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Existing Groundwater Resources

Four Aquifers:
• The Hoppers Aquifer
• Barbadoes Pond Aquifer
• Willand Pond Aquifer
• Pudding Hill Aquifer 
Ten Production Wells 



Challenges

• Climate/Drought 
• Water Quality/Contamination

• Per- and Polyfluoroalkyl Substances (PFAS)
• Chloride 



Challenges

Climate/Drought 



Climate/Drought 



Comparison of Annual Accumulated Precipitation 
to 20-Year Average Accumulated Precipitation for 2015 - 2023
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Thompson Farm, Durham, New Hampshire
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DOVERDOVER



Precipitation Forecast June – September  2024 



Climate/Drought 

DOVERDOVER

• More frequent droughts
• More intense storms 
• Water use restrictions 

• More frequent droughts
• More intense storms 
• Water use restrictions 

20202016-20172001-2002 2022



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



Groundwater 
Monitoring 
Programs –

1) City Wide
(24 wells)
2) Pudding Hill 
Aquifer (50 
wells)



Indicator Water Level Monitoring Locations  
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Monitoring Well LT7

Plot of Water Level Elevation for July 1, 2016 to April 23, 2024
Long-Term Groundwater Monitoring Program

Dover, New Hampshire
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The Hoppers Aquifer

Emery & Garrett Groundwater Investigations, A Division of GZA
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Plot of Water Level Elevation for January 1, 2018 to April 23, 2024
Long-Term Groundwater Monitoring Program

Dover, New Hampshire

Willand Pond

Emery & Garrett Groundwater Investigations, A Division of GZA

Permitted 
Limit 184 ft
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Monitoring Well DPH-MW8

Long-Term Groundwater Monitoring Program
Dover, New Hampshire

Plot of Water Level Elevation versus Time for August 10, 2016 to April 23, 2024
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Pudding Hill Aquifer

Emery & Garrett Groundwater Investigations, A Division of GZA

12 feet of Recovery Since 
Pumping Stopped



Biannual Monitoring in Support of NEMR 
Groundwater Management Permit-Contract 
Pending with Schnitzer/NEMR for 2024 
• Monitoring in April and November on City Property Coordinated with Schnitzer’s 

(NEMR) consultants --- Water quality monitoring of up to 15 locations 

• Water level monitoring of 29 locations

• Supplemental sampling in support of overall contaminant monitoring (typically in 
August)

• Large Groundwater Withdrawal Permit Monitoring (DPH #1 and Ireland Well) in 
April and August

Emery & Garrett Groundwater Investigations, A Division of GZA



Challenges

Water Quality 
Contaminants 



Known for excellence.  Built on trust.

Emerging Contaminants – PFAS
(Per- and Polyfluoroalkyl Substances)

• 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.

1,000’s of compounds; < 100 can readily be quantified

Persistent: C-F bonds extremely stable in the environment

Bioaccumulative & Toxic 

Emerging contaminant of concern (regulatory goalposts have moved)

PFAS

PFAS
Current NH 

MCL 

New 
Enforceable 
Federal MCL

Maximum 
Contaminant 

Level Goal
PFOA 12 4.0 0
PFOS 15 4.0 0
PFNA 11 10 10
PFHxS 18 10 10
HFPO-DA (GenX) None 10 10
Mixture of two or more: PFNA, 
PFHxS, HFPO-DA, and PFBS None

Hazard Index 
of 1

Hazard Index 
of 1

Units are parts per trillion (ng/L)
(Roughly one drop in 20 
Olympic-sized swimming pools)



Known for excellence.  Built on trust.

PFAS
Dover Production Well PFAS Data Summary

Aquifer Production Wells

Maximum Per- and Poly Fluoroalkyl Substance (PFAS) Concentration Detected

Number of 
Sampling Rounds

Number of Rounds 
PFAS Detected

Monitored 
SincePFOA PFNA PFOS PFHxS PFBS

W
ill

an
d 

Po
nd

Smith Well NON-DETECT NON-DETECT NON-DETECT NON-DETECT NON-DETECT
6 None 2018

Cummings Well 2.09 NON-DETECT NON-DETECT NON-DETECT NON-DETECT
6 1 2018

Well DWP-PW2 NON-DETECT NON-DETECT NON-DETECT NON-DETECT NON-DETECT
6 None 2017

12-Inch Well NON-DETECT NON-DETECT NON-DETECT NON-DETECT NON-DETECT
6 None 2017

H
op

pe
rs Calderwood Well NON-DETECT NON-DETECT NON-DETECT NON-DETECT NON-DETECT

6 None 2018

Campbell Well 2.71 NON-DETECT NON-DETECT NON-DETECT NON-DETECT
6 3 2018

Ba
rb

ad
oe

s 
Po

nd

Hughes Well NON-DETECT NON-DETECT NON-DETECT NON-DETECT NON-DETECT
6 None 2018

Bouchard Well NON-DETECT NON-DETECT NON-DETECT NON-DETECT NON-DETECT
5 None 2018

Pu
dd

in
g 

H
ill Well DPH#1 16.8 4.08 6.28 14.4 2.96

72 46 2017

Ireland Well 106 NON-DETECT 173 50.7 13.8
42 30 2016

Boldface concentrations exceed newly established federal MCL.



Known for excellence.  Built on trust.

PFAS
Dover Production Well PFAS Data Summary

Boldface concentrations exceed newly established federal MCL.



Known for excellence.  Built on trust.

Sodium (Na) and Chloride (Cl) Monitoring

0

50

100

150

200

250

300

0

20

40

60

80

100

120

140

160

Aug-17 Dec-18 Apr-20 Sep-21 Jan-23

Ch
lo

rid
e 

Co
nc

en
tr

at
io

n 
(m

g/
L)

So
di

um
 C

on
ce

nt
ra

tio
n 

(m
g/

L)

CL SMCL = 250 mg/L

Smith Well

Cummings Well
Willand Pond 12-Inch Well

Willand Pond Well DPW-PW2

Dashed Line = Chloride Concentration
Solid Line = Sodium Concentration



Sonde Locations

Deploy three sondes
(One existing and two proposed 
MWs)
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Iron Concentration

Bouchard

Hughes

Barbadoes Pond Aquifer

• Iron, manganese, and arsenic (Bouchard)
• Pike Excavation near Hughes Well
• Connect Hughes, add treatment at Hughes, drill 

new well closer to French Cross?
MCL = 0.300 mg/L

SMCL = 0.300 mg/L



Artificial 
Recharge 



 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

Schematic of Artificial Recharge Process



Emery & Garrett Groundwater Investigations, A Division of GZA

Artificial Recharge



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



BROX QUARRY



Hoppers Aquifer Discussion

• Brox 
Quarry 
Excavation



Emery & Garrett Groundwater Investigations, A Division of GZA

Brox Pit Discussion



Hoppers Aquifer Discussion



Action Items/Next Steps 

• Completion and Implementation of Aquifer Management Plan
• Operations – Critical Water Levels

• Standard Operating Procedures

• New Groundwater Source Exploration and Development 
• Pudding Hill Treatment and Start up of Artificial Recharge
• Re-Permit Griffin Well for use as an emergency backup well
• Continuation of monitoring with Schnitzer once PFAS 

Treatment Plant is in operation

Emery & Garrett Groundwater Investigations, A Division of GZA



New Source 
Exploration



New Source Exploration – DOV-3



New Source Exploration – Sand and Gravel

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



Steps/Action 
Items



Aquifer Management Plan Key Elements 

1. Production Well Testing and Data Summary

2. Citywide contaminant threat inventory 

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

4. 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

> X feet above trigger

< Y feet above trigger but still above 
pump shut down level

Below trigger

Emery & Garrett Groundwater Investigations, A Division of GZA

Pumping is ok

Consider using 
other WPs

Stop Pumping Well



Emery & Garrett Groundwater Investigations, A Division of GZA
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Aquifer Management Planning  

Alert 
Alert 

Caution 
Caution 

Pump as Needed Pump as Needed 

Permit Limit 
184 ft
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Emery & Garrett Groundwater Investigations, A Division of GZA

Aquifer Management Planning  

Alert 

Caution 

Pump as Needed 

Campbell Well Water Level 



Further 
Discussion? 



Precipitation Forecast November 2023 – June 2024 
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Monitoring Well DWP-MW16D

Plot of Water Level for July 1, 2016 to April 23, 2024
Long-Term Groundwater Monitoring Program

Dover, New Hampshire
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Willand Pond Aquifer

Emery & Garrett Groundwater Investigations, A Division of GZA



Known for excellence.  Built on trust.5/1/2024
Pg 50

PFAS

PFAS Detected - Pudding Hill Aquifer 
Monitoring Wells 
(maximum concentrations of regulated PFAS detected 2022)
• PFOA – 257 ng/L (MW2-17, Feb)
• PFOS – 305 ng/L (MW2-17, Feb)
• PFNA – 6.30 ng/L (MW9-17, April)
• PFHxS – 92.3 ng/L (MW2-17, Feb)

Dover Water Supply Recent Data Summary

Artificial Recharge Intake Nov 
• PFOA – 3.2 ng/L
• PFOS – 3.59 ng/L

Spring 2 (DPH-MW-Spring 2) Nov
• PFOA – 75 ng/L
• PFOS – 71 ng/L
• PFHxS – 36.3 ng/L



Willand Pond Aquifer Discussion
• Iron and manganese concentrations

• Willand Pond depth in drought

• Chloride Intrusion monitoring 

• Lowell Ave PFAS source

• Zoning Ordinance Changes/Aquifer Protection Zoning 

• Recommend same changes in Somersworth?

• Conservation/protection of Land? 0.00
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