A = Underground
( = E Construction
_ \ Association

i, A Division of SME

o

T Y NORTH AMERICAN

k)

. .~ TUNNELING CONFERENCE




Empirical Method for
Prediction of Adverse Ground
Behavior in Carbonate Reefs

Pre ared for |
North American Tunneling Conference 2026

Presented by Ike Isaacson, CEG, GE, PG, PE

| fi ith
BR| ERLEY Prepared by: ng -;(-)E; mzn 3 ns Michael Miller, PE
ASSOCIATES ke Iiaacs:)n and d . Citizens Energy Group
Jarek Trela

enel‘gy gI’OU Indianapolis, Indiana

Creating Space Underground




Presentation Outline

e Reef Structures and Locations

* Risks & Impacts to Underground
Construction

* Geologic Review

 Reef Characterization

* Supplemental Data Since 2024
 Empirical Method

e Suggestion for Future Study

e Conclusions

* Acknowledgements

e Questions and Discussion




Reef Structures
and Locations




Pinsak and Shaver, 1964
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Reef Formations in the Midwest

« WI, IL, IN, MI, OH T P

» Aggregate and oil N
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» Reefs discovered ~

Lowenstam, 1949 | continues to expand | Whitaker, 1988




Risks & Impacts to
Underground Construction




Groundwater Impacts

e Diffuse Groundwater Inflow

Source pores not discontinuities
Increased pumping and treatment

Pre-excavation grouting largely
Ineffective

CIP Lining Washout

Digindy Adverse flows 1 to 2 gpm/LF
tunnel

Ft Wayne Shaft Inflow ~2000 gpm




Production Impacts:

e Crushing during excavation e« Advance rates reduced
» Release of porewater « Hand mucking

e Slurry-ized Muck e Grout dilution




Other Potential Construction Impacts

e Hazardous gas release
 Hydrocarbon contamination

e Adverse widespread GW drawdown
 |[ts Own Set of Problems

 Above GW, dusty and dangerous

e Potential regulatory issues with
effluent discharge (TSS)

» Abrasivity (yes, in carbonate rocks!)




Geologic Review
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Reef |ldentification / Differentiation

Desk study => could it be present?
Visual identification is critical - LOOK AT CORES
Reef may be only small fraction of samples
Delineate top/base of reef facies in logs
Use delineation to segregate test data

When segregated, characteristics are
p ro n O u n Ced LPgRT - Punch Penetration Test - Unit 4

LPgRT Punch Penetration Index

W Wabash Formation




ldentify the Reef

e Reef “telltales”

 During drilling:
e Drill fluid losses
 Increased drilling rate

 Pitted TBM rock chips

e Core characteristics:
« Change in core texture
e Swaling in cores (wavy)
 Palpably lighter weight

Pitted rock chips §

“Wavy” Pitted Cores
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Identify the Reef _

e Core characteristics:
» Appearance of fossils
 Pitted, spongy texture
 Moderately/Heavily Pitted

* Vugs > 18’ : . “Wavy" Pited
« Sometimes localized steep bedding Cores
Brach. or . ey
Bivalve o
™ fossil
Favosites

“Honeycomb Coral”
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ldentify In Profile
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Map of Digindy System
Loc aions of resf fac ies in cores and infarmed reef lrend
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e Benign reef plotted differently

* Was It possible to predict when
reef was going to be adverse?

































Logs should call out reef facies

Geotechnical program with targeted and
coordinated reef zone bulk density, UCS, and
packer testing

Use of Empirical Method

For Single Plot Use:

e Bulk Density vs UCS recommended due to
reduced scatter

If test data permits, use both plots for higher
confidence

Reef cores plotting in adverse region of both
charts Pressurized face methods should be
considered to mitigate risk






_ must identify
potential of reef facies

Field personnel must be trained to
identity and log occurrence of reef
In cores

Geotech programs should include
and target UCS, bulk density, and
packer testing in reef rock

Bulk Density and UCS on same
samples

Segregate “reef” test data from
other surrounding rock

e Additional Datasets

 Include coordinated bulk density,
UCS, and packer testing on same
reef samples/intervals

» Construction Observation of reef
behavior during excavation
* Diffuse inflows observed
« Excavation difficulties (crushing)
« Approximate rate of inflows

o Stations/elevations of
inflows/crushing relative to test data

e Construction observations
required to assess adversity

 Reach out if you have reef data!

Additional Data or Inquiries: lisaacson@brierleyassociates.com
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