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ABSTRACT

THE GEOHYDROLOGIC CHARACTERISTICS OF THE GLACIAL DRIFT

WITHIN THE WATER QUALITY MANAGEMENT PROJECT SITE

MICHIGAN STATE UNIVERSITY

A geohydrologic study of glacial sediments underlying

the spray irrigation site of the Michigan State University

Water Quality Management Project demonstrates that the site

is underlain by both clay till deposits and interbedded

gravel layers. Aquifer testing of the drift material indi-

cates that the average transmissivity of the gravel units

is approximately 4000 gpd/ft (50 m3/d m), while the verti-

cal permeability of the clay units average 0.12 gpd/ft2

(5.7 x 10-3 cm/sec). Observed infiltration rates (0.07

gpd/ftz) at the site appear to be twice the rate (0.03

gpd/ftz) calculated from the aquifer test data. The dif-

ference in the infiltration rates is primarily attributed

to downward flow of water along the permeable gravel layers,

which are, to some degree, hydraulically connected to the

underlying Saginaw Formation.
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THE GEOHYDROLOGIC CHARACTERISTICS OF THE GLACIAL DRIFT

WITHIN THE WATER QUALITY MANAGEMENT PROJECT SITE

MICHIGAN STATE UNIVERSITY

Introduction
 

The Michigan State University Water Quality Manage-

ment Project (WQMP) is an experimental facility designed to

research the employment of natural processes to purify and

recycle municipal wastewater. Basically, there are two

natural systems being employed at the WQMP; one involves

effluent removal by terrestrialand aquatic plantlife, the

other involves wastewater infiltration and effluent assimi-

lation by soil material. In the first system, evapotrans-

piration and plant assimilation are utilized to purify waste-

water which is reintroduced into the hydrologic cycle. In

the second system, wastewater is permitted to infiltrate

into the underlying drift deposits where it can ultimately

recharge into the local bedrock aquifer.

Due to the complex nature of the glacial drift under-

lying the WQMP, it has been difficult to define adequately

the recharge and sub-surface flow patterns associated with

the latter system. It is the purpose of this study, there-

fore, to examine objectively the hydrogeologic characteris-

tics of the glacial drift underlying the facility and to

estimate the potential recharge into the local bedrock

aquifer.



Two approaches are used in this hydrogeologic inves-

tigation. The first approach may be termed passive and

involves analyzing data in the form of lithologic logs and

water levels of observation wells to determine hydrogeo-

logic correlations and groundwater fluctuations due to

climatic and seasonal variations. The second approach in-

volves aquifer testing by constant discharge pumpage of a

test well. This method provides an active means of ground-

water manipulation, where aquifer hydraulics are studied

under controlled conditions.

Description of the Study Area

The area of study is situated in the south central

portion of Michigan's Lower Peninsula, about four miles

south of the center of the Michigan State University cam-

pus. The political location description is; the SE k of

Section 6, T3N, RlW, Alaiedon Township, Ingham County

(Figure l).

The climate for this area is that of a "modified"

interior region; where the wide range of seasonal tempera-

tures and the lack of precipitation of typical interior

regions are moderated by the influence of the Great Lakes.

The average precipitation for this area is approximately

31 inches (79 cm), 20 percent of which falls as snow, while

nearly 65 percent of the total annual precipitation is lost

to transpiration (U.S. Dept. of Commerce, 1976).

The research site is part of a 130 hectare tract of

gently rolling farm land which has been fallow since the
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early 1960's. The vegetative cover is essentially old-

field grasses with second growth shrubs along the fence

rows. Surface drainage of the research site is accommo-

dated by a dredged water course known as Felton Drain.

The drain enters Sycamore Creek which flows north into

the Red Cedar River. The Red Cedar in turn flows into

the Grand River which flows west to Lake Michigan.

The soils occurring on the WQMP site are extremely

variable, with an average of 57 percent homogeneity with-

in mapping units (Zobeck, 1976). A high intensity soils

map is presented in Figure 2 and shows the soil types with-

in a quarter mile radius of the center of the aquifer test

site. From Figure 2 and Table 1, it is evident that 61

percent of the soil is of glacial till parent material.

Topographic highs of the area are covered by soils desig-

nated as outwash over till (14%) while the closed depres-

sions in the test site area contain mostly soils of lacus-

trine parent material (17%). The remaining 8 percent is

mapped as soils of outwash parent material and seem to

trend in valley lows. Approximately 83 percent of the

soil in the study area is well drained, with the remaining

17 percent being poorly drained.

Geology of the Study Site
 

At the WQMP site, Pleistocene glacial deposits directly

overlie alternating sandstones and shales of the Saginaw

Formation (Pennsylvanian). The Saginaw Formation
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Figure 2.

Table 1

Soil

Fox

Sebewa

Metea

Owosso

Colwood

Sisson

Miami-

Marlette

Sisson

    Miami- _

Marlette

R
o
m
!

 

Fox

IAN

Ma” 37 . Access

*\~_7’ “~i_. Road

K) A. 08

. Aquifer

Miami-Marlene 13 gig.“ DW

Colwood 20 '

 
Map of the WQMP Site Showing Distribution of

Soil Types.

 

Coverage Parent

% Material

6 Outwash

2 Outwash

4 Outwash/Till

10 Outwash/Till

15 Lacustrine

2 Lacustrine

61 Till

 

Natural

Drainage Soil Description

Well Sandy Loam

Poor Loam

Well Sandy Loam

Well Sandy Loam

Poor Calcareous Silt

Well Loam

Well Loam, Silt Loam

or Silt Glacial

Till



unconformitably overlies the Bayport and Michigan Forma—

tions which are Mississippian in age. The Saginaw Forma-

tion is composed of 300 to 350 feet (90-100 meters) of alter-

nating beds of sandstones and shales with thin beds of coal

and limestone. The formation was deposited by repetitive

deposition of near shore deposits; sequences of sandstone,

shale, coal, shale, limestone, et cetera, are typical through-

out the formation. Local erosion of the upper portions of

many of the sequences before deposits of later sequences has

resulted in frequent breaks in the total deposition sequence

and variations in bed thickness and extent (Kelly, 1936).

The regional dip of the bedding planes in the Saginaw Forma-

tion is one and one-half degrees toward the northeast.

The Pleistocene deposits which overlie the Saginaw

Formation were deposited during Wisconsin age glaciation,

with the uppermost surface deposit being of the Cary sub-

stage (Thornbury, 1965). The 30 to 90 feet (9-27 meters)

of glacial drift underlying the site has been mapped by

Martin (1958) as recessional moraine and as intermorainal

till plane (Figure 3). The intermorainal portion of the

site has been described as "dead ice moraine" (Zobeck,

1976). "Dead ice moraine," which is actually hummocky

ablation drift, is formed when a once active glacial front

becomes stagnant, allowing the gradual lowering of glacial

debris as the ice mass melts. This gradual process is

accompanied by slump, debris flow, and solifluction, which
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7 The glacial sediments and type of topographic relief found

,7

results in repeated redeposition before the load is finally

deposited (Flint, 1971).

Soil samples taken in this area indicate the presence

of flow tills, stratified sediments over clay tills, and

lacustrine deposits in closed depressions (Zobeck, 1976).

in the area confirms the presence of hummocky ablation drift.

The spray irrigation site east of Felton drain has

been mapped by Martin (1958) as recessional (Lansing) moraine.

Parent soil classifications, observation well records, as

well as samples taken at the aquifer test site show the

underlying drift to be principally of morainal type mater-

ial. Figure 4 shows the mechanical analysis of samples at

several intervals within the drift thickness and suggests a

bimodal percent-grain size distribution, which is indicative

of lodgment type till (Driemanis, 1969).

Geohydrology
 

The Saginaw Formation is the major groundwater aqui-

fer for a large portion of the Lower Peninsula of Michigan.

The greater Lansing area, including the WQMP site, is served

exclusively by this confined sandstone aquifer.

The permeabilities of the sandstone layers within

the Saginaw Formation are relatively consistent, with values

averaging about 100 g/d/ft2 (4 m3/d m2) (Wheeler, 1967).

The shale layers within the formation are, for practical

purposes, considered impermeable. The coal and limestone
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10

layers, although somewhat more permeable than the shale,

may also be classified as aquicludes.

The Saginaw Formation is confined by clayey glacial

deposits from above, and from below by inter-formational

shale layers, and limestones of the Bayport Formation.

Artesian pressures are generated by the head differential

found within the confined aquifers. Regional formation

dip, local formational irregularities, and impermeable

glacial sediments confining inclined bedrock surfaces are

situations where head differentials are generated (Mencen-

berg, 1963).

The transmissibility within the Saginaw Formation is

dependent on the cumulative vertical thickness of sandstone

(Stuart, 1945). Transmissibility figures at the WQMP range

from an estimated 10,000 - 20,000 g/d/ft (125-250 m3/d m)

(Vanlier and Wheeler, 1968). Groundwater yield, however,

will vary with the amount of downward and lateral recharge

entering the formation sandstones from overlying drift de-

posits (Stuart, 1945). The recharge potential of a partic-

ular area is dependent on the thickness and permeability of

the glacial drift which overlies the aquifer. It is also

dependent on whether or not the upper portions of the

aquifer are free of impermeable shales layers, which retard

vertical recharge. The lateral recharge of the Saginaw, in

the vicinity of the WQMP, is from the southeast, with local

groundwater flow direction shown in Figure 5.
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12

The hydrology of the overlying glacial deposits is

quite varied, with perched and regular water tables, as

well as artesian conditions present within a single verti-

cal thickness of drift.

The main water table in the spray irrigation site

lies entirely within the glacial drift and generally fol-

lows the contour of the surface topography (Figure 12, page

23). Artesian pressures are generated in permeable lenses

within the drift and by hydraulic connection with the

artesian Saginaw Formation. Vertical recharge rates

through the glacial drift vary proportionately with the

permeability of the saturated thickness of the glacial de-

posits and the head differences between water table and

aquifer piezometric surface (Walton, 1970). Due to munici-

pal pumpage of the Saginaw Formation to the north of the

spray irrigation site, and a general increase in the per-

meability of glacial sediments from east to west, the re-

charge rate tends to increase from southeast to northwest

across the project site. Preliminary studies of the re-

charge rates for the site indicate that the average flux

5
is less than 0.1 ft/day (3.5 x 10' cm/sec) (IWR, 1971).



The Geology and Geohydrology of the WQMP Site
 

Glacial Drift and Bedrock
 

Figure 6 shows a cross section of the geologic units

underlying the WQMP site. The diagram construction is

based on lithologic logs from nine observation wells across

the project site (Figure 7). Copies of the logs are in-

cluded in Appendix A of this thesis and are also available

in the files of the Michigan Department of Natural Resources.

It appears from Figure 6 that the glacial drift underlying

the site is very complex, with depositional units being of

short lateral extent. Nevertheless, some general state-

ments can be made regarding the degree of complexity with-

in the spray irrigation site. The southeast corner of the

site consists mainly of morainic material. Well logs with-

in this area show that this material consists mainly of

gravelly clay. On the other hand, in the central portion

of the site the logs indicate mostly till, but also show

several lenses or layers of sand and gravel. This trend

continues throughout the northeastern portion of the site

until sand and gravel makes up as much as half the drift

thickness. From Figure 6 it is also evident that the

glacial drift at the site rests primarily on clean white

sandstone which include a few, thin layers of grey shale

of variable areal extent. The extreme southeast and

13
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northwest corners of the site, where the bedrock elevation

is highest, consist of relatively thick shales which lie

directly under the glacial drift.

The glacial drift on the WQMP ranges in thickness

from a little over 100 feet (30 meters) in the northeast

corner of Section 6, to about 30 feet (9 meters) on the

south central boundary of the spray irrigation site

(Figure 8). The bedrock topography shown in Figure 9 is

based on well log data and indicates the presence of a

pre-glacial valley which trends NE through the center of

the site. In addition, a small southeast trending tribu-

tary valley cuts a relatively narrow bedrock ridge, which

forms the west slope of the larger buried valley. Both of

these valleys appear to be part of a much larger pre-glacial

river system which drained toward the northwest (Vanlier et

a1. 1973).

Water Table and Piezometric Surfaces

A map of the piezometric surface of the Saginaw For-

mation underlying the spray irrigation site is presented

in Figure 10. The map is based on water level data taken

from shallow bedrock observation wells and shows that

groundwater flow within the Saginaw Formation is toward

the north-northwest. The direction of flow in this par-

ticular area is greatly influenced by M.S.U. production

well drawdown, which lowers the piezometric surface with-

in the Saginaw Formation considerably. It must be pointed
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out, however, that although the cone of depression is

centered around M.S.U. Well #25, the specific shape and

size of the cone changes with the rate, duration and

schedule of pumpage of the individual production wells.

Despite the fluctuation of the specific cone size and

shape, the overall groundwater flow within the Saginaw

Formation is always strongly toward the north with respect

to the spray irrigation site.

Looking next at Figure 11, which is a piezometric

contour map generated by water level data obtained from

the drift wells, it becomes apparent that some areas with-

in the drift are greatly affected by pumpage of the Saginaw

Formation, while others are only slightly affected. The

data used to generate this map was obtained from drift

wells which are screened in the first waterbearing sand

or gravel lens, within 5 meters of the water table. The

wells vary in depth depending on the geology encountered

while drilling. However, despite the variability of depth

which implies varying hydraulic connection with the under-

lying Saginaw Formation, the resulting piezometric map shows

a predictable groundwater flow pattern. For example, the

observation wells in the spray irrigation area show rela-

tively little response to the drawdown produced by the

M.S.U. production wells, while the drift wells that are

situated near the production wells reflect either a dry

drift profile or indicate a marked decline in the water

level.
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A major feature also evident on the piezometric map

in Figure 11 is a groundwater trough, which coincides

with the buried bedrock valley shown in Figure 9. The

valley is situated on a line, between wells DW #23 and

DW #15, and is filled predominately with relatively imper-

eable clay till, with lenses or layers of sand and gravel

at the base. The valley is intersected by two areas of

groundwater discharge, situated north and south of the

spray irrigation site. The groundwater sink to the north

is associated with M.S.U. production well drawdown, while

groundwater flow to the south is the result of groundwater

discharge into the Sycamore Creek drainage system which is

at a lower elevation. The groundwater surface shown in

Figure 11 clearly indicates that groundwater on the lower

part of the drift flows into the bedrock valley and then

either north toward the production wells or south toward

Sycamore Creek.

In addition, Figure 11 shows an area of high ground-

water levels directly beneath the WQMP lake system. It is

uncertain whether this high is due to leakage from the lake

system or whether the bedrock high in this area, which con-

tains some shale lenses, is retarding the downward movement

of groundwater. Another possible explanation is that clay

layers in the glacial drift are producing a "perching

effect" of the groundwater in this area.

Figure 12 shows the water table and groundwater

divides as interpolated from surface water elevations
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taken from the standard 7% minute USGS topographic sheet,

an aerial photograph produced contour map of the WQMP

site, and various shallow boring information within the

area. The water table contours coincide closely with

that of the surface drainage in the WQMP, with roughly

75% of the area draining south into the Felton Drain.

Long-Term Water Level Fluctuation

From September 1976 to September 1977, monthly

water levels were recorded for twelve drift observation

wells in, and adjacent to, the spray irrigation site

(Figure 13). A record of these fluctuations is shown

in Appendix B. It must be pointed out that the rainfall

record from the 1976—77 water year was 9.96 inches (25.3

cm) below the area 17 year normal, and is, therefore,

considered to be a drought year. (NOA Climatological

Data 1976-1977). The characterization of the water level

records, therefore, applies only to the 76-77 water year

or possibly to a period with similar precipitation pat-

terns. The ten records representing seasonal fluctua-

tions are divided into three groups with each group show-

ing similar characteristics. The remaining two records

show water level responses due mainly to pumpage and

spray application.

A plot of the water level fluctuation recorded in

ten of the observation wells is shown in Figure 14, and

is arranged in three groups. The Group I plots are
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Figure 14. Water Level Fluctuations for the 1976-77 Water

Year. Group I represents the type water level

response in areas of piezometric highs. Group

II represents the intermediate response of water

levels lying between the highs and the piezometric

lows which are represented in Group III.
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typical of the wells which monitor points where ground-

water flow is divergent and where the piezometric surface

is relatively high (greater than 857 feet [261 meters]

amsl). It is evident from these plots that the seasonal

declining water level trend is only slightly interrupted

by snow melt and heavy spring rain generally between early

March and May. The maximum annual water level fluctuation

for the Group I wells is approximately 2.25 feet (.68 meters)

with the greatest fluctuation occurring in Well #20.

Group II well fluctuations are similar to Group I,

but differ mainly in magnitude. The overall annual fluc-

tuation of these wells is only about 1.5 feet (0.5 meters).

In addition, the water level response to spring recharge is

more pronounced than thatof Group I, because they are

located between piezometric highs and lows, and monitor

the water level near or at points where groundwater flow

is predominantly convergent.

The Group III type plots include wells that are

located mainly adjacent to creeks and ponds. These sur-

face features appear to directly affect the water table

by buffering groundwater storage with influent flow which

maintains a stable base water table. Deviations from the

base flow are caused by increased groundwater storage due

to increased recharge from higher surface water levels.

A decrease in the minimum water levels, as seen in the

last months of the 76-77 water year, is a result of the

extreme drought conditions which lowered the base flow.
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Figure 15a shows the water level fluctuations for

Well #37 located within the spray irrigation zone. From

August through October of 1976 and mid-April to September

of 1977, the spray zone received approximately three

inches (8 cm) of water per week. The record for Well

#37 shows a marked decline in groundwater storage during

the winter months when the site was not being irrigated

and precipitation was immobilized in the form of snow

and ice.

Groundwater mounding and mound delay equations,

developed by Hantush (1967), can be used to separate that

portion of groundwater storage which is the direct result

of spray application. Figure 15a also shows the plot of

the groundwater fluctuation with the calculated groundwater

mound (Figure 15b) subtracted from it. (Computations in

Appendix C). The plot of the calculated water level in

the well represents theoretical groundwater fluctuations

without the effect of the spray application. It can be

seen from the data that the theoretical values fit into

the Group II fluctuations as would be expected.

Observation well DW #39 is situated on the west end

of the spray irrigation site, adjacent to the Horticul-

ture Research facility. Throughout the summer growing

months the facility operates an irrigation well,which

is set in the Saginaw Formation. The seasonal water

level plot of well #39 is shown in Figure 15c and sug-

gests a hydraulic connection between the well and the
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Figure 15.

77 Water Year.

served 76-77 groundwater fluctuation for Well #37.

Long-term Water Level Fluctuations for the 1976-

15a. The upper curve represents the ob-

The

lower curve is the observed fluctuation minus the calcu-

lated mounding due to spray irrigation.

the

irr

ref

gat

15b. The plot of

groundwater mounding and mound decay due to spray

igation. 15c. The curve shows the increase in storage

lected at Well #39 following the termination of irri-

ion pumpage.
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production well. This is evident from the rapid recovery

records in well #39, which coincided with the end of the

growing season.

Short-term Water Level Fluctuations
 

Short-term water level fluctuations are evident in

wells #20 and #37, which lie on or adjacent to the spray

irrigation plots 21, 22 and 23 shown in Figure 16. These

plots receive 60% of the total effluent on the WQMP. Lith-

ologic logs for these wells can be found in Appendix A.

In order to accurately monitor the short-term fluc-

tuations in water levels, continuous recorders were set up

on wells #27 and #20. Figure 17 shows the water level re-

sponse recorded in the wells during a 20 day period from

March 24 to April 12, 1977. This period was characterized

by several frontal passages and extreme barometric pres-

sure fluctuations. A record of both the precipitation

and barometric pressure during this period is also presented

in Figure 17.

The recorded short-term water level fluctuations in

wells #37 and #20 during the 20 day period clearly show a

correlation with changes in the atmospheric pressure. The

barometric efficiency for well #20 and well #37 calculated

from the equation

W X 100

B

_ A
BE — A
 

barometric efficiency, in percentwhere BE
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Figure 17. Water Level Fluctuation Due to Atmospheric Pressure

Change. The curve shown in A is the atmospheric

pressure represented in feet of water. Parts B & C

show the corresponding barometric response of wells

#20 and #37 respectively (in feet). Graph D repre-

sents the daily precipitation for the 20 day period

in inches.
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25W = change in water resulting from change

in atmospheric pressure, in feet

.AB = change in atmospheric pressure, in feet

are 43 and 44 percent for the respective wells. These

values represent only a moderately active barometric re-

sponse (Chow, 1964) which is probably the result of the

elastic nature of the silty unconsolidated gravel aqui-

fers, and not to the lack of effective confining strata

thickness.

Aquifer Testing
 

The hydrogeology properties of aquifers and aqui-

tards can be analyzed by aquifer testing. This procedure

normally involves applying a stimulus to an aquifer by

means of constant pumpage of a test well, and recording

the water level response in nearby observation wells.

The resulting response is plotted against pumping time

and analyzed using a series of equations and "type" curves

to obtain, quantitatively, the hydraulic characteristics

of the aquifer in the vicinity of the pumped well. Per-

meability (P), storage (3), transmissibility (T) and ver-

tical permeability (P') are the major coefficients analyzed

to describe the hydraulic characteristics of the aquifer

and confining beds. The coefficients of permeability (P)

and transmissibility (T) are defined as the rate of ground-

water flow, in gallons per day, through a 1 foot square,

and a 1 foot wide vertical strip through the aquifer
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respectively, under a hydraulic gradient of 1 foot per

foot. The coefficient of vertical permeability P' is a

measure of the vertical leakage through a foot square hori-

zontal cross section of a confining bed under an hydraulic

gradient of 1 foot per foot. The coefficient of storage S

is the volume of water the aquifer releases from or takes

into storage per unit surface area per unit change in

hydraulic head (Walton, 1962). These hydraulic properties

provide the foundation for a quantitative assessment of an

aquifer.

Methods:

The aquifer test site at the WQMP is located in the

spray irrigation zone, roughly 100 meters S-SE of DW #37

(Figure 16, Page 31). The site consists of a production

well (A), two observation well arrays (B and C) which

contain three piezometers each, and a drift well (DW #37).

The lithologic logs for all the wells except #37 shows

primarily 15 feet (4.6 meters) of brown sandy clay directly

beneath the surface, followed by 10 feet (3 meters) of gray

clay/25 feet (7.6 meters) of gray clay and fine gravel/10

feet (3 meters) of fine gravel and coarse sand with clay

followed by a foot (.3 meters) of black shale and then

sandstone. The logs for each of the three wells as well

as sieve analysis for the various units can be found in

Appendix A.

Production well A is 62 feet (18.9 meters) deep and



35

consists of a 4 inch (10 cm) diameter plastic pipe, which

is slotted throughout its entire length. The saturated

thickness of the drift encountered is 40 feet (12 meters).

The slotted "screen" portion at the base of the well was

set in an 8 inch (20 cm) diameter hole, which was gravel

packed. Above the screen the well was back-filled with

bentonite clay sealer.

The observation well arrays B and C are 70 and 135

feet (21 and 41 meters) to the east and south of produc-

tion well A, respectively. Each well array consists of

three 2 inch (5 cm) plastic piezometers. Each piezometer

is equipped with a 4 foot (1.2 meters) slotted "screen"

segment set at depths 20, 40 and 60 feet (6, 12, and 18

meters) below surface. The screened portions of the

piezometers were packed with gravel and were isolated

from each other by bentonite fill. This piezometer array

arrangement enabled the gathering of data from several

drift horizons within a single drift boring.

Observation well DW #37, which is part of the estab-

lished WQMP observation well system, was also used as a

piezometer during the aquifer test. It consists of a 4

inch (10 meters) steel cased well with a 3 foot (1 meter)

#10 slot screen, which is set in a sand and gravel layer

36 feet (11 meters) from the surface. A diagram of the

production and observation well construction as well as

the lithology encountered in the wells is included in

Figure 18.
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Pumpage of well A was accomplished by a submersible

electric pump and portable generator setup, which provided

a discharge of approximately 12 gallons (46 liters) per

minute. The well discharge was channeled away from the

aquifer test site by gravity flow through an existing

irrigation pipe network, which empties into the Felton

Drain about 300 meters to the west of the test site.

The drawdown measurements for aquifer test well A,

and observation wells B and C were taken with electric

water level sensors and steel measuring tapes (Johnson,

1977). The drawdown in wells #37 and #20 was recorded

with the continuous water level recorders that were used

to record short-level water level fluctuations.

Results:

The responses in the observation wells to the con-

stant pumpage of production well A are shown in Figures 19

through 22. Figure 19 shows the response versus time curves

for the drawdown and recovery recorded in observation well

#37. These curves coincide well with the type curve for a

leaky artesian aquifer without water being released for

storage in the aquitard where v/B = 0.35 (Walton, 1962,

plate 1). By superimposing the field data on the type

curve, match-point coordinates were obtained for computation

of the hydraulic coefficients defining the aquifer. The

values of T, S, and P' calculated from both the drawdown

as well as recovery data are very similar and average 4885
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4 2 3
gpd/ft (61 m3/d m), 3.7 x 10‘ , and 0.12 gpd/ft (5.7 x 10'

cm/sec) respectively.

Figure 20 shows the drawdown from observation well

C-3 which penetrates 60 feet of drift. The early data from

C-3 is unreliable but the later data coincides very well

with the non-leaky artesian aquifer type curve (Walton,

1962, plate 3). Using the match-point coordinates shown

for the C-3 plot results in a T & S value of 4578 gpd/ft

(57.2 m3/d m) and 3.1 X 10"4 respectively, which correspond

very closely to those calculated for observation well #37.

The vertical permeability values are absent because the

non-leaky artesian aquifer curve implies that no water is

being released from storage within the aquiclude and, there-

fore, vertical permeability is assumed to be zero.

Observation well B—2, which monitors the water level

response for an interval 40 ft. (12 meters) from the surface

in observation array B, shows a drawdown response which

coincides also with the non-leaky type curve. Calculations

for T & S from match-point coordinates produce values of

3172 gpd/ft (39.6 m3/d m) and 6.4 x 10'8, which indicates

material with less transmissibility and storage than that

which intersects observation wells C or #37 (Figure 21).

Observation piezometer B-3 monitors the bottom inter-

val of drift roughly 20 feet (6 meters) below the level of

piezometer B-2. The B-3 time-drawdown plot was superim-

posed on the leaky artesian type curve, without water

released from storage (Figure 22). The T & S values
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calculated for well B—3 are 5079 gpd/ft (63.5 m3/d m) and

3
3.2 X 10- and are the highest values recorded for the

aquifer. The vertical permeability, calculated from the

2 (7.1 x 10’3response of piezometer B-3, is .15 gpd/ft

cm/sec) and is consistent with the values calculated from

the response of observation well #37.

The shallow piezometers of observation well arrays

B & C (Figure 23) show drawdown responses that do not

follow any type curve configuration. The data does show,

however, a delayed water level lowering probably caused

by the decreasing piezometric pressure in the lower con-

fined portion of the drift aquifer. This "aquitard re-

sponse" pattern is characterized by three distinct phases

of water level response. In phase 1, early in the test

period, the water level is unresponsive to the drawdown

which is acting on the aquifer beneath it. In the second

phase, the water table response begins to deviate from the

unresponsive portion, with irregularly rising and falling

water levels that vary at equal magnitudes above and below

the established water level. Finally, in the last phase,

the water levels begin to decline at a relatively constant

rate.

Significance:

The aquifer test data for the spray irrigation site

shows that the glacial drift overlying the Saginaw Forma-

tion is not a homogeneous layer of unconsolidated material,
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but rather, exhibits vertical and areal heterogeneous

associations of clay till and relatively continuous gravel

layers. From the test analysis it appears that the gravel

layers in the drift vary only slightly in transmissivity,

but do vary significantly in their hydraulic connection

with the overlying aquitard material.

The aquifer tests also suggest that the transmissi-

bility of the gravel in the drift lies within a moderate

range of 3000 to 5000 gpd/ft (37.5-62.5 m3/d m) with little

evidence to indicate any boundary effect due to the gravel

pinching out. In addition, the test shows that the pumpage

of the entire saturated drift thickness, which is most per-

meable near the base, produced responses throughout the

entire saturated thickness of the drift. This would indi-

cate that gravel units at different elevations are hydrau-

lically interconnected and extend a relatively great dis-

tance. The drawdown analysis from the observation wells

would also suggest that the hydraulic connection between

the gravel units and clay units are not consistent and

reflect indistinct boundary conditions (i.e. leaky to

non-leaky).

The leaky type curve method of aquifer analysis also

provides a means for the calculation of vertical permea-

bilities. The calculated values obtained from this

2 3
method range from 0.12-0.15 gpd/ft (5.7 x 10' - 7.1 x

-3
6

10 cm/sec) or roughly 3.8 x 10 gpd/square mile (1.4 x

3
10 m3/d kilometer). These values are approximately 4
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times higher than the 1.00 X 106 gpd/square mile value

suggested by Firousian (1963). The empirical method used

by Firousian to determine his vertical permeability values

assumes a steady-state condition, where the vertical permea-

bility rate is equated to the quantity of water leaving an

area bounded by flow lines and piezometric contours. The

method used in this investigation involves the analysis

of the aquifer response curve.

The shifting from the fluctuating second phase to the

constant declining drawdown of the third phase of the aqui-

tard response curve shown in Figure 23 marks the point in

time where the head difference between the water table and

the aquifer potentiometric level generates enough pressure

to induce a constant discharge through the aquitard. In

observation well B-l, which monitors the water level in

the aquitard, the shift occurs at the point in time when

the drawdown levels in wells B-2 and B-3 show a recharge

response (Figure 24). This situation indicates that the

water table level in the aquitard has a hydraulic connec-

tion with the underlying gravel units. There is no indi-

cation, however, that the connection existed during the

early phase of the aquifer test. The fact that no hydrau-

lic connection existed prior to the test is recorded by

the unresponsive period early in the test, which corres-

ponds with a drawdown response in the deeper piezometer

for the same time period. Therefore, a vertical connection

between the water table aquitard and the deeper gravel
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units must have developed later during the aquifer test.

When a confined artesian aquifer responds to pumpage,

it does so by compaction of the aquifer skeleton because

of the release of the water pressure within it. The com-

paction results in a decrease in porosity within the

aquifer as well as ground subsidence within the radius

of influence (Ferris, 1962). In Figure 23 the "aquitard

response" is probably the result of the subsidence due to

pumpage. The initial phase of pumpage shows no response

because the radius is small and the effect of subsidence

is not yet felt at the piezometers. As the radius of in-

fluence expands to the point where it causes drawdown in

the gravel, the subsidence may cause tension openings to

develop within the aquitard material (Grisak et al., 1976).

Initially, these openings provide an unstable hydraulic

connection (represented by phase II) which later develop

into defined avenues of recharge into the underlying

gravel units. The development of the openings as recharge

avenues into the aquifer is represented by the third phase

of the aquitard response and the corresponding recharge

effect in the underlying gravel units.

The analysis of the aquitard response has little

practical importance in defining the hydrogeologic condi-

tions of the site other than to account for the recharge

effect in the late stages of aquifer test.

The recharge rate of the aquifer is related to the

vertical permeability of the aquitard. The vertical
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permeability values calculated from aquifer drawdown re-

sponse are influenced, of course, by the condition of the

aquitard. If the properties of the aquitard, however, are

changed during pumpage, the vertical permeabilities ob-

tained during those stages of the aquifer test have little

value in an area that is not ordinarily subjected to pumpage.

The spray irrigation site is never subjected to the

intensity of pumpage used during the aquifer test, and

therefore, the resulting subsidence is not a natural occur-

ring characteristic. The values obtained by the type curve

method, therefore, are probably unreliable, except for cal-

culating approximate potential vertical permeabilities.

Recharge Potential for the Spray Irrigation Site
 

The rate of recharge from the drift to the bedrock

varies with drift and bedrock permeability, drift satu-

rated thickness and the hydraulic head difference between

drift and bedrock. The following equation shows the rela-

tionship of these variables to recharge rate (Walton, 1970).

Q .. 3'.A - M' Ah

where g = recharge rate, in gpd/sq. ft.

A' = coefficient of permeability of glacial

deposits, in gpd/ft

M' - saturated thickness of deposits, in feet

Ah = difference between the head in the aquifer

and in source bed, above deposits through

which leakage occurs, in feet.
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From the above relationship, it can be seen that,

for a constant areal permeability P', the recharge rate

is inversely proportional to the saturated drift thickness

and directly proportional to the head difference. Within

the WQMP site, the recharge potential for a given drift

permeability increases from a minimum in the southern

portion of the spray irrigation zone to a maximum in the

northern portion near the lake research area. The maximum

saturated drift thickness that exists near the southern

boundary of the WQMP site grades into a condition of com-

plete groundwater absence in parts of the drift near the

northern boundary of the site. ,The increasing head dif-

ference (Ah) toward the northern boundary of the site is

caused by drawdown due to pumpage in the M.S.U. production

wells and results in an increased recharge potential toward

the northern boundary.

The piezometric surface of the Saginaw Formation at

spray irrigation plots #21 and #23 is at approximately 845

feet (258 meters) amsl, whereas the groundwater elevation

in the drift is about 855 feet (261 meters) amsl. The head

difference is 10 feet (3 meters) and the saturated thickness

(M') is roughly 40 feet (12 meters) above the bedrock sur-

face. Using permeability values for the "C" soil horizon,

(parent soils), Walton's equation can be solved to obtain

estimates of recharge. Since spray sites overlie soils of

till parentage which have permeability values ranging from
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2 4 2
.5 to l gpd/ft (1.8 x 10' — 4.1 x 10’ m3/d m2) (Zobeck,

1977), recharge into the bedrock aquifer, under these con-

ditions, would range from .12 to .25 gallons per day per

3 2 m3/d m2) or 13,500square foot (4.9 X 10- - 1.0 X 10-

to 27,000 gpd/hectare (51-102 m3/d/hectare).

The aquifer test data, however, indicates lower ver-

tical permeabilities, which range from .12 - .15 gallons

per day per square foot (4.9 x 10-3 - 1.6 X 10-3 m3/d m2)

or 3375 - 4500 gpd/hectare (13—17 m3/d/hectare). The re-

charge rates obtained from the aquifer test data are low

because they represent recharge through the clay till into

the gravel layers, not into the bedrock. The recharge

into the bedrock would also be facilitated by flow through

the gravel layers. The recharge rate through the entire

drift thickness, in the area of the spray irrigation site,

would probably be greater than the aquifer test data sug-

gests, but less than the soil hydraulic conductivity values

would suggest.

Considering that an average of 134,000 gallons (509 m3)

of wastewater (plus precipitation) is applied daily to a 5.4

hectares area, with little evidence of excessive runoff, it

would seem reasonable to assume that the recharge rate would

fall somewhere between the two sets of values. If evapo-

transpiration and runoff values for the spray irrigation

site are about 14% and 19% respectively (Leland, 1977),

the recharge rate for spray plots #21 and #23 would calculate
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to be about 44,000 gallons per day (167 m3/d) or 8100

gallons per day per hectare (31 m3/d/hectare).

The recharge rate calculated from measured and em-

pirical water budget data is approximately twice that

calculated for the aquitard by the aquifer testing data.

The gravel layers, within the less permeable drift mate-

rial, must, therefore, account for the difference in re-

charge rates. The gravel aquifer characteristics, obtained

from aquifer testing, substantiate this possibility. The

average transmissivity of 4000 gpd per foot (50 m3/d m)

of gravel aquifer thickness could easily transmit the

volume of water needed to account for the difference in

recharge rates.

It has been shown that the gravel layers have a

direct effect on the recharge rates, within the aquifer

test site of the spray irrigation zone. The gravel layers

within the test site provide avenues of greater permeability

that have a direct hydraulic connection with the bedrock

aquifer.

The complexity of glacial deposition, within the

WQMP, increases from the southeast to the northwest, which

also implies an increase in the sand and gravel to till

ratio. An increased sand and gravel content, within the

drift, suggests increased permeability and, therefore,

recharge potential.

If the recharge potential, due to permeability,

increases from southeast to northwest and the recharge
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potential, due to drift-bedrock aquifer head difference

and drift saturated thickness, increases from south to

north across the WQMP site, then the resultant recharge

potential must increase from the south-southeast to the

north-northwest.



Summary and Conclusions

The results of the investigation provide hydrogeologic

information for the WQMP site in general, and more specific

information regarding the hydrogeology of the spray irriga-

tion site. The investigation shows that the WQMP is under-

lain by about 50-60 feet of glacial drift, which increases

in lithologic complexity from the southeast to the north-

west. Water table conditions, as well as artesian condi—

tions exist within the drift. Shallow groundwater flow,

in the upper part of the drift, generally follows surface

drainage patterns, while flow in the lower part of the

drift is toward a N-NE trending buried bedrock valley which

underlies the center of the spray irrigation site. A ground-

water divide diverts the groundwater flow into the buried

valley, toward the south into Sycamore Creek and north

toward the M.S.U. water supply wells.

The regional groundwater flow,within the Saginaw For-

mation in the vicinity of the WQMP, is in a north-northwest

direction. Drawdown due to MSU pumpage, however, has

altered the regional flow and has lowered the piezometric

surface in both the bedrock and in parts of the drift.

Also, the vertical groundwater flow in the drift, and that

of the Saginaw Formation is one of widespread recharge with

the groundwater pressure gradient decreasing with depth.

54
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Lithologic log analysis indicates increased sand and

gravel content, within the drift, from southeast to the

northwest, which implies also a corresponding increase in

vertical permeability. In addition, the effect of MSU

water supply well drawdown on the drift saturated thickness

and the water table - bedrock piezometric surface head dif-

ference, increases the recharge p6tentia1 from the south

to the north, toward the production wells. The overall

hydraulic effect of the production wells, therefore, causes

a general increase in recharge potential from the southeast

to the northwest across the WQMP site.

The specific conclusions, as drawn from data obtained

by aquifer testing at the spray irrigation site are as

follows:

1. Gravel units within the glacial drift form a

network which is of relatively large areal

extent. (Greater than a 1000 foot radius)

2. The average transmissivity for the gravel

units is approximately 4000 gpd/ft (50 m3/d m).

3. The vertical permeability for the clay units

at the test site is calculated to be 0.12 gpd/

2 (5.7 x 10-3 cm/sec.).ft

4. The recharge rate calculated from observed

spray application volumes is twice the 0.03

gpd/ft2 calculated from the vertical permea-

bility obtained for the clay units by aquifer

testing.
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5. The difference between the observed and calcu-

lated recharge rates at the spray site is

attributed to infiltration along the gravel

units.

Localized hydrogeologic features, such as irregular

bedrock topography and glacial deposition complexity,

make it exceedingly difficult to accept studies which

treat soil to bedrock material as a homogeneous, iso-

tropic medium. The suitability of the underlying mater-

ial can make the difference between wastewater land appli-

cation as a viable alternative or a costly mistake and,

therefore, deserves much more consideration than in the

past.
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- g l ' This mll was dulled and" m lulisdlchon and "us noon ll "u.

0 lo lhe hoe! ol my knowlodoo end belael.

9 Co.. Inc.
% usinuto Iusmlss um: . ususnanou no.

' «a... 721 5 Howell

Signed We" 19-9-73   
  

an wow (low. was»

 

rmroum‘r: ru. wilt a..¢ WELL OWNER COPY
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WATER WELL RECORD MlCHlGAN DEPARTMENT

n'-L T 7'1! PA 196‘) 6

l LOCATION OF WELL I ' PUBL'L HEALTH

I Cow-1y 7 l'luv.ll'.ln'.l Narn- l‘ 'J lm'l . lmr, huml-m :uvsl- 3mm". w mmgo- r...~r¢ - '

. Ingham I, Alaiedon _-- i a- ~. g F 3 '1‘ 1 1.,

UIIIIIKO And Duncllon Mum floodlnlcl1.(-cllon:.
'3 07.74“. (ll a: l '

Michigan State University inter Quality Ranagement Facility

\ddro-f s

Slrcel add-ens I. Clly 01 W. ll Local-on

Locum m";"Tr7n'sw'lé573mv37 SluelL'h—Mao: —‘ Tam EPW717137.hfiimifiu m Cl-nolvlmn

T l l

I l l ’43 'l __”__,?;1._1-73

,_ _ _.l ._ _.:_. ...:._ __..4 De w e #7 5 R} thlu lur-l [j holmy [:1 Duvo-n C] I -3

. | l
[j Hullcm HM D Jolll'd [j Bun-d U

u b 7' 717-'1t- —:_ 7 7 T
6 US.- D Domeslu' D Pulllu‘ Supply D Ind-mu.

l I |
D Ivugahon D All Condu-nmng D Con-"mun

- - -— - a- I— N e O

* 1 I j l ’ ' [1... w... a 1.9331 torinz w“

l I i
- 76‘9””; ‘Imcmeafj WeldodD 1 Helghlt Abl'lvl'i'l'lvlvw

n .

luosu -——--l
. m 'Smlace ll.

2 FORMATION TNICOI:($5 £3,121.73: __l_-Lm. lo ”It. Oenlh |Wenohl ll lbs/fl. ”

sunuu stanuu __-.n. lo ll. Damn [Ollve Shoo? Vosmuo .

8 SCREEN:

Top Soil 3 “wufitainless Dug h"
 

Slot/Gm ___'LD___ Lenolh 3'

19 Sat belween “Q h. and __§3_ll.

25. ""'"°‘= Standard

9 r T AT5 A IC W ER LEVEL no Water

30 ll. bolovv land surlace

IO PUMPING LEVEL below land Sorlaco

 

Brown Clay 1

Rod Sand

Bod Sand

 

 

 

Bed Sand
3 5 ll. allor hrs. oumolng 9.9m.

llO

 

Bod Sand

Bod Sand

__ ll. allev____ hrs. ammo .. , o.o.rn.

11 WATER QUALITY m Pans Pew Mllllon:

 

 

U
M
U
‘
M
O
‘
Q
U

“'3 Iron lfel Chlorades lCll 

 

Hardness ______0"‘¢' 

 

D Pulless Adaolor 812” Above Grade

‘3 Well GluulOde YO! D No

8 Neal Corneal D Benlomle [3

Doom: horn ll. lo 2/ ll.

1‘ Neolesl Source ol posssble coolsmlnallon

 

 

 

 

 

loo! Ouecllon Tyne

Well dlslnlocmd won cornolellon DVes DNo

‘5 PUMP; a No! mslsllcd

mnMecmrer's Heme

Model Harbor

Lengln ol Dloo Ploo

Typo: L] Suomorslblo

D J“ U Iocmrocolmg

 

 

 

 

HP Volls

GOP-“I

 

h. caoocny

 

 

 

   _ VII I 2.0 IHIIY l' ICIOCD

16 Remarks. elevation. source 0‘ data. etc. 17 WATER WELL CONTRACTOR‘S CERTIFICATION:

€707. F "us well was dulled under my wusdocllon and Inn moon ls lmo

lo the besl 01 my knowledge and bolwl.

. . BLQ‘IUJILLLIM 2.6
REGISTERED BUSlNISS IAH‘ It‘lSTIATlOI

Address 2&5 ‘we “'59 Howell

Sloned LAO-flyz' {EMF/OIL. 10-9-73V

“7170an ntvacsuunv,

    
 

“7d 1“)“ law. l2‘63l

 

 
 

l IMPORTANT: r-n. will: deed. WELL OWNER COPY
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GEOLOGICAL SURVEV SAUL! No.

 

WATER WELL RECORD

. ‘\

mmdmm‘m
MICHlGAN [FDEPARTMENT

 

 

    

' ACT 294 PA 190‘)

1 women 0! WELL I . PUBLIC HEALTH

COME-:7 . 10*!“th N m- lraclun '14 l- u. humbm lurnr N rpm-u lumen hu‘ - '

Ingham Alaiedon a ~. u . 6 3 «rt 1 (a.
 

Ursleoce And Drreclrun lea"! Road lnlerscclruns

Snorer address p. Crly nl Well Localron

Michigan State University

3 (Hi-4L“ (w m .1,

 

- . "R" an 3.1-(Iran Below

 

l

l

I l

l l

'p-J——.L——L—‘

' . . 1T
b--‘-—T-—'-e—1.“l.

3::L
   

 

SLr-lcn Mm-

D. W. #8

water Quality Management Facility

 

 

 

DTL-sl Vrcll a Mnltojcmq

a'edlllrr-s

rfill’xfr’rfirh‘....Jr;-?.-..Z"E.E7TCZTEG.;; 7 ,

'3

J? n. 9-11—72

5 Qt] Cable I...» D Rolary C] Dlrvrn L7} : ;

D Hollow r m. D Jellud D BorrrLl T:

6 U5? DUwr-esuc D Puhlrc Supply D lndusn.

Dlrrroplron D All (Sondrlronrng D Conmm r.

.-

 

 

 
 

7SASINL3. Tnyeadgd. y.'.l¢.¢D [Heslght Army-v new»

ram.

 

 
 

  

 

 

-Lo—— l ur‘u Surlecw ll.

2 FORMATION "Kym $53215: ll '“- ‘° -3-9" °”"‘ |‘”“'°'“ 11""""' ..
svenuu stanuu _____rn. lo __ ll. Depln [Drrve Show? Yes. no __

8 SCREEN:

Brown 8 8 Type: Stai 633— Dre.: h"

Slal/Gx‘ Lenoln 3 '

Brown Band 12 20 Sel beuveen 3 h. end in.

FlfllnoS:

Brown Sand h 2#‘ Standard

9 s‘rnrc wane LEVEL

no water

81831: & Brown 8.316. 12 36 ll. below lend surlece

 

2%

lo PUMPING LEVEL below lend surlece

 

Grey Sand e Gravel

Grey Clay I

38; ll. eller __ nrs. amino p.p.rn.

39 ll. eller_ nrs. pmrno__ o.o.rn.

 

ll wam ouautv m Perle rev Mllllon:

non lFel cnlorrdes lCll
 

 

Hardness ____0Iher
 

 

12 WELL HEAD COMPLETION: D m Inflow“, m

D Palless Adapter 8 12” Above Grade

 

‘3 Well Gromed’ E ves D No

Neel Cement Dlenlpnrle C]
 

 

Deoln: From g n. lo ‘2’ ll.

 

‘4 Nearest Lwrce pl possible contemrnelron

 

lee! __Drreclron T\3.
 

 

Well drsrnlecred upon cornolelron Dyes D No

 

15 run»: a Not lnslelled

Manufacturer's Nerne
 

 

Model Nutter _______ HP ___Volls

  

 

Lenpllr ol Drop Ploe h. ceoecrly 6.9.0.

Type; D Submerslole

C] JCT D Ieclprocelmg
 

. nee a tee sure" :1 hereto   
 

Te Remerlu. elevation. sou'ce ol dale. etc. Er87zsf’

 
 

“Id Tm“ llev. ll-fll

 

17 WATER WELL CONTRACTOR'S CERTIFICATION:

"us well was orrlled under my wrrsdrclron end "we report rs lme

lo lhe Deal 0' my knowledge and belrel.

 

Brown Drilling Co.. Inc. Zé.
REGISTERED eusrelss nut ltduteenoe llo.

Address 721 5 "0 n"59 Howe] 1
   

$0de AU;NOEU§D “5512:1th 6". 10-9-23

IMPORTANT: Flle wile deed. I WELL OWNER COPY
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GEOLOGICAL SUWLY SAW’LL No. .

- C: DJCDDUIDD][1:]
, WATER WELL RECORD MICHIGAN DEPARIMENI

0 AC1 294 PA I365 OI»

I LOCALIQN 9F WELL I
PUBLIC HEALTH

 

 
  
 

 

 

 

 

 

 

 

 

 

   

 

 

 

 

 

E—U—UT‘i-y-
T1II*"\.IIU fedw

‘bl-II I" 'I [it I '1 "null"! "rill I‘ll'IrLM'I Ihdngr' ~..": '

L. Ingham J Alaiedon J -.. '. -. ' 6 '3 r. sr. : 1 r 'I..
. Dislee And Dru-churn Irnrr “and In‘9‘US'fl'IIUVIS -- 'J (”31“; \N A, t .

I

water “ualit Hanenement FacilityMichigan State University . “ y

Street address I. Clly nl Wi-ll Io. Minn

Locale WI’III; X "I ELIIEII ‘br-Iuw shell": ~‘-II'-- z W} LTI:"I~D;"_-ll-I‘:"‘VD-‘;;‘Ql‘(“.l‘ --[;.T,. “1 ('n.',;_[¢“0n

I I

I I l , 37 ll. 9'1-1-73

'- - '£ - ':‘ '—:" "‘ D. w. ‘y9 5 m L “Ht-100' [3 "Mary B Drum" D L ,3

l l |
[j Hunw. me: D Jo-llml D Barr-d D

~ h - 1--.: - —:— - _ .T
6 “St; DOone-xlit D PUHIIC SUDDH' E] Illduulrr

I | |
Dlrrrualnch D Arr Conduit-ulna D Confirm"...-

b-1--T ~ -:--‘ 'uh
DleSI Wm: B Noni tori”

I

l l _l i
78‘5'.‘C- “Heath-HIE WeldedD :H'flo'fl. Above/Brice

mm.
I ur'u

lSurIacr- Il.

rmcuucss own: to
,.2 FORMATION 0' BOHOM 0' LI". lo .31". Death lWeluhl 4L lbs. ll. .—

snnuu svenuu m. to It. 01'0” 10"" Shm" "‘EN" ._

8 SCREEN:

NW 1b 1a 1.... Stainleés 0.... u"

Slol’Ga‘x __—.]_~O___ Lenoth J .

Grey Clay
12 26 Sol between 22 It. end 26 It.

Bram 8
10 36 . fillings: Standard

9 sumc warm LEVEL

Gray Clay 1 37 It. heme: land surlece

l0 PuWING LEVEL below land surlece

 
 

 

 

 

no water

 

ll. alter hr s. ammo 9.9.111.

 

 

It. aller hrs. pinning p.p.m.

11 WAIER QUALITY in Parts Per Million:

 

Iron lFel Chlondes ICll
  

Hardness . __. Olher

12 WELL HEAD COMPLEHON: D In Aoorcwed p“

 

 

D Purless Adapter 8 I2" Allow Grade

13 Well Grouted’ 8‘!” D No

Neel Cement Zfiontonrte [3

Damn; From 0 I]. lo 2, It.

‘4 Nearest Source ol possible contommetoon

 

 
 

 

 

Ieel Direction 1v: 9

Well disinlected upon cormlerion DY” DNo

15 PUMP:

 

 

8 NM rnslslled

Menulaclurer's Name

Model Nun'ber

 

 

HP Von:

  

 

 

 

   
 

 

Length ol Drop P-oe It. ceoacity G.P.M.

Yvon: [j Suomrsible

D Jet D Reciprocating

"tree A no seen or eeeose

16 Remarks. elevation. source of data. etc. 5 70 - 17 WATER WELL CONTRACTOR'S CERTIFICATION:

,
. 5 "us well was drilled under my wrisorctron end this renorl ls Iran.-

- to me oesl ol My Inouledue and benel.

Brown Drilling Co., Inc. 26

RIGISTLRLO IUSlNLSS IrM-IL ItGISYluIlOlI NO.

Address 7?1 5 w“ ”’59 Howell

     
 

/{/-2% Z-“fljf‘”; 19-9-73
Au‘fealalto REFRESH-TA wt

“7‘ 1% (Rev. II‘GBI
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GEOLOGICAL SURVEY SAMPLE No. [:‘——j [1:]D]D[I I l :|[ ] ][] 1 ]

Mfr“;fl” 1973 __

WATER WELL RECORD MICHIGAN DEPARTMENT

7 ACT 29¢ PA I965 or.

/ I LOCATIONOF WELL_[ ' . PUBL'C “EAL”

‘ Colmlv “v Townsmo Nome Fraction Suction Number Town Number Range Number -

‘ _ . ‘ pp Alaiedon V- Is 'a 6 3 W3. 1 e

Distance‘And Di'TectIon Irom Road lntersectrons 3 OWNER OF WELL:

water uali Hanagement Paoili

Hiehigan State University “a... Q t’
O

Street address It City oI Well Location

Locale mm! In "cumhr” Sketch mo: 4 WELL DEPTH: lcornoletedl Dale ol Correlation

I i I __ 36 n. 9-11-73

......ll._ .:.. .4. .. .. ' De Halo 5 a Cable tool [:1 lolerv DI Driven C Duo :53:

. . g». - _ ~ . In W... .. L1 w w
- '"' J--':"Tf‘f::- ET. ' , _ ~ 5 USE: Demure B Public Supplv- [J Indus” 5, :3:

I l .. ' II-IP' :1 § ' J " “ M Dmioetion . D Air ConditioninoD Corrmerclee‘.H:
l-—- e. -o -l- “I5"I" \- ' . . "3’...

- T T 3.3.}‘. . : Drum-u manages;2:335:-
L .” .7 " l 3' '- ' ' ' -- ~ ' 7CASING= Threededh mama Imigmzmve/eeloa 5‘15..- 2.

: . - — . 'Uiern. . . ‘l " '1": '4'-
p——| utl,‘ . lmflx. ".1' -::: f,:':~.‘

. r a PT 10 , 12.31.23‘ . i L- FOMT‘ION lrlcquss Iotf'l'ot or 4,".‘9 31¢:0.9m 1Weraht__11|bllh"‘ ‘. H“

, . .. srllnlm srruruu ._Irl. to ____It. Doorll [Drive Shoe? "salvo [:1 -.~: ‘

_ . A. ascaEEN:

 

 
O

 

 

 

 

 

 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 
  

 

 

 

 

 

 

 

Type: L] Submersible

 

' US! A 2ND Slit? I' rrstosp  Um C] Reciprocating  

 
16 Remarks. elevation. source of data. etc.

If

\H,‘ hr LIILLnI, :lsM Mo 17 WATER WELL CONTRACTOR'S CERTIFICATION:

This well was drilled Linda! my lurlslllclron end "It! rmm I. "In.

to the best OI my knowledge and hem».

V

REGlSYEREO BUSINESS NAME

Address '

 

 
 

a,l.u;.;';TED BYr “

) m"

.4' \ '-

~1‘ ‘ "'96" M

:$/. 190-" ln'V. I2-6‘II

I

GEOLOGICAL SURVEY CO PY

RCGI STRATIO'I NO.

OIL——

Signed _ -\ .1 ,éfi‘AflM1039:23—

IAL: NC .LLoe SEN.

 

____________.___ 8 “Type: Sta-13219.12...D‘lo: . “I S". L;

,. >~ -' _;.‘ p ' eleven—40......me 3’

3m 8m . - ,‘ 27 35 ‘Set ”mm-n. erld___3_6__fl. .:_._ .1 Diff.

‘- . . . . 1 35 VFlttrnos. Sta I 1 fl _ _.

~ ' 9 STATIC WATER LEVEL

. no water

Gray Clay 16 It. below lend surface -

Io PUMPING LEVEL below land surIece

. It. otter—hrs. pmino o.p.rn.

It. otter—hrs. pooping o.p.rn.

I I wane QUALITY in Ports Per Million:

Iron ml criterion ICII . ‘

Herdnees Other ’

_. . 12 WELL HEAD COMPLETION: D m “mm,“ m

D Pltlese Adapter D 12" Above Grede

' ‘3 Well marinara". D No

Street Cement Uhntonite D .

Depth: From It. to I It.

N Neerest Source ol possible eonteminetion

leer Direction ’ rm

Well dieinlected upon completion BY“ D No '

15 ml»: 8 Nor installed

mnuIecturer's Home

Model Number HP__Volts

Lenotn nl Drop Pipe It. “Maw—tutu.



 

0 -—--..~.

GEOLOGICAL SUM/Ev SAMPLE No. C:

 

WATER WELL RECORD

ACT 79‘

mmbmmm
MICHIGAN DEPARTMENT

F
PA was. 0

PUBL I(‘ Ht ALTH

 

,._. __ ....... - "— . _. -

Di, him,- Ati'l Uiteultnn lirim ROJO' [Alerter-(tions

2".1 chi gan State Unlve rsl ty

Slietel micro-es I. City at wi-ll l l. ritron

Locaieflcvifli "I" Iii «In lii-r liclizw

~

 

 

,__J ------ 1' De

   L.———-I “til ———.-I

I LOCATION OF WELL I .

L—l-ITHT; —- _--“ ll anlt'diip herm-

Ingham I Alaiedon

W.

~ a--- —.

#1

‘I l 1! Ill 2"! "L'l‘ !,a.1.lrc ill-nu '. O'IU'O . Hung" 39' ll"

 
 

Slwlt'li Man

1

I. Q. t. I (In ‘ 3 N'! ' 1 ' w.

3 I)...” ()I 7

Water Quality IIaimzement Faclll tzyJ

A0”! “H5

 
Z‘VXTLWSTI: l: i-tiItIlrIl-I-n: — Univ r-l (until-1m"

35 w ‘2'..':}.3!.'.'Z_Z..w

 

b a; Cable; lii- ‘ ['3 “0|.in l: r‘ll\l'n [3 (lug

D Holzow “It" L: ,flITi-t‘, C] Hun-i! D -.._

6 “S“ Dnrmwtir D l—Jlilig Siiunly L3 Indus".

Dllllollulh D Ail Chad-Ironing a Lonvm'tflin

‘ , ., . _I V 4 ‘-

___...I:r:; -.~I__ LEI. .9g+ct=@;;.aefi__=.w_
7( AS‘NG? lhlcldedE ‘rSI-IdL-JLJ Huiulil; About EFL-w

l

 

   

 

Dram.

'50"1|Ce "-

 

2 FORMATION

TNICINISE

STDATUM

Ol‘

I

D(PTN TO an,“ In !.\ ll. Dl‘lllh ’Weiglil lllbs. 'll.

BOTTOM Ol'

snnuu in. to It. Dcolh J Drive Snot-7 taxman r1

 

._Bzgun_cla1
1h

8§CRLEN;

1“ um.Stain1ess QM 4n
  

 

Sand

 
Slotfifin 19 Length 3 .

20 Se! liulwecn 2'2 It. and 26 '1.
 

Bed Sand

25 Fillings: Standard

 

 

 

5

9 STATIC wnEn LEVEL no water

Gmy Sand 5 30 __ ll. below land surlace

IO PuMPlNG LEVEL below land Surlece

Gray Sand some Clay 5 35 _________ lt. alter—hrs. penning ___________ o.p.m.

Gray Sand some Olly 1 36 lt. alrer_ hrs. ammo __ __ o.p.rn. 
 

ll WATER QUALITY in Parts Per Million;

 

lion (Fol Chloride! lCII

 

Herdnes s __Other
 

 

12 WELL HEAD COMPLETION: D m “we,“ 9,.

[:1 PitIr-ss Adapter E 12" Above Grade

 

‘3 weir Grouteergme D No

8 Meet Cement Daemon-to D
 

 

ll.Depth: From L" tt.to cfi/

 

N Nearest Source 01 possIble conlammelIon

 

leet Direction Tip.

Well disinlected upon commotion DVesD No

 

‘5 PUMP: a Not installed

Msrmlecturer's Nome
 

 

Model Nurrber HP Volts

  

 

Length at Drop Pipe ll. capacity 61M.

Type: D Submersible

D J" D llecm'ocettng
 

us: A no utter w Illa")   
  16 Remarks. elevation. sauce of data. etc. gt] 5...

 
 

“Id IOOM (Rev. lZ-GBI

 

[IMPORTANE File with deed.

 
 

17 WATER WELL CONTRACTOR'S CERTIFICATION

This well was drilled under my wrissrction end this report is true

0 the (val ill m imwlvdoe end beliel.

rown Dri 11m: CO.. Inc. 26

RIGISYEILD eusmtss taut ILGISYIAYION No.

Me... 7215 Id- l'T-59 Howell.

Stoned (E Aafi1 Date 10’9“)?

Amman untsten m

WELL OWNER COPY
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G‘OLOGICAL SUM/(V Shunt No.

WATER WELL RECORD

 

1 LOCAYION OF WELL

AC? 29‘ PA ‘965

MICHIGAN DEPARTMENY

PUBLIC HE AL 1H

Himaxmmmm

 

luwn\htp "any

Ingham Alaiedog_

.Oneunce And Uttvchufl hum mud tarmac-Luann

Michigan State University

Conn"

 
 

Shem eddms. I. Can 0' Well Locetoon

   

 

 

  

-_-____.L--;_

Locate «nth "I" 'In-Iz-clmn Sula;- Sketch “:9. I
II

I I r

l I I

I

P“!“":--.-‘+ De we ”12

I I |

I

.0.“ ‘0‘”!

 

'-,Jv l~-

l

."I- *

6

t".*" 'i‘l l"

3N1.
 

5t mgv Nun.

1 ,J
 

.— -—.—_———c— a

.3 Caulk I” c'u. .

Add! etc.

4 NHL will" .Iu'lll-‘flrdl H Mr 01 Cunulrltu't

water Quality ranaxemcnt Facilit,

 
,__.. _.__.:C._._'."._. 9...] 2'73

5 F] Lablt "I! [:1 “Lucy U 0“va

D Hollow mu LL-Trlh‘d D Em!
 

 

6 USL1D Dunn-Stu

Dlungnlton

 

LJ Puhln.’ SuDuly

D Au CnndIlItmtng

D D»;

[3 -——;
 

D Indus" \

D Co’tn-nr .Jl

 

 

 

  

 

 

' ' T ’T -T " M ww "9=QL§.Q£LQ£._.===_., .—
1 L L J— 7 SA‘SINO; Thtche '48.de Inmght: Altovn’Bo-lnw

-¢-—— | emit -——u‘ mm. | Suvlace “-

2 FORMATION tmcg'utss $52273: h m. to fit. Depth I Wetoht ___lllbe..’ll.

5":qu sunuu In. to It. Depth 10mm Shoo? YOb mm: C

8 scum.-

Brown Sand 15 15 W” Stainless On“ a"

Slot/6x; —_lo—__ Lenoth 3'

Brown sum 20 35 Set between—ll“. and 36 It.

F I :

W L 15 m m Standard
' ' 9 sunc wusn LEVEL NO water

It. below land emlece

 

 

 

ft. “to: __

it. Chet __

to PUMPING LEVEL below lend eulece

DIN. amino

h-s. ammo - -__..__._. O-D-M-

 

 

"on (Fe)

Hardneee

H mum QUALITY m Pom Pet Multaon:

Chloudu [CH
 

Othev
 

 

D Pnless Adeoteo

12 WELL HEAD cowunou: D In Anyone m

E 12" Above Gvede

 

 

‘3 Well ammonia“:

Depth: From 6’

8' Neat Cement D Ientomte

[juo

C] 

H. to 0‘ ".

 

 

lee!
 

N Newest Scene at ooeerte contemanetuon

Duectuon
 

Well dIemlecteo uooo conoletIon flVee DNO

TI-oe

 

 

 

1 5 PL)”:

WMICIUIOI'I Heme

‘ Model Nutrbev

Length at Dtoo hoe

DJGI
  . vet A the enlt' I' ultbte  

Not Intellect

 

 

HP Volte

60"“.

 

h. cemnty
 

Iv”: U Submnmle

D leciwocetmg

 

16 Rent-Ike. elevation. eoutce at data. etc. 3 K 3 I Add!08‘ 
 

1 00» (Rev. ‘2-Gll

 

[IMPORTAN'R File with deed.

 

5mm!M1
Autn RI!

7215 w. M-59

17 WATER WELL CONIRACTOR’S CERTIFICAIION:

"us well wee dulled once: my Iunsdtctton end "to! moon I! lme

to the beet 00 my llnowlcaco eIIo belIe'.

Brown Drillingigo.LLInci._

RIQISYI'ED IUSONESS “I“! “(‘ISYIRIIOI N0.

Howell

. 74M" 10-9-73

(0 IIJQC SI Ilelvf]

WELL OWNER COPY

26 
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GIOLOGICAL Sunvu SAUPII No. [:3

WATER WELL RECORD

 

mmmflmfij]
MICHIGAN DEPARIMENY

 

 

 

   

 
 

 

 

 

 

 

 

 

Brown Sand 5 20
 

ALI? PA 136*

I”LOCAL-RON of. WELL < L \ "U81 IC HEALIH _

Couflly - ;:')'l'l\'l." N I!”n' IIIII t...I. ' - II. I I . I 1 II In" that-go- Nww W
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r rm ['00 1,” run tween" Ii-wr- Tetln":.l Range "tree

Ingham _ Alaiedon % u .. 6 3 ~1¢ 11w.
Distance Arid Driecliim lrurri Iq'ad Intersections ‘ ‘- ' ...-.t In (it v“ I I.

Water Quality Vanapement Facility

Michigan State University AMW“

 
 

   

 

 

 

 

 

 

 

 
 
 

LOCI-‘9 WINL'W'. '" 2"" I"ill" 5W0" Stretch May; TWEFOTPIHV lLornoIL-lt‘til Dale nI Cumlettbn

I I I '
59 It. 9'21‘73

,_ - ‘I - -I— -I— — De We #20 5 [3 Cable loul D Rotary D Driven C] tea

I | I I
D Hollow rod Q Jetted D Bored D

a " "’ 4““1' "' '1“ " ‘ ‘T
6 U551 Dbomeslic D Publtc Supply [3 Industry

I | l
Damnation D Air Conditioning D Comte-w

” 1' ‘T ‘ T“ ’“" D'w ...... [.33 I-loni toring

i g I J—
7831340: ThreadedE WeldedD :HUIONIZ Abbye/Below

lb—-l tutu ——aI

[Surlece It.

2 mm. me Ju- .. 59... ......._1:i_....,...
Itutuu stanuu __rn. to __ ll. Depth J Drive Slice) ”SE No D.

8 SCREEN:

Brown Clay 20 20 .thtainleas me; an

Stet/C134: ___lo__ Length J.

Brown Sandy Clay 2 22  

 

Gray Clay with Gravel 3“

Set between 5 It. and 59

Fittings: Standard

56

 
Gravel & Sandstone

9 STATIC WAlEn LEVEL

1‘3 It. below lend surlece

little water

59

 
IO PuMPlNG LEVEL below land surlace

 

It. alter hrs. vowing

 

 

 
 

 

 

 

 
 

 

 

 

 

 

  

  

 

 

e.p.m.

L

- It. alter—hrs. amine ....__.._.______ e.o.tn.

ll warm QUALITY in Parts Per MlIIlon:

Iron (Fel Chlorldee ICII

Hardness ______Olher

12 WELL HEAD COMPLETION: D m ”0,0,“ m

D Pitlesa Adapter E l2" Above Grade

‘3 Welt Grouted? Eves D No
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Address :22 I 5 H-

.../9
Date   5'9"“M;J__L

AUTNCRIZIO It IESINTATIV‘
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W k ‘2’ :1?! Home» om
‘ /“ .. - ‘3 12 WELL HEAD COMPLETION: D m “no,“ m
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' ' ‘ Death: Hon 0 2.". to 71 9!.
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5 B Cable tool {1 Rotary [3 Driven [3 Dug

E] Hollow rod Q-yctted D Bored D '

6 U553 DDomestlc D Publrc Supply [2;] Industry

Dlmoatron D Air Condntlonma [3 Commercial

Ellest Well D

7CA5WG: ThreadedL-J We dedC] I nght: Above/Below
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Lo-—t MrLc ——o-1 lam. |$urlaco -ft.
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S‘ranuu STRATUM m. to It. Depth [Drive Shoe? Vest] No D

8 SCREEN:
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Gray Clay l0

  

Slot/Gauze ___—___ Length
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Gray Clay/coarses sand & Flne Gravel 32
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lenos:

 

Black Shale 0.5

.52

9 sunc mm LEVEL

62.5 12 ft. below land surface
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64 25 It. alteILhrs. pumping I2 o.p.m.
 

ft. altcr___ hrs. oumpmg o.o.m.
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Hardness _‘ Other  
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A

13 Well Groutod? Yes D No
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Dettth: From lt. to fl.
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loot Durectron Type
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Model Nunbor HP Volts

 

  
 

Length 04 Drop Pro. _lt. capacity G.P.M.
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D Jot D Reciprocating
 

us: A two Butt? :7 ratio“)   
 

16 Remarks. elevation. scurce of data. etc.   
067d 100M (Rev. l2-bSl

17 WATER WELL CONTRACTOR'S CERllFICATION:

Tm: well was dulled under my gurlsdl :uon and thus report as true

to the best 0! my knowledge and ballet.
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Address

Signed Date
  

‘UlleRlZED REPRESENY-‘JIVE

GEOLOGICAL SURVEY COPY

 



 

 

 

    
 

' a’

d- .... t- . - ' \‘

GEOLOGICAL SURVEY SAMPLE No. mmD[ I I I H []l . 1 I J

. WAlER WELL RECORD MICHIGAN DEPARTMENI’

' ACT 294 PA 1965 OF

1 LOCAIIUN OF WELL 1 \ PUBLIC HEALTH

Comm; ~ d ‘ h lownnmp NJuc Fraction SOt'Ilon Number Town Nunll)L'l Ran . Number

Ingham , Aliedon 5w .. ne ..sw .3 3 N! “I 9w

Est-aura VAnd Orléclnonirom Floyd Intersdc’tioungs ..." I - fly"- ‘m 3 OWNLR OF .‘aLLL:

Hell 8 Michigan State University

. Addlflss

Street Minn-3a a. Crtv ol Well Location H'Q'I‘LP'

L00 J“! WU!" ITX‘a [II Si?(jtl0” hl'Iow Ske|ch “‘00: 4 W'FLL DFPYH: ICOl'TlDIDIL‘d] D-l'e ()' CIHVWJIEWIUTI

Oct. 25.l977

- -—I 5 B Cable tool a Rotary D Driven D Dug

D Hollow rod D Jetted D Bored D

6 USE: DDomflstlc D Publlc Supply [3 Industry

I Dlmgatnon D Air Conditroning D Comrnercral
“1"1’" —<l~"-

mum” D-

 

 

 

fl

-
—
-
q
‘

 

 

I I

_
L
-
-

I I

_
-
+
_
-

I

.
.
L
-

I I

 

 

  
 

  

 

  

 

 

l I '

1 I L 1 7 CASING: ThreadedD WeldedD T Height: Above/Below
s Dram.

Lo——l M'lt —-om |Sutlac0 '1.

rmcmcss DEPYH To .
2 FORMATION OF BOYTOM OF I". to __It. Depth I Walght Istlt.

STRAl‘UM S‘I’RA‘IUM in. to ___ It. DL-pth anvo Shoe? Yes E] No D

I I 8 SCREEN:

Brown an 5 5 -
S W Cl” type: Dim:

Slot/Gaule___Length

a l8 38
Gr y C1“ Set between—ft. and ___lt.
 

Gray clay] sand a gravel 12 .50 H""”“

9 STATlC WATER LEVEL

Gray Clay! sand a gravel 6 56 "......Mmm.

10 PUMPING LEVEL below land Surfaco

Gravel a. clay/ coarse sand 4 60 ....r..._.......m~.... ....m.

 

 

 

BI aCk Shale 2 62 lt. altcrmhra. pumping___ g.p.m.

11 WATER QUALII’Y In Parts Fer Mllllon:
 

Iron (Fe) Chloride: (Cl)
 

 

Hardness Other
 

 
12 WELL HEAD COMPLEIION: D m ”9,0,,“ m

D Pltless Adapter D 12" Alwyn Grade

13 Well Grouted? BY“ [J No

D Neat Cement D Bentonito D

 

 

 

 

 

 

 

 

 

 

  

 

DHDih: From it. to ft.

14 Nearest Source of posslblr- contarmnatlon

loot ___Diroctron Type

Wall dls‘mlected upon CM‘DIBIIOH DY!!! DNo

‘5 PUMP: D Not installed

Manutncturor‘o Name

Model Number HP __Volls

Length ol Drop Pro. it. caonclty 6.P.M.

Type: D Submersible

[Z] Jet D Reciprocating
 

' USI A 2'!) 3’!th ll' NIKOKO

‘ 16 @‘mEEs‘TEIevanon. sSt'Irce of data. etc. 17 WATER WELL CONTRACTOR'S CERTIFICATION:

1hr: well was drilled undvr rnv lunsdlrtlon and this report is true

In the best 0! my knowledge and bullet.

  
 

 

    RCGIS‘HREO BUSINESS NAME REGISYRATION NO.

Address

Sngm‘d Date
 

 

 

.17 Call 2 P 5 rant!

067d 100M (va. l2-68I
U " W E M II VI

GEOLOGICAL SURVEY COPY

O

 



 

GEOLOGICAL SURVEY SAMPLE No.

 

1 LOCATION OF WELL _4 I

WATER

ACT 9‘ PA I9

WELL RECORD

2 65

 

IIIEUUI II LII I IDLE

MICHIGAN DEPARTMENT

 

County Townump Nana:

Ingham

 

Street .iddri-ss a. City ol Well Location

Aliedon

.....- .--..._ .- -....cc,“

Distanre And Direction twin Road Intersections

mutton

 
EH ,éne usw

F

PUBLIC HEALTH

luvs r. Number Number

M I M-

Section Nun-bur

"i

    

Hell 8

3 owma or out.

Michigan State University

Address

H.Q.H.P.

 

 

 

  

 

 

 

 

 

 

 

 

 

Gray clay] sand a gravel 12

'73 "I" M'ILHT.-fir6fi"”fi Fab". Sketch Map: 4 WELL DEPTH: (completed) Data at Cnmnlvtwn

T I I OCt. 25,I977

I I I It.

.. _+ .— —:— _:— ..I 5 B Cable tool {fl Rotary [:1 Driven [:1 Dug

| l I D Hollow rod D Jetted D Bored E]

t

I b " '1‘ ‘1‘" '1" “ T 6 USE: DDcimestic B Public Supply D Industry

I ' # ‘HI DIIVIOaIIOH D All COMHIMIM D Conm'c‘a.

1 I ' mTest Well D __

I t L l 78AS'N53 ThreadedE] WeldedD IHeight: Above/Below

a ram.

I-e—l Mltt ———e-I Surface '1.

THICKNESS DEPTH TO ~ '
2 FORMATION OF BOTTOM or in. to __tt. Depth 'Woight lbs/It.

‘ STRATUM STRATUM in. to It. Oi-oth lDthO Shoe? Yes D No D

8 SCREEN:

Brown san l5 l5 -
dy Cl”

Type: Dild

Slot/Gauze _ Length

a 18 38
Gr y C] my Set between it. and It.

Fittings:

‘50

  

 

 

Gray Clay/ sand a gravel 56

9 STATIC warm LEVEL

ft. below land Surface

 

Gravel & clay/ coarse sand 60
 

Black shale 62

10 PUMPING LEVEL below land aurtace

It. after tin. Dunning

It. after his. pumping o.D.m.

 

 

11 WATER QUALITY in Parts Per Million:

lron (Fol Chloridos lCII
 

Hardness _ Ot‘ter
 

 

12 WELL HEAD COMPLETION: D m “moved m

D Pitless Adapter D 12” Allow Grade

 

‘3 Well Groutod?DYes D No .

E]D Neat Cement D Bonlonite
 

 

Depth: From it. to It.

 

I4 Nearest Scurca ot possmlr- contamrnation

 

leet Direction Type

Wall disinlected uDOn completion DYea DNO

  

 

15 PUMP: C] Not installed

Manuincturer’a Name
 

 

HP_Vom

G.P.M.

Model Number

Length of Drop Pipe

 

tt. caoncrty
  

 

Type: D Submersible

C] Jet D Reciprocating

 

- us: A 2ND arittt iir NIEDEO   
 

16 Rem—5R5. elevation. source of data. etc.  
 

067d IUOM IRE-V. l2-68l

17 WATER WELL CCNTRACTOR'S CERTIFICATION:

This well was drillvd undi'l my iurisdirtion and this report is true

to the best ol my knowledge and bolicl.

 

REGISTERED BUSINESS NAME

Address

Signud _

REGISTRATION NO.

 

0 ate    
AUTHORIIED nEbfitsunrwc

GEOLOGICAL SURVEY COPY

O

 



GEOLOGICAL SURVEY SAMPLE No.

 

I FOCQUQNEElfiflecl

WATER WELL RECORD

ACT 294 PA I965

\

DJEIJDEEIIICDEIII

F

PUBLIC HEALTH

MICHIGAN DEPARTMENT
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ETJUT‘IV IOW'ISIIIU NJmG Wilt-1100 SnLtii)n Nun-bur Town Number Range Number

_ y ‘ . Inghant . ._ _ . Aliedonnm ~ _ Err ,I, ne .,sw .3 6 3 N/g l 0w.

Distance And Direction “om Road Intersections 3 own“ or» WELL:

Nell c Michigan State University

0 Address

Street address 8- City oi Well Location "OQ-M-Po

h” Lonni- “III—Li'xI' In suction Imm Sketch Map: 4 WELL DEPTH: (completed) Date oi Completion

T

I i I 60 ., 0ct.25, 1977

.. ...% .. ...:... ...:... ..I 5 B Cable tool a Rotary D Driven D Dug

| | I D Hollow rod D Jetted D Bored E]

r.

w " - '4'" “J" "’ "i" ‘1 T 6 U55: [:1 Domestic D Public Supply [3 Industry

I | k ‘ Dtrrigation D Air Conditioning C] Commercial

l- — —- — — — — # “I.

.1 T ‘ [hast Well . D

I L 1 7CASING: ThreadedU WeliledD IHeight: About/Below

mm.

4—1 uric _u. ISurlace It.

THICKNESS DEPTH TO - /
2 FORMATION or action or in. to __(t. Depth (Weight lbs. It.

STRATUM STRATUM ___In. to it. Depth LOTIVG Shoe? YesDNo D

8 SCREEN:

Brown sandy clay l5 l5 Tm: om

Slot/Gauze—_Length

Gray Clay ‘0 25 Set between it. and it.

Fittings:

Gray sandy cl ay/ gravel l5 ‘40

9 STATIC WATER LEVEL

Gray cl a} I coarse sand a gravel 7 47 it. below land surface

I0 PuMPING LEVEL below land Suriaco

Sand a gravel I CIay 3 50 ft. alter—hrs. pumino_________ o.p.rn.

c1”, grave‘ 5 55 ______ rt. alier__hrs. pumping ___—___ o.p.n'i.

ll WATER QUALITY in Parts Fer Million:

sand & graVEI 5 60 iron (Fol Chloridos ICII

Shale (b1 86k) Hardness Other

12 WELL HEAD COMPLETION: D m “moved m

D Pitless Adapter D 12" Above Grade

‘3 Welt Grouted? Urns D No

D Neat Cement D Bentonite

Depth: From it. to it.

14 Nearest Source of possible contamination

teat Direction Type

Well disinfected upon completion DVes DNO

15 PUMP: D Not installed

Manulacturer's Name

Model Number HP ___Volts

Length of Drop Pipe _it. capacity G.P.M.

Type: D Submersible

D Jet C] Reciprocating

- eel: A 2N0 snttr ir uchto

16 Remarks. elevation. sowce of data. etc. 17 WATER WELL CONTRACTOR'S CERTIFICATION:

This well was drilled “"00! my iurisdittion and this report is true

to the best or my knowledge and beiiet.

REGISTERED BUSINESS NAME REGISTRATION rio.

Address

Signed Date    
AUTHORIIEO RtPfifsnTnIv:

GEOLOGICAL SURVEY COPY

 



 

 

 

 

 

  

      

{mum} an 12%; ' .
' \’3’'09. .l 7 H|ChIGAN DEPARTMENT OF COXSERVAYION Pen-It so.

‘1’ GEOLOGICAL SURVEY DIVISION

{snp1e “lo.
.

Ooh I .

WATER WELL RECORD " °
Coon. y 7 hp.

~35,
Youn ‘ Renge

IlqOLAm . Dal k; “EA ‘JEé 36“} Sec. I U?“I.(__ . Distanc‘ fro-I Roeds, Section lines, etc.
5 . N

cf‘hCuH‘Uie Sr+9 3‘ M $
4

to ()4 5;?0850614:)

376,53. 0.! C/d o€ Colloe Rd and {200 S of I9é Freeway
‘rmcxntss cum to O-ner:

romance: or narrow or

srnnuu snnuu I’M f C l‘\ . M Uh!V -
Address:

~—.‘-——-F 0‘ I

3 Driller and Address:

_Wms lo 23 .Lagzne unwed/.1
lelCept

Dete of Completion

Clo,“ a- real: (0 33 373 ... 9-lé- (.5?I
figm'le tool D Rotery [3 Dog .C .

l,
(O 43 D Driven 0 Jetted D bored

‘ 7
Use: DOomestIc DPuoHc Supply Ulndustry

C ‘84" & rack '7 5.0 glrrlgetlon DU! Conditioning Dag-etgrlng

f Test tell [:1

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

 

 

 

 

  
 

 

 

 

 

 

 

 

. '
Ceeing: Ohm. Bel ht: AbovelOoloIr

MEI—w"amd 3 :53 [a in. to éfi-ft. Depth sortece ft.

(.3 (fin/g! _ c nae/31¢; 6-5-1311 S. 2. 55(5) 'm-MWI
‘ “...../2_ In. to _ft. Depth

5 Q?‘E.$f°no (+344! [-7 Screen:

Type: Me:

3 E‘s/lels-I'DM 5.0 I3—%+ Slotheuze Length

. 't C Daze/IQ I o ’4 2. Set between ft. and ft.

II
IO )4 2 Accessories:

Ieter leveI:

IO Skilfle ’0 [$2. 40 0? ft. ebovelhelo-

I

0! C (A C. 7. O 1 7 2‘ n. ebovelbeIOe

Ideas. by Data

H IS" ’8 7 ‘
Dreedo-n:

S AsE‘C
S (q a 57?“. efter/_Z_hrs. pumping-23.9... '

IQ “AS.‘.°“Q ”2.0 $0 57:31"; 70 2‘ 2 ft. sfter hrs. pzmslng 9w...

flees. by e e

Ska‘m 4 2669 no"
 

l-SBflZLAS‘rOM _27 7 9.9.».Ig.p.h, 7909: °F

ester Ouellt, In 'erts Per ellllon:

$.44 ¥ SMJS+°M ’0 282, Iron (Fe)_____ Chlorlses (C1!

fl ka‘e. ‘ 5" L3? Hardness -..—___

Elevetion:

_SifléfiiObe. I H 29 8 source of dete: “. "W"

Skalwe. 5’ W 4 30?.
lecord by:

QMA’7LOKCL 4°, 5"?WC lo BllL Dete:

lever“:

/
. I i . ‘ I ' - {1'2 ’2‘

t. . . ' ’ 3.."

 

 

 

 
 

     
 

 

.
\ J   



 

Cont.7%01 Rev.12l6j
 

 

Micniciu DEPARTHEHT OF CONSERVATION 55”
i~~ l
 

 

  

     

Page
. Permit No.

l of / csowcncn SURVEY onvusuou

anal? No. . i \ Owner ha.

.4 2203 I -. WATER RELL RECORD ,
County 7 . Twp. \Lfi\\ ;;: lean Range

Ingham Dehll 1:5 mm seems“. 1 3n m. 2w m.
 

Distance from Roads, Section Lines, etc.

About 2 blocks south of Cavanaugh Road (Joll

southwest of 1-96 overpass at College Road.

y Road) and west of College Road,

 

 

 

 

 

 

 

 

 

 

 

 
 

    
 

 

 

 

 

 
 

 

 

 

 

 

 
 

  
 

  
 

 

 

     
 

YNICKNCSS DIPYN 70 Owner:

r a YT r

“mum" srnonuu 21.303 Michigan State University

Address: ‘

No record 70 70 '“(4A23

‘
_ Driller and Address:

Sandstone, fine-med., white 20 90 Maurer & fparks. Well Drlg.

m tell Depth: . Date oi COcpIetion

Shale. light gray 10 100 300 “- Dec” 1965
[3 Cable tool Exact", C] Dug DILC.

Sandstone, fine-med., white, soEe D°""" Chum: U°°""
. Use: UDomestic DPublic Supply Dindustr,

shale light ,ra ite 10 110 Dlrrigation' DAir Conditioning Doe-nuing

. , 8 11 pyr Diest Ieii D

Sandstone, fine-coarseL some shale 20 130 C'm‘“ °i"" ’ ""9"“ "‘°"°""°"

A in. to 12 it. Depth surfece it.

Shale, light gray 10 140 T"“"""‘

in. to __.ft. Depth

. SEreen-

_fianiflmkfinezwhltemvritm '
I" " '

Y’PQ: none
0":

some shale (savings) 10 150 5“,,qu “a,“

Sandstone, fine-medu white 30 180 i Set beteeen it. end re.

Sand tone n _ 8 ii 8 Accessories:

9 water level:

__fihaln'kblack . 2'0 900 ft. abovelbeiou ____

__SPmI'lton-a- itin"; white some :oaL fl‘ abovelbalo- 4"“ ""‘
f_» F_ r7 ' fleas. by Date

soft 20 220

Dre-deen:

M S i El _ i I dark. ft. after____hrs. punplng_fl)_g.p.n. .

ft. after hrs. pumping g.p.n.
., It) 12311

'"Jhmffipyrite
lees. by Date

Dtlg.

__fiendstone+_£ine:medls_uhite, 70 300 F...

f in, , f jl g.p.e.!g.p.h. YenP: .'

1 hate. Dualitygin Parts Per sillion:

'v /_"
lron lfel_________ Chlorides (Cl!

ii hardness

Elevation:

' ft. above

Source of data:

Drlg., and samples

Record by:
($1)

RPB
DNA: 1/71/66

Renetbe: ‘

200' pump setting
 

I

’ .’.. i I _
.P I i ‘   



'
-

.
-
.
.
—
_

.
n
-
e
-
e
r
.
.
.
-
s
-
c

 
 

_9‘.

GEOLOGiCA' SURVEY SAMPLE No. l

 

1l__ _tLOCATiOI or «ELL
 

WATER WELL RECORD

ACI 29‘ PA i965

LII [I]D{33:13I1] 1:111

or

PUBLIC HEALTH 5

 

COunty T‘VP'ALA-l1.DON

.25/A4,} -..:.,e:s}::,£ .- -  ’M

UIslonce and DIrcctIon lrcm Rood IntersectIons

-//-‘.-‘.'-—--isv-...- ‘5‘“.~{lfi 1;"L7 (IA;k:

{T.Ia’ (I'll. 7’4/‘7’J'J‘ann

,4-

J

l

I
0

4,11,. {i'x'z-In’fl-r\j?/ ” [7

Sireeto ddres: 8‘ CH.‘, ol We”LocatIon I .{f/""' :M"

ENE};

‘\

Fraction

I VII/I

/:r.' :4 ‘1"

--,—.___._j

 

 

2 FORMATION

1,:—Nvézw

 

  

Section iii;—~ Town Range

1'." /

"'«11:4 _‘g _3«__fi“3")‘t’i/y. My. pm.
...-7"

7’3OWNER OF WELL: (

CS"WL- axis”, A

’12,,:thllfiV‘

/.
‘IA

(J.Addresst’l.{/5 6 tI

:/'fl_/::}r_f"’£4.14}.
 

‘ TIIIcIuI: $5

or

SiRAiuu

DEPYH TO

BDTYOM OF

SiRAlUM

w

4 IIELL c7EPTII: 'IcompleIed)

 

2 IL

Data ol Completion

-,/£l_’/'7_—___‘1' 15151-15”?!

5 U Cable tool [3-l'\-'olcfy [..1 Driven

[3Jiolinwmrod

DOV.

CL...
 

 

 
D Jetted L] Bored

6 USED Domestic C1——industry

Cl irrigation D Commercial
 

1!!

 

[:1 Public Supply

0 Test Well

D Air Conditioning

7 CASING' Threadedm Welded[:.lrIlleigltt:Above/Below

 

 

 Diem.

7L“. Depth :surloce[ It

 

Lin. to

iWeIghI,::__‘:-;lbs/lr.

in. to _Jl.25ptlt .om. Shoe’ YesBNoD

8 SCREEN:

 
 

 

’

Trev ,1"? ,",’ 1;. 05° '
...-0".--

 
H

Slot/Cous- Length

:lt. ond__£.__lt.Set between

 

 

Fittings: /

 

9 STATIC WATER LEVEL

.3 ‘ '._._.‘J... it. below load surloce

 

10 PUMPING LEVEL below land surloce

o'"

 

it. silica—.....lirs. 
" '. ' k

."f

__“_._It. alter V‘ hrs. ,, ‘ 4
r U -

 
e’s.e

 

1] WATER QUALITY in Ports Per Million:

-..—0'

 

iron (Fe) Chlorides (Cl)

/

Hardness__.____.

 

 

12 WELL HEAD COHPLETION: U in taproved Pa

(:1. PIt' :ss Alapier [:l l)” Ah£--:_'3_I_oge

13 GROUTING.

III." Ground? E3 Yes D No

...-

 

MoterIaI: D Neel Content D”I4. -A'

Depth: me_£‘.L.lt. ”.../35"_lt. J

I091 pg

,1

 

ii SANITARY:

Neorest Source of possible contamination

 

leet Direction
  

‘0 .’
l . a) [It 1’9.

Well disinlected upon completion [7] Yes D No

 

15 PUMP.

Manulc.’turers Nam-J? 016%}.f

 

Model NumberW..”Pfi—

Length of Drop Pipedfiglt. capacity G.P.M. 

  Type: D Submersible
  VELJc-l D Reciprocating

  

l6 Remarks, elevotion, source at data, etc. 
.,La e1  17 VIATER

This vrell was drilled under my iurisdictien and this report is true

to the best at any knowledge,“and belief.

WELL CONTRACTOR'S CERTIFICATION-

 

Address  
0570

(1‘50 i0G? I',-.\‘
S':.",’;‘:

.\

I

Ill'bhtf'th - ’1'“? \"Q‘v-g, 464.21..”

nchsirnto eusmcss IiAuc nccisrnnnoas no.

/ ‘ . 1" ,

SignoL--" ’ . _IT._L

nuvuom zro ntvessu‘urwc

_vw

. ... 'r " I.) . /
~ . ,. v. I

1.1 A ' "' -'4-!‘LA:_.I [LA ) l 2.0“. L ' .1“ A
fi . . j 13 fi

_. f. ‘1f

'., "“"~"‘1- Dole-.......-._4.~....

 

 

 

  
V CON

0

 



p9

 

 

     

   

r

I ” _ GEOLOGICAL suuvrv smwu Nu. [————-~~] . ' [1:]E]D[:[I- [: [:D

470 WATER WELL RECORD MICHIGAN DEPARIMENI’
- J ACT 294 PA t965 ‘ F 6’

l LOCATIQN or WELL I . L I Puauc HEALTH /

Cow-w l'ownslnp Nun»: FraLtIun Sectwn Number TOM. Nun bet H.l:;~‘iwbur

-.-__I_.n§q%§__.._ ---... ”___..-” filaiedon In M‘s/M 5 :3 (Os. / m
' Umlamcc And ()IIeLlIon irom RfId lntchL'ctI—o-us—- ___.-.“ ...—l 3 OWNER or v. ELL: A

’ 500' South of J0113: Rd. W James flicks

125 ' West of Bullet Rd . . °” 51'r59 Hulctt Rd.

sIIeucol-trussa. CID: oI Well location 3333;; RM}. masonIlicluaan

_LO‘ “'3 "minx" '"rsvc‘lt'BKi’I-"OW Sketch Mm; 4 WELL DEPIH: Tiroinallclcd) Date ct Convict-on “___.

 

F ,r T Ill-0 ,z. 8~5~7O
 

 

 

i

- — -} -- ' : 5 U Cable tool m Rotary U Dru-us D Qua

t | I C] lloiliuod [] Jetted U Bored 0......

w " " '4.- '1' " ":- "' '4 T 6 USE: wDomeslIc [J Public Supply D industry

_1l 4' _:_ _ .1 i “L Dluigatlon D Air ConditIoning C] Corrmorciel

' I I

J

Dicst l‘.all [1

_L
Tr:

I 7CAS|NG Thrcadode WeldodDHeIgm: Abovc‘bkbfiox 
lam. LO--~t but! ...—......

 

   4 57 I SUI'OCC L

‘I’mCtmcss 05PM to - I. -
2 FORMA'I'ION OF 80,10” or ___In. to _tl. Depth ltunght __lllstlt.

SYRATUM STRATUM in. to It. Depth [Drive Shoe? Vcs [Into D

 

‘ 8 SCREEN: -

C189? 13 Iii Tyne: none. 018.:

Slot/Gauze ”___—___. Length

Sana . 1? 30 Set between ft. and it.

Clay 20 66’) Fittings:

9 STATIC WATER LEVEL

sandrOCk ~ 48 98 34' it. below land surface (L 67%;) '

lO PUMPING LEVEL below. land surlaca

 
 

 

 

 

 

 

Shale " 21 119 __ tI. alIor___hIs. pumino__ 9.9m.

Not Be u 1 re-°‘l

-_§.§Q.Q.I‘OCR 21 ltl-o ____ tt. eltcr____ hrs. pumoIng q a.p.m.

 

 
 

11 WATER QUALITY In Parts Per Million:

Iron (Fe) Chloride: (Cl)

Not Required

Hardness _ __Other

L———--——--———-—~--——-~-———- _-_________,_-_____- __L ___ __ “___ I] Put“ “M;r _ _Ll: :‘gkyfgggq._________

T3.-“ :li Grablcd,’ [3“5[-1.too

D Neat Cement D Ecntomto n Bent 0‘61. t6

 

 

 

 

 

  

 

 

 

 

 

Death: From it. to __ it.

l4 Nearest Scurce at possible contamination .

___teutLDirection 899th Type

Well disinfected upon comoletIon mus D No

‘5 PUMP: 0 Not installed

Manutscturer's Name D0111 ('1

Model Number _UEH HP 13... Volts _2§_Q____

Length at Drop Plpo it. capacityml'.l..’e

Type: m Submersible

[3 Jet D Recivrocating

 

 

 

us! A no sutcr Ir uscoco     

 

  
    

 

l6 RemoIks. elevation. sowce of data. etc ‘(L{5”, 8'30, 17 WATER WELL CONTRACIOR'S CERI’IFICATION:

0. a ThIs Inc” was dr‘lled ndcr my I IisdIcl'on and th s report is true

“63- “‘3" it n,5,“ ’1/35 to the best at my. knovi’lcdgc andubcl-et. ' ‘

. - H "“ - ' _[l_g.y_r;3r__a:_Pa_1::<s__Inc . 03§3
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APPENDIX C

The rise of the water table in response to a ver-

tically downward uniform rate of recharge (Hantush, 1967).

Where

2 _ wm fit * §X EX
i - ———15Sy{w [1.37 (bm + x) Tt, 1.37 (am + y) /Tt]

+ w*[1.37 (bm + x) 513% 1.37 (am - y) fig]

+ w* [1.37 (bm - x) %% 1.37 (am + y) jg]

+ w* [1.37 (bm — x) %% 1.37 (am - y) /%‘é]}

h

hi = initial height of water table above aquiclude,

in feet

hm = height of water table above aquiclude with re-

charge, in feet

Wm = recharge rate, in gpd per unit area

M = 0.5 (hi + hm), in feet

t = time after recharge starts, in days

Sy = specific yield of aquifer, fraction

bm = one-half width of recharge area, in feet

x,y = coordinates of observation point in relation

to center of recharge area, in feet

r
f 1| coefficient of transmissibility, in gpd/ft

am one-half length of recharge area, in feet

W* (am, bm) from tables (Hantush, 1967)



The decay of the water table (Hantush, 1967).

Where Z (x,y,t), Z (x,y,t-t ) is the right hand

member of the above equatiog and to is the time

after recharge ceases, in days.
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