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U.S. Geological Survey

The USGS is one of 11 bureaus in the 
Department of Interior – Doug Burgum 
Secretary

Established by the Organic Act in 1879

We have no regulatory or management 
responsibilities

Guided by our Fundamental Science Practices

USGS Director (Vacant)

Almost 8,200 employees in offices across the 
Nation with headquarters in Reston VA

Bureau of Trust Funds Administration
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USGS Mission and Vision

The USGS mission is to monitor, analyze 
and predict current and evolving dynamics 
of complex human and natural Earth system 
interactions and to deliver actionable 
information at scales and timeframes 
relevant to decision makers.

Vision Statement: Lead the Nation in 21st-
century integrated research, assessments, 
and prediction of natural resources and 
processes to meet society’s needs.

Core Science 
Systems

EcosystemsEnergy and 
Minerals

Natural 
Hazards

Water
Resources

USGS 
Mission 
Areas



Mission Areas, Science Centers, Regions

• Partnerships with stakeholders 
developed at every level

• USGS often works directly with local 
and regional partners including tribes, 
states, municipalities, academia, other 
federal agencies, etc.
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Water Resources Misson Area
Headquarters

Water
ResourcesThe essence of the USGS Water 

Science Strategy is built on the 
concept of “water availability,” 

defined as the spatial and 
temporal distribution of water 
quantity and quality, as related 

to human and ecosystem needs, 
as affected by human and 

natural influences.

The WMA has 5 HQ Divisions 
that work to observe, 

understand, predict, and deliver 
water science by building new 
capabilities, tools, and delivery 
systems to meet the Nation’s 

water-resource needs.

USGS WMA Division Directors 

https://www.usgs.gov/mission-areas/water-resources/water-resources-mission-area-key-officials-and-organizational


Overview of the New England WSC
• Five office locations

• Over 180 staff

• Hydrologic Technicians, Hydrologists, Physical 
Scientists, Biologists, Administrative Staff, IT 
Specialists, Technical Specialists, and Program 
Managers

• Staff range from early-career students and recent 
graduates to internationally-recognized experts
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www.usgs.gov/centers/new-england-water-science-center  

• Over 140 Cooperators

• About 600 real-time and over 300 routine 
monitoring locations

• Over 50 ongoing studies

• 46 scientific publications and countless data points 
(tens of millions) released in Federal Fiscal Year 2023

https://www.usgs.gov/centers/new-england-water-science-center


USGS Groundwater 
Level Network
Completing an installation of real-time monitoring 
equipment



Massachusetts Groundwater Network

*CRN wells continue to be upgraded to real time continuous monitoring

•Massachusetts Department of 
Conservation and Recreation

•Massachusetts Department of 
Environmental Protection

•Cape Cod Commission

•U.S. Army

Cooperators and Partners

Climate Response Network (Caldwell and Fine, 2024)

https://pubs.usgs.gov/fs/2024/3057/fs20243057.pdf


*CRN wells continue to be upgraded to real time continuous monitoring



EXAMPLE OF USGS 
GROUNDWATER 
LEVEL MONITORING 
SITE IN ANDOVER



Mike Frimpter 1934 - 2021

• U.S. Army
• Williams College
• Boston University, PhD
• U.S. Geological Survey 1963 – 66
• University of Wisconsin 1966 – 71
• U.S. Geological Survey 1971 – ~94 Chief, 
Massachusetts Office 



Original 
Reports on 
the Method



The Frimpter 
Equation

Sh = Sc – Sr
OWr

(OWc – OWmax)

• Sh = the estimated depth below land surface to the high groundwater 
level

• Sc = measured depth to groundwater at site of interest
• Sr = estimated maximum annual range at the site of interest
• OWc = measured depth to groundwater at index well (same date)
• OWmax = recorded minimum depth to groundwater at index well
• OWr = maximum annual range in groundwater level at the index well



Surficial 
Geology

OWr varies by 
surficial 
geology and 
position in the 
landscape or 
setting

From Stone and Stone, 2006

https://pubs.usgs.gov/publication/ofr20061260A


Maximum 
annual range 
in water level 
in glacial till
Frimpter, 1981

Excluding Cape Cod



Maximum 
annual range in 
water level in 
stratified drift 

(sand and 
gravel)

Frimpter, 1981

Excluding Cape Cod



Selection of Sr 
in the original 

Frimpter 
method

10 ft on sand and gravel and 
terraces

Excluding Cape Cod

Frimpter, 1981



Selection of Sr 
in the original 

Frimpter 
method

4.2 feet sand and gravel and 
on valley flats

Excluding Cape Cod

Frimpter, 1981



USGS 2020 
report to 

evaluate and 
update the 

Frimpter 
method

Barclay and 
Mullaney, 2020



Annual range 
in updated 
Frimpter 
method

Based on Barclay and 
Mullaney (2020)
 and 
EXPLANATION OF Sr VALUE 
DETERMINATIONS USED IN 
MASSACHUSETTS 
FRIMPTER EQUATION 
Frimpter Equation Sr 
Values For Use In 
Massachusetts – Revised 
10/1/24 (MassDEP)

Excluding Cape Cod Updated Values 
from MassDEP 
analysis

OwMax and OWr Sr
*90th pct •Stratified drift hills: 7.96 feet
*90th pct •Stratified drift in valleys: 4.25 feet 
*90th pct •Till near streams: 7.44 feet

100th pct (max) •Till in uplands: 16.74 feet

https://pubs.usgs.gov/publication/sir20205036
https://pubs.usgs.gov/publication/sir20205036
https://www.mass.gov/doc/current-water-resources-conditions-and-frimpter-method-input-parameters/download
https://www.mass.gov/doc/current-water-resources-conditions-and-frimpter-method-input-parameters/download
https://www.mass.gov/doc/current-water-resources-conditions-and-frimpter-method-input-parameters/download
https://www.mass.gov/doc/current-water-resources-conditions-and-frimpter-method-input-parameters/download
https://www.mass.gov/doc/current-water-resources-conditions-and-frimpter-method-input-parameters/download
https://www.mass.gov/doc/current-water-resources-conditions-and-frimpter-method-input-parameters/download
https://www.mass.gov/doc/current-water-resources-conditions-and-frimpter-method-input-parameters/download


Example High 
Groundwater 

Calculation
Bedford, MA

Sc = 10.90 feet below land surface on May 15, 2024
Sh = Sc – Sr

OWr
(OWc – OWmax)



Surficial 
Geology

MassGIS Data: USGS 1:24,000 Surficial Geology | Mass.gov
Stone and others (2018)

Choose stratified drift (valley) for well 
selection and Sr determination

https://www.mass.gov/info-details/massgis-data-usgs-124000-surficial-geology


https://rconnect.usgs.gov/MA-high_gw/

Recently Updated Web Site with Values for Frimpter method
Closest well in same geology and setting is Lexington 104

Sr = 4.25, OWmax = 1.17, OWr = 2.79
Sh = Sc – Sr

OWr
(OWc – OWmax)

https://rconnect.usgs.gov/MA-high_gw/




Preliminary Information-Subject to Revision. Not for Citation or Distribution.

OWc = 
2.29

Sh = Sc – Sr
OWr

(OWc – OWmax)



Calculating 
High 

Groundwater

Sh = Sc – Sr
OWr

(OWc – OWmax)

• Sh = the estimated depth below land surface to the high groundwater 
level

• Sc = measured depth to groundwater at site of interest
• Sr = estimated maximum annual range at the site of interest
• OWc = measured depth to groundwater at index well (same date)
• OWmax = recorded minimum depth to groundwater at index well
• OWr = maximum annual range in groundwater level at the index well

Sh = 10.90 – 4.25
2.79

(2.29 – 1.17)

Sh = 9.19 ft below land surface



Groundwater-
Level 

Measurements
at site 

https://waterdata.usgs.gov/mon
itoring-
location/422806071160302/#da
taTypeId=continuous-72019-
0&period=P365D&showMedian
=true

https://waterdata.usgs.gov/monitoring-location/422806071160302/#dataTypeId=continuous-72019-0&period=P365D&showMedian=true
https://waterdata.usgs.gov/monitoring-location/422806071160302/#dataTypeId=continuous-72019-0&period=P365D&showMedian=true
https://waterdata.usgs.gov/monitoring-location/422806071160302/#dataTypeId=continuous-72019-0&period=P365D&showMedian=true
https://waterdata.usgs.gov/monitoring-location/422806071160302/#dataTypeId=continuous-72019-0&period=P365D&showMedian=true
https://waterdata.usgs.gov/monitoring-location/422806071160302/#dataTypeId=continuous-72019-0&period=P365D&showMedian=true
https://waterdata.usgs.gov/monitoring-location/422806071160302/#dataTypeId=continuous-72019-0&period=P365D&showMedian=true


Frimpter 
Method Use 
on Cape Cod

• Sr values determined from mapped 
zones of annual range with polygons 
associated with each index well

Frimpter and Belfit, 2006



Typical timing of 
high groundwater 
varies considerably
Factors include:

Position in the flow 
system (within or edge 
of lens or near coast)

Unsaturated-zone 
thickness

Preliminary Information-Subject to 
Revision. Not for Citation or Distribution.

Median Timing of High 
Groundwater Levels 2004 - 2023



Zones of GW Level Range and Index Wells
The Upper Limits of 
the Range in these 
zones is used as Sr 
in the Frimpter 
Equation

Zone Sr (ft)
A 2
B 3
C 4
D 5
E 6

Frimpter and Fischer, 1983



Zones for 
USGS Index 

Wells

Frimpter and Fischer, 1983



Cape Cod 
Commission 

Web Tool

https://www.capecodcommission.org/our-
work/estimating-high-groundwater-levels/

https://www.capecodcommission.org/our-work/estimating-high-groundwater-levels/
https://www.capecodcommission.org/our-work/estimating-high-groundwater-levels/


Frimpter 
report and 

tables

Sh = Sc – Sr
OWr

(OWc – OWmax)

“Water-Level Adjustment”



Evaluation of the Frimpter Method 
on Cape Cod• Discussing possible update 

with the Cape Cod Commission
• Statistics for OWmax and OWr 

need updating
• Mapped ranges don’t match data 

in zones
• Would be good to re-visit the 

zones for Sr

• Currently used method is 
lacking detailed 
documentation

• Method detail needed in areas 
close to the coastline



Example to 
illustrate the 
challenges of 
using the 
Frimpter 
method in 
coastal areas



Frimpter 
method in 
near-coast 

areas

• Sh calculations using 15-minute data at 
a tidal groundwater site



Questions?

Stratified Drift – Valley Setting



• USGS New England Water Science Center
• Updating Data Inputs, Assessing Trends, and Evaluating a Method To Estimate Probable 

High Groundwater Levels in Selected Areas of Massachusetts
• Determining High Groundwater Levels in Massachusetts (recent updates, latest values to 

use on Massachusetts Mainland here)
– MassDEP guidance for changes to the Frimpter Method

• Massachusetts Surficial Geology
• Groundwater Levels in New England
• Cape Cod Commission – High Groundwater Levels

• Historical Reports on Methods of Estimating High Groundwater in Massachusetts
– Probable high ground-water levels in Massachusetts
– ESTIMATION OF HIGH GROUND-WATER LEVELS FOR CONSTRUCTION AND LAND 

USE PLANNING, CAPE COD MASSACHUSETTS UPDATED 1991, REVISED 2006

Links to 
information on 
the methods to 
determine high 
groundwater 
levels and data 
sources

https://www.usgs.gov/centers/new-england-water-science-center
https://pubs.usgs.gov/publication/sir20205036
https://pubs.usgs.gov/publication/sir20205036
https://rconnect.usgs.gov/MA-high_gw/
https://www.mass.gov/doc/current-water-resources-conditions-and-frimpter-method-input-parameters/download
https://www.mass.gov/info-details/massgis-data-usgs-124000-surficial-geology
https://newengland.water.usgs.gov/web_app/GWW/GWW.html
https://www.capecodcommission.org/our-work/estimating-high-groundwater-levels/
https://pubs.usgs.gov/publication/ofr801205
https://www.capecodcommission.org/resource-library/file/?url=/dept/commission/team/Website_Resources/regulatory/HighGroundH20TechBulletin.pdf
https://www.capecodcommission.org/resource-library/file/?url=/dept/commission/team/Website_Resources/regulatory/HighGroundH20TechBulletin.pdf
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