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Irrigation Well Site Evaluation

Background Investigation

» |dentify Hydrogeologic Conditions
» Bedrock Aquifer(s) Groundwater Production Potential
» Unconsoelidated Aquifer(s) Groundwater Production Potential
» Review Well'Logs and other. published decumentation

s \Withdrawal /Assessment (IMichigan)
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Background Investigation

Goal: Identify published sources of information
from the USGS, MDEQ, EPA and graduate
studies that are relevant to the site of interest.

s Type of aqwfer(s) available for groundwater resource

* lLocation o po'rﬁr‘rJaJ SOUICES OF contamination;

. Petentiometie suriace ana few. directions.



Background Investigation

Purpose: To construct a conceptual model of the
aquifer system and identify potential sources of
sustainable groundwater production.

e Bedrock vs Unconsolidated (Sand and Gravel);

» Confined vs Unconfined Aguifer;

» Potential for Aaverse Impact to Surface Water;

 |dentity appropriate method ior Field Investigation.




Background Investigation

Bedrock Geology
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Background Investigation
Bedrock Geology

Jurassic. rocks

Pennsyanian focks

Upper Peninsula
|03 Badwater Greenstone
| Badwater Greenstone
Big Hill Dolomite
Bijiki Iron Formation

lack River Group
| Bois Blanc Formation
[ Burnt Bluff Group
| Cabot Head Shale
[ Chocolay Group
[ Collingwood Shale Member
[ Copper Harbor Conglomerate
[ Dunn Creek Formation
=) Ernpadrlor Vé:lcanic Complex

ngadine Grou
-. Frgiaa Fnrmaiinﬁ
Goodrich Quartzite
| Granltic & Gneissic
| Hemlock Formation
0 Intrusive
Ironwood Iron Formation

[ Jacobsville Sandstone
_ | Mackinac Breccia
Manistique Group
I Manitoulin Dolomite

Menominee & Chocolay Groups

Michigamme Formation
Munising Formation
| | Negaunee Iron Formation
| Nonesuch Formation
[ | Oak Bluff Formation
[ Paint River Group
[ | Palms Formation
| Point Aux Chenes Shale
~| Portage Lake Volcanics
Prairie Du Chien Group
Queenston Shale
Quinnesec Formation
| | Randville Dolomite
I Riverton Iron Formation
Saint Ignace Dolomite
| Siamo Slate & Ajibik Quartzite
|7 Siemens Creek Formation
Stonington Formation
I Traverse Group
I

Trempealeau Formation
| Trenton Group

[ Utramafic

[ | Utica Shale Member
[ Volcanic & Sedimentary

Lower Peninsula

B Antrim Shale

[ Basslslands Group

[ Bayport Limestone

I Bedford Shale

[ Bell Shale

[ Berea Sandstone

| | Berea Sandstone and Bedford Shale
Bois Blanc Formation

|| Coldwater Shale

= | Detroit River Group

undee Limestone

lisworth Shale

|| Garden Island Formation

Source Data: M|
Resource Information
System; modified by
LA, based on MIDNR
maps, 1987, 1:500,000.

|| Grand River Formation
[ Marshall Sandstone
[ Michigan Formation
[ Red Beds

[ Saginaw Formation
I Salina Group

[ Sunbury Shale

|| Sylvania Sandstone
|7 Traverse Group
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Background Investigation

Bedrock Groundwater Availability

Composite Hedrock
¥ield {gpm)

R
|:| Mareaquifer bedrock types

Dissolvred solids
concentrations {mgl)

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

Mo Data (== 20km from data poinf




Background Investigation
Surficial Geology

Feat and muck
Postalacial alluwium

Cune sand

Lacustrine clay and silt
Lacustrine sand and gravel =¥
Glacial outeash sand and gravel and postglacial slluvium B2 b
lee-contact oubwash sand and grevel L
Fine-taxtured glacial til

End moraings of fine-testurad till
Ilediurm-texiured glacial ol

End meoraines of medum-texturad till

[ Coarse-textured alacia il

[ End moraines of coarse-testured il

Thin to discontinugus glacial i1l over bedrock
I Atificial il

Wl B posed bedrock surfaces
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Background Investigation

Unconsolidated Groundwater Availability

Yield {gpm)
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Background Investigation

Bedrock Geology & Groundwater Availability

GEOLOGICAL SURVEY
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Background Investigation

Surficial Geology & Groundwater Availability

EXPLAMATION
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Geologic Cross-Sections

SAND AND GRAVEL

UNCONSOLIDATED NONAQUIFER
MATERIAL

LIMESTONE AND DOLOSTONE
SHALE
SANDSTONE

COMPLEXLY INTERBEODED
SANDSTONE, SHALE, AND
LIMESTONE

SILTSTONE AND SHALE, WITH
MINOR SANDSTONE AND
DISCONTINUOUS LIMESTONE

LIMESTONE AND SHALE

COMPLEXLY INTERBEDDED

LIMESTOME AND COAL
BEDROCK AQUIFER

BEDROCK AQUIFER == --
Polenliol unkrown

Figure 58 Hydrogeologic sections 84-84" to 8K-8K * of the White River basin.
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EXPLANATION

D BEDROCK NONAQUIFER

NO DATA

BEDROCK SURFACE=- -Doshed
where opproximaolely locoled

CHRONOSTRATIGRAPHIC
BOUNDARY - ~Doshed where
opprosimotely locoted

LITHOLOGIC CONTACT =~
Doshed where opprosimately
locoted

COAL SEAM- -Dashed where
oppronimotely located

CONMECTS WITH 88 -6,

GENERALIZED
POTENTIOMETRIC SURFACE- -
Doshed where approximately
I ocoted

LITHOLOGIC BOUNDARY
UHENOWH

TEST HOLE=-~Nol drilled

for woler supply

WELL-~All well doto ore d A ek
projected ta troce of L) PEWNSYLVAHIAN
section. Dolled where data u MISSISSIPRIAN
are incomplate b DEVONIAN

FAULT=~Arrows show 5 Shuman
ralolive displocement o DRDOVICIAN

BASE OF UPPER WEATHERED

BEDROCK
ATUM IS SEA LEVEL
VERTICAL SCALE GREATLY EXAGGERATED
v K W MILES
0 5 10 KILOMETERS

White River Basin 123



Agquifer System Characteristics
Hydraulic Conductivity (K)

One-dimensional

Measures the rate that water moves past a point in time
Typical units of feet per day (ft/day)
K =T/b (where T = transmissivity & b = aquifer thickness

Transmissivity (T)

Two-dimensional

0 how fast water IS moving pas
Typical units of square feet per.day.
' = K/b (K = hydraulic conductivity & b

Storativity: (S/Sy)

FOW much WaterIS in pore <
[EMOoVeda:
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Agquifer System Characteristics

EXPLANATION

% Water table

= = = = Line of equal hydraulic head Regional recharge area

Local recharge area

\Ground-water flow line infiltration

nfide aton

unsaturated zone ll Local discharge area 2 2\

Regional discharge area




Agquifer System Characteristics
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Agquifer System Characteristics

Recharge
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Aquifer System Characteristics
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[ Michigan's Water Withdraws

<«

3 Mike's Favorites

C M [ www.mwwat.org/start.asp

D maps.indiana.edu ’ Indiana Geological Sur ...

'WATER WITHDRAWAL ASSESSMENT TOOL

D Benton County, Indiana m Indiana Spatial Data P... D IndianaMap Viewer 2:." ASC Scientific Researc...

Home |

Related Articles Choosing a New or Existing Registration

= Education Material
= Tool Introduction

Department of
Environmental
Quality

a New Withdrawal Existing Registration

Department of
Matural
Resources

United States
Geological
Survey
Institute of
Water
Research

&ZUSGS

w?

What should I choose?
If vou are assessing a new withdrawal or proposing to register a new withdrawal
for the first time, choose "New Withdrawal” above.

If yvou are modifying an existing registration you have made through the water
withdrawal assessment tool, choose "Modify Existing Registration” above.

MNote: Modifying an existing registration is required when the actual withdrawsl construction
deviates from what was proposed during the initial registration. This includes medifications
such as: changing your location, well depth, capacity, etc.

Institute of Water Research, all rights reserved © 2006




Field Investigation

Goal: Develop a Sustainable Irrigation Water Supply.

Fracture Irace Analysis
Surficial GeepPnYSICS

e iestibrlling
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> Well Corsirtetion)
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Fracture Trace Analysis

Lineaments are linear features that are identifiable on stereographic pairs of aerial
photographs. They are identified based upon subtle changes in topography and
shading at the ground surface. Fractures and faults in bedrock or basement rocks
are often propagated up through unconsolidated sediments to the surface as failure
planes. These features are often expressed as lineaments that have subtle surface
expressions. Lineaments usually result from the minor reactivation of fractures and
faults that occurs because of occasional seismic activity.
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Fracture Trace Analysis

Lineaments are identified
using stereographic pairs
of aerial photographs.

| s
MAP FEATURES

'$' Fracture Intersections

Fracture Traces
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Electrical Resistivity Surveying

ER Detects:

- Stratigraphic horizons
and continuity;

- Boundany: Conditions

Bedrockaweathernng
dNUNaUItNgG
(@] aiAand WalErdConten




Electrical Resistivity Surveying

Fraciure-Liks Anomaly Well #8 (90 fi. north)
rock at 6 ft. below ground surface
Top of Rock .
(yellow dash) Ground Surface 11200
Distance (feet) West -
120 140 160 180 200 220 240 | 260 280

|
‘ . -

4 ‘\f

Electrical Resistivity {DI'IrrI--I'Hﬂ

Recommended Drilling 0 20 40 60 80
Location A

I / . \\ . |
\‘?%D Scale n Feat



Electrical Resistivity Surveyin

LEGEND

Municipal Well

Sand Prone Region
(5 - 25 m mho / m)

Sand / Clay Mix Region
(25 - 40 m mho / m)

Clay Prone Region
(>40 m mho / m)

Scale in Feet
[ . |
o 200 400 600 800
1" =500




Electrical Resistivity Surveying
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Test Drilling

Mud Rotary Drilling

-  Bentonite clay used as drilling fluid

»  Lithology samples collected at 51t
intervals

. Boreholeadvanced to base of
available aguiten(s
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Lithology Sampling

- Lithology samples collected at 5 ft
intervals within aguifer formations

» Samples are bagged and labeled
Tor review and sieve analysis




Borehole Geophysics

Well Location Casing Gamma Tool Driller Depth
Diameter

s’;ﬂ?EEHLESS U UTM Coordinate (MAD 27) it t::e;i:mﬂ;‘g’m‘" 132

Easting

wm IDWEST E Northing Si:;tho‘e Electric Tool Logged Depth

Log Interval  15%min
Fluid Type Bentonite | Logged Speed 0.248

Sec. 15 Twp. 65  Rng. 18W nr

Natural gamma ray & single
point resistivity logging |
conducted to verify aquifer T ——

MM_(CPS)

CUBR_(MA)

intervals. | | )/ so0iaa_ B—
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Sieve Analysis & Screen Selection



Sieve Analysis & Screen Selection

[TT]
Sample ID W20 90 1 et
Interval (ft) 145155 155165 165175 175185 | 185190 w0 \\ ::: I
U.S. Screen| 'MEhes ACC % ACC % ACC % ACC % ACC % et |
Opening | Hetained | Hetained | Retained | Retained | Retained 70
B 0.132 0.1% 0.2% 0.0% 0.0% 0.0% 50 \ \\._\
g 0.0754 0.4% 1.4% 0.0% 0.4% 0.1% _ \ \\
16 0.0394 1.2% 5.6% 0.8% 1.7% 0.8% .%;50 ! \\
20 0.0331 1.4% 10.1% 1.6% 238% 1.2% % \\
35 0.0197 14.7% 43.7% 37 5% 30.9% 17 1% g 40 \\ \‘\
40 0.0165 48 4% G1.7% 44 7% 41.8% 39.4% =5 \ \:\ N
60 0.0093 87.4% 90.7% 85 8% 88.5% 89.5% \\—.\ N,
100 0.0059 894 7% 97 2% 897 1% 97 6% 97 0% 20 \ET\:\\ \\\
120 0.0049 96.3% 97 7% 97 8% 98.6% 95.0% \‘\“\‘\\\. \\
230 0.0024 98.5% 99.2% 99 3% 99.7% 99.5% 19 \H:S:.‘:“‘--..\ \\
pan =0.0024 | 100.0% 100.0% 100.0% 100.0% 100.0% 5 T

0.0000
0.0100
0.0300
0.0400
0.0500
0.0600
0.0700
0.0800
0.0900
0.1000
01100
0.1200
0.1300
0.1400

0.0200

Grain Size (inches)

$ Peerless-Midwest



Test/Production Well Construction

City  Hickory Corner County Barry Test Rate 1203
State - Michigan Twp. (T/R) Prairieville Twp. (TIN/R10W)| Static Water Level 33ftbtoc
Location :50" north of E. Baseline Rd 1/4,1i4,1/4 Sec # : SE,SW, SW, 35 Pumping Level 1755 ftbtoc
1,500 west of Lockshore Rd LAT/LONG : 42.42096 Specific Capacity ~ : 28.31 gpmift

L arg e d i am eter b O reh 0 I e Note: : -85.46054 Length of Test (hrs)  : 1

Drilling Method Direct Rotary

o Driller A Kent
r I e Date Drilled October 11, 2012
Well: Prairie

Elev.:

LITHOLOGY

Well screen and casing — o
installed. '

Annularspace back filledwith [EEESS
gravel packiandigrout

Welllisithentdevelopedand
tested

Depth in Feet

Static Water Level 33' btoc

saaliaas

Pumping Level 75.5' btoc

-] Grey Clay

ine to Medium Sand w/ Gravel 20" borehole (0' to 175°)

ine to Medium Sand

- Medium to Coarse Sand w/ Gravel

1 Gravel w/ Sand

Northern #2 Silica Gravel Pack
(147" t0 175

15'of 12" 5.5.W.W. 0.060"
Slot Screen (158'to 173')

_

L PP PEERLESS
e MIDWEST 2

11-08-2012 SWOB FILES\D-FiDeJong, Bastiaanwell logs\26048 DeJong Prairie 110912 bor




Aquifer Performance Test

Obs. Wells
OTPW-1
A TW-09A
- TW-09B-d
Aquifer Model
Leaky

Solution
Moench (Case 1)

I

Parameters

T =1588E+4 f2/da
S  =0.0007588

1/B' = 0.0002566 ft'L
RYr =6.81E-5fr'l
1B =0.ft1

R"r =0. 11

Sw =3.04

r(w) =0.67 ft

r(c) =0.9301 ft

Displacement (ft)

0.1

[ =]
—

0.01 -
1. 10. 100. 1000. 1.0E+4

Time (min)



100 Day Safe Yield Calculation

100 day Calculated Drawdown Analysis
TPW-1 at 700 gpm, 1,000 gpm and 1,400 gpm and
proposed TPW-2 =0 gpm

700 gpm - =—~— 700gpm 1000 gpm - = - 1000 gpm 1400 gpm - == 1400 gpm T =100 days

|
Moench (1985) Hydraulic Parameters |
T = 15,946 ft2/day
35 S=7.03x10+% =E MR I EECACl T S A R S D e A SR N NI O R
1/B' = 2.54x10-4 ft-1 1 _ 31838
B'/r = 4.70x10-5 ft-1
39 | Sw=3.04
riw) = 0.67 ft
r(c) = 0.67 ft

Drawdown (feet)

15

10

0.01 0.1 1 10 100 1000 10000 100000 1000000

Elapsed Time (minutes)




Aquifer System Characteristics

Production well

- Aquifer hydraulic
parameters used to
calculate sustainable
yield;
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bservation well




Sustainable Irrigation
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