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Phase 1 Deliverables

A This graphical summary of the Phase 1 Stuklgy conclusions,
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A A Final Technical Repart detailed, annotated graphical report

Including all deliverables (map and data layer products, visualizations)
of the Phase 1 study.



Phase 1 Key Findings

A '(I;heretdoes not appearto be a groundwaterresourcecrisislike we uncoveredin neighboringOttawa
ounty

A However,we identified similarissueghat led to their crisis
A Significantlyelevatednitrate concentrationampactingshallowgroundwater
A Significantlyelevatedchlorideconcentrationampactinggroundwaterdischargeareas
A Alargenumberof potential or knownsitesof contamination

A Hints of systematicdeclinein groundwater levelsbecauseof cumulativewater use trends (well
network growth)

A We have provided a & 2 ya $ 2cblléction of existingdata related to Allegan/ 2 dzy gréuSdlidvater
system Thisprovideslots of valuableinformationto supportdecisionmakingandmanagement

A We feel stronglythat the bestuseof this collectionof data and modelingresultsis with an interactive
RﬁmsmgSup?ortSyStemhat canbe usedto addresghe currentandfuture setof groundwaterusesin
eganCounty
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Groundwater

With a Focus on Management Implications



Part 1. Water Quantity & Aquifer Analysis

A Growth and Development

A Source of Watet Groundwater

A Aquifer Framework

A Countywide Flow Patterns

A Discharge and Recharge Areas

A Depthto-Water Table

A Detailed 3D Heterogeneity

A 3D Geologic Model

A Hydraulic Conductivity and Aquifer Yield

A Longterm Sustainability
A Longterm Recharge
A Increased Groundwater Use
A Temporal Water Level Trends



Development, Population Growth, and Increased Water Use

Population Growth __AQ ricultural Activities

[- Allegan County []Michigan [_]United States ] e v

1970-1979 1980-1989 1990-1999 2000-2009 2010-2017 2017
Average Average Average Average Average Average

Source: Michigan REAProject.org
Data: Regional Income Division, BEA (11-15-20

A Period of growth that started decades ago and sustained in recent years => Systematic increases in water u
A Effective longd SNY Y I yIF ASYSYy (i NBIldzZANBa K2t Aa0A0O dzy RSNR U}



Source of Water: Groundwater
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A Presently (and historically), essentially all water supply is from groundwater

A Used for: household water; public water supply (yEarg and transient); irrigation, and industry



Screeningevel Estimate of Groundwater Use

Present Day

Millions of Gallons
per Year

I 0.00 - 100.00

I 100.01 - 275.00
[ 275.01 - 450.00
[ 450,01 - 625.00
M 625.01 - 765.00

A Cumulative groundwater use is significant throughout virtually all parts of the County
Al YR GSQI-dzéS 0KS &ddzwadz2NFIFIOS Aa&a WAYyO@BAaAoftSQ |yR
X { & -basédl Ynanagement is especially critical!! 8



Aquifer Framework

Elevation (FT)
- 1009

Wl 574

Marshall Bedrock
Formation

Glacial Aqui

less Coldwater Shale Bedrock Formation

Acg2 FljdAFSN Gf F eSNREY aKlFtt2¢g oIt OALEE€ FdZAFSN |y

A Glacial aquifer covers all portions of the county
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Aquifer Framework

Bedrock Geology

[ Coastal Dunes Glacial Outwash

[]lce-contact cutwash
W Lacustrine Fine

[] Lacustrine coarse

[ Lakes

B Lodge Till

[] Proglacial outwash
Thin drift over bedrock
Il ice-marginal till

Vert. Exaggeration: 6

A Glacial aquifer unconsolidated sediments from glacial advances and retreats; wide range of physical characteristic
A Bedrock aquifer, fractured portions of the Marshall Sandstone; pinching out along Westgberopextent
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Flow Patternsg Glacial Aquifer

Water Level (m)

W 170.1-176.8
W 176.9- 1835
N 183.6- 190.2
[ 190.3 - 1969
[ 197 - 203.7

[ 203.8 - 2104
32105 - 2171
[J217.2-2238
[1223.9-230.5
[1230.6 - 237.3
[2374-244

244.1-250.7
[ 250.8 - 2574
I 257.5 - 264.1
W 264.2 - 2709

A Water table pattern plays a critical role in groundwater management:

A Dictates groundwater flow direction
A Controlsgroundwater speed

J

» Contamination control; groundwater source protection
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NW Quadranf

Water Level (m)

166 - 171.2

1713 -1764
17651816
B 181.7 - 186.8
[ 186.9 - 192

31921 -197.2
[1197.3 - 2024
[]202.5 - 207.6
[1207.7-212.8
12129-218

[J218.1-223.2
2233 -2284
[ 228.5 - 233.6
I 233.7 - 238.8

Subregional Water Table Mapping (more spatial details)

) Ry =

2389 - 244

SW Quadrang

Water Level (m)

1687 - 173.3
W1734-177.8
17791824
18251869
187 - 191.5

[11916- 196

11961 - 200.6
[1200.7 - 203.1
[]205.2 - 209.7
[J209.8-214.3
[2144- 2188
[2189-2234
2235-227.9
228 - 2325

W 2326-237

0
‘.

/| NE Quadrant
VA

&

Water Level (m)

w I 136.5-192.8

1929 - 199.2
W 199.3- 2055
W 205.6-211.8
[211.9- 2181
[]218.2- 2245
[]224.6- 230.8
[]230.9 - 237.1
[]237.2- 2434
[1243.5- 249.8
h 12499 2361
F mm2s62- 2624
| mmo62s- 2687
" mm2ees- 2750

2752 - 2814

' SE Quadrant

Water Level (m)

I 183.9-189.6
N 189.7 - 1954
N 1955-201.2
I 201.3 - 207

2071 - 2128
02128 - 2186
[]2187-224.4
[J2245-230.1
[]230.2 - 2359
[]236-241.7

[J241.8-247.5
[ 2476 - 253.3
I 2534 - 259.1
I 255.2 - 264.9
I 265 - 270.6
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Discharge Areag Glacial Aquifer

[T

p—

A

A Discharge p_rimarily to the major surface water bodies and along their corridors

A Streams, lakes, and wetlands in discharge areas:
o Have signvificantgerundwater components § A
o X®PF YR I NB KI 6A (depeadentetddystamé? dzy Ré I G S NJ 13



Recharge Areag Glacial Aquifer

— Al = == . ) r Vg

A Recharging water moves deep and travels regionally, feeding the entire aquifer

A Location of recharge area has important management implications:
o Land use planning (development disproportionately impacts aquifer sustainability)
0 Waste disposal activities (spills have significantly more impact)

14



Depth-to-Water

Depth to
Water (ft)

Ho:
W 1537
B 3755
I 55-73
73-91
91-110
110-182
128-146
146-165
165-183
183-201
I 201-219
B 219-238
B 238-256
B 256-274
B 274293

A Depthto-water plays an important role in groundwater management, e.g.:
o Designing a water well
o Evaluating the risk of basement flooding
o0 Assessing aquifer vulnerability



Flow Patternsg Bedrock Aquifer

Coldwater Shale subcrop area (semi-transparent grey) v
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A Groundwater discharges toward the surface (through the glacial aquifer) primarily along the Rabbit River and its tribut
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Detailed 3D Heterogeneity of the Subsurface

==
DES

Water Well And Pump Record
Completion is required under authority of Part 127 Act 368 PA 1878,
Failure to comply is a misdemeanor.

(Welloﬁic)

Import ID:
Tax No: [Permit No:

Well ID: 03000004330

Elevation:
Latitude: 42475507

[ Wethod of Collection:  Tnterpolation-Map

wanae: s | | OCAtION

Distance and Direction from Road Intersection:

Source ID/Well No:
001

(Well Owner: Brush Camp 03-002
Well Address:

66th Streat

South Haven, MI 45080

‘Owner Address:
B6th Street
South Haven, M1 48000

Drilling Method: Cable Tool

Well Depth: 128.00 ft Well Use:  Type Il public

Date Completed: 7/3/1920

(Casing Type: Steel - unknawn
Casing Joint: Threaded & coupled
Casing Fitting: Drive shos

Diameter: 4.00 in. to 120.00 fi. depth

Borehole:

Height: 1.00 it above grade

Pump Installed:  Yes Pump Installation Only: No
Pump Installation Date: 7311980  HP: 1.00

Manufacturer:  Jacuzzi Pump Type: Submersible
Model Number:  154C Pump Capacity:

Drop Pipe Length: Pump Voltage:

Drop Pipe Diameter: Drilling Record ID:

Draw Down Seal Used: _No

Pressure Tank Installed: Mo

Pressure Relief Valve Installed:  No

Depth and Litholog

|Static Water Lavel: Below Grade,
Well Yield Test: Yield Test Method:  Unknown I T T
at 20 GPM | Sand 10.00 10.00
c 110.00 [120.00
(Gravel Water Bearn 200 (125.00
Screen Installed: Yes Filter Packed: o — E—
Screen Diameter: 4.00 in. Blank:
Screen Material Type:  Stainiess steek-siotted
Screen Installation Type:  Unknown
siot Length Set Between
12.00 BOORL 120.00 . and 128.00 i
Fittings: Neoprene packer
|Well Grouted: Geology Remarks:

Wellhead Completion:  Pitless adapter. 12 inches above grade

[Nearest Source of Possible Contamination:

Type Distance Direction

Drilling Machine Operator Name:
Employment: Employse

Septic tank 100 1t East
Contractor Type: WWater Well Driling Contractor  Reg No: 03-0764
Business Name: Koops Well Drilling
iness Address: _Holland
‘Water Well Contractor’s Certification
This well was drilled under my supervision and this report is trus o the best of
my knowledge and belief.
of Contractor Date
General Remarks:
[Other Remarks:

y

EQP-2017 (4/2010) Page 1af 1

State of Michigan 21182003 1:51 PM

Vert. Exaggeration: 15

Aquifer

Material

Marginal Aquifer / Partially
Confining Material

[l Confining

Material

A Glacial aquifer extremely heterogeneous (mixed), both horizontally and vertically
AX{2YS LJ

NIia |

NE @JSNE

LISNXY Sl o0f ST gKAf S

Marshall
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3D Heterogeneity of the Subsurface O Aquier Material

] Marginal Aquifer / Partially Confining Mater
B Confining Material B

| TP e | N

Glacial Drift

/_,/ Bedrock

COLDWATER SHALE
[5mi [5mi mi e

, lomi [1mi | [2mi [2mi

em [0m:

NOTEConfining material underlain by aquifer materials

e % % o

.
02 o A b N Bedrock
% e o [ Coastsl Dunes
S o '%@g o, [T]lce-contact outwash
q%oq%@&%ceo‘?& 3 - ) o © bo M Lacustrine Fine

o © [ Lacustrine coarse
[JLakes
I Lodge Till or Fine supra:
[ Proglacial outwash
[ Thin drift over bedrack
M ice-marginal till
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3D Heterogeneity of the Subsurface

A ice-marginal til Proglacial cutwas i loe-contact outwas
] | | | | B
ol NOTEContinuous subregion of aquifer material
|7157 e
N
|555.4 #
‘" e—— - - Glacial Drift
S "“H«._w_‘,,-o-"’f o \ P e ______d.---"“"
[ 2550 \\ ‘Jf‘/____.—'-
Bedrock ™. i
e NOTEThick deposits of confining material .
. MARSHALL FORMATION ““M_,..——--""W
[ LDWATER SHALE COLDWATER SHALE
[omi ' |1 mi |2 mi |2 mi |4 mi |5 mi |6 mi T mi
[ ] Aquifer Material  [] Marginal Aquifer / Partially Confining Material [ Confining Material
o B B 8. oo SABEE 3 I

B Bedrock
[7] Coastal Dunes
[ lce-contact outwash
B Lacustrine Fine

[T Lacustrine coarse

[ Lakes

1 Lodge Till or Fine supra:
[ Proglacial outwash

[ Thin drift over bedrack
M ice-marginal til
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3D Heterogeneity of the Subsurface
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[] Aquifer Material
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Confining Material

Marginal Aquifer / Partially Confining Material
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| Al

3D Heterogeneity of the Subsurface

[] Aquifer Material

] Marginal Aquifer / Partially Confining Materi

NOTE Thick glacial deposits with large degree of vertical and horizontal variability - Confining Material B

T

. Glacial Drift

4—“'“'—‘-'-“—\\ ________________ o
—— — - Bedrock™~__ —
:55m| 6 mi ' w.'n"r |8 mi c 3 mi 10 mi

I Lodge Till or Fine suprar
[ Proglacial outwash

[ Thin diift over bedrock
I ice-marginal till
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3D Geological Model of the Glacial Aquifer

3D Lithology

Transition Probability (TP)
Geostatistical Simulation

Vert. Exaggeration: 15

Marshall
Sandstone

3D Geologic Model

Aquifer

Material

O Marginal Aquifer / Partially
Confining Material

B Confining

Material

A Resulting 3D model is extremely useful:
o water resources development and well siting (where to drill and at what depth)

0 protection of strongly connected streams and groundwatependent ecosystems
o prediction of contaminant transport needed for pollution control.
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Aquifer Material

Marginal Aquifer Material
Partial Confining Material
Confining Material
Bedrock Material




Aquifer Material

Marginal Aquifer Material
Partial Confining Material

e A = 4 ,Confining Matgrial
North-South Xa S O U § |

12096 16128 20159

North-South Xa SOUA 2 Y 2




Aquifer Material

Marginal Aquifer Material
Partial Confining Material
Confining Material
Bedrock Material

Northwest-d 2 dzi KS I 4 (0 -se®idn| adr@sy thef eftire County

0 6394 12788 19182 25576 31970 38364 44758 51152 57546 63939

13488 20247 26596 33746 40484 47243

Southwesty 2 NII KS | & (i -sed®idn| adr@sy thefeatire County

0 6749 13458 20247 26556 33745 40454 47243 53562 &074 67450




Hydraulic Conductivity

Hydraulic
Conductivity (ft/day)

| [EERE Slow

| REES 1

M 3654

[ sam
71-89
29-107
107-125

125-143
143-161
161-179
178-196
[ 196-214
W 212232
B 232250

B0

Fast

; unplaln!wp »

\ '.,'

A Hydraulic Conductivity (K)a fundamental property of geologic materials => how fast groundwater moves X
A *Verticallyk SN} 3SR O2y RdzOUAGAGEe 2F GKS It OAFE FljdzA TSN &aK:
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Transmissivityg Bedrock Aquifer

Transmissivity (fday)

ﬂ

. Coldwater Shale
I 203-397
I 397590
590-733
783-977
977-1170
1170-1363
1363-1556
1556-1750
I 1750-1943
B 1943-2136
B 236-2330

Leighton Twp

A Transmissivity (OLINE RdzOG 2 F O2y RdzOUA @A Ge YR FIljdZAFSNI 0KAOlYS
A{GFGS6ARS LISNBLSOUAGSY ¢ Ay 'f€S3lyYy [/ 2dzyie Aa t2¢ 0
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To o
="

Hydraulic Conductivity/ |
Aq u |fer YI el d Saturated Thicknesg (SWL, Well Screen Depth)
Allowable Drawdown (50% of water available) > Pumping Rate (AQ Yield
Assumed Well Efficiency (70% efficient)
Aquifer Yield (GPM) X
. <=10 '
B 10-70 X

70 - 200
200 - 500
B 500 - 1500 i
.>1500 [

KAa YIFILI Ad dzaS¥TdzZ F2NJ aasSaairyad GKS FljdAFSNQRa | oAt
lyIfeaAad |aadzySa w5 Fi2¢g (02 ¢Sttaz odzi Ay NSI-f)\ésézs



Longterm Sustainability of Groundwater Use

Depends on:
AAbility of aquifer to produce water (aquifer yield)

AAquifer Recharge distribution
ACumulative Water Use Trends



Longterm Mean Recharge Distribution

Recharge (in./yr.)
-7
m71-8
[ EART)
mmo.1-10
B 10.1-11
mi-12
m21-13 ’
m13.1-14
[114.1-15 i il
[315.1 - 154 ] . .1
m16-17 i — |
mm17.1-18 : { ) .

381 -19 1\-» & ‘ Wayland Twp
m19.1-20 4 = R .
B 20.1- 21 A - -

tyde Twp | Vel P

A Recharge = net infiltration of land surface water to water table; depends on climate, watershed characteristics, land

A Important implications for management, e.g., assessing aquifer vulnerability to surface contamination
30



Increased Groundwater Use

A Analysis of Wellogic records => significant increase in the number of wells, especially since 2000, in all parts ofjthe
AF! Oldzrtf ydzYoSNJ 2F ¢gStfa SEOSSRa (UKS SadAYlFdSa LINRJA

and very insightful for identifying areas of growth
31



