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B.7 A map showing the vertical and areal extent of surface waters and
subsurface aquifers containing water with less than 10,000-ppm total
dissolved solids. A summary of the present and potential future use
of the waters must accompany the map.

Figure A.4-4 (Section A.4) is a topographic map of the disposal well area, and shows
there to be no mappable surface water features in the immediate vicinity of the Autumn
Hills RDF. Absence of surface water features was verified through survey (Section A.4).
Figure B.7-1 (Section B.7) presents the Michigan Stratigraphic Column. The Michigan
Groundwater Atlas discusses aquifers present in Michigan (Olcott, 1992). Data from
this source indicates that the Autumn Hills RDF is underlain by the fresh water Glacial
Drift aquifer and is located at the western extent of the Mississippian Marshall
Sandstone aquifer, where present. Data indicates that all units below the Marshall
exhibit a TDS in excess of 10,000 ppm (Tables B.7-1 and B.7-2).

Therefore, the top of the USDW is defined as the surficial Glacial Drift unit and the base
of the USDW is defined as the base of the Glacial Drift or Marshall Sandstone, where
present. This depth to the base of the USDW corresponds to the top of the underlying
Coldwater Shale.

The base of the lowermost USDW is approximately 220 feet below ground surface at
the proposed IW-1 well location, based on and oil and gas data. Figure B.7-2 presents a
structural contour map constructed at the top of the Coldwater Shale, which is
equivalent to the base of the USDW at the Site (i.e., base of the Glacial Drift and/or
Marshall Sandstone). Figure B.7-3 presents an isopach of the USDW that includes the
Glacial Drift and Marshall Sandstone (where present). Figure B.7-4 presents a map of
oil and gas wells located within approximately one mile of the Autumn Hills RDF, and
shows the indicated thicknesses of the Glacial Drift and Marshall Sandstone as reported
in the drillers logs. For the three oil and gas wells located within the Autumn Hills RDF
boundary (Michigan Permit Nos. 15347, 4528, and 12352), the thickness of the Glacial
Drift is reported as 135 feet, 78 feet, and 348 feet, respectively. At these same wells,
the thickness of the Marshall Sandstone is reported as 75 feet, 122 feet, and 0 feet,
respectively. Total USDW thicknesses at these three wells, based on drillers logs, are
210 feet, 200 feet, and 348 feet, respectively. Based on this information, the based of
the USDW is conservatively assigned as 350 feet below ground surface.

As seen on Figure B.7-4, the Marshall Sandstone is consistently present to the north
and northeast of the Facility boundary. To the west, south, and east, the Marshall
Sandstone is sporadic and thinner, with zero reported Marshall thickness in nine of the
12 wells included in the map area. Within an approximate one-mile radius of the Site,
the thickness of the Glacial Drift ranges between 78 to 348 feet, and the thickness of the
Marshall Sandstone ranges between 0 to 122 feet, although where the Glacial Drift is
thickest, the Marshall is not present. Therefore, the total USDW thickness within an
approximate one-mile radius ranges between 110 to 348 feet. Figure B.7-5 is a
potentiometric surface map for the USDW at the Autumn Hills RFD, showing
groundwater flow to the west/southwest. Depth to water in this figure is approximately
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23 feet near the well location. Potentiometric surface data from Facility monitor wells
indicates a depth to water of approximately 45 feet.

Water quality calculations were evaluated from well log data from the Consumers
Energy Station non-hazardous Class | wells (Mirant wells) that are completed in the Mt.
Simon Sandstone to assess the USDW assignment. These wells are located
approximately 4.5 miles northwest of the Autumn Hills RDF site. Calculations were
evaluated to assess estimated water quality in the shallow Glacial Drift and Marshall
Sandstone intervals into the underlying Coldwater Shale. Wireline log data from more
proximal wells is generally not available for these intervals, as casing is generally
advanced into the Coldwater, and logs are not run above this depth. At the Mirant wells,
resistivity logs were run from below conductor casing to below the Coldwater Shale.

Calculations presented below were evaluated based on the wireline log data from the
Mirant (Now Consumer’s Energy at Zeeland) IW-1 well (Section 17, T5N, R14W). At this
well, Glacial Drift is encountered at the surface, the Marshall Sandstone top occurs at
208 feet RKB (195 ft BGL), and the Coldwater Shale top occurs at 246 feet RKB (235 ft
BGS). Calculations were evaluated at several depths in both the Marshall Sandstone
and Coldwater Shale to estimate water quality as sodium chloride (NaCl), in parts per
million (ppm). As there was no porosity logging in this interval, a porosity value of 25%
is assumed for the Marshall Sandstone, and a porosity value of 15% is assumed for the
Coldwater Shale. Based on the resistivity data from this well, the water quality in the
uppermost Glacial Drift interval appears to be more fresh (i.e., deep resistivity values
are higher) relative to the underlying Marshall Sandstone, therefore water quality
calculations were only evaluated for the Marshall and Coldwater Shale intervals. Table
B.7-1 presents depths, deep formation resistivities from logs (Rt), calculated formation
water resistivities (Rw), and estimated salinity as ppm NaCl.

Water quality calculations were evaluated using Archie’s equation, and assuming 100%
water saturation (Sw). The calculation for this evaluation is as follows:

Sw" =aRw /™Rt
Where:

n = Saturation exponent (assumed = 2)

a = Tortuosity factor (assumed = 1)

Rw = Formation water resistivity at formation temperature

¢ = Porosity

m = Cementation exponent (assumed = 2)

Rt = True resistivity of formation (Deep resistivity, e.g., RILD)

Therefore, in a water zone where Sw = 1, Rw = ¢?Rt. Calculating Rw for a certain
interval and accounting for temperature at depth (only a few degrees above estimated
average annual temperature of 47 degrees Fahrenheit at these shallow depths), an
estimate of water quality as ppm NaCl can be determined from Schlumberger’s
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“Resistivity of NaCl Water Solutions” Gen-6 chart (Schlumberger, 2009). These results
are summarized in Table B.7-1.

TABLE B.7-1. CALCULATED WATER QUALITY IN MARSHALL SANDSTONE AND
COLDWATER SHALE, MIRANT IW-1 WELL

Depth (ft RKB) Rt (ohmm) Rw (ohmm) NaCl (ppm)
Marshall Sandstone
208 — 216 36.8 (ave.) 2.3 3,300
230 25.6 1.6 4,900
244 17.9 1.1 7,000
Coldwater Shale
250 17.9 0.4 20,000
300 7.3 0.16 57,000
400 4.3 0.10 100,000

Table B.7-2 provided at the end of this section presents a summary of regional water
quality data available in the vicinity of the Autumn Hills RDF that are available in the
USGS Produced Waters Geochemical Database (USGS, 2017). There are reported
samples from 56 wells in Ottawa County, and portions of the surrounding counties
Allegan, Kent, and Muskegon that are summarized in Table B.7-2, and this table also
provides the geographical extent of the wells that are summarized. Most of the samples
are from the Devonian-age Traverse Group, with a few additional samples of the
Devonian-age Detroit River Group and Dundee Limestone. There are also multiple
samples from the Silurian-age Salina Group and a single sample from the Ordovician-
age Trenton Formation. All of these samples are well in excess of 10,000 mg/L TDS,
with the lowest reported value of approximately 44,000 mg/L from a sample from the
Traverse. All but three of the samples are above 100,000 mg/L, and the majority of
these samples are above 200,000 mg/L.

It is noted that there is a single sample presented in Table B.7-2 from the Marshall
Sandstone, from a well to the west of Autumn Hills RDF in Kent County. It was noted
from this sample that the chloride (Cl) concentration increases considerably with depth,
from 40 ppm CI at 433-453 feet, to 1,150 ppm CI from 522-570 feet, to 8,050 ppm CI
from 640-797 feet. This is consistent with water quality calculations presented for the
Marshall in Table B.7-1, as well as regional observations of increasing TDS
concentrations in this aquifer (Westjohn and Weaver, 1998).

The Coldwater Shale that underlies the Glacial Drift/Marshall USDW is noted as a
regional confining unit across the state (Westjohn and Weaver, 1996). The authors do
note that in some places, the Coldwater confining unit will produce small quantities of
water and typically contain high concentrations of TDS. These areas of water yield in
the Coldwater are located far distant from the Autumn Hills RDF in the Thumb Area of
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Michigan (more than 150 miles to the northeast) and Westjohn and Weaver (1996) note
that TDS concentrations in these wells range from 17,700 to 39,000 mg/L.

The assignment of the Glacial Drift and Marshall Sandstone as the lowermost USDWs
in the vicinity of the Autumn Hills RDF is supported by local and regional water quality
data. Water quality calculations and regional water quality data indicate that at depths
below these USDWs, water quality as TDS is well in excess of 10,000 mg/L, and likely
exceeds 100,000 mg/L from several hundred feet below the top of the Coldwater Shale.

REFERENCES
Olcott, P.G. Groundwater Atlas of the United States, Segment 9, lowa, Michigan,
Minnesota, Wisconsin. USGS Hydologic Investigations Atlas, 730-J.

Schlumberger, 2009. Log Interpretation Charts. 2009 Edition.

Westjohn, D.B., and Weaver T.L., 1996. Hydrogeologic Framework of Mississippian
Rocks in the Central Lower Peninsula of Michigan. USGS Water Resources
Investigations Report 94-4246, 46 pp.

Westjohn, D.B., and Weaver T.L., 1998. Hydrogeologic Framework of the Michigan
Basin Regional Aquifer System. USGS Professional Paper 1418, 45 pp.

B.7-4

Pelrolek



SEPRTE

¢ Jo | abed

810¢ aunp

IN ‘Auno) emenQ ‘llemdaag snoplezeH-Uop | Sse|)
uonealddy ywiad DIAW "2u] ‘uebiydip jo Juswabeueyy aisepn

L¥828¢ |[1¥8'28E |Gz2'L |Lv/Z  [#0LE ¥8€¢ sjwojoqd ¢ vV eulleg 12e|S €6¢ €2-G0-2G61 ueba|lv|00008050250012] 9zz29
G86'LLE [S86°LLE |2Z') |zllz  |00LE 14 %4 |jwojod ¢ v euljeg uelueniAs £€2-80-8G61 uebally[000000} 1250012] Gz229
168262 [168°262  |SZL°L |L¥SL  [v6¥L €6yl SSI9nel] Ssianel] Pi-11-0¥61 ueballv|0000%218050012] 88129
8G9'69€  [8G9'69€ [l2L [1092 yy8l SuoIsawWIT asianel | S0JUuoy 02-G0-¥¥61 | uobaxsnN|0000¥L+60L2LLE| 28129
¥¥8'94L [6L¥'86L |22ZL’L |S661 8991 SuojsaWIT asianel | aspung 12-21-8€61 ueba|lv[0000%2+5050012| Z¥Lz9
6v6'G/Z  |62€'82€  [6L°L [8E6L  [8S61 9661 9sJanel] SsJanel] €2-10-0v61| ueba)v|[000018990500L2] 9¥Lz9
€6G'69¢ [/€2°6LE |98L°L |S661 0461 S0JUoiy a9pung €2-C1-8€61 ueba|lv|0000+2+5050012] S¥Lz9
cle'/le  |eie'zlz |19L'L |Lovl SSJanel] SSJaneLL 02-21-6€61 ueba||v|0000¥589050012] #¥129
6259l |625'9lc  [9€L°L [¥89l [8S9l €591 oSlanel] SsJonell 90-G0-1¥61 ueballv|000069280500+2] €¥129
eSL'6bec  |€GL'6¥e  |SL°L [96GL  |96SL 6861 suojsswiT asianel L SSJanel] ¥1-21-6€61 ueballv[00008102050012] 2¥1Lz9
186'G2¢  |p€2'L92  |9SL°L |€6SL  [€6G) 16G1 Ssianell SSJonel] L1-11-6€61 ueba|ly|000020690500L2] L¥1z9
9e9'zee  [9e9'zze  |181°L [91G) 91§61 SsJanell SsJanel] 9¢-90-0¥61 ueballv[0000¥092050012] 0¥129
892'02€  |892'02€ [€8l°L [LGSL  [/GG) 9661 9sJanell 9sJanel] 60-¢0-¢¥61 ueba|lv[00009658050012] 6€L29
112061 Lig'o6L |91l [S26L |GZS) 8¢S1 SsJanell 9SJonel] 92¢-90-0¥61 ueba|Iv|00004,£020500L2 8€129
L8v'ey L8V'EY €e0°} [€0GL [€0S1 86¥1 oslanel] SSianel] 01-01L-0¥61 EMENO[0000050806€LLZ| SELZY
Lie'zie  |iie'zie {28171 |29G1L 0sG1 Suojsawli asianel | SSIanel] 02-60-0¥61 EMEBHO|0000928206€LLE| VELZY
ele'ove  |s02'082  [991°)L [209L  [/091 c091 SSIanel] SSI9ABIL €2-10-0¥61 EMEN0|0000696906€LLZ] €E€L29
LY0'E6L Lp0'€6L  |81LL [04GL  |GSS) 0sS1 Ssianel] 9SJanel] G2-90-0¥61 EMENO|0000¥29206€L 12| ¢CELZ9
LiS'zee  [11S'/ee |61’ |2zes  |zzzs 91§ pues J9led 1S 1318d 9IS 0¢-¢c0-c¥61l 1USX[0000991601801L2| LELZI
¥92°G02  |¥9/'602  |821°L |2zes  [szls (445} 191ed 1S J9jed 81s 0¢-c0-¢¥6l 1USX10000991601L80L2| 0€L29
0ze'/Ge  |oze'ZSe  |90Z°) |086L (9261 V.61 oslanel] Ssianell 60-G0-L¥61 EME}0)|0000555806€LLZ| 62129
G8/'09€  |S8/'09€  [/02°) |Z66L  [2661 €861 oslanel] Ssianel] 90-G0-L¥61 BMeN0|0000229206€LL2| 82129
LW6'GLE  [L¥6'SLE  |LL2T) |Ll2Z  [+$022 €0¢¢ oslanel] SSIanelL G2-90-0¥61 EMBN0|0000660L06€LL2Z| 22129
881°18€ [881°18€ |G0Z°) |8€6l 8€61 SsJonel] SsJonel] 02-Cl-6€61 BMENO|0000265906€ELLZ| 92129
0/€0LL  |02€'0LL |€20°L [LLBL 6061 9061 SsJanell SSJanel] Ll-l1-2¥6l BMENO|0000525606€L12| S2le9
9/v'962  |9/¥'96C |S/L°) |2822 |[282Z §/lcc SuO}saWIT asianel | Ssianel] JUSX)0000+€580180L2| ¥Zl29
G98'/6C [Sce'6SE  |90Z°)L [¥9lz  |oviz 8€/¢C 99pung S0Juoy JUSY[000051190180L2| €ZL29
¥G6'OLE  [¥S6'OLE  |28L°L |P9/Z  |lE€2 9¢ee oslanel] S0Juoy JusX1000051190L801L2| 22Lz9
686'G6L  [8¥P'Zee  |GEL'L |008L  [008L 9621 SuojsaWIT asianel | 9sionel] €2-21-8€61 ueba|lv[0000€1+5050012] 90029
29e'6ee  |29e'6ee  [9pLL [SeL  [€69L 0691 SSIaAeL] SSJanel] ¥0-¥0-6€61 ueba)|lv¥[00000925050012] G00z9
8vL'0lz  [619'0¥2  |S¥L'L |SELL orllL SSIanel] SSIaAel| 90-20-6€61 ueballv[000009250500L2] #0029
621’692 [18L°) 0€s1 0csi dnolg asianes| ¢¥/01|2¢-20-9261]20-90-9261 0000¢+2015001L2] €£2602

1/2°/28  |LlZ’) (4454 LEET dnolg astanel| C96G1|22¢-20-9261]€0-90-9261 000029651 180L2| L2602

0Ev'0ze yE6L 2681 dnoug assenes| 1G04 0000150206€L 12| 69802

069'8/2  [661°1L 1881 L/81 dnouo asJanes | ¢601¢|50-21-0861|20-0L-0861 0000c¢60Lc6ELLE] 89802

06v'¥92  [961°L 2e6l €261 dnouo asianes | 1861¢|01-90-9261[60-¥0-9261 0000l86lc6ELLE] 29802

20e'6vE  [6EZ'L 04¥S uofjeullo uojuall L€G|/2-01-0€61 0000.€5006€LL2Z| 09802

269'6G¢  [S/1°L 8lce dnoug Jenry yotjeg €/2]01-11-0€61 0000€220018012| 8+¥802

000'¥9€  [9zZ’L 90v¢ dnoig asienel | PyLE|L1-80-2E6L 0000v¥L€0L80LE| /L+80C

Suojspueg |leysiep GEGLL 00005€52118012| «10802

L29'vLE €01€ 0S0€ SjeuoqJed |-v euleg PGGGE £20-20-¥861 0000¥555€50012| 8€.0T

008282 [¥lZ'L clle 1G6/¢ djeuoqie)d |-V euleg £008¢|50-¢1-0861]80-0L-0861L 0000.0082sc0Le| 2Lgl02

909'zre  [8€eC’L 09l€ 8¢Le sjeuoqie] |-y eulleg G06S5¢ 00005055¢50012| 2€202

08v'zéz  [LiZ'L oLLe 901¢ dnoug Janry yoleg 69661 |50-21-0861]80-01-0861L 0000696650012 Sz202

608'¥61 [6ELL GEle 901¢ dnolg JaAly jioneg 69661 00006966150012] ¥2.02

62e'8G2  [9/1°1 6811 ¥8.1 dnolo astanes| L1¥€1]01-90-9/61|60-70-9261 0000.1¥€1500L2| 26902

£€¥'892 vivi [YA4% dnoug sstanel| 01€2)22-20-9/61|20-90-9/61 000001€£0500L2| #6902

06¢'2sz (9217} a8l 1981 dnouo asianes| 298¢1|50-21-0861]20-01-086L 0000c¢98Z1SL0le| 16902

09v'Z2z  |S9L°L €01 9691 dnoi9 ssienel| L1€02|S0-21-0861|80-01L-0861 000021€02500L2] 68902

06v'G9Z _ [881°L L1661 €661 dnoug asJenel | L21l¥1[S0-21-0861]|80-01L-0861 00004¢21¥1500L2] +8902

Sal SOSN| 9S| TTEIM|HIMOT|¥3ddNn NOILYINYO4 INHO4Q| LINY3d| SATVNV| 3I1dINVS| ALNNOD Idv| s9sn

sdl Hld3d| H1d3d{HLd3ad 3lvda 3lva ai

4QY siitH uwnny Jeau ejeq Ajenp 1) [euoibay "Z-L'g 9jqeL



2 Jo g abed 810z aunp
IN ‘Aiuno) emenQ ‘llemdasg snopiezeH-uoN | sse|)

uoneolddy ywied DIAN *au] ‘uebiyny Jo Juswabeueyy ajsepn

“BIQISIA S21ME3) OL6'EDL JO 95 1i21|I{ ON

(o] o
(o]
o o
o
B ap
° <]
&0 o
o paugspun o
° 0.0 e (jo a6,
o ° PUR(IOH |BuL3yosD @
uogued0ofin
\ |BuCHRU3AUOD o
o 403y S|iiH uwnmny o vosly @
se9 8L

o @ o e
wed @
oL @

o
spidey puessy O €9 3eus @

eluo| (o]

o
o © x
(o]
o o]
o
o o) o

diay T 13521 10LW0d pROUMER / O3l 3i0 7] ueneuridx3 ;

=y A

m
»

suoneloT ajdwes Jsjep painpold jo depyy

Axawm.m_mwmivmo:uo‘_n_\mmancmco_uo:uo_n;mhmcmcoﬂoma@q_mEmEcS_>cm_\£owam<_£cmEco__>cm_\>om.mmm:.>9w:w\\”waz5
"MO|3Q UMOYS MOPUIM UIUIM JamaIA depy oy paynuapl siep “(€°Z *A ‘£102) 9Seqeieq [BIWSY0SS) SISJEA PEINPold SOSM :99IN0S

«}89} /6/-0¥9 Wolj apuojyd wdd 0508 198} 025-22S Wl spuojyd wdd ogL 1
199 €61-€€ Y WOY sepuojyo wdd oy :€/61/62/L 1 Bullesy e wou, :uwnjod ,SyIBWSY, sy} Ul papiacid sem Bumoioy sy ‘(sUolspues [leysiep) 1080¢ SOSN Al 404 - «

067592 |06+'G92  [88L°L 5291 |/6SL €651 [luonaqg pIN dnous asianel | swir sslonel| 80-01-0861 ueballv|00006¥6€1L50012| 8.£29
008'/8z [008'28Z |vLZ'L |L09L |2l/2 1G6/¢2 unjis Jaddn dnoio eules SSJonel] 80-01-0861 ueba|lv|0000509¥1500L2] 2/€29
0/£'S8 0.€£'G8 ¥90°1 |¥lcE |66l€ 09le N L-V eulles dnoi eulles Hes |-v 80-01-0861 uebally|000014 109250012 9/£29
969'66C  [969'66C |2zZ'L |S582E  [G82¢ Lyee SSIanel] 91-€0-9/61 EMBJO[0000%180€6€ELLE| 8YEZI
659'/8 659'/8 €90') |G82€ |88LL (1743 aslanel] juelebeiN-gie] |-y 20-€0-9/61 EMENO|0000¥180€6ELLE| LYETI
691°08€  [69L'08¢ |zez'L cllg  [00LE 1454 ajiwojog g v eules 1Ze7 GEGe £¢-80-8561 ueballv[0000001 1250012 2z2z9
sal SOSN| 9S| T1AM|[JIMOT|¥3ddN NOILVYINYOA INHO4A| LINY3d| SATVNV| 3I1dNVS| ALNNOD Idv| so9sn

Sal Hld3d| Hi1d3d|HLd3d 3lva 3lva ai

4QY SIitH uwnny Jeau ejeq AjenD Jeyep [euciBay “z-2'g o|qeL




woa yeronad mmm

196-062-€08 \ Q
VSN LZT108 OPeIo|o] 'uojaiii]
00z @ns "1221s Buez yinos se6s

dv _umxumco_ NI cAg | te'l-2'g BidTDIAW WM 8L0T

810z Iudy :ajeq S1IN 3|eds

jiwied | sselQ DAAN - siiiH uwniny gLog
uebiyoi Joy ainepuswop olydelbinens
L-,'g ainbi-

ANINETDVNYVIN JLSYMN

pag [eod jes ; % FoEa et en et e e e xajdwo) Jualuaseg auljeisAi) UBLIGWIEIaIY SU03 210Z013)0ld 3|PPIN 0} UBBYIIY
AAAAAAAAAAAAAAAAAAAAAAAAAAAAAANAAAAANAAAAAAAAANAANAA
$)00Y juswieseg = onuwojoq xajdwon auleishin 169 JogueH Jaddon %
swieyolg/sjeoy { Aowry Us yonsauoN 19 ouoi0 m
u03 9102013101d 3|PPIN g
wnsdAoepAyuy Apues sS epalj 3
= SOfse|D uowis YN-ald InAAAA~AAAAAANAAAAAAAAAANAAAAAAAAA]
Hua [ere|g sjeys SS 3|linsqoaer
A~~~ AAAAAAAAA AAAAAAAAAAANAAAAAAAAAAAAAAAAAAAAAAAA
Keleys euojsyjis SS Uolis Junoiy 169 |eseg
Apues anuawojbuo) w4 ase|Q neg 1qN ooy [edeyd g uelyoeqsaiq &
I~ ~~A~~~~A W Buisuniy o
sjwojoq oguwojog 19 Buisuniy ERIEETED) a1 2
IGIN BISED SJUIN 3
Apues Aajeus w4 eluoguelq uejuoosuely 2
I~~~~~AA
fajeys fowry w4 neajeadwall <AuIojuooUN> uneajeadwayl.
AAAAAAAAAT
suojseLr suo}spues pajenualaipun
19 uslyY np auleld w4 uiel] ny uelpeued Apeg
wisesod LA LI A e e A A oA AR AR
n_ Z m mvml_ UEDOOIBHUM
SS Jeeds <Rwiojuoauns uezeyn
w4 poomus|o
MAAAAAAAAAAAAAA AAAAAAAAAAAAAAAAAAAA]
Wiy 100 YoE1E w4 Jany Yoelg S m
I AAAAAAAANNANAANANANANANANAAANAAANANANANAA ¢ =l
2
JGIA slied Jalpueyd 3
w4 uojuayL W uojuall uEpMEUON El
1qy Auenp sooln
,SPOg PaY, UBLGWEDBId SoseD Uowls JN-aid I~~~ A~~~ AAAAA I~~~ A~~A~~A~A
us poombuyjod ys poombuyjod
BUojspue: joBqSalf SS 3)|InS3|E;
ISPUES Loegsalq S 9|IINS3(BD S %0310 SIIg
Loneuiod 1P (i neleadue. s vomn === | anooner ke
ajeys sozelg ‘ajuojoq BjoauQ ‘0dd-L 19 puowyary ) e QN ZUoBo w4 : D =] ) U ae
‘UONELLLIOS BOUSIMET IS 'BJEUOGIED XOUY| Jamo" = 4
BUOJSPUBS PUOLLILDRY MBN ‘UOHELLIOS Ja)s04 19 uayd np sueld Us UojsuaaND e e e w4 |- big
PUES BAISSE[ ‘SUOISPUES Xou VOV VUV VNV POty { %gégg
'3UOJSpUES UEpIOr ‘aUo)spues s1abbnig aUOJSpUES Jajed IS 1o peEEs inol inoy S RIRED o fis
Ajwiojuoaun Jo 8UoZ ‘Jun [|BMPo0D w4 poomua| us peaH joqeQ s peaH joged
8|eyS Janiy Yoe|g ‘yead Ajeaus ‘auoz PapA uep w4 Janly yoelg w4 puejs| awr
< w4 uoiAg
ajwoljoq de: w4 uojual
Mwojoq deg 14 UojuRL T paleRUBIaLPUN 19 ynig Juing
uoRELWIOS UoUlD 19 ynjg juing W] .
elebelN ajuw ‘esebeiN Aeio ajwojog Hodxo0 Jg s wlogid
aluiojog aupebu3 19 anbysey Huaiayipun WIS | oerbasuri ueiebelN | aIppIN
‘Jjaay ajoeuuld ‘Jeay ueiebelN ‘eieBelN umo; ajwojoq ydjen: L
499y 8y Id Joay IN IN =] juojoq ydieng W4 llepioD
ajeUOGIED 0-Y BUIES w4 uey 10Q Hodxo07] 104 Moo
2jupAyuy sie3 Jiqqey ‘sjeuoqied L-y eules uofewod yny 19 eiebeiN w4 ¥aa19 uosdey 19 auipebug
. lo@ ydieng
les g 'jies big yun g eules w4 Aeg ysng
N H eules ajwojog adeub| 15
w4 uen o
AW %0B|g 'JaqLUS|\ WNIP(SA ‘BUOISPUES Jall4 w4 Bingysiayuwy deng 1y eulEs m
Jies Big ‘auoISPUES/IaQWIBIN/BUOZ PlRYLDIY 3
‘ajupAyuy Big ‘auoz Inos 'ajupAYUYAIES BAISSEN
‘JaqWAIN 1ZIN| JaqIBJ JOUIOH 'BUOISPUES Jaaly w4 seon dera z-y Bules
ajupAyuy/eiuojog/aqusiy Ao pasy s78apung srozves Dt T
Jaquialy ajeys Aai9 ¥aa1) oddel)
‘0L WuN gL JUN 'YL JuN ‘aleuS Aeio aippIy 19 eules W GEURS =
‘WUl Yieq ‘WY ABID BIPPIN "WYY BIPPIA T Ul me sy 19 UlES
WLiUY J3MO] B JaMOT ‘Wiiuy JYBr] § ;
‘aleys Yoe|g Jaddn Jaquialy ajeys doe|g Ja)sayd N a eures uebnieg e
WIS 1eqUa SJeyS YOBIE UOJEYD ys wiuy f ! j
s Wun 3 eures . e esseeEaes
‘ajLLo|oQ Papjoads %00y pay Jajemp|od ys JajempjoD ey
prow P—— N 4 eules %
© 9|duL ‘sucjspues Aens-Aens-Aens 2
‘auojspues Aeng-Aens ‘suojspues Aens w4 ueBoy n o eules m
‘ajwiojog AejiS ‘s umolg ‘ajiwojoq alejd loq aoeub) 1 °
spa: a|sseun| w4 ejuo| i i = i o
Pag pay I r 14 BlUO| 15 SpuBs| sseg pajequalayIpun log Aeg-urind | 19 spuels| sseg
NOLLISOd 2
SWYELAALYTIY OIHAVOILYALS g H g e
w4 puels| uapses H m w4 puels| uapie Aue3
AAAAAAAAAAAAAAAARAAAAAAAAAAAAA O 0 PAANAANAANANANANNAANANNANANANANANAN
o2
w4 ouelg siog 3 oo w4 oue|g siog
NOILVIIHHO0D WH3L1 a31vIay INSUSVIVIVIUUUVIN SUSUN e 8 AR A AR AR AR AR AARAARAA
sg eluenAs = g ss ewenfs ueuajsin
“Med [e1Baju) UB 1 UWN|0D SILY YOIYM JO 'UBBIYOIN i T w4 Bingisiayury w4 Bingysieywy
10} uoaixa] a1ydesBienS aU Ul PUno} aq [|W SIOINGLILOD || Jo Bugs)| a3ejdwod v S JeA ehea = T 19 Jany Joneq
w4 seon s e e e e
'S90IAISS UOEIo(dX3T Jaylald Uaiald '3 ued IN SR E [ LT L LT i B——
‘AB1auz 1098 'salAN Y Awwip Uy ueynsuo) ‘Asjieq “r pleuoq N :Aisnpuy
‘Aaning 1291601099 01O ‘WONSHONA H 30USIMET I ‘ASAINS [e21B0j08D BUBIPU| s180pung STéepina
‘Uiayl‘Q Uepg 1Q *AIEND (EJUBWILCIIAUT Jo Juawledaq UEBIYOIN 'YoS3 ‘N Uyor JN <7 Ao siaboy
1S90IM0S8y [EINJEN JO ANSIUIN OLBIUQ ‘181D Y ALaL 'IQ JUstLIeN0D Lsammannmaaass e T RSO T |
us lleg us lleg
laAlun [ea1bojouyoa) uebiyolpy
IpUED ‘Q'Ud Wl N U 10 Asianun 57 Auenp Hodxooy
“Jp 'H0Q "H Haqoy I ‘Auisiaiun ajels UeBIUdI ‘SS01D | [eaIny ‘] EIWepEdY aIPPIN
W4 julod uosay
*SI0INGLIUOD BUj} JO M) AN d -
e 3snf uanib aJe mojag "saouinoid pue saje)s Buipunouns ayy pue uebiyo Jo Jgn meysuaD &
SapiunWLLI0D [29160j0ab au Jo SHaYa PauIgLI0d ay) Jo 1anposd U} I }IoM SILL g 57 e Buoq w
| &
sjuswebpajmowioy ueuy £
19 asianel] S aslanel] G ¥98ID UoMaN 19 aslaney)
s euadyy
000¢ QI Wweq Bl Jnog
I~~~ ~AAA~A~AAAAAAAAA]
Jgi uiod AemioN
YESU3||I0M 'S YIB N N
uyofisep'g pineq 1a Januued Jenod | s7 Aeg sapuny)
sploufay 4 Haqoy I 1 Juiod 8bpuied
|| uosteH g Welip 1a A~~~ AAAAAAAAAAA fMAAAAAAAAAAAAAAAAAAA
< T e 57 Aeg menbg 57 Aeg menbg
souisodele) 'y |ned g C e T Jr——
'sloyjny |ediould AN PoOMION G POOMION
| i s 5 Jgnuoped e e e e e e e g uojxed
UBULIEL-0D) "NESUBIIOM °S MBI I " = e e e s uswinvy
uewJiieyd-09 'souisodeie) 'y |ned iqg JgW Buyoe] Ign auiyoe S
:99piwwo) oslold ainjepuswop dlydesbiens Jan seddn Jan seddn uenbneineyo
5US PI0IPE | (uizisan - USPIOIPRE | (150m)
o
2 sgealeg | US UHOMSIZ W sg ealag | S WHOMSIE
3 a2
= us Ainqung = us Ainqung
uepjooyIapUIY -
ys Jajempjo us 1ajemp|oD Aueg =
Re100g |ea1bojoan uiseg uebiyaip 2
SS lleysiey SS lleysiey uelbeso 2
pue VNV VPV VN VN I~~~ A A~~~ A~~~ SO 1
w4 uebiyoiy w4 uebiyo|
1s160j0sD) @1EIS ‘Yolid ploJeH — = R
S HodAeg :
uoisialg Aaning [eaibojoan bosssassssed s, it
- S Bwl
Ajenp jejuswuoaiaug jo dag uebiyoaip S e Ve jFSeed S
w4 meuibes w4 meuibes alliasiod Aue3 saa
y N
SRV VNV VN I~ A AAA~AA~AA~AA~AAAAAAAAAAAAAAAAAAAAAAAAAAAAS P
Z <® — o _ E m O w4 Janly pueln w4 Janly pues ybnewsuod 28} b%
I m VNV VPPV VNV VN I~~~ A~~~ A~~~ AAA~AAAAAAAAAAAA CON o~~~
w4 ewoj w4 eo| UBIpIOJXQ BIPPIN | disseinp (ol \
VNV VYV VNV VN I~~~ ~~~~AANA~AAAAAAAANAAAAAAAA~AAAAA~AAAAASAAAAS o~~~
- o ey >
yug |eweln yug leen UBUISUOISINA o%u% z%_a it
SIOVLS
dNo¥9 NOILYIN¥O4 EEEIEL] NOILYINNOA dnoyo NYORIWY |HOOd3 | ao3d| vl
JIHAVUOILVHLS
FUNLYTONIINON FOv4dNsans ADOTOHLIT LNVNINOQ FUNLYTONIINON dO¥ILNO JNIL 21907039




480,000

460,000

12,69l0,000 12,70l0,000 12,71|0,000 12,72|0,000
17 16
17 16
'm‘% 20 21
N
N\
\
\\
2T
32 33
S E
m /
5 [~
i{ ¥
+/
/5;7 4
f% |
y 4
7 )M\ A
/ f K
xf'j Q N
1% $ |
. + 500 -
S
& N
\ PaAA \/(%
Yl M\ s

)
12,690,000
Projection: Michigan State Plane South, NAD83 (feet)

|
12,700,000

I
12,710,000

I
12,720,000

Legend

&

+ Col
Col

D Aut
L] Aut

1 - Proposed Location

dwater Formation Data Point

dwater Shale Structure Contour - 50ft CI
umn Hills RDF

umn Hills RDF - 2 Mile AOR

All datum are subsea elevations

0

2,000 4,000 6,000

[ — = WRCTE

WASTE MANAGEMENT

Figure B.7-2
Base of USDW, Coldwater Formation
Structure Contour Map

2018 Autumn Hills - MDEQ Class | Permit

Scale: 1:36,000 Date: April 2018

2018_WM_MDEQ_Fig_B.7-02.mxd

By: JLM [ Checked: AP

Pelrote

5935 South Zang Street, Suite 200
Littleton, Colorado 80127 USA
303-290-941

www.petrotek com




480,000

470,000

460,000

12,69I0,000 12,70|0.000 12,710,000 12,720,000
1 1

Legend

17 16 A5

18 17 16 /@/ IW-1 - Proposed Location

—— 13

e — +  Coldwater Formation Data Point

. Sy

Coldwater Shale Isopach Contour - 50ft Cl

| & [ Autumn Hills RDF
- ¥ [ ] Autumn Hills RDF - 2 Mile AOR
20 21
\ All datum are subsea elevations
\
05NA1E
26
28
o g
S
~N
35 N

0 2,000 4,000 6,000
| s m— S i S R AT

460,000

3 04N13W

‘AW

WASTE MIANAGEMENT

Figure B.7-3
USDW Isopach Map
Autumn Hills RDF

2018 Autumn Hills RDF - MDEQ Class | Permit

—

Scale: 1:36,000 Date: April 2018

2018_WM_MDEQ_Fig_B.7-03.mxd | By: JLM |Checked: AP

5935 South Zang Street, Suite 200

Littleton, Colorado 80127 USA
303-290-9414
www.petrotek.com

I J )
12,690,000 12,700,000 12,710,000

Projection: Michigan State Plane South, NAD83 (feet)




465,000

475,000

470,000

12,705,000
1

12,710,000
1

12,715,000
|

12,700,000
27
-
. s

203

05N 14W.

o)

/%B

130

110 {K/
N

35.5

I
12,700,000
Projection: Michigan State Plane South, NAD83 (feet)

|
12,705,000

I
12,710,000

I
12,715,000

475,000

470,000

465,000

Legend

//@/ IW-1 - Proposed Location
QB* Glacial Drift & Marshall Sandstone Data Point

1 Autumn Hills RDF

$\ Glacial Drift Value

Marshall Sandstone Value

0 2,000 4,000
T e S 1 Feet

ik "'/v‘
W' Y WS

WASTE MANAGEMENT

Figure B.7-4
Glacial Drift and Marshall
Sandstone Thickness
2018 Autumn Hills - MDEQ Class | Permit

Scale: 1:18,000 Date: April 2018

2018_WM_MDEQ_Fig B.7-04mxd [By: JLM | Checked: AP

5835 South Zang Street, Sute 200
leton, Colorado 8012

Little d 127 USA
303-2900414
www.petrotek.com




478,000

476,000

474,000

472,000

470,000

468,000

466,000

460,000

(@J;;f//ﬂ‘\~ww
y
/

12,69I8,000 12,7(Jl0,0(JO 12,702,000 12,704,000

12,706,000
1

12,71|0,000

12,71|8,000

- \\R'
>0 TR A

&

C

|

04N14W
i

QA

710

=7
-~
(=2
=4

(os]

! i ) !
12,698,000 12,700,000 12,702,000 12,704,000

Projection: Michigan State Plane South, NAD83 (feet)

!
12,706,000

]
12,710,000

12,718,000

12,720,000
]

474,000

472,000

470,000

468,000

466,000

464,000

462,000

460,000

1
12,720,000

Legend

& IW-1 - Proposed Location

Ground Water Potentiometric Contours,
Elevation AMSL

] Autumn Hills RDF

Surface Elevation Contours, AMSL, C.I. 10ft.

0 2,000 4,000
L eeeess— T

e

B
WASTE MANAGEMENT

Figure B.7-5
Potentiometric Surface Map,
Autumn Hills RDF

2018 Autumn Hills - MDEQ Class | Permit

Scale: 1:24,000 Date: April 2018

2018_WM_MDEQ_Fig_B.7-05.mxd | By: JLM IChecked: AP

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

www.petrotek com




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

B.8 Geologic maps and stratigraphic cross sections of the local and
regional geology.

B.8.1 Regional Geoloqgy

B.8.1.1 General History of the Michigan Basin

The Michigan Basin is an intracratonic basin that occupies an area of about 80,000mi?2
(Catacosinos et al., 1991) (Figure B.8-1). The basin is nearly circular and was created
by four different styles of subsidence: trough-shaped, regional tilting, narrow basin-
centered and broad basin-centered (Howell and van der Pluijm, 1999). The basin is
centered on Michigan’s southern peninsula and is generally separated from other
nearby basins by major arches. The basin is characterized structurally by several
Paleozoic anticlines that trend northwest-southeast, which some authors (e.g., Wood
and Harrison, 2002) present in association with basement faults or lineaments.

The Michigan Basin contains as much as 16,000 feet of sedimentary rock, covered by
up to 1,200 feet of Pleistocene-age glacial drift (Catacosinos et al., 1991). Figure B.8-2
is a Geologic Map of Michigan, showing the subcrop configuration of strata in the
Michigan Basin. The Precambrian basement underlying the Michigan Basin is part of
the Superior Province, and is approximately 1.2 to 1.5 billion years old. About 5,000 feet
of thickened Precambrian-age sedimentary rock occurs above basement along a north-
south trending linear trend associated with a gravity anomaly that has been interpreted
by Catacosinos, et al. (1991) and others to be a portion of a buried ancient rift system.
Adjacent to this trend, Cambrian rocks occur above the crystalline Precambrian
basement, as is the case at the Autumn Hills RDF site (referred hereafter as the Site).

A gradual marine transgression occurred through the Late Cambrian. Late Cambrian
deposits including the Mt. Simon Sandstone, Eau Claire Formation, Galesville
(Dresbach) Sandstone, and Franconia Formation are probably marine in origin, with the
source of sedimentary material originating from northeast. By the end of the Cambrian
Period, most of the United States was under water. This circumstance continued
through the Ordovician in the Michigan Basin area. Cambrian-Lower Ordovician units
were deposited within a northerly transgressing epicontinental sea; the units are
predominantly siliciclastic and can be over 4,500 feet thick in the center of the basin.

The Lower Ordovician Trempealeau Formation and Prairie du Chien Group were also
generally deposited in a marine environment. A minor regression preceded the
deposition of the onshore/nearshore St. Peter Sandstone. Deposition of the offshore
marine shale and carbonates of the Trenton and Black River Formations was followed
by another regression, with an accompanying unconformity. The late Ordovician
Richmond Group, which includes the Utica Shale, is composed of shale deposited in a
deep water environment.

B.8-1
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During the Silurian, the Michigan Basin was an interior sea surrounded by low-lying land
areas that partially isolated the sea from other bodies of water. In the absence of a
significant nearby source of clastic material, the main deposits of the Silurian were
evaporite and reef deposits. The Middle Silurian Niagara Formation was deposited
throughout the lower peninsula of Michigan, and is composed of carbonate reef
deposits. Progressive isolation of the Basin with respect to water influx is evidenced by
deposition of the Salina Formation, which contains evaporates including anhydrite and
halite that were deposited in the relatively restricted inland sea. During the Silurian, over
3,000 feet of sediment was deposited in the center of the Michigan Basin.

The base of the Devonian Period is represented by an unconformity as the seas
regressed and land emerged, which was followed by transgression and subsequent
deposition of carbonate-rich sequences through the early and middle Devonian. The
Devonian Detroit River Group consists of carbonates and evaporites, with some shale.
The Dundee Formation, which consists of carbonates, was deposited after the Detroit
River Group. During the Late Devonian, uplift in the Appalachian Region to the east
provided a siliclastic sediment source and subsequent deposition of shale-rich
sequences including the shale of the Antrim Formation, Ellsworth Formations and
Mississippian Coldwater Formations.

Devonian rocks are capped by the deposition of predominantly siliciclastic units during
the Mississippian and Pennsylvanian periods. Depositional environments found during
this time period include marine, coastal, and terrestrial environments, and represent a
return to continental systems. Terrigenous Jurassic “Red Beds” are present in the
center of the Basin (Catacosinos, et al., 1991).

B.8.1.2 Regional Structural Geology

The Autumn Hills RDF is located on the southwestern flank of the Michigan Basin as
illustrated by the Geological Map of Michigan, shown in Figure B.8-2. The Michigan
Basin resulted from epeirogenic down warping during the Paleozoic Era, and
subsidence of the basin controlled the deposition of sedimentary units during the
Paleozoic. Each Paleozoic unit dips toward the center of the basin, and also generally
thickens basinward. The basin extends into northwest Ohio and northeast Indiana and
covers all of the Lower Peninsula of Michigan. The structural axis of the Findlay Arch is
southeast of the Basin and the axis of the Kankakee Arch is to the southwest. Regional
dip in the Site vicinity is to the northeast at 40 to 60 feet per mile.

Catacosinos et al. (1991) states that at least “three structural platforms” were present in
the Michigan Basin that differentially affected isopach and facies relationships within
stratigraphic units. These platforms were located in the southeastern, northeastern, and
southwestern portions of the Basin. Structural features present in the Basin were
characterized by northwest-southeast trending features that Catacosinos indicates
some authors believe are the result of vertical tectonics, possibly anticlines and/or horst
and graben sequences. Catacosinos states that “almost all the faulting in the
Precambrian tends to die out upwards and that only a few of the largest faults extend

B.8-2
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through the Middle Devonian Section. Faulting across the Mississippian-Pennsylvanian
unconformity has not yet been reported.”

According to Catacosinos et al. (1991), during Late Precambrian time rifting occurred
across the midcontinent, as evidenced by a rift zone in Michigan Basin basement rocks.
Rifting was followed by thermal subsidence creating a “sag basin” in the late Cambrian.
Basin subsidence began during the early Ordovician with concurrent deposition of thick
stratigraphic sequences. The current northwest-southeast structural grain apparent in
regional structural maps (e.g., Figure B.8-3) was imposed in late Mississippian to
Pennsylvanian “possibly as the result of flexural foreland subsidence in response to the
Alleghenian-Hercynian Orogeny...” (Catacosinos et al., 1991).

Milstein (1989) states that the distribution of Cambrian strata indicates “successively
younger beds overlap to lie directly on the Precambrian...This suggests that the
regional configuration of the Precambrian surface, during Cambrian times, was similar
to its present shape”. Milstein (1989) also suggests that isopachous variations in
overlying Cambrian units reflect irregularities on the Precambrian surface: “prominent
Precambrian features like the Washtenawa Anticlinorium in southeastern Michigan, and
the Bowling Green Fault located along the Leawee and Monroe County boundary, are
both reflected in the Cambrian sediments.”

Wood and Harrison (2002) explored the occurrence and expression of faults within the
Michigan Basin through mapping of post-Silurian sediments. They concluded that the
“‘Michigan Basin is cut by numerous (12+) major faults lying below the glacial drift and
below the topmost Jurassic sediments”. The lineations generally trend northwest-
southeast (Figure B.8-3). These lineations are dominant features of the subsurface
topography and are well documented, occurring as structural features expressed in
units from at least the Late Devonian (Dundee time) to the Mississippian. Wood and
Harrison (2002) state “These faults carve out [a] large depression in the Central
Michigan Basin and appear to be responsible for shallow anticlines that hold or held a
significant portion of the hydrocarbons in the Michigan Basin”. The origin of these faults
was attributed to deep-seated normal basement faults “rooted in the Precambrian rift
sequence”. Figure B.8-3 presents the location of these northwest-southeast trending
features (Dundee Lineaments) presumably associated with basement faults. Faults are
not projected in the vicinity of the Site AOR.

B.8.1.3 Regional Stratigraphy
Figure B.7-1 presents the stratigraphic column for Michigan. Figures B.8-4 and B.8-5

are regional cross sections available from the literature, and show regional stratigraphic
continuity and geologic structure across the southwestern portion of the Michigan Basin.
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Pelrofek



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

B.8.1.3.1 Precambrian (Lower Confining Zone)

The Precambrian crystalline basement is described as primarily metasedimentary
gneiss (mafic and felsic) formed by the metamorphism of igneous rock as well as
shales, sandstones, carbonate and iron formations. Igneous intrusions may also occur
within these units. The Precambrian basement is estimated to occur at approximately
6,600 feet below ground surface (ft BGS), or approximately 5,900 feet below mean sea
level (ft BMSL) at the Site (Figure B.8-6), and serves as the lower Confining Zone.
Based on the regional structural contour map presented in Figure B.8-6, the depth to
the Precambrian is approximately 5,840 feet BMSL, however based on more recent
data analysis from nearby wells, projected depth to the Precambrian basement is
slightly lower in elevation, which is detailed further in Section B.8.2.2.1. In southwest
Michigan near the Site, the Precambrian dips at approximately 50-60 feet per mile to the
northeast, toward the center of the Michigan Basin and may occur at least 14,000 feet
or more below ground surface near the basin center.

B.8.1.3.2 Cambrian and Lower Ordovician Systems (Injection Interval and
Injection Zone)

The Cambrian is composed of the Mt. Simon Sandstone and the Munising Group that
includes the Eau Claire Formation, Galesville (Dresbach) Sandstone, and the Franconia
Formation. The Trempealeau Formation and Prairie du Chien Group are Lower
Ordovician in age. The Mt. Simon, Eau Claire, Galesville (Dresbach), Franconia,
Trempealeau Formations and Prairie du Chien Group are included in the injection zone.
The Mt. Simon is the injection interval.

Units from the Franconia to the top of the Mt. Simon comprise the Munising Group,
although various authors have also included the Mt. Simon in the Munising Group. For
the purposes of this report, the Munising Group is assumed to consist of the Mt. Simon,
Eau Claire, Dresbach, and Franconia Formations.

Mt. Simon Sandstone (Injection Interval)

The Mount Simon Sandstone (Mt. Simon) is a massive sandstone that is present in the
subsurface throughout much of Ohio, Indiana, lllinois, and the lower peninsula of
Michigan. Figure B.8-7 is an isopach of the Mt. Simon in the Michigan Basin, and Figure
B.8-8 is a structure contour map constructed at the top of the Mt. Simon. The Mt. Simon
is thickest within the central portions of the Basin, and reaches a thickness of
approximately 1,240 feet in the Gratiot County region. The Mt. Simon thins dramatically
to the east side of the state, but thickens again in the southwestern portion of the State
in Berrien County toward the lllinois Basin.

In the southern peninsula of Michigan, the Mt. Simon typically lies unconformably above
the Precambrian Crystalline Basement Complex and is projected to occur at
approximately 5,578 feet BGL (or 4,875 feet BMSL) at the Site. Western Michigan
University (WMU) (1981) indicates that the Mt. Simon varies in thickness from 100 feet
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to over 1,000 feet thick in the lower Peninsula of Michigan (Figure B.8-7), and also
subcrops with the Munising Group in the Upper Peninsula. While the regional isopach
map indicates a Mt. Simon thickness of approximately 900 feet, more recent data
analysis from nearby wells indicates that the Mt. Simon is approximately 1,000 feet thick
in the Site area (detailed in Section B.8.2.2.2).

The Mt. Simon is described as a subrounded to rounded quartzitic sandstone that is
generally fine to coarse grained and well sorted. It is pink to red, with a greater
abundance of feldspar at the base of the unit. WMU (1981) states that “glauconite,
anhydrite, and green shale are present in minor amounts with local dolomite cement”.
Barnes et al. (2009) indicate that the Mt. Simon is composed of three basic units: a
basal arkosic unit, a middle quartz arenite-glauconite unit, and an upper shale-rich unit
that grades conformably into the Eau Claire Formation. Some authors and wellsite
geologists may have attributed basal pre-Mt. Simon sediments to be part of the basal
arkosic Mt. Simon unit.

Regional porosity development is generally related to the burial depth, with better
porosity developed in areas with less overburden (Barnes et al. 2009). State-wide,
literature has generally indicated that Mt. Simon porosity typically ranges from 4-20%
and may also vary laterally where sandstones grade into more shale or carbonate-rich
facies.

The Mt. Simon is a common target for fluid injection, and is under scrutiny as a potential
target for CO2 sequestration. WMU (1981) states that with respect to the Mt. Simon as a
whole, regionally the “the permeable Cambrian quartz sandstone, siltstone, and
arenaceous dolomite suitable for fluid injection comprise about 27% of the stratigraphic
column”. Barnes et al. (2009) conclude that “The Mount Simon Sandstone in Michigan
is an important saline reservoir target for geological sequestration of CO2 in Michigan”.
Various authors have concluded that the Mt. Simon has both the capacity to accept
injectate and has “cap rocks” suitable to arrest vertical fluid migration.

Eau Claire Formation

The Eau Claire Formation (Eau Claire) occurs conformably above the Mt. Simon in the
southern peninsula of Michigan, and consists of interbedded sandstones, siltstones, and
shales may also include thinly bedded dolomites (Milstein, 1989). It is described as
appearing similar to the Mt. Simon, particularly in lower portions where the two units are
conformable and the contact is therefore somewhat gradational. In the center of the
Michigan Basin, the Eau Claire is composed of up to 100% shale and dense siltstone
(UIPC, 1989), with the proportion of shale in the formation decreasing toward the basin
margins.

The thickness of the Eau Claire varies considerably within the Michigan Basin. WMU
(1981), states that the Eau Claire ranges from 0-1,500 feet thick in the Michigan Basin,
with the thickest deposits occurring in the central portion of the Basin. Milstein (1989)
believes there to be about 800 feet of Eau Claire in the central portion of the basin.
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Milstein (1989) mapped the Eau Claire showing a maximum thickness of over 800 feet
near the central basin and thinning to less than 100 feet along the eastern margin of the
state (Figure B.8-9). The Eau Claire is mapped by Milstein (1989, Figure B.8-9) as
being approximately 300 feet thick at the Site. More recent data analysis from nearby
wells indicates that the Eau Claire is approximately 200 feet thick in the Site area
(detailed further in Section B.8.2.2.2).

The top of the Eau Claire occurs at about 4,600 feet BMSL (Figure B.8-10) in southern
portions of Ottawa County near the Site area, and dips to the northeast, reaching a
maximum depth of over 13,000 feet in the center of the Michigan Basin. Local data
analysis from nearby wells indicates that the actual top of the Eau Claire occurs at
approximately 4,670 feet BMSL (detailed further in Section B.8.2.2.2). While the Eau
Claire is included in the Injection Zone, shale rich layers of this approximately 200 feet
thick sequence provide significant barriers to vertical fluid movement from the Mt. Simon
and local well data confirms that it tends to serve as an aquiclude.

Galesville (Dresbach) Sandstone and Franconia Formation

The Galesville (Dresbach) Sandstone is also thickest in the central portion of the
Michigan Basin, reaching its greatest thickness of over 600 feet in Gladwin County. It is
approximately 100-200 feet thick in southwest Michigan and is approximately 145 feet
thick in the Site area. The Dresbach generally thickens to the northeast in the Michigan
Basin, as seen in Figure B.8-11 that presents a regional isopach map of the
Galesville/Dresbach. While the regional isopach map indicates a thickness of
approximately 100 feet near the Site area, more recent data analysis from nearby wells
indicates an estimated thickness of approximately 145 feet (further detailed in Section
B.8.2.2.2). The Galesville is described as medium grained silica-cemented sandstone
that may have glauconite and dolomite, with some siltstone and shaley units present
locally.

The Franconia Formation includes “a wide array of glauconitic dolomitic sandstone,
shale, and sandy dolomite” that is sometimes indistinguishable from the underlying
Galesville Sandstone. Milstein (1989) states that the Franconia is composed of a light
pink to gray quartz sandstone that contains pyrite and abundant glauconite, but can be
readily identified by gamma ray log. The Franconia has a maximum thickness of about
800 feet, and is estimated to be approximately 120 to 140 feet thick in the Site area
based on analysis of nearby wells that is further detailed in Section B.8.2.2.2.

Trempealeau Formation

The Trempealeau Formation is Lower Ordovician in age and is a buff to light brown
dolomite that can be sandy, shaley, and cherty, with some glauconite. Literature
suggests that the formation is likely composed (from the top down) of the St. Lawrence,
Lodi, and Jordan members (WMU, 1981). The St. Lawrence member is a sandy
dolomite with dolomitic shales. The Lodi is a sandy dolomite with interbedded stringers
of shale and sandstone, while the Jordan sandstone is fine grained quartz sandstone to
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sandy dolomite. This formation represents a transition between underlying sand-rich
units and overlying carbonate rich intervals. Figure B.8-12 presents a regional isopach
map of the Trempealeau Formation, and Figure B.8-13 presents a regional structural
contour map. The Trempealeau Formation is approximately 200 feet thick below the
Site area, and is more than 900 feet thick in the center of the Michigan Basin.

Prairie du Chien Group

The Prairie du Chien Group is Lower Ordovician in age, and consists of various layers
primarily comprised of gray, sandy dolomite and dolomitic sandstone and includes the
Shakopee [Foster] Formation as well as other major units identified by WMU (1981) as
the Oneota Dolomite, New Richmond Sandstone, and Shakopee Dolomite. WMU
(1981) states that in the subsurface “the entire Prairie du Chien Group has
characteristics similar to dolomite”, and indicates that in some areas (near subcrop) the
Prairie du Chien is porous. Smith, et al. (1993) described the Prairie du Chien Group as
carbonate-dominated mixed carbonate siliciclastic sediments “deposited in and adjacent
to shallow tropical seas that flooded most of the central North American craton during
the Early Ordovician...[and] consists of sandy, silty and relatively pure dolomites and
minor quartzarenites that underwent intermittent reworking by waves and unidirectional
currents”. Smith et al. (1993) also state that “In the subsurface of the Michigan basin,
dolomites of the Oneota Formation overlie silty-glauconitic dolomites of presumed
Trempealeauan age, and are overlain by silty-sandy dolomites and dolomitic siltstone of
the basal Shakopee [Foster] Formation”. The Shakopee is heterogeneous and consists
of interbedded silty and sandy dolomites, with dolomitic siltstones, sandstones and
shales. In the central Michigan Basin, Smith et al. (1993) state that the Shakopee is
overlain by shales of varying thickness, that in turn are overlain by the St. Peter
Sandstone.

The contact between the Prairie du Chien and overlying units is unconformable in many
locations. WMU (1981) indicates that the Prairie du Chien is overlain by the Post Knox
Unconformity. Milstein (1984) also identified a “Zone of Unconformity” which occurs
above the Prairie du Chien, but this interval is not present in Ottawa and Allegan
counties. Sandstone intervals above the Prairie du Chien (e.g., St. Peter Sandstone)
are discussed by some authors as part of the Prairie du Chien Group. However, since
the sandstone sequences are not present in the Site area, the Prairie du Chien only
includes the carbonate sequences for the purposes of this permit. The Prairie du Chien
of Michigan is generally represented by this same name in lllinois, Wisconsin, and
Indiana, and it is equivalent to the upper part of the undifferentiated Knox Dolomite of
Ohio and to the Beekmantown Dolomite, the Gunter Sandstone, the Gasconade
Dolomite, the Roubidoux Formation, the Jefferson City Dolomite, and the Cotter
Dolomite of Kentucky.

Milstein (1983) mapped the Prairie du Chien as about 550 feet thick in the Site area.
Figure B.8-14 presents this regional isopach map of the Prairie du Chien Group, and
Figure B.8-15 presents a regional structural contour map. The Prairie du Chien is a gas
producer in limited portions of the central Michigan Basin, with the deepest of these

B.8-7

Pelrolek





