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

Hydrologic Conditions and Budgets
for the Black Hills of South Dakota,
Through Water Year 1998

Prepared in cooperation with the South Dakota Department of Environment and Natural Resources
and the West Dakota Water Development District

Water-Resources Investigations Report 01-4226

By Daniel G. Driscoll and Janet M. Carter



U.S. Department of the Interior
Gale A. Norton, Secretary

U.S. Geological Survey
Charles G. Groat, Director

The use of firm, trade, and brand names in this report is for identification purposes only and 
does not constitute endorsement by the U.S. Geological Survey.

Rapid City, South Dakota:  2001

For additional information write to:

District Chief
U.S. Geological Survey
1608 Mt. View Road
Rapid City, SD 57702

Copies of this report can be purchased from:

U.S. Geological Survey
Information Services
Building 810
Box 25286, Federal Center
Denver, CO 80225-0286



Contents III

CONTENTS

Abstract.................................................................................................................................................................................. 1
Introduction ........................................................................................................................................................................... 2

Purpose and Scope....................................................................................................................................................... 3
Description of Study Area ........................................................................................................................................... 3

Physiography, Land Use, and Climate............................................................................................................... 3
Water Use........................................................................................................................................................... 5
Hydrogeology .................................................................................................................................................... 5

Acknowledgments ....................................................................................................................................................... 11
Hydrologic Processes and Conditions ................................................................................................................................... 11

Hydrologic Processes .................................................................................................................................................. 11
Precipitation Data and Patterns.................................................................................................................................... 12
Ground-Water Response to Precipitation .................................................................................................................... 15
Streamflow Response to Precipitation......................................................................................................................... 19

Hydrogeologic Settings ..................................................................................................................................... 20
Responses to Precipitation................................................................................................................................. 32

Long-Term Trends ................................................................................................................................... 33
Relations Between Streamflow and Precipitation ................................................................................... 33
Annual Yield Characteristics ................................................................................................................... 52

Hydrologic Budgets............................................................................................................................................................... 58
Ground-Water Budgets ................................................................................................................................................ 58

Budget for Madison and Minnelusa Aquifers ................................................................................................... 60
Budgets for Other Bedrock Aquifers................................................................................................................. 62

Surface-Water Budgets ................................................................................................................................................ 66
Combined Ground- and Surface-Water Budgets ......................................................................................................... 71

Quantification of Combined Budgets ................................................................................................................ 71
Streamflow Depletions and Consumptive Withdrawals .................................................................................... 73

Quantification of Depletions and Consumptive Withdrawals ................................................................. 73
Evaluation of Consumptive Withdrawal Estimates ................................................................................. 76

General Evaluation of Budget Estimates ..................................................................................................................... 79
Summary................................................................................................................................................................................ 80
References ............................................................................................................................................................................. 82
Supplemental Information ..................................................................................................................................................... 85



IV Contents

FIGURES

1. Map showing area of investigation for the Black Hills Hydrology Study ............................................................... 4
2. Stratigraphic section for the Black Hills .................................................................................................................. 6
3. Map showing distribution of hydrogeologic units in the Black Hills area............................................................... 8
4. Geologic cross section A-A’..................................................................................................................................... 9
5. Schematic showing simplified hydrogeologic setting of the Black Hills area......................................................... 10
6. Schematic diagram illustrating hydrologic processes .............................................................................................. 11
7. Isohyetal map showing distribution of average annual precipitation for Black Hills area, water years 1950-98 .... 13
8. Graph showing distribution of monthly and annual precipitation for the study area, water years 1931-98 ............ 14
9. Graph showing mean monthly precipitation for study area and selected counties, water years 1931-98................ 14

10. Hydrographs showing long-term trends in precipitation for the Black Hills area, water years 1931-98................. 14
11. Map showing location of observation wells and cave site for which hydrographs are presented............................ 18
12. Map showing streamflow-gaging stations used in analysis of streamflow characteristics,

relative to hydrogeologic settings............................................................................................................................. 21
13. Graphs showing duration curves of daily mean streamflow for basins representative of hydrogeologic settings... 27
14. Graphs showing mean monthly streamflow for basins representative of hydrogeologic settings ........................... 28
15. Graphs showing distribution of annual yield for basins representative of hydrogeologic settings .......................... 30
16. Graphs showing long-term streamflow and precipitation trends for Battle, Castle, and Spearfish Creeks ............. 33

17-20. Plots showing relations:
17. Between streamflow and precipitation for limestone headwater basins ........................................................... 35
18. Between annual streamflow and precipitation for crystalline core basins........................................................ 38
19. Between annual runoff efficiency and precipitation for crystalline core basins ............................................... 41
20. Among selected variables derived from exponential and linear regression analyses for

crystalline core basins ....................................................................................................................................... 43
21. Graph showing coefficient of determination values for selected regressions of monthly streamflow

for Battle Creek near Keystone ................................................................................................................................ 44
22-26. Plots showing relations between:

22. Annual streamflow and precipitation for loss zone basins ............................................................................... 44
23. Annual streamflow and precipitation for artesian spring basins....................................................................... 46
24. Annual streamflow and precipitation for exterior basins.................................................................................. 48
25. Annual runoff efficiency and precipitation for exterior basins ......................................................................... 49
26. Annual streamflow and precipitation for combination basins .......................................................................... 50

27. Map showing basin yields and yield efficiencies for selected streamflow-gaging stations ..................................... 54
28. Map showing comparison between contributing surface-water areas and ground-water areas for

gaging stations in Limestone Plateau area ............................................................................................................... 55
29. Schematic diagram illustrating recharge and streamflow characteristics for selected outcrop types ...................... 56

30-33. Maps showing:
30. Generalized average annual yield efficiency, water years 1950-98 .................................................................. 57
31. Estimated annual yield potential for the Black Hills area, water years 1950-98 .............................................. 59
32. Streamflow-gaging stations used in surface-water budgets and mean flow rates, water years 1950-98 .......... 67
33. Streamflow-gaging stations used for various water-budget purposes, relative to stations

and area considered for surface-water budgets ................................................................................................. 70
34. Graph showing comparison of tributary flows to Cheyenne River, for areas within and near

Black Hills study area .............................................................................................................................................. 71
35. Schematic diagram showing hydrologic budget components for study area, water years 1950-98......................... 72
36. Schematic showing generalized average streamflow (water years 1950-98) relative to

surface geology and depletions ................................................................................................................................ 73
37. Graph showing estimated consumptive irrigation use for Rapid Creek, based on various

estimates of tributary inflow..................................................................................................................................... 77
38. Boxplot showing distribution of estimated annual consumptive irrigation use for

Belle Fourche Project area ....................................................................................................................................... 78



Contents V

FIGURES—Continued

39-43. Precipitation departure and hydrographs for selected wells in:
39. Lawrence County .............................................................................................................................................. 86
40. Meade County................................................................................................................................................... 90
41. Pennington County............................................................................................................................................ 92
42. Custer County ................................................................................................................................................... 96
43. Fall River County.............................................................................................................................................. 99

44. Plots showing relations between yield efficiency and precipitation for selected
streamflow-gaging stations....................................................................................................................................... 100

TABLES

1. Observations wells and cave site for which hydrographs are presented................................................................. 16
2. Summary of selected site information and flow characteristics for streamflow-gaging stations

representative of hydrogeologic settings ................................................................................................................ 22
3. Summary of selected regression information for crystalline core basins ............................................................... 42
4. Summary of regression information for exterior basins ......................................................................................... 45
5. Hydrogeologic influences and multiple regression information for combination basins....................................... 51
6. Summary of information used in analysis of yield characteristics ......................................................................... 53
7. Hydrologic budgets for Madison and Minnelusa aquifers for three budget scenarios ........................................... 61
8. Estimates of average precipitation, total yield, and evapotranspiration for the study area,

water years 1950-98................................................................................................................................................ 62
9. Recharge factors and outcrop areas for bedrock aquifers....................................................................................... 62

10. Average ground-water budgets for bedrock aquifers in study area, water years 1950-98...................................... 64
11. Average surface-water budgets for expanded area extending beyond study area, water years 1950-98 ................ 66
12. Average surface-water budgets for study area, water years 1950-98 ..................................................................... 66
13. Summary of linear regression information used for extending streamflow records............................................... 68
14. Estimated average flows bypassing Madison/Minnelusa loss zones for selected streams, water years 1950-98... 74
15. Bureau of Reclamation (1998) estimates of reservoir evaporation and net consumptive

irrigation demand, 1964-96 .................................................................................................................................... 75
16. Estimates of consumptive withdrawals for major irrigation areas.......................................................................... 76
17. Statistics on mean flow for selected streams with irrigation withdrawals, water years 1950-98 ........................... 77
18. Annual precipitation, in inches, and ranks for study area and counties within study area..................................... 102
19. Annual flow and precipitation data for limestone headwater basins ...................................................................... 105
20. Annual flow and precipitation data for crystalline core basins .............................................................................. 108
21. Annual flow and precipitation data for loss zone basins ........................................................................................ 112
22. Annual flow and precipitation data for artesian spring basins................................................................................ 114
23. Annual flow and precipitation data for exterior basins........................................................................................... 118
24. Annual flow and precipitation data for combination basins ................................................................................... 122
25. Monthly flow and precipitation data for Battle Creek near Keystone (06404000) ................................................ 128
26. Detailed budget for Cheyenne River....................................................................................................................... 130
27. Detailed budget for Belle Fourche River ................................................................................................................ 133
28. Annual yield, in inches, for gages used in estimating tributary flows for areas treated

as being outside of the study area boundary........................................................................................................... 136
29. Annual flows for water years 1983-98 for measured tributaries to the Cheyenne River........................................ 138
30. Calculated consumptive irrigation withdrawals for Rapid Creek, using various estimates

of tributary inflow................................................................................................................................................... 139
31. Estimated consumptive irrigation withdrawals derived from water budget for Belle Fourche Project .................. 141



VI Contents

CONVERSION FACTORS AND VERTICAL DATUM

Sea level:  In this report, "sea level" refers to the National Geodetic Vertical Datum of 1929 (NGVD
of 1929)--a geodetic datum derived from a general adjustment of the first-order level nets of both the
United States and Canada, formerly called Sea Level Datum of 1929.

Water year:  Water year is the 12-month period, October 1 through September 30, and is designated
by the calendar year in which it ends.  Thus, the water year ending September 30, 1998, is called the
“1998 water year.”

Multiply By To obtain

Metric

acre 4,047 square meter
acre  0.4047 hectare

acre-foot (acre-ft)         1,233 cubic meter 
acre-foot (acre-ft)  0.001233 cubic hectometer 

acre-foot per year (acre-ft/yr)   1,233 cubic meter per year
cubic foot (ft3) 28.32 cubic decimeter 
cubic foot (ft3)  0.02832 cubic meter 

cubic foot per second (ft3/s)  0.02832 cubic meter per second 
foot (ft)  0.3048 meter

inch (in). 2.54 centimeter
inch (in.) 25.4 millimeter
mile (mi)  1.609 kilometer

square foot (ft2)  0.09290 square meter
square mile (mi2)  2.590 square kilometer 

Other

cubic foot per second (ft3/s) 1.9835 acre-foot per day


