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Cod’s Solution

d Regional Cape Cod 208 Water Quality Plan
shed-based Approach to Restore Embayments
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Cost Comparison
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ri-Town Septage Receiving Facility

Orleans-Brewster-Eastham
Groundwater Protection District
Tri-Town District)

1978: Tri-Town Septage Treatment
Facility Planning Begins

1988: District Created

05: Facility Evaluation

3: Selectmen Vote to Discontinue
e of the Facility
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Town Septage Receiving Facility

+ Schedule

» Decommissioning — June 201
August 2016

» Contract Documents — June
thru November 2016

» Bidding — December 20
February 2017

» Town Meeting App
(Brewster, Easth
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or Process Components + Effluent Disposal
ptage Receiving Facilities » 29 Overland Way
ate Holding Tank » Open Recharge (Infiltration)
ary Clarifiers < Permit Design Data
ing Biological Contactors > Average Daily Flow: 45,0
ry Clarifiers > BODs: 30 mg/L
» TSS: 30 mg/L

» Total Nitrogen: 50
and Feed
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ri-Town Septage Receiving Facility Summary

e Tri-Town Septage

Construction Duration July 2017 — May 2020
As-Bid Cost $1,803,060.00
Final Cost $3,312,819.07 *
Contractor S&R Corporation

* Includes differing site conditions - Removal and legal
dispose of ACM Waste at Septage Treatment Facility
and Compost Site at a total of $1,303,543.66
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+» Delivery Options
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tual and Preliminary Design
e the CWMP (2011) and To
e Consensus Plan (2015)
ize Proposed Sewered
Greatest Extent
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+ First Project on Cape Cod
Implement a Hybrid Appr
+» Combines Traditional a
traditional Wastewater
» Sewer Infrastructur
Areas
» In-situ Grou
Permea
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eans Water Quality Advisory Panel (cont.)

Traditional Infrastructure Non-Traditional Infrastructure

Coastal Habitat Restoration

- ’ Area
Aquaculture
- Floating Constructed
G Wetlands

Permeable Reactive
Barriers

Reduces Project Costs from Nitrogen Removing
About $205 M to About $130 M Biofilters

The History of Wastewater Planning Page 31
and Implementation in Orleans, MA

ans Water Quality Advisory Panel (cont.)

TF Process Selection + Design Data
esigned for Sewage and Septage » Flows Derived from Collection
ceiving/Treatment System Evaluation
Top Candidates Identified in » Sewage Strength (Assumed
ept Design Phase Were Further to strong) - Provincetown
ed (SBR and MBR) Chatham Used as a Refe
Include Biosolids » Tri-town Septage Trea
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Characteristics
» Anticipated E
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ans Water Quality Advisory Panel (cont.)

Collection System

sure Sewers (LPS)
Effluent Pumping

ent Gravity (STEG)
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Cost Evaluation
¢ Prepared Preliminary Sys
Layouts
» Downtown Area
» Meetinghouse Pond
+ Developed Quanti
+» Developed Uni

Page 33

33

ans Water Quality Advisory Panel (cont.)

of a Wastewater Collection
(Initial, Design and Future)
and Maximum Daily Flows
n Hourly Flows
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+» Impacts of Improperly Desic
Collection System
» Odors
» Sewer Overflows
» Excessive Operating
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e Pond Service Area

e Reactive Barriers
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y CWMP Appropriations

I M
Year Article Year Article
2015 ATM / 44 $1,045,000 Planning 2020 ATM /6 $47,382,800 Downtovyn
Construction
2016 ATMTS L Planning 2021 ATM /42 $12,218,000 Downtown

2017 ATM /9 $691,500 Planning Construction

2021 ATM / 42 $1,700,500 Meetinghouse Pond
Design

2017 STM /2 $3,228,200 Planning and
Downtown Area

Design 2022 ATM /19 $658,300 Meetinghouse Pond
ATM /13 $2,963,560 Planning

Design

2022 ATM /19 $32,906,000 Meetinghouse Pond
STM /1 $3,680,000 Main Street Area Construction

Constrilction 2023 ATM /16 $2,437,700 Lakes and Pond
ATM / 14 $4,223,600 Planning and Design

DowBtovyn Area 2023 ATM /17 $275,000 Downtown
esign Construction
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fill

dwater Impacted by a Two + Nitrogen Flux Highest in Ar
lume of the Stormwater Retentio
Nitrogen — Water Table to % 1,4-dioxane detected in d
t Below Water Table groundwater monitoring
Nitrogen and 1,4-dioxane 0.0003 mg/L standard
ow Water Table to ~100- watershed area im

downgradient of
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Constructed an Impe
Swale over the Sep
Lagoons

Completed March

IMPERVIOUS SWALE DETAIL
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Massachusetts

Downtown Area Collection System,
Pumping Stations, WWTF and Effluent
Disposa

August 19, 2020
(Revised December 12, 2022; May 30, 2023; June 1, 2023)
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Wastewater
e Pty

Downtown
Area (Phase 1)

Pumping Staticn No. 3 Pumping Station No. 2 Pumping Station No. 1
Crasherry Plaza Snow Library 014 Colony Way

Meetinghouse Pond
Area (Phase 2)

Collection System Flow Diagram
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in Street - Sewer f’*’ S N
| 2 £ dF@P" oquq— T T |
, {35 RN

Collection System Main Street
Parameters

No. Users 39
8-inch to 10-inch
Gravity Sewer DI
6-inch
Force Main =

The History of Wastewater Planning
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se 1 Downtown Area - Sewer Service Area

Collection System Downtown
Parameters Area
No. Users 1,071
8-inch to 18-inch
Gravity Sewer el
6-inch to 8-inch
Force Main A0l
2-inch Low Pressure Sewer 2,030 If
No. of Submersible 3
Pumping Stations
No. of Private Property 57
Grinder Pumps
8-inch FM
8-inch Effluent FM
Route 6 Crossing 8-inch Future FM
Two 4-inch
Electrical Conduits

The History of Wastewater Planning
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ntown Area Collection System, Pumping
A : Di

+»+ Contract No. 2019-02
> Robert B. Our Co., Inc.
> Base Bid: $8,989,312.40
> Alternatives
= No. 1 - Pavement Resto
$1,019,430.00
= No. 2 - PS No. 3 Trik
$7,309,506.10
= No. 3 - Fiber O
Handholes
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town Area Collection System

er Cross Road and Locust + Replacement of Water Se
ater Quality Projects Sewer Area
» Cost
= Bid: $105,720
= Paid From the W
Revenue Funo
» Location
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town Area Collection System

the Water Special

ones Road to
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ntown Area Wastewater Treatment Facility
a3

+» Effluent Disposal
» Lots Hollow Road
eptage Receiving Station » Wicks (Aquifer Recharge)
e and Post Equalization Tanks % Permit Design Data

encing Batch Reactors (SBR) > Average Daily Flow: 350,00
t Disk Filters » BOD;: 30 mg/L
umps » TSS: 30 mg/L
Disinfection Equipment > Total Nitrogen: 10
Drum Thickener » Fecal Coliform:
: » pH:6.5t0 8
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stewater Treatment Facility

Wastewater Treatment Facility Layout

. Administration / Operations Building
. Sequencing Batch Reactors

. Equipment Storage Facility

. Septage Receiving Bay

. Thickened Sludge Loading Area
. Generator

. Future Expansion Area
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stewater Treatment Facility — Process Flow -

Legend
Odor Control Liquid
System
Solids / Shdge
Vapor

Influent Wastewater if
From Collection =
Recharge
System

Septage ‘Waste Activated Shudge / e

Thickened Shdge
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stewater Treatment Facility

Disk Filters

T Rotary Drurm Thickefiers

e
.
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Easements
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¢ Process

» Town Meeting Authoriz

» Select Board Adopts
for Necessary Ease
Ways

» Recording of
Registry

» Noti

Page 55

Easements (cont.)
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+ 19 Canal Road
¢ Cranberry Plaza

» Permanent Easem

» Temporary Eas
% MassDOT -

Page 56
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Easements

i
i

se 1 Construction Summary

Description Main Street Area Downtown Area Downtown Area
P Collection WWTF Collection
Construction Duration February 2018 — May 2019 August 2020 — February 2023 August 2020 — March 2023

As-Bid Cost $2,279,606.06 $32,786,000.00 $17,946,302.50

$34,307,750 $18,076,700
(Estimated) (Estimated)

Final Cost $2,695,185.99

Contractor Revoli Construction Co., Inc. Danial O’Connell’s Sons Robert B. Our, Co., Inc.
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Town of

ol orines

Massachusetts

Meetinghouse Pond Area Collection
System and Pumping Station

August 19, 2020
(Revised December 12, 2022; May 30, 2023; June 1, 2023)

59

ase 2 Meetinghouse Pond Area - Sewer Service Are

Collection System Meetinghouse
Parameters Pond Area
No. Users 480
8-inch to 18-inch

Gravity Sewer et
8-inch
Force Main Ta2el: .
2-inch Low Pressure Sewer 20,750 If _m:'?
No. of Submersible ! ’;J
; . 1
Pumping Stations R o e
No. of Private Property L oot
Grinder Pumps 17 e i 9
Dreremmim oo
ASCOM

The History of Wastewater Planning
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Phase 2: Meetinghouse Pond Area Collection
System and Pumping Station Layout

o Sn 3

e
T

Connection Point From
Tonset Road Area 1

Connection Point From entio. 4
Uncle Harvey’s Pond Area [imn

4/ TOWN OF ORLEANS, MA
ER QUALITY AND WASTEWATER PLANNING

PARCELS ANTICIPATED TO REQUIRE A PUMP

cipated to Requine a Pump [ Tax Map Index Grid

Cansour Line.
| Building Featpeint

9 0 300 e
——
1 inch = 800 foat

61

Easements

ayout
ize Use of Existing Roadways
Cross County Routes
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+ Process

» Town Meeting Authoriza

» Select Board Adopts O
for Necessary Ease
Ways

» Recording of Or:
Registry of

> Notice
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Easements (cont.)

» Lewis Road Nauset Farms Way
» Linden Lane Packet Landing
» Loomis Lane Pond View Road
» Larboard Lane Reverend Treat Road
Lucy’s Lane River Road
Uncle Vicks

The History of Wastewater Planning
and Implementation in Orleans, MA

; o Tl ) Ay
Phase 2: Meetinghouse Pond Area
Utility Easements
D = v -
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Schedule

SRF PEF r[
Submit
Certified Vote

Submit SRF
Application

The History of Wastewater Planning
and Implementation in Orleans, MA

'

Utility Easement
Public Hearing

Meetinghouse Pond Area Bid
Opening: April 2023

Page 65

The History of Wastewater Planning
and Implementation in Orleans, MA

» C.C. Construction, Inc.
> Bid ltems

= Construction of Waste

Infrastructure: $19,9

= Replacement of V!
$315,348.29

Page 66
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Future Wastewater Expansion Areas

August 19, 2020
(Revised December 12, 2022; May 30, 2023; June 1, 2023)
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ter Planning

tinued Coordination with
ewater Advisory Committee

@ Werewater Tresiment Site Service Area Phasing
@ '+ muent Disposal Site e s 5 Orleans CWMP

A Seprage Trestment Faeiling Possible Sewer Phasing Plan
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ase 3 Lakes and Ponds - Sewer Service Area

Lakes and
Ponds Area

175

Collection System
Parameters

No. Users
8-inch to 12-inch

Gravity Sewer BRIl
8-inch
Force Main 200
2-inch Low Pressure Sewer 13,500 If

No. of Submersible
Pumping Stations

No. of Private Property

Grinder Pumps lew

TOWN OF CRLEANS, WA
WATER GUALITY AND WASTEWATER PLARMNG

PHASE 3 - LAHES AND PONCS SEWER STUDY AREA
Lagend

Dw Lot s Pt e St

=
AzCOM @ °_=_"2|-"‘“~..

L

&
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MEETINGHOUSE
_POHD AREA

Logend

(20 wistighamna dowmdery
\| ] watershed Boundary
1 subwatorshes Bounawy

| Lowns mteer Subwestarshed Labal

Parcels
pwrs- D Parcel
ate- Cwnod Parcel

TOWN OF ORLEANS, MA
WATER QUALITY AND WASTEWATER PLANNING
LAKES AND PONDS SEWER AREA

i Groundwater Flow Oirection

W SMAST Potential P Contributing Propartins [ Lenes's Pand Connectos
===« Egtimated | 0-yr Travel Time |

Orleans Ponds Sewer Aross
[ awmy's Pand
[ ] Ay Pond Pus

| Crystal Lakn

| Lenrée's Pond

| Lonrie's Pona Plus
[ Pigeim Lake
[ Rarnaindsr of Mustinghouss Pond Ares
| Rosnemss Road
1 nch = 600 feet

Dite: 223023 e p—— Pt

o~
N e |
— Arwy's Pona g

Pt PuE,
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3 Collection System

Construction Funding -I

Utility Easement
Public Meeting

Bid Opening: April 2026

Sub
Certified Vote

Submit SRF
Application

Receive
Approval to
Advertise

The History of Wastewater Planning
and Implementation in Orleans, MA

Page 73

73

teps — Preliminary Design Engineerin

Aerial and Ground Survey
ubsurface Investigations
ultural Resource

s of Land Takings
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+» Perform a Gravity Sewer
Analysis

Page 74
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Town of Orioans. MA
CWMP SEWER PHASING & APPROVED SERVICE AREAS
gt

[ T WP POSSBLE PHARSG FLAN

[ E—

El ! o looo dom 4 200
ASCOM L . s
r__r;J o N/ . ]Ire
| EASTHAM {5k A L
oumgoo  \GVA_ A
?* i ATLANTIC
ol OCEAN

@ Wastenater Treatment Sie
@ FMucnt Disposal Sie
A Seprage Treavmest Faciliny

Service Area Phasing

Crieans CWMP
Possible Sewer Phasing Plan

- sentinel Statioms o 4,000
W Cluster Systems

75

$.000 [“4% 10845G™™ Dec 2010 | moune:

evious Future Sewer Service Areas

Collection System Eldredge Park | Eldredge Park Rock Harbor Tonset - 1 set -2
Parameters Way -1 Way - 2

Number of Parcels
(Developed +
Developable)

45+ 2

Gravity Sewer and Low-

Pressure Sewer (I.f.) 7Y

No. of Submersible
Pumping Stations

Estimate WW Flow, ADF -
gpd) (Not Including I/1)

Probability of Project Cost
(2023 Dollars)

The History of Wastewater Planning
and Implementation in Orleans, MA

213+ 10

17,950

113+2 84 +9 248 + 10

10,000 7,750 20,500

Page 76
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t Orleans — Future Sewer Service Areas

Collection System Meetinghouse Meetinghouse Meetinghouse
Parameters Pond - Addition Pond - North Pond - South

Number of Parcels
(Developed + Developable)

33+2 198 + 6 276 + 10

Gravity Sewer and Low-

Pressure Sewer (I.f.) SR8 AN AN

No. of Submersible
Pumping Stations

Estimate Flow
(ADF - gpd)

Probability of Project Cost
(2023 Dollars)

The History of Wastewater Planning

Page 77
and Implementation in Orleans, MA

th Orleans — Future Sewer Service Areas

Collection System South South South South South South
Parameters Orleans -A Orleans - B Orleans - C Orleans - D Orleans - E Orleans - F

Number of Parcels
(Developed + Developable) 139 +3 112+ 3 71+6 136 + 2 78 +2

Sl Senl el [Low: 18,200 12,800 8,900 ! 15,900 11,200
Pressure Sewer (l.f.)

No. of Submersible
Pumping Stations

Estimate Flow
(ADF - gpd) 14,600 16,900 11,100 b 21,400 15,600

Probability of Project Cost
(2023 Dollars) $23.3M $16.4M $11.4M J $20.4M $14.4M

The History of Wastewater Planning

Page 78
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Sewer Service Area \EUET Rock Harbor Pleasant Bay Little Namskaket
Phase 1 — Downtown 1,679 2,178 927
Phase 2 - Meetinghouse Pond 176 1,980
Phase 3 — Lakes and Ponds 32 1,116
Non-Traditional 161 67
Downtown - North 284 5
Meetinghouse Pond - 2 149
Phase 3 - Lakes and Ponds - Alternate 180
Meetinghouse Pond - North 657 234
Meetinghouse Pond - South 1,242
Rock Harbor 509
Eldredge Park Way - 1 86 117
Eldredge Park Way - 2 702 5 252
South Orleans - A 626
South Orleans - B 504
South Orleans - C 320
South Orleans - D 225
South Orleans - E 612
South Orleans - F 351
Tonset - 1 378
Tonset -2 1,116
Totals 4,987 3,093 7,858 932
The History of Wastowater Planning Removal Requirement 5,000 1,500 6,980 0
and Implementation in Orleans, MA Difference 13 (1,593) (878) (932)

79

Town of Orleans, MA
APPROVED AND PROPOSED SERVICE AREAS

AN

ATLANTIC
OCEAN

OCEAN
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Aquifer Recharge (Effluent Disposal)

August 19, 2020
(Revised December 12, 2022; May 30, 2023; June 1, 2023)

inary Evaluation +¢ Detailed Evaluation

Visit » Field Investigation Require
of Health Records » Hydrogeologic Evaluation
ata » Drilling Investigations
Commission Data » Loading Test on Test
» Groundwater Modeli

The History of Wastewater Planning
and Implementation in Orleans, MA
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ffluent Disposal Sites

» Sites Evaluated

» 223 Beach Road *

» 32 Lots Hollow Road *
» 43 Lots Hollow Road *
Depot Square

Hole in One

Market Place

6, Exit 12 Lobe *
Septage Treatment Facility *
Hydrogeology Evaluations

The History of Wastewater Planning
and Implementation in Orleans, MA

+« Primary Aquifer Recharge Site
» 32 Lots Hollow Road

+» Backup Aquifer Recharge Sites
» 43 Lots Hollow Road
» Route 6, Exit 89 (fka Exit 12) Lob
» 223 Beach Road

+» MassDEP Groundwater Disch
Permit Issued (March 2020 a
Modification September 20
» 32 Lots Hollow Road
» 43 Lots Hollow Road

Page 83
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32 Lots Hollow Road
Simulation — 0 GPD

The History of Wastewater Planning
and Implementation in Orleans, MA

" 32 Lots Hollow Road
Simulation — 400,000 GPD
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ots Hollow Road - Cross Section

Aquifer
Recharge Site

Little Namskaket
\ Estuary

Cape Cod Bay

The History of Wastewater Planning
and Implementation in Orleans, MA

Town u_i‘%m

Massachusetts

Low-Pressure Sewerage
Pump System Preselection

August 19, 2020
(Revised December 12, 2022; May 30, 2023; June 1, 2023)

43



-Pressure Sewerage Pump System

+» Evaluation
» Technical
eceived February 2020 » Life Cycle Cost Analysis
dardize on the Pumping System <« Recommendation (February 2
urchased, Installed and and Award (August 2020)

ed and Maintained by Private » F.R. Mahoney & Associate
Rockland, MA

» Exclusive New Engla
se Rules and for Environmental O

The History of Wastewater Planning Page 87
and Implementation in Orleans, MA

87

S System Components

The History of Wastewater Planning
and Implementation in Orleans, MA
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LPS System Proposal Costs — February 2020
(fem | Descripon | Amount _

1 Low-Pressure Sewerage Pump System
Type A (Exterior, Simplex, System Capacity at 700 GPD and Wetwell Capacity of 70 Gallons) $4,304.00
Type B (Exterior, Simplex, System Capacity at 1,500 GPD and Wetwell Capacity of 150 Gallons) $4,814.00
Type C (Exterior, Duplex, System Capacity at 5,000 GPD and Wetwell Capacity of 500 Gallons) $36,925.00
Type D (Interior, Simplex, System Capacity at 700 GPD and Wetwell Capacity of 91 Gallons) $3,726.00
Extend the 2 Year Warranty to 5 Years $1.00
Engineered Stainless-Steel Service Lateral Component $238.00

Pump Monitoring System $551.00
Anti-Buoyancy Device $310.00
Pump Core Replacement $1,900.00

Y A=
The History of Wastewater Planning Page 89 @! A-COM
and Implementation in Orleans, MA B
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LPS System Costs — May 2023

1 Low-Pressure Sewerage Pump System
Type A (DHO071-93 - Exterior, Simplex, 700 GPD and Wetwell Capacity of 70 Gallons) $5,620.00
Type B (DH151-93 - Exterior, Simplex, 1,500 GPD and Wetwell Capacity of 150 Gallons) $6,145.00
Type C (DH-152-93 - Exterior, Duplex, 3,000 GPD and Wetwell Capacity of 150 Gallons) $11,890.00
Type D (IH091- Interior, Simplex, 700 GPD and Wetwell Capacity of 90 Gallons) $4,812.00
Type E (DH272-92 - Exterior, Duplex, 5,000 GPD and Wetwell Capacity of 275 Gallons) $25,460.00
2 5 Year Warranty is Now Standard N/A
3 Engineered Stainless-Steel Service Lateral Component $270.88.00
4 Pump Monitoring System $528.10
5 Anti-Buoyancy Device $359.00
6 Pump Core Replacement $2,490.00
7 High Flood Configuration for Type A $260.90
8 High Flood Configuration for Type B and Type C $260.90
9 Insulation Disc for Freeze Protection $75.00 i
10 Remote Sentry — Alarm Unit in House Mounting $250.00

90
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14

Massachusetts

Aquaculture

August 19, 2020

Non-Traditional Technologies

(Revised December 12, 2022; May 30, 2023; June 1, 2023)

aculture

anced Aquaculture in Pleasant Bay and 1y 13, 2016

Cove
ild on Previous Experience with Growers to
ance Shellfish Production Through Private i'f
ulture in Pleasant Bay ;

The History of Wastewater Planning Page 92
and Implementation in Orleans, MA

December 22, 2016

46



Aquaculture
Comparison of Demonstration Years

Field Area, ft? (acres) 9,600 (0.22) 8,160 (0.19) 16,200 (0.37)
Number of Bags 800 1,020 2,040

Estimated Number of Oysters

First Year 71,700 480,000 2,185,000

Second Year 127,000 127,000 392,000

Third Year 198,700 607,000 2,577,000
Total N Uptake, kg 25.9 28.1 60.0

Projection: Ability to remove 200 kg N per acre.

h —
The History of Wastewater Planning Page 93 @! A.-COM
and Implementation in Orleans, MA \.W
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Aquaculture

** Request for Qualifications

(November 2018)

» Grow Oysters in Lonnie’s Pond as
Part of the Town’s Non-Traditional
Approach to Removing Nitrogen in
the Pleasant Bay Watershed

» Grow Oysters from Seed and
Remove Them on an Annual Basis

++ Third Year of Private Operation
» Oversight by Shellfish and
Harbormaster Department
Monitoring by SMAST

Google Earth

‘ -
The History of Wastewater Planning Page 94 @: A.-COM
and Implementation in Orleans, MA ,g"
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Year of Private Operation

+ Next Steps
» Future Expansion?

rsight by Shellfish and
rmaster Department

The History of Wastewater Planning
and Implementation in Orleans, MA

Page 95
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Massachusetts

Non-Traditional Technologies
Nitrogen Reducing Barriers (NRBs)

August 19, 2020
(Revised December 12, 2022; May 30, 2023; June 1, 2023)

@AECOM
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en Reducing Biofilters (NRBs)

h and Review of Published +¢ Orleans Health Departme
» Meetings and Coordinati
County Test Center > Review Candidate Site
Joint Base Cape Cod Applications

George Heufelder of > Onsite Sewage Di
Upgrades and

The History of Wastewater Planning Page 97
and Implementation in Orleans, MA

en Reducing Biofilters (NRBs) (cont.)

ation of Sites + No Suitable Demonstratio
d Over 50 Sites were |dentified Due to th
n Identified 20 Sites » Property Owners Not
and 2nd Meeting Time Available to Per

The History of Wastewater Planning
and Implementation in Orleans, MA
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Massachusetts

Non-Traditional Technologies
Permeable Reactive Barriers (PRBs)

August 19, 2020
(Revised December 12, 2022; May 30, 2023; June 1, 2023)

meable Reactive Barriers (PRBs)

eable - Groundwater Flows Through (passive)
tive - Promotes Biological Denitrification
er - Prevents Nitrate Migration to Coastal Embayments

Clean .
Groundwater Nitrate (NOy) Inert Nitrogen
(the problem) Gas (N,)

Bacteria

Nitrate in
Nitrogen Groundwater Organic Carbon Dioxide
Sources Substrate (COy)

(ITRC, 2011)

The History of Wastewater Planning
and Implementation in Orleans, MA
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ept: Intercept and Remove Nitrate From

Freshwater table

NOT TO SCALE; VERTICALLY GREATLY EXAGGERATED

The History of Wastewater Planning Page 101
and Implementation in Orleans, MA

EXPLANATION

v Freshwater-level indicator
v Saltwater-level indicator

101

?

ture Groundwater Treatment Technology
icable to Nitrate Treatment
nitrifying Bacteria are Naturally Occurring
verts Nitrate to Inert Nitrogen Gas (N2)
able Technology

water Flow Carries the Contaminant to
for Removal (natural pump)

food) Source

The History of Wastewater Planning Page 102
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Isified Vegetable Oil (EVO) Organic Subst

e with Soybean Ol
in Water Emulsion
-grade
inable Technology
to Soil Grains and Slowly
Jissolved Organic Carbon
ood Source

The History of Wastewater Planning Page 103
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Existence MW.BN1C
Rayianes 4 ¥ MW.BNIA

g
Ay . -BMO50B,
’ MW-B 10758 | JIB® MW:BMOS0A' LMW B2075A
Groundwater Flow MW.6X28. * o
MW-BX2C

MW-BX2A| MW BX1 o (OIS
MW.BXI1C X

Injection Points

Monitoring Wells

Orleans, Massachusetts
[ astewater Planniny . .
PRB-Léiensiration Project

104




Injection Screen

RB Demonstration Test Slot

. e
Direct Push Drill Rig
Advanced Injection Rods
to Target Depth

EVO Totes, Mixing Tanks,
and Pumps Within
Containment Pad

Hose Ramps & Traffic
Delineators

The History of Wastewater Planning
and Implementation in Orleans, MA
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105

monstration Groundwater Monitoring

rior to Injection — Baseline Sampling . LaboratoryAnalysis

Juring Injection to Monitor Distribution Alkalinity as CaCO3 (mg/L)
agr o 0 0 0 Ammonia (mg/L)
nitial Post-injection Sampling in Early January 2017 pe———
arterly Sampling - February 2017 thru June 2023 27 (i)
= Chloride (mg/L)
1 Dissolved Iron (mg/L)

Dissolved Organic Carbon (mg/L)
Dissolved Oxygen (DO, mg/L) Methane (ug/L)

pH (SU) Nitrate as N (mg/L)
Redox Potential (ORP; mV) Nitrite as N (mg/L)

Specific Conductivity (uS/cm) Nitrogen (mg/L)

Sulfate (mg/L)
Total Kjeldahl Nitrogen (mg/L)

Total Nitrogen (mg/L)
The History of Wastewater Planning

Page 106 AECOM
and Implementation in Orleans, MA

Temperature (°C)
Turbidity (NTU)
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al Injections (Round 1) November 2016

The History of Wastewater Planning Page 107
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107

Extension (Round 2) June 2018

dwater Flow Complex
water Recharge Basins
ewater Discharge at Multiple

d Mounding
B to the north

dwater From the West
njection Points
O Diluted to

The History of Wastewater Planning

and Implementation in Orle

leans, MA
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Nitrate Concentration (mg/L)

40

250
November 2016 PRB June 2018 P_RB )
Demonstration Injections Demonstration Extension
35 Injections
- 200
30

¥}
ol

(

[
=}

)
| (ORP)

Oxidation Reduction Potential L 150

15 +

Dissolved Organic Carbon (DOC) ] L 100

DOC Concentration (mg/L) or ORP (mV)

10
\ A N\
5 » ne
J 153.0 _1275 -152.1 -130.5
| 11980 10210 1330 -1222 Je7q -1207
B a & - - - ey & "~
0 T 3 L — & o * L 3 *— 0
8/18/2016 3/6/2017 9/22/2017 4/10/2018 10/27/2018 5/15/2019 12/1/2019 6/18/2020 1/4/2021
Sample Date
e MW-B2010C Nitrate e MIW-B2010C DOC === MW-B2010C ORP
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40 350
November 2016 PRB June 2018 PRB
Demaonstration Injections Demonstration
15 A Extension Injections
- 300
30 [ Oxidation Reduction Potential (ORP)
L =)
250 .§.
- 2
B + g
L o
= 5
E \ )ﬂ L 200 %
®
z 20 / -
g N 5
s ®
8 Dissolved Organic Carbon (DOC) ] F 150 £
£
ﬁ 15 a g
£
z 8
Nitrate [ 100 §
10 —J
A
5 50
-29.5
0 } et Lo
8/18/2016 3/6/2017 9/22/2017 4/10/2018 10/27/2018 5/15/2019 12/1/2019 6/18/2020 1/4/2021
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Sample Date

= MW-B10508 Nifrate = ==MW-B1050B DOC  ——b—M\W-B1050B ORP
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MAY 2020

Legend
%  Monitoring Well

@ Jun 2018 Injection

® Nov 2016 Injection

Nitrate Concentration (mg/L)
[ Jo-20

[ J20-40
[J40-s0

e

MW-B1020C
i <0.03.

$ MW-B1010C
<0.21 f
’ MW-B2020C

0.618
® 4 /
® % MW-B2010C
| g <003 0 5 10

el
® 4
@ @ &
® ‘f MW.BC2C D02 30
- Feet
;5 ® 200 e

P MW_BUZCA d 1 inch = 30 feet

T S
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TOWN OF ORLEANS, MA
WATER QUALITY AND
WASTEWATER PLANNING

NITRATE ZONE C SHALLOW

PRB Carbon Substrate Delivery Point

— Approximate Groundwater Flow

111

c
NORTHWEST

Cross Section Upgradient to Downgradient — Nitrate mg/L

C
MORTHEAST

M

Elevation (ft)
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o 3
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1 1o 120 1 1 150 160 170 180 180 197
Herizontal Scale (ft)
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Chart 1
Nitrate and DOC Concentrations at Eldredge Park Way PRB Demonstration - MW-B10208

DA Comarirann e w57

/

R Dt

e MAAKER PR W UDEDOC  —am M IO

113

nclusions to Date

RB Demonstrates Denitrification in a
igh Permeability Sandy Aquifer
ntinues to Effectively Reduce Nitrate
x 3 Years After Initial Injection

rease in Oxidation-reduction Potential
se in Dissolved Organic Carbon
e in Nitrate Concentrations
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ential Full Scale PRBs

tal of ~34,000 Linear Feetin 3

k Harbor Estuary

The History of Wastewater Planning
and Implementation in Orleans, MA

115

meable Reactive Barrier Unit Costs
~ Descripon  UnitCost

Implementation Cost ($/LF)

Replacement Cost' ($/LF Annual basis)
Monitoring Cost’ ($/LF)

Notes:

1. Replacement costs will occur every 15 years for PRB reinjection.

2. Monitoring costs represent an average on $/LF basis. This may vary
by location due to reporting efforts and costs.

The History of Wastewater Planning Page 116
and Implementation in Orleans, MA
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itional System - Unit Costs

Gravity Sewer (If)

Low-Pressure Sewer (If)

Pumping Station (each) $ 1,500,000
Force Main (If) $ 200
Highway Crossing (l.s.) $ 500,000
O&M Cost ($/gal) $ 1.75

Notes:

1. Based on the Average of Bids Received on May 6, 2020 for
Contract 2019-02 - Downtown Area Collection System and
Pumping Stations

. O&M Cost Based on Estimated O&M Cost for Contract 2019-02
- Downtown Area Collection System and Pumping Stations

The History of Wastewater Planning
and Implementation in Orleans, MA

WWTF ($/gal)

Force Main (If)

Effluent Disposal ($/gal)
O&M Cost ($/gal)

Notes:

1. Based on the Average of Bids Received on May 13, 2020 for
Contract 2019-01 - Downtown Area WWTF and Effluent
Disposal

. O&M Cost Based on Estimated O&M Cost for Contract 2019-01
- Downtown Area WWTF and Effluent Disposal

Page 117
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itional Life Cycle Cost Analysis (LCCA)

NN INEIT10

A Assumptions

The History of Wastewater Planning
and Implementation in Orleans, MA

+» N Removal Assumptions

> PRBs - 80% Removal from
Watershed

» Traditional System - 100%
from Watershed

Note: Utilized 26.25
Studies

Page 118
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Bs vs Traditional System

e [ e [
Pleasant Bay Estuary

Blossom X X

Briar Spring

Duck Hole

Gosnold

Granny’s

Keziah’s

Mayflower

Monument

Namequoit, Ridge & Lockwood

The History of Wastewater Planning Page 119
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Bs vs Traditional System

I e e s
Pleasant Bay Estuary (cont.)
Quonset 1, 2, & 3 X X X
Richwood X X X
Winslow X X X
Nauset Estuary

Norseman X X X

Tonset Road and Main Street X X X
Rock Harbor Estuary

Rock Harbor X

_;

Totals 12 3 7

The History of Wastewater Planning Page 120
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Brewster

Chatham Source Control
Harwich

Sewering

Sl Residential Fertilizer Reduction

Total 17,717
2 Golf Course Fertilizer Reduction

On-Site Denitrifying Systems, Additional
Sewering, etc.

Remediation
Permeable Reactive Barriers
Fertigation at Golf Courses
Shellfish Propagation

Totals

The History of Wastewater Planning Page 121
and Implementation in Orleans, MA
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ementation and Monitoring Recommenda

mentation +» Sampling and Analysis
sed Schedule with Most Cost- » Baseline - Prior to Injection
tive/Favorable Locations First » During Injection - Monitor
ring Wells per 400 LF of PRB » Post Injection
= Quarterly in Year 1
= Annually Thereafter

The History of Wastewater Planning Page 122
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DEP Regulatory Meeting — June 30, 2020

» Does Not See Any Reason
PRBs Would Not Be SRF
» Nitrogen Credit
= Based on Site Specifi
and Analysis

The History of Wastewater Planning Page 123
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Assumptions Based on
ion Obtained During

The History of Wastewater Planning Page 124
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g Outcomes

ially Viable PRBs - 3 Recommended for Further Field Assess
moval of 2,115 kg/yr vs. Target of 4,996 kg/yr

RBs - 2 Recommended for Further Fie
/yr vs Target of 566 kg/yr

The History of Wastewater Planning Page 125
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ation

nformation
roundwater at Each Location
d Velocity of Groundwater Flow
hy and Hydraulic Conductivity in the Potential Vertica
ible Depth of Direct Push Injection
istry and Nitrate Concentration

The History of Wastewater Planning
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ummary of Field Investigations

Installed 46 Monitoring Wells at 17

r Quality Sampling and Analysis

The History of Wastewater Planning
and Implementation in Orleans, MA

D A=
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onitoring Well Network

water Gradient
Velocity)

The History of Wastewater Planning
and Implementation in Orleans, MA

+ Duck Hole PRB: 6 Monitoring Well
Locations - 3 Elevations Screened
at Each Location

+¢ Briar Spring PRB: 6 Monitoring
Locations - 3 Elevations Screen
at Each Location

+ Namequoit PRB: 2 Monitorin
Locations - One with 2 Scr
One with 3 Screens

+ Ridge PRB: 3 Monitori
Locations - One wi
with 2 Scree

Page 128
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- Namequoit River

131

ollection

ment of Field Groundwater < Sample Collection for Lab
Analyses
» Nitrate as N (mg/L)
» Nitrite as N (mg/L)
» Total Kjeldahl Nitr
» Total Nitrogen

> Dissolved

The History of Wastewater Planning
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gs

ater Flow Directions and + Groundwater Chemistry a
ere as Expected Concentrations Varied
» Both Anoxic and Aerobi
ditions Varied were Encountered

e Fine to Medium
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\\\ FIGURE 3
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-
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Monitoring Well Location DU-6
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ations

ater Chemistry and Redox Conditions Varied Between Sampli

nditions at 11 of the 46 Monitoring Wells

ditions Most Prevalent at Deep Monitoring Wells
ells with Anoxic Conditions had Nitrate Concent

ification May be Occurring Naturally Un

The History of Wastewater Planning Page 145
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Hole PRB Estimated vs. Observed Flux

Duck Hole Flux Range (30-foot vertical PRB)

Nitrate (mg/L)

Nitrate Flux (kg/yr.)

Low Concentration 0.80

178

High Concentration 3.62

805

Estimated sewer load based on
source strength

The History of Wastewater Planning Page 146
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B Length of 4,100 feet and a Vertical Extent of 83 feet the Po
lux is From 492 kg/yr to 2,228 kg/yr

80% Reduction in Nitrate Flux Based on PRB Perform
oe Between 394 kg/yr and 1,782 kg/yr

Recommended for Further Conside
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Spring PRB Estimated vs. Observed Flu

Briar Spring Flux Range (30-foot vertical PRB)

Nitrate (mg/L) Nitrate Flux (kg/yr.)

Low Concentration 0.42 66

High Concentration 1.37

Estimated sewer load based on

source strength

The History of Wastewater Planning
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ring Lithologic Conditions and Groundwater Chemistry Suitable
Water Table (Elevation +2 feet) Down to Elevation -40 feet (4-
ength of 2,900 feet and a Vertical Extent of 42 feet Provides and
itrogen Flux From 93 kg/yr to 302 kg/yr
o Reduction in Nitrate Flux Based on PRB Performance,

d be Between 74 kg/yr and 242 kg/yr
ion is Recommended for Further Considerat

-
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equoit and Ridge PRBs Estimated vs.
ed Flux

Combined Namequoit/Ridge Flux Range (30-Foot vertical PRB)

Nitrate (mg/L) Nitrate Flux (kg/yr.)

Low Concentration 0.03 2

High Concentration 1.21 96

Estimated Sewer Load Namequoit

Estimated Sewer Load Ridge

Total Estimated Sewer Load

The History of Wastewater Planning
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2quoit and Ridge PRBs

quoit and Ridge Lithologic Conditions and Groundwater Chemistry
e for PRB Installation

and Low Nitrate Conditions are Prevalent
¢ Conditions and Depth to Groundwater Limit PRB Construction

and Ridge Locations are Not Recommended for Further C

PRB Installation

The History of Wastewater Planning Page 151
and Implementation in Orleans, MA

151

Steps

op Full-Scale Monitoring System and Design for Duck Hole and Brie

Selection, Permit and Implement Duck Hole and Briar Spring P
2ss to Private Road Locations to Facilitate Additional PRB |
eamlined Investigation Plan for Additional PRB Investige

The History of Wastewater Planning
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ed Compliance (N Reduction)
e Cost Analysis (PRBs vs Traditional System)
ental Response (Short Term vs. Long Term)
Water Impacts (Public and Private Water Supplies: Existing and

on Costs (Capital Improvement Plan)
vs. Wastewater Service Areas
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Financial Model

August 19, 2020
(Revised December 12, 2022; May 30, 2023; June 1, 2023)
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ing and Financing Approach Elements

ter Stabilization Fund
nd Multiple Funding
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cial Model

nd
Scenarios and Predict User

own’s Decisions
rent and Future

ewater Costs for
ater Use

The History of Wastewater Planning
and Implementation in Orleans, MA

Base Assumptions

+ Betterments: Capital Costs for
Collection System and Pump

% Taxes: Capital Costs for
Infrastructure

+ User Fees: Operatio
Costs

«» Connection
Owner

Page 156

156

78



Cost Downtown Non- Septic
Estimate Downtown  Area Special Meetinghouse  Traditional s ste":i onl
Sheets Area Assessment Pond Area Technology 4 Area Y
Breakdown Area
Same for
Special Residential,
. and Non- Special Property Property
Upload Files Asse?,/sment Residentiall  Assessment % Taxes % Taxes %
° Mixed Use
Properties
Number of Property Tax . 10 Property Tax
WWTFs Assessment fesidential% o <o ssment
Non-
otdertor Residentiall
9 Mixed Use %
Financial Model Inputs and Outputs
The History of Wastewater Planning Page 157
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ial Model Betterment Example - August

and Implementation in Orleans, MA

Number of i
Land Use Classification ra———r B Annual
etterment
Commercial Condo 20.28 $5,949
Shopping Center 9.10 $2,669
General Office Building 1.32 $387
Single Family 1.78 $521
Restaurant 16.21 $4.754
Commercial Developable Land 1.00 $293
Restaurant 15.50 $4,547
Residential Condo 1.00 $293
The History of Wastewater Planning Page 158
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T'c

Massachusetts

Revenue Sources

August 19, 2020
(Revised December 12, 2022; May 30, 2023; June 1,
2023)

159

tewater Stabilization Fund

Approved at the Annual Town

g9
specific Mechanism to
Revenue and Fund
er Budgets

s from Fund Requires a
m Town Meeting

anism, Revenue
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Revolving Fund

d Requirements For 0% Interest
SRF Low Interest Loan Part 1 - Comprehensive Wast
Rate of 2% Management Plan
Part 2 - Project Purpose to
Nutrient Loads
ible for SRF Principal Part 3 - Flow Neutral
it Exceeds the State- Part 4 — Consisten
old Income Planning

Part 5 —
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ative Funding and Financing

e Hotel / Motel Tax
ased from 4% to 6%
llocated to Wastewater
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novative Funding and Financing (cont.)

pe Cod & Islands Water Protection Fund

Hotel/Motels and Short-Term Rentals
Taxed at 2.75% on Cape Cod

p to a 25% Subsidy
ard Based on Funding Available

ject is Required to be on the SRF IUP
0 Obtain Subsidy

Total Funding Received (25%
Construction of Total Construction

Phase Costs Phase Costs)
Phase 1 $59,409,200 $14,852,300
Phase 2 $32,906,000 $8,226,500 Orleanshiaatens

$23,078,800 Construc

Totals $92,315,200

The History of Wastewater Planning
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ummary of Wastewater System Funding Source

Wastewat
er
Stabilizati

Subsidies
Tourism-re

on Fund Wastewat
er
Stabilizati
on Fund
May 2021 July 2022
Summary of Funding Sources Summary of Funding Sources
for Phase 1 Project Cost for Phase 1 and Phase 2 Project Cost
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roject Costs vs Revenue Sources - July 2022

Cost with

Innovative Sources

Description and SRF 0%

Financing

Tax Burden Impact

Without Innovative Without SRF 0%
Sources Financing

Project Costs
SRF Eligible
SRF Interest
SREF Ineligible

$92,315,200
$0
$14,739,145

Totals I

$107,054,345

Revenue Sources

$92,315,200 $92,315,200
$0 $15,500,000
$14,739,145 $14,739,145

$107,054,345

$122,554,345

Cape Cod & Islands Clean Water Trust $23,078,800 $0 $23,078,800
Betterments $16,795,109 $16,795,109 $16,795,109

I Property Taxes $17,680,436 $90,259,236 $33,180,436
Wastewater Stabilization Fund $49,500,000 $0 $49,500,000
e o Totals $107,05%,34% $107,054,345 $122,554,345

165

Conclusions

R/
0‘0

Created a Fiscally Sound Funding and

Financing Plan

Flexibility to Adjust to Changing Conditions

Developed Fair and Equitable Allocation of

Costs

Property Tax Revenue Offsets

> $23M in Subsidies

> $15.5M in Interest Savings on Phase 1
SRF Loan

> $49.5M in Direct Taxes from Tourism

Over 30 Year Term (Projected)

cessful Fiscal Approach is Leading to
Water!

7 R/
0‘0 0‘0

R/
0.0
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onstru

Downtown Area Collection System
ion Progress Pho!
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Massachusetts

Other Activities

August 19, 2020
(Revised December 12, 2022; May 30, 2023; June 1, 2023)

@AECOM
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r Activities

kaket Salt Marsh Vegetation < CWMP
i > Scope of Work
= Notice of Project Chang
= Update of Completed
Activities
» Proposed Submittal

assDEP on December August 31, 2023
MassDEP on
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Town of

ol orines

Massachusetts

Nauset Regional Middle School and High
School Educational Series

August 19, 2020
(Revised December 12, 2022; May 30, 2023; June 1, 2023)
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+» Draft Lesson Plans
» Lesson Plan 1 — Traditional
Technologies (Engineering Stud
» Lesson Plan 2 — Permeable Re
Barrier (Chemistry Students)
» Lesson Plan 3 — Aquaculture
(Biology, Environmental Sc

» Lesson Plan 4 — Nitrat
Options (General
Environmenta
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Massachusetts

Action Items
August 19, 2020

(Revised December 12, 2022; May 30, 2023; June 1, 2023)

@ accom
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n Items

EP Groundwater Discharge

ive Years
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< MassDOT Memorandum of

Understanding Renewal

» Route 6, Exit 89 (fka Exit
for Aquifer Recharge

» 20-Year Agreement
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akes a Village

n of Orleans, MA
gulatory Agencies
ial Interest Groups

echnical Services, Inc.
bconsultants/Subcontractors
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