tanks, Add two aeration tanks, Add two aeration tanks, Add two aeration tanks,
o IFAS to all tanks, one o e IFAS to all tanks, one
Grafton Wastewater one_cl_ar_lfle_r, . clarifier, denitrification one clgrlfler, de_:nltrlflcatlon clarifier, denitrification
None denitrification filter, $28 - 2 . $41 filter, intermediate pump $28 : - X $41
Treatment Plant . . . filter, intermediate pump : filter, intermediate pump
intermediate pump station, - station, and a methanol .
o station, and a methanol -~ station, and a methanol
and a methanol facility - facility -
facility facility
Add one SBR and a Add one SBR and a
. . Add one SBR and a - building to accommodate building to accommodate
Northbridge Wastewater | Cycle aerationin SBR | ) i t0 accommodate $6 Add one SBR and a building $6 it, a denitrification filter, $16 it, a denitrification filter, $16
Treatment Plant up to 1.3 mgd . to accommodate equipment . . : . X !
equipment intermediate pump station intermediate pump station
and a methanol facility and a methanol facility
Douglas Wastewater | Currently achieving Add two SBRs $4.4 Add two SBRs $4.4 Add two SBRs $4.4 Add two SBRs $4.4
Treatment Facility some nitrogen removal
. . Add one new aeration tank
Upton Wastevv_a.ter None Add one new aeration tank $5.1 Agid one new aeration tank $7.3 Add one new aeration tank $5.3 with IFAS in each tank $7.4
Treatment Facility with IFAS in each tank and a methanol facility o
and a methanol facility
Add eight aeration tanks Add eight aeration tanks
Uxbridge Wastewater Currently achieving Add five aeration tanks $25 with denitrification filters, $44 Add seven aeration tanks $32 with denitrification filters, $44

Treatment Facility

some nitrogen removal

intermediate pump station
and methanol facility

intermediate pump station
and methanol facility
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Table ES-1 (continued)

FACILITY MODIFICATION AND COST SUMMARY

POTW NAME

OPERATIONAL OR LOW
COST RETROFITS

MODIFICATIONS TO
ACHIEVE SEASONAL TN OF
8 MG/L

CAPITAL COSTS
TO ACHIEVE
SEASONAL TN OF
8 MG/L
(MILLIONS)

MODIFICATIONS TO
ACHIEVE ANNUAL AVERAGE
TN OF 8 MG/L

CAPITAL COSTS
TO ACHIEVE
ANNUAL TN OF 8
MGI/L (MILLIONS)

MODIFICATIONS TO
ACHIEVE SEASONAL TN OF
5 MG/L

CAPITAL COSTS
TO ACHIEVE
SEASONAL TN OF
5 MG/L
(MILLIONS)

PROCESS USED TO
ACHIEVE ANNUAL
AVERAGE TN OF 5 MG/L

CAPITAL COSTS
TO ACHIEVE
ANNUAL TN OF 5
MGI/L (MILLIONS)

Hopedale Wastewater
Treatment Facility

None

Add seven aeration tanks,
two clarifiers and
methanol facility

$23

Add eight aeration tanks,
two clarifiers and methanol
facility

$25

Add seven aeration tanks,
two clarifiers and methanol
facility

$23

Add eight aeration tanks,
two clarifiers and
methanol facility

$25

Connecticut River Watershed

Springfield Wastewater
Treatment Facility

None

Nitrate recycle pumps and
other minor modifications
to existing aeration tanks

$4.5

Structural modifications to
four existing aeration tanks;

new diffusers; nitrate recycle

pumps; two new clarifiers

$23

Nitrate recycle pumps and

other minor modifications

to existing aeration tanks;
two new clarifiers

$56

Structural modifications to
four existing aeration
tanks; new diffusers;
nitrate recycle pumps;

three new clarifiers

$65

Amherst Wastewater
Treatment Plant

None

Add two aeration tanks,
one clarifier,
denitrification filters,
intermediate pump station
and methanol facility

$48

Add four aeration tanks, one
clarifier, denitrification
filters, intermediate pump
station and methanol facility

$61

Add two aeration tanks,
one clarifier, denitrification
filters, intermediate pump
station and methanol
facility

$48

Add four aeration tanks,
one clarifier,
denitrification filters,
intermediate pump station
and methanol facility

$61

Northampton
Wastewater Treatment
Facility

None

50% more volume added
to end of existing tanks;
conversion to plug flow;
aeration equipment; nitrate
recycle pumps; 2 new
clarifiers; demolition
existing digesters

$20

50% more volume added to
end of existing tanks;
conversion to plug flow;
aeration equipment; nitrate
recycle pumps; IFAS
system; one new clarifier;
methanol feed facility;

demolition existing digesters

$35

50% more volume added to
end of existing tanks;
conversion to plug flow;
aeration equipment; nitrate
recycle pumps; IFAS
system; one new clarifier;
methanol feed facility;
demolition existing
digesters

$36

50% more volume added
to end of existing tanks;
conversion to plug flow;
aeration equipment; nitrate
recycle pumps; IFAS
system; two new clarifiers;
methanol feed facility;
demolition existing
digesters

$39

Holyoke Wastewater
Treatment Facility

None

BAFs and denitrification
filters; methanol feed
facility; intermediate pump
station

$99

BAFs and denitrification
filters; methanol feed
facility; intermediate pump
station

$99

BAFs and denitrification
filters; methanol feed
facility; intermediate pump
station

$99

BAFs and denitrification
filters; methanol feed
facility; intermediate pump
station

$99

Chicopee Wastewater
Treatment Facility

None

IFAS system in aeration
tanks; replace aeration
equipment; denitrification
filters; methanol feed
facility; 4 new stacked
clarifiers; intermediate
pump station; demolition
of old digesters

$65

Demolition of oxygenation
tanks and clarifiers;
nitrification and
denitrification filters;
intermediate PS; methanol
feed facility

$87

IFAS system in aeration
tanks; replace aeration
equipment; denitrification
filters; methanol feed
facility; 4 new stacked
clarifiers; intermediate
pump station; demolition
of old digesters

$65

Demolition of oxygenation
tanks and clarifiers;
nitrification and
denitrification filters;
intermediate PS; methanol
feed facility

$87
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Table ES-1 (continued)

FACILITY MODIFICATION AND COST SUMMARY

CAPITAL COSTS

CAPITAL COSTS

CAPITAL COSTS

CAPITAL COSTS

MODIFICATIONS TO TO ACHIEVE MODIFICATIONS TO MODIFICATIONS TO TO ACHIEVE PROCESS USED TO
POTW NAME OPERATIONAL OR LOW | 5 cjEVE SEASONAL TN OF | SEASONAL TN OF | ACHIEVE ANNUAL AVERAGE TO ACHIEVE ACHIEVE SEASONAL TN OF | SEASONAL TN OF ACHIEVE ANNUAL TOACHIEVE
COST RETROFITS ANNUAL TN OF 8 ANNUAL TN OF 5
8 MG/L 8 MG/L TN OF 8 MG/L MGJL (MILLIONS) 5 MG/L 5 MG/L AVERAGE TN OF 5 MG/L MG/L (MILLIONS)
(MILLIONS) (MILLIONS)
one new aeration tank; one new aeration tank; one new aeration tank; one new aeration tank;
Easthampton Overate at hiaher SRT- conversion of existing to conversion of existing to conversion of existing to conversion of existing to
Wastewater Treatment perals 9 ’ plug flow; aeration $11 plug flow; aeration $11 plug flow; aeration $13 plug flow; aeration $13
- install timers on aerators . o - e ) o ) o
Facility equipment; nitrate recycle equipment; nitrate recycle equipment; nitrate recycle equipment; nitrate recycle
pumps pumps pumps; one new clarifier pumps; one new clarifier
0, 1 0, 1 0, 1
50% more bioreactor 50% mc?re bioreactor 50% mo.re bioreactor 50% mgre bioreactor
) volume; convert two volume; convert two volume; convert two
. ) volume; convert two - . . - - . B . .
Operate at higher SRT; . - existing aeration tanks; existing aeration tanks; existing aeration tanks;
South Hadley - existing aeration tanks to . i . i : i
utilize new VFDs to " nitrate recycle pumps; nitrate recycle pumps; nitrate recycle pumps;
Wastewater Treatment . ; plug flow; nitrate recycle $16 . . ) $19 . ) ) $19 - . . $22
o simulate cyclical : . aeration equipment; one aeration equipment; one aeration equipment; two
Facility ; pumps; aeration e e e
aeration . ) clarifier; methanol feed clarifier; methanol feed clarifiers; methanol feed
equipment; methanol feed L o e - e ..
o facility; demolition of facility; demolition of facility; demolition of
facility . . .
digesters digesters digesters
Chicopee River Watershed
Operate at higher SRT; one new aeration tank; two new aeration tanks; one new aeration t_ank; two new aeration tgnks;
. . - L . - conversion of existing to conversion of existing to
. turn off first grid of conversion of existing to conversion of existing to i . i .
Palmer Water Pollution . i . i . plug flow; aeration plug flow; aeration
o diffusers to create plug flow; aeration $18 plug flow; aeration $22 ) o $18 ' o $23
Control Facility : o ' o : o equipment; nitrate recycle equipment; nitrate recycle
anoxic zones; install equipment; nitrate recycle equipment; nitrate recycle ) \arifier- ) larifior-
FRP baffles pumps; one new clarifier pumps; one new clarifier pumps, one new clarimer, PUMPS, Oné new claritier,
' ' methanol feed facility methanol feed facility
. Modify two existing Modify two existing aeration Modify two existing Modify two existing
Install timers on - : . . ) .
Ware Wastewater . aeration tanks to plug tanks to plug flow; aeration aeration tanks to plug flow; aeration tanks to plug
" aerators for cyclical . . . . $6.6 - 2 $6.6 - ) . $6.6 . . . . $6.6
Treatment Facility aeration flow; aeration equipment; equipment; nitrate recycle aeration equipment; nitrate flow; aeration equipment;
nitrate recycle pumps pumps recycle pumps nitrate recycle pumps
Millers River Watershed
Erving Center
Wastewater Treatment Minimal Costs - Facility is nutrient deficient
Facility
Deerfield River Watershed
BAFs and denitrification BAFs and denitrification BAFs and denitrification BAFs and denitrification
Greenfield Wastewater filters; methanol feed filters; methanol feed filters; methanol feed filters; methanol feed
None facility; intermediate pump $49 facility; intermediate pump $49 facility; intermediate pump $49 facility; intermediate pump $49

Treatment Facility

station; compensatory
storage

station; compensatory
storage

station; compensatory
storage

station; compensatory
storage
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Table ES-1 (continued)

FACILITY MODIFICATION AND COST SUMMARY

CAPITAL COSTS

CAPITAL COSTS

CAPITAL COSTS

CAPITAL COSTS

MODIFICATIONS TO TO ACHIEVE MODIFICATIONS TO MODIFICATIONS TO TO ACHIEVE PROCESS USED TO
OP%%’;?SE?;OOFF:TLSOW ACHIEVE SEASONAL TN OF | SEASONAL TN OF | ACHIEVE ANNUAL AVERAGE ANT ,\?U/;?_HT'E\SEF g | ACHIEVE SEASONAL TN OF | SEASONAL TN OF ACHIEVE ANNUAL AJ,\?UQ?_HT'E\& -
POTW NAME 8 MG/L 8 MG/L TN OF 8 MG/L MGJL (MILLIONS) 5 MG/L 5 MG/L AVERAGE TN OF 5 MG/L MG/L (MILLIONS)
(MILLIONS) (MILLIONS)
Westfield River Watershed
Modify existing three Modify existing three Modify existing three Modify existing three
aeration tanks; add IFAS aeration tanks; add IFAS aeration tanks; add IFAS aeration tanks; add IFAS
Westfield Wastewater system; increase blower system; increase blower system; increase blower system; increase blower
- None L $17 L $16 o $17 o $17
Treatment Facility capacity; nitrate recycle capacity; nitrate recycle capacity; nitrate recycle capacity; nitrate recycle
pumps; methanol feed pumps; methanol feed pumps; methanol feed pumps; methanol feed
facility facility facility facility;
Ten Mile River Watershed
Combine each set of four Combine each set of four CF’”.‘b'“e each_ set of four C.O”.‘b'”e each_ set of _four
s . . . . ; existing tanks into a single existing tanks into a single
existing tanks into a single existing tanks into a single
North Attleborough Currently achievin reactor (total of two reactor (total of two reactor (total of two reactor (total of two
Wastewater Treatment nty g o $19 o $19 modified tanks), add three $26 modified tanks), add three $26
- some nitrogen removal modified tanks), add two modified tanks), add two . .
Facility - - new tanks - same size as new tanks - same size as
new tanks - same size as new tanks - same size as s e
e e modified tanks, add a modified tanks, add a
modified tanks modified tanks i i~
methanol facility methanol facility
. . Combine each set of five Combine each set of five CF’”.‘b'“e each set of .f'Ve
Combine each set of five S . . L . . existing tanks into a single
L . . existing tanks into a single existing tanks into a single
existing tanks into a single | of | of reactor (total of two
Attleboro Wastewater . . reactor (total of two refau_:tor (total o tWO. rea}c_tor (total 0 tWO. modified tanks), add eight
Cyclical aeration $38 modified tanks), add five $60 modified tanks), add six $70 ’ $88

Treatment Facility

modified tanks), add three
new tanks - same size as
modified tanks

new tanks - same size as
modified tanks, add one new
clarifier

new tanks - same size as
modified tanks, add one
new clarifier

new tanks - same size as
modified tanks, add one
new and a methanol
facility

Notes:

1. The Upper Blackstone Water Pollution Abatement Facility is the only one included in this study that has undergone a recent wastewater facility plan and a current nitrogen removal upgrade at a flow that is less than the permitted capacity.

ES-6




This study is not intended to be a substitute for a thorough evaluation that would be required if a
facility were to embark on any major improvements. Further, the cost estimates are “order of
magnitude” projections for nitrogen removal only based on the best available data and the noted
limitations of this study. As such, they should be used for broad planning purposes in
determining where more specific evaluations are warranted in the context of meeting the
interstate nutrient loading goals. The usefulness of this study lies not in the individual facility
evaluations, but more in the estimated total dollars established for upgrades in the individual
watersheds or for the entire project.

Some of the facilities in this report are currently achieving or nearly achieving annual average
TN levels of 8 mg/L. Despite this, these same facilities have some costs associated with
achieving a limit of 8 mg/L. There are several reasons for this. In some cases, the facility would
not be able to continue to achieve low levels of TN at their permitted capacity. In other cases
where the facility is near its permitted capacity and still achieving TN levels close to 8 mg/L, the
evaluations in this report were conducted at maximum loading conditions and minimum
temperatures, a condition that these facilities may not yet have experienced. It should be noted
that any facility that is designed to achieve an effluent limit of 8 mg/L will have safety factors
built into the design which will allow the facility to typically outperform its limit to ensure the
limit is consistently achieved.

Further, many of the facilities included in this study may also be facing future limits on other
parameters including phosphorus and certain metals resulting in the need for advanced treatment.
The focus of this report is strictly on nitrogen removal and thus evaluations and costs estimates
only consider the impacts of nitrogen removal on these facilities. In addition, any baseline
improvements to existing, aging processes are not included in the estimate.

In moving forward with the results of this report the following should be considered:

1. Truth check on permitted capacity. Due to the exodus of many large water use
industries in the watersheds analyzed, the permitted capacity of many of the facilities
is well above a twenty year projected flow in the service area. Needs analyses should
be performed and modeling re-run based on both current and more realistic design
year flows.
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2.  Facilities should be encouraged to increase sampling of nitrogen components in
influent, primary effluent and final effluent to get a better understanding of the
constituent profile across the plant. These parameters include TKN, ammonia,
nitrate, and nitrite. Characterization of the influent should also be done so that this
data can then be used in conjunction with the nitrogen series in the BioWin
simulations to reduce the need to use default values in the modeling.

3. Further investigation of conversion of a conventional activated sludge process to an
MLE process to achieve seasonal or year-round nitrogen removal at both current and
more realistic design year treatment plant flows within existing and/or new tankage.

4. Nitrogen trading with the watersheds.

5. Obtaining a better understanding of the fate and transport of total nitrogen discharged
from POTWs in Massachusetts on Long Island Sound and Narragansett Bay.

This study will provide the Commonwealth of Massachusetts with preliminary information
necessary to assess technical and financial impacts associated with potential nitrogen reduction
alternatives to the POTWSs in Massachusetts that contribute nitrogen to Narragansett Bay and
Long Island Sound. This report will help communities to begin identifying possible nitrogen
reduction alternatives and associated costs. It will also assist the commonwealth in effectively
assessing the financial impacts of future total nitrogen limits within each watershed required to
meet the water quality goals of Narragansett Bay and Long Island Sound.

ES-8



TABLE OF CONTENTS

EXECUTIVE SUMMARY
SECTION 1 - INTRODUCTION

1.1 BaCKGrOUNG ....c.oiiiiieiiiiee e
A O o] =T £/ -T SRS
1.3 OFQANIZALION ... .eiuiiieie ittt ettt et sre e e

SECTION 2 - QUALITY ASSURANCE PROGRAM

2.1 INErOAUCTION......eiiiieiie e be e
2.2 Data Collection ProCEAUIES..........ccveieieeieeie e se e
2.3 Evaluation and Modeling ProCeaUIES .........cceieeiieieeneeiiee e
2.4 Cost EStimating ProCEAUIES .........ccvevverieeie et
2.5 RETEIBNCES ...oovii e

SECTION 3 - BLACKSTONE RIVER WATERSHED

3.1 INErOTUCTION ...ttt nne s
3.2 Upper BIackstone WPAD ..........ccoiiiieiiece e
3.3 GrAftON ..t
K20 L 1 o o o 1= SRS
3.5 DOUGIAS ...ttt nre s
3.0 UPLON...ci e
K A U ) o] o o= SRR
3.8 HOPEAAIE ...

SECTION 4 — CONNECTICUT RIVER WATERSHED

g I 1o oo [0 Tod o o SRR
4.2 Springfield (Bondi ISIand) .........cccooiiieiieiicccecce e
G N 101 0T £ ST
o N[0 1 =V 1] 0] (0] o ISR
A5 HOIYOKE ... s
O I O o] 1= SO TS
4.7 EaSTNAMPLON......iiiiiiiiiiieiere e
4.8 SOUth HadlRY .......coouveieceee s

Page No.

1-1
1-3
1-4

2-2
2-3
2-13
2-19

3-1

3-2

3-19
3-35
3-48
3-62
3-77
3-93

4-1

4-3

4-19
4-35
4-52
4-62
4-79
4-95



TABLE OF CONTENTS

(continued)
Page No.

SECTION 5 - CHICOPEE RIVER WATERSHED

L0 A [ 011 o To [ o3 £ To ] F RO 5-1

B2 PAIME e 5-2

LT T VAT £ (< TR 5-19
SECTION 6 — MILLERS RIVER WATERSHED

8.1 INETOAUCTION ..ottt e e e e e e e e e e e eaeeeaaas 6-1

6.2 ENVING CONTET ...ttt et 6-2
SECTION 7 — DEERFIELD RIVER WATERSHED

7.1 INtrOAUCTION .., 7-1

T2 GrEENTIEIA ... ettt e e e e e e 7-2
SECTION 8 - WESTFIELD RIVER WATERSHED

8.1 INEFOAUCTION ...ceeeee ettt e e e e e e e e eeeees 8-1

8.2 WESHIICIA ... 8-2
SECTION 9 - TEN MILE RIVER WATERSHED

0.1 INEFOAUCTION ...t ettt e e e e e e e e e e e e aeeeaaas 9-1

9.2 North AttleDOroUgN ..o 9-2

0.3 ATIEDOIO .o e 9-18
SECTION 10 - SUMMARY

LO.1 INTrOTUCTION ..ot e e e e e e e e e eeaaeeeaaas 10-1

10.2 WaLerSNEd SUMIMATIES ....ueeeeeeieieieeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeseeeeeeenenenennnnnnns 10-2

10.3 NEXE SEEPS c.vvieiiiie ittt be e nne s 10-20

List of Tables

Table No. Page No.
ES-1 Facility Modification and COSt SUMMArY ...........ccocvveieienenc i ES-3
1.1-1 LISt OF PO TS <.t eeeeeeeeeeeeeee e 1-2
2.2-1 P ANE DAl ..o 2-2



TABLE OF CONTENTS
(continued)

List of Tables (continued)

Table No. Page No.
2.3-1 Typical Model INput Parameters..........ccccvverieieiieesieese e 2-5
2.3-2 Typical DeSIgN CriterTa......cccveiiiieiieie e 2-7
2.3-3 Anticipated Performance ...........cccooceviveieiiese e 2-13
24-1 Non-Component AHIOWANCES...........coiiiiiiieiieese e 2-17

BLACKSTONE RIVER

3.1-1 Blackstone RIVEr POTWS ......coiiiiiiiieienie et 3-1
UPPER BLACKSTONE

3.2-1 Design Influent Flow and Concentrations ...........c.ccoocevveieneenenieninnnnns 3-4
3.2-2 Upper Blackstone WWTF

Monthly Averages 2003-2006 ..........ccccovverueeireieeieeiieseeseeieseennens 3-5
3.2-3 Select Monthly Permit LImitS........ccovveiiiiiiiiiiieeeee e 3-6
3.2-4 Model Input Parameters at Permitted Capacity ..........cccceevevveviciiesnennnn, 3-7
3.2-5 Results for Seasonal Limit of 8 Mg/L TN.......cccoooeiiiiiiniiiiicec e 3-10
3.2-6 Results for Annual Average Limit of 8 mg/L TN.........cccccceevevieieiiiennnn, 3-12
3.2-7 Results for Seasonal Limit of 5 mg/L TN.......cccooviiiiiiniiiiicecc 3-14
3.2-8 Results for Annual Average Limit of 5mg/L TN.........cccooeiieiveieiiiennen, 3-16
3.2-9 Plant Flow and Effluent Limit SUMMAary..........ccccooviiieiencneneseeee, 3-17
3.2-10 Nitrogen Removal Process Summary for UBWPAD ...........ccccceeeviienen. 3-17
3.2-11 Required Modifications Summary for UBWPAD at 56 MGD................. 3-18
3.2-12 Cost Summary for Nitrogen Removal at UBWPAD at 56 MGD............. 3-18

GRAFTON

3.3-1 Grafton WWTPMonthly Averages 2004-2006...........ccccerererenenenennnnn 3-21
3.3-2 Select Monthly Permit LimitS.........cocoviveiiiiiiieieee e 3-22
3.3-3 Existing Influent Parameters...........coooeriiiiinininiceeee s 3-23
3.3-4 Model Input Parameters at Permitted Capacity ..........ccccceevevveveiieinennnn 3-24
3.3-5 Results for Seasonal Limit of 8 Mg/L TN.......cccoooiiiiiiiniiniicec e 3-26
3.3-6 Results for Annual Average Limit of 8 mg/L TN.........cccooeevevveieiiiennnn, 3-28
3.3-7 Results for Seasonal Limit of 5 mg/L TN.......cccooiiiiiiiniinicec e 3-30
3.3-8 Results for Annual Average Limit of 5mg/L TN.........cccooeiviiiieieiiennen, 3-32
3.3-9 Plant Flow and Effluent Limit SUMMAary..........ccocoovviiieiencnenceeee, 3-33
3.3-10 Nitrogen Removal Process Summary for

Grafton WW TP .....o oo 3-33
3.3-11 Required Modifications Summary for

Grafton WW TP ..ot 3-34
3.3-12 Cost Summary for Nitrogen Removal at Grafton WWTP....................... 3-34



Table No.

3.4-1
3.4-2
3.4-3
3.4-4
3.4-5
3.4-6
3.4-7
3.4-8
3.4-9
3.4-10
3.4-11

3.4-12

3.4-13

3.5-1
3.5-2
3.5-3
3.5-4
3.5-5
3.5-6
3.5-7
3.5-8
3.5-9
3.5-10
3.5-11
3.5-12

3.5-13

3.6-1
3.6-2

TABLE OF CONTENTS
(continued)

List of Tables (continued)

NORTHBRIDGE

Design FIOWS and LOAdS.........cceieerieiieiiriiniesieniesee e
Northbridge WWTP Monthly Averages 2004-2006................c.c.....
Select Monthly Permit LIMitS........cooviiiiiiniiiiieeeee e
Existing Influent Parameters...........cccooevveveiieiieese e
Model Input Parameters at Permitted Capacity .........cccceeevivrreennnne
Results for Seasonal Limit of 8 Mg/L TN..........ccccoveviviieiiinineienen,
Results for Annual Average Limit of 8 mg/L TN.........ccccevviinnen.
Results for Seasonal Limit of 5 mg/L TN.........cccovveviviiiiiienreenn,
Results for Annual Average Limit of 5 mg/L TN.........cccoeeiinnnen.
Plant Flow and Effluent Limit Summary........c..cccoovevvvvieiineinsnene.

Nitrogen Removal Process Summary for

NOrthbridge WWTP.......ooi et

Required Modifications Summary for

NOrthbridge WWTP.......ooeceee e

Cost Summary for Nitrogen Removal at

NOrthbridge WWTP.......ooeieeeece e

DOUGLAS

Design FIOWs and LOads.........cccccveveeieiieieeic e
Douglas WWTF Monthly Averages 2004-2006.............ccccceereennene
Select Monthly Permit LimitS..........cccooeiieviiiiiieceee e
Existing Influent Parameters...........ccooovveiinininieicce s
Model Input Parameters at Permitted Capacity ..........c.ccccceevverieennene
Results for Seasonal Limit of 8 Mg/L TN.......ccccooeiiiiiiiniiiiiienn,
Results for Annual Average Limitof 8 mg/L TN.........c.ccceevinennen.
Results for Seasonal Limit of 5 mg/L TN.....c.cccoooviiiiiiniiiicenn,
Results for Annual Average Limitof 5mg/L TN.........ccccooevvinenen.
Plant Flow and Effluent Limit SUMMAry.........cccocooeniieninenineenns
Nitrogen Removal Process Summary for Douglas WWTF

Required Modifications Summary for

North Douglas WWTF ...
Cost Summary for Nitrogen Removal at Douglas WWTF

UPTON

Design FIOWs and LOads.........cccccveiveieiieieciicseese e
Upton WWTF Monthly Averages 2004-2006 ...........cccccevvrieereennns

Page No.

3-36
3-37
3-38
3-39
3-40
3-41
3-42
3-44
3-45
3-46

3-47
3-47

3-47

3-49
3-50
3-51
3-52
3-53
3-54
3-56
3-57
3-59
3-60
3-60

3-61
3-61

3-63
3-65



TABLE OF CONTENTS
(continued)

List of Tables (continued)

Table No. Page No.
3.6-3 Select Monthly Permit LImMitS.......cccooeiiveriiiieiieece s 3-66
3.6-4 Existing Influent Parameters..........cccooeiiiiiinienie e 3-67
3.6-5 Model Input Parameters at Permitted Capacity ..........ccceevevveveiiiennennnns 3-67
3.6-6 Results for Seasonal Limit of 8 Mg/L TN.......ccccoovviiiiiiiiiiiiiie e 3-69
3.6-7 Results for Annual Average Limit of 8 mg/L TN.........ccccccvvvvvviveieciennnn, 3-71
3.6-8 Results for Seasonal Limit of 5 Mg/L TN......ccoooviiiiiiiiiienicie e 3-73
3.6-9 Results for Annual Average Limit of 5mg/L TN......c..ccoocvvievveieiiiennnn, 3-74
3.6-10 Plant Flow and Effluent Limit SUMMAry........cccccoviiiiniiiiieneee e 3-75
3.6-11 Nitrogen Removal Process Summary for Upton WWTF ...........ccccovenee. 3-76
3.6-12 Required Modifications Summary for Upton WWTF ..........ccccviiiiennn. 3-76
3.6-13 Cost Summary for Nitrogen Removal at Upton WWTF ..........cccccoveneeee. 3-76
UXBRIDGE

3.7-1 Uxbridge WWTF Monthly Averages 2004-2006.............cccccvevveeveieennans 3-79
3.7-2 Select Monthly Permit LImitS........ccovveiiiiiiiiiinieeeee e 3-80
3.7-3 Existing Influent Parameters...........cccocviveiieie e 3-81
3.7-4 Model Input Parameters at Permitted Capacity ...........ccoceveierenennnnnnns 3-82
3.7-5 Results for Seasonal Limit of 8 Mg/L TN.........cccoeveviiiiiieiice e, 3-84
3.7-6 Results for Annual Average Limit of 8 mg/L TN.......ccoceviiiiininiienenn 3-86
3.7-7 Results for Seasonal Limit of 5 mg/L TN.........cccooveviiiiiieiecc e, 3-88
3.7-8 Results for Annual Average Limit of 5 mg/L TN.......ccoceiiiiniiiiienn 3-90
3.7-9 Plant Flow and Effluent Limit SUmMmary..........cccocoveviiie e, 3-91
3.7-10 Nitrogen Removal Process Summary for

UXBHAge WWTE ... 3-91
3.7-11 Required Modifications Summary for Uxbridge WWTF..........c.coovvene. 3-92
3.7-12 Cost Summary for Nitrogen Removal at Uxbridge WWTF .................... 3-92

HOPEDALE

3.8-1 Hopedale WWTF Monthly Averages 2004-2006............ccccooererenennne. 3-95
3.8-2 Select Monthly Permit LimitS.......c.ccoeiveiiiiiiiieie e 3-96
3.8-3 Existing Influent Parameters...........ccooeiiiiniiiiiniccee s 3-97
3.8-4 Model Input Parameters at Permitted Capacity ..........cccceevevveveiieinennnn, 3-97
3.8-5 Results for Seasonal Limit of 8 Mg/L TN.......cccooiiiiiiininecec e 3-99
3.8-6 Results for Annual Average Limit of 8 mg/L TN.........ccccoceevvevveieiiiennnn, 3-101
3.8-7 Results for Seasonal Limit of 5 mg/L TN........cooviiiiiiniiieieee 3-103
3.8-8 Results for Seasonal Limit of 5 mg/L TN.......c.cccoeviiiiiiiiiieece e, 3-105
3.8-9 Plant Flow and Effluent Limit SUMMAary..........ccccoovviieiencnencseeeee, 3-106
3.8-10 Nitrogen Removal Process Summary for Hopedale WWTF................... 3-106
3.8-11 Required Modifications Summary for Hopedale WWTF.............ccocueu... 3-107
3.8-12 Cost Summary for Nitrogen Removal at Hopedale WWTF.................... 3-107



Table No.

4.1-1

4.2-1
4.2-2
4.2-3
4.2-4
4.2-5
4.2-6
4.2-7
4.2-8
4.2-9
4.2-10

4.2-11
4.2-12

4.3-1
4.3-2
4.3-3
4.3-4
4.3-5
4.3-6
4.3-7
4.3-8
4.3-9
4.3-10
4.3-11
4.3-12

4.4-1
4.4-2
4.4-3

TABLE OF CONTENTS
(continued)

List of Tables (continued)

CONNECTICUT RIVER

Connecticut RIVEr POTWS ...,

SPRINGFIELD (BONDI ISLAND)

Springfield WWTF Monthly Averages 2003-2006 ............c...cccv.....
Select Monthly Permit LImMitS........ccooviiiiiiiiiiieeneee e
Existing Primary Effluent Parameters ...........ccccccevveveiienecicsienns
Model Input Parameters at Permitted Capacity .........cccceeerierieennnne
Results for Seasonal Limit of 8 Mg/L TN.........ccccovevviieiiieireienn,
Results for Annual Average Limit of 8 mg/L TN.........cccceevvrinnen.
Results for Seasonal Limit of 5 mg/L TN......c..cccovveviviieiiieireenen,
Results for Annual Average Limit of 5 mg/L TN.........ccccevvininnen.
Plant Flow and Effluent Limit Summary........c...cccoovevvvieiineinsnee.

Nitrogen Removal Process Summary for

Springfield WWTFE ..o
Required Modifications Summary for Springfield WWTF

Cost Summary for Nitrogen Removal at

Springfield WWTFE ...

AMHERST

Amherst WWTP Monthly Averages 2004-2006 ..........c.ccccererennnne
Select Monthly Permit LimitS..........ccccoevieviiiccieceee e
Existing Influent Parameters...........cccooiveiiiininieicce s
Model Input Parameters at Permitted Capacity ..........c.cccccevvverieennene
Results for Seasonal Limit of 8 Mg/L TN.......cccooeiiiiiiiiiiiicenn,
Results for Annual Limit of 8 mg/L TN ..o,
Results for Seasonal Limit of 5mg/L TN.......cccooeiiiiniiniiiicen,
Results for Annual Average Limitof 5mg/L TN.........ccccooevvviiennen.
Plant Flow and Effluent Limit SUMMAry.........ccoceveiiienineninnenns
Nitrogen Removal Process Summary for Amherst WWTP

Required Modifications Summary for Amherst WWTP

Cost Summary for Nitrogen Removal at Amherst WWTP

NORTHAMPTON

Northampton WWTF Monthly Averages 2003-2006......................
Select Monthly Permit LImitS........cccoooviiiniiinineecee e
Existing Influent Parameters...........cccooevveieiieiecie e

Vi

Page No.

4-2

4-6

4-9

4-9

4-11
4-13
4-14
4-16
4-17

4-17
4-18

4-18

4-22
4-23
4-24
4-24
4-26
4-28
4-30
4-32
4-33
4-33
4-34
4-34

4-38
4-39
4-40



Table No.

4.4-4
4.4-5
4.4-6
4.4-7
4.4-8
4.4-9
4.4-10

4.4-11

4.4-12

4.5-1
4.5-2
4.5-3
4.5-4
4.5-5
4.5-6
4.5-7
4.5-8

4.6-1
4.6-2
4.6-3
4.6-4
4.6-5
4.6-6
4.6-7
4.6-8
4.6-9
4.6-10
4.6-11
4.6-12

TABLE OF CONTENTS
(continued)

List of Tables (continued)

Model Input Parameters at Permitted Capacity ............cccccvevvvreennenn,
Results for Seasonal Limit of 8 Mg/L TN........ccccovvviiiniiiiniiiinnn,
Results for Annual Average Limit of 8 mg/L TN.........cccccevvivennen.
Results for Seasonal Limit of 5 mg/L TN......cccocooviiiiiiniieiiinn,
Results for Annual Average Limit of 5 mg/L TN.........ccccoevviinnen.
Plant Flow and Effluent Limit Summary ..........ccccocvvinnnininnnnnn.

Nitrogen Removal Process Summary for

NOorthampton WWTFE ..o

Required Modifications Summary for

NOorthampton WWTFE ...

Cost Summary for Nitrogen Removal at

NOorthampton WWTFE ..o

HOLYOKE

Holyoke WPCF Monthly Averages 2004-2006............cccccvevvervennnne
Select Monthly Permit LIMitS........cooviiiiiiiiiiiiieeeese e
Existing Influent Parameters...........cccooevveveiieiiece e
Model Input Parameters at Permitted Capacity .........ccccceeeverieennnne
Plant Flow and Effluent Limit Summary........c..cccoovevvvienineinenene
Nitrogen Removal Process Summary for Holyoke WPCF
Required Modifications Summary for Holyoke WPCF...................
Cost Summary for Nitrogen Removal at Holyoke WPCF

CHICOPEE

Chicopee WWTF Monthly Averages 2003-2006.............cccccrvruenne.
Select Monthly Permit LimitS..........cccoveiieviiiiiieceee e
Existing Primary Effluent Parameters ...........ccccoovveienenineninnnnns
Model Input Parameters at Permitted Capacity ..........c.cccccevvveieennene
Process Design for Seasonal Limit of 8 mg/L TN........cc.ceevvienenen,
Process Design for Annual Average of 8 mg/L TN...........cccvennenne.
Process Design for Seasonal Limit of 5 mg/L TN........cccceoiienennn,
Process Design for Annual Average of 5mg/L TN..........cccevenneene.
Plant Flow and Effluent Limit SUMMAry.........cccoceveiiieninenisnenns
Nitrogen Removal Process Summary for Chicopee WWTF

Required Modifications Summary for Chicopee WWTF

Cost Summary for Nitrogen Removal at Chicopee WWTF

vii

Page No.

4-40
4-42
4-44
4-46
4-48
4-49

4-49
4-50

4-51

4-55
4-56
4-57
4-57
4-59
4-60
4-60
4-61

4-65
4-67
4-68
4-68
4-70
4-72
4-74
4-76
4-77
4-77
4-78
4-78



Table No.

4.7-1
4.7-2
4.7-3
4.7-4
4.7-5
4.7-6
4.7-7
4.7-8
4.7-9
4.7-10

4.7-11

4.7-12

4.8-1
4.8-2
4.8-3
4.8-4
4.8-5
4.8-6
4.8-7
4.8-8
4.8-9
4.8-10

4.8-11
4.8-12

5.1-1

5.2-1
5.2-2

TABLE OF CONTENTS
(continued)

List of Tables (continued)

EASTHAMPTON

Easthampton WWTF Monthly Averages 2004-2006 ......................
Select Monthly Permit LimitS........cccccveveiieiicii e
Existing Primary Effluent Parameters ...........cccoocevviiiiiiiciieseenns
Model Input Parameters at Permitted Capacity ..........c.ccoccvvivervennnne
Results for Seasonal Limit of 8 Mg/L TN........ccccoovviiiniiiinniiienen,
Results for Annual Average Limit of 8 mg/L TN.........cccccevvivnnen.
Results for Seasonal Limit of 5 mg/L TN......cccooooiiiiiiiiiiiniiiieen,
Results for Annual Average Limit of 5mg/L TN.........ccccovevviirnen.
Plant Flow and Effluent Limit Summary ..........ccccocevinniinnnnnnen.

Nitrogen Removal Process Summary for

Easthampton WWTE ..o

Required Modifications Summary for

Easthampton WWTFE ..o

Cost Summary for Nitrogen Removal at

Easthampton WWTFE ..o

SOUTH HADLEY

South Hadley WWTF Monthly Averages 2004-2006 .....................
Select Monthly Permit LimitS..........cccoovveviieiiiiciicceee e
Existing Primary Effluent Parameters ...........ccccooevevenenincninnenns
Model Input Parameters at Permitted Capacity ..........c.cccccevvveieennene
Results for Seasonal Limit of 8 Mg/L TN........ccooviiiiiiiiiiiiin,
Results for Annual Average Limitof 8 mg/L TN.........ccccceevviienen.
Results for Seasonal Limit of 5 mg/L TN......ccccooviiiiiiniiiiiin,
Results for Annual Average Limitof 8 mg/L TN.........c.ccceevinennen.
Plant Flow and Effluent Limit SUMMAry.........cccoceveiiiienineniinenns

Nitrogen Removal Process Summary for

South Hadley WWTF ..o
Required Modifications Summary for South Hadley WWTF

Cost Summary for Nitrogen Removal at

South Hadley WWTF ...,

CHICOPEE

Chicopee RIVEr POTWS......cooiiiiiiieiiriesesesee e

PALMER

Palmer WPCF Monthly Averages 2003-2006 ..........ccccccevvervvennenne.
Select Monthly Permit LImitS........cccoooviiiiiiiiiniieiese e

viil

Page No.

4-82
4-84
4-85
4-85
4-87
4-89
4-90
4-91
4-93

4-93
4-94

4-94

4-98

4-100
4-101
4-101
4-103
4-105
4-107
4-108
4-109

4-110
4-110

4-111

5-5
5-6



TABLE OF CONTENTS
(continued)

List of Tables (continued)

Table No. Page No.
5.2-3 Existing Influent Parameters............ccooeiiiiiiiii e 5-7
5.2-4 Model Input Parameters at Permitted Capacity ..........ccccceevevveveiiiesnennnns 5-7
5.2-5 Results for Seasonal Limit 0f 8 Mg/L TN.......cccooviiiiiiiiniiiniee e 5-9
5.2-6 Results for Annual Average Limit of 8 mg/L TN.........ccccoovvvvvvvereiiiennen, 5-11
5.2-7 Results for Seasonal Limit of 5 Mg/L TN......cccoooiiiiiiiiiieice e 5-13
5.2-8 Results for Annual Average Limit of 5mg/L TN........cccccoevvviveieiiennen, 5-15
5.2-9 Plant Flow and Effluent Limit SUMMAry.........ccccooiiiiniinii i 5-16
5.2-10 Nitrogen Removal Process Summary for Palmer WPCF ............c..cc....... 5-16
5.2-11 Required Modifications Summary for Palmer WPCF ............ccccoccinnen. 5-17
5.2-12 Cost Summary for Nitrogen Removal at Palmer WPCF ..............cc.c....... 5-18
WARE
5.3-1 Ware WWTF Monthly Averages 2003-2006 ..........cccooererneenenenniennnnn 5-21
5.3-2 Select Monthly Permit LImMitS.......ccccoeiiveiviiieiieece s 5-22
5.3-3 Existing Influent Parameters..........cccooeiiiiiiiiie s 5-23
5.3-4 Model Input Parameters at Permitted Capacity ..........cccevvevveveiiieinennnns 5-23
5.3-5 Results for Seasonal Limit 0f 8 Mg/L TN.......cccccovviiiiiiiiieiiiie e 5-25
5.3-6 Modeling Results for Annual Average Limit of 8 mg/L TN.................. 5-26
5.3-7 Results for Seasonal Limit of 5 Mg/L TN......cccoooiiiiiiiiiiiiicie e 5-28
5.3-8 Biowin Model for Annual Average TN Limitof 5mg/L ........cccccvevenen. 5-29
5.3-9 Plant Flow and Effluent Limit SUmMmary..........cccocoveviviieiicieeic e, 5-30
5.3-10 Nitrogen Removal Process Summary for Ware WWTF...........ccccccoenene. 5-30
5.3-11 Required Modifications Summary for Ware WWTF ..........cccccveveiienen, 5-31
5.3-12 Cost Summary for Nitrogen Removal at Ware WWTF..........c.cccoovenenne. 5-31
ERVING
6.2-1 Erving WWTF Monthly Averages 2004-2006 ............cccevevveieerieiinennnnn 6-4
6.2-2 Select Monthly Permit LImitS........cccoeveiiiiiiiiiinieeeee e 6-5
6.2-3 Plant Flow and Effluent Limit Summary..........cccocoveviviieiieveeie e, 6-6
GREENFIELD
7.2-1 Greenfield WWTF Monthly Averages 2004-2006.............c.ccocvvvrveeenen. 7-5
7.2-2 Select Monthly Permit LimitS.........ccoevveiiiiiiiieiece e 7-6
7.2-3 Existing Primary Effluent Parameters ...........cccoovviiienenencsencseeen 7-7
7.2-4 Parameters at Permitted Capacity .........ccccovvevvevieiiieiic e 7-7
7.2-5 Process Design for Seasonal Limit of 8 mg/L TN ........ccccoviiiiinieinnnn, 7-9
7.2-6 Process Design for Annual Average Limit of 8 mg/L TN...........c..cco.... 7-11
7.2-7 Plant Flow and Effluent Limit SUMMAary..........ccccoovviieiencnencseeeee, 7-12
7.2-8 Nitrogen Removal Process Summary for Greenfield WWTF ................. 7-12



TABLE OF CONTENTS
(continued)

List of Tables (continued)

Table No. Page No.
7.2-9 Required Modifications Summary for Greenfield WWTF...................... 7-13
7.2-10 Cost Summary for Nitrogen Removal at Greenfield WWTF .................. 7-13
WESTFIELD
8.2-1 Westfield WWTF Monthly Averages 2004-2006............cccccvevververieennnn 8-5
8.2-2 Select Monthly Permit LIMItS.......ccoooviiiiiiieiieese e 8-6
8.2-3 Existing Primary Effluent Parameters ...........cccoocvvvevieinie e 8-7
8.2-4 Model Input Parameters at Permitted Capacity ........ccccccevveevviiienieiennnnns 8-7
8.2-5 Results for Seasonal Limit of 8 Mg/L TN.........cccooveviviiiniierr e 8-9
8.2-6 Results for Annual Average Limit of 8 mg/L TN........ccccooceriiiiniiiiinnnn, 8-11
8.2-7 Results for Seasonal Limit of 5 Mg/L TN......c.ccccvivevieiiiiee e 8-13
8.2-8 Results for Annual Average Limit of 5 mg/L TN.......cccccooeiiiiiniiiinnnnn, 8-14
8.2-9 Plant Flow and Effluent Limit SUMMary........c.ccccoocvieviiiie e 8-15
8.2-10 Nitrogen Removal Process Summary for Westfield WWTF................... 8-16
8.2-11 Required Modifications Summary for Westfield WWTF ...........c........... 8-16
8.2-12 Cost Summary for Nitrogen Removal at Westfield WWTF.................... 8-17
NORTH ATTLEBOROUGH

9.1-1 Ten Mile RIVENr POTWS ....ooiiiiiiieene s 9-1
9.2-1 Design FIOWS and LOAdS.........ccceevveiieiieiicic e 9-4
9.2-2 North Attleborough WWTF Monthly Averages 2004-2006 ................... 9-5
9.2-3 Select Monthly Permit LimitS.........cocoiiveiiiieiiecece e 9-6
9.2-4 Existing Influent Parameters...........coooeriiiiiiininieeee s 9-7
9.2-5 Model Input Parameters at Permitted Capacity ..........cccceevevvevieiiveinennnn, 9-7
9.2-6 Results for Seasonal Limit of 8 Mg/L TN.......cccoooeiiiiiininieicee e 9-9
9.2-7 Results for Annual Average Limit of 8 mg/L TN.........cccccoevvevieiiiiennen, 9-11
9.2-8 Results for Seasonal Limit of 5 mg/L TN.......cccooiiiiiiiniiiicecc 9-13
9.2-9 Results for Annual Average Limit of 5mg/L TN.........cccooevieiieieiiennen, 9-15
9.2-10 Plant Flow and Effluent Limit SUMMAry..........ccocooviiiieiencieneseeee, 9-16
9.2-11 Nitrogen Removal Process Summary for

North Attleborough WWTF........cooiiiiieeees s 9-16
9.2-12 Required Modifications Summary for

North Attleborough WWTF........cooiiiiiceee s 9-17
9.2-13 Cost Summary for Nitrogen Removal at

North Attleborough WWTF........oooiiiiiieeees s 9-17



TABLE OF CONTENTS
(continued)

List of Tables (continued)

Table No. Page No.
ATTLEBORO
9.3-1 Design FIOWS and LOAS.........cccveuerieniieiiiie e 9-20
9.3-2 Attleboro WWTF Monthly Averages 2004-2006............cccccvevereerieennnn. 9-21
9.3-3 Select Monthly Permit LIMItS.......ccoooeiiiiiiiiiieese e 9-22
9.3-4 Existing Influent Parameters...........cccovveieiieiie e 9-23
9.3-5 Model Input Parameters at Permitted Capacity .........cccccevveevvivieniienennnns 9-23
9.3-6 Results for Seasonal Limit of 8 Mg/L TN.........cccooveviiiiiieerr e 9-26
9.3-7 Results for Annual Average Limit of 8 mg/L TN........ccccooceiiiiiniiiiinnnnn, 9-28
9.3-8 Results for Seasonal Limit of 5 mg/L TN......c.cccoovivevviiiiiere e 9-29
9.3-9 Results for Annual Average Limit of 5 mg/L TN.......cccccooviiiiinieninnnn, 9-31
9.3-10 Plant Flow and Effluent Limit SUMMary........c.cccoocvieiiiiie e, 9-32
9.3-11 Nitrogen Removal Process Summary for Attleboro WWTF................... 9-32
9.3-12 Required Modifications Summary for Attleboro WWTF...........ccccvenen. 9-33
9.3-13 Cost Summary for Nitrogen Removal at Attleboro WWTF.................... 9-33
10.2-1 Flows and Permit SUMMANY .........ccooeeiiiiiiie e 10-3
10.2-2 Nitrogen Removal Process SUMMArY .........cccccvevevieeiesiiesieeneeieeseesieannens 10-6
10.2-3 Facility Modification and CoSt SUMMANY .........cccoeveriierienieenienienie e 10-8
10.2-4 Annual Mass Loading SUMMATY ........ccccceviereereiiieseeneseeseesee e e 10-14
10.2-5 COSESUMMAIY ettt nrae e 10-18
List of Figures

Figure On or After
No. Page No.:
ES-1 Watersheds and POTWS ......ccviiiiiirieieie e ES-1
1.1-1 Permitted Flows for POTWs in Blackstone Watershed................cc........ 1-1
1.1-2 Permitted Flows for POTWs in Connecticut Watershed and the

Chicopee, Millers, Deerfield and Westfield Subwatersheds .......... 1-1
1.1-3 Permitted Flows for POTWs in Ten Mile Watershed...........ccccccoeuvrvrnnen. 1-1

BLACKSTONE RIVER WATERSHED

3.1-1 Permitted Flows for POTWs in Blackstone Watershed............cccccccvenen. 3-1
UPPER BLACKSTONE

3.2-1 Process Flow Schematic - Existing Facility........c.cccoocevveiiiiiiieicsiennn, 3-3

3.2-2 Nitrogen Removal Process - Seasonal Limit of 8 mg/L ...........ccccevennne. 3-9

3.2-3 Upper Blackstone Site Plan ..o 3-9

Xi



TABLE OF CONTENTS
(continued)

List of Figures (continued)

Figure On or After
No. Page No.:
3.2-4 Nitrogen Removal Processes - Annual Average
LIMit OF 8 MQ/L....cveeie e 3-11
3.2-5 Nitrogen Removal Processes — Seasonal Limit of 5 mg/L ........c.cccceee. 3-13
3.2-6 Upper Blackstone Site PlIan ...........cccoveiieiiiiiieec e 3-13
3.2-7 Nitrogen Removal Processes - Annual Average
LMt OF 5 MQ/L...ooiiieceeee e 3-15
GRAFTON
3.3-1 Process Flow Schematic - Existing Facility.........ccccooevviiiiinniniiiinnnn, 3-20
3.3-2 Nitrogen Removal Process - Seasonal Limit of 8 mg/L ..........cccccvevenen, 3-25
3.3-3 Grafton Site PIAN........ccoiiiiieee s 3-25
3.3-4 Nitrogen Removal Processes - Annual Average
LIMIt Of 8 MQ/L....ceiiieiiieee s 3-27
3.3-5 Nitrogen Removal Processes — Seasonal Limit of 5 mg/L ..........c.cco..... 3-29
3.3-6 Nitrogen Removal Processes - Annual Average
LIMIit OF 5 MQ/L ..o 3-31
NORTHBRIDGE
3.4-1 Process Flow Schematic - Existing Facility........c..ccccocevveviiieiiciciiennn, 3-36
3.4-2 Nitrogen Removal Process - Seasonal Limit of 8 mg/L ...........ccccevennene. 3-41
3.4-3 Northbridge Site PIan..........ccooviiiiieie e 3-41
3.4-4 Nitrogen Removal Processes - Annual Average
Limit 0F 8 MQ/L....cvveiiieeee e 3-42
3.4-5 Nitrogen Removal Processes — Seasonal Limit of 5mg/L .............c........ 3-43
3.4-6 Northbridge Site PIan...........ccooviiiiiiie e 3-43
3.4-7 Nitrogen Removal Processes - Annual Average
Limit OF 5 MQ/L ... 3-45
DOUGLAS
3.5-1 Process Flow Schematic — Existing Facility...........ccoccooeiiniiininnninnn, 3-49
3.5-2 Nitrogen Removal Process - Seasonal Limit of 8 mg/L ..........ccccceeuvnen. 3-54
3.5-3 D0oUGIAS SItE PIAN ..o s 3-54
3.5-4 Nitrogen Removal Processes - Annual Average
Limit OF 8 MQ/L ..o 3-55
3.5-5 Nitrogen Removal Processes — Seasonal Limit of 5 mg/L ...................... 3-56
3.5-6 Nitrogen Removal Processes — Annual
Average Limit of 5mMQ/L ...ccooveiiiiieeccceee e 3-58

xii



TABLE OF CONTENTS
(continued)

List of Figures (continued)

Figure On or After
No. Page No.:
UPTON
3.6-1 Process Flow Schematic — Existing Facility..........ccccccvvveveiieiiveie e, 3-62
3.6-2 Nitrogen Removal Processes - Seasonal Limit of 8 mg/L.........cccccceenee. 3-67
3.6-3 UPLON SITE PIAN ..o 3-68
3.6-4 Nitrogen Removal Processes — Annual Average
Limit 0f 8 MQ/L ..cevveeee e 3-69
3.6-5 Nitrogen Removal Processes — Seasonal Limit of 5mg/L ........c.ccccene. 3-71
3.6-6 Nitrogen Removal Processes — Annual Average
LIMIt OF 5 MG/L oo 3-72
UXBRIDGE
3.7-1 Process Flow Schematic - Existing Facility..........c.ccooeveniniiiiiiinenn, 3-77
3.7-2 Nitrogen Removal Processes - Seasonal Limit of 8 mg/L...........c........... 3-82
3.7-3 UXDridge Site Plan .......cccooiiiiiicee s 3-82
3.7-4 Nitrogen Removal Processes - Annual Average
LIMIt OF 8 MQ/L ..o 3-84
3.7-5 UXDridge Site PIan ........c.oooveiieii e 3-84
3.7-6 Nitrogen Removal Processes — Seasonal Limit of 5mg/L .............c........ 3-86
3.7-7 UXDridge Site PIan ..........oooveiiiiicc e 3-86
3.7-8 Nitrogen Removal Processes - Annual Average
Limit Of 5MQ/L oo 3-88
HOPEDALE
3.8-1 Process Flow Schematic — Existing Facility...........ccocooenniicninnnienn, 3-93
3.8-2 Nitrogen Removal Processes - Seasonal Limit of 8 mg/L....................... 3-97
3.8-3 Hopedale Site PIaN ... 3-97
3.8-4 Nitrogen Removal Processes — Annual Average
LIMItOF 8 MQ/L ..o 3-99
3.8-5 Hopedale Site Plan...........cocooiiiiiic e 3-99
3.8-6 Nitrogen Removal Processes — Seasonal Limit of 5mg/L ...................... 3-101
3.8-7 Nitrogen Removal Processes — Annual Average
LIMItOF 5 MQ/L oo 3-103
CONNECTICUT RIVER WATERSHED
4.1-1 Permitted Flows for POTWSs in Connecticut Watershed.......................... 4-1
SPRINGFIELD (BONDI ISLAND)
4.2-1 Process Flow Schematic — Existing Facility...........ccccooeiiniiinnnnnnenn, 4-4
4.2-2 Biowin Model for Seasonal TN Limitof 8 mg/L .........cccccceevevveivcienen, 4-10

Xiii



TABLE OF CONTENTS
(continued)

List of Figures (continued)

Figure On or After
No. Page No.:
4.2-3 Springfield Site PIan ... 4-10
4.2-4 Biowin Model for Annual Average TN Limitof 8 mg/L ........cccceevnen. 4-11
4.2-5 Springfield Site PIan ... 4-11
4.2-6 Biowin Model for Seasonal TN Limit of 5mg/L ......c.ccceovviviveiviiennen, 4-13
4.2-7 Springfield Site PIan ... 4-13
4.2-8 Biowin Model for Annual Average TN Limitof 5mg/L ........cccccvevenen. 4-14
4.2-9 Springfield Site PIan ... 4-14

AMHERST
4.3-1 Process Flow Schematic — Existing Facility..........ccccccvevvvviieiveieiiennnn, 4-20
4.3-2 Nitrogen Removal Process - Seasonal Limit of 8 mg/L ........cccceevvrnrnen. 4-25
4.3-3 AMNEISE SITE PLAN ..o e 4-26
4.3-4 Nitrogen Removal Processes - Annual Average

LImMit OF 8 MQ/L....cvveie e 4-27
4.3-5 AMNEISE SIte PIAN ..o 4-27
4.3-6 Nitrogen Removal Processes — Seasonal Limit of 5 mg/L ..........c.cco.... 4-29
4.3-7 Nitrogen Removal Processes - Annual Average
LIMIt OF 5 MQ/L....oiiieiieceee e 4-31

NORTHHAMPTON
4.4-1 Process Flow Schematic — Existing Facility............cccovveviviieieeie e, 4-36
4.4-2 Nitrogen Removal Process - Seasonal Limit of 8 mg/L ...........ccccevvennne. 4-41
4.4-3 Northampton Site Plan............ccoooviiieiicie e 4-41
4.4-4 Biowin Model for Annual Average TN Limitof 8 mg/L ............ccovenee. 4-43
4.4-5 Northampton Site Plan............ccooiiiieiiiie e 4-43
4.4-6 Biowin Model for Seasonal TN Limit of 5 mg/L .......cccoocevirirvniiiiennn, 4-45
4.4-7 Northampton Site Plan............ccooiiiiii e 4-45
4.4-8 Biowin Model for Annual Average TN Limitof 5mg/L .........cccceovenee. 4-46

HOLYOKE
4.5-1 Process Flow Schematic — Existing Facility...........cccccoveieiivenennnnnn, 4-53
4.5-2 HOIYOKE SIte PIAN ... 4-54

CHICOPEE
4.6-1 Process Flow Schematic — Existing Facility...........cccccoveieivenennnnne, 4-62
4.6-2 Process Schematic for Seasonal TN Limit of 8 mg/L............ccccoeeenee. 4-68
4.6-3 Chicopee SIte Plan ........cccvoviiiice e 4-68

Xiv



TABLE OF CONTENTS
(continued)

List of Figures (continued)

Figure On or After
No. Page No.:
4.6-4 Plant Flow Schematic for Annual Average
TN LIMIt of 8 MQ/L ..ocveeieee e 4-70
4.6-5 Chicopee Site Plan ........coeoiiiiiiieee s 4-70
4.6-6 Process Schematic for Seasonal TN Limitof 5mg/L.........ccccecvvivvivennn. 4-72
4.6-7 Plant Flow Schematic for Annual Average
TN LIMItOf 5 MQ/L oo 4-74

EASTHAMPTON
4.7-1 Process Flow Schematic — Existing Facility ..........cccoocovviiviiiiinieinnnnn, 4-79
4.7-2 Biowin Model for Seasonal TN Limitof 8 mg/L .........cccccovvvvvveivciennen, 4-85
4.7-3 Easthampton Site Plan ..o 4-85
4.7-4 Biowin Model for Annual Average TN Limitof 8 mg/L ........ccccovevnen. 4-87
4.7-5 Biowin Model for Seasonal TN Limit of 5 mg/L ......cccccevviiiiiniiiinnnn, 4-88
4.7-6 Easthampton Site Plan ........cccooiiiiieiecc e 4-89
4.7-7 Biowin Model for Annual Average TN Limitof 5mg/L ........cccecvvnenen. 4-90

SOUTH HADLEY
4.8-1 Process Flow Schematic — Existing Facility..........ccccccvvvevviieniveieiiennnn, 4-95
4.8-2 Biowin Model for Seasonal TN Limitof 8 mg/L .........cc.ccoeevevveiviienen, 4-101
4.8-3 South Hadley Site PIan .........cccooeiii e 4-101
4.8-4 Biowin Model for Annual Average TN Limitof 8 mg/L........c..ccccuee. 4-103
4.8-5 South Hadley Site PIan ..o 4-103
4.8-6 Biowin Model for Seasonal TN Limitof 5mg/L .........ccccocvevevveiniienen, 4-105
4.8-7 Biowin Model for Annual Average TN Limitof 5mg/L .........cccceovenee. 4-106
4.8-8 South Hadley Site Plan ..........ccccoveiieii i 4-107

CHICOPEE
5.1-1 Permiited Flows for POTWs in Chicopee Sub Watershed....................... 5-1

PALMER
5.2-1 Process Flow Schematic - Existing Facility...........ccccocevviveiieiieicciennn, 5-3
5.2-2 Biowin Model for Seasonal TN Limit of 8 mg/L .........ccccoocvvivviivienenn 5-8
5.2-3 Palmer SIte Plan .......coovoiieieii e 5-8
5.2-4 Biowin Model for Annual Average TN Limitof 8 mg/L ..........c.ccovnee. 5-10
5.2-5 Palmer SIte Plan .......ccovoiiieiee e 5-10
5.2-6 Biowin Model for Seasonal TN Limit of 8 mg/L .........ccccoovvvvvviiiiennenn 5-11
5.2-7 Biowin Model for Annual Average TN Limitof 5mg/L ........cccceevvnen. 5-13

XV



TABLE OF CONTENTS
(continued)

List of Figures (continued)

Figure On or After
No. Page No.:
WARE
5.3-1 Process Flow Schematic - Existing Facility........c.cccoocevivevviicincie e, 5-20
5.3-2 Biowin Model for Annual Average TN Limitof 8 mg/L ........cccccevenee. 5-24
5.3-3 Ware Site PIaN ..o 5-24
5.3-4 Biowin Model for Annual Average TN Limitof 8 mg/L ........ccccceeenen. 5-25
5.3-5 Biowin Model for Seasonal TN Limit of 5mg/L ......c.cccceovvievveiviienen, 5-27
5.3-6 Ware SIte PIan ... 5-27
5.3-7 Biowin Model for Annual Average TN Limitof 5mg/L ........cccccvvvenen. 5-28
MILLERS RIVER
6.1-1 Permitted Flows for POTWs in Millers Sub Watershed..............c..c....... 6-1
6.2-1 Process Flow Schematic — Existing Facility..........ccccccevvvvvviieiiveie e, 6-3
DEERFIELD
7.1-1 Permitted Flows for POTWs in Deerfield Sub Watershed....................... 7-1
GREENFIELD
7.2-1 Process Flow Schematic — Existing Facility...........cccooooeniniiininnnnienn, 7-3
7.2-2 Process Schematic for Seasonal TN Limit.........ccccocvvvviniinnnenenenennnn 7-8
7.2-3 Greenfield Site Plan ........ccoovev i 7-9
7.2-4 Process Schematic for Annual Average TN Limit ........c.cccoeevevveiiiiennn, 7-10
WESTFIELD
8.1-1 Permitted Flows for POTWs in Westfield Subwatershed........................ 8-1
8.2-1 Process Flow Schematic — Existing Facility............cccovveviiieiieiciiennn, 8-3
8.2-2 Biowin Model for Seasonal TN Limit of 8 mg/L .........ccccoovvvivviiiiennenn 8-8
8.2-3 WeSHFIeld SIte Plan........coooiiiiiiiceee s 8-8
8.2-4 Biowin Model for Annual Average TN Limitof 8 mg/L ............ccovnee. 8-10
8.2-5 Biowin Model for Seasonal TN Limitof 5mg/L .........cccoovevevveiiienen, 8-12
8.2-6 Biowin Model for Annual Average TN Limitof 5mg/L .........cc.ceovenee. 8-13

XVi



Figure
No.

9.1-1
9.2-1
9.2-2
9.2-3
9.2-4

9.2-5
9.2-6
9.2-7

9.3-1
9.3-2
9.3-3
9.3-4

9.3-5
9.3-6
9.3-7
9.3-8
9.3-9
10.2-1
10.2-2

10.2-3

oW >

TABLE OF CONTENTS
(continued)

List of Figures (continued)

NORTH ATTLEBOROUGH

Permitted Flows for POTWSs in Ten Mile Watershed.............cccccoovennnen.
Process Flow Schematic - Existing Facility........cccccooeviiiiiiinniniiiennn,
Nitrogen Removal Process - Seasonal Limit of 8 mg/L ..........cccccvvvenen.
North Attleborough Site Plan...........ccoccoviiiiiiiiiicesee e

Nitrogen Removal Processes - Annual Average

LIMIt Of 8 MG/L ..o
Nitrogen Removal Processes — Seasonal Limit of 5 mg/L ..........c.cce....
North Attleborough Site Plan...........ccoccooiiiiiiiiiice e

Nitrogen Removal Processes - Annual Average

LIMIt OF 5 MG/L ..o

ATTLEBORO

Process Flow Schematic — Existing Facility..........ccccccvevevviieiiveie e,
Nitrogen Removal Processes - Seasonal Limit of 8 mg/L.........c.ccccceenee.
ALLIEDOr0 SIte PIAN ..o

Nitrogen Removal Processes — Annual Average

Limit 0f 8 MG/L ..o
ALLIEDOr0 SIte PIAN ..o s
Nitrogen Removal Processes — Seasonal Limit of 5mg/L ..........c..c........
ALLIEDOr0 SIte PIAN....c.oiiiiiiii s

Nitrogen Removal Processes — Annual Average

Limit 0f 5MG/L ..o
ATLIEDOIO ST PlaN ..ttt eeeeeeneeenenennnees

SUMMARY

Permitted Flows for POTWs in Blackstone Watershed..............ccoou.......

Permitted Flows for POTWs in the Connecticut Watershed, and the

Chicopee, Millers, Deerfield and Westfield Subwatersheds ..........
Permitted Flows for POTWs in Ten Mile Watershed.............cccceevvnenen.

Appendices
Information Request Forms

Site Visit Interviews
Cost Data

XVii

On or After
Page No.:

9-1
9-3
9-8
9-9

9-10
9-12
9-12

9-14

9-19
9-25
9-25

9-27
9-27
9-29
9-29

9-30
9-31
10-2

10-2
10-2



ACKNOWLEDGEMENTS

We would like to recognize the following individuals whose assistance was invaluable in the
development of this report.

« Rick Dunn of MassDEP
« Bryant Firmin of MassDEP
. The Representatives of the 21 POTWs that participated in this study.



PROJECT FUNDING

This project has been financed by Funds from the Massachusetts Department of Environmental
Protection (the Department). The contents do not necessarily reflect the views and policies of
the Department, nor does the mention of trade names or commercial products constitute
endorsement or recommendation for use.



BAF
BFP
BOD
CaCO3
CBOD
COD
CSO
DAF
DO
ENR
EPA
EQ

F. Coli.
Fna
FRP

Ft
GBT
gpd
gpd/ft?
HRT
IFAS
I

kwh

Ib

Ibs/d
MassDEP
MG
mgd
mg/L
mL
MLE
MLSS
MLVSS
mmol/L
NH3
NH4
NO2
NO3
NPDES
0o&M
PACI

GLOSSARY OF COMMON ACRONYMS

Biological Aerated Filters

Belt Filter Press

Biochemical Oxygen Demand

Calcium Carbonate

Carbonaceous BOD

Chemical Oxygen Demand

Combined Sewer Overflows

Dissolved Air Flotation

Dissolved Oxygen

Engineering News Record
Environmental Protection Agency
Equalization

Fecal Coliform

Fraction of Influent TKN which is Ammonia
Fiberglass Reinforced Plastic

Feet

Gravity Belt Thickener

Gallons per Day

Gallons per Day per Square Foot
Hydraulic Retention Time

Integrated Fixed Film Activated Sludge
Infiltration/Inflow

Kilowatt-Hour

Pound

Pounds per Day

Massachusetts Department of Environmental Protection
Million Gallons

Million Gallons per Day

Milligrams per Liter

Milliliters

Modified Ludzack-Ettinger

Mixed Liquor Suspended Solids

Mixed Liquor Volatile Suspended Solids
Millimoles per Liter

Ammonia

Ammonium

Nitrite

Nitrate

National Pollutant Discharge Elimination System
Operations and Maintenance
Polyaluminum Chloride



POTW
PS

QA
QA/QC
RAS
SBR
SCADA
SRT
sV
TKN
TN

TP

TSS
TVSS
UBWPAD
uv
VFD
WAS
WERF
WPCF
WWTF
WWTP

GLOSSARY OF COMMON ACRONYMS
(continued)

Publicly Owned Treatment Works

Pump Station

Quality Assurance

Quality Assurance/Quality Control
Return Activated Sludge

Sequencing Batch Reactor

Supervisory Control and Data Acquisition
Solids Retention Time

Sludge Volume Index

Total Kjeldahl Nitrogen

Total Nitrogen

Total Phosphorous

Total Suspended Solids

Total Volatile Suspended Solids

Upper Blackstone Water Pollution Abatement District
Ultraviolet

Variable Frequency Drive

Waste Activated Sludge

Water Environment Research Foundation
Water Pollution Control Facility
Wastewater Treatment Facility
Wastewater Treatment Plant



	Cover fly
	TOC.pdf
	Table of Contents

	Acknowledgements.pdf
	ACKNOWLEDGEMENTS

	Project Funding.pdf
	Project Funding

	Acronyms.pdf
	Acronyms


