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The Water Withdrawal Assessment Process

* Water Withdrawal Assessment Tool - WWAT

* Develop methods, criteria, and definitions for establishing ‘adverse
resource impacts’ for streams and lakes.

* Make recommendations on the policy aspects of the model

Groundwater — Stream Flow — Fish Populations

Adverse Resource Impact Means: Decreasing that part of the
flow such that the streams ability to support Characteristic Fish
Populations is Functionally Impaired.




The Philosophy behind the Approach

Integrated, science-based approach
* National Scientific Peer Review Panel

* Base the approach on Michigan data
— Science team: USGS, MDEQ, MDNR, UM, MSU

* Process was inclusive

— Council & guests (across all sectors)
* Technical and Legal and Mitigation Subcommittees

— MDA, MDEQ & MDNR on Council



The Water Withdrawal Assessment Process

Supplies Supports

Groundwater— >  Stream Flow ——"Fish Populations

» Three Models Interact within the impact assessment model

Withdrawal Model - How much water is in the aquifer, is being

withdrawn, and from where and how it will affect stream flow

Streamflow Model - How much water is flowing in the stream

during summer low flow periods

Fish Impact Model - What fish are in the stream and what is the

likely effect of removing water on those groups of fish



Water Withdrawal Assessment Tool Conceptual Model
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Home | Quick Tour | Run WWAT

Related Articles

m New Regulations

Locate your site

Locate by Address

Department of Enter the address and zip code at or near the S - | ‘
Enwronr_nental withdrawal location. Please spell street names
Quality correctly in order to ensure system accuracy. Zip | ‘
Code:
Department of > Find Address I
Natural Resouces
Locate by Navigation

United States

Gealoaic Suvey To select the county where the

water withdrawal will occur, click
the map or choose from the drop
down menu.

Institute of Water
Research
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WWAT Information Find County I

m Recent Updates

Locate by Latitute and Longitude <

Enter the latitude and longitude coordinates at or  Latitude | ‘
near the withdrawal location. Please input data (Y):
correctly in order to ensure system accuracy.

Longitude | ‘
(X):
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Please select one of the following options for locating the position of yvour water
withdrawal.

Collaborators

Locate by Address
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Enter the address and zip code at or near the
Department of withdrawal location. Please spell street names
Environmental correctly in order to ensure system accuracy

Quality
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Finding the Location of Your Water Withdrawal

Please select one of the following options for locating the position of yvour water
withdrawal.

Locate by Address

Enter the address and zipcode at or near the

withdrawal location. Please spell street names

Address: |14-'D5 S Harrison
correctly in order to ensure system accuracy.

Zip

Code: |48823
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/= Withdrawl Input File - Windows Internet Explorer M=
£ | http 135,916,206 wwatk fgetflow, asp?trans=1378&shore=08bdrkf=12bdrkt=299992:3line=1 130, 690&bline=1802, 100&cline=2826. 7 10&dphzc

ENTER WITHDRAWIL CHARACTERISTICS
Pumping Source and Frequency

Withdrawal Source: O surface Water (from stream) (*) Ground Water
Pumping Freguency: ) Continuous {*) Intermittent

Pumping Parameters
Pumping Current Stats at Location
Capacity |70
(GPM): -Depth to Bedrock (FT): 79
: -Average Well Depth (FT): 93

{C}?‘nﬂr::jmates |-84.48342.[42.716036 |-percent Wells in Glacial: 2

e -Percent Wells in Bedrock: 93
Well Depth

(FT):
Aquifer Type: & Bedrock O Glacial

EE

Intermittent Pumping Schedule
Pumping I:L2 Pumping |‘4
Hours/Davy: Cravs/Week:

Months
Pumping:

(hold Ctrl to select multiple months)

Send to Model

Cone Eﬂ G Internet #100% <




- Screening Resulis - Windows Internet Explorer E|E|E|

& | htbp:ff35,9, 116, 206 wwatfresponse. aspFoount=158id=207 335, 16365, 20705, 20743, 20777, 20872, 20873,21118,21163,21164,21511, »

Water Withdrawal Screening Results

WARMNING: For demonstration purpose only..

Adverse Resource Impact (ARI) Graph

ARI Line
* PROCEED
A B C
The ARI graph abowe illustrates the estimated remowval of water from a nearby stream The proposed withdrawal has passed in
and its potential for causing an adwverse rescurce impact (ART). Zonsa A,
Screening Results - PASSED
Instructions: Actions:

The proposed withdrawal has passed the screening process.

This withdrawal lies within 'Zone A" and is unlikely to have an adverse Rerun
resource impact. Water withdrawals with a capacity of over 70 gpm are

required to register with the Michigan Department of Environmental Register Now
Quality before beginning the withdrawal, and report the actual water -

iew Google Map

Print Report

use every year. If yvou would like to register now press continue. Feedbhack |

Exit

Cone [ &P Internet F100% -
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Home | Quick Tour | Run WWAT

Related Articles

m New Regulations

Locate your site

Locate by Address

Department of Enter the address and zip code at or near the 7 — |
Environmental withdrawal location. Please spell street names
Quality correctly in order to ensure system accuracy. Zip |
Code:
Department of >

Find Address

MNatural Resouces

Locate by Navigation

United States

: To select the county where the
Geologic Survey

water withdrawal WI” occur, chck

m Recent Updates

the map ol
Institute of Water down men SeIeCt County
Research
‘Houghtc-n v ‘
WWAT Information Find County I

Locate by Latitute and Longitude <

Enter the latitude and longitude coordinates at or  Latitude |

near the withdrawal location. Please input data (Y):

correctly in order to ensure system accuracy. Longitude |

(X):




a Water Withdrawal Assessment Tool - Microsoft Internet Explorer
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3 Water Withdrawal Assessment Tool - Microsoft Internet Explorer

File Edit View Favorites Tools Help
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/= Withdrawl Input File - Windows Internet Explorer '__ E|E|
£ | htkp: /35,9, 116, 206 fvwwakfgetflow ., asp?trans=1348&shore=028bdrkf=12bdrkt=99999%3line=13. 04 7&bline=30.007&cline=44, 35924

ENTER WITHDRAWAL INFORMATION

Pumping Source and Frequency
Withdrawal Source: (O Surface Water (from stream) ® Ground Water

Pumping Freguency: & Continuous ) Intermittent

Pumping Parameters
Pumping Capacity (GPM): [100 Current Stats at Location

: . ~ -Drepth to Bedrock (FT): 291
Coordinates (X,Y): | 84.50864|f|43.249?12 _Average Well Depth (FT): 137

-Percent Wells in Glacial: 88
-Percent Wells in Bedrock: 7

well Depth (FT): (127

Aquifer Type: {0 Bedrock & Glacial

send to model

Done [ € Internet L 100% T




= Screening Results - Windows Internet Explorer |_||E|rg|

£ | hetpiff35.9,116,. 206 wwatfresponse, asprcounk=72&id=20715, 20732, 20899, 21502, 21 730,21 7581, 219628estrm=51 , 0941 859597099, 0, 294 3604 04064 7

Water Withdrawal Screening Results

WARNING: For demonstration purpose only. .

Adverse Resource Impact (ARIL) Graph

ARI Line

B C

The proposed withdrawal has faild in Zone
The ARI graph abowe illustrates the estimated remowal of water from a nearby stream D, and is likehy to have an adverss

and its potential for causing an adwerse rescurce impact (ART). Estimated 51 GPM resource impact.

Screening Results - FAILED

Instructions: Actions:

The proposed withdrawal lies within 'Zone ' and is likely to cause an
adverse resource impact. By reducing the flow taken from a nearby
stream, you may be able to avoid these impacts and pass the

screening process. Here are several examples of what vou could do To

help avoid adverse resource impacts:

Rerun

|

|

Register Now |

m Increase Distance From Mearby Streams |
|

|

|

s Increase Well Depth
= Reduce Pumping Rate

YWiew Google Map

To modify withdrawal characteristics and rerun the screen press Print Report

'Rerun'.

Exit

This proposed withdrawal cannot proceed unless approved by the
Michigan Department of Environmental Quality through a site specific
aevaluation. A site specific analysis improwves the estimate of how much
water is available in a stream and may demonstrate additional water is
available at this location. Please contact the Michigan Department of
Environmental Quality for more information.

(£

[% &P Internct  100% -
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£ | http:f35.9. 116,206 wwakigetflow. asp7trans=134582shore=02bdrkf=1&bdrkt=229992:5line=13.04 7 &bline=30. 007 Zcline=44, 3592.dp

/= Withdrawl Input File - Windows Internet Explorer Z

ENTER WITHDRAWAL INFORMATION

Pumping Source and Frequency
Withdrawal Source: (O Surface Water (from stream) *) Ground Water

Pumping Freguency: (* Continuous 2 Intermittent

Pumping Parameters

Pumping Capacity (GPM): |70 Current Stats at Location

-Depth to Bedrock (FT): 291
-Average Well Depth (FT): 137
-Percent Wells in Glacial: 88
-Percent Wells in Bedrock: 7

Coordinates (%) |—84.60864|f|43.249?12

well Depth (FT): (137

Aquifer Type: O Bedrock & Glacial

send to model

Reduce Pumping Rate from 100 GPM to 70 GPM

[ &P Internet H100% v




.ff Screening Resulits - Windows Internet Explorer

£ | http:fi35.9, 116, 206/ wwat/response, aspfrount=78id=207 15, 20752, 20899, 21502, 1 730,21 751, 21 962 8estrm=>55, FE59301 TETI69,0 v

Water Withdrawal Screening Results

WARNING: For demonstration purpose only..

Adverse Resource Impact (ARI) Graph

ARI Line

* CAUTION

A B iZ I
The ARI graph abowve illustrates the estimated remowal of water from 2 nearby stream The proposed withdrawal is in Zone C and
and its potential for causing an adverse rescurce impact {ART). Estimated 36 GPM is approaching the ARI line,

Screening Results - PASSED

Instructions: Actions:

The proposed withdrawal lies within 'Zone C' and is approaching the
Adverse Resource Impact line. Please be aware that as proposed
withdrawals approach this line, there is an increased likelihood of EIH
adwverse resource impact as new water uses begin in the watershed.

Rerun

Register Now

Water withdrawals with a capacity of over 70 gpm are reqguired to |
register with the Michigan Department of Environmental Quality before |

beginning the withdrawal, and report the actual water use every year.
View Gooagle Map

Additional considerations may apply to a withdrawal in Zone C. Actions -
necessary to begin a withdrawal in Zone C will be determined after Frint Report
final legislative action.

Exit

| nrer atmen-
Done [ &P Internet 1009 -
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£ | htep: 35,9, 116, 206 wwat fgetflow, asp?trans=13488shore=02bdrkf=18bdrkt=229002%3line=13.04 7 2bline=30.007&line=44. 3592.dF

/= Withdrawl Input File - Windows Internet Explorer Z

ENTER WITHDRAWAL INFORMATION

Pumping Source and Frequency
wWithdrawal Source: 0 Surface Water (from stream) *) Ground Water

Pumping Freguency: ) Continuous ) Intermittent

Pumping Parameters
Pumping Capacity (GPM): [100 Current Stats at Location

-Depth to Bedrock (FT): 291
-Average Well Depth (FT): 137
-Percent wWells in Glacial: 88
-Percent Wells in Bedrock: 7

Coordinates (X,¥): |-84.61507' [43.268345

well Depth (FT): (137

Aquifer Type: & Bedrock & Glacial

send to model

Keep Original Pumping Rate..

Crone [& &P Internet HL100% -




pff Screening Resulis - Windows Internet Explorer

£ | http:/f35.9.116, 206 wwat/response ., aspFrount=7&id=207 15, 20732, 20599, 21502, 21 730,21 761, 21 96 28estrm=10. 2302451 595949,1 +

Water Withdrawal Screening Results

WARNING: For demonstration purpose only..

Adverse Resource Impact (ARI) Graph

ARI Line
* PROCEED
A B i I
The ARI graph asbowe illustrates the estimated remowval of water from a nearby stream The proposed withdrawal has passed in
and its potential for causing an adverse rescurce impact {ART). Estimated 10 GPM Fone A.

Screening Results - PASSED

Instructions: Actions:

The proposed withdrawal has passed the screening process.

This withdrawal lies within 'Zone A" and is unlikely to have an adver» Rerun
resource impack. Water withdrawals with a capacity of over 70 gpm are
required to register with the Michigan Department of Environmental Register Now

Quality before beginning the withdrawal, and report the actual water |
LSe every year. |

View Google Map

Print Report

Exit

| nrer aTren- |
Crone (g €8 Internet L 100% -




/= Withdrawl Input File - Windows Internet Exploren |Z||E||5__<|

£ | http:)135.9.116. 206 wwatfgetflow, asprtrans=13482shore=08bdrkf =1 &bdrkk=299992 5line=13. 04 7 &bline=30, 007 &cline=44 . 3598dp |+

ENTER WITHDRAWAL INFORMATION

Pumping Source and Frequency
Withdrawal Source: {0 Surface Water (from stream) & Ground Water

Pumping Freguency: ) Continuous ® Intermittent

Pumping Parameters

I:F='urr1|::|:Iir‘n;| Capacity |1DD Current Stats at Location
GPM):
) -Depth to Bedrock (FT): 291
Coordinates (#,¥): |—84.60864|,|43.249?12 —Aw—?rage well DEDEh I[:II-_I']: 137
. -Percent Wells in Glacial: 88
Well Depth (FT): (137 -Percent Wells in Bedrock: 7
Aquifer Type: O Bedrock @& Glacial

Intermittent Pumping Schedule

_ . Pumping
Pumping Hours/Day: |12 Days/Week: 4

Months Pumping:

(haold Ctrl to select multiple months)

send to model

Change to Intermittent Pumping Schedule..

Daone EB a Inkternek L 100% T




ff Screening Results - Windows Internet Explorer

& | htkp:/j35.9.116, 206 fwwat/response, aspFrount=7&d=207 15, 20732, 20899, 21502, 21 750, 21 751, 21 96 28estrm=11. 851 6253260833,0 +

Water Withdrawal Screening Results

WARNIMNG: For demonstration purpose only..

Adverse Resource Impact (ARI) Graph

ARI Line
= PROCEED
A B Z I
The ARI graph sbowe illustrates the estimated remowal of water from a nearby stream The proposed withdrawal has pessed in
and its potential for causing an adwerse rescurce impact (ARI). Estimated 12 GPM Zone A,

Screening Results - PASSED

Instructions: Actions:

The proposed withdrawal has passed the screening process.

This withdrawal lies within 'Zone 4" and is unlikely to have an ad‘»‘e? Rerun
resource impact. Water withdrawals with a capacity of owver 70 gpm ar
required to register with the Michigan Department of Environmental Register Now

Quality before beginning the withdrawal, and report the actual water |
LSe every year. |

View Google Map

Print Report

Exit

| nrers aTren- |
Done [5 &P Internst L 100% -




=1le3

£ | htepe 35,9, 116, 206 waatfgetflow, asprtrans=13488shore=08bdrkf=1&bdrkk=299992.5line=13. 04 7&bline=30. 007 &cline=44. 3598.dF

/= Withdrawl Input File - Windows Internet Explorer Z

ENTER WITHDRAWAL INFORMATION

Pumping Source and Fregquency
wWithdrawal Source: ) Surface Water (from stream) & Ground Water

Pumping Frequency: & Continuous () Intermittent

Pumping Parameters
Pumping Capacity (GPM): [100 Current Stats at Location

-Depth to Bedrock (FT): 291
-Average Well Depth (FT): 137
-Percent Wells in Glacial: 88
-Percent Wells in Bedrock: 7

Coordinates (,¥): |—84.50864|,|43.249? 12

well Depth (FT): =00

Aquifer Type: & Bedrock O Glacial

send to model

Increase the depth of the well from 137 ft to 300 ft, and move
from glacial aquifer to bedrock aquifer..

Done L8 &P Internet 00 -




ff Screening Results - Windows Internet Explorer,

& | hitp:[f35.9.116, 206 /wwat/response, asprrount=7&id=207 15, 20732, 20899, 21502, 21730,21781,2 1 96 Z&estrm=>31 57947696 1 6859,

Water Withdrawal Screening Results

WARNING: For demonstration purpose only..

Adverse Resource Impact (ARI) Graph

ARI Line
# PROCEED
A B i I
Tha ARI graph abowe illustrates the estimated remowval of water from a nearby stream The proposed withdraweal has pessed in
and its potential for causing an adverse resource impact {ARIL). Estimated 100 GPM Zone A.

Screening Results - PASSED

Instructions: Actions:

The proposed withdrawal has passed the screening process.

This withdrawal lies within 'Zone A' and is unlikely to have an adverse Rerun
resource impack. Water withdrawals with a capacity of over 70 gpm are
required to register with the Michigan Department of Environmental Register Now

Quality before beginning the withdrawal, and report the actual water |
use every year. If yvou would like to register now press continue. |

View Google Map

Print Report

Exit

| nrer atren- |
Done L8 &P Internet L 100%: -




Public Act 148: Groundwater Inventory and Map Project
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Aquifers

* Any geologic material that stores and
transmits groundwater.

* |In Michigan, there are two types:

» Bedrock Aquifers

» Glacial Aquifers



Aquifers

Wellogic
Well Records

+ Glacial well

- Bedrock well

312,580 wells

229,256 Glacial wells (73%)

83,324 Bedrock wells (27%)




Yield from Bedrock Aquifers

Composite Bedrodk
Yield igpm)

e
l:l MNar-aquifer bedrock types

Dissolred Solids
concentrations {(mgfl)

- Brine == 100,000
|:| Saline = 1,000 - < 100,000

Mo Data (>= 20km from data painf

No bedrock
aquifers

No bedrock
aquifers




Depth to Bedrock Constraint

_. Thickness of Glacial
g Sediments

[ ]151-100
[ 1101-200
[ ] 201 - 400
[ 401 - 600
[ 601 - 800
I 801 - 1000
B > 1000

insufficient
L] data



Glacial Aquifer Characterization

- Confining material dominates

I: Marginal aquifer material mixed with
partially confining material domlnates

| Marginal aquifer material dominates

- Aquifer material dominates

Map developed using lithologic
information from ~280,000 water
well records in the Wellogic
database.

Each lithology was classified as:
Confining, partially confining,

marginal, “l

or aquifer material. s TN




Yield from Glacial Aquifers

Il Gl=cal Deposits < 30 1t thick

| |M|:|Data

‘\‘ S A AT Tk .ﬁ"'-_.-f- : 3?



Drawdown from Glacial Aquifers

B G'scisl Deposits <30 f. thick

| Mo Data

I' N
L pa i e 1 el
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Groundwater Mapping Web Site

MICHIGAN STATE
UNIVERSITY

DEE_' Groundwater Mapping Project =

Bt o Memagen

e )

A scipnce for a changing world
http://gwm 1S.M d
p://[gwmap.rsgis.msu.edu
Interactive Map Viewer Project Reports Documents
PovverPoirt Presentstion: /
The anline interactive map viewer was created by MELU Remote ; Grounchwater in Michigan
Sensing & GIS Research and Outreach Services (RSEGIS). Base E;‘r‘?rft“é'::mifﬂrﬁg Pl
map featureg and limage_bau:kdnl:ups are included as well ag layers o Quam\);_ 2 8 ME Basic Ground-Water Hydrology
specific to this project. With the viewer users can querny well
databases, find latflon coordinates, find addresses and download ;
spatial data. Technical Report (3-6-08) Ground Water and Surface Water 4
Full Technical Repart: 23.5 MB Single Resource
T - Technical Report by Chapter:
Start the Viewer 1 2 3 4 5 B 7 8 | Sustainabiity of Ground-Water
Wigsiver Tutorial Resources

Broweser Help Get Adobe Reader

Flowy and Storage in Groundwater

= Systems
Groundwater Information Database TR
Groundwater Tutorial Groundwater and the Rural
U3G3 and RS8GIS collaborated on the searchable aroundwater  croundwater Glossary Homecwrer

database. Grounchwater Stewardship Manual

Auifer Basics The Impottance of Ground VWater in

I R Glozzary of Hydrologic Terms B
|Search the Database | |Bibliography or u:uundx?:-'at - itl £ Ef the United the Great Lakes Region
Databasze Tutorial States

) The Water Cycle Ground-wister-Level Monitoring and
Copyright Informetion the Importance of Long-Term
Database last updated: August 17, G005 |RE°E"t Changes water-Level Data

3-6-06
3-19-03



Public Act 148: Groundwater Inventory and Map Project

Public Act 148: Groundwater
Inventory and Map Project

Executive Summary

Michigan Department of Environmental Quality

August 18, 2005
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Public Act 148: Groundwater Inventory and Map Project

gwmap.rsgis.msu.edu
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Refresh Map |

Back to start pace
Contact information
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Public Act 148: Groundwater Inventory and Map Project

gwmap.rsgis.msu.edu

T | e | 564 |
DESL [ % ||
| W [mewmey |y

=ZUSGS

seipnce for 3 ehanging warid

g Ground Water Inventory

=% Geology

i-[_] (2 QUATERNARY GEOLOBY
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] (2 WELLS SUMMAR'Y DB
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-] wETLANDS

- 102 soiLs

-] (2 wmiaTER QUALITY

-4 Location & Yield of Aguiters

-] (2 gLagiaL ¥IELDCD)
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-[_] (% BEDROCK YIELD
~BEDROCK TRANSMISSITY

~{_] (2} BEDROCK DRAWDOWMN
ﬁ Supplemental Vel Data

-] () WELLS COMPLETE DB
-] ('WWELLS HYDRO. RROR. DB
-] (2 GLACIAL AOUIFER INDEX
i-[1 @ RECHAREE

g Groundwyater Levels

] (7! DBSERW. WELLS
g Streamn Flow

-] (2 B FLOWY
] 2 sTREAM GABES}
g Conflict Areas

L[] (B coNFLICT POLYS

g Mon-Ag. Groundweter Lise
] (B INDUSTRIAL

{12 non-aG. IRRIGATION
i{_] () POWER GENERATION
g Public Water Supply
12 usepy svsTAM

----- (172 capaciTy BY WELL

RSGIS-MSU

(] %) AB. WATER USE BY TUvR

-] (2 GLACIAL TRANSMISEIATY (1

D () (WATER TABLE DEPTH G}} /

] (2! CONFLICT POINTS }/
g G-Depend. Matural Features
-] () Gl DEPEND. WETLANDS
[ @ trRouT Lakes
=[] (Z TROUT sTREAMS

J=

ACTIVE:

| counTy -]

}/

VISIBILITY:
£Elv|Base Map
£Z Environmental

=

Ground Water Inventory

I UEYELLS SUNMARY OB
-] ) neATERSHEDS

1 (ZwETLANDS

@ sos

] (@ eaTER QuaLTy

Location & ield of Aguifers >
Supplemental wiell Data >

1% RECHARGE

; Groundwater Levels
i Stream Flow
=2 Conflict Areas

:ﬁ:GW-Depend. Matural Festures_>

hon-Ag. Groundvater Use >

[ (2 a5, WATER USE BY TwiP
% Image Backdrops
g Secondary Map Features

LAYER HELP:

Click to openfclose group.
D Click to show groupdayer.
¥l ciick to hide layer.

E Scale-dependent layer

D Click to show entine group.
@ Click for layer information.
(T Click for raster identity.

[ Auto Refresh

Refresh Map |

Back to start page
Contact information
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VISIBILITY:
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EEECTITOn
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g Secondary Map Features

LAYER HELF:

g Click to openiclose group.
D Click to show groupdayer.
[¥] Click to hide layer.

E Scale-dependent layer

[17] click to show entire group.
& Click for layer information.
() Click for raster identify.

W auto Refresh
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Glacial Deposits — Estimated Yield

() Glacial Yield - Netscape

QOO

Glacial Deposits-Estimated Yield

Yield {gpm)
[]mo-m
[ ]70-=2m
[ ]2m-sm
I s0o- 1,400
| EREL

Il '=cial Deposits < 30 1t thick
| | Mo Deta

Mote: Tield 15 defined as the pumping
rate necessary to produce an estimmated
40% decrease in water level at a well,
for the used thickness of the glacial
deposits as derived from Wellogic
well records.

Yield from a local area in the commonh-used
porion of the glacial deposits was mapped as
the estimated pumping rate (gallons per
minute) thatwould cause a fift-percent
decrease in the water level in the purmping well
(sometimes referred to as availahle
drawdown). This fifty-percent threshold value
accounts for the generally accepted manner
that high-capacity water wells operate {.e. well
efficiency). The estimated yield was calculated
using a simple analtical equation to combine
transmissivity, the saturated thickness and a
starativity value of 0.0016, which is typical of &
leaky-confined aguifer.

The yield map should not be viewed as a
guarantee of yield from a well at a specific
location.

Areas of thin glacial deposits (=30 feet thick)
are shawn because legally-constructed water
wells screaned in the glacial deposits of these
areas are unlikely. The no-data areas on the
map are zanes maore than 2000 meters away
frarm awell record inWellogic. This 2000-meter
huffer zone balances the desire to note areas
that lack data in Wellogic with the need for a
statewide estimate.
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Groundwater Mapping Project

Glacial Deposits-Estimated Yield

B Glacic Deposits < 30 T thick

_ |NEIDEF.E

Note: Yield 15 defined as the pumping
rate necessary o produce an esdimated
50% decrease in water level at a well,
for the used thickness of the glacial
deposites as derived from Wellogic
wrell vecords.

Yield fram & local area in the commani-usad portion
ofthe clacial deposils was mapped a3 the eslimated
puenping rata (gallons per minube) that would cause a
fit-parcent decrasse in the waler leval in%e pumping
well {(sormelimes refarrad to 53 svsllabla drxadoam).

ACTIVE:

| county

VISIBILITY:

This fifty-peqps :
gnne:arrf | @0 Raster Info = Netscape

ivicazoan

b

wells DpEf&l :
was caleula{  Glacisl Orgadown = 20 ft

combme s
slorateantyva
[@akasconlin

The yieldm

Glacial Yield: Max. Discharge = 1420 gpm

freriory

RHARY GEOLOGY
L DEY STES

of yiehl from a well at a spe<Hic [ocation.

Areas of thin glacial deposils (=30 feetthick) are
shown because legally-constiucled wiaater wealls
screened inthe glacial deposits oflhase aress are
uniikaly, The no-daia aress on lha map ar zon2s
rare than 2000 meters aveay from & wall racord in
Weellogic, This 2000 rmeber buffer 20ne balances the
desire lo nole araas Ihat lack data in Wellogic wilh e
ne=d 9r a statewide estimasa,

T GuLAGIAL TR SsrareiL
] @ oaciAL DRAADOWN(D
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4% Supplemental Vel Data
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Bedrock Aquifers — Estimated Yield

FULL PREV SELECT | SELECT aE Err | AlERY [TrT-] I'niem av
EXTENT | ZOOM I& ”NE I. @Bedrock Yield - Netscape

_"IDEN'I'IF'I" |I|EASURE| CLEAR |_ -~

QOO

§ a” Bedrock Aquifers-Estimated Yield
: E ACTIVE:
Lo ‘field from a local area in the bedrock aguifers was | county =1
8 = mapped as the estimated pumping rate {gallons per
R %:T:l;:r:'ﬂedrud( rrinute) thatwould cause a fiy-percent decrease in ;
the water level in the pumping well (sometimes ws||7muw.
| B referred to as available drawdown). This fift-percent ElviBase Man
Q 070 threshaold value accounts for the generally accepted £ Environmental
o [ ]m-20 manner that high-capacity water wells operate {i.e. £ Ground Water Inventary
well efficiency).
[ ]z00-s0 -2 Geology
|:|5c0-1.430 The available drawdown for each well, by bedrock [ ® quaTERNARY GEOLOGY
B aguifer, was calculated by subtracting the static water [ (%) GLACIAL LAMDSYSTEMS
' i level from the well depth. Using the ordinary kriging
|_:| “°“q”'_fe' bedrock types algarithm, these point data were interpalated to the g gWELLS o L
Dissolved solids same 1 krr? arid cells used for the transmissivity ISR R[0S
concentrations {mgA} interpolations. -] (2 weTLanps
B iine >= 100000 -] sois
|:| S SHion S S Eo00 Using the gridded estimates oftransmissivity and [ (2 WATER QUALITY
K g availahle drawdown, the Theis solution was used to . : .
T solve for discharge from each bedrock aguifer, For £ Location & Yisld of Aduifers
2 these calculations, the values for the starativity -] @ sLaciAL YIELD (D
coeflicient, time, and radius were setto constants of [ ] ) GLACIAL TRANSMIZS MATY (L)
\".\ Mate: Yield is defined asthe pumping rate 0.0004, 100 days, and 1 fi, respectively. ] Do (L)
| necessary o produce an estirmated 50% @
¥ < decrease in water level at 2 well inthe bedrock | Using data developed during the Michigan Basin < v (2 pEDROCK YIELD
: 3 aguifer. RASA study, zones within the bedrock aguifers in SMISSATY
L 4 central Lower Michigan were delineated where the -] (Z) BEDROCK DRAWDOWN
‘It dissolved solids cqn_centrations _in the groundwater g Supplemental Wl Dats
“% | exceaded 1,000 milligrams per liter (mare than twice @
—l ' the recarmmended drinking water limit), The white ) ZIWELLS COMPLETE DB
B areas on the map are generally characterized by -] (Z)WELLS HYORD. PROF. DB

hedrack units that normally do not serve as aguifers.

] GLacIAL ADUIFER INDEX
-] (2 RECHARGE

-2 Groundwater Levels

[_] ) WATER TABLE DEPTHIL!

[] (2 omserw: wELLs

=2 Stream Flow

[J (2 nase FLow
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Estimated Recharge To Glacial Aquifers

| Xt | 2054 | 6T | HhET | BEEER | ESflhe |utho [SiTone

L2 | 6 |eeoe oohess |6 [kl [udoEin | %

Q0 0

N [Lomwmey - [weasure ciean  [RRERY [ R0 | T [T -

Recharge

Recharge typically refers to the amount of precipitation, either rainfall ar
snowmelt, that infiltrates through the ground and reaches the water
tahle aquifer. Deeper aguifers generally are recharged with water from
shallower systermns. Groundwater discharge is water that leaves an
aguifer through boundaries including rivers, wetlands, and lakes. The
approach used to estimate recharge is hased on statistical regression
of groundwater discharge (baseflow) estimates derived fram
stream-gaging recards. The assumption is made that recharge to the
shallow aguifer system is egual to baseflow. This method is
appropriate far the shallow aguifer system (ypically in the glacial
deposits) that delivers most haseflow to streams and provides a
long-term {1 - 80 year) average estimate of recharge for moderate areas
{up to 500 square miles).

Mote that most bedrock aguifers in Michigan do not possess a strong
hydraulic connection to the gaged streams and that the recharge map
does not apply to the water delivered to bedrock aguifers fraom the
averlying glacial deposits or through adjacent bedrock units.

The 162 stream-floww gages in the Lower Peninsula adequately
represented most landscape settings. There were too few Upper
Peninsula gages (46 in all) to support the incorporation of land cover
and surficial geology data into the models. Hence, the recharge mapin
the Upper Peninsula is notahly less detailed than in the Lower
Feninsula. This means thatthe influences of surficial geology, as well
as the effects of land caver, have heen ignored in the estimation
procedure inthe UP, undoubtedly leading to an overestimation of
recharge in this part of Michigan.
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Estimated Baseflow of Rivers

BASEFLOW - cfs
00-05
06-1.0
1-5
5-20
20-50
—F— 50-500
=500

Note: Average annual mean
baseflow rate in cubic feet per
second (cfs) from period of
record data from 208 gaging
stations and extrapolated to
streams on the 1:100,000
scale National Hydrography
Dataset for Michigan.
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Public Act 148: Groundwater Inventory and Map Project

gwmap.rsgis.msu.edu
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Non-Agricultural Groundwater Use

gwmap.rsgis.msu.edu

Groundwater Use
(Millions of Gallons/Day)
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Groundwater Users 2003
® Power Plants
® |ndustrial
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® Public Water Supply
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Non-Agricultural Groundwater Use

gwmap.rsgis.msu.edu

Groundwater Use
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Www.Iwr.msu.edu/WaterUse

- New Water Use Regulations

-

Regulations

Introduction

The Michigan Senate and House enacted new legislation to manage large water withdrawals in the state using science as the
basis for policy development, including a water withdrawal assessment process far high capacity wells. A group of eight bills
were approved by the Legislature and signed into law by the Governor, filed with the Secretary of State, and assigned a
Public Act number. These Public Acts become part of Michigan Compiled Laws and amended Part 327 (Great Lakes
Preservation) of the Natural Resources and Environmental Protection Act (NREPA), PA 451 of 1994 and the Safe Drinking
Water Act (SDWA), PA 399 of 1976.

The amended portion of Part 327 of the Natural Resources and Environmental
Protection Act 451 of 1994, follows.

# Natural Resources and Environmental Protection Act (EXCERPT)
Act 451 of 1994 PART 327 Great Lakes Preservation

An analysis of the public acts, prepared by nonpartisan Senate Staff, is
available below.

# Water Resources Compact Analysis ==

The following sections are amended in The SAFE DRIMKING WATER ACT
(EXCERPT) Act 399 of 1976

# 325.1004 Includes in the amendment: water works systems, :
use of assessment tool and determination of zone C withdrawal

# 325.1017 Bottled drinking water =
Department of Lnited States Cepartrrent of Imethdes of

Enwingnmental Cuality Geologic Surwey Matural Fesouces Miater Fesearch

Institute of Water Research, all rights reserved © 2008
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