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Seacoast Region of New Hampshire

Population of 
Dover:

Approx. 30,655 
(2014)
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Dover Groundwater Resources

Historic Use: 8 
gravel pack 

production wells 
to supply public 
drinking water 
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Dover Groundwater Resources

Historic Use: 8 gravel 
pack production wells 
in 4 sand and gravel 

aquifers

Calderwood 
Well

Campbell 
Well

Hoppers 
Aquifer

Smith and 
Cummings 

Wells

Willand Pond 
Aquifer

Bouchard 
Well

Hughes Well

Barbadoes 
Pond Aquifer

Griffin Well

Ireland 
Well

Pudding Hill 
Aquifer
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National Drought Monitor Classification
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Mary Stampone, NH State Climatologist ● Department of Geography, University of New Hampshire
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(Water year October 1 – September 30)

50-75 % of normal

75-100 % of normal

50                 75               100               125              150               200     % 
inches



Precipitation Deficit from January 
2016 to October 15, 2016
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Normal Precipitation 37.42”
Measured Precipitation 26.79”

Deficit = 10.63”

NOAA - The Applied Climate Information System (ACIS) 



Precipitation Deficit from January 
2015 to October 15, 2016
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Normal Precipitation 85.46”
Measured Precipitation 65.33”

Deficit = 20.13”

NOAA - The Applied Climate Information System (ACIS) 



Accumulated Annual Precipitation from 
January 2003 to October 15, 2016
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Precipitation Deficit

Above Average 
Precipitation

NOAA - The Applied Climate Information System (ACIS) 



Precipitation Deficit from January 
1964 to October 15, 1965

Emery & Garrett 
Groundwater Investigations

Normal Precipitation 81.75”
Measured Precipitation 26.82”

Deficit = 26.82”

NOAA - The Applied Climate Information System (ACIS) 



Mary Stampone, NH State Climatologist ● Department of Geography, University of New Hampshire



Historic Drought Related Issues
• Lake levels

• Stream flow

• Dam management

• Failing water supply wells (private & public)

• Public water supply shortages

• Restricting outdoor lawn watering

• Impacts on business, industry and agriculture

• Roadside withdrawals by tanker trucks

• Fire danger



Mary Stampone, NH State Climatologist ● Department of Geography, University of New Hampshire

Much 
Below 

Normal

Below 
Normal

Below Normal 7-day Average Streamflow
October 2, 2016



Streamflow
(10/3/2016)

• Piscassic, Exeter and 
Spicket Rivers had “0” flow in 
September 2016.

Oyster and Lamprey River are at 
historic lows.  No water is going 
through the Oyster River intake 
structure for Durham/UNH.



Bellamy Watershed Flow and Reservoir 
Level

• Historic Low Flow in Rivers 
• (82 years of record) • Reservoir is down 3.6 feet from overflow

• Better than 2002 when it was 5 feet down
• Current withdrawal of 2.5 million gallons/day
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The good news for Dover is they are dependent on 
groundwater resources and not surface water 

resources....as are many other communities in the 
seacoast.

However, groundwater resources can also adversely 
impaired by drought.

Emery & Garrett 
Groundwater Investigations



Groundwater Drought Mitigation 
Measures

• Large groundwater withdrawal permit volumes 
can be reduced based on phase of drought

• DES has the emergency authority to approve new 
large groundwater withdrawals

• Municipal authority can restrict or ban residential 
lawn watering and other outdoor water uses 
during drought (applies to public and private 
residential wells)

• DES may require a public water system to extend 
service to address a nearby emergency
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Other Drought Mitigation 
Strategies

• Source diversification/water resource 
management

• Artificial Recharge
• Water conservation

– Leak detection, water audits/metering, water use 
restrictions, model landscaping bylaws, indoor fixtures
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Actions taken (or to be taken) 
by the City to further 

Evaluate/Enhance/Protect 
Critical Groundwater 

Resources
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1) Design and development of 
groundwater monitoring 

program

(May 2016)

Emery & Garrett Groundwater Investigations, LLC



Purpose of program is to 
evaluate long-term water level 
and water quality variations in:

- City’s production wells, 
- Surrounding aquifers, and 

nearby ponds.
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Long-term groundwater 
monitoring includes 26 water 
level observation locations, 

starting August 2016.  

Limited additional long-term 
data has been collected since 

2010.
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This 
includes:

8 
Existing 
Water 
Supply 
Wells 
and 3 
New 

Water 
Supply 
Wells
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9 
Previously 

Existing 
Monitoring 

Wells



Emery & Garrett 
Groundwater Investigations

6 New 
Monitoring 
Wells and 2 
New Surface 

Water 
Stations 

(Barbadoes 
and Willand 

Ponds)
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Long-Term Water Level Variations in 
the Willand Pond 12-Inch Well

Lack of recovery due 
to low precipitation 

and drought



The data collected will be 
utilized in the future 

management and protection of 
the City’s groundwater 

resources.
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Drought Management Plan –
Recommended Responses

Level 1 – Alert Incipient Drought -

Level 2 – Warning Moderate Drought

Level 3 – Emergency Severe Drought

Level 4 – Disaster Extreme Drought
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What Constitutes a Drought for a Water 
Utility that Uses Groundwater?
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Level 4 – Disaster
The goal is to maintain the water level in the production well above the screen.

The Level 4 Disaster 
Trigger is the water level measured 

in the monitoring well when the 
pumping water level is at the top of 
the screen in the production well.

Production 
Well Screen

Monitoring 
Well

Groundwater 
Level – Cone 
of Depression

Production 
Well
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2) Developing New Bedrock 
Water Supply Wells for Water 
Resource Management and 

Drought Mitigation

Emery & Garrett Groundwater Investigations, LLC
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For example, additional groundwater 
development could be performed proximal 

to the Day Property

Day Property



Topographic Setting
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Bedrock Geology
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Surficial Geology
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DOV-3 Pumping Test

Pumping Rate: 100 gpm
(144,000 gpd)

Duration: 2 days
Water Level Drawdown: 311.21’
Specific Capacity: 0.32 gpm/ft

Available DD used: 90%
Recovery in 2 days: 99%
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Additional Area for Investigation
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City-Wide Investigation
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3) Artificial Recharge 
development in Pudding Hill 

Aquifer
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Unsaturated 
Sediments

Saturated 
Sediments

Water Table

Recharge Basin

Well Screen

Well
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1) Continue groundwater monitoring 
program through 2026 (extension of contract 
required);
2) Consider taking actions based on results 
of groundwater monitoring program that 
may require water use restrictions;

EGGI’s Recommendations 
for “Next Steps”

Emery & Garrett Groundwater Investigations, LLC



3) Evaluate and develop additional 
groundwater resources in bedrock aquifers 
throughout the City of Dover (e.g., Day 
property) as soon as reasonably possible; 
and
4) Continue to pursue the development of 
Artificial Recharge in the Pudding Hill aquifer 
and potentially the Barbadoes Pond aquifer.

EGGI’s Recommendations 
for “Next Steps”

Emery & Garrett Groundwater Investigations, LLC



END
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NH Daily Average Water 
Withdrawals

163,350,642 gal

NHDES Drought Messaging and Communication



Public Notice and Enforcement



Groundwater Monitoring Program

Historic Use: 9 gravel 
pack production wells 
in 4 sand and gravel 

aquifers

Calderwood 
Well

Campbell 
Well

Hoppers 
Aquifer

Smith and 
Cummings 

Wells

Willand Pond 
Aquifer

Bouchard 
Well

Hughes Well

Barbadoes 
Pond Aquifer

Griffin Well

Ireland 
Well

Pudding Hill 
Aquifer
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Precipitation & Deficit (October 3, 2016)
County Precipitation

(6 months)

(inches)

Deficit 
(6 months)

(inches)

Precipitation 
(1 year)

(inches)

Deficit 
(1 year)

(inches)

Deficit
(1 year)

%

Belknap 14.96 -8.16 30.93 -14.28 32%

Carroll 17.43 -8.22 36.78 -14.00 28%

Cheshire 16.26 -7.72 31.30 -15.57 40%

Coos 20.55 -5.14 37.26 -10.08 22%

Grafton 19.71 -5.75 37.08 -10.89 23%

Hillsborough 13.72 -9.77 29.78 -17.19 37%

Merrimack 14.68 -8.88 30.80 -15.42 33%

Rockingham 12.78 -10.26 30.09 -16.48 35%

Strafford 13.02 -10.49 31.45 -15.76 38%

Sullivan 15.52 -8.11 30.23 -15.14 33%
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Goetz, City of  Portsmouth
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Water levels in Barbadoes Pond and Monitoring Well 
near the Bouchard Well
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Annual water level variations in the Pudding Hill Aquifer and 
recovery of water level after turning off of the Griffin Well

Monitoring Well 
DP-105

Recovery of 
water level 

after turning 
off the Griffin 

Well



Monitoring Sites for the DOV-3 
Pumping Test
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Geophysical Survey Lines

Emery & Garrett 
Groundwater Investigations



Geophysical Anomaly
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