Dam Failure &Hydrogeologic
Conseguences and Effects on the
Tittabawassee and Tobacco Rivers and the
Groundwater Systems In Southern
~ Gladwin County, Michigan

Michigan Basin Geological Society (MBGYS)
Author: Matthew Bell

Peter Voice




Edenville Dam

Edenville Dam failed and burst on May 19t of 2020

Potential causes of the dam failure include overtopping of the
lake at the dam, internal erosmn and Instability of the dam

structure (France et al., 202 1) | ;fsz,i:::y\
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Methodology aPassive Seismic

Collect passive seismic data where there is a
paucity of data from water wells and oil/gas

wells

Passive Seismic Method: Horizontal vs.
Vertical Spectral Ratio (HVSR)

Measures the wavelength amplitude of natural
noise in both the horizontal and the vertical

direction (X, Y, 2)

Create a calibration curve to adjust values to
known bedrock surfaces
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Issue with HVSR Data:

Weathered bedrock contact vs definitive .
Little contrast between drift and bedrock /
HV/S 34 Max. HA/ at 5.31 + 0.3 Hz. (In the range 0.0 - 64.0 Hz). /rﬁ

More difficult to draw surface with no

supplemental data surrounding the readings

(l.e., no water wells or oil and gas wells)

Tags a more competent surface
May not be true bedrock (See Example) :>
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Datasets

Drillers logs of glacial drift down through the Saginaw Formation to the
base of the Parma Sandstone as logged by the drillers (where observed)

Provides glacial drift thickness and formation tops of the bedrock units
(Saginaw Fm and Parma Ss)

Mixture of both glacial wells and bedrock wells

Provides the elevation to the water table at a given date, glacial lithology
compositions and thickness, and bedrock elevation for specific wells that
drilled deep enough into the bedrock surface

Used to estimate depth to bedrock and applied where there is a paucity of
other datasets



Methodology aGIS Work

Maps of water table elevation (in drift sediments) both before
the dam failure and after the dam failure

Inverse Distance Weighting (IDW) Interpolation for groundwater and
bedrock surfaces

Maps of the bedrock surface elevation (Wells & HVSR)

Custom Python scripts written in ArcGIS Pro software
Standard dataset creation
Cross Section scripting (Original scripting done by USGS)



Results: HVSR Calibration Curve

Peak Frequency vs Depth
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Power regression calibration curve based off the work from Blake & Nash (2018) to calibrate known
bedrock depths to measured peak resonance frequencies.
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N Locations of HVSR Data
A Points and Wells in Study
Area
Gladwin County, Michigan

The following plot shows the distribution of data sources used to
construct maps and cross sections in this project. Data sources include
water wells, oil & gas wells, and HVSR sample points.
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Bedrock Elevation Surface

HVSR Bedrock Surface Results  Bedrock Water Wells + Oil/Gas Wells + HVSR Data = Composite Bedrock Surface
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N HVSR Analysis of Gladwin

A County, Michigan
Drift Thickness Map
The following map is a drift thickness map that is derived from a topographic
surface LiDAR raster and the composite bedrock surface elevation raster. The
topographic surface was subtracted from the bedrock surface to show the
thickness of the drift sediments.
- i Legend
; L J 1 e i o P < 1 . » = .
Ne Sa9% ’. @ B odwin @ 2§ » ® N @® HVSR Field Locations  Thickness of Drift
. -* . . ’ .‘. . Yoo . . .
° . f b B & ¢ Oil/Gas Locations Thickness (Meters)
| oS : .‘!! ’ B . Grim | I Less than 20
W e Aot D oS . ® o ® Bedrock Water Wells o
| G|adv~_llll e e ¢t ol ¢’ . . H'
L > é 3 ’.0_ ; TS 41-60
.- “hG o) 61 - 80
ﬂ * “ @ . ot 3 H'a'yﬂ. o o
. : A agdiesy 2 r‘ . & L P I.t. I B d - 81 - 100
o % GrontiDe « . BucKeye 4 q ® ® I OlltiIcal boundaries 101 - 120
1250 TS 5 ! L1 ® - - & Other Features 121 - 140
) e @ ¢ -— — R — - 1 Gladwin County 141 - 160
2 ; 5
e — % - - TN ‘..‘.. ® ® .- ’;:"i . 1 Townships/Cities e
| ~ SR - T L :.-iJ N B 181 - 200
. se’s odees 2 8 v Gt ivers & Drains
| o ®oeopertong . - S C. R PO I 201 - 220
Ke ® . - - = Bi"&‘gs::. Mr Bentley g« "..:'K Water Bodies
§ . (] . '.
® Beaverton * Tobacco™  » .’ : O f; ¢ Dam Inventory (EGLE)
e 3 5
. @ h’o'.... i o ... . 0 -0.0.
! *® o ‘® v & L' > &
I @ o 0% % ’. . "..,iV E - o
A B B - & .
Kilometers Spatial Reference

25 5 10 15 20 25 30

Name: NAD 1983 Hotine Oblique Mercator Azimuth Natural Origin




N HVSR Analysis of Gladwin
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Water Table aPre vs Post Dam Failure

Post-Dam Failure (Wells drilled after May 20™, 2020)

—A_

Pre-Dam Failure (Wells drllled up to May 19th, 2020)
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N Pre-vs-Post Water Table
A Elevation Change
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