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wEPA Disclaimers

The views expressed in this presentation are those of the author(s)
and do not necessarily represent the views or policies of the U.S.
Environmental Protection Agency.

Mention of trade names or commercial products does not constitute
endorsement or recommendation for use.



Outline

e Case Study in the Arbuckle-Simpson Aquifer
* Enhanced Aquifer Recharge (EAR) site in a karst aquifer
 Early data collection efforts highlighted
* Evaluating monitoring well placement

* Takeaway: don’t manage sites underlain by fractured rock aquifers with
typical approaches


Presenter Notes
Presentation Notes
Fractured rock aquifers are some of the most complex groundwater flow systems and characterization is paramount for targeted monitoring efforts. 
Improper characterization  can waste years of time and hundreds of thousands of dollars as well as remain ineffective in monitoring the aquifer.  



SEPA Importance of Karst and Fractured Rock Aquifers

* USGS, 2021

* 40 % of US groundwater drinking
water supplies comes from karst
aquifers

 Groundwater storage is in the rock { - /7
matrix; transport is through |
openings

e Karst aquifers are highly
heterogeneous and anisotropic

I Sinkhole hotspots

[ Carbonate (limestone) bedrock
[ | Evaporite (gypsum and salt) bedrock
[ Volcanic bedrock

Source: USGS. 2021. Karst Aquifers. https://www.usgs.gov/mission-areas/water-resources/science/karst-aquifers 4


Presenter Notes
Presentation Notes
Fracture zones / karst
Higher porosity and permeability
Preferential flowpaths
Large potential for conduits

Upgradient/downgradient do not conform to conventional thinking
Predicting groundwater flow direction is a challenge



wEPA \ Arbuckle-Simpson Aquifer

Arbuckle Mountains Srm e B T XS
ilahsefrnm UI'S' Geulng_lcal S_u nrtgvdlgml datd : e : : f Geology modified from Cederstrand (1996)
ArS 8OuA. AT EONIC Prajetuon b ¥ v Digital elevation model from National
North American Datum of 1983 : i [ R s i Hlevation Dataset (2001)
Standard parallel: 29.5 ) e b ot o st
Standard parallel: 45.5
Longitude of central meridian: -96 s c
Latitude of projection origin: 23 10 15 20 MILES
1 1 1 1 1 J

EXPLANATION J
10 15 20 KILOMETERS

Ordovician—Cambrian Arbuckle Group |:| Water CO u rtesy OW R B/U SG S

Cambrian Timbered Hills Group ———  Fault

Rock-stratigraphic unit
[ J Cretaceous formation
m Permian—Pennsylvanian formations

il

Mississippian—Ordovician formations Cambrian Colbert Rhyolite === Boundary of study area

Proterozoic igneous and metamorphic rocks ——— Arbuckle-Simpson aquifer boundary

Ordovician Simpson Group



Recharge Site

Drainage Area
~ 325 acres
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Presenter Notes
Presentation Notes
Discuss potential importance of EAR site


wEPA Potential Groundwater Flow Systems

USGS suggest that groundwater flows £ 4 e oo
towards Byrds Mill Spring (BMS) - | N

EPA data suggest at least 3 groundwater
flow systems AR TS EART
e Shallow System < 150 ft

* Intermediate System ~ 250 ft
e Deep System ~750 ft

Water age at BMS < 50 yrs

Vertical groundwater movement
needs to be determined hR o

Google Earth Map of EAR site



v EPA Data Collection Activities

e Water Quality

e Groundwater (wells, springs)
Precipitation/runoff (source water)
e Surface water (pond, Blue River)
Soil porewater (vadose zone)

* Hydrology/Geology

Infiltration capacity

Sinkhole recharge capacity

e Geophysical data collection

Soil and rock core

Aquifer testing (slug/packer/pump tests)

e Climatic Data

e Component variables to compute Evapo-
Transpiration (ET) and soil moisture

Picture showmg the type of runoff
sampler installed at the EAR site.



wEPA Overland Flow Balance

Outlet Weir

Sinkhole flume

Inlet Weir .



wEPA Geophysics

Borehole Logging Tools:

* E-Log (Resistivity, SP, Temperature, Natural Gamma)
* Induction Conductivity

 3-Arm Caliper

* Acoustic Televiewer, Optical Televiewer

* Full-wave Sonic

* Fluid Sampler

* Electromagnetic (EM) Borehole Flowmeter

Surface Tools:

* Electrical Resistivity Imaging (ERI)
 EM profiler

* Magnetometer




wEPA ERI Findings (“Plumbing”)
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Presenter Notes
Presentation Notes
The lighter the color the more conductive the area is to the movement of water.
Darker the area the more competent the rock is and less conductive to the movement of water
Bottom figure show the likely plumbing from the sinkhole to Byrds Mill spring.
Appears to be a shallow “pipe” from the EAR site to BMS


wEPA ERI Findings

EAR Site map

Interpreted fractures and subsurface conduits or karst

Legend

&+ Fractures / Conduits
Pipeline

#, Sinkholes

& Weather Station

@ \Wells

Thick epikarst

Epikarst

Prominent karst

Thick epikarst

Google Earth Map
of EAR site Google Earth

12



< EPA

w

w

(@)
|

w
w
o

w

N

()]
t..l....l....l....

Elevation (m-msl)

w
N
o

315

— Level

o G

6/3/2022

6/17/2022

7/1/2022

7/15/2022 -

7/29/2022 -

8/12/2022

June 2022 Overland Flow Event

180

—6/3/2022
— 6/5/2022 11:00
—= 6/5/2022 12:00
— 6/6/2022 0:00
6/6/2022 12:00
— 6/7/2022 9:00
— 6/7/2022 12:00
— 6/8/2022 0:00
— 6/9/2022 0:00
— 6/10/2022 0:00
—»6/11/2022 0:00
—&6/12/2022 0:00
- #6/13/2022 0:00
- 6/14/2022 0:00
- 6/15/2022 0:00
& 6/16/2022 0:00
6/17/2022 0:00
# 6/19/2022 18:00

13



wEPA June 2022 Overland Flow Event
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June 2022 Overland Flow Event
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SEPA Well placement evaluated
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Presentation Notes
Discuss potential importance of EAR site
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Well placement evaluated
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Summary

 Short cuts

 Start with geophysical characterization; drill targets for confirmation and
make those locations monitoring wells

* Deploy transducers in each well (effectively capture potentiometric change)
e Use tracers/pumping tests to test your Conceptual Site Model

* Take home messages

* Traditional placing of wells (poke and hope) to create a monitoring network
can be ineffective

* Fractured rock aquifers requires additional characterization
e Surface and borehole geophysics
* Geologist consultation


Presenter Notes
Presentation Notes
?be smart about chasing fractures
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