June 2018, Revised March 2019 Waste Management Autumn Hills Well IW-1
MDEQ Permit Attachments

Cohee, George V, 1945. “Geology and Oil and Gas Possibilities of Trenton and Black
River Limestones of the Michigan Basin, Michigan and Adjacent Areas. USGS
Oil and Gas Investigations Preliminary Chart 11

Davies, Graham R. and Langorne B. Smith Jr. “Structurally controlled hydrothermal
dolomite reservoir facies: An overview.” AAPG Bulletin, V. 90, no. 11 (November
2006), pp. 1641-1690.

Envirocorp, 1992, Response to Notice of Deficiencies with respect to the Park-Davis
Petition, February 28, 1992.

Ells, Garland D. “Michigan’s Silurian Oil and Gas Pools.” State of Michigan Dept. of
Conservation; Geological Survey; Report of Investigation 2. 1967.

Howell, Paul D., and van der Pluijm, Ben A. “Structural sequences and styles of
subsidence in the Michigan Basin.” Geological Society America Bulletin, V. 111;
no. 7; p. 974-991. July 1999.

Matzkanin, Arthur D., Floyd L. Layton, James S. Lorenz, Ronald J. Pollom, and Rex A.
Tefertiller, Jr. “Enhanced Oil and Gas Recovery in Michigan.” Department of
Natural Resources Geology Division, Production and Proration Unit. Secondary
Recovery Report No. 6. 1977.

Milstein, Randall L. “Subsurface Stratigraphy of Cambrian Rocks in the Southern
Peninsula of Michigan.” Michigan Dept. of Natural Resources, Geological Survey
Division; Bulletin #7, 1989.

*Milstein R.L., 1983, Selected Studies of Cambro-Ordovician Sediments within the
Michigan Basin, Michigan Geologic Survey, Map Series.

Milstein, R.L, 1984, Michigan Geological Survey Map Series 3983.

*Milstein, R. L., 1989, Subsurface Stratigraphy of Cambrian Rocks in the Southern
Peninsula of Michigan: Michigan Basin, Geological Survey Division Bulletin 7.

*Milstein, R.L., D Michael Bricker, C Robert Reszka Jr,; 1983, Selected Studies of
Cambro-Ordovician Sediments Within the Michigan Basin, Michigan Department
of Natural Resources Report of Investigation 26.

Nadon, G.C., J. A. (Toni) Simo, R. H. Dott, Jr. and C. W. Byers. “High-Resolution
Sequence Stratigraphic Analysis of the St. Peter Sandstone and Glenwood
Formation (Middle Ordovician), Michigan Basin, U.S.A.” AAPG Bulletin; July
2000; V. 84; no. 7; p. 975-996.

*Nurmi, R.D., 1972, Upper Ordovician Stratigraphy of the Southern Peninsula of
Michigan, M.S. Thesis, Michigan State University, East Lansing, as presented in
Envirocorp, 1998.Smith, George L, Charles W Byers, Robert H. Dott Jr., 1993,
“Sequence Stratigraphy of the Lower Ordovician Prairie du Chien Group on the
Wisconsin Arch and in the Michigan Basin”, AAPG Bulletin No.1, 1993.

Resources Services, USA, 2002a. Drilling, Testing and Completion Report, Mirant
Zeeland Well No. IW-1, Zeeland, Michigan, November and December 2001.
Submitted January 2, 2002.

B.8-28

Pelrolek



June 2018, Revised March 2019 Waste Management Autumn Hills Well IW-1
MDEQ Permit Attachments

Resources Services, USA, 2002b. Drilling, Testing and Completion Report, Mirant
Zeeland Well No. IW-2, Zeeland, Michigan, December 2001 to February 2002.
Submitted February 28, 2002.

Stattler, Frank Richard, 2015. Lithologic Properties of the Upper Ordovician Utica
Formation, Michigan Basin USA: A Geologic Characterization and Assessment of
Carbon Dioxide Confinement Potential, WMU Masters Thesis 6-2015

University of Michigan, 2015. Magnitude-4.2 Michigan earthquake was state’s largest
since 1947. Accessed online at http://ns.umich.edu/new/experts-
advisories/22870-magnitude-4-2-michigan-earthquake-was-state-s-largest-since-
1947.

USGS, 1992, Groundwater Atlas of the United States Segment 9 lowa, Michigan,
Minnesota, Wisconsin, Hydrologic Investigations Atlas 730-J.

USGS, 2017. http://earthquake.usgs.gov/regional/states/michigan/hazards.php

Western Michigan University (WMU). “Hydrogeology for Underground Injection Control
in Michigan: Part 1.” Dept. of Geology; U.S. Environmental Protection Agency
UIC Program, 1981.

Wood, James R., and Harrison, William B. “Advanced Characterization of Fractured
Reservoirs in Carbonate Rocks: The Michigan Basin.” Michigan Technical
University, September 2002.

Zimmerle, Winfried, 1995. “Petroleum Sedimentology”, Kluwer Academic Publishers,
Norwell, MA, pgs. 310-315.

*Referenced on Figures only

B.8-29

Pelrofek



PYe KCANADIAN SHIELD

;

. L ¢

>
%

Bedrock Geology: N C N PC

PC Precambrian
C Cambrian

O Ordovician

S Silurian

D Devonian

M Mississippian
P Pennsylvanian
J Jurassic

\

\

\ Lake \
\ Michigan |

\

WISCONSIN
ILLINOIS

MICHIGAN
INDIANA

OHIO

Modified from : Catacosinos et al., 1991 w @

WASTE MANAGEMENT

Figure B.8-1
General Geology and Structural

Features of the Michigan Basin
2018 Autumn Hills - MDEQ Class | Permit

Scale: See Bar Scale Date: April 2018

2018_WM_MDEQ_Fig_B.8-01.ai | By: JLM Checked: AP

5935 South Zang Street, Suite 200
Littleton, Colorado 80127 USA
303-290-9414

wivw petrotek com




GER

ZIE

LU

MACKIN:

%

OTSEGO

BEDROCK GEOLOGY OF
LOWER PENINSULA

S E\ég %» WEXF

[] rep BEDS

[ ] GRAND RIVER FORMATION
[] saciNaw ForRMATION
BAYPORT LIMESTONE

.

AN

[ ] MICHIGAN FORMATION
MARSHALL FORMATION
[ ] coLowATER sHALE

[ suNBURY SHALE

[ BEREA sS & BEDFORD SH
] BEDFORD SHALE

[ ] ELLSWORTH sHALE

[] ANTRIM SHALE
TRAVERSE GROUP

[B BELL SHALE

[ ] ounpeEe LiMesTONE
[ pETROIT RIVER GROUP
[ syLvANIA SANDSTONE
[E] MACKINAC BRECCIA

BOIS BLANC FORMATION
[ GARDEN ISLAND FORMATION
[[_] Bass IsLaND GRouP
[] sALINA GRoOUP

f ALLEGAN

Autumn Hills RDF

VAN BUREN

B y‘v'
W
MEGOSTA

PO

SAGINAW

G
HIAWASSEE

=l

KALAMAZOO

BRANCH

4
)

HILLSDALE

ST
\‘\\\ JOSEPH

SOURCE

B“ﬁﬁ?

Michgan Resource Information System
Patt y. d the Natural R
Enwironmental Protection Act, 1984 PA 451, as amendsd

RMAP

MICHIGAN DEPARTMENT OF NATURAL RESOURCES
LAND AND MINERALS SERVICES DIVISION
RESOURCE MAPPING AND AERIAL FHOTOGRAPHY

Automated from "Bedrock Geology of Michigan,” 1967, 1:500,000 scale.
whichwas compiled flom a vaniety of sources by the Michigan Department
o Qualty, Gedlogeal Survey Divison

20 40 Mies

Date: 11/12/99 @ 0
—— ———

BEDROCK GEOLOGY OF
EASTERN UPPER PENINSULA

[E] mackiNAC BRECCIA

BOIS BLANC FORMATION
[ GARDEN ISLAND FORMATION
[["] Bass IsLAND GROUP

[ ]sALINA GROUP

[ ] SAINT IGNACE DOLOMITE
[ ] POINT AUX CHENES SHALE
(] ENGADINE GROUP

[ maNisTIQUE GrROUP
BURNT BLUFF GROUP

[[] cABOT HEAD SHALE

[ MANITOULIN DOLOMITE

[ | QUEENSTON SHALE

[ BIG HILL DOLOMITE

[ ] STONINGTON FORMATION
[ ] uTicA SHALE MEMBER

[ ] coLLiNnGwoOD SHALE MEMBER
[B TRENTON GROUP

[ BLACK RIVER GROUP

|| PRAIRIE DU CHIEN GROUP
[ ] TREMPEALEAU FORMATION
[ ] MUNISING FORMATION

ALPENA\

OAKLAND

IGSTO!

NE

WASTE MIANAGENIENT

Figure B.8-2
Geology Map of Michigan

2018 Autumn Hills - MDEQ Class | Permit

Scale: See Bar Scale Date: April 2018

2018_WM_MDEQ_Fig_B.8-02.ai | By: JLM | Checked: AP

Littleton, Colorado 80127 USA
303-280-9414

wavw petrotek com

’elt'”le ’ 5535 South Zang Stree, Sue 200




45.5+

45

44 .5+

44—

43.57

43—

42.5

42—

Autumn Hills

RDF

/

|
-86.5

WASTE MIANAGEMENT

Figure B.8-3
Dundee Lineaments, Michigan Basin
2018 Autumn Hills - MDEQ Class | Permit

Scale: NTS Date: April 2018

From: Wood and Harrison, 2002

2018_WM_MDEQ_Fig_B.8-03.ai | By: JLM | Checked: AP

5935 South Zang Street, Suite 200
Littleton, Celorado 80127 USA
303-:

www.petrotek com




woa

VSN /2108 0PEI0[0D ‘U0l
00z UnS ‘921s Buez yinos Se6s

dv :paxoaud

B

Yeloxad mmm
¥16-062-£0€ *N\Q\\Q\
| wir 4g[revo-s g 03an Wm L0z
810z |udy :eieq SIN :2[eog
julad | sse|Q D3AN - sliH uwniny 8,02
4Qy SIIH uwniny Jesu
UOI}08g SS0.ID 1SN - 1seT |euoibay
ooLL”
-8°g 8inbi4
ANINEDYNYVIN SLSVAN
0065~
0065~
00gz -
o
0085~
00BE ™
00sL ™
005~
ooLs~
oopL™
001
408 009§~
0095~
oogz~
uomg I
0
ULERLENTUN
auoN
91035 |ojozON
ERLEH] -
K4waojuoaun ¥ouy - 150d Boase 0oss™
noyautd ¥
A~~~ Ajuojooun |ouois0s3
||||| u0liD(91100 @|qiss0d
sury woy
GN3937
oovs ™
00ps™
ooIL™
oogs™
oogs™
0019~
=
0025~
ooz~
uBIYIW Jo DinsuUed  ulYINOS
3I1B[D) ney
0009~
2861 ‘v S i
NV 48WVI3dd oI5~
HONOWHL 0I5
NVIJIAOQHO 31QaAIN R R s e
N
ALNNOD BWOOVW N
oL oges™
ALNNOD VMVLLO
T-M NOILJ3S SSOHD .
OIHJYHOI LYY LS = oo o
0029"
9 3lvid o0ss-
0086~
==
\\
uowig N %
- 008y~
oozL \ fnoss- =
/]
1 / ooLe~
] /
! =g
L
1 - qouqsasq
i
i -
QoL — 008y’
1 0069~
! = /0099~
! =
' 2118 ne
| 24D neg W..
] / !
/
1 . ooy~
jo00L= — oog- ook BIUOUBL Y
! 0059~ /
!
/
0
\ 009%™
i 00697 009~
I 4 00€9~
1 00¥9”
i
\ ,qaegsaaq neayvadwaay,
'
!
' \
- oose~
\ WDEW 0029~
! ! 008" —
\ .\ 00E5™
| b
1 / 1
'
\ s Y oovy™
' . OJhwu ooi9”
! ! -
: \ , ®lUOdUBLY ooz
M ! i ! 0028~
UBLIqUIBdALJ i d
! R
! SNt
! ' - coes-
\ | \ ) 0099’ 0009
1 ! 1 1 0019~
o { v ools™ ——
/! | \ \ ‘
[ \ i neorsadmaly,
!
P
0065 USIY) np anarwdg
0009~
000§~
ooy
001~
ooes~
0065~
006y™
ocoy ™
= 000v™
00L8"
0085~ d318d 1S
o008k~
e R A ) DL o~~~
E— e —— |[——~ E— | ~~——————— poomuay:
" — = = 3 =
T ) 1 T T 1 — 3 (378V VAV ITVIS  ON) (s T ! ! y
o5t I os/ 7] [4 os1 S¢
! S1k 1y ‘ o o Sy 1oy ¢ ost SUNE 1o ° SLINGA 1Y SLINA 1V SLIND IV SLIND [
Ave vANYD AVY ANV AV VWD AVY VARV AVY VHAY 9 AVY VANV AVY UWWEO
G'G19 uoijoAe(3 Buiysng Asojoy GBE6 U0loARI3 Bulysng Aipioy ,9°698 U0{iDA3|3 buysng Aiey 2b6 utions|3 Guwsng K1bjoy ,0€8 u01|0A9|3 Buwysng Kjjey €09 0lDAR|Z Burysng Kijey ,£29 voji DA9I3 Burysng AnisN
: “361H "N b L 'ig s ! . MEY “N2L 2995 ‘MB'Y ‘Ni'L ‘vl 935 ME'H “NGL'g das MSIH "NG'L ‘02 995 MGI'H 'S 6L ‘0g 905
10N U 09 Jawog s:0unsuo) 1'oNJoziy 1'oN 1un A1iey 2 °ON ‘0’8 993 . 961-2 ‘0N 903 ojIy . €oN08 . 1'oN 10sodsig aisom
‘0D J8M0d SIRWNSUO) 03 sb9 B |0 sozo.g ‘100 110 1190W 'd10) |10 1190W ‘0Q SD9 ¥881] BlHibg ‘ou| ‘uewdojersd MN 0140 00 8 siADQ ‘ay4nd 00 1010 OONS PUDII0H
40y siitH uwniny




woa yejosed mmm

¥ 1¥6-062-£0E

VSN /2108 0pelojod ‘U3l
00Z 2ins ‘1eanis Buez yinos se6s

Y3/0Lad

dv popeud [ wir g

1B°50-8'6 DI4"OIAN~ WM 8L0Z

810z ludy :ejeq

SIN ‘3leds

Jiwied | sse[D D3IAN - slitH uwniny gLog
4ay slIiH uwniny Jesu
uoI30ag SSOID YInog - YUoN |euocibey
G-g'g @inbi4

ANINTDYNYIN JLSWYM

2 w

0085~

oozs™

o015~

000s™

006y~

URLIqEBIALg

o0Rs"

WUW WMMMM«WNWWU

MMWM/U\M

8

;

ooss™

Gose™

00vb

ooes™

anv[) ney

oozv

qosqsal(

o01¥™
oozr-
co0r~
coiw-
BIWODUBL ]

ooeE™

=um_uunﬂuaM

oote”

oose™

oose"

ooss-
0098~
008"
o008t~
uIYY np BuvIg AW
ootE”
[l

poomua[n

E.Essx%er

)

0016~

oobe

ocoss™

2025

008"

ooos"

0054~

004~

A

oogs”

ooz~

00127

0002~

0ci

[
1935 (0311494
suon
31035 1oty oy
308

AEEET A D0 KUN-130d

—————— inoyautd 0w
~— hpusoyucan

uOBIY3T O DIRTUIURG UIBHINCS

2861 ueisin Y
NYId8WYO3Yd
HONOYHL
NVIDIAOQHO 370ain
ALNNDD XIONITHYHD

' oL

ALNNOD N3 1¥H3E
8-V NOILJ3S SSO0MD

OIHdVHOILVYLS

I 3L1vid

~ ]

ooun” — W/W
: =
| R

g
WV\MA/\/V”J\'V\-IN

A
g/

2

=l

o059~ AMI
=
3
=

o019~

[

o0ss™

.
y

ooss -

_—

cos -

A /VU

o0gg~

B!

W’ me\fﬂv 5 WW

A

-
£

:
\

ooE v

o0zs™

8
5

<

URlIqWBIALF

g

[}M\/Vw. S VW W-\Ml\

-

|

MﬂW&WMﬁMMM@[

P

005+~

oosy-

oogp-

002y~

oots -

womg W

000y~

008z =

oose -

ogose-

\AMW/\N

008§

It

00k -

LT 0)

ey

W

oote~

T/ VY.

\

ooIe”
qarqsas(
\

\
\

\ m wIuoduBL g

_—_

0082~

neavadwauy,

00cz~

i

0092~

s
ualy) np By /w

oosz™

1319g 1S

wnLYal

<

poomua(n ﬂl\r

<

T T )
os1 s¢ o
SUNA 1Y
AV VWY
5629 uorioas; 3 Butysng Afjas
MO HUNBE L 12398
ON_pup|q 19A099-310iS

0D |10 34n|DIN

]

o

§74
SLIN 167
AV U9
L €L uopIDAD(3 busng Aiay

00 {10 NN

4

54
SLING (Y

v YWD

1616 uoriomi3 buiysng Ayay

My NS

‘vz "dag

922 ON 11018-N0iS

00 10 lieys

og

SN 19 E
AVH VHWTO
961 uoiioAa| 3 buysng jiay

MbI'H NIZ'L ‘62395
62-1'0N UDULION AIIS V'S
‘00 10 39

SLIND 9T

AVY VNN YD
9L U0NDAI{3 Burysng K
MSIH "NLIL ‘62793
L1 ON Addis arqon
00 |10 soiiedng

° oér
SLINA 1dY
AVY DWWYD
1969 UnyiOA|T buusng KjeY
M8I'Y “N2IL 'ag %S
10N .zn..l:n
‘00 SUNowap 8p uodng "3

T T
’

el S 19y

AVY YWAY9

,£29 uonoAn3 buiusng Anisy

‘03 40103 QONS PUD||OH

44y S|iH uwniny

ofr P 3
SLINTT 1%
AvH YWWYO
,bOR o1 oA93 Buiyeng Aioiod
MLIE''S9L ‘OINS
1'ON uououL

00 09 g 110 Ai1indas

ki




MRS
. 7 \\
0 . s
o0 1 dn
[~ ‘b\ v [ 4060
] T "
; ~] “%7— +100
0y S I % ™ =
WNEERS :LNE 2 -
. - Tl [t
7.5(_] C }ﬁ E R.\x ™~ PIRES Q S =)
S — I o = "~
g M-I =
1 I \\ 7 o
6 i . olT sle GO “///\I\L e By $7000 N, \-r.oon A
s ,* - L— FRECAMEmAN
ol o 57 | TR [T e MepErpRER OY = fuw
i e S —=
RS TIPS [ 2
. | 28 //- =]
T T e i LS NN G
s T L — : 2.
i} KAlLK[as [ka olsTh o | IR 2000 {"
i Ex THaveRse |~ Ml srkawrobet LI Y - 5
B eV} 2\ /€| | o . ] ™~ i
<555 15 Y a\[_u\ dl ' & 9( a8 /1— s | o] La | 2 | g H{ 2 3 A = S e 10000 S Y
: ( S \ *. SAMPLE GAMMA RAY LOG o
e\ s \ t BERAIEN  TOWNSHIP, BERREN COUNTY
| __L—GlcEMA
— ”\N EB\F Au ; \s sldukee é‘L\\ = ° ™o ls Bo |-
MAN TS TEE \c‘) N} %(
AY adscdumbn [ iceo
; AL '_‘\ ) } | i o . 1z00
N r \ l I [
! ] i . —~ugoo -10000
qg doal ll\ \GL ale G UADWIINI Alg glna|c -ngco
! e O = 0
U F TIERTeR : 7 ,
17 ’ [ T
. 1L ( k \ \ O S e _lki? e 6000
|& i
AN ERTEN NN I3 :
— B4 v
b, '\ \ mliodalno \ qﬂ 5 A 7 )
olcela n[a i M :\s\c s\7| b\ \ \ 4 f"‘?"\ 706G
At NEWNA Y B\O \ae L A 3ol h wfo Jlate
:\ s | 12 | ) PR = l\’\ aN o \s \n i & & 1 3 2 | i !'E 2 2 3 ST 5 sl : L e, °
ANB RN AR =
\, | | o = n
=0\ “ X AT E \ BEE N b L1
4 \J \ \ A\ \ GIRATN QT e L [-ss00
[ o - ho_Linool—1 | g -
MysKkElcon ,‘“ L L = I i & .
T 5000
NSRRI AN S |
r l BEEEENG \__//;.—‘ T o nEsE e
~ 2200 N e P b = ET)
DT\'AW A\7 ‘:’q,_\ Lo Y i N 1 Ceprayashec] o T dlali
- < GLT 8§ T8 k| ecco 2
E— = i
\ "N ™ N Lo d — s = i ‘.
Autumn Hills RDF s N s - . ] L] A &
SR EYyeNEAP YN AR -
-z000 I ’ = A (28 S | Ras %2 \ 3 oz
SENN = ST u
PR e e A o i L g A fr o|N et FivryesTIp N ° : A e
a0, ( N \ " )- j " * 5
N | "\z i 1 :ua 2| B35 4000
15 L} 2 13 I 19 9 L5 I' llllll -
|5\ N&‘ | oETROIT
—A000 f= 3R
VAW auﬂ(:n i Q““'\' i
'mUZ o2 ) \ | KA A'» AZ(0.0_| v{m
| :
j ( 1. - Ly
AR .
BERRIEN. [ | T aNE
L Cc oals|s |a N
|7 /L\7sr 705 EpH
A M PP RN T S
“3n00 —— 500~ CCNTOUR INTERVAL

After: R. Milstein, 1988

® CONTROL POINT

W

WASTE MANAGEMENT

&

Figure B.8-6
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Mt. Simon Sandstone Structure
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Eau Claire Formation Isopach Map,
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Figure B.8-10
Eau Claire Formation Structure
Contour Map, Michigan Basin
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Figure B.8-11
Galesville (Dresbach) Sandstone
Isopach Map, Michigan Basin
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Figure B.8-12
Trempealeau Formation Isopach Map,
Michigan Basin
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Figure B.8-13
Trempealeau Formation Structure

Contour Map, Michigan Basin
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Figure B.8-14
Prairie du Chien Group
Isopach Map, Michigan Basin
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Figure B.8-15
Prarie Du Chien Group
Structure Contour Map, SW Michigan
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Figure B.8-16
Utica Shale Isopach Map,

Michigan Basin
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Figure B.8-18
Coldwater Formation Isopach Map,

Michigan Basin
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