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1.0

INTRODUCTION

This report presents the results and conclusions of implemen-
tation of a hydrogeological investigation conducted by EIS
Environmental Engineers, Inc., South Bend, Indiana. The work
was performed for the Michigan Department of Natural
Resources, Groundwater Quality Division, under Contract

Number B6-20208.

Topographic surveying was conducted by Wightman & Associates,
Inc., St. Joseph, Michigan, who also assisted with monitoring
well sample collection. Drilling and soil sampling was

performed by Cook Drilling Company, Niles, Michigan.

The study site is the Lowell City Landfill located southeast
of Lowell, Michigan on the west edge of Ionia County,
Michigan. While the city of Lowell is located in Kent County
north of the Grand River and its valley, the landfill is on
the upland, south of the Grand River. The landfill was
chosen for the investigation by the Michigan Department of
Natural Resources and the District Health Department under

the Clean Michigan Fund.

The objectives of the investigation as described in the MDNR

Hork Statement included determining the groundwater flow




direction and gradient, to determine if groundwater degradé— :
tion exists due to the landfill and to determine the extent

of the degradation.

These objectives were accomplished to the extent possible
with available data and data generated within the scope of

the contract.

It should be noted that the work contract for this investiga-
tion prescribed that only three borings and consequently
three monitoring wells be utilized for determination of the

subsurface geologic and hydrologic conditions beneath the

landfill.
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LOCATION OF STUDY AREA

Filgure 2.1 is a Copy of a portion of the USGS Lowell,
Michigan Topodaraphic Map, 1978 Edition.

The area outlined in black encloses the study area. The

legal property boundaries have not been determined for this

report. The study area is located approximately 2.5 miles

Southeast of Lowell, Michigan, in part of the SE 1/4 of

Section 7 of T. & N., R. B W., of Boston Township, Ionia

County, Michigan. See Figure 2.2 for approximate location

within county.

All groundwater and land surface elevations presented in this

report are referenced to The National Geodetic Vertical Datum

of 1929 (NGVD 1929).
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Figure 2.2 Study area location within political boundaries.
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AVAILABLE DATA ON STUDY AREA

Topography

The present topography is the result of glacial processes
with subsequent stream erosion and depositidn. The landscape
is an undulating plain in which valleys have been cut and
which locally slope north to the meandering Grand River which
is approximately 1 mile north of the landfill. The flow of
the Grand River is generally from the east to the west where
it eventually discharges into Lake Michigan. The study area

is located within the Grand River drainage basin.

Climate

Ionia County has a moderate, humid climate with an annual
mean temperature of about 47°F. July is the warmest month
with mean daily maximum and minumum temperatures of 83.0°F
and 59.8°F. January is the coldest month with mean daily

maximum and minimum temperatures of 28.8°F and 14.4°F.

The annual mean precipitation is about 36 inches with about
21 inches or 58 percent falling in April through September.
Thunderstorms occur on about 36 days out of each year., and

most occur in June, July and August.




The average seaspnal snowfall is about 76 inches. On the
average 72 days out of the year have at least 1 inch of snow
on the ground. The average relative humidity in midafternoon
is about 62 percent. Humidity is higher at night, and the
average at dawn is about 82 percent. The percentage of
possible sunshine is 62 in summer and 32 in winter. The

prevailing wind direction is from the west.

Geologic Conditions

The study area is situated on unconsclidated Woodfordian
glacial deposits laid down by the Wisconsinan ice sheet and
its meltwaters. The Lowell City landfill is located on
outwash sediments of the Charlotte recessional morainic
system deposited by glacial meltwaters during the retreat of
the Lake Huron Saginaw Bay ice lobe. The location is in
proximity to an interlobate position near the terminus of the
Valparaiso morainic system formed by the Lake Michigan ice
lobe. See Figure 3.1 showing the Mcorainic Systems of
Southern Michigan. The physiocgraphy of this area is an
undulating plain in which valleys have been cut,

consequently, relief in this area is typically hummocky.

The Grand River occupies a valley north of the landfill which
was possibly the main drainage sluiceway into the ancient
glacial Lake Chicago (present Lake Michigan) during the

northeastward retreat of the Lake Huron Saginaw Bay Ice Lobe.

-7-
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Consequently, development of the present Grand River Valley
is an early to middle stage of lateral and downward fluvial
erosion. This is indicated by the narrow v-shaped valleys,
with nearly flat interstream divides. Local relief is nearly
maximum although downcutting and headward erosion are still

the dominant fluvial processes.

The soils in this area were formed on Woodfordian till plain
and outwash deposits on the high terrace of this ancient
glacial drainage wayrmentioned above, which presently
contains the Grand River. The soils in the study area have
been designated Mancelona-Chelsa soils with a low available
water capacity formed in loamy sand. Scils information was
obtained from the USDA SCS of Ionia County (See Figure 3.2).
These soils are severly eroded and show evidence of blowouts

in the northern portion of the study area.

Most of the natural soil conditions within the landfill work
area have been disturbed. The existing soil conditions are
similar with respect to the low available water capacity and
the rapid permeability except that the organic "A" horizon is
almost non-existent. All of the soils in the study area
exhibit rapid permeability and slow runoff which increases
the potential for groundwater pollution from surface spills

and landfill leachate.



COUNTY

oyl : TR [T ! ”
gi.’ S LOWELL CITY LANDFILL ;%

- STUDY AREA 3
Foo Ll v Ak v
‘ "‘r;%s.& |

BE g s
F

IONIA COUNTY, MICHIGAN FIGURE 3.2

SCS SOIL SURVEY




t. 5. DEPARTMENT OF AGRICULTURE
SOIL CONSERVATION SERVICE

IONIA COUNTY, MICHIGAN

MICHIGAN AGRICULTURAL EXPERIMENT STATION

SOIL LEGEND

SYMBOL HAME SYMBOL HAKE SYNBOL NAME SYMBOL HANE
KRBZ  Kendotlvilie sandy i0am, 716 6 pettent slopes, MaEZ  morietre loom, 1810 25 percent slopes, modetately eroded MaBZ  Moaresim loomy sand, 2 1o & perernt slopry, mocerately eroded 50 Sima loam
moderglely sroded MaFY  moriette loam, 2510 40 percert slopes, mogerarely erooed MxC2 Montcalm loamy sond, B 1o 12 percent slopes, mooetotely rroded Sod Spinks koamy sond, O to 2 percent slopes
KhC3 Kendollvitle 1ondy loom, 610 12 percent siopes, MhB Marlerte logmy sond, 710 6 percent slopes meC3 mMorrcalm ioemy 1and, 810 12 peicent slopes, severely erodes 5ol Seanks loamy sand, 7 1o b percent slopes
moderarely wroded MARZ Marlerte loamy bond, 216 0 prfcent slopes, moderately mroded MmuD? Monrcalm loomy sond, 12 1o 1B parcen slopes, moderately eroded SpB? Spees loomy sond, 2 1o O pricent slopes, modarotely
KhD?  hendollville sandy loam, 12 10 1B percent siapes, MhC2  Matlerre loomy sond, & 10 12 percent slopes, moderaraly sroded MxD3  Montcolm loamy send, 12 1o 1B parcent slopes, beverely erodad eroded
modeearely mroded Mk A Morlette sandy loom, U 10 2 percant slopes MeEZ Monrealm loamw sand, 1810 25 percent slopes, maderarely eradad 5C2 Sainks laomy tond, & 1o 12 percent slopes, moderately
KRB Kent sailt, 715 0 parcent siooss [7N:) Marletes sondy loom, 2 1o & percent slapes wWuEJ  Montcolm loamy tand, 18 1o 25 percant siopes, severely wroded eroded
Kkl Kent soils, & ro 12 percert slopes MLBZ  Maorlette sandy loom, ? 1o 6 percant sloges, moderately ercged W=F2?  Mortcalm loamy sand, 25 1o 40 percent slopet, moderately eroded SeC3 Soinka loomy wond, & 1o 17 pereant slopes, severely
KaD Kent sails, 121 16 prrcars siopes MECZ  Morletie sandy lagm, 6 1o 12 percent slopes, moderatels eroded NP Montcalm sondy boor, Bto 2 percent shopes eroded
KIC3  Rent sty cloy, ©to 12 nercent siopes, severely eroded MeD2  Maorletie sondy loam, 12 10 W8 petcent slones, mocerntaly eroaed WyB Montcalm sandy ioem, 2 to 6 percant slopes 5pD2  Scinks loamy sond, 12 1o 18 percent slopes, moaerarely
LS Kerston much M E Marlette sondw loamr, 16 ro 25 peccont slopes WyB2 Montratm yandy loom, 7 1o 6 parcent alopes, moderotely eroded eroced
rnh Kibbie laom, 0 1o 2 parcart slopes WA Motherron logm, G ra T parcent slopes MyC2  saanrcalm sandy loam, 6 re 12 percent alapes, moderarely sroded 5603 Sowaks loomy sanc, 1710 1B oercant slopes, severeiy
“nB Kibbie loor, 2 1a & percert Llopes MIB Motreeron loam, 7 ta 6 percent slooes W:C3 Morley tlay loum, 810 17 percent slopes, 1everely eroded eroded
Fo Konomo clay loam Mma Methertan sandy loor, U te 2 peecert slooes w03 Morley cloy logr, 1210 18 percent siopes, beverels erodrd
MemB Matheripn yondy loam, 2 10 & paccent siopes MzoA worley loom, 010 2 bercent slopes Ta Tawas much
La Loroes~Exl loors Mnd McBriae laomy sand, 010 7 percent slopes MraB  Morley ioam, 2 fa & percent slopes Tsd  Tuscelo soils, 016 Z percent siop
Le Lonoes—Ezl| sondy loams MnB W Brige loomy rand, 2 1o 6 percent tlopes MzaBl  Morler loom, 210 O percent Llopes, moderctely eroded Tal Tuscola sads, 2 to 6 precent plotes
Lg Landes~Gene loams MnB2 McBrige loamy sand, 2 10 & parcenr 1iones, moasrorely eroded wraC2  moriey loom, © 16 12 percert slopes, modrrorely sroded 1182 Tuscola soils, 710 b percent slopet, moderorely ernded
Le Lordes—(senesee sandy looms M2 pcBride loamy sond, § 10 12 pefcent siopes, maderorely sroae: M2aDZ  Morley Inom, 12 10 18 parcent slopes, moderctely eroded TsC2  Tuscalo sails, 810 12 percent alopar, moderarely erodec
Lia Lovasr laom, 0o 2 percent tlopes waBl  hzBrige sandy clay loam, 7 to & percert slopes, MrbB  Morley sondy boom, 7 1o 6 percent slopes T8 Tuscola loamy fine wond, 710 b percent 3lopes
Lig Laoeer foom, 712 & percent slopes sevarely sroded M1tBZ  Motley sondy boom, T re 6 percent slopes, moderate by sroded
LIB2  Lapesr loom, 710 & paccant slopes, moderntely proded MoC3  McBride sondy clay loam, ¢ 1o 12 percent sloons, NM1CZ  Morley sondy loam, ¢ 16 12 paccant slopes, moderotely sroded UBC3  Ubly sandy cloy loom, & 1o 12 percent slopes, sevarnly
LIC?  Looeer inom, b to 12 parcent slopat, moderotely eroded seversly eroded sroded
LmC3  Lepest sandy cluy loom, 610 12 aercent slopea, MaD3  McBride sandy cloy loan, 12 1o 1B percant alopes, MBI Naater clay loam, 2 10 & petcent slopes, seversly sroded Ula  Ubly sondy loam, @15 2 percant tlopas
savecnly sroded sevaraly wroded NeCd  Mester cloy loom, & to 17 percenr siopes, sevarely erosed uiB Ubly sondy Isom, 2 ta & percent slope
LmB3  Lewees nandy cloy loem, 1210 18 percans vlopes, MoE3  McBride sandy cloy loom, 18 10 25 parcent slopes, MBI Hesvar cloy boam, 12 10 18 percent slopes, severely sroded UIBZ  Ubly sondy loom, 2 10 & percent vlopea, moderataly
Aevately eroded severals proond NcE2 Nester cloy loam, 1810 25 percent slopes, 1everely sroded sroded
LmF3  Lopeer sondy cloy loom, 16 10 40 percent slopas, Mpa McBrige sondy loam, Ute 2 percent slopes NeB Nester loom, 2 1o & parcent slopes UIC2  Ubly 1ondy ioom, bro 17 petcent slopas, modarateiy
srvarely ecoded Wb WeBtige sondy loor, 2 1o b parcant slopas NeB2  Nester loar, 2 1o & parcenr sloces, modecately eroded wroded
Lna Lapesr sandy loom, O 10 2 percent slapes MpB2?  McBrioe sondy loam, 7 1o § percenr siopes, moderately eroded Mel2 Nesrer loam, © 10 17 petcent slopes, mooerarely eroded o2 Ubly sondy laam, 17 10 18 percent slopes, moaetarely
LnB Laoaer sondy lsam, 212 & parsant slopes Ml MzBrige Londy loom, & 1o 12 percens slones Naby bester sanay loor, 2 1o b percenr sloces eroded
LaB2  Looeer sondy loom, 710 & percant slopes, moderately eroded M2 MeBride sondy loar, & to V2 pwecrer vlopes, mocerarely eroged NsBY  Hester songy oo, 7100 percent sioaes, moderorely eroaed UIED  Usl. sandy laam, 18 1o 25 percent slocet, magerarsle
LaCY  Lodwet nonds fcom, & 12 12 petrent slaprs, moasraiels seoard MDY Mcbride sonds loar, 12 10 16 percent siopes, moderately eroded Bel?  wester sonav loam, B ta 12 percent slopes, moawatsly eroced arcded
LaDZ  Lopwsr sondy loom, 1770 18 peccert 1lopes, moverarely sroded MoE?  McBride sondy loom, 18 16 25 prrcent slapes, mogerarely wrooed NsD Nester sandy loar, 1210 16 peecent slopes
LaF?  Loceet sondy lvom, 18 10 80 percent slopes, mooerorely eroded MoF2  mcBrige sondy loom, 25 10 40 percerr slopes, mogeroely wrogrd NaC3  Mewaygo sonde clop boom, & 1o 17 percens slopes, wa Wellkill sslis
Lo Lirmond mych Mrd Menomings loomy sond, 0t 7 percent siopes severely #rodec LTS Worep: yondy loom, 0 1o 7 percent slopes
L Locke tandy {oam, O o 7 percent slopes B Menpminee loomy bond, 710 B parcent sloprs D3 Mewaygo somdv clov loom, 12 10 18 paccent slopes, veo B3 Worent sonay loam, 7 ta & petcert slopes
LB Locke sandy loam, 2 te & percent tlopes B2 Menominee laomy sand, 710 & percant wlopes, moderotely wroded sevarely wroded wrh Wosep ~Brody loamy sands, D to 2 percwnt slopes
Lt Lupton mucu mC2 Menomines lgomy tand, & 10 12 parcent slopes, Ny d Newaygo sondy leam, O to 7 parcent slopas wrB Wosapi=bBrady loomy sondy, 2 1o 6 percent Llopes
modwrotely aroded NyB Newoygo sondy ioom, 210 O percent slopes Woh Wwosepi—Brody sandy lcams, U te 2 percent slopes
Mok Macomb lsom, 0 1o 2 petcant slopes M C2 Mencmines loemy sand, & to 12 peccent alapes, NyBZ  Newoygo sandy loam, 216 & percent slopes, moderotely eroded wib Wasepi~Bredy sandy {oams, 2 ra & perceat 1lopan
MabB Mocomb laom, 2 1o & parcent alopas severely eroded My C2 Newoygo sandy laom, & to 12 percant slopes, moderarel, erode W Washtenow soils
Mo Mode lond w27 Menominas loomy sond, 12 10 18 percent slopas, Ny 32 Nwwaygo sondy lpom, 12 ta 1B percent 1lopas, modwrotely eroded L' Willeite—Linwood mucks
McB Mant elona loamy sond, loomy substratum, 7 ko & percent tlopas moderarely sraded Ny F2 Newaygo 1andy loom, 18 10 40 parcent slopes, moderately eroded Wu Wind srnded land, siobing
M Monselong leomy vand, loamy subarratum, & 16 12 percent ulopes, wh3 Menominee lagmy sand, 1210 18 percent siopas, L™ Wind aroded {and, sturp
moderarely eroded severely sioded Gea Onisco loomy 30nd, 0 1o 2 percart siooss
Mda woncelona—Ch sands, D 1o 2 percent slopes WE2 Mencmines loomy sand, 18 10 25 percent sloves, C<B Otisco keomy 2and, 7 10 & percent 3 lao
WdB - mMoncelono-Ch vands, 210 & parcent slopes mooarately eroded GtA  Otisco sondy loom, 010 2 oercent slopes
MdB?  Monceiona-Ch sands, 210 6 percent sloors, Mad Meramora sandy loom, 0 10 2 pergent slooes «33:1 Otisco sondy loam, 2 10 6 pareant 3looes
moderotely stoded MaB Maramars sondy loom, 716 b peccert 1lopus
MdC?  Maoncelong-Che sonas, Bo 12 percent slopes, wm-B3 Mioms tloy boam, 2 10 & percert tlopes, sevetely wroded PaA Farern loomy nond, 0 1o 2 percent slooes
mooerotely rroded w3 Womi cloy leor, 610 12 percem Liog severel, eroded PgB Fermin ioomy sond, 2 10 0 percent sloges
W3 Mancelona~Che sonds, &ta |2 parcent zlopes, D2 w¥iomy clay foam, 1210 18 percent alopas, severely ¢roged PdB2 Perrin lpomy wond, 210 & percant slopes, moaerotely eroged
saverely eroded wED Miami clav Toom, 18 ta 25 garcort 1lopes, sevcrely etoded Pet Perrin send« loom, O 1o 2 percent slopes
dD Mancetono~Creliwa loomy sanon, 12 10 18 percent 1lopes WF3 Miomi cioy loam, 25 10 &) percent slopea, severely eroded PaB Pernin 10mgy loam, 2 1o & percent slopes
w02 Moncelona-Chel sonds, 1210 18 percent slonws, Murh, wiomi lsam, O v 2 Em Pewomo clay loam
moderately eroded Ml Miarmi boam, 210 6 p o Prweaine loom
i3 Moncelano—Chelseo loamy sonds, 12 10 18 percent wiopes, MuB2 Miami loom, 216 & percent slopes, moaerorely eroded PaB Plainfield sond, sligntly acld voriant, 010 6 percant slopes
severaly wroded MuC Mremi loam, & 1o 12 percent sloprs PoC2  Planbield sand, 1lightly ackd vanant, 610 12 parcent
WAEZ  Mancelona—Cheliea foamy sonds, 18 10 25 percent slopas, MuC2  Miami loam, & 1o 12 percent & moderately eroded slopes, moderotaly eroded
moderately efoded MuDZ  thiemi loom, 12 to 1B percent slopes, modetately erodad PoD2  Plamniield sand, vhightly acid voriont, 12 10 16 sercen .
WaE3  mancelono—Chelses loomy sands, 18 10 25 parcent slopet, MuEZ  tiaml loam, 1816 25 percent slopes, maderately eroded alopes, moderately aroded
severely eroded - P Waaml loom, 2515 43 percent slones PoE?  Ploinlield sang, shightly acid varian, 1 1o 25 percent
WdF  Moncelona-Chalaes ksomy sands, 25 1o 40 percent 1lopas MeB  Miomi sandy loam, 2 10 6 percent slopes slopes, moderorely sroded '
MIF2  Marcelono=Chalsec icamy rands, 2510 40 percent slowes, MvB2  Miami sandy loom, 2 1o 8 percent slopes, moderarely eroded ‘
moderarely eeoded M.C2  Miomi sondy loom, 6 1o 17 cercent slooes, moaerctely etoded Am Rifle muck
MdF3  moncelono—Crelius loomy bands, 25 to 40 pergent shopes, WeD2  Migmi zaney loam, 12 10 1B percert slopes, moderately sroded
severely etoded Mwd  Mlami—COwasso sondy loams, O 1o 7 parcart sioors Se Soranoc choy loam
et Waoncelono—Chelsea srony comolen, 1o 2 parcent slopes MwB Migr1~Oworso sondy fooms, 7 ra & percent slooes Se Soranae silt lagm
WICY  msarberte cloy loom, 010 17 percent slopes, severels aroded MerBZ  Miomi—Owosso sondy looms, 2 10 8 oercent slaves, S Sevemz loom
MI03  Marlerte clay loom, 12 10 1B percent siopes, severely eroaed moduraiely wrooed Seit Selkirk loams sond, O 16 2 percent &lon
WED  morlerte clar loam, 18 10 25 percent slopes, severely eroaed Mal2  Miom —Owosso soty looms, 610 12 peccent slopes, I Seliirs ailt loom, 010 2 parcen slopes
mMga Marlesre loom, O ro 2 parcent slapes moderciely rroded P Snallow yondy land
wgB trarlette loom, 210 b parcent slopes MaD2  Miomi—Owoiso sardy laoms, 1210 1B percent siopex, S Shoalx ity Ipam, hanvy wubser| vorent
WaB2  mMorlerte loom, 2t b oercent slopes, moderately eroded moderotely sroded S Shoals loam, hegvy sybaoit votlont
Mgl2  Morlette logm, & ta 12 peccent slopss, mogerarely eroded [ Montcalm loamy sond, O 1o 2 percent xlopes 5l Shoals sandy inam, heavy subsoil varrant
MgD?  Morlerte loam, 1210 18 percent slones, modercrely eroded MuB #omcalm loamy aond, 2 1o & parcant 3kopes S Sim cloy loom
Soll mon consiructed 1966 by Corrogrophle Divislen,
Soll Consarvolion Seewice, USDA, from 1955 asrial
photographs. Controlled mosare bosed on Michigan
plane coordinare sysiem, cenrral rone, tronsvecas
Marcator projection, 1927 Narm Ameticon dotum,
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The coarse textured soils found at the study area provide
poor cover material for landfills and exhibit severe seepage

problems for area and trench type landfills.

The unconsolidated sediments found within the study area are
the result of glacial action and were laid down as glacial
outwash and channel deposits by the action of glacial melt
water currents. The ancient glacial channels were filled
with fine textured sediments (silts and sands) deposited
during low flow periods and coarse textured sediments (sands
and gravels) deposited during rapid flow of the melt water
streams. Thus the outwash facies can consist of stratified
fine to coarse grained sediment (sand and gravel) which
exhibit some cross bedding from which water current

directions can often be interpreted.

The thickness of the unconsolidated glacial sediments
overlying the bedrock in this region range from 200-300 feet.
Locally the bedrock surface slopes to the north. The
landfill overlies an ancient valley cut in the bedrock
surface which gently slopes to the north. The bedrock under
Ionia County consists of three sedimentary formations which
are structurally part of the southwest portion of the
Michigan Basin; therefore the beds are tilted slightly to the
northeast. Formations present from ocldest to youngest are:
Upper Mississippian, Michigan Formation, Lower Pennsylvanian

Saginaw Formation and the Upper Fennsylvanian Grand River

-12-



Formation. Bedrock immediately under the glacial drift below
the landfill is the Upper Mississippian Michigan Formation.
See Figure 3.3 from R. W. Kelly, 1968 (reprinted 1977),
Bedrock of Michigan: Michigan Geologic Survey Division

Geologic Map GM-1, Scale 1:2,500,000.

Hydrologic

3.4.1 Groundwater

The primary source of groundwater in Ionia County for
both public and private domestic use, is glaciofluvial
sand and gravel which locally may be more than 200
feet thick. These are outwash plain and morainal sand
and gravel deposits associated with the Charlotte and
Valparaiso Morainic systems of the Wisconsinan stage

of glaciation.

Domestic water supply wells are generally less than
200 feet deep. Locally, well yields are in the range
of 20 to 40 gpm. All of the water well logs available
for the area show 4 inch diameter casings set in the

glacial deposits.
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Hydrogeology

The hydrogecologic conditions within the study area are
the result of outwash plain sediments deposited from
glacial meltwaters flowing generally southwest. These
meltwaters were generated as the ice lobe melted and
receded to the east. The stage of the ice lobe of
retreat in this area is marked by the Charlotte
morainic system. Outwash deposits are generally
composed of well sorted sands and gravels, and have a
high effective porosity and permeability resulting in

excellent aquifer conditions.

Hydraulic Characteristics Of The Glacial Drift

Aquifers

The study area is located within hydrologic category
IIT (Hydrogeologic Atlas; 1981, Western Michigan

University) which is generally described as unconfined

drift consisting of interbedded aquifers, aguicludes

and aquitards at depths.

Ionia County is located within water resource Region 4
of west-central Michigan. The southern peninsula of
Michigan is divided into five (5) water resource

report regions,
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See Figure 3.4 from Western Michigan University’'s

Report entitled "Hydrology For Underground Injection
Control in Michigan Part I"., 1In their report, data on
the hydraulic characteristics of 184 glacial drift

wells is available from 87 locations within Region 4.

The reported well capacity of non-flowing wells ranged
from 4 gpm to 2,000 gpm. Specific capacity values
ranged from 2.0 gpm/ft to 541 gpm/ft. Transmissivity
values for the region ranged from 4,000 gpd/ft to
300,000 gpd/ft. The coefficient of storage ranged

from 4.92 x 10/

to 0.33. In Ionia Cdunty alone the
well capacity ranged from 200 to 1,200 gpm.
Transmissivity values ranged from 31,000 gpd/ft to
113,200 gpd/ft, and the coefficient of storage ranged

from 6.7 x 10°% to 2.1.

A plot of the water table elevations in the general
study area is presented in Figure 3.5. The contour
lines on the plot approximate lines of equipotential.
The groundwater flow direction is perpendicular to the
equipotenpial (contour lines) lines. The groundwater
flow theoretically follows the equipotential lines
from higher to lower potential energy (hydraulic
head). The water table elevations represent the
static water level as determined and recorded during

the installation of private water wells. Data for the

-16-
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water table contour plot in Figure 3.5 were obtained
from the Michigan Department of Natural Rescurces
Groundwater Section. An anomaly exists between the
static water level (SWL) of 594.0 ft reported in KHell
No. 1 and the Grand River elevation north of the land-
fill of 630.0 ft. The MDPH water well record shows
that this well is screened in sandstone bedrock which
may explain the apparent drop in the SWL in this well.
This condition would normally occur if a downward ver-
tical gradient exists between the unconfined glacial
aquifer and the bedrock aquifer. Copies of the water
well logs utilized for this plot are provided in

Appendix A.

The State of Michigan requires all water well drilling
contractors to be licensed and to keep a complete
record (log) of every water well that is drilled. The
log must be filed with the District State Health
Department. All available water well logs in the area
surrounding the study site were used to construct the

plot of the water table elevations.
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The location of the water wells used are shown on
Figure 3.5. The locations are approximated based on
the data provided in each water well log from USGS
quadrangle topgraphic maps. No field verified map of

water well locations was available.

There is no time correlation between each of the
static water elevations which are plotted on Figure
3.5 because the well logs represent an 1B year time
span ranging from 1967 to 1985, Therefore the
groundwater flow direction shown on Figure 3.5 may be

conjectural.

Recharge to the principal water bearing unit is
primarily from infiltration of precipitation within
the area. Infiltration may also be induced from Pratt
Lake located approximately two miles south of the

study site in an area of till plain deposits.

Groundwater migration most likely occurs from the
south at Pratt Lake (elevation 819 ft) to the north
toward the Grand River (elevation 630 ft) elevations

taken from USGS, Lowell Quad Topographic Map.
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4.

Natural discharge of groundwater from the principal
aquifer in the area of the study site probably occurs
in the form of seepage towards the north to the Grand
River and also toward an unnamed stream to the east

{elevation 740 ft).

In general the glacial outwash materials found in the
study area are composed of well sorted, very permeable
sediments beneath a thin mantle of relatively
permeable so0il. Because these water laid sediments
are virtually devoid of fine grained materials, they
do not adsorb contaminants effectively and provide
very little protection for groundwater which is
extremely vulnerable to surface and near surface

contamination.

Groundwater (Quality In The Glacial Drift Aquifers

Water quality data for the glacial drift aquifers was
available from the Michigan Department of Public
Health for Region 4. Region 4 reported 59 public
water systems in 1] counties for which 352 water
samples were analyzed from 173 wells in the glacial
drift aquifers. Data on seven (7) water guality
parameters included in the USEPA primary and secondary

drinking water standards was available.
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Table 3.1 presents the groundwater quality conditions
for the glacial drift aquifers in Region 4 and in the
confines of Ionia County.

TABLE 3.1

Groundwater Quality
In Glacial Drift Aquifers

Region 4
USEFA
Maximum Contaminant

Parameteyr Range Mean Level (RMCL)
Nitrate 0.0 - 8.0 1.0 10.0 mg/li‘
Fluoride 0.0 - 1.45 0.17 4.0 mq/lz*
Chloride 0.0 - 235 21 250 mq/l2
Iron 0.0 - 4.90 0.42 0.3 mq/l2
Sulfate 0.0 - 650 38 250 mg/l2
Total Dissolved Solids 144 - 12726 332 500 mg/l .
Specific Conductance 250 - 1450 529 850 micromhos

Groundwater Quality
In Glacial Drift Aquifers
Ionia County3
USEPA
Maximum Contaminant

Parameter Range Mean Level (RMCL)
Nitrate 0.0 - 8.0 1.4 10.0 mg/17
Fluoride 0.0 - 0.75 0.12 4.0 mgs1l
Chloride 0.0 - 170 23 250 mg/l2
Iron 0.0 - 1.50 0.30 0.3 mgs12
Sulfate 15 - 265 59 250 mg/12
Total Dissolved Solids 163 - 779 407 500 mg/l2
Specific Conductance 370 - 1100 637 850 micromhos?

% Primary Standard Federally Enforceable Health Effects Limits
3 Secondary Standard Guidelines for States Aesthetic Limits

Number of Water Systems - 8, Number of Wells Sampled - 32,
Number of Samples Analyzed - 72

(From 40 CFR 141.51 Subpart G added by 51 FR 11410, April 2, 1986)
(From Hydrogeologic Atlas of Michigan, Western Michigan University,
1981)

* Fluoride has a Secondary Maximum Contaminant Level of 2.0 mg/l
(From 40 CFR 143.3 amended by 51 FR 11412 April 2, 1986)
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3.4.5 Hvydraulic Characteristics 0f The Bedrock Agquifers

Data on the hydraulic characteristics of 58 bedrock
wells from 38 locations ranging from depths of 85 to
377 feet were available within Region 4. Mississipp-
ian aquifers in the Bayport Limestone, Michigan
Formation, and the Marshall Sandstone served the most
locations and supplied the greatest number of bedrock
wells. The remaining bedrock wells were located in
Pennsylvanian agquifers in the Saginaw Formation and

Parma Sandstone combined.

Well capacity values ranged from 10 to 45 gpm for

naturally flowing wells in the Mississippian Marshall

" Sandstone. MWell capacities for non-flowing wells in

the Pennsylvanian Saginaw Formation ranged from 12 gpm
to BOO gpm. Non-flowing wells in Mississippian
Marshall Sandstone had well capacities ranging from 10
gpm to 602 gpm and in the Mississippian Michigan
Formation from 35 gpm to 175 gpm and in the

Mississippian Bayport Limestone from 50 gpm to 1,180

gpm.

Specific capacities for Region 4 bedrock agquifers

ranged from 1 gpm/ft for the Marshall Sandstone to 118

gpm/ft for the Michigan Formation.
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4.

Transmissivities for the region ranged from 2,000
gpd/ft to 86,000 gpd/ft for the Marshall Sandstone.
Coefficients of storage ranged from 1.9 x 1078 to 0.5
for the Marshall Sandstone. Transmissivities and
coefficients of storage for the Pennsylvanian

aquifers.

Hater Quality In Bedrock Aquifers

Bedrock aquifers utilized by community public water
supply systems in Region 4 for which water quality
data were available include the Marshall Sandstone and
the Saginaw Formation. Analyses of 19 water samples
from 15 welils were available from 9 community public

water supply systems utilizing bedrock aquifers.

" Table 3.2 presents the groundwater quality conditions

for the bedrock aquifers located in Region 4 and for

Ionia County alone.
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TABLE 3.2
Groundwater Quality
Bedrock Aquifers

Region 4
USEPA Maximum
Contaminant Level
Parameter Range Mean (MCL) |
Nitrate 0.0 - 1.1 0.0 . 10.0 mg/1l7
Fluoride 0.0 - 0.7 0.32 4.0 mg/1lx
Chloride 1 - 210 30 250 mg/l
Iron 0.0 - 2.7 1.0 0.3 mg/12
Sulfate 0 - 510 219 250 mg/1°
Total Dissolved Solids 254 - 1076 624 500 mg/12 2
Specific Conductance 450 - 1330 926 850 micromhos
Groundwater Quality
Bedrock Aquifers
Jonia County3
USEPA Maximum
Contaminant Level
Parameter Range Mean (MCL) |
Nitrate 0.0 - 0.0 0.0 10.0 mg/1;
Fluoride 0.20- 0.43 0.34 4.0 mgsllx
Chloride 10 - 210 86 250 mg/12
Iron 0.70- 1.50  0.98 0.3 mg/12
Sulfate 0.0 - 26 12 250 mg/12
Total Dissolved Solids 334 - 720 487 500 mg/1°
Specific Conductance 610 - 1200 830 850 micromhos>

1 Primary Standard Federally Enforceable Health Effects Limits
2 Secondary Standard Guidelines for States Aesthetic Limits

3 Number of Hater Systems - 1, Number of HWells Sampled - 2,
Number of Samples Analyzed - 3

(From Hydrogeologic Atlas of Michigan, Western Michigan University,
1981)

(From 40 CFR 141.51 Subpart G added by 51 FR 11410, April 2, 1986)

*# Fluoride has a Secondary Maximum Contaminant Level of 2.0 mg/1l
(From 40 CFR 143.3 amended by 51 FR 11412, April 2, 1986)




Within Ionia County nine (9) glacial drift aquifer
systems exist with four systems reporting use of
approximately 4,050,500 average gallons of water per
day. One bedrock aquifer system exists, however, it

is reported as not in use at this time.

No surface water systems are utilized or reported in

use within Ionia County.

In general throughout Southern Michigan bedrock
aquifers are utilized in areas where glacial dri(t is
thinnest (less than 100 feet) and much less in areas
where glacial drift is more than 200 feet thick. Less
than 10% of the water supply wells utilize bedrock

aquifer systems within Ionia County and Region 4.

Surface Hater

The principal river in Ionia County is the Grand River
which discharges into Lake Michigan. The average
discharge measured over a 58 year period is 3,570
ft3/sec, 9.89 in/yr. The gaging station providing
this data is located in the NE 1/4 of Section 25, T.-7
N., R. 12 W., Kent County, Hydrologic Unit 04119000.
The station is approximately 1.7 miles upstream from
Plaster Creek at mile 41. The watershed drainage area

covers 4,900 square miles, The Grand River is located

-26-




about 1 mile north of the study site. Also there are
some small ephemeral streams about 1,000 feet east,
west and north of the study area which flow north to

the Grand River.

Pratt Lake is situated on morainal deposits approxi-
mately 2 miles south of the landfill. Pratt Lake
drains generally north to the Grand River. The
improved drainage of the area due to the abundant
stream tributaries to the Grand River and the mature
stage of the Grand River Valley are indicative of the
significant amount of erosion occurring as a result of

this fluvial system.
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LANDFILL OPERATIONS AND HISTORY

The Lowell City Landfill located in Ionia County is an
inactive landfill for which the exact period of operation is
unknown (early 1960’s). The landfill was officially closed
on January 1, 1983, due to improper management and mainten-
ance practices which resulted in the landfill failing to

comply with Act 641, P.A. 1978.

The Lowell City Landfill was issued its first license on June
13, 1966. The types of wastes listed on the license, which
the landfill could accept as a sanitary landfill, included
general refuse, garbage, industrial waste and rubbish. MDPH
inspection reports dating back to the early 1970's indicate
that the site continued to act as an open dump in violation
of Act 87 P.A. 1965 which was replaced by Act 641 P.A. 1978.
The landfill was consistently cited for open burning, lack of
daily cover and blowing trash, also it was noted in the

reports that the site had accepted liquid wastes.

In June 1984, an inspection made by the Ionia County Health
Department indicated that although the landfill was closed,
proper closure methods had not been employed. The report
stated that the site may be allowed to c¢lose under Act 87,

which is less stringent than Act 641. Act 87 requires a
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minimum of two (2) feet of suitable soil, compacted to
provide a tight seal which must be free of protrusable

materials and large objects.

In early 1986, it was determined by the District Health
Department and the Michigan Department of Natural Rescurces
that the Lowell City Landfill could be eligible for a

hydrogeological study to be funded under the Clean Michigan

Fund.

During the on-site work performed for this study in late
November 1986, large metal objects could be found throughout
the landfill protruding through the sandy soil which covers
the landfill. Proper closure techniques had not been

conducted at this site prior to this time.

The information reported in this section was provided by the

MDPH office located in Hastings, Michigan.
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FIELD INVESTIGATION

Soil Borings

Three soil borings were used for determination of the subsur-
face geology and for monitoring well installation. The
boring locations are shown on the surface contour map (Figure
5.1). Figure 5.2 is a 3-D view showing surface topography
within the study area and the monitoring well locations. The
subsurface exploration logs prepared in the field during
drilling are provided in Appendix B. Drilling operations and
s0il sampling were performed according to Section II-C, HWork

Statement Specifications.

Sample descriptions included recording the color according to
the Munsell Scil & Rock Color Chart with a chroma and hue
notation. Also the grain shape and size was determined in

the field using a hand lens and grain size and shape chart.

A narrative description of the soil at each boring location

is presented in the following sections.

All elevations are referenced to the National Geodetic
Vertical Datum of 1929 (NGVD 1929). The elevation of the
benchmark located at the southwest corner of the intersection

of the C & 0 and Grand Trunk railroads is 637.0 feet.
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The surface elevation at each bore hole location is recorded

on the subsurface exploration logs.

Soil Boring No. MW-1 (Upgradient)

Boring No. 1 shows 17.5 feet of ligﬁt medium sand with
a trace of gravel at 17.0 feet, over 5.5 feet of dark
yellow, brown, alternating silt and clay seams, then
7.5 feet of olive gray silty, sandy clay with some
small gravel, then 1.0 foot of cobbles mixed with
clay, overlying 38.5 feet of light brown fine sand for
a total drilled depth of 70.0 feet. Groundwater was

encountered at 41.5 feet below grade during drilling.

Soil Boring No. MW-2 (Downgradient)

Boring No. 2 shows 26.5 feet of light brown medium
sand, then 6.8 feet of moderate yellow brown,

alternating seams of silt and silty clay, over 46.7
feet of light brown medium sand for a total drilled
depth of 80.0 feet. Groundwater was encountered at

70.0 feet below grade during drilling.
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5.1.3 850il Boring No. MKW-3

Boring No. 3 shows 62.0 feet of light brown medium
sand which grades to fine sand at the bottom of this
unit, then 4.5 feet of moderate yellow brown, alter-
nating layers of silty sand and silty clay, overlying
13.5 feet of moderate yellow brown medium to fine sand
for a total drilled depth of 80.0 feet. Groundwater
was encountered at 58.0 feet below grade during

drilling.

Summary of Soil Borings

The unconsolidated materials encountered during drilling of
the three so0il borings at the study site consist of sands,
silty clay and a minor gravel sequence. The sand sizes range
from fine (0.17 mm to 0.25 mm grain size) sand to medium

(0.25 mm to 0.5 mm grain size) sand.

Varying thickness of micro-fractured silty clay alternating
with silty sand seams was encountered in each of the 3 boring
locations ranging from 4.5 to 13,0 feet thick. This clay
appears to be discontinuous underneath the study site between
each soil boring. However, the available data is insuffic-
ient to accurately determine the extent of this clay

underlying the study area.
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5.3

A minor amount of gravel was encountered below the clay at
boring location MW-1. The unconsolidated sediment most
commonly found in all of the so0il borings was a light to

moderate brown medium subrounded sand.

Colors throughout the different sand types.ranged from moderate
vellow brown {(Munsell #10 yr 5/4) to light brown (Munsell_#lo yr
7/4). The silty clay was generally moderate yellow brown
{Munsell 10 yr 5/4) to olive gray (Munsell #5y 4/1}. The sands
were typically well sorted quartz grains with relatively few
igneous components and were generally very clean {(void of clays

or fines) with a subrounded grain shape.

Cross-bedding or ripple marks were not observed in any of the
split époon samples. However, ripple drift cross-lamination
was observed in a blow out about 1,000 feet north of the

study site.

The lithologies and cross-bedding encountered within the
study area are typical of the type of sediments deposited in
a glacial meltwater channel during the retreat of the ice

lobe and during post glacial alluvial deposition.

Laboratory Soil Classifications

No actual testing of soil samples was performed in the

laboratory. Actual on site or in laboratory testing of soil
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and/or aquifer characteristics was not required by the work
statement. However, estimates of hydraulic conductivity and
porosity of the different unconsolidated materials encoun-
tered in each of the three borings can be made based upon the
grain size and shape (as determined in field) and the blow
counts (standard penetration test) recorded during split
spoon sampling at each boring. Soil samples have been
retained in air tight glass jars for future testing or
inspection if needed. (The samples will be disposed of sixty
days after acceptance of the study report unless instructed

otherwise by the MDNR site coordinator.)

It should be noted that the hydraulic conductivity of a
specific soil type will vary over a wide range. The various
physical, chemical and biological conditions attribute to the
heterogenity of the soil and will affect the hydraulic
conductivity in soil. As an example, hydraulic conductivity
is often higher when high concentrations of solutes are
present in the water. Because of this variability, each of
the estimated values of hydraulic conductivity may be

representative of only a point in the aquifer under study.

Table 5.1 presents the estimated hydraulic conductivities and
porosities of the three major types of material encountered

during scoil sampling.




TABLE 5.1

ESTIMATED HYDRAULIC CONDUCTIVITY

AND
POROSITIES
ft/day
S0il Description Porosity Transmissivity
silty Clay 35-55% 107 - 1073
Fine Sand 35-45% 0.5 - 50
Medium Sand 25-40% 50 - 500

(From R. A. Freeze and J. A. Cherry, 1979)

Groundwater Sampling During Soil Boring

Groundwater samples were collected during the soil boring
operation at 10.0 foot intervals within the saturated zone
according to section II-C, Item No. 4 in the Work Statement

Specifications.

Discrete water samples were collected using a double check

valve Teflon bailer, The bit section of the hollow stem

auger string was a screen type auger which (0.010 inch screen

size) allowed infiltration of the groundwater at discrete

depths while drilling through the saturated zone (4.0 feet,

of the 5.0 foot bit auger was screened). Prior to collecting

each sample the Teflon bailer was steam cleaned and rinsed

with deionized water.
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Each water sample-was collected prior to the retrieval of a
50il sample with the split spoon sampler. During drilling
through loose sand at more than 20.0 feet below the static
water level it would normally become necessary to wash the
bore hole prior to split spoon sampling. ﬂhenever bore hole
washing had to be performed, water samples of the wash water
were collected for analysis. Hash water was obtained from
the Village of Lowell Fire Department and wés stored on site
in a 500 gallon polyethylene tank. The water samples
collected during drilling operations were analyzed on site
for specific conductance. Temperature was also recorded.

The results of these analyses are presented in Table 5.32.

TABLE 5.2

ON-SITE GROUNDWATER ANALYSIS

Boring No. MW-1 Boring No. MW-2 Boring No. MAW-3
{Upgradient) {Downgradient) (Upgradient)

Ft °¢ SPC Ft ¢ SPC Ft OcC SPC

43 12.1 721 70 11.2 700 60 10.2 1020

53 11.8 718 75 8.2 1011 70 9.0 1100

63 11.1 893 80 9.8 2020 80 9.0 1086

70 10.8 913

Ft = Depth below land surface in feet

%Cc = Temperature in °C

SPC = Specific Conductance in Micromhos (Temperature Corrected)

The specific conductance of the wash water as collected from the wash

down bit was 387 micromhos.
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Monitoring Hell Installation

Monitoring wells were located in order to facilitate the
determination of the subsurface geclogy, the groundwater
gradient and to establish the chemical characteristics of the
unconfined aquifer both upgradient and downéradient from the
study area. FPlacement of the first two monitoring wells was
based upon the theory that the surface gradient is indicative

of groundwater gradient.

If unconfined conditions are encountered during bore hole
drilling at the first two monitoring well locations, then a
more accurate determination of groundwater flow direction can
be calculated and placement of the remaining monitoring wells

may be more accurately determined.

Following the completion of each soil boring a 2 inch
galvanized well casing with a stainless steel well screen was
installed in the bore hole. Well installation followed the
criteria outlined in Section I11-C, Items 4, 5, 6, 7 and 8 of

the Work Statement Specifications.

All casing and screen sections utilized flush joint threads
with Teflon sealing tape being used as a precaution to help
insure a water tight connection. Each well screen was 3.0
feet long with No. 10 (0.010 inch}) screen aperatures. The

well screens were set at the depth within the saturated zone
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where the highest conductivity measurement was recorded

during drilling.

Figure 5.3 is a computer generated diagram of the monitoring

wells and their respective bore hole lithologies.
A copy of the monitoring well design diagram completed in the

field showing details of well installation for each monitor-

ing well is provided in Appendix C.
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PHYSICAL AND CHEMICAL MONITORING OF THE SITE

Following the installation and development of the monitoring
wells static water level (SWL) measurements and groundwater
samples were collected from each monitoring well on December
4, 1986. Chain-of-custody forms completed for this sample

date are provided in Appendix E.

Static HWater Level

The static water level (SWL) in the three monitoring wells
was measured to determine the general groundwater gradient
within the study site. Table 6.1 presents the results of the
SHL measurements and the calculated gradient with flow
direction. A water table contour map showing flow direction

and monitering well locations is shown in Figure 6.1.

Chemical Analysis 0f Groundwater Monitoring HWells

The results of laboratory analysis of the groundwater samples
are presented in tables 6.2, 6.3 and 6.4, 6.7 and 6.9. Table

6.2 presents the results of analysis for all parameters as

listed in Section II, Item No. 10 of the Work Statement Specifi-

cations. Table 6.3 presents the soluble metal results; Table

6.4 presents the Volatile Organic Compound (VOC) results; Table

6.7 and 6.9 present the results of the Semi-Volatile Organic

Compounds (SV0A) analysis and the pesticides analysis.
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Top of
Well # Casing
MiW-1% 775.65
MW-2 793.09
M -3% 796.37

Water Table Gradient

Composite Direction of Gradient

* Upgradient Hells

LOWELL CITY

TABLE 6.1

LANDFILL

GROUNDWATER ELEVATIONS

(NVGD 1929)

Top of
Grades Screen
772.35 710.02
792.09 717.86
795.27 731.04
= 0.019 ft/ft

(Bearing)
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Bottom
of

Screen

707.02

714.86

728.04

N 65° E

Static
Hater

Level
{4-Dec-86}

731.45
723.17

739.17




Summary Of Analytical Result Presentation

Results of required laboratory analysis are presented in
various Tables in this section of the report. 1In order to
facilitate data review, the following information is provided

concerning Table contents.

Table 6.2 - All non-metal and non-Volatile Organic
Compound results are listed. Specifically,
this table addresses the following:
pH
Specific Conductance
Total Organic Carbon (TOC) (Duplicate)
Bicarbonate Alkalinity
Chloride
Chemical Oxygen Demand (COD)

Total Cyanide
Nitrate (Nitrogen)
Total Phenolics
Sulfate

Ammonia (Nitrogen)

Table 6.3 =~ Soluble Metal Results
Table 6.4 - Volatile Organic Ceompounds (VOC) Results
_.45_




Table 6.5

Table 6.6

Table 6.7

Table 6.8

Table 6.9

Table 6.10

Table 6.11

Listing of VOC Methodology Employed and the

Type of Compounds Detectable

Chromatograms of VOC Analysis

Base/Neutral Semi-Volatile Oréanic Compounds
Results, specifically USEPA Method 612

parameters

Chromatograms of SVOA (B/N) Analysis
Pesticides Analysis Results

Chromatograms of Pesticides Analysis

Listing of SVOA Methodology Employed and the

Types of Compounds Detectable by the Test

Procedures

At the conclusion of each table (Tables 6.2, 6.3, 6.4, 6.7

and 6.9) applicable comments and/or Quality Assurance data is

presented.,
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TABLE 6.2
Michigan Department of Natural Resources

Non-Metal and Non-VOC Analysis
Lowell, Michigan Site

(mg/1 Except as Noted)

Parameter #1 #2
pH (pH Units) 7.1 7.0
Specific Conductance
(umhos/cm @ 25°C) 960 2970
TOC 4.34 9.838
Bicarbonate
Alkalinity# _ 287 468
Chloride 16 113
Cob <10 42
Total Cyanide <0.0405 <0.9005
Nitrate (Nitrogen) 6.94 26.
- Total Phenolics {0.005 <0.005
Sulfate 41.2 800
Ammonia (Nitrogen) 0.18 0.08

* Expressed as CaCoO03
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Monitoring Well Concentration

__#3

6.8

1147

4.062

406

(10
(0.005
23.
0.012
13.2

<0.01




Notes For Table 6.2 Results

1. Duplicate Analysis (Precision)

done for different parameters in different wells.

ing summarizes these results.

Parameter

Nitrate (Nitrogen)
.Total Phenolics
pH

Ammonia (Nitrogen)

T0C

and % Recovery (Accuracy) were

The follow-

Precision Accuracy
{% RSD) {% Recovery)

2.7
0.0
0.0
10.0 110
5.4

2. A Trip Blank was transported from EIS Environmental Engineers,

Inc., to the job site and then submitted as a sample. No

unusual values were found.

above Detection Limits were:

- Bicarbonate Alkalinity 1
- Specific Conductance

- TOC

The only parameters showing results

mg/l

1.135 umhos/cm

0.080 mg/1

-48-




Parameter

Arsenic
Cadmium
Calcium

Chromium (Total)

Chromium (Hex)

Iron
Lead
Mercury

Sodium

TOTAL SOLUBLE METALS

* Upgradient HWells

TABLE 6.3

Michigan Department of Natural Resources
Soluble Metals Analysis
Lowell, Michigan Site

Monitoring Well Concentration (mg/l)

H#1%

(0.01
<(0.005
122
(0.04
{0.01
0.14
<0.01
(0.0002
12.8

134.94

Notes For Table 6.3 Results

#2

<0.01
(0.005
190
{0.04
(0.01
0.20
0.06 ~
<0.0002
5.0

199.26

#3%

(0.01
0.008 =
210
0.08
<0.01
0.16
0.01
<0.0002
328. -

538.26

1. Quality control analysis consisting of Precision and Accuracy

was performed on various parameters in different

Results of this work are summarized below.

Parameter

Arsenic
Calcium
Iron

Mercury

Sodium

Precision
(% RSD)

0.0
0.6

-49-

Accuracy
(% Recovery)

106.0
107.0
8z2.0



A Trip Blank was transported to the job site and subsequently

submitted as a sample for analysis. All metals analyzed for

‘this project showed less than Detectable Levels in the Trip

Blank.

~50-




TABLE 6.4
Michigan Department of Natural Resources

Volatile Organic Compounds (VOC) Analysis
Lowell, Michigan Site

Monitoring Well Concentration(ug/1)

Parameter _#1 _#2 _#3)
1,1-Dichloroethylene N.D. 3.5 N.D.
1,1-Dichloroethane N.D. 1.0 N.D.
Chloroform N.D 9.7 N.D.
1,2-Dichloroethane N.D 13.9 -~ N.D.
1,1,1-Trichloroethane N.D 13.5 N.D.
Carbon Tetrachloride N.D 35.1 ~ N.D.
1,2-Dibromoethane N.D 2.3 N.D.
Tetrachloroethylene 9.5 ™~ 4.9 4.7
TOTAL VOC 9.5 B83.9 4.7

Notes For Table 6.4 Results

1. The term N.D. means Not Detected. With respect to this
analysis, the following Detection Limits Apply:
. All Aromatic 2 ug/l
. All Chlorinateds except Chloroethane
and Vinyl Chloride 1 ug/1

Chloroethane and Vinyl Chloride 5 ug/l

2. WHell #2 contained Vinyl Chloride and Chloroethane at levels

below our Quantifiable minimum.




Monitoring Well #1 was analyzed in Duplicate to determine

Precision. Results of this analysis are:

Concentration (ug/1l) Precision
Parameter Analvsis #1 Analysis #2 As % RSD
Tetrachloroethylene 9.5 B.5 7.9

All Purge and Trap Samples, Blanks and Standards were spiked

. with a surrogate solution prior to the purge step. The

following summarizes results of surrogate recoveries for the

Hall detector and the PID detector for this analysis,

Surrogate % Recovery QC Limit
Compound # Utility Range Average Range_ (% R)
1 Hall 80 - 98 90 70 - 130
2 Hall 92 - 101 96 70 - 130
3 Hall 89 - 98 93 70 - 130
4 PID 75 - 105 88 70 - 130

A Trip Blank was prepared at EIS5 and accompanied the sample
collection activities from start to finish. The Trip Blank

showed no VOC contamination except Methylene Chloride.

The compounds determined in Well #2 were confirmed by second

column analysis.




TABLE 6.5

PARTIAL LISTING - VOLATILE ORGANIC COMPOUNDS
SPECIES DETECTABLE USING METHODS STATED BELOW

———————— PRIORITY PQLLUTANTIS - - - = - - - - - HAZARDOUS SUBSTANCES -
Benzene 1,2-Dichloroethane Acetone
Bromodichloromethane 1,1-Dichloroethylene Methyl Ethyl Ketone
Bromoform t-1,2-Dichloroethylene Methyl Isobutyl Ketone
Bromomethane 1,2-Dichloropropane Styrene
Carbon Tetrachloride c-1,2-Dichloropropene Vinyl Acetate
Chlorobenzene t-1,2-Dichloropropene O-nylene
Chloroethane ’ Ethyl Benzene 2-Hexanone
2-Chloroethylvinyl Ether Methylene Chloride
Chloroform },1,2,2-Tetrachloroethane . .
Chloromethane : Tetrachloroethylene - ADDITIONAL COMPOUNDS ~
Dibromochloromethane 1,1,1-Trichloroethane
1,2-Dichlorobenzene 1,1,2-Trichloroethane m & p-xylene
1,3-Dichlorobenzene Toluene Tetrahydrofuran
1,4-Dichlorobenzene Trichloroethylene 1,2-Dibromoethane
1,1-Dichloroethane Vinyl Chloride
REFERENCES

. "Test Methods: Methods for Organic Chemical Analysis of Municipal and Industrial Waste-
water" USEPA-600/4-82-057, July 1982, Method 601 and Method 602

. "Test Methods for Evaluating Solid Waste, Physical/Chemical Methods" SW-846, July 1982,
Methods 5030, 8010, 8020,

ANALYTICAL PROCEDURES

» Purge and Trap, Gas Chromatography 1s utilized.

« The effluent from the gas chromatographic column is monitored by Photoionization and
Hall 700A Electrolytic Conductivity Detectors operating in series.

. Surrogate compounds are added prior to the Purge step to monitor overall system
performance. The surrogates also function as Retention Time Standards.

+ Quantitation is made by external standards,

. ldentification 1s made by relative retention times and responses to the two in series
detectors.




TABLE 6.6

Chromatograms of

Volatile Organic Compounds (VOC) Analysis
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TABLE 6.7

Michigan Department of Natural Resources
Semi-Volatile Qrganic Analysis
USEPA Method 612 Compounds (Chlorinated Hydrocarbons)
Lowell, Michigan Site

(ug/ 1}

Monitoring HWell Concentration

Parameter .2 _#2 #3
1,3-Dichlorobenzene N.D. N.D. N.D.
1,4-Dichlorobenzene N. LY, N.D N.D.
1,2-Dichlorobenzene N.D. N.D N.D.
Hexachloroethane N.D. N.D N.D.
1,2,4-Trichlorobenzene MN.D. N.D N.D.
Hexachlorobutadiene N.D. N.D. N.D.
Hexachlorocyclopentadiene N.D. N.D N.D.
2-Chloronaphthalene N.D. N.D N.D.
Hexachlorobenzene N.D. N.D N.D.

Notes For Table 6.7 Results

1. The term N.D. means Not Detected. The Detection Limit for this

analysis was 10 ug/1l.

2. Burrogates and Retention Time Standards used in this analysis

are labeled with the letter S in the Chromatograms .in Table 6.8.

3. Monitoring well #2 contained the presence of unknown {(Non-USEPA
Priority Pollutant) B/N compounds. GC/MS analysis showed that
the first unknown in the GC/FID screen could be a Thiazole type
compound, The second major unknown was not identified. Mass

Spectral data are enclosed in Table 6.8.




TABLE 6.8

Chromatograms (GC/FID}

Mass Spectral Data

USEPA Method 612
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TABLE 6.9

Michigan Department of Natural Resources
Semi-Volatile Organic Analysis
USEPA Method 60B Pesticides
Lowell, Michigan Site

Monitoring Well Concentration (ug/l)*

Parameter _#1 _#2 _#3
Aldrin N.D. N.D. N.D.
Alpha-BHC N.D. N.D. N.D.
Beta-BHC N.D. N.D. N.D.
Gamma~-BHC N.D. N.D. N.D.
Delta-BHC N.D. N.D. N.D.
Chlordane N.D. N.D. N.D.
4,4'-DDD N.D. N.D. N.D.
4,4'-DDE N.D. N.D. N.D.
4,4'-DDT N.D. * *
Dieldrin N.D. * *
Endosulfan 1 N.D. N.D. N.D.
Endosulfan II N.D. * ' *
Endosulfan Sulfate N.D. * *
Endrin N.D. * *
Endrin Aldehyde N.D. N.D. N.D.
Heptachlor N.D. N.D N.D
Heptachlor Epoxide N.D. N.D. N.D.
Toxaphene N.D. * *

* See Items 1 and 2 under Notes for Table 6.9 Results
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Notes For Table 6.9 Results

The term N.D. means Not Detected. The Detection Limit for
pesticides can vary, in some cases significantly, depending upon
variables such as compound response to the detector, sample
processing techniques (extraction volume, injection volume)} and

interferences.

The Lowell samples exhibited an interference in the Pesticide

scan using packed column gas chromatography with a Hall 700A

Electrolytic Conductivity Detector. This interference was in
the form of large ill shaped "peaks". This interference was not
identified.

Florisil clean-up could only be performed using a 6% Ethyl
Ether/Petroleum Ether elution. 7The interference itself eluted
in the 15% fraction. For those pesticides which could be
quantitated either without clean-up or in the 6% fraction, the
following Detection Limits apply, expressed on the basis of both

Lindane (most responsive) and Toxaphene (least responsive).

Detection Limit (ug/1l) as

Monitoring Well Lindane Toxaphene
1 1 100
2 1 *
3 1 S

Compounds identified by an *# cannot be reported due to

interferences.
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Chromatograms of the analysis are enclosed in Table 6.10. An

unknown peak was present in Well #1.

Gas Chromatographic/Mass Spectrometric (GC/MS) analysis of this
extract revealed that a Brominated Benzene could be present.

Whether or not the unknown peak is in fact a brominated benzene
cannot be established since the Pesticide screen and the GC/MS

analysis were performed on two completely different columns.

GC/MS mass spectral data are enclosed in Table 6.10,

-bB-




TABLE 6.10

Chromatograms

(GC/Hall)}

Mass Spectral Data

USEFPA Method 608
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PARTIAL LISTING SEMI-VOLATILE

TABLE 6.1

ORGANIC COMPOUNRDS

SPECIES DETECTABLE USING METHODS STATED BELOW

PRIORITY POLLUTANT

BASE NEUTRAL (B/N) FRACTION

COMPQUNDS

ACID FRACTILON

N-nitrosodimethylamine
Bis(2-chloroethyl)ecther
1,3-dichlorobenzene
1,4-dichlorobenzene
l,2-dichlorobenzene
Bis(2-chloroisopropyl)ether
Hexachloroethane
N-nitrosodi~N-propylamine
Nitrebenzene

Isophorone
Bis(2-chloroethoxy)methane
1,2,4-trichlorobenzene
Naphthalene
Hexachlorobutadiene
Hexachlorocyclopentadiene
2-chloronaphthalene
Dimethylphthalate
Acenaphthylene
2,6-Dinitrotoluene
Acenaphthene
2,4~dinitroteluene
Diethylphthatate

Fluorene

REFERENCES

"Test Methods: Methods for Organic Chemical Analysis of Municipal and Industrial Wastewater
July 1982,

USEPA-600/4-82-057,

h-chlorophenylphenviether
N-nitreosodiphenvlamine
1,2-diphenylhydrazine
4-bromophenylphenylether
Hexachlorobenzene
Phenanthrene

Anthracene
Di-n-butylphthalate

 Fluoranthene

Renzidine

Pyrene
Butylbenzylphthalate
Benzo(a)anthracene
3,3"-dichlorobenzidine
Chrysene
Bis(Z2~-ethylhexvl)phthalate
Di-n-octylphthalate
Benzo(b)flucranthene
Benzo(k)fluoranthene
Benzo(a)pyrene
Indino(l,2,3-cd)prrenc
bibenzof{a,h)anthracenc
Benzof{g,h,i)perylene

Methods 604-612.

Phenel

H-vhlore=-3-methyl phencol
2-chlorephenol
2,4-dichlorophenol
2y4=dimethylphenol
2,4-dinirrophenot
Z-methyl-4,6-dinitrophencl
2-nitrophenol
4~nitreophenal
Peatachloraphenol

2,46, 6-trichlorophencl

PCB/TESTICIDES

Aldrin Alpha-BHC
Retn-BNC Delta-BHC
GCamma BHC (Lindane)
Chlordane Fndrin
4,40 bbb 4,4 DDE
4,47 Db Dieldrin
Fndosalfan T & 11
Endosulfan Sulfate
Endrin Aldehyde
Hieptachlor Toxaphene
Heptachlor Fpoxide
reg-1o0te6, 1221, 1232, 1242,
1248, 1254, 1260

. "Test Methods for Evaluating Solid Waste, Physical/Chemical MeLhndq” SWw-846, July 1982,

Methods 8040, 8060, 8080,

ANALYTICAL PROCEDURES

The individual methods in each reference are combined

8090, 8100, 8120, 8140, 8150,

inte a single procednre using Capillary

Column Gas Chromatography with Flame lonization Detection for the B/N and Acid Fractions.
PCB/Pesticide analysis is performed by packed column gas chromatography using a Hall 700A
Electrolytic Conductivity Detector.




DISCUSSION OF RESULTS

This investigation was initiated by the Michigan Department of
Natural Resources under the Clean Michigan Fund to investigate
the possibility of groundwater degradation underlying the Lowell

City Landfill.

The objectives of this investigation were:

A. Obtain a vertical profile of the unconsolidated
stratigraphy underlying the study area.

B. Determine the direction and gradient of groundwater flow.

C. Make a preliminary estimate of the vertical and lateral

extent of any contaminant plumes that may exist.

D. Estimate the impact or potential impact this contamina-

tion has or may have on the local water resources.

Soil And Geologic Conditions

The Lowell City Landfill is underlain by glacial meltwater
channel, outwash deposits. Figure 7.1 is a geologic cross
section depicting the so0il conditions encountered in borings

MW-1 through MW-3.
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The lifhologies shown were deposited as outwash sediments
transported by glacial melt waters which ocﬁupied a pre-
"Grand River Valley" channel or sluiceway during the retreat
of the Wisconsinan ice sheet. The study area is underlain

by silty clays and medium to fine textured clean sands.

As shown in Figure 7.1 the upper 20 to 50 feet of sediments
consist mainly of well sorted sands. Some stratification and
cross-lamination in these upper sands and gravels was
observed in a blow out of a sand hill north of the landfill.
These cross—-laminated deposits are typical of bedforms laid
down by braided streams carrying sediments and meltwaters

away from the ice front.

A silty clay layer was encountered below the 20 to 50 feet of
sand and gravel and it ranges in thickness from 4.5 feet in
MW-3 to 13.0 feet in MW-1 to 6.8 feet in MW-2. It is not
apparent whether the clay may be continuous or not under the
landfill because of limited data from the three on-site
borings. The clay may be a remnant of Lacustrine sediments
deposited in areas of standing water depressions bordering

the glacial meltwater channels.

The ratio of well sorted homogeneous sands to gravel and clay
indicates that the melt water discharge from the glacier was
relatively constant and of low enough energy to allow

deposition of sand size sediments. These channel outwash
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sediments occupy a relatively small area approximately two
miles in width which is presently occupied by the Grand

River.

The Grand River lies in an ancient glacial river channel that
has been partially filled by sediments transported by the
Grand River. This glacial melt water channel appears to have
reached a maximum width of approximately one mile. The Grand
River meanders over these sediments to the west where it
meets Lake Michigan. The valley which the Grand River
occupies was cut as the ice front receded and the levels of
the ancient glacial lakes dropped, the valleys were incised,
so that terraces formed along the length of the valley. The
study area is located on the south side of the Grand Valley
within this terrace erosional landform. The location is
adjacent to a till plain extending south approximately 4.0
miles to an area of morainic deposits of the Charlotte

Morainic system.

Clean sands comprise the majority of sediments encountered in
all of the three so0il borings. These sands are generally
loosely compacted and would provide very little restriction
of rain water migration to the water table and subsequent
contaminant plume migration throughout the groundwater

system.




Direction And Rate 0f Groundwater Movement

Three monitoring wells where installed to monitor the ground-

water underlying the study site. No_significant_confining

T

layers of sediments were encountered during drilling of the
M -

‘bore holes. The aquifer conditions throughout the study area

are unconfined at all bore locations to the maximum depths

drilled in each bore hole.

The average elevation of the water table within the monitor-
ing well system showed a variation ranging from 739.17 ft in
MW-3 (upgradient well) located in the northwest to 723.17 ft
in MW-2 (downgradient well) located in the northeast portion

of the study site.

The water table underlying the property has a low gradient of
0.019 ft/ft. The direction of the gradient is N 65° E toward
a minor tributary to the Grand River, the principal discharge
for the groundwater system (See Figure 6.1}). The water
surface elevation of the Grand River, approximately one mile
north of the study site, is approximately 630.00 ft (from

USGS Quadrangle Map 7.5 Minute Series, Lowell, Michigan).

Because the study was limited by three borings in the
confines of the Lowell City Landfill property, physical
measurements of the groundwater system including regional

configuration of the groundwater table are limited.
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The measured gradient and direction of the groundwater
applies only to the area within the boundary of the three

monitoring wells.’

Estimate Q0f Vertical And Lateral Extent 0f Contaminant Plume

All groundwater sample results reported in this study were
analyzed by the EIS laboratory. Results of groundwater
analysis performed on-site during bore hole drilling are
presented in Table 5.2. Results of laboratory analysis of
groundwater samples collected on December 4, 1986, are

presented in Section 6.3.

The results of the on-site vertical profile sampling of the
specific conductance of the groundwater performed during
drilling through the saturated zone is inconclusive with
respect to delimiting the definite extent of any contamina-

tion plumes.

There is, however, good correlation between the groundwater
flow direction and an increase in specific conductance
downstream from the fill work areas. It also appears that
higher values of specific conductance occur at greater depths
within the saturated zone from upgradient wells to the down-

gradient well (MW-2) within the study site.
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There was no significant decrease in the specific conductance
of the groundwater helow the clay encountered in MH-3
compared to the value obtained for MW-3 above the clay. This
further substantiates the theory that the clay layers may be
discontinuous and therefore may not confine the groundwater.
Also an artesian effect or a rise in the static water level
was not observed during drilling, which may normally occur
when a confining layer of clay is penetrated within the
saturated zone. The groundwater below the clay may however
be protected to some extent by the lower hydraulic conduc-
tivity of the clay as well as adsorption and cation
attenuation capacities of the clay. The extent of the clay’s
adsorption and attenuation capabilities have not been
determined. In monitoring wells MW-1 and MW-2 a thin
sequence of clay was encountered well above the saturated
zone. Thérefore sampling of the groundwater above the clay
at these locations was not possible since there was no

perched water aquifer,.

Specific conductance values for all three monitoring wells as
tested throughout the drilled portion of the saturated zone
ranged from 700 micromhos at MW-1 to 2020 micromhos at MW-2.
This indicates that mineral dissolution or the total dis-
solved solids within the groundwater system is increasing in

concentration downstream within the study area.
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Contaminant plume migration is likely to be affected by a
combination of physical and chemical forces at work between

the groundwater system and the contaminants.

The results of the laboratory analysis of groundwater samples
are presented in Section 6.3 in Tables 6.2, 6.3, 6.4, 6.7 and

6.9.

Table 6.2 presents the concentrations of the non-metal and
non-volatile organic compounds detected in groundwater
samples collected from each monitoring well. The ranges in
concentrations of those parameters tested are as follows; pH
values ranged from 6.8 to 7.1, specific conductance (labora-
tory analyéis) ranged from 960 micromhos at MW-1 (upgradient)
to 2,970 micromhos at MW-2, TOC concentrations ranged from

4,062 mg/l at MH-3 (Upgradient}) to 9.838B mg/]l at MW-2Z.

Bicarbonate alkalinity expressed as CaC03 equivalent ranged from
2B7 mg/]l at MW-1 (upgradient) to 468 mg/l at MW-2. Chloride
concentrations ranged from 2 mg/l1 at MW-3 (upgradient) to 113
mg/l at MW-2, which is below the National Secondary Drinking

HWater Standards, aesthetic limit for Chloride of 250 mg/l.
Chemical Oxygen Demand (COD) ranged from less than 10 mg/l at
MW-1 and MW-3 to 42 mg/l at MW-2. Total Cyanide was not

detected in any of the water samples.
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Nitrate (nitrogen) ranged from 6.94 mg/1 at MW-1 to 26.0 mg/1l
at MW-2 which is well above the National Primary Drinking

Water Standards, health effect limit of 10.0 mg/l.

Total Phenolics ranged from not detected at MW-1 and MW-3
{upgradient) to 0.012 mg/l at MW-2. Sulfate concentrations
ranged from 13.2 mg/l at MW-2 to B0O0 mg/l at MW-2. Exceeding
the National Secondary Drinking Water Standards, aesthetic
limit for sulfate of 250 mg/1l. Ammonia (nitrogen) concentra-

tions ranged from not detected at MW-3 to 0.18 mg/1 at MW-1.

It appears from the above results that the concentration of /
the contaminants listed in Table 6.2 increases from the (
southwestern (upgradient) portion of the study site to the

northeastern (downgradient) portion of the study site.

Table 6.3 presents the results of the soluble metals
analysis. The soluble metals analysis results presented in
Section 6.3 shows an apparent anomaly with respect to
monitoring wells MW-Z and MW-3. 1t appears that the results
for these two monitoring wells have been transposed. This
becomes more apparent when a comparison of downgradient with
upgradient contaminant concentrations is made with regard to
the non-metal and the volatile organic compound analysis for
MW-2 and MW-3. It is likely that mislabeling of the sample
containers during sample collection is the cause of the

discrepency noted by the consistency of the transposi-
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tion within the soluble metals analysis alone. Groundwater
collected for scluble metals analysis is collected in a
separate container, preserved with nitric acid. The ranges

in concentrations for all three monitoring wells of those

metals tested are as follows.

Arsenic, Hexavalent Chromium and Mercury were not detected in
any of the water samples. Cadmium was found in MW-3 only, at
0.008 mg/l. Calcium was detected in all of the water samples
ranging from 122 mg/l at MW-1 (upgradient) to 210 mg/l at
MW-3. Total Chromium was found in MW-3 only, at 0.08 mg/1.
Iron concentrations ranged from 0.14 mg/l1 at MWA-1 to 0.20
mg/l at MW-2. The National Secondary Drinking HWater
Standards, aesthetic limit set by the USEPA for Iron is 0.3
mg/l. Iron concentrations presented in Western Michigan
University’'s hydrogeology report, show a range from 0.0 to
1.50 mg/l1 for 72 samples analyzed from 32 wells within Ionia

County. (See Section 3.4.4)

Lead ranged from 0.01 mg/1l at MW-3 to 0.06 mg/l at MW-2.
Sodium levels ranged from 9.0 mg/l at MW-2 to 328.0 mg/l1 at
MW-3. The concentration of soluble metals increases from
south to northeast, if one assumes that mislabeling of

samples MW-2 and MW-3 for soluble metals analysis has

ooccurred.,




Table 6.4 presents the findings of the VOC analysis. The

concentration ranges and types of VOC’'s detected are as

follows.

The only VOC detected in Wells MW-1 (upgradient) and MW-3
(upgradient), was Tetrachloroethylene at 9.5 mg/l in MWA-1 and
4.7 mg/l in MW-3. The remaining VOC’'s listed in Table 6.4

were detected in MW-2 (downgradient) at the following

concentrations:
1,1-Dichloroethylene 3.5 ppb
l,1-Dichloroethane 1.0 ppb
Chloroform 9.7 ppb
1,2-Dichloroethane 13.9 ppb
1,1,1-Trichloroethane 12.5 ppb
Carbon Tetrachloride 35.1 ppb
1,2-Dibromoethane 2.3 ppb
Tetrachloroethylene 4.9 ppb

The following compounds which were detected in the water
samples have been assigned Recommended Maximum Contaminant

Levels (RMCL’'s) by the USEPA (40 CFR 141).
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Volatile Organic Compounds (VOC) RMCL (ppb)
1,2~Dichlofoethane 0.0 final
l,1-Dichloroethylene 7.0 final
1,1,1-Trichloroethane 200.0 final
Tetrachloroethylene 0.0 final
Carbon Tetrachloride 0.0 final

Again, an obvious increase in VOC concentration in the
groundwater proceeds from south to northeast, with the
exception of one VOC, Tetrachloroethylene, which shows an \
anomalous concentration in MW-1 and MW-3 of 9.5 mg/l1 and 4.7 \

mg/l respectively.

It is not apparent what may be causing this ancmaly since no
information is available describing the types of waste buried
in thése areas of the landfill. This anomalous concentration
of Tetrachloroethylene which is apparently inconsistent with
groundwater flow direction may be due to a localized source
of contaminants containing Tetrachloroethylene which is
leaking into the groundwater near MHW-1 and MHW-3. Another \
possible explanation for this anomaly may be due to the
proximity of what appears to be a private automobile scrap
yard where several automobiles have been abandoned and/or
scrapped for parts. 0il stains on the ground and piles of
rusty metal parts were observed during the on-site work for

this report.
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The geologic conditions underlying the study site have

created a very transmissive unconfined groundwater system.
,"‘"’mm“«—‘, -

The sandy:/;;;KTfrgg:;éable conditions existing within the
groundwater system are continuous from the ground surface
down to the boétom of the three bore holes throughout the
study site with the exception of a minor clay seguence, that
may be discontinuous. Subsequently, groundwater protection
from surface spills and rain water and leachate migration

would not necessarily be provided by soil conditions.

The separation between the land surface and the saturated
zone ranges from about 40 feet in the south at MW-1
{upgradient) to about 70 feet in the north at MW-2. The
average separation between the land surface and the water
table underlying the fill work areas is about 30 feet. This
is usually an adequate separation between the groundwater and
the fill matefial if proper cover conditions are utilized to

prevent rain water migration through the fill materiatl,

The concentrations of the chlorinated volatilg organic
compounds found in all of the groundwater samples is well
below their solubility limit in water. The chlorinated
compounds all have a specific gravity greater than water.
Table 7.1 presents the specific gravity and solubility of the
organic compounds observed in the groundwater. The high
specific gravity could cause possible stratification of the

compounds. However, because all of the compounds were found
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at concentrations well below their solubility limit in water,
solubility would appear to have a greater effect than

specific gravity in the dispersion of the contaminants.

TABLE 7.1
SPECIFIC GRAVITY AND SOLUBILITY
OF SPECIFIC VOLATILE
ORGANIC COMPOUNDS

Specific Solubility
Gravity ({20 C)
Parameter (20 C) mg/l)
1,1-Dichloroethylene 1,218 400
1,1-Dichloroethane 1.174 5,500
Chloroform (Trichloromethane) 1.489 8,000
1,2-Dichloroethane 1.25 8,690
1,1,1-Trichloroethane 1.35 4,400
Carbon Tetrachloride 1.59 1,160
(Tetrachloromethane}
l,2-Dibromoethane 2.701 4,310
Tetrachloroethylene 1.626 150

Using the data available from the study it was not possible
to show a definite lateral and vertical concentration

gradient.

Figures 7.2 through 7.6 are computer generated contour plots

i
i
1
|
|
i
]
|
i
|
|
|
|
|
|

showing the relative concentrations of those constituents
listed above which were detected in monitoring wells MH-1

through MW-3.
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Generally all the contaminants detected show an increase i
concentration towards the downgradient groundwater flow
direction which flows from southwest to northeast towards an
unnamed ephemeral or/intermittent stream which flows north to
the Grand River. The highest concentration of contaminants
were detected at MW-2 which is the northeastern most

monitoring well.

In addition to the laboratory analysis of groundwater samples
performed by EIS Environmental Engineers, Inc., a separate
analysis was performed by FTC & H (Fishbeck, Thompson, Carr
and Huber) Analytical Services. Both analyses were performed
on groundwater samples which were collected and split on
December 4, 1986. The results of both analysis are very
similar and therefore serve to substantiate the conclusions
presented in this report. A copy of the FTC & H analytical

results are provided in Appendix D.

Potential And Existing Environmental Impact Resulting From

Groundwater Contamination

The groundwater underlying the study area is contaminated
with several types of constituents which are listed in
Section 6.3. The concentration of these contaminants
consistently increases from southwest to northeast toward a
minor Grand River tributary. Contaminant concentration is

also consistent with the groundwater flow direction.
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- The groundwater flow direction and contaminant plume
migration outside the study area was not determined as part
of this investigation. However, it can be assumed that the
groundwater flow direction and plume migration proceeds in
the general direction determined within the study area
boundary. If this assumption is used then plume migration :
would be expected to proceed in a north-northeasterly ;

direction until its interception by the Grand River or a

minor tributary stream.

The vertical extent of the contamination plume could not be
determined based upon laboratory analysis of groundwater
samples collected after well installation. Although the
specific conductance analysis of water samples collected
during drilling indicates that the types of dissolved species
that influence the conductivity of the groundwater, may be
concentrated within the upper portion of the saturated zone,
However, the possibility of groundwater contaminants
migrating downward through the highly permeable outwash
deposits underlying this area should be investigated in

future follow-up studies of this site.

If geologic conditions on both sides of the river are similar
as the geologic and topographic maps of this area indicate,
then it can be assumed that the Grand River is the discharge

point for adjacent groundwater systems existing on both the
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north and south sides of the river. 1t can therefore be
assumed that contaminants would not cross the Grand River

which would be the discharge boundary.

An evaluation of these conditions would indicate that the
contamination is probably migrating toward the Grand River
where it would'be intercepted and carried downstream to
discharge into Lake Michigan. The impact on the river has
not been determined for this study. A sampling plan
comparing probable dilution factors and the river’'s water
quality upstream and downstream from the study site would be
required to assess the actual environmental impact occurring

to the Grand River.

Drinking water supply wells located along both sides of the
river, both upstream and downstream from the landfill, should
be sampled and analyzed. This would determine whether the
contaminant species present in the groundwater underlying the
landfill are also present in the supply wells. Also the
possibility of contamination emanating from other sources
could be examined. To this date no information has been made
available with regard to the possible contaminaticon of

drinking water supplies near the landfill site.

Presently there are no residences located downgradient

between the landfill and the Grand River.
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Although bedrock hydrology was not part of the report because
it was not tested, there are three deep 0il test wells listed
below which were drilled into the middle Devonian Traverse

Group in Ionia County which are close to the study area.

McClure 0il Company, #1 V. Hildman
SE 1/4 SW 1/4 SW 1/4 Section 15, T. 5 N., R. & W., Odessa

Twp. Schlumberger Lateralog-Gamma Ray-Neutron logs

logs run 11/16/61 Elev. GR 857.2’

Ambassador 0il Corporation, #1 S. TenCafe et al
App. C SE 1/4 SW 1/4 Section 34, T. 7 N., R. 8 W., Keene Twp.
Schlumberger Lateralog-Gamma Ray-Neutron logs

logs run 4/10/63 Elev. GR 765

McClure 0il Company, #1 E. E. Troyer et ux
SW 1/4 SE 1/4 NE 1/4 Section 28, T. 5 N., R. 8 W., Campbell
Twp. Schlumberger - Gamma Ray - Neutron logs

logs run 9/19/61 Elev. GR 803’

These deep exploration wells may be of some help if more

information is needed eventually for bedrock details.
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7.

4

Additional Monitoring Well Placement L///

The direction of the groundwater flow determined in this
study indicates that consideration should be given to the
installation of additional downgradient monitoring wells
off-site northeast of MW-2. Placement would be on a line
N65°E between MW-2 and the Grand River. Ideally monitoring
well clusters would be installed at 500 foot intervals
between the study area and the Grand River. Each cluster
would consist of two wells. One shallow well screened just
below the water table surface and one deep well screened at
approximately 50 feet below the water table surface. This
would help to provide a more accurate description of the
vertical and horizontal groundwater flow and the possible

dispersion of contaminants leaving the study site.



CONCLUSIONS AND RECOMMENDATIONS

The groundwater flow direction was determined to be
generally toward a small unnamed creek at a bearing of

N 65° E which lies about 1,000 feet east of the landfill;
and toward the Grand River which is located approximately
one mile north of the landfill. The gradient beneath the
landfill has a low slope of 0.019 ft/ft. Groundwater
contamination has occurred beneath the study site as a

result of contaminants leached from landfili waste

materials. Relative contaminant concentration is consistent
with the groundwater flow direction in relation to the
concentrations detected in the upgradient versus the down-

gradient wells.

The vertical extent of the contaminant plume could not be
determined from the data generated within the scope of the
contract for this study. The lateral or horizontal extent
of the contaminant plume appears to be controlled by the
groundwater flow direction and although it could not be
verified for this study, migration of the plume is expected
to extend to the Grand River. Possible degradation of the
river water quality and the small ephemeral stream to the

east was not determined.

It is recommended that proper closure methods be employed at

this landfill to prevent further degradation of the
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environment. This would include such things as properly
compacted and seeded cover material composed of a more
impervious clay or loam than what is available at the site.
Also consideration should be given to the installation of
nested monitoring wells located off-site to more accurately
determine the groundwater flow direction and subsequent
contaminant dispersion and accountability after it leaves

the site.
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10 FUMPING LEVEL below tand surface

ﬂundy—ﬂay . *—11——-216—J —-150—- ft. aflal’_z_h;s. pumeing !0‘—' 0.p.m.

mxn_sand _ ” 918 . after___ _ tus.pumping . 9.p.m.
. 1 WATER QUALITY in Paris Per Million:

rd pon-gandyscley 4] 262 fron (Fa) Chisrides (CH)
; nd—watox!_beaﬂng 3 24e Hardness Other

12 WELL HEAD COMPLETION:  [7] yn Approved Pit

(g pittess Adapter  [] 12°* Abova Grade
13 wett Grovtedz [Jves [g no

DNaat Cement DBentonll. D

. Depth: From - f1. to ft.
14 yearest Source of possible contamination .
_75 fest _N, Direction 8 t!ﬁ Type
Well disinfacted upon complelion Yes DNO
, iSpPune: (] Not instarted
’ ' Manutactures’s Name m;idﬂy—to‘ﬂ
Mode! Number _ 7037, HP 3 /Kons 220 —
l Length of Drop Pipe ft, capacity G.P.M,

, . ’ Type: w Submarsible

D Jot [:] Reciprocating

_' USE A 2WD SHEET [F NEEDED
Remarks, elevation, source of data, etc. 17 WATER WELL CONTRACTOR'S CERTIFICATION:

. This well was drilled under my jurisdiction and this report s true
8’0, " to the best of my knowledge and belisf,

, Eeil:fhohand:Fall-PritHrg — e Ro—
650 Addicss LO’?EI}, s

.e_.}/‘ L‘Q— —/ @Ll:f\
sm“:‘ WTicRTito B Fliszur‘u‘;u Date '4/ ’ -
. - M ’

100M (Rev, 12-68)

LOCAL HEALTH DEPT. COPY




CEODLO S ICAL SURVEY SA0ALE Fie.

.
.

.2

\)WATER WELL RECORD _ * . -

t

e i

" MICHIGAN DEPARTMENT

ACT 294 PA 1965
1 LOCATION OF WELL ]__ PUBLIC HEALTH
ounty = Township Na R Fractipn _, Seclion Number To\:'vh Numbar Range Nunber
] ,-_:_:\- . : .
Ll os 0}1 Y b S (/A 7 7 nst 8 gw.

Disla / Direction ffo
,é?;}

LN )
Slreol addross & City of Woll Locahor/?

"??”‘"7"?'7(»,&/ //e 1
‘ ?/IJME//

e

3 owusn F WELL: ‘
Jerr e /Jou/a/cm S
Addwu; f‘/,-/ rﬂc‘f’ﬂ Sf‘ é’ﬁ

Locate "‘"h X in section below - Sketch Map: 4 WEI.L DEPTH: |comple1e(n Date of Conolelion
i i ' : AI5 5w /5, 1773
o —'-‘! - —:- —:— — ’ - 5 E’Cable 1oof C] Rotarvil. D Driven E] Duwg
)-' ] ] ! N D Hotlow rod D Jetted D Bored D
- _i'“- ':' - _:——' T t‘l“ 6 USE: PBomestic  [] public Supply [ industry
| I I . - [Qitetigation  [] Air Conditioning {] commercin
-_—:-_-T__:_ —'--'I“," . ‘¥ % o [Qresswen [ - -
: | ] 1 _L - ._5 ’ 7T CASING: Tlueadeda'WeldedD 1 Height: Above/Berott
"‘—""" "'.L‘ —————ty Oiam., . Surface .
FORMATION MGE " | soTToM oF i‘"- | B e (i Ibs./2,
STRATUM STRATUM ___in.t0 fl. Deolh |Or|ve Shoa? Yesﬂ NoO D
v 8 SCREEN:

5}4/7/ _;/O’ﬁ)"/

Fo

EX)

//I

-—"/

T ftr o

/%;V

2/

[/

SlotiGenre __LQ__._.._ Lenmh
Set between [Z tt. and t't ._h ft.

2/

/72

:izlﬁ:“/::—' r //7:4::,» +~ A /Z/Qé"’/‘

£3

-

25

9 STATIC WATER LEVEL

__20 f1. below land surface

=7

V2774

10 PULPING LEVEL below land surface

_{p,i fr. aftethrs pumping ?_,2__ 9-p.M

/7/70/

/lc/ /‘ (2272, z/f‘/r/ /// J/é -?-.

N2 1S

fr, after hrs. pumping 0.p.mM

Ul S

<

11 WATER QUALITY in Parts Per Million:
' Chioridea IC1)

tron (Fa}

Hardness Other

17 WELL HEAD COMPLETION: [ ] 1n Approved Pit
[j pilless Adapter ﬁz" Above Grads

13 went Grouted? Dch m

D Neat Cement Daentonito D

Depth: From ft. 10 .

14 Neaarest Source of possible contaminalion

5.‘) fest M.'fouechon /ﬂ/ﬂ 'pl.!"//f\m'

Well disinfected upon completion &Tel D No

'? PUMPL : mol Installed
Manufacturer™s Narme
Model Number HP Valts

f1. capacity G.P.M,

tength of Drop Pipe

Type: D Submersible

] Je

[ Reciprocating

USEC A 2ND SHILY IF NELDED

6 Remarks, elevation, source of data, etc,

o P07
7.4 9’

4

100M (Rev, 12-63)

m-—-'- -

17 WATER WELL CONTRACTOR'S CERTIFICATION:
This well was dulled under my luulsdncﬂon and thig repost is true

10 thg best o) nledgo and zel-ai
REGISTERE Bu mr_ s NAM S atmstm T

A«.WM,&,M,[

"y

A
ou-ﬁ/-«-,zt//,mz;-

ea— L ¥ J

5




GEQULEIR AL Wi Zlr LAcsint Do

| JuL 2L

JONIA CQWATE RLW

Pl

MICI {IGAN DEPARTMENT

Q,{g PAEs o Tp T -
LOCATION OF WELL | | : £ e pUBLIC HEALTH
A [ Township Name Fracuon :; Soflion Number Towp Number Ranga Number
nia_ - s'l‘on o ow s | S s
l

Distance And Direction from Road Intersectjons

232 TnOnt‘Cttlm 4,

Sttegsnddwss &

T

et C? g-?';i% Tyomes frc

ch‘ k AT

Locals with X in'section below

-l
-y
- - e =

I
M|
§

T

4 VKLL DEPI’H- |cornpleted) Dal. of Convlutlon

gl e G- 30'77

g%(:abh tool - D Rotary - D Diiven D Ouvg
Hollow rod

l:] Public Supply D tndustey

D Jetted D Bored D_____
6 usE: ﬁnmstlc

L]
1 =
: |
i far Dlmnanou D Air Conditioning D Commercial
- - —g— — « - . :
T : . - ‘> v ’ . D‘l’esl Well
T [ : e A -
- : 7 CASING: meadea)ﬂ werdedl ) Y reigm: Aboversetow
1AM, '
1 MILE . - su-laco__-ls f1.
) THICKNESS | OEPTH 10 !
FORMATION ' 80710M OF '—‘Jl-'—'“- to it Depth Voih tossh.
: STRATUM | STRATUM in. 10 f1. Gepth |} Drive Shoe? vesﬂ No (]

@ﬂa |/o|

-
-
-

20

20

Clay - i

,f

Lt

g¢

Scd

N

9l

8 SCREEN:

Type: _smut b Dis.:

Siol/ Gaaze l! ) o lenpth
Set belween Sgg ft, and i ‘

" ) ead Re ke i

d’

fe,

9 STATIC WATER LEVEL

,7‘ {t. below land sutface

10 PUMPING LEVEL batow land surface

ft. after hrs. pumping ) g.p.m.
[4

ft, aftar ___ hrs. pumging

9.p.m.
11 WATER QUALITY In Pants Per Million: 7

Chloridos {C1)
I
]

.,
tron [Fa)

Hardness Other .

T2 WELL HEAD COMPLETION:  [7] jn Approved Pit
Pitless Adaptet D_l:" Above Grade

13 WeI!'Gmutaa D\'es E’No
D Neat Cemant [___]Benlonllo []
f1. to

Depth: From ft.

14 Nearest Source of possible contamination —

feat SEUJ Direction i < [a

Well disjnfected vpon comnlel-on g\'ul D No

Typa

r
'

UaL A ZWNO SHILT IF NEEDLD

‘5 PUMP: Not Install

Manufaciwer’s Nanm Qe-t
wmodet Number | 2. R, WP volts =220

Length of Prop Pipe ?2—__". cupacil/ G P.M,

Type: Submersible

O] 4o

[] Reciprocating

elevation, source of data, etc.

no lo¢ation

100M IRevv. 12-68)

6 Remarks,
Tl 7

Al

17 WATER WELL CONTRACTOR'S CERTIFICATION:

This-well was drilted under my jurisdictiongand this rcport is true
to {helbest of /

knowl ga and belie

5852

GISTERED BUSIKE

Address

Signed

b D CE

21,7‘ L-U4

. Aur(?lltb RCPRESINTATIVE

UriAl T neetrT cnbyY

©)

4

B N I [ TS TR )

WL REGORD ", . &



i
r

USKE A& ZND SHELT IF NEEDTOD
Remarks, elevation, source of dala. etc.
7’
2v0° 2L
rd /
9 &4
100M (Rev. 12-68)

GLOLOGIL AL SUHVEY SANILL Ho, I ToT ot ]
. 8 ) B

LOCATION OF WELL _ |

hC

Ly

WAIER WElL RECORD

PA 1965

294

NN SR LI
. | 9 .

MICHIGANOI’):EPARH AENT
" PUBLIC HEALTH

ounty

y ¥ YA

Townshlp Name

LoSroy

Fraction

%S /2

Section Numbu Town Number Hanqe Number

%Gyu 7 é N/g.

illlnl:i And Direction from Road Intersections’

LMoy JOHIM Gl )
RO, o WWiFlte /PO,
Stresl sddiess & cuy of Weall Locatlon\bﬂ}e A[). }z fte P/l 1“' L

A SIVE . £A

PP .3 41/. {
A1) w, o/' CoM’/:

JOWNEROFWELL ///7/’/ U//clyf
?Aadress”7ag Wﬂfc RO.

: laﬂaa./ér_l[!lzl/zﬂjf___
4 WELL DEPTH (cornpleted] Date'of Completion .

Locate mlh b

1
[ | 1

L _d_ 1
1 I '

T in section b-low

RN Sl:eich Map:

TG w S se P

5 BCable tool D Rotary - [j Driven D Duw
D Hollow rod D Jetted D Bored D__.__
6 UsE: [ Joomestic [] pubtic Supply {1 industry
Dlmgalion D Aiul'_Col;ditioning U Commercial
{(Jtestwan [ -

7 CASING: Threaded[ ] wa:dega :Heught Above/Betow

t ? 1
}— 1 'Ml.l..t = Diam. lSurfacn Z h.
[ _ " roRMATION e[ S| Yinve T L vy (weiany/u2 Don
. STRATUM STRATUM in. to __ h. Dep:h | Drive Shoe? ves No
P AR 4 |B SCREEN: . . L .
(/I/,.,//,Y N Sl /o | e SML{_S:M- 7
P " 2] SlovGauze Length ‘{ 4
Q'_/l’yn bl y ’/00 '//ﬁ Set belwem\-_._/_J ‘Z ft, and = P
' . ./ lenps jQ ’
ClaY - MHotn . Lhey Vos |or Phl D2 s is? /r.’ e b
. / 9 STATIC “WATER LEVEL
-.g /';/;/ 0 - l{z]]/l ('17// (L. )b_/ d' o — 7 ? 22 S It below land surface
! " Y ] , 10 PUMPING LEVEL below land sulace -
l(: /;77 y g ‘ ,_J'QL Z 7; 4 fi. aflqt;z’_hrs. pumoing <o 2 g.p.m.
¥ - o . l -
TID . BrC L1209 h. attor__tes. puring 0.p.m
I ) T - ., 11 WATER QUALITY in Parts Per Million:
Jli _Iron {Fe) Chiorides {C1}
‘ i1 [oV) iy Y - o I :
Z e ¢ (G it Hardness Other

12 WELL HEAD COMPLETION: [ ) 1n Approved Pht

1 ,
v ﬂ[ AN . ‘ [ pittess Adapter Bl 12'" Above Grade.
LT LEN 13 wen Grouled?lﬁ\'es D No C/?’/f"C:, /})A‘
i Iy . [] neat cement [JBentonita (1 ! ¢ :
i.'_".."- 'I" Y ‘,U_-‘ . Depth: from 2 ft. to, :"Q ft. . *

14 yearest Source of possible contamination |

2{1 foel 5,5 Direction ,;C IEZ 2z Type

wall disinfected upon cornplution_jah!s U Neo

15 pumP: ot {nstalled .

[
Manufacturer's Name i

Modet Numbar 2718 /. we—Asvons o 3£
Length of Drop Plpsz [/d ,2 f1. capacity /(2 G.P.M,

Submersible

]

Type:
[J Reciprocating

This well

17 WATER WELL CONTRACTOR'S CERTIFICATION:

1o the best of knowledge and beliof.
T Crrt ey Well DEf.

was drilled under my jurisdiction and this report §s true

ce s’

REGISTERED BYSIKESS NAME |
Address CA/#/ES | //C" # /Irf/ (/t/ el A

REGISTRATION NO.

Signed

O/

-

pfl rt - Cq Dalaj/y‘/,-p'}j_.

;}7"0“}7 R[PRCS[NTA"V/

I AL LICAITLY VUCDYT DV

(=D




GLOLOGH AL SURVLY SAIILE Ho. | |

) .//

LLJLLJUI_LLJJLJJLL ]

) @ WATER WELL RECORD " MICHIGAN DEPARTMENT ‘
( ,:-_n' Acrzel PA|955 S OF @
1 LOCATION OF WELL | - ik . - PUBLIC HEALTH
County .;. _ lMownship Name . Fraction = - .. Seﬁﬁon Numbe: {Town Numbet Range Nurber
ﬁ/f///] Lys Td/l/ “wCow g |7 & we | & e

Distance And Directlon l't mﬂoad Intersection: P

Oy crlons i #L1 Ju. ’
Wote R0, .M S, o ,{’mf; f,,,‘] pjf 0;’,/ ".
07 Chlyy FHe. £, Sipe cF 1,7

Street addiess & Clty of Wen Locallon ,
X

Skeich Map: .

~Ars |

3 OWNER OF WELL: J;’/I/rff et/ e 4
Add-eﬂ "/3(5 //04/707’//” $5.

f ALt S e lzmy

4 WELL DEPTH: {completed) Date of Completion .

Chy

2 A

Ly’

Y[qu/D f(/: Af(n

33

Y2’

Y RS !
RS N T T [0« [2- &L
- —-% — —:— —:— — — IV.C E /714 - . 5 [B Cabtle 1001 DARolaw D Oriven D Dug
. _: i —: . . § e E] Hollow rod D Jetted D Bored D
’-- T T 3 X 6 use: [JDomestic (] pubtic Suppty {1 indusury
- |_ _ -, ] o . ) Q . » ) [J1rrigation [ Air Conditioning D Commercist
- T —: (R Rc ? ‘Qu ’ ' {Jrestwen {1} '
| T S | _L ’ ~_§l ; ) 7 CASING: Threaded[:] watded [} :Hernht Above/Balow
D T— N fwgre AL ‘lam.. x : | Surtace / LR
2. 7 - FORMATI ON e _“'C::EI” B%’—";L’:":F __Z;,._ 10 / ﬁn. Depth lwmm/_&LZIsth.
Co e ‘ STRATUM | STRATYM | _  in. 14 ____. 1. Depth | Drive Shoe? Vesmmﬂ
e A 8 SCREEN:
c/”//ﬁ ‘/ (}ﬁ‘,e / -~ E 30 ._1(2 d Typa S-f;?/’/‘ff ( Dia.': y v
’ ' Slov/Gaure __ A3 Lennlh [

+ Set between ["[ 3 f1, and Z 2 2 .
Fittin s
LY AR I 7% ﬁ’ Vo 2

9 smnc WATER LEVEL

Z/ 2 ft. betow land surface

10 PUMPING LEVEL below [and surface

/1Y n -he;_?_hrs. pumping .~ {2 .0

f1. after____ hrs. pumping ___ ¢.p.m

11 WATER QUALITY in Parts Per Mitlion:
tron (Fe} Chlorides {Cl)

Hardness Other

TZ WELL HEAD COMPLETION: [ ] in Approved Pit
[} pittess Adapter _ [J] 12" Above Grade

13 wen Gcoumd?@\'es D No

D Neat Cement D Bentonite D (,/f[ /1( ff.)_ if
Depth; from [ ft. to 3 (- ft.

14 Nearest Source of possible contamination .

Z’C! feet A~ Duecllon_sf:’lfff . Type

Well disinfected upon cmletlonmvus [Jne

VUSE A IMD SHLLY 1F NigDED

15 pump: - " [ not instalted .
Manufacturar’s Namo /"///147.' 7’1[//]’ /l AL
Model Number_Z43 A /2 He /;Awm =22
Length of Drop Pipe/ T2 ft, cnpqcltv_L(.iG.P.u.

Type: [X] Submarsible
D Jet D Reciprocating

-

656’

!

16 Remarks, elevation, source of data, ete.

g
[-Y

: 1
L TN o

 100M (Rev, 12-68)
. AR

17 WATER WELL CONTRACTOR'S CERTIFICATION:
Thit well was drilled under my jurisdiction and this repott is true
10 the best of my knowledge and bellaf

NPV

(-Itz/fl i’ /// J ‘77

REGISTEAED BUSINESS RAME

REGISTAATICN »O.

Address &43 1D ZE)Z.{Q{ t.g__,,Lp,_{,,Zz}/_;.ﬁ(,——-L

Slgned %W D""’;A———W—L——(
LOCAL HEALTH DEPT. COPY .




GeO UblLAL SURVEY SAatiLE No.

- l
) al i
f‘\.‘.ii

v '\ WeTER WEI.l RECORD .

LLLLLEEELL UL,

MlCHiGAN DEPARTIENT

D'lmpallon : D Air Condmoning U Commercisl

1_LOCATION OF weu. guih TR TP _ PUBLIC HEALTH
c"“"“' hiwnshm Name g'g Soction Nufnbot Town Number Range Nunber
. IO/\)IA o™ go 5‘r‘0 &;ﬁ%swuﬁﬁ y4 AR g _ew.
Dlsu;:o ;\n::o;e:;;z. £om Ho(;%r}l(eanj%:nl > .:- o (% 3 owum or WELL: ﬁ‘! utA . JO M S0 )
: =W ,ap Addren /l 3204 WARE RP- |
o m i ’-l)l $’°F ﬁb RIIS 1!2 _-." LD CAL
" Suest sddiess & Cliy of Welt Lo-clllor\ ’f_-g ,?D fs Kﬂ : U‘,L’“’ 4l ! Q? 33,
7 T Locatle mlh "X in section befow \) -J Skalch Map' [} WELL OEPTH: (completed) . Data of Completion . -
T | 135" 5282
.~ _% - _.:_. _.:_. - 5 lgCablo tool - D fotary - [J Oriven [Jow
1 | 1 D Holtlow rod D Jetiad U Bored D___,_
wL - -:—— -:— - --:— - 6 uSE: [Rlpomestic  [] Public Supply 3 industey
1 -1
I
Py
i e | MILE _J

SANU

90

’_ - D‘resl Well D
7 CASING: Theeaded[] wudea[X T height; Above/Beiow
Di
o\l . . Suiface .
] ~ THICKNESS | DEPTH TO : 2
FORMATION - oF BOTTOM OF él__in. to I&Ln. De?lh |WelnM L& s/,
. e . STRATUM STRATUM in.to ~ f1. Depth | Drive Shoe? Yes m No D
) ) ‘ 8 SCREEN:
o - r
C LAy o IS5 | 157 e STAIVEESS o 2!
_' . : Slot/ Geurs /b Length ll

[0S

Set betweon‘ ’ f1. and '3)

JAHr) WAl BRI E

30

] 257

Fittings: J¢~ ﬂAr.J(LA ¢ N/fﬂ(t-j'/'tuc}'

9 STATIC WATER LEVEL
/OS’ It. below fand surface

10 PUMPING LEVEL below land surface

I /O ft. uhen_’___ hes. purrging [Z 0 o.0.Mm.
ft, after ____ hrs. pumping 9.p.Mm.
11 WATER QUALITY in Parts Per Million;
Iron (Fe) Chiorides (CH) _
. . - .
Hardness Other
12 wetL HEAD COMPLETION: {] in Approved Pit
[EPitlesu Adapter 12'* Above Grade
13 weit Grouted? la'les D No C/df) MG
[ Neat cement [(Jeentonite [J £ CLINAT) i
Osapth: From ft. 10 it .

14 yoarest Souwrée of possible contamination

6 O foot I-'/;‘)ranactlon \S-( }’T?C._

Tyvoe

Welt disinfocted vpon comeletion Hves [Jno

15 pump: D Not installed

Manulactﬁraf's Name . TA i r_

-fipl—-llr—1lnnf|-—4lll—e|!|~4lyp-ill_fllg;

Mode! Number_ 2 F7¢ 1D HP_’;i_Volu L20
tength of Orop PIDJ'Z"? f1, capacnvLQG P.M,

type: (] Submersible

] Jet

D Recliprocating

USE A 2ZND SHILT 1iFf NEEDED

6 Remarks,

B30’
745

ele\'fation. source of data, etc.
/

B2l

717

!lr—1llf'1llr—rll

4 100M {Rev. 12-68)

t7 WATER WELL CONTRACTOR'S CERTIFICATION:
This well was drilled under my Jurisdiction and this report is true
to the best of my knowledge and

O et

ey 762

REGISTLRED BUSINESS NAME

s Y 35O Voo cp BELOMG )]

Signed

REGISTRATION MO,

@j-o CM"“‘\—-" Dare 7d- <~ 5_2

~ AUTHORIZED REPRESENTATIVE

LOCAL HEALTH DEPT. COPY

9

——



{4 ( L MIGHIGAN DEPARIILING OF 1UGLIL HLAL T il
. ATOLOGICAL SURVEY NO. . . o G«
| I | WATER WELL AND PUMP RECORD LU;:EJR[@TLNJU%—BL&L L

¥ LOCATION OF WELL !
County - Township Name . . Fraction - Section Humbet 1 Town Numbsr Range Number
l Ionia Boston - I D) Wv. T T x| 8%
Distance And Direction From fload Intersection - ~ - . - -« L. L. 3 ER QF WELL" f
ree T D h r
f.’: File iwigst Conklim ' .3 7 0 i : BT /oh1Tord
1 -, 300 Mo S raam Dox 101 .
. R - Lowell, M 331
Sureet Address & City of Wall Location Lo Address Same As Well loca’!ion? iﬁ ’rn 4%%&
I Locate with "X in Section Below S Sheich Map: - - - & WELL DEPTH: {compleled) 3 Date of Completion -
IR S . 245 n ' July 26, 1205
- - -} — —:— —:— —4 : ' - ’ 5 F] catie tool [J Acrary {3 oriven [Jouwe
l o - Dlrotowred  (lawger  lusned (O3
. — |._._. .:. - '_ — T . - § USE- Ej Domestic D Type 1 Public D Type Il Puble
[ __‘:_ _ I L L - ‘9 -, .. [ nrigation [ 3 type ta Public [ Hem pump
l X : T —: o L _ “ (Jrestwen [ Tye it Pubtic [
7 : | _l_. B ? gﬁﬂ:‘&, B Stesl D Thieaded : Height: Above}m’ux
1 ML ' 4 Plastic mw:rded : Surface 1"_
- THICKNESS DEPTH TO n. o 1. depth X H
. R Waeigh Ibs it
l 2 FORMATION DESCRIPTION 1t R 7L MDA b ! s
- Grouted Drill Hole Diameter . 5] ‘
. R Drive Shoe Yes
. : n. 10 1. depth |
('lo"y ] . "' 60 60 in. 10 It. depth ! 0 we
. : 8 SCREEN: [ Mot instatted
Dry Sp_n.d 50 110 Type Stain}gss Diameter 4:
-~y mou&m s Lengh
qﬁ.-.*,rxl Pan 25 135 o bomeon 281 44 288
. . FITTINGS: :5] K-Packer D Lead Packer D Bremar Check
i 'u'd‘ ] ) 10 145 [3 Blank above screen f. Other
9 STATIC WATER LEVEL:
ClL Yy 80 222 125 1. below land suiface ] Fow
s .. 10 PUMPING LEVEL: betow land surface .
o T .
! C}ter \)C’nd 23 245 ft. after hrs pumping mt G.PM,
' 1t after hrs. pumping at GPM,
’ . - ’ i gg::«%&ETAIgN: (M Pittess adapter {3 12 above grade

D Basement offset D Approved pit
12 WELL GROUTED? D No D Yes From

[ neatcement [ Bentonite  {) Other

o _ft

No. of bags of cement Addiives
13 Nearest source of possible contamination

M Oistance __..60 "t pirection —-—S-——~—

Type

Well dnsin!e;:ud upon completion? [3 Yes D No

14 PUMP: D Not tn;r.ailth E] Pump Instaitation Only
4 scDonn
Manufacturer's name : - M
feld [
HP 3/ 4 Volts ed

Model nun:\'bm‘ -
le?\glh of Diop Pipe M___ fcapacity =« _GFM
TYPE: '[3 Submersible D Jov

PRESSURE TANK:
vell-x~Trol

Manufacturer's name

USE A IND SHILT 1f METOED Model number 112~ 202 UL _ capacuy 42 Gallons
15. Remarks, #levation, source of data. etc. 16. WATER WELL CONTRACTOQR'S CERTIFICATION:
) to the best of my knowledge and beliel.
, R A,I'. lliaton & Song 0346
675 Ecgy, oo SRR Po1ding nay, Belding
N ED ) s;g,'.,d : 91(1 7}% Date 7"?6—85

|

’ This well was drlled undar my jurisdiction and this 1eport is true }

REG:STRATION NOL I

67d  2/84 YUl o 2 AUTHORIZED REPRESENTATIVE :
< 10 Authority:  Act 368 PA 1378 '

85

I , - S - e i i - . Complstlon: Aequirad

gf;]ﬁ Parm.. ) Panalty: Consiction ol & vic'ation
Yre . o of afy PrOVISGR 14 B

e v B B 8 B B B e R B BB e o e B




'@tmoucm SUBVEY NO

[ AR N I TR

‘ WATER WELL AND PUIVIP HLCORD

PART 127 ACT 36B. P.A. 1978

mw

PERMIT NUMBER

Slual Addren & City ol Well lo:lloon '

1 LOCATION OF WELL
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| PRI I —— 8‘ Plastic .We1ded | Surface LB
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frmes [ 0 e et e
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9 STAIIC WATER LEVEL: r ub er=—
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|I . te alter hrs pumpng at GPM
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L. COMPLETION:
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APPENDIX B

SUBSURFACE EXPLORATION LOGS




G i e EIS ENVIRONMENTAL ENGINEERS, INC.

SUBSURFACE EXPLORATION LOG

Boring No. 2w~/

Sheet of

Project No. /234 =05

,;;.,‘ Clienl /}’J DAJE Site Location Z&(//EL{_ (/7‘/ /)44//,7?7'7/
I Date Started //‘25 ’3&. Date Completed 1/ 25 -8 5
I Bo:lng Location Hammer Wi, / 5/0 / 515
: ;- Boring Method 14/// §7EM glféé:a Drop Distance o '
A , ’
l Sampler Type S;Dj,/f @F’R £l Sampler Size /5 X/ /2
"\~ Datum MoV D 1929 Surface Elevation | V7L 35
l GROUNDWATER DEPTH: While Driling /.5 FL. At Completion Ft.
I After Completion Hrs. Ft; | Hrs. Ft; Hrs. Ft; Hrs, Ft.
Soll Layer Limits Sample Data
I From To Soil Description No. From| To [|%Rec|Blows per 6" Remarks
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BORLNG LOG

E1S ENVIRONMENTAL ENGIHEERS, INC.

Company: HIDAME ~ L olwAslL L o Borlng;M sheet _L of __/__
Geologist: g;. L , W)QED . Pate: /25 84L& Elev. s . 72.3 5
Depth of Groundwater @ Time of Drilling: §Cﬁ 5 ? 26 Houra: l
Sample Depth Graphic Interval

Lithology, Descripticn and Remarks

Unit {Feet¥ Log (Feet)

—
[=3

]
Q

bense b do ey e bongr i olorgy

Gad
(=]

Pyovygglres

£~
[=]

v
=)
BENEEREREN]

L-ad
(=]

-
L]

TH 70"

o
Q

el s beaaa v e beegr b e by Vg a by

o
o

100

. ' . / :
L7 BRA migsp sRD SAMD /EYR 7//7/ z.el5F
TRACE GCRRYE L LAr 270 so-zepmr PED.

DR V;l_ BRMN BireEparAa ity =i £ oCiAy AR tS

M CLASTIC Conty U PIICRE  FER TR ES /0}!2%
OLIVE &RAYy STy SANGY CLKy Sy 4 Serrs )
PEN zr28 CRAUE L . ymers; STy SERAr AT FPo

 LRAvEL WiTH TRACE Cidy /025 pit FEP
MATRIY

— LT RN FBE Te 2IED kD AN 2515 F
(OYR Yo WET

/



(@)i(s) -

- Client

- Boring Method

2

SUBSURFACE EXPLORATION LOG
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Boring Location
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APPENDIX C

MONITORING WELL DESIGN DIAGRAM



MONITORING WELL DESIGN PLAN
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MONITORING WELL DESIGN PLAN
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MONITORING WELL DESIGN PLAN
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APPENDIX D

FIC & H (FISHBECK, THOMPSON, CARR & HUBER)
ANALYTICAL RESULTS




fishbeck, thompson, carr & huber
analytical services

City of Lowell
301 East Main Street
Lowell, MI 49331

Date Reported: 12/24/86
Lab Number: 4570
Date Received: 12/04/86

Client ID: 30282
Attention: Ray Quada
MY §1, 12/4/86

Analysis Detection Limit Results Analyst
Arsenic 0.005 mg/1 <0,005 mg/1 DLB
Bicarbonate 1.0 mg/1 610 mg/1 MSC
Cadmium 0.01 mg/1 0.01 mg/1 - MsC
Calcium 0.1 mg/1 120 mg/1 DLB
C.0.D. 4 mg/1 4 mg/1 DEC
Chloride 0.1 mg/1 14 mg/1 DEC
Chromium, H. 0.05 mg/1 <0.05 mg/1 DIB
Chromium, T. 0.01 mg/1 0.02 mg/1 DLB
Cyanide, T. 0.02 m3/1 <0.02 mg/1 QB
Lead 0.05 mg/1 <0.05 mg/1 MSC

~ Magnesium 0.3 mg/1 42 mg/1 MSC
N, Ammonia 0.1 mg/1 0.3 mg/1 DEC
N, Nitrate 0.1 mg/1 6.8 mg/1 DEC
Sodium 0.1 mg/1 11 my/1 MSC
Sulfate 1.0 my/1 44 my/1 @B
T.0.C. 5 mg/1 <5 mg/1 a’B

Note: Dissolved metals.

. Analyses were performed in accordance with procedures described in "Standard

Methods for the Examination of Water and Wastewater", 16th Edition, 1985,
and/or "EPA Methods for Chemical Analysis of Water and Wastes®™, March, 1983.

Organic analyses were performed in accordance with procedures described in
"Federal Register", Volume 49, Number 209, Friday, October 26, 1984, and/or
"Test Methods for Evaluating Solid Wastes™, U.S. EPA, April, 1984.

Above are the results of the analyses requested. 'If you have any questions
regarding these results, please contact us.

“MLa M%wxi.abfwdbt f-,

Mary Sysan Crosby
Analytical Services Manager

300 Eavr Beldine S.E® Soire 2200 Girand Roonle, Nichivan 20306 & (600000075
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fishbeck, thompson, carr & huber

analytical services

City of Lowell Date Reported: 12/24/86

301 East Main Street Lab Numbers 4570

Lowell, MI 49331 Date Received: 12/04/86
Client ID: 30282

Attention: Ray Quada
M 41, 12/4/65

Pesticides

No compounds detected.
Chlorinated Hydrocarbons
Ko Cst detected.

EPA %ﬁolatile Compoumnds

Tnchlorofluoromthane 5 ug/1
Chloroform ' <2 ug/1
Tetrachloroethene 10 ug/1 =
trans-1,2-Dichioroethene N.D.
¢is-1,2-Dichloroethene N.D.
1,1-Dichloroethane N.D.
1,2-Dichloroethane N.D.
1,1,1-Trichloroethane N.D.
Carbon Tetrachloride N.D.
Trichloroethene N.D.

1 ,2—Dibrmnethane N.D.

N. D. = None Detected.

Analyses were performed in accordance with procedures described in "Standard
Methods for the Examination of Water and Wastewater", 16th Bdition, 1985,
and/or "EPA Methods for Chemical Analysis of Water and Wastes", March, 1983.

Organic analyses were performed in accordance with procedures described in
"Federal Register", Volume 49, Number 209, Friday, October 26, 1984, and/or
"Test Methods for Evaluating Solid wWastes", U.S. EPA, April, 1984,

Above are the results of the analyses requested. If you have any questions
regarding these results, please contact us.

Py A o Crodhy
Mary Sysan Croshy i
Analytical Services Manager

130 e Beltline SE 0 Suiee 22000 Giraned Bapide, N hieap 49506 8 £160,/000.075]
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City of Lowell

301 East Main Street

Lowell, MI 49331

Attention:
MW 82, 12/4/86

&nalysisg

Arsenic
Bicarbonate
Cadmium
Calcium

C IO.D -
Chloride
Chromium, H.
Chromium, T.

Cyanide, T.
Lead :

Magnesium
N, Ammonia
N, Nitrate
Sodium
Sulfate
T.0.C..

Pay Quada

Petection Limit

g
D

WHOOOPOOQOO
O =WOOOoOD

&
b

Note: Dissolved metals.

fishbeck, thompson, carr & huber

an

Date Reported:
Lab Number:
Date Received:
Client 1D:

Results

<0.005 mg/1
950 mg/1
0.02 mg/1 -
210 mg/1
52 mg/1
110 mg/1
0.06 my/1
0.08 mg/1

<0.02 mg/1

<0.05 mg/1
88 mg/1

alvtical services

12/24/86
4571
12/04/86
30282

Analyst

bLB
MSC
MSC
DLB
DEC
DEC
DLB
DLB
GMB
MSC
MSC
DEC

Analyses were performed in accordance with procedures described in "Standard
Methods for the Examination of Water and Wastewater", 16th Bdition, 1985,
and/or "EPA Methods for Chemical Analysis of Water and Wastes", March, 1983.

Organic analyses were performed in accordance with procedures described in
"Federal Register®, Volume 49, Mumber 209, Friday, October 26, 1984, and/or
"Test Methods for Evaluating Solid Wastes", U.S. EPA, April, 1984.

Above are the results of the analyses requested.

If you have any questions

regarding these results, please contact us.

Diarydud o Crodh

Mary an Crosby
Analytical Services Man&ger

. .
. . . .

1300 §orxe ”l'll‘h”t‘ S [ * N e Cirongd Revcde, M hivon 29506 l'-'“‘/”'l"-i\'.-‘-\l




City of Lowell
301 East Main Street
Lowell, MI 49331

Attention: Ray Quada
MW #2, 12/4/86

Pesticides

No compounds detected.
Chlorinated Bydrocarbons
No compounds detected.

EPA 624 Wlatile Compounds

Trichlorofluoromethane
Chloroform
Tetrachloroethene -
trans-1,2-Dichloroethene
cis-1,2-Dichloroethene
1,1-bichloroethane
1,2-Dichloroethane
1,1,1~-Prichloroethane
Carbon Tetrachloride
Trichloroethene
1,2-Dibromoethane

NID. = m‘e mt&tﬁ.

fishbeck, thompson, carr & huber
analytical ceevices
Date Reported: 12/24/86
Lab Number: 4571
Date Received: 12/04/86
Client ID: 30282

11 ug/1
9 ug/1

5 ug/l
<2 ug/l
21 ug/1
<2 ug/1
26 ug/l - -
24 ug/l
88 ug/1 -
2 ug/1

4 ug/1

Analyses were perfotmed in accordance with procedures described in "Standard
Methods for the Examination of Water and Wastewater", 16th Edition, 1985,
and/or "EPA Methods for Chemical Analysis of Water and Wastes", March, 1983,

Organic analyses were performed in accordance with procedures described in
"Pederal Register", Volume 49, Number 209, Friday, October 26, 1984, and/or
"Test Methods for Evaluating Solid wastes", U.S. EPA, April, 1984.

Above are the results of the analyses requested. If you have any questions

regarding these results, please contact us.

Auden Codh

Mary Sysan Crosby
Analytical Services Manager
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Attention:
M4 #3, 12/4/86

City of Lowell
301 East Main Street
Lowell, MI 49331

Analysi

Arsenic
Bicarbonate
Cadmium
Calcium
C.0.D.
Chloride
Cl’l!aniu:m' H.
Chromium, T.

.- Cyanide, T.
lead -

Magnesium

. N, Ammonia

N, Nitrate
Sodium
Sulfate
T.0.C.

“Note: Dissolved meta.l,_g .'

Ray Quada

Detection Limit

0.005 mg/1
1.0 mg/1
0.01 mg/1

g
N

=000

NHOOOOOQOOO

&
~3d 8

fishbeck, thompson, carr & huber

Lab Number:

Date Received:

Client ID:

Results

<0.005 mg/1
770 mg/1
0.01 my/1
180 mg/1
20 my/1
3.5 my/1
<0.05 mg/1
0.04 mg/1
0.02 mg/1
<0.05 mg/1
31 mg/1
0.1 mg/1
0.3 mg/1
2.5 m/1
23 my/1
22 mg/1

analytical services

Date Reported:

12/24/86
4572
12/04/86
30282

Analyst

DILB
MSC
MSC
DLB
DEC
DEC
DLB
DLB
B
MsC
MSC
bEC
DEC
MsC
QB
QB

Analyses were performed in accordance with procedures described in "Standard

Above are the results of the analyses requested.
regarding these results, please contact us.

-~ Methods for the Examination of Water and Wastewater®, 16th Bdition, 1985,
... and/or "EPA Methods for Chemical Analysis of Water and Wastes", March, 1983.

'Orgar:lic analyses were performed in accordance with procedures described in
“Federal Register", Volume 49, Number 209, Friday, October 26, 1984, and/or
"Test Methods for Evaluating Solid Wastes"™, U.S. EPA, April, 1984.

If you have any questions

M s CLodby. .

Mary Sjsan Crosby
Analytical Services Mandger

PSR Ease Beleline S8 @ Sy 220 o Grand Ranide, Michiean 19306 @ (] a/030.07 3]




. Prichlorofluoromethane

fishbeck, thompson, carr & huber

analytical services

City of Lowell

Date Reported: 12/24/86
301 East Main Street {ab Number: 4572
Lowell, MI 49331 Date Received: 12/04/86

Client ID: 30282

Attention: Ray Qlad;a
MW #3, 12/4/86

Pesticides
No compounds detected.

N.Dt
Chloroform N.D.
Tetrachloroethene 6 ug/1
trans-1,2~Dichloroethene N.D.
€cis-1,2-Dichloroethene N.D.
1,1-Dichloroethane N.D.
1,2-Dichloroethane N.D.
1,1,1-Trichloroethane N.D.
Carbon Tetrachloride | N.D.
* Trichloroethene ’ N.D.
1,2-Dibragmoethane N.D.

N.D. = None Detected. =

Analyses were performe:":‘ in accordance with procedures described in "Standard
Methods for the Examination of Water and Wastewater®, 16th Edition, 1985,

and/or "EPA Methods for Chemical Analysis of Water and Wastes", March, 1983.

Organic analyses were performed in accordance with procedures described in
"Federal Register”, Volume 49, NMumber 209, Friday, October 26, 1984, and/or
"Test Methods for Evaluating Solid Wastes", U.S. EPA, Rpril, 1984.

Above are the results of the analyses requested.

If you have any questions
regarding these results, please contact us,

Iy dud ax_AC’{,adJﬁ?,.

Mary an Crosby
Analytical Services Manager




APPENDIX E

CHAIN-OF-CUSTODY FORMS



EIS ENVIRONMENTAL ENGINEERS, INC.

GROUNDWATER MONITORING
FIELD SHEET

CLIENT 222  LOCATION Ceree //
DATE /2- ¥-76 TIME _2./©O  COLLECTED BY ez
WELL IDENT. _-?% 2 PpROJECT No._ /33803 EIS LAB NO. 43@4 F

I. CLIMATOLOGICAL DATA

AMBIENT TEMP S22 O PRECIPITATION  A2ort’cS”
SKY COVER 35 % OTHER —

1I. HELL CONSTRUCTION

GRADE EL. 22J5.27DESIGN DEPTH FROM TOC TO BOTTOM OF SCREEN 88.33FT.
CASING MATERIAL &&/¢” SCREEN MATERIAL JS7@-v/°[/ SLOT 0.0/0
CASING < "ID FROM /3.2 " ABOVE GRADE TO £%23 FT. BELOW GRADE

SCREEN 2 "ID SET FROM &5.232 T0 &2. 33  FT. FROM TOC
ELEV. OF TOC 7 24.37FT.’. - ELEV. OF BOTTOM OF SCREEN _728.2Y FT.

DEPTH OF WELL FROM TOC MEASURED AT TIME OF SAMPLING _ & 7.0  FT..

III. GROUNDWATER DATA _
STATIC WATER DEPTH FROM TOC _J5 /7 28 FT. ELEV. _732,/7 FT.

'DEPTH OF WATER COLUMN _/&; 3 FT.  VOL./FT. OF CASING 2-/632 GAL.

TOTAL VOLUME OF WATER COLUMN _ /., 48 GAL.

1v. SAMPLING INFORMATION

VOLUME OF WATER PURGED ___ 6 GAL. RECOVERY, RATE _g00d

pH (BEFORE PURGE) - pH (AFTER PURGE) ”_

TEMP (BEFORE PURGE) ___ Of TEMP (AFTER PURGE) "~ OF
PURGE METHOD _ @PVC r5a/ 15y SAMPLE METHOD &/ 7% /er

SAMPLE APPEARANCE MUJd’Y

FIELD FILTERED SAMPLE CONTAINER ID 1s F-/#*¢re F

CHAIN OF CUSTODY ON REVERSE SIDE OF THIS SHEET




V. COMMENTS

Ba//ed é?>; 77377:)/ G2 )94$f19/ﬁj: 4vd%;7ﬁé ya

/;C;'/e‘é raud 2 pl“

VI. CHAIN OF CUSTODY

COLLECTED BY:
NAME: Cuvrg- Fofl et

AFFILIATION: & 2/

COMMENTS : _

PATE/TIME: /7 7~836/Z "0

SIGNATURE: (&~ =° A:F//hﬂ(

' TRANSPORTED BY:
NAME: Cvrt [foflmh.

AFFILIATION: < .7 S

COMMENTS :

DATE/TINE: 22~ Y =88/ 7 '00

; 1
SIGNATURE: (2T g;-"/z%p& I

RECEIVED BY:

name:_ Jul1a [ Jacd

AFFILIATION: E!3

L)

DATE/TIME: /2-5-5¢ Elooa

SIGNATURE: ;}éc/m LfarAd

COMMENTS :



. eﬂ E1S ENVIRONMENTAL ENGINEERS, INC.

GROUNDWATER MONITORING
FIELD SHEET

CLIENT 77821/ " LOCATION Z-ow-&//
pATE /2~ Y -6 TIME 11O COLLECTED BY (%
WELL IDENT. 7« ®/  PROJECT NO. /Z3405 EIS LAB No. 936 2L F

I. CLIMATOLOGICAL DATA

AMBIENT TEMP O 0 PRECIPITATION AfoV'E
SKY COVER =0 % OTHER ——

i T
II. WELL CONSTRUCTION

GRADE EL._772.35 DESIGN DEPTH FROM TOC TO BOTTOM OF SCREEN §%.3FT.
CASING MATERIAL _GalVv” ° SCREEN MATERIAL STn/ess SLOT _O.0/0
CASING _.# "ID FROM ZZ£ " ABOVE GRADE TO _67.33 FT. BELOW GRADE
SCREEN 2. "Ip SET FROM _ 6532 1o 6%.33 FT. FROM TOC

ELEV. OF TOC. _775,SFT:'~» ELEV. OF BOTTOM OF SCREEN 207.02 FT.
DEPTH OF WELL FROM TOC MEASURED AT TIME OF SAMPLING _£8.O FT..

III. GROUNDWATER DATA

' STATIC WATER DEPTH FROM TOC Y“. 2. FP... ELEV. 73/.4§  Fr.

'DEPTH OF WATER coLumy _22- £ rr, VOL./FT. OF CASING ©-6/32 GAL.
TOTAL VOLUME OF WATER COLUMN _ 3,88 _ GAL.

Iv. SAMPLING INFORMATION

VOLUME OF WATER PURGED __ S5-% GAL. RECOVERY RATE _a=2v

pH (BEFORE PURGE) — pH (AFTER PURGE)
TEMP (BEFORE PURGE) O TEMP (AFTER PURGE) Op
PURGE METHOD Jcecb"pum',a SAMPLE METHOD 7&7/or Ba//er

SAMPLE APPEARANCE C/ vd},

FIELD FILTERED SAMPLE CONTAINER ID 1S F./fered F

CHAIN OF CUSTODY ON REVERSE SIDE OF THIS SHEET '




VI. CHAIN OF CUSTODY
COLLECTED BY:
NAME: Ceory o€leck

AFFILIATION: & 4./

COMMENTS :

DATE/TIME: /2“7'5’5/72-’30

SIGNATURE: (e Bo F (Bt _

© 7 TRANSPORTED BY:

NAME: Curyd [Poe el

AFFILIATION: &7 J

COMMENTS :

DATE/TIME: /2-‘/-)’§/¢/-fe)o
SIGNATURE: Crinitew £ Rl treed

RECEIVED BY:

NAME: jlbll‘a (Uard

AFFILIATION: E/S

COMMENTS :

DATE/TIME: /2-5-86 8.ooa

SIGNATURE: é;u oo U Jand .

|



te

ﬂ .. EIS ENVIRONMENTAL ENGINEERS, INC.

GROUNDWATER MONITORING
FIELD SHEET -

CLIENT ¢ 22 LOCATION Cera-e /7
DATE /2- 7-J6 TIME 2./©®  COLLECTED BY &2

WELL IDENT. _22?% 72  PROJECT NO._/33605 EIS LAB NO. 73 ‘7“=

I. CLIMATOLOGICAL DATA

AMBIENT TEMP T2 OF PRECIPITATION /2ot/cS
SKY COVER 35 % OTHER —

1I. WELL CONSTRUCTION

GRADE EL. 2272/ DESIGN DEPTH FROM TOC TO BOTTOM OF SCREEN 68.33FT.
CASING MATERIAL &6/  SCREEN MATERIAL J¥=-»2/f/ sLoT 0 o/D
CASING < "ID FROM /3.2 * ABOVE GRADE TO # %23 FT. BELOW GRADE

SCREEN 2 wID SET FROM 65.32 10 £2. 33 FT. FROM TOC
ELEV. OF ToCc _ 7 24.37Fr.’. ELEV. OF BOTTOM OF SCREEN _728.29 FT.

DEPTH OF WELL FROM TOC MEASURED AT TIME OF SAMPLING _ 6 2.50 FT..

III. GROUNDWATER DATA
STATIC WATER DEPTH FROM TOC S/ 22 FT. ELEV. 722,/ 7 FT.

' DEPTH OF WATER COLUMN /&, 3 FT. VOL./FT. OF CASING 27632 GAL.

TOTAL VOLUME OF WATER COLUMN __/, 68  GAL.

IV.  SAMPLING INFORMATION

VOLUME OF WATER PURGED ___& _ GAL. RECOVERY RATE _900d

pH (BEFORE PURGE) — pH (AFTER PURGE) —

TEMP (BEFORE PURGE)___—_  OF TEMP (AFTER PURGE)___— _ OF
PURGE METHOD __@VC 75w/ l6r" SAMPLE METHOD Je//c o' /er

SAMPLE APPEARANCE /nodd?l

FIELD FILTERED SAMPLE CONTAINER ID 1s F- /77ered F

CHAIN OF CUSTODY ON REVERSE SIDE OF THIS SHEET ‘




v. COMMENTS

Pﬂ”"'e_/r:‘)"/’ﬂuf}-&d—wt//ﬂléfdry; 3 fq_,,’”/ec(_ aF— 7 O

VI. CHAIN OF CUSTODY - ™

COLLECTED BY:
NAME: Cury EFoe lbue

AFFILIATION: & Z 5

COMMENTS :

DATE/TIME: /2~ ‘&é/ /) FD
SIGNATURE: (e85 B T Al

" TRANSPORTED BY:

NAME: (v~¥-— Lo ke £

AFFILIATION: C-&-

COMMENTS :

DATE/TIME: /z-‘/~2’§/ $O0

SIGNATURE: (Cen¥y A ralhe

RECEIVED BY:

NaME: T [1a &,Jd(cl

AFFILIATION: &S

COMMENTS :

pATE/TIME: /25 ~86  £ooq
SIGNATURE: %Ju&d_ Hanrd




