
Dover Water Facility Improvements
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City Council Workshop June 14, 2023



Joint Presentation

• Underwood Engineers – Infrastructure

– Keith Pratt, President

• EGGI/GZA – Supply and Well Monitoring

– James Wieck, Associate Principal



Water System Improvements
400 More Years!



AGENDA

• Dover System Overview

• Projects Completed and in Process

• Future Projects 

• Supply and Demand

• EGGI/GZA… Supply and Well Monitoring
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2015 Facilities Plan

• Renew Vertical Assets (Supply and Treatment)

• Invest in the most valuable supplies

• Address most critical facilities first

• Prioritize cost-effective sources: $/GPD

• Develop a Phased Priority Program
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Significant Amount of 
Work Completed to Date!



City of Dover Water System

• 28,000 people served

• 2.0 million gallons annual average demand

• 11 wells (not all active) in four aquifers

• 3 water treatment facilities (a 4th being abandoned)

• 2 artificial recharge facilities

• 2 active water storage tanks (a 3rd tank in construction)

• 1 booster pumping station

• 1 Emergency Interconnection (another one to be installed soon)
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Storage Tanks

Rendering
Online in 2024



Emergency 
Interconnections

Pending ~2027



4 Aquifers
11 WellsHoppers - 2 Wells

Cambpell
Calderwood

Barbados - 2 Wells
Bouchard
Hughes

Pudding Hill - 3 Wells
Ireland
DPH-1
Griffin

Willand Pond - 4 Wells
Willand 1
Willand 2
Smith
Cummings
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Treatment 
Facilities

Rendering
Online in 2024



Willand Pond Aquifer

• Willand Pond Wells

• Smith and Cummings Wells

• Lowell Avenue Water Treatment Plant



Historical facilities at Lowell Avenue
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Smith and 
Cummings 

Wells
1930’s



Smith and Cummings Well House
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Today



Willand Pond Wells and Control Building



Operate wells to control Willand Pond level



Lowell Avenue Water Treatment Facility
Complete 2018



Hoppers Aquifer

• Campbell Well

• Calderwood Well

• Calderwood Chemical Treatment Facility

• Isinglass River Recharge Station



Calderwood/Campbell Wells and Treatment
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Today



Isinglass Recharge
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Today



Pudding Hill Aquifer

• Griffin Well

• Ireland Well (replacement)

• Well DPH-1

• Pudding Hill Water Treatment Facility

• Bellamy River Artificial Recharge Station



Pudding Hill Aquifer
• 3 Wells and Griffin WTP
• Bellamy River Intake
• 2 Recharge Basins and
• Pudding Hill WTP

Community Services

W

W

Intake

W



Artificial Recharge Pump Station and Intake

Today



Building Rendering....
Rendering
View from 
Driveway



Today



Pudding Hill Water Treatment Plant
Treatment Process – 3 Major Parts

GreensandPlus

Raw water 
From wells

AOP
UV-Peroxide

Granular 
Activated 
Carbon

To Clearwell and  
Distribution

Fe/Mn
1,4-Dioxane

MtBE
PFAS

NHDES
“Most Advanced Water 

Treatment Facility in New 
Hampshire”



GAC Vessels for 
PFAS Removal



June 14, 2023 (9:00 A.M.)



Barbados Aquifer

• Bouchard Well

• French Cross Road Water Treatment Facility

• Hughes Well



French Cross Road WTP
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Today



Conceptual FCR WTP Improvements



Hughes Well
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Today



Water Storage Facilities

Today



New 1 MG Tank – In Construction

Rendering

Foundation in progress

Today



Garrison Hill Reservoir

• Located near Abbey Sawyer Memorial Drive

• 4 Million Gallons

• Built in 1968 – Only tank in the main pressure zone

• Needs to be taken offline for maintenance – Need alternative storage



Dover Water System
Vertical Asset Summary

• Prior to 2016

– 18 Vertical Assets

• Today –

– 24 Vertical Assets

– 19 Renewed (79%) 



What’s Next – Construction

• Garrison Hill Reservoir Rehabilitation

• Dover Portsmouth Interconnect – General Sullivan Bridge

• Distribution Projects – Central Avenue etc.



What’s Next – Planning/Design

• French Cross Road Water Treatment Plant Upgrade

• Hughes Well Improvements

• Isinglass River Recharge Station Upgrade

• Booster Pump Station at Elevated Tank

• Update the Facility Plan

• SOP’s and O&M

• New Supply – Increased Demands and Redundancy/Resiliency. 



Supply and Demand



Flat (4-yr)



Fewer Sources

Well Production – 4 Aquifers and 11 Wells



Temporary Reduction 
of Capacity
- Pudding Hill
- Bouchard
- Hughes

2024+

Actual Production

Available Capacity – All Sources



Supply Goals

• Advance Existing Supply Improvements

– Improve/Replace Hughes Well

– Upgrade French Cross Road Water Treatment Facility

– Upgrade Isinglass Recharge Facility

• Add Supply Sources to Meet Demands and Provide 
Redundancy

– New Source Investigations



Supply Monitoring and Exploration

EGGI/GZA



Dover Water Workshop
Water Resources Update

June 14, 2023



Topics 

Existing water resources

Water resource challenges

Water resource monitoring projects overview

Next Steps/Aquifer management planning 

New source exploration 



Dover's Existing Water Resources

Four sand and gravel aquifers

Ten active production wells

Total permitted capacity >5 MGD

Pudding Hill Aquifer
1.1 MGD 
21 % of total capacity

Pudding Hill Aquifer
1.1 MGD 
21 % of total capacity

Willand Pond Aquifer 
1.7 MGD 
33 % of total capacity

Willand Pond Aquifer 
1.7 MGD 
33 % of total capacity

Barbadoes Pond Aquifer
1.0 MGD 
19 % of total capacity

Barbadoes Pond Aquifer
1.0 MGD 
19 % of total capacity

Hoppers Aquifer
1.4 MGD 
27 % of total capacity

Hoppers Aquifer
1.4 MGD 
27 % of total capacity

Water Resource Management and 
Protection is Critical 



Challenges

Climate/Drought 

Contamination
o Emerging contaminants (e.g., PFAS)

o Chloride 

Land Use



Challenges

Climate/Drought 



Climate/Drought 

DOVERDOVER

• More frequent droughts

• More intense storms 

• Water use restrictions 

Severe 
Drought

Today



Comparison of Annual Accumulated Precipitation 
to 20-Year Average Accumulated Precipitation for 2012 - 2022
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Indicator Water Level Monitoring Locations  
17 Groundwater 
Monitoring Wells 

2 Surface Water 
Stations 



Emery & Garrett Groundwater Investigations, A Division of GZA



Emery & Garrett Groundwater Investigations, A Division of GZA



Emery & Garrett Groundwater Investigations, A Division of GZA



Emery & Garrett Groundwater Investigations, A Division of GZA



Forecast 

DOVERDOVER



Precipitation Forecast May 2023 – December  2023 



Precipitation Forecast November 2023 – June 2024 



Challenges

Contaminants 



Indicator Water Quality Monitoring Locations  
10 Production Wells

14 Groundwater 
Monitoring Wells

5 Surface Water 
Locations



Known for excellence.  Built on trust.6/14/2023
Pg 63

Emerging Contaminants – PFAS
(Per- and Polyfluoroalkyl Substances)
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• Very useful properties

• Ubiquitous

• 1000’s of compounds

• Complex chemistry

Perfluorinated = Completely Fluorinated 
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Polyfluorinated = Incompletely Fluorinated 

Perfluorooctanoic Acid (PFOA)

5:3 Fluorotelomer Carboxylic Acid (5:3 FTCA)
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Figures from Taryn McKnight, Eurofins-TestAmerica



Known for excellence.  Built on trust.

Persistent: C-F bonds extremely stable in the environment

Bioaccumulative & Toxic 

Emerging contaminant of concern  (goalposts moving)

Regulations and environmental concentrations at parts per trillion

NH AGQS/MCLs established for four PFAS (11 to 18 parts per trillion –
nanograms per liter)

EPA recently proposed MCLs of 4 ng/L for certain PFAS

Monitoring for PFAS is ongoing in Dover

PFAS detected in the Pudding Hill Aquifer

6/14/2023
Pg 64

PFAS



Known for excellence.  Built on trust.6/14/2023
Pg 65

Willand Pond Aquifer Na and Cl
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CL SMCL = 250 mg/L



Proposed 
Chloride Sonde 
Locations
Deploy three sondes



Water 
Resource 
Project
Overviews 



Dover Water Supply – EGGI/GZA Project Relational Diagram

New Source 
Exploration

Pudding Hill 

Aquifer
Monitoring

• NEMR GMP
• Supplemental 

AR
Supplemental 

Aquifer 
Monitoring 

Startup and 
Monitoring

• River Stage and Flow 
Monitoring

• Water Temperature 
and Dissolved 
Oxygen Monitoring

• Groundwater Mound 
Elevation Monitoring

• Operations and 
Reporting Plan

Citywide WQ 
and Level 

Monitoring 

Long-term 
Aquifer 

Management 
Planning 

Chloride 
Monitoring

• Smith and 
Cummings 

LGWP 
Monitoring and 

Reporting

Production 
Well Testing

• City-wide

Aquifer/Water Use 
Planning 

• Level and quality-based 
operation

• Ordinance Review/Revision 
Drafting 

SWPP
• Monitoring and 

Technical Support

Artificial 
Recharge (AR)

GWDP 
Monitoring and 

Reporting 

Hoppers BROX 
Tech. Support

Fractured 
Bedrock 
Aquifer

• Day Property 
(DOV-3)

Sand and 
Gravel Aquifer

AR Basin
Piloting and 

Technical 
Support

Barbadoes 
Pond

Hoppers Willand
Pond

LGWP 
Monitoring 

and 
Reporting

Hughes Well 
Technical 
Support

Emery & Garrett Groundwater Investigations, A Division of GZA



AR
Supplemental 

Aquifer 
Monitoring 

Startup and 
Monitoring

• River Stage and Flow 
Monitoring

• Water Temperature 
and Dissolved Oxygen 
Monitoring

• Groundwater Mound 
Elevation Monitoring

• Operations and 
Reporting Plan

SWPP
• Monitoring and 

Technical Support

Artificial 
Recharge (AR)

GWDP 
Monitoring and 

Reporting 

AR Basin
Piloting and 

Technical 
Support

Emery & Garrett Groundwater Investigations, A Division of GZA



✓ 401 Certification approved

✓ Aquifer Recharge facility constructed

✓ Groundwater Discharge Permit (GDP) application summitted 
and GDP issued

401 Certification-related plans and permits (Comments received)
Condition E-10 - River stage and flow monitoring

Condition E-11 - Water temperature and dissolved oxygen (DO) monitoring

Condition E-12 - Groundwater mound elevation monitoring

Condition E-16 - Operations and reporting plan

Pudding Hill Aquifer – Artificial Recharge Update 

Emery & Garrett Groundwater Investigations, A Division of GZA



Emery & Garrett Groundwater Investigations, A Division of GZA

SWPP Surface Water Quality Monitoring

• Ubiquitous low concentrations of PFOA < 2 ng/L
• Baseline concentrations established for metals (As, Ba, Cd, Cr, Fe, 

Mn, Hg, Se, Ag, and Na) and chloride



Challenges

Land Use



Emery & Garrett Groundwater Investigations, A Division of GZA

Hoppers Aquifer 
Brox Pit



Brox Pit



New Source 
Exploration



New Source Exploration

Potential Hughes 
Well Replacement

Revaluation and 
Update of potential 
groundwater 
resources based on 
2018 EGGI study

Evaluation of the Day 
Property/Vicinity   



New Source Exploration – Sand and Gravel

Emery & Garrett Groundwater Investigations, A Division of GZA

Exploration for 
potential sand and 
gravel Aquifer 
resources in the 
vicinity of the 
Pudding Hill Aquifer 



Next 
Steps/Action 
Items



Action Items/Next Steps 

• Pudding Hill Treatment and AR

• Completion and implementation of Aquifer Management Plan

• Operations Review 

• UCMR5

• New Source Exploration 

Emery & Garrett Groundwater Investigations, A Division of GZA



Aquifer Management Plan Key Elements 

1. Production Well Data Summary

2. Water quality monitoring 

3. Citywide contaminant threat inventory 

4. Proposed amendments to Groundwater 
Protection Ordinance (170-28.3) and 
“Groundwater Protection Zones” map

5. Water level-based and water quality-based action 
levels

Water Level Elevation 
(ft)

Water Elevation 
(7/1/22) 

5-Year 
Average 

Elevation
Trigger Point 

Barbadoes Pond

DGM-SW1 127.7 128.1 125.0

FCR-9D 129.7 130.5 129.0

DGM-LT1 127.5 127.4 125.0

DGM-LT2 127.8 127.9 126.0

DGM-LT4 124.6 125.7 123.0

Pudding Hill

DP-105 93.7 92.5 80.0

DPH-7 84.2 81.3 60.0

DPH-B5 82.5 82.2 70.0

DPH-MW-1 95.3 94.2 80.0

DPH-MW2D 81.8 81.5 75.0

DPH-MW6 93.7 92.8 80.0

DPH-MW8 87.6 86.5 85.0

The Hoppers Aquifer

DGM-LT5 106.7 108.0 106.0

DGM-LT6 110.0 111.1 110.0

DGM-LT7 112.2 114.0 112.0

Willand Pond Aquifer

DWP-MW4D 174.7 174.2 171.0

DWP-MW16D 132.3 138.5 136.0

DWP-SW5* 189.9 189.6 184.0

DWP-TW1 188.3 189.3 185.0

> 3 feet above trigger

< 3 feet above trigger 
but still above trigger

at or below trigger

Emery & Garrett Groundwater Investigations, A Division of GZA

Pumping is ok
Consider using 
other WPs
Stop



Discussion



Bull Pen


