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Project Objectives

1) Assess groundwater level trends in 
bedrock in NH (statewide and regionally) 

2) Assess if trends are significant and 
reason for trends
• Water use 
• Climatic 
• Well construction practices
• Local effects (geology, topography, density 

of development etc.)
3) Make recommendations regarding 

groundwater level monitoring



Why??
• Frequent statements from drillers and the public 

about “running out of water”
• Documented changes in New England Hydrology

(growing season increase, stream flow, ice out/spring 
run-off, increased water use, land development)

• 2005 Groundwater model of the seacoast 
bedrock aquifers predicted impacts to water 
levels due to:
1) Climate change
2) Water use
3) Impervious surfaces
4) Sewering

• Known trouble spots for private and public wells
USGS SIR 2008–5222



Annual Mean Static Water Level (SWL) 
in New Bedrock Wells in NH



Background Information
• 50% of NH residents obtains their drinking 

water from bedrock wells
• 40% Private wells • 10% Public water supply

• Approximately 220,000 bedrock wells in NH

• Well construction reports have been 
submitted to the state since 1984

• Population of NH has doubled since 1984



Aquifers in New Hampshire

Only 14% of the state is 
covered by stratified drift 
aquifers.

Transmissivity less than 
or equal to 2,000 ft2/day

Transmissivity greater  
than 2,000 ft2/day



Number of Bedrock Water Supply Wells Constructed By Year in NH
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NH Monitoring Well Network Prior to 2007

Only one well in 
bedrock!



NH’s Post 2007 
Bedrock Well 
Monitoring Network 
includes 33 bedrock 
wells at 11 sites.



Existing SWL Data Sets Reviewed
• Contamination Sites – (pump and treat effects, 

shallow bedrock, well integrity)
• Canada – Quebec Province established and 

quickly unfunded water level monitoring sites
• Nova Scotia – Good data but different geology
• Maine’s Monitoring Network
• Massachusetts – 3 bedrock monitoring wells
• Water levels at large groundwater withdrawals 

sites in NH (30-40 wells)
• Well construction records in NH



Majority of bedrock 
well monitoring sites 
initiated within the last 
7-10 years



Figure 1b: Water Level Elevation in  Pelham, MA [MA-PDW 
(740 ft Deep)]
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Typical Water Level Trend in Residential Bedrock Wells 
Near Large Groundwater Withdrawal Sites in NH



Well Completion Reports in NH



Information Contained on New Well 
Construction Records

• Well driller info.
• Address/tax map
• Location coordinates 

(varies/sometimes)
• Well owner name
• Date of well installation
• Purpose of well
• Reason for well
• Type of well

• Depth of well
• Depth to bedrock
• Casing length
• Yield test info
• Static water level
• Static water level date
• Overburden material 

description
• Hydrofracture info
• Casing/grout information

Accuracy and completeness of information varies and has 
improved over time due to enforcement efforts.



What We Did
• Analyzed 60,000 reported values of water levels over the 

period of 1984-2007 reported on well construction logs
• 50% wells geolocated (gps, E-911, digital tax maps)
• Also analyzed other well characteristics

• Total well depth

• Length of well casing

• Well yield

• Depth to bedrock

• Elevation

• Proximity to topographic 
relief

• Hillside orientation

• Geology

• Deepened and replacement 
well trends

• Population density



Location of Wells 
Constructed Since 1984 
with Reported Water Levels

Records provide a high quantity 
of relatively low quality data for 
statistical analyses  (64% of 
water levels measured end in 
a “0” or “5”)



Summary of Findings
• Apparent deepening of static water levels of about 14 feet 

in newly constructed wells from 1984-2007 (the rate is 
double in some areas)

• Depth of wells, length of casing, length of casing into 
bedrock also increased in this time period

• Wells on hill slopes or higher elevation generally have 
deeper water levels, lower yields and tend to fail more 
often

• Water levels in wells located on high areas on south facing 
slopes are generally deeper than north facing slopes

• Deepening of SWL in some towns is twice the rate of 
deepening in other towns

• Not able to statistically determine if increases in water use 
is a cause for lower static water levels (too many changing 
variables with similar trends).



Probable Primary Cause of Lower 
SWL in Newly Constructed Wells

Lower heads in deeper wells coupled 
with increase casing length in bedrock 
diminish contribution of water from the 
overburden/shallow fractures result in 
deeper bedrock water levels



Typical Potentiometric Surface in 
Recharge Areas



Bedrock Well 
WELL CAP

CASING

OPEN HOLE IN 
BEDROCK 
AQUIFER

BEDROCK 
AQUIFER

OVERBURDEN 
AQUIFER

Increase in the length 
of casing advanced 
into bedrock seals off 
some recharge from 
the shallow bedrock 
aquifer and leakage 
from the overburden 
aquifer.  This 
decreases the 
observed water level 
in a well.

UNSATURATED ZONE





Mean Quarterly Static Water Levels 

(1984-2007)









Box plots nearly identical for: 

• Length of casing

• Bedrock depth

• Length of casing in bedrock

Less than 66 feet of vertical relief within 1,640 feet of the well

More than 66 feet of vertical relief within 1,640 feet of the well



Other Variables Considered
Length of time of SWL Measurement from Time 
of Well Construction



Relation of SWL to Local 
Scale Factors

• Geology
• Local Topography/Orientation
• Local hydraulics
• Density of wells



Static Water Level in Lithologic Groups





SWL are Generally Deeper on 
South Facing Hillsides

Potential Reasons
• Slopes in the southerly direction are commonly steeper in 

NH
• Increased evaporation and transpiration
• Slight differences in rainfall/temperature
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How this Information Can Be Used
• Determine if we have adequate water level 

monitoring data
• Assess if our well construction regulations are 

impacting the viability of new wells
• Determine if well yields reported by well drillers are 

reliable
• Develop guidance/model regulations to ensure 

adequate well yield based on:
– Local conditions (geology, topography, hillside orientation)
– Site specific well construction and testing recommendations
– Density of Development

• Raises the question – Do our current well construction 
guidelines/regulations inadvertently adversely affect water 
quality & quantity sometimes?



Proposed Groundwater 
Monitoring Network 

in NH
See NH Groundwater.com

Goals of the Network

1) Water level trends in 
bedrock in high use 
areas

2) Drought monitoring

3) Understand 
recharge/discharge 
relationships better

4) Climate change trends
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