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Purpose

• Project in cooperation with the Oklahoma Water Resources Board

• General questions:

1. How much groundwater is available in the Boone and Roubidoux aquifers?

2. How much groundwater might be available in the future in the Boone and 

Roubidoux aquifers?

• To achieve these goals:

• Conceptual water budget (1980–2017) 

• Groundwater-flow model



Study Area and Hydrogeologic Units

  

Study area

• Nationally referred to as the Ozark Plateaus Aquifer 

System

• Extends into Kansas, Missouri and Arkansas
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Hydrogeologic Units

  

Confining unit thin

Roubidoux 

aquifer 

mostly 

confined

Boone aquifer 

confined

Boone confined in 

southern portion of the 

study area

Aquifer below Roubidoux 

aquifer very thin or not present

Boone aquifer unconfined

Southern extent based on salt-water and fresh-

water limits along Arkansas River



Hydrogeology

  

Boone Aquifer

• Mostly made up of limestone

• Relatively thin

• Does not yield as much as Roubidoux

• Karst prone

Roubidoux aquifer

• Mostly made up of limestone and 

dolostone, also, some sandstones

• Much thicker than the Boone aquifer

• Relatively high yields

• Karst prone



Long-term Climate

  

Recently cooler than average

Recently wetter than average



Land Use

  

Mostly 

grassland/pasture and 

forest

Crop cover 

mostly 

where 

Boone 

aquifer is 

confined



Components of flow to the Boone and Roubidoux aquifers

  

https://www.usgs.gov/media/images/water-cycle-png

• Many different 
inflows can 
contribute water 
to the aquifer

• The goal is to 
identify which 
sources are 
substantial to the 
groundwater-
flow budget



Components of flow to the Boone and Roubidoux aquifers

  

  

• Conceptual model is an average flow into and out of the aquifer

• For this report, the study period was 1980–2017

• Recharge – net flow of precipitation to the aquifer

• Seepage – net flows from streams, lakes, and springs

• Groundwater use – reported groundwater use 

• Flows across boundaries – flows to other parts of the aquifer

• Leakage – flows from the Boone to the Roubidoux (or vice versa)

• Groundwater storage change – change in the amount of water in the aquifer

  



Recharge

  

Modified from Barlow and Leake, 2012
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Recharge — Rorabaugh (RORA) method (Rorabaugh, 1964)

  

• USGS Groundwater Toolbox 

(USGS, 2018)

• Used 16 USGS streamgages

• About 10.62 inches annually

• Equation:

• 𝑅 =
2∗ 𝑄2−𝑄1 ∗K

2.3026

  



Base-flow separation

  

• Base flow is the component of 

streamflow from the aquifer

• Want to estimate base flow

• Difficult to measure 

directly

• Commonly estimated by 

hydrograph methods 

“Estimated by plotting”

• We used the base flow index 

(BFI) method (Wahl and Wahl, 

1995) for this project

  

Data from Institute of Hydrology, 1980

Streamflow

Base flow



USGS Streamgage 07196000 Flint Creek near Kansas, Okla. 

  

• Streamflows and 

base flows don’t 

show strong 

downward or 

upwards patterns

• Annual base flows 

are about 50 percent 

of streamflow on 

average

• This example is like 

other streams in the 

area



Groundwater Use

  

Boone groundwater withdrawals 
mostly the same year-to-year

Roubidoux groundwater withdrawals mostly the same 

year-to-year. More fluctuation than Boone.

Mostly public supply

Mostly domestic use

All non-domestic groundwater use is from the Oklahoma Water Resources Board’s reported groundwater-use database (Chris Neel, Water 

Rights and Administration Division Chief, Oklahoma Water Resources Board, written commun., 2020).

Domestic groundwater use is from Knierim and others (2017).



Leakage, flows across boundaries, and changes in groundwater 

storage 

  

• Leakage assumed 8 percent 

of recharge based on 

previous studies (Imes and 

Emmett, 1994)

• Changes in groundwater 

storage

• 0 acre-ft

• Relatively flat 

groundwater levels for 

most of the aquifer

• Flows across boundaries 

assumed to balance the 

inflows minus outflows after 

all other flows calculated

Relatively flat groundwater levels



Conceptual water budget

  

Represents long-term 

average flows (1980–2017)



Conceptual water budget

  

Flows in the Boone aquifer 

generally much greater than 

those in the Roubidoux 

aquifer

Boone

aquifer
Roubidoux 

aquifer



Conceptual water budget

  

Recharge and seepage 

generally the greatest inflows 

and outflows

for the Boone aquifer



Conceptual water budget

  

Flows from outside of the study area and 

leakage from the Boone aquifer are 

generally the greatest inflows and 

outflows for the Roubidoux aquifer



Conceptual water budget

  

Groundwater use is generally a small 

component of the conceptual water 

budget for both aquifers



Recharge – Soil-Water-Balance Model

  

Recharge

• Model estimates 

recharge

• Can get better spatial 

representation of 

recharge than 

conceptual model 

methods

• Calibrated to 

conceptual model

• Outputs used as 

inputs to groundwater-

flow model

Modified from Westenbroek and others (2018)



Groundwater-Flow Model

  

• MODFLOW-NWT finite 

differences groundwater flow 

model

• 4 layers – Western Interior Plains 

Confining System, Boone 

aquifer, Ozark confining unit, and 

the Roubidoux aquifer

• 2,000 ft cell size (approximately 

92 acres)

• Simulates lakes, streams, 

springs, groundwater use, 

recharge and flows across 

boundaries

Wells in black

Streams in 

darker blue

Lakes in 

lighter blue

Flows across 

boundaries in pink 

Springs in 

orange



Groundwater-Flow–Model Budget

Long-term 

change in 

groundwater 

storage 

close to 

zero

Note: scale is 

almost 10 

times greater 

for Boone plot

Wet period Wet period
Wet 

period

Wet period

Dry period

Dry 

period

Dry period Dry period



Groundwater-Flow Model– Boone Aquifer Saturated Thickness 2017

Mostly 100 

to 300 ft 

saturated 

thickness



Groundwater-Flow Model– Roubidoux Aquifer Saturated Thickness 2017

• More variable than 

Boone Aquifer

• Mostly more than 

500 ft saturated 

thickness

• Much more 

saturated thickness 

in southern part of 

the aquifer



Groundwater-Flow Model Scenarios

• Future projections

• Equal-proportionate-share

• Assess the aquifer response to groundwater 

withdrawals equally apportioned in each cell over 

the aquifer (fully developed)

• Minimum 20-year life of aquifer

• Median saturated thickness 15 feet after 20 

years of EPS groundwater withdrawals

• Projected 50-year groundwater withdrawals

• Scale groundwater withdrawals by 58 percent over 

50 years based on projections of increases in 

groundwater withdrawals determined by the OWRB 

(OWRB, 2012)

• Historical hypothetical 10-year drought

• Select historical period (1990–99) not in drought

• Simulate drought conditions

• Compare groundwater flows in the aquifer between 

drought and no drought

Source: https://www.usgs.gov/media/images/modflow-6-triangular-grid-example



Groundwater-Flow Model– Equal-Proportionate-Share Scenario Boone Aquifer

Boone aquifer

• All flows held constant except 

groundwater withdrawals

• About 70 percent reduction in 

groundwater storage at the end of 

each simulation

• EPS rates represent about 1,000 

times more than 2018 groundwater 

withdrawals (0.0008 [acre-ft/acre]/yr)

Years projected after 2017



Groundwater-Flow Model– Equal-Proportionate-Share Scenario Roubidoux Aquifer

• All flows held constant except groundwater 

withdrawals

• About 70 percent reduction in groundwater 

storage at the end of each simulation

• EPS rates represent about 100 to 1,000 times 

more groundwater withdrawals than 2018 

groundwater withdrawals (0.002 [acre-ft/acre]/yr)

• Leakage adjusted for no leakage from Boone 

aquifer

Years projected after 2017



Groundwater-Flow Model– 50-year Projected Groundwater Use Scenario

Small fraction of a percent change in groundwater storage

58 percent increase in groundwater withdrawals over 50 years



Groundwater-Flow Model– Hypothetical Drought Scenario

Much higher percent change in groundwater storage than 50-year scenario.

• Changed recharge from historical period (1990-99) to 

drought conditions

• Recharge reduced by 50 percent and stream inflows 

reduced by 75 percent to represent drought conditions



Groundwater-Flow Model– Hypothetical Drought Scenario

Recovery of 

groundwater storage 

took about a decade, 

although most 

recovery occurs in 

first 4 years after 

drought 



Groundwater-Flow Model– Hypothetical Drought Scenario

Streamflows decreased 

about 50 percent during 

the hypothetical drought

Represents all 

streamflows in 

the Oklahoma 

part of the 

aquifer



Groundwater-Flow Model– Hypothetical Drought Scenario

• Average change in groundwater 

altitudes about 37 ft.

• Largest decreases in 

groundwater altitude in central 

and southern parts of the 

aquifer.

• Boone and Roubidoux 

groundwater altitude changes 

were similar.

• “Lighter” color around the 

streams shows that streams are 

providing seepage to the 

aquifers.



Summary

• Limitations

• Represents region scale groundwater flows, may be different at a local scale 

or for a specific stream

• Generalized model constructed as equivalent-porous-medium model

• MODFLOW doesn’t model karst well

• No great options to model karst

• Has been used for this aquifer previously

• Overall takeaways

1. Groundwater availability in the Boone and Roubidoux aquifers is relatively 

stable

2. Groundwater withdrawals represent a small component of the model budget

3. Changes in climate likely have more of an impact than groundwater 

withdrawals unless groundwater withdrawals greatly increase

4. The OWRB uses the results of this study to help determine the EPS and 

MAY. Often, the EPS and MAY are different than those determined by 

groundwater-flow modeling. For more information see: 
https://oklahoma.gov/content/dam/ok/en/owrb/documents/science-and-research/hydrologic-

investigations/maximum-annual-yield-determinations-fact-sheet.pdf



Questions?

Contact Shana Mashburn with any follow up questions:

shanam@usgs.gov
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