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Why does USGS study water use? 

- Mandated by Congress: national compilations every 5 years 

- Water use: a key part of the water cycle and water budget 

 

  



How much water is available? … Water Budgets 

http://pubs.usgs.gov/circ/2007/1308/pdf/C1308_508.pdf  

 

“Water budgets are tools that water users 
and managers use to quantify the 
hydrologic cycle…. 
 
Understanding of water budgets and 
underlying hydrologic processes provide a 
foundation for effective water-resource 
and environmental planning and 
management.”  

http://pubs.usgs.gov/circ/2007/1308/pdf/C1308_508.pdf


The success of USGS water-use science depends on: 

 

- Partnerships with State and other Federal agencies, 

- Support to States from national USGS grant funds. 

 



USGS National Water Use Compilation  

• A snapshot every 5 years 

• Key source of information on state and national trends 

• Summarizes estimated amount of water withdrawn, used and deposited  

from/to Groundwater (GW) and Surface-Water (SW) resources 



USGS National Water Use Reports 

Water use estimated at 5-year intervals since 1950  
2015 report:  https://pubs.er.usgs.gov/publication/cir1441 
 

https://pubs.er.usgs.gov/publication/cir1441


2015 Report:  

Data aggregated by county, state, gw vs. sw, and water use category 

https://pubs.er.usgs.gov/publication/cir1441 
 

https://pubs.er.usgs.gov/publication/cir1441


New England 

MA 

Water Use in the 

United States, 2015 

https://pubs.er.usgs.gov/publication/cir1441 
 

https://pubs.er.usgs.gov/publication/cir1441


New England 

Population,  

2015 



Public vs Self-Supply  

Populations, 2015 
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Industrial 

(self-supplied) 

• MA, 2015: 

 

Less self-supplied  

industrial water use 

in MA than in CT and ME.  



Thermoelectric  

Power (self-supplied) 

• Data from USGS national 

sources 

• Need: better site-specific data 

in the future 
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Irrigation 

  rates 

- inches/yr,  

  

- by crop 
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Crop and Golf Irrigation Compared 

Total Crop Irrigation Total Golf Irrigation

Irrigation:  

  - Golf courses 

   - average daily, mgd 

 

 
 



All USGS compilation data available online 

https://waterdata.usgs.gov/usa/nwis/ 

 

https://waterdata.usgs.gov/usa/nwis/


Massachusetts water use trends 



17% increase, 1985-2015 
 



16% decrease, 1985-2015 
 



28% decrease,  
1985-2015 

(Residential + non-residential) 



NA NA 

82% decrease, 1985-2015 
 



NA NA 

94% decrease, 1985-2015 
 



NA NA 

39% increase, 1990-2015 
 



Key research needs: 

• Seasonal communities:  

Resident vs non-resident populations and per capita 

volumes served by PWS in seasonal communities 

 

• Allocating irrigation withdrawals from GW vs. SW 

 

• Better estimates of withdrawals below threshold  

(< 100,000 gpd). 

 

• Better data for non-residential PWS deliveries 

 

• Development of improved site-specific databases 

 



Questions…? 



Julie Butler, Water Management Program 
MA Department of Environmental Protection 

April 11, 2019 
Water Resources Commission Meeting 
 100 Cambridge Street, Boston 

 



 
 
Outline 
 
 USGS Water Use Data & Research (WUDR) 

Program  

 

 MassDEP Project 

 -  Background & Timeline 

 -  Objectives 

 -   Progress 

 

 

 

 



Water Use Data & Research Program (WUDR) 

 USGS National Grant 
Initiative, 2015-present 
 SECURE Water Act (2009) 
 Workplan funding up to 

$26,000 
 Project funding up to 

$100,000 
 

 
 

 

 
 Assist States to improve water-

use data 
 Collection 

 Management 

 Analysis 

 Sharing  
    -  5-year USGS National Compilation 

 

 
 

 Maupin, M.A., Summary of 
Estimated Water Use in the 
United States in 2015, USGS Fact 
Sheet 2018-3035, June 2018, 2 p. 
https://doi.org/10.3133/fs20183035  

https://doi.org/10.3133/fs20183035




MassDEP WUDR Project 

 Led by WMA Program 
 Julie Butler, Richard Friend & Shi Chen 
 Addis Abebe & Jamie Dawson 

 
 
 

 
 

 Project Deliverables 
 Progress Reports 
 Final Technical Report 
 

 
 

 

WUDR Phases Timeframe 

Workplan Development  Sept 2015 – Sept 2016 

Project Application April 2017 

Project Implementation Sept 2017 – Sept 2019 



OBJECTIVES* 

1.  Electronic Non-PWS Data 5.  WMA Database QA/QC 

2.  Non-PWS Survey 6.  ASR Data Validation Rules 

3.  WMA Withdrawal Points update 7.  Data-sharing procedures 

4.  Aquifer Designations 8.  Private well use estimation 

MassDEP WUDR Project 

*Update cranberry bog water use method – not pursued 



MassDEP WUDR Project: Objective 1 
Collect non-PWS data electronically  

1. Develop electronic Annual Report Form (eARF) 
 EmailMeForm – online survey program 

 Source Unique ID creation >> data-sharing benefit 

 

2. Develop eARF Database 
 MS Access 

 Import EmailMeForm data 

 Export various water-use reports 

 

 
 

 



MassDEP WUDR Project: Objective 1 
Collect non-PWS data electronically  

Benefits: improve data analysis and data sharing 
 Monthly (vs. annual) withdrawals 

 Per-source (vs. system-wide) withdrawals 

 Up-to-date source IDs and contact information 

 Maximum daily withdrawal per year 

 Withdrawal measurement method 

 Meter calibration status 

 New source tracking 

 Reporting requirement checks 

 Automated PDF generation 

 

 

Rollout:  
December 2017 



MassDEP WUDR Project: Objective 1 
Collect non-PWS data electronically  

eARF Database 
 Generate Excel reports by basin, town, water-use; deliverable to USGS by county 

 



MassDEP WUDR Project: Objective 1 
Collect non-PWS data electronically  

Challenges:  
1. EmailMeForm limitations 

         -  Lacking basic arithmetic, 

             error flags 

         -  Export reformatting 

 

2. Low response rates (70-80%) 

         -  Ongoing outreach 

 

3. eARF Database cannot “talk” 
to WMA Database 

 



MassDEP WUDR Project: Objective 2 
Non-PWS survey 
One-time-only collection of supplemental data 

  

1.   Golf course & agricultural acreages 

2.  Crop types 

3.  Aquifer types & well depths 

4.  Source location and ID verification 





MassDEP WUDR Project: Objective 3 
Withdrawal points update 

 Add new sources since 2004 

 Correct locations of older points 

 PWS points 

 -  DEP GIS Program 

 -  DWP Database 

 Non-PWS points  

 -  Survey results (Objective 2) 

 -  WMA Database 

 -  eARF Database 



MassDEP WUDR Project: Objective 4 
Aquifer Designations 

Assign USGS aquifer codes to groundwater sources 
 Bedrock or Sand & Gravel in Massachusetts 

 PWS sources: based on well types reported in ASRs 
     -  bedrock 
     -  spring >> refer to USGS WRIR 2003-4266 
     -  gravel-packed, tubular, hand-dug, horizontal, rainey >> sand & gravel 

 

 Non-PWS sources 
     -  GIS: groundwater sources with USGS surficial geology & bedrock maps 
     -  survey results (Objective 2) 
     -  well depths 



1. Sand & Gravel 

2. Bedrock 
      - NE crystalline 
      - NY & NE carbonate 
      - Early mesozoic basin 



MassDEP WUDR Project: Objectives 5 & 6 
Database QA/QC & ASR validation rules 

WMA Database QA/QC 
 Authorized withdrawal volumes 

 Annual reported volumes since 2000 

 Contact information 

 Water uses >> align with USGS uses 

     -  Recategorize as needed (mining, aquaculture, 

          hydroelectric, snow making) 

 

ASR Validation Rules 
 Add rules to reduce data-entry errors 

    -  Unit errors (gallons vs. MG) 

     -  One-month-only entries 

 Test ASR form 



MassDEP WUDR Project: Objective 7 
Data sharing procedures 

Facilitate data-sharing with USGS via clear & consistent 

 Site identifiers 

 Terminology 

 File formats 

 Data types 

 

 New England USGS staff feedback has been very helpful 



MassDEP WUDR Project: Objective 8 
Private well use estimation 

GIS Data Sources 

 Tax Parcels 

 National/Town Census 

 Land Use (2005) 

 DEP SearchWell Database 

 Realty site web-scraping  

 DEP Water Utility Resilience Program  

     -  Critical Infrastructure GIS Mapping Initiative 

Non-GIS Data sources 

 ASR population estimates 

 Study: Inventory of Below WMA Threshold 
Water Withdrawal Sources in the Ipswich 
and Parker River Watersheds (CEI, 2018) 





MassDEP WUDR Project: Objective 8 
Private well use estimation 

Approach:  
1. Merge layer attributes         
         -  land use codes 

         -  building style 

         -  household size 

2. Filter by attributes 
        -  land use, tax parcel codes 

          -  WMA sources excluded 
          - “Resi well” = 1 if criteria are met 

3. Run Model Builder 

      -  Subtract PWS areas 

      -  Resi, golf, lawn irrigation 
      -  Other uses (time permitting) 



MassDEP WUDR Project: Objective 8 
Private well use estimation 

Preliminary Model Builder Steps 
 Residential withdrawal: subtract PWS areas & commercial parcels   

 65 rgpcd * household size if “Resi Well” = 1  

 Golf course withdrawal:  
 Acreage * 0.74 in/week * 21 weeks (~5 months) if “Golf” = 1 

 Irrigation wells within PWS areas:  
 Acreage * 5-20% parcel area * 0.6 in/week * 12 week if “Irrigation Well” = 1 

 Simplifying assumptions 

 May make adjustments following review of results – Feedback welcome 



Questions? 

Julie Butler   

MassDEP Water Management Program 

One Winter Street, Boston, MA  02108 

  

julie.butler@mass.gov 

617  292-5552 
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