
Consumptive Water-Use Coefficients for 
the Great Lakes Basin and Climatically 
Similar Areas 

By Kimberly H. Shaffer and Donna L. Runkle 

National Water Availability and Use Program 

Scientific Investigations Report 2007–5197 

U.S. Department of the Interior
U.S. Geological Survey



U.S. Department of the Interior
DIRK KEMPTHORNE, Secretary

U.S. Geological Survey
Mark D. Myers, Director

U.S. Geological Survey, Reston, Virginia: 2007
 

For product and ordering information: 
World Wide Web:  http://www.usgs.gov/pubprod 
Telephone:  1-888-ASK-USGS

For more information on the USGS—the Federal source for science about the Earth, its natural and living resources, 
natural hazards, and the environment: 
World Wide Web:  http://www.usgs.gov 
Telephone:  1-888-ASK-USGS

Any use of trade, product, or firm names is for descriptive purposes only and does not imply endorsement by the 
U.S. Government.

Although this report is in the public domain, permission must be secured from the individual copyright owners to 
reproduce any copyrighted materials contained within this report.

Suggested citation:
Shaffer, K.H., and Runkle, D.L., 2007, Consumptive water-use coefficients for the Great Lakes Basin and climatically 
similar areas: U.S. Geological Survey Scientific Investigations Report 2007–5197, 191 p.  



iii

Contents

Part 1—Main Report

Abstract ...........................................................................................................................................................1
Introduction.....................................................................................................................................................1

Purpose and Scope ..............................................................................................................................2
Overview of Report ......................................................................................................................2
Methods.........................................................................................................................................8

Consumptive-Use Coefficients by Water-Use Category .......................................................................14
Domestic and Public Supply .............................................................................................................17
Industrial...............................................................................................................................................30

Industrial Use by Major Standard Industrial Classification Codes ...................................38
Thermoelectric Power .......................................................................................................................46
Irrigation ...............................................................................................................................................53
Livestock...............................................................................................................................................61
Commercial ..........................................................................................................................................66
Mining ...................................................................................................................................................69

Comparison of Consumptive-Use Coefficients by Area ........................................................................73
Summary and Conclusions .........................................................................................................................75
Acknowledgments .......................................................................................................................................75
References Cited..........................................................................................................................................76
Glossary .........................................................................................................................................................83

Part 2—Annotated Bibliography and Appendixes

Annotated Bibliography ..............................................................................................................................85
Appendix 1. Tables from U.S. Geological Survey Circulars on estimated use of water  

             in the United States, 1960–1995 ....................................................................................120
Appendix 2. Tables from 1983 Census of Manufacturing .................................................................152
Appendix 3. Tables from Great Lakes Commission documents ......................................................176
Appendix 4. Tables from “Water Demands in the Canadian section of the Great  

            Lakes Basin” .....................................................................................................................185
Appendix 5. Tables from “The Nation’s Water Resources, 1975” ..................................................187 

Figures
 1–4. Maps showing:
 1. The Great Lakes surface-water basin..............................................................................4
 2. States considered climatically similar to the Great Lakes States ...............................5
 3. Percent consumptive loss in the conterminous United States, by  

water-resources region, in 1995 ........................................................................................6
 4. Water-resources regions used in selection of climatically similar States ................7
 5. Representation of consumptive use by a single facility where consumptive use  

is equal to withdrawal minus return flow .................................................................................9



iv

 6. A diagrammatic example of calculating consumptive use with a water-use  
balancing equation .....................................................................................................................11

 7. Schematic of the summary tables of consumptive-use coefficients for the  
Great Lakes Basin, climatically similar areas, and the world .............................................13

 8. Graphs showing water use and consumptive use in the United States part of  
the Great Lakes Basin in 1995 and water use and consumptive use in the  
United States and Canadian part of the Great Lakes Basin in 2002 ...................................15

 9. Boxplot showing the distribution of domestic and public-supply consumptive-use  
coefficients for the Great Lakes Basin and climatically similar areas ..............................24

 10. Map showing domestic consumptive-use coefficients from various sources for  
the Great Lakes States ...............................................................................................................26

 11. Graph showing median industrial consumptive-use coefficients for the  
Great Lakes States and climatically similar states from 1960 to 1995, from  
USGS Circulars ............................................................................................................................30

 12. Boxplot showing the distribution of industrial consumptive-use coefficients for  
the Great Lakes Basin and climatically similar areas ..........................................................34

 13. Map showing industrial consumptive-use coefficients from various sources for  
the Great Lakes States ...............................................................................................................35

 14. Map showing thermoelectric power consumptive-use coefficients from various 
sources for the Great Lake States ...........................................................................................51

 15. Boxplot showing the distribution of thermoelectric power consumptive-use  
coefficients for the Great Lakes Basin andclimatically similar areas ...............................52

 16. Boxplot showing the distribution of irrigation consumptive-use coefficients for  
the Great Lakes Basin and climatically similar areas ..........................................................57

 17. Map showing irrigation consumptive-use coefficients from various sources for  
Great Lakes States .....................................................................................................................58

 18–20. Boxplots showing the distribution of:
 18. Livestock consumptive-use coefficients for the Great Lakes Basin and  

climatically similar areas ..................................................................................................65
 19. Commercial consumptive-use coefficients for the Great Lakes Basin and  

climatically similar areas ..................................................................................................68
 20. Mining consumptive-use coefficients for the Great Lakes Basin and  

climatically similar areas ..................................................................................................72 

Tables
 1. Appendix guide .............................................................................................................................3
 2. Consumptive-use definitions ......................................................................................................8
 3. Consumptive-use processes ......................................................................................................8
 4. Consumptive-use computation methods ................................................................................10
 5. Consumptive-use complexities ................................................................................................10
 6. Examples of calculating consumptive use and return flow using a  

consumptive-use coefficient for self supplied facilities ......................................................11
 7. Water use and consumptive use in the U.S. part of the Great Lakes Basin in 1995 ........14
 8. Water use and consumptive use in the Great Lakes Basin in the United States  

and Canada, 2002 ........................................................................................................................14
 9. Consumptive-use coefficient statistics for water-use categories for the  

Great Lakes Basin, climatically similar areas, and the world .............................................16
 10. Summary-table terms and descriptions..................................................................................18



v

 11. Summary of domestic and public-supply consumptive-use coefficients for  
the Great Lakes Basin, climatically similar areas, and the world ......................................19

 12. References that include discussions on unaccounted-for water (conveyance  
losses and public uses) .............................................................................................................23

 13. Selected state standards for unaccounted-for water (water losses) ...............................23
 14. Summary statistics of domestic and public-supply consumptive-use coefficients  

from Great Lakes Commission annual reports, 1998–2002 and USGS Circulars,  
1988–98 .........................................................................................................................................25

 15. Consumptive-use-coefficient statistics for domestic and public-supply water-use  
categories for the Great Lakes Basin and climatically similar areas ................................25

 16. Public-supply or domestic water withdrawals, consumptive use, and  
consumptive-use coefficients listed by continent, for selected years from  
1900 through 1995 .......................................................................................................................28

 17. Domestic and public-supply consumptive-use coefficients for major countries,  
continents, and the world ..........................................................................................................29

 18. Public-supply water withdrawals, consumptive use, and consumptive-use  
coefficients listed by European regions for selected years from 1980 through 1995 ......29

 19. Summary of industrial consumptive-use coefficients for the Great Lakes Basin,  
climatically similar areas, and the world ................................................................................31

 20. Summary statistics of industrial consumptive-use coefficients from selected  
references ....................................................................................................................................34

 21. Industrial water withdrawals, consumptive use, and consumptive-use  
coefficients, by continent, for selected years from 1900 through 1995 .............................37

 22. Industrial consumptive-use coefficients for major countries, continents,  
and the world  ..............................................................................................................................37

 23. Industrial water withdrawal, consumptive use, and consumptive-use coefficients  
for European regions for selected years from 1980 through 1995 ......................................38

 24. Industrial consumptive use for six industrial major-group categories with the  
largest consumptive use in the Great Lakes Basin in 1983 .................................................39

 25. Industrial consumptive-use coefficients, by industrial category, for six industry  
groups ...........................................................................................................................................39

 26. Summary statistics for industrial consumptive-use coefficients listed in table 25  
for six industrial groups .............................................................................................................44

 27. Ethanol-production water use, return flow, and consumptive-use coefficients .............45
 28. Industries with a consumptive-use coefficient greater than 30 percent in 1983 ............45
 29. Summary of thermoelectric power consumptive-use coefficients for the  

Great Lakes Basin and climatically similar areas .................................................................47
 30. Summary statistics of thermoelectric power consumptive-use coefficients from 

selected references ...................................................................................................................50
 31. Summary of irrigation consumptive-use coefficients for the Great Lakes Basin,  

climatically similar areas, and the world ................................................................................54
 32. Summary statistics of irrigation consumptive-use coefficients from selected  

references ....................................................................................................................................56
 33. Agricultural water withdrawals, consumptive use, and consumptive-use  

coefficients, by continent, for selected years from 1900 through 1995 .............................59
 34. Agricultural water withdrawals, consumptive use, and consumptive-use  

coefficients for European regions for selected years from 1980 through 1995 ................60
 35. Agriculture consumptive-use coefficients for large countries, continents,  

and the world ...............................................................................................................................60



vi

 36. Summary of livestock consumptive-use coefficients for the Great Lakes Basin,  
climatically similar areas, and the world ................................................................................62

 37. Summary statistics of livestock consumptive-use coefficients for selected  
references  ...................................................................................................................................64

 38. Livestock consumptive-use coefficient statistics for the Great Lakes Basin,  
climatically similar areas, and all references including and excluding  
Solley and others (1998) and excluding agriculture coefficients .......................................65

 39. Summary of commercial consumptive-use coefficients for the Great Lakes Basin  
and climatically similar areas ...................................................................................................67

 40. Summary statistics of commercial consumptive-use coefficients for selected  
references ....................................................................................................................................68

 41. Summary of mining consumptive-use coefficients for the Great Lakes Basin,  
climatically similar areas, and Canada from 1975 through 2004 .........................................70

 42. Summary statistics for mining consumptive-use coefficients from selected  
references ....................................................................................................................................72

 43. Consumptive-use coefficient statistics for the Great Lakes Basin, climatically  
similar areas, and the world, by water-use category ...........................................................74

 1–1. Domestic water-use category: total withdrawals, water consumed, and  
consumptive-use coefficients, by USGS compilation year, for the Great Lakes  
Basin and Great Lakes States ................................................................................................120

 1–2. Domestic water-use category: total withdrawals, water consumed, and  
consumptive-use coefficients, by USGS compilation year, for water-resources  
regions and states climatically similar to the Great Lakes Basin .....................................122

 1–3. Industrial water-use category: total withdrawals, water consumed, and  
consumptive-use coefficients, by USGS compilation year, for the Great Lakes  
Basin and Great Lakes States ................................................................................................125

 1–4. Industrial water-use category: total withdrawals, water consumed, and  
consumptive-use coefficients by USGS compilation year, for water-resources  
regions and states climatically similar to the Great Lakes Basin .....................................127

 1–5. Thermoelectric power water-use category: total withdrawals, water consumed,  
and consumptive-use coefficients, by USGS compilation year, for the  
Great Lakes Basin and Great Lakes States ..........................................................................130

 1–6. Thermoelectric power water-use category: total withdrawals, water consumed,  
and consumptive-use coefficients, by USGS compilation year, for the water- 
resources regions and states climatically similar to the Great Lakes Basin .................132

 1–7. Irrigation water-use category: total withdrawals, water consumed, and  
consumptive-use coefficients, by USGS compilation year, for the Great Lakes  
Basin and Great Lakes States ................................................................................................135

 1–8. Irrigation water-use category: total withdrawals, water consumed, and  
consumptive-use coefficients, by USGS compilation year, for water-resources  
regions and states climatically similar to the Great Lakes Basin .....................................137

 1–9. Livestock water-use category: total withdrawals, water consumed, and  
consumptive-use coefficients, by USGS compilation year, for the Great Lakes  
Basin and Great Lakes States ................................................................................................140

 1–10. Livestock water-use category: total withdrawals, water consumed, and  
consumptive-use coefficients, by USGS compilation year, for water-resources  
regions and states climatically similar to the Great Lakes Basin .....................................142

 1–11. Animal specialties water-use category: total withdrawals, water consumed,  
and consumptive-use coefficients, by USGS compilation year, for the  
Great Lakes Basin and Great Lakes States ..........................................................................145



vii

 1–12. Animal specialties water-use category: total withdrawals, water consumed,  
and consumptive-use coefficients, by USGS compilation year, for water- 
resources regions and states climatically similar to the Great Lakes Basin .................146

 1–13. Commercial water-use category: total withdrawals, water consumed, and  
consumptive-use coefficients, by USGS compilation year, for the Great Lakes  
Basin and Great Lakes States ................................................................................................147

 1–14. Commercial water-use category: total withdrawals, water consumed, and  
consumptive-use coefficients, by USGS compilation year, for water-resources  
regions and states climatically similar to the Great Lakes States ...................................148

 1–15. Mining water-use category: total withdrawals, water consumed, and  
consumptive-use coefficients, by USGS compilation year, for the  
Great Lakes Basin and Great Lakes States ..........................................................................149

 1–16. Mining water-use category: total withdrawals, water consumed, and  
consumptive-use coefficients, by USGS compilation year, for water-resources  
regions and states climatically similar to the Great Lakes States ...................................150

 2–1. Census of Manufacturing: summary of 1983 water-use statistics for  
Great Lakes States ...................................................................................................................152

 2–2. Census of Manufacturing: summary of 1983 water-use statistics for states  
climatically similar to the Great Lakes Basin .......................................................................152

 2–3. Census of Manufacturing: water use in manufacturing by water-resources  
regions and major standard industrial classification groups; total withdrawals,  
water discharged, and calculated consumptive-use coefficients for the  
Great Lakes Basin and climatically similar areas in 1983 ..................................................153

 2–4. Census of Manufacturing: summary of 1983 water-use statistics for major  
groups .........................................................................................................................................155

 2–5. Census of Manufacturing: summary of 1983 water-use statistics for industry  
groups and individual industries ............................................................................................157

 3–1. Consumptive-use coefficients used by Great Lakes jurisdictions, by water-use  
category .....................................................................................................................................176

 3–2. Total water use by category for the Great Lakes Basin, by year, from the  
Great Lakes Commission annual reports, 1998–2002 ..........................................................177

 3–3. Self-supplied industrial water use and consumptive use for the Great Lakes  
Basin, by jurisdiction and year, 1998–2002 ...........................................................................178

 3–4. Fossil fuel power water use and consumptive use for the Great Lakes Basin,  
by jurisdiction and years, 1998–2002 .....................................................................................179

 3–5. Nuclear power water use and consumptive use for the Great Lakes Basin,  
by jurisdiction and year, 1998–2002 .......................................................................................180

 3–6. Public-supply water use and consumptive use for the Great Lakes Basin,  
by jurisdiction and year, 1998–2002 .......................................................................................181

 3–7. Domestic-supply water use and consumptive use for the Great Lakes Basin,  
by jurisdiction and year, 1998–2002 .......................................................................................182

 3–8. Irrigation water use and consumptive use for the Great Lakes Basin, by  
jurisdiction and year, 1998–2002 .............................................................................................183

 3–9. Livestock water use and consumptive use for the Great Lakes Basin, by  
jurisdiction and year, 1998–2002 .............................................................................................184

 4–1. Manufacturing water intake, consumption, and derived consumptive-use  
coefficients for the Canadian part of the Great Lakes Basin, 1972–91 ............................185

 4–2. Water intake, consumption, and derived consumptive-use coefficients for  
agriculture, electric power, water and other utilities, and wholesale and  
retail trade in the Canadian part of the Great Lakes Basin, 1972–91 ...............................186



viii

 5–1. Annual water requirements for offstream uses for agriculture, irrigation,  
and livestock during base conditions ....................................................................................187

 5–2. Annual water requirements for offstream uses for steam electrical and  
manufacturing withdrawals during base conditions ..........................................................188

 5–3. Annual water requirements for offstream uses for commercial and domestic  
water-use categories during base conditions .....................................................................190

 5–4. Annual water requirements for offstream uses for mining water-use  
categories during base conditions ........................................................................................191 

Conversion Factors and Abbreviations

Multiply By To obtain

Length
inch (in.) 2.54 centimeter (cm)

inch per year (in/yr) 25.4 millimeter per year (mm/yr)

Area
square mile (mi2) 259.0 hectare (ha)

square mile (mi2) 2.590 square kilometer (km2) 

Volume
gallon (gal) 3.785 liter (L) 

million gallons (Mgal) 3,785 cubic meter  (m3)

billion gallons (Ggal) 0.3785 cubic hectometer  (hm3)

cubic meter (m3) 0.0008107 acre-foot (acre-ft) 

million cubic meters (Mm3) 810.7 acre-foot (acre-ft) 

Rate
cubic foot per second (ft3/s) 0.02832 cubic meter per second (m3/s)

gallon per day (gal/d) 0.003785 cubic meter per day (m3/d)

gallon per kilowatthour (gal/kWh) 0.003785 cubic meter per day (m3/kWh)

million gallons per day (Mgal/d) 0.04381 cubic meter per second (m3/s)

billion gallons per day (Ggal/d) 43.81 cubic meter per second (m3/s)

cubic kilometer per year (km3/yr) 0.2399 cubic mile per year (mi3/yr)

million liters per hectare (ML/ha) 0.1069 million gallons per acre (Mgal/
acre)

Temperature in degrees Fahrenheit (°F) may be converted to degrees Celsius (°C) as follows:

°C = (°F-32)/1.8

Electricity-generation rates are given in kilowatthours (kWh) and gigawatthours (GWh).

Additional abbreviations used in this report

Circular Refers to one or a group of U.S. Geological Survey reports titled “Estimated Water use in  
    the United States in [year]” that were published every 5 years from 1950 to 2000. 

GLC Great Lakes Commission
HUC Hydrologic Unit Code
IJC International Joint Commission
NAICS North American Industrial Classification System
SIC Standard Industrial Classification
USGS U.S. Geological Survey 


	Citation
	Contents
	Figures
	Tables
	Conversion Factors and Abbreviations
	Additional abbreviations used in this report



