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Geomorphic History of the Grand River and Grand River Valley

Abstract

Preliminary investigation into the feasibility and benefits of removing 5 low head dams located on the

Grand River, in the city of Grand Rapids, Michigan, is currently underway. The anthropomorphic
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exposures which served as natural hydraulic controls. Prior to dam construction, an abrupt change in

river gradient at these exposures resulted in the rapids for which Grand Rapids is named. Evaluation of
seveaal alternatives for restoring more natural flow and sediment dynamics in the Grand Rapids reach is

part of the removal effort.

This study provides a detailed explanation of the geomorphic setting and history of the entire Grand
River, including new mappy and sediment data for five natural hydraulic controls that were identified
during preliminary investigation of the region. These controls were confirmed through bathymetric
mapping of a ~13 kilometer reach upstream of Grand Rapids between Ada and Mialiljan. A 135
meter long and roughly 30 meter wide exposure of boulden fluvial sediment was identified 5
kilometers upstream of Ada, Michigan. The exposure trends gener&hahd contas fine sand to

large boulders. The surface of the expospossesses aspof 87.6 mm and a Rand B, of and 122

mm and 1,302 mm respectivelyThe subsurface of this deposit hasmd 14.8 mm and a fgand B, of

7.3 mm and 95.5 mm, respectivelyhe top of the deposit is not flalSurveying indicates thelevation

of the top of the deposit varies by up to a meter. This exposure provides unique substrate and habitat
uncommon in the Grand River, which is primarily a sand and silt dominated river. Further mapping and
sampling of this exposure may provide aathich will allow this reach to be used as an analogue for

restoration efforts in Grand Rapids.

The Grand River Valley (GRV), through which the lower Grand River flows, is significantly larger than the
modern floodplain. Previous research has suggedtetithe GRV was formed, since the last glacial
maximum (LGM), by glacial outwash travelling from the Huron Basin to Glacial Lake Chicago (in the Lake
Michigan Basin). Mapping and analysis of approximately 40,000 water wells adjacent to the Grand River
Valky revealed: 1) a bedrock channel, presumably occupied by the ancestral Grand River; 2) evidence
for a Grand River outlet north of the modern location which predates the LGM; and-8) aeNding

area of thick alluvium and boulder occurrence which mayesent valley fill of the pré GM bedrock

valley.
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Introduction
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longest river. It begins in northern Hillsdale County, Michigan, and flows through the cifiasksbn,
Lansing, lonia, Lowell, Ada, and Grand Rapids to its mouth in Grand Haven, MiElggar) The Grand
River watershed (GRW) encompasses a total drainage area of over 14, 2¢%308 mf), comprising
13% of the entire Lake Michigan drainagéibay = Y I { Ay 3 A (G a XUSKQEZ2007Ih&s &SO0O2Yy
watershed is composed of four sumtersheds: the Upper Grand, Maple, Thornapple, and Lower Grand
g GSNAKSRa® /2yidFAYSR Ay GKS&S NS GKS DwQa Yl 22N
Rivers. Downstream of its confince with the Maple Rivénear Saginaw Baythe modernGR is not
responsible for shaping the valley in which it flows, characterizing it an ditdtream. Here, the GR
enters a feature known as the Grand River Valley J@RY. 1). The GR followsghvalley from its

confluence with the Maple River fts outlet at Grand Haven, MI.

The GRV begins near the town of Maple Rapids, MI where it extends west to Grand Haven, MI.
This valley is characterized in most regions by the presence of broad vablesy fleeply incised ravines,
and relict flood terrace¢Bretz, 1952Eschman and Farrand, 1970; Robards, 198 described as
possessing a nearly uniform width afughly 1.6 kilometergkehew, 1993; Leverett and Taylor, 1915)
Earlier work suggests that the GRV was cut when it served as the main outlet for glacial meltwater in the
Huron and Erie Basins during the Late Wisconsinan glacial period (BretzK&Bbg;, 1993; Leverett
and Taylor, 1915). The GRYV glacial drainage system carried meltwater drainage from glacial lakes in the
| dZNBY YR 9NRS o6lFaiaya ¢Said>x I ONrPaa (KS aGKdzyoé¢ 27
discharged into a glacial Lake Migdu (Bretz, 1951a; Bretz, 1951b; Bretz, 1952; Bretz918retz,
1964; Bretz, 1966, 1969; Eschman, 1980; Eschman and Farrand, 1970; Farrand and Eschman, 1974;

Hough, 1966; Kehew, 1993; Robards, 198e gradient of the modern GR downstream of its
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Fig. 1. The modern Grand River (top) and Grand River Valley (bottom left). The location of our primary study reach (through
which bathymetric and sediment data was collected) is represeatethe bottom left as a dashed box.

Stream gradients (longitudinatream profiles) of alluvial river channels reflect a balance
between sediment transport and bed erosirane, 1955; Mackin, 1948 hangesf baselevel or
sediment supply and transport will cause the channel to adjust to achieve the gradient which best

optimizes these condition&xosby and Whipple, 2006Channel adjustment to allow equilibration of
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these variables is not synchronous throughout a basin, but rather propagates upstream through the
main river channefHoward, 1994; Tucker and Slingerland, 199®)e establishment of equilibrium
conditions can be prevented by hardipts in the form of bedrock exposures, or alluvium which is too
large to transport by available stream power. Channel alteration occurs at a mobile boundary, which
develops between adjusting portions of the channel and portions which retain their raii&itened

form. This fluvial portion of the transitory boundary between adjusting and relict topography is defined
as a knickpoin{Crosby and Wpple, 2006) Knickpoints are most often visible in topographic profiles as
an abrupt change in river gradient. Both natural and anthropomorphic structures affect the formation,
migrationrate, and magnitude of knickpoint migration and sediment transfgmrough rivers(Wampler

et al., 2007) Althougha widerange of naturally occurring natural hydraulic controls efdeeCosta and
Schuster, 1988s0mecommon natural hydraulic controtsf interest to this studynclude:1) bedrock;

and?2) glaciofluvial derivedlluvium too large to transpomvith available stream power

Elevated bedrock obstructions in the river bed, or bedrsitlk, can dramatically affect the rate
at which equilibrium gradient is achieved following base level change. The modern GR is a sand and silt
dominated river. Bedrock controls are rare, however, a sill composed of Bay Port Limestone and
Michigan Formatin dolostone occurs in the channel bottom through the city of Grand Rapids,
Michigan. Knickpoint migration rate and magnitude at bedrock controlled river reaches, such as that
through Grand Rapids, is a function of stream power, sediment size, sedimegxty,saipd bedrock
resistancgCrosby and Whipple, 2006; Gardner, 1983; Gasparini et al., 2006; Miller, 1991; Seidl and
Dietrich, 1993; Sklar and Dietrich, 1998; Snyder et al., 20b@&se variables control the rate of incision
into bedrock, thusontrolling the knickpoint migration rate and the rate at which an equilibrium

gradentis achieved.

Glaciofluvial deposits derived from tills and moraines in both active andgasial landscapes

can act as natural hydraulic controls. A total of Bftemoraines are reported to be present along the
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GRV; 11 are recessional moraines of the Saginaw lobe, and five are recessional or lateral moraines of the
Lake Michigan lobéEstiman and Farrand, 1970Flacial meltwater can become trapped behind a
Y2ZNIAYSSE F2NYAY3I | yIFddNIf RIFEY® WSFSNNBR (-2 a avy
sided and have widtito-height ratios varying between 02 (Clague and Evans, 200Byeaching of

moraine dams can result in catastrophic outburst flooding of glacial meltwater impounded behind the
dams. This occurrence has been well documented in both modern and ancient glacial landBe&pes

and Bunker, 1985; Bretz, 1969; Cenderelli and Wohl, 2003; Clague and Evans, 2000; Hewitt, 1982;
Richardson and Reynolds, 2000; Vuichard and Zimmermann,. TB87fhagnitude and rate at which

discharge is released following a moraine dam breach is a function of till composition, triggering event
(e.g. landslide, icefall, rainfall), and volume of impounded wéiasta and Schuster988) Boulder

armor can form at the outflow channel of moraine dams composed of bouldettill. This affects

outflow channel incisioriollowing dam failure. The Cumberland Glacier in Vancouver, British Columbia
provided an example of such an ocamce. Nostetuko Lake, impounded behind a moraine dam built by

the glacier, catastrophically discharged down the Nagte River when an ice avalanche caused dam

failure (Blown and Church, 19853 rannel adjustment to the abrupt change in bdeeel ceased when a

boulder armor paved the outlet channel floor.

The most prominent and widespread anthropomorphic hydraulic controls acting on
contemporary river systems are constructed dams. More than 75a08ropogenic dams greater than
or equal to 2 meters in height impound portionsrobstwatershed worldwide (Graf, 2006)A total of
228 dams are present within the Grand River watersfiéghshue and Harrington, 201Dams
dramatically alteriver response to baselelchanggGraf, 2006; Leopold, 1992; Leopoldidull,

1979) Baselevel loweringn a damcontrolled river system only affects thlimwnstream portion of the

A a2 A

the channel adjusts to the decrease in slope. The opposite effect occurs downstream of dams.
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Downstream reaches typically bene deeply incised due to a sediment deficit below the d&wondolf,

1994; Schmidt and Wilcock, 2008)

Preliminary investigation into the feasibility and benefits of removing 5 low head dams located
on the Grand River in the city of Grand Rapids, Michigan is currently uagefilvese dams are the only
major anthropomorphic hydraulic controls active in the Lower Grand Basin of the Grand River.
Proponents of the dam removal project hope to restore the natural rapids (for which the city is named)
that once occupied the channebdnstream of these controls. Historically, the rapids are described as
onot of the nature of an abrupt leap or drop, but have a nearly uniform descent for the distance of a
little more than a mile, amounting to a fall of about eighteen feet, over a limgSo 0 B&xdéert
1891)The limestondedis mapped apart of both theBayport Limestone and Michigan Formation and
is roughly 300 million years old. This bedrock exposure, to our knowledge, is the only previously
described natural hydraulic control withthe Lower Grand Basin, as well as one of tmlge known

locations in which bedrock is exposadng the entire river (Eschman and Farrand, 1970).

This study mvestigatesatural hydraulic controlsot previously mappear describedupstream
of GrandRapids, MI. ke areas of what appear to be bedrock or cemented gravel exposures were
identifiedin the Grand River between Ada and Lowellusihg Google Eartherial imagery (Fig. 2)
Near this location, a 135 meter long outcrop of fluvial sand, grawel boulders was identified 5
kilometers upstream of Ada, MDetailed geologic, bathymetric, and sediment data was collected and
analyzedalong this reaclfFig.1) to confirm the existencef andto characterize these exposures. Our
research questions alude:1) What natural hydraulic controls exist along our study reach and what
influence do these have on the flow dynamics and sedin@msport of the modern and ancient Grand
River?; 2Can subsurface lithology data (water well data) be used to stfalow bedrock locations
which may influence Grand Rivand Grand River Vallegorphology and sediment transport3) Can

the modern and ancient Grand River and Grand River Valley gradient (long profile) be explained by
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known hydraulic entrols and geomrphic history?; and 4Vill the removal of existing dams in Grand
Rapids result in hydraulic parameters and geomorphic features similar to other reaches with natural

hydraulic controls?

. p o "
i v A ) 2
CExposediBoulder Odtcro_p
a w
Fig. 2.Potential outcropping substrate identified during prelimipaerial photography investigation
(outlined in red)

2. Geomorphic history of the Grand River and Grand River Valley

Glacial Grand River and Grand River Valley

The GRYV has been described as one of the most spectacular and deeply incised glacial drainage
features in North Americé_everett and Taylor, 1915)s previously mentioned, during the Late
Wisconsinan glacial advances (Woodfordian substage; between 35 and 10 Ka), the valley operated as
the primary connecting channel between glacial lakes in the Michigan, Huron, and Erie basins when ice
blocked the pssage way betweeine Huron and Michigabasins(present day Mackinac Straits)

(Colman et al., 199&schman and Karrow, 1985; Kehew, 1993; Larson and Schaetzl, ZBOGRYV is
located where two large lobes of the Laurentide ice shee Saginaw Lobe (SL) and the Lake Michigan

Lobe (LML), advanced toward one anotfleig. 3. As these lobes of the Laurentide ice sheet receded,
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large proglacial lake®rmed in the southern Great Lakes basin between areas of higher topography in
lllinois and Ohio to the south and the ice margin to the ndtthrson and Sceézl, 2001; Teller, 1987)

The most influential of these on the morphology of the GRV were glacial lake Maumee (14ka), Saginaw
(~1412.8ka), Whittlesey (~134.2.7ka), and Warren (~12¢12.2ka) in the Huron and Erie Basins, and
glacial Lake Chicago ¢-11.6Ka) in the Lake Michigan Ba@metz, 1951a; Bretz, 1951b; Bretz, 1952;
Bretz, 1959; Colman et al., 1994; Eschman and Farrand, 1970; Eschmanraw) ¥&85; Farrand and
Eschman, 1974; Hansel and Mickelson, 1988; Hough, 1966; Kehew, 1993; Leverett and Taylor, 1915)
Glacial meltwater contained in the proglacial lakes in the HuronExi@Basins is reported to have
drained west, through the GRYV, into Glacial Lake Chicago. Each of these proglacial lakes had various
prominent lake levels, or phases, correlating with the retreat and/or advance of various lobes of the
Laurentide Ice Sheeair the opening/closing of proglacial lake outlets. As the main connector between
the Huron and Erie Basins in the East and the Lake Michigan basin in the west, the GRV has figured

prominently in studies correlating Late W@sinan proglacial lake phases.

____

Outwash Channels
............ Moraines

Allendale / Zeeland Deltas
- - - - Glacial Grand River

Fig. 3.Important geomorphic features along the GRV: the Zeeland Channel (ZC), the Ross Channel (RC), the Rogue River Valley
(RC), the Thornapple River Valley (TRV), the Flat River Valley (FRV), the Grand River Valley (GRV), the Modern Grand River
(MGR)outwash channel, Stoney Cre¢kC), and the llmy Channel (IC). Map modified from Eschman and Farrand (1970).
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2.2 PrevioutVork on the GRV

Previous investigation into the origin and geomorphology of the Grand River Valley include the
work of Leverett amnl Taylor(1915), Bretz(Bretz, 1951a; Bretz, 1951b; Bretz, 195&tR 1959; Bretz,
1964) Hough(1966) Eschman and Farraiit970) Farrand and Eschm#&h974) Robard41980) Kehew

(1993) ard Larson et al1994)

Leverett and Taylofl915)were the first researchers to formally define the GRV as the
connecting channel for which drainage from proglacial lakes in the Huron and Eris 8aptied into
the Lake Michigan Basin. They hypothesized that the formation of the GRV was entirely a product of lake
and basdevel changes at the river mouth as the Saginaw lobe and Lake Michigan lobes of the
Laurentide ice sheet retreated northwarddeverett and Taylofl1915) do not believethat the GRV was
the result of modification of a major prexisting topographic low, but postulate that it originally
F2ff26SR FRSHAKYISIR 2RESSTINISIaE A 2 YV € ZALgverdtkahd TaybNIO15HDS 2 F I f
They proposethat the cieation of the main channel (and hence the river valley) began when proglacial
YStGgl GSNI FNRY 3JFEFOAFE [F1S al dzyYSS LLIndsho@ddKI NASR
this channel(the GRVpccurred duringprogressively lowephases of.ake Chiaga This incision was

sped up by additional meltwater discharge from tributary meltwater channels ehizaginal streams

Bretz(1952)describedthe geomorphic history of the GRV in three episodes: 1) the erosion of
the main channel; 2) meltwater discharge during the building of @&s&f moraines; and 3) incision of
the GRV during discharge from succeeding proglacial lakes in the Huron and Eri¢EBBa&ing952)
Bretz(1952)argues for the existence of a pgtacial valley extending along the course of the GRV
(contradicting] S @S NB G (i intgfdRetatioh) dnfthe Bidflyastages of his second episode, interlobate
drainage between the Saginaw and Lake Michigan lobes (near the modern day Rogue River) passed

through the Grand Rapids area, draining southwesterly through the Ross and Jamestown channels

10
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between the \Alparaisomoraines into the modern Kalamazoo River Vallgy. 2.) Retreat of the

Saginaw &be extended the GRV east as the Glacial Grand River experienced headward erosion through
recessional moraine®retz(1952)postulates that the excavation of the main channel and the building

of the Allendale Delta occurred during this tinTde third episode explained by Bréif52)involves

proglacial lake discharge through the GRV. He attributes various terrace surfaces along the GRV to
representequilibrium gradients graded teucceeding lake levels. His interpretation of timing of lake
discharges down the GRV, specifically that of Lake Warren, was challenged biHsugie, 1966)
K26SOSNI 4dz0 aS1jdzSy i GSNNI OS O2NNBflFiGA2y 3ISYSNIffe
discharge chronology through the GEBBschman and Farrand, 1970; Farrand and Eschman, 1974;

Robards, 1980)

It has been suggestatiat one or more glacidbke outburst floods discharged from lakes
Maumee (I, Il, andl) and Whittlesey in the Huron Basin, through the GRYV, into the Lake Michigan Basin
(Eschman and Karrow, 1985; Kehew, 1993; Kozlowski et al., 20@5present depth of the GRV below
glacial Lake Saginaw, bouldag lat the Grand River Valley entrance, streamlined landforms (islands) and
bedrock exposures in the valley bottom are all cited as geomorphic evidence for-tglkeialtburst
floods through the GR{Kehew, 1993)This is contrary to the proposal that balssel lowering at the
outlet of the Glacial Grand Riv@ireverett and Taylor, 19186aused channel floor incision, but supports
.NBGT Qa 02y OfdzaAazy GKIFG AYONBI &S RuttRgrio@valeg S 2 F Y S

floor.

2.3 Unanswered Questions

Previous reports have mentiondmbdrock exposures along the GKBfetz, 1952; Kehew, 1993;
Robards, 1980However, to our knowledge, the extent to whitttese exposuresfluencethe gradient

of themodernGR andpreviously influenced th&acial GR has not been investigat@tetz(1959)

11
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calculated agradient 0f0.00014 (075 feet / mile) for the Glacial GRlowever, this is may be an
oversimplification Otherwork suggests that the gradient of the GRV from Maple Rapids, Ml to Grand
Rapids, Ml averagés00012 (.625feet / mile), but increasesbruptly t00.00021 {.1feet / mile) from
Grand Rapids t&astmanville, Ml, and flattereut to 0.00014 (074 feet / mile) for the final21

kilometersof its length(Eschman and Farrand, 1978)large bedrock sill (described above) exists in the
bedof the GR in Grand Rapids, MhisTexposure has restricted the incision to the downstream portion
2F GKS AaGNBIF YD CdzNIKSNY2NBI wtkeivall& flabikabd inddlict 8 6 Sy OS
terraces has been documentéBretz, 1952; Kehew, 1993; Leverett and Taylor, 1,ah& origin of

these deposits and effect that these had on channel adjustment following base lewglechas not yet
been provided. Coulthese bailder fields have functioned as natural hydraulic controls similar to that
which existed at the Chicago outi@retz, 1964; Eschman and Karrow, 1985; Kehew, 2988jat is

the distribution of these boulderich deposits beneath the bed of the modern Grand River? Do these

deposits provide unique habitat previously not mapped or described?

3. Methods

In an attempt to answer the above questions, investigation into the geolsgiimentdogic
and topographic characteristics of tl&Rand GRVwas made. A topographic profile spanning the entire
extent of the river was created to identify exigg knickpoints. Bedrock topography through Kent and
Ottawa counties was investigatdédr shallow bedrock or bedrock exposures in the river which may act
as, or influence thaccumulatiorof, natural hydraulic controléoulderrich alluvium) A geographic
information system (GIS) was used to magiment characteristics of the GR and GRYV through Kent and
Ottawa countiesising drilthole and field dataDetailed bathymetric digital elevation models (DEM)
were created along two reaches of the Grand Riveouigh Kent County to better characterize potential

natural hydraulic controls contained within them. Along one of these reaches, an outcrop of boulder

12
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rich alluvial sediment was identified. This outcrop was mapped and sediment data was collected to
investigate the origin of this deposit and its influence ffow dynamics and sedimeétransport in the

modernGR.

3.1 Longitudinal Profile

A longitudinabrofile, which displays water surface elevation (WSE) as a function of distance,
was generatedising ArcMap 10 (ESRI; Redlands, California) GIS. This was creatBigitsinglevation
Models (DEMsip represent water surface elevation (WSE), a limederenced river centerline, and
point features along the centerline. These data and features wees to measure geographic ,

elevation (z), and distancenj attributes at equally spaced poirddong the river.

10-meter resolution DEMspanning the entire course of the riveere obtained from the
National Elevation Dataset (NED) preparediayUnited States Geological Survey (UB&3ch et al.,
2002; USGS, 200®)ataset coordinates were projected to the North American Datum of 1983
geographic coordinate systewith a World Geodetic System 1984 (WGS84) projected coordinate
system Elevations contained in the dataset were refeced to the North American Vertical Datum of
Mpyy Ob! +5yy0® 59aa ¢6SNB R2¢gyf2FRSR o0& daGAfSa¢sz S
longitude (1x1)Individual tiles were mosaicked together in ArcMap 10 to create a seamless dataset of

the entire studyarea.

A river centerline was digitized to represent linear distance along the GR for use in the
topographic profile. The centerline extended from the mouth of the GR in Grand Haven, Ml to its
headwaters in Jackson County, MIpolyine shapefile, whiclhoundeach of the banks of the GR, was
downloaded from the Michigan Geographic Data Library (Mi®&OINB, 2002)The bounding polyline
was collapsed into a single, central linepresenting the geometric center of the river using an

automated method in ArcMap 10. The centerline was visually inspected for errors and was corrected

13
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where it was determined to deviate from the center of the river. Lirederencing was performed on

I A A oA
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automated means of measuring the distance of features from the beginning of the line.

Equally spaced points, 50@etersapart, were created along the riveenterline. Using an
automated method in ArcMap 10, the distance from the beginning (mouth) of the centerline was
attributed to each point. A similar automated method was used in the same GIS to attribute each point
with elevation valuegzvalues) corrggonding to its geographic location. These attributes were then
delineated and tabulated to graphically represent WSE as a function of distance from the mouth of the

GR.

3.2 Bathymetric Data

As previously stated, preliminary investigation of the GranémRiging Google Earth aerial
imagery suggested the presence of outcropping substrate between Ada and Low@ligha) To
investigate these phenomena, detailed river bathymetry was collected along this reach. This data was
used to create a 3D represetian of river bed elevation along the reach in order to identify the type
and extent of existing natural hydraulic controls. Bathymetric data was collected using a consumer grade
chart plotter and a motor boat. Information contained in the data includedggaphic information (x, y
coordinates) and depths+{zlues) at points recorded in set intervals. These data were interpolated

using ArcMap 10 to create a DEM of river bottom elevation.

A Garmin GPSMAP 441s dpéotter with a TransorrMount DuatFrequerty 50/200 kHz
transducer was used to collect both geographic coordinates and water depths at various points along
the river. The chartplotter was fixed to the motorboat in a fashion that minimized the erravde
GPS and depth measurementhe chartplaer (which contained the GPS) was located approximately

0.5metersfrom the transducer. GPS error ranged from ~2.@meters. Error in depth measurements i

14
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unknown, but believed to bemall as the transducer was placed approximategeBtimetersbelowthe

g GSNR&a adaNFIFOS o0Sy2dzak G2 Fft2¢ y2NX¥IE LAGOK
submerged). At intervals betweer3seconds, a point was recorded by the chartplotter. Each point was
attributed with the geographic coordinates of the &imn at which it was recorded and the depth at
GKFEG t20F0A2y® | GNIY OSNEAY AT dadghkoderagedithelrillerd G S Ny
bottom. A total of 15,81%lata points were collected on 3 different days along the reach from Ada to

Lowell.

Raw location and depth data for each point was extracted from the chartplotter and compiled
and tabulated for further use. In order to transform water depth measurements at each point to river
bed elevation (RBE) measurements, the data was first imdanti® ArcMap 10. Linear distance from
the mouth of the GR, along the river centerline (created for use in the topographic profile, see section
3.1), was attributed to each poinDepths were converted to bed elevation using known datum
elevation and watedepth for a USGS river gage located in Ada;Thi. depth attribute of each point

was transformed to RBE using trigonometric relationships between water surface elevation (WSE), the

gl a

at2LS 2F GKS ¢FGSNDa adaNFI OS:T FyR fAYSFENI RAadl yoS
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Where:

Distaga=Distance from each point to the USGS gage in Adéanitiers)

WSSgatwiowel ! SN S &t 21LIS 2F GKS gl GSNDRa adaNFIF OS TNRY

USGS gage measurements at both locations)

WSE,q,= Average water surface elevati@meters)on the date and duration of data collection
(obtainedfrom USGS gage Atla, Ml)

Depth= Water depth at each poir{in meters)

15
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Upon transformation of river depth to RBE at each measured point, RBE -ate@msured locations was
interpolated using an Inverse Distance Weighting (IDW) technique in ArcMap 10. The final topographic
surface was exported in raster format with a pixel resolution nfe2ers(the average distance between

measured points).

In addition to the bathymetric data described above, survey data for the Grand River through
the city of Grand Rapids, Michigan wastained fromthe Grand Rapids Whitewater Group
(www.grandrapidswhitewater.org)rhe data provided included sediment lithology information and
elevation contours. Elevation contours were used to create a DEM of the river bed using an automated

method in AcMap 10 GIS.

3.3 Boulderich alluvium characterization

An outcrop of boulderich alluvial sedimentvas identified 5.&ilometersupstreamof Ada
during bathymetric data collectioffFig2). Recognizings occurrence as both unique substrate and a
potential hydraulic control, further characterization of this exposure was performed. Characterization of
sediment size and distribution was performesinga Trimble R7 survey grade GPS, Topcon Total Station

surveying, Wolman Pebble Courfield observatims, andstandard sieving methods.

The Trimble R7 GPS was used to establish 3 control points upon which our survey was based.
The Topcon Total Station was used to majcrop distribution. Mapped parameters included: 1) the
extent of the exposed portionfahe outcrop; 2) the extent of submerged bouldéch alluvium in water
shallow enough to wadeand 3) elevations of exposed, submerged, and buried boulderalluvial
sediment deposits. Locations were recorded in a Universal Transverse Mercator (@5gvgphic
coordinate system (Zone 16) projected to WGS84. Elevations were referenced to NAVD88. The location
and elevation of the exposed boulddach alluvium were collected by walking the perimeter of the

exposure and recording points approximately ev2myeters. The same method was used to record
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elevation and extent of the submerged boulders. A cross section of the channel was also taken across
the northern extent of the deposit. In the region between exposed portions of the deposit, where no
visible aitcropping of alluvium occurred, a series of 5 boreholes were excavated (approximately 3

meters apart) to determine the depth at which this deposit occurred in the subsurface (if at all).

A series of Wolman Pebble Counts were also completed on the beutthealluvium deposit
(Bunte and Abt, 201). Three, 20 meter transects were established at its western edge. Clasts were
sampled a0.25 meter intervalalong each of these transects (80 per transect) for a total of 240 counts.
Grain sizes were measured using a USGS 0.50 phi interval grateiodpon completion of the
Wolman survey, grain size measurements were analyzed using the GRADISTAT program to obtain

sediment statistic¢Blott and Pye, 2001)

For further sediment analysis, a ~36 kg bulk sample of sediment was taken from the brdehder
alluvium deposit. This sample walstainedfrom an excavated hole, approximately 0.5 meters in depth,
near the bank of river ahe location of the exposed deposit. This was performed to minimize organic
substrate contamination from the surface of the outcrop (e.g. mussel shells) and to obtain a
representative sample of the substrate that was unaltered by the modern @astslarger than ~128
mm were excluded. The sample was dried at’@f®r approximately 24 hours. It was then
disaggregated and its bulk weight was recorded. Upon disaggregation, the sample divided into two size
fractions, £ 6.3%nm. The {) 6.35mm subsamplewas sieved at 0.50 phi size fractions using USGS
standard sieves and a ROTAP shaker. Each set of sieves was placed in the ROTAP for a minimum of
fifteen minutes. The (+) 6.35m subsample was measured manually with a gravelometer and
separated into 0.5@hi size fractions. The weight of each size fraction for bothkssutples (+ 6.36im)
was recorded and input into the GRADISTAT program for the generation of grain size S{Btattiesd

Pye, 2001)
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3.4 Well Log Analysis

Bedrock topographysediment thicknessbhoulder occurrence, and alluvial sediment thickness
maps of Kent and Ottawa Counties (extending through the Thornapplé@ndr Grand Watersheds)
were created to investigate both the existence of natural hydraulic controls in the river bed as well as
geologic/sedimentological characteristics of the Grand River Valley. Maps were created using data
obtained from approximately0,000 water well log records. Well logs were obtained in shapefile form
from the MiGDIDTMB, 2002)Data contained in the well logs included the geographic coordinates of
each wdl, the stratigraphy of each well, and the lithology, depth, and thickness of each sequence of the

stratigraphy.

The lithologic sequences of each well were tabulated and summarized using a lithologic
classification systerfTable 1) This was performed tminimize the variance between lithologic
sequences described in the well lagywd to highlight bedrock exposures, and alluvial thickness not
attributable to glacial tillsLithology was summarized in silasses: Boulders, Alluvium, Clay Alluvium,
Organics Soil, and Bedrodd able 1)Depth and thickness attributes relating to the three classes of
interest(alluvium, boulders, and bedrock) were compilac separate table. The total thickness of
alluvial sediment at each well was summarized by combiriagrdividual thicknesses of each
aS1jdzSyO0S Of I aaAi¥FA $ Rhebaulded diasstwdzs@hminkiizeddigmur deghofS
each recorded occurrencé&or the bedrock class, the minimum depth at which bedrock was recorded in
the well log (minimum dpth to bedrock) was compiled and attributed to each well. In addition to the
attributes mentioned above, each table (boulder occurrence, alluvial thickness, and bedrock depth)

contained a unique well identifier as well as the geographic coordinates bfveeit.

The summarized log records for each class (alluvium thickness, and boulder and bedrock

occurrences) were imported into ArcMap 10, where the location each well was represented by a point
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feature. In order to transform bedrock depth to bedrock elgwa for use in the creation of a bedrock
topography map, the elevation of each well was extracted from the NED DEM described in section 3.1.
Wellhead elevations were subtracted from the depth at which bedrock, of any lithology, was first
described (minimm depth to bedrock) to produce a minimum bedrock elevation at each well. Both the
bedrock elevation andlluvium thickness at each well wergerpolatedusing arinverse distance

weighting (IDW) technique to predict bedrock elevation and alluvium thickness ateasured

locations Each prediction map was exported in raster format with a pixel size (104m) that correlated

with half of the mean distance between we([280m).

Thesediment thicknesmap was created following the completion of the bedrock elevation
(topography) mapSediment thicknessesere calculated by subtraction of the land surface elevation

(obtained from the NED DEM) from the bedrock elevation.
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Table 1 Reclassification of water well 2 3
the wellog analysis. This class represents difficult to interpret or inaccurate lithologic sequence
descriptions encountered in theriginal log.

fAGK2t 238

ReClassification

RSAONALIIAZ2Yad ¢KS

Alluvium Bedrock Boulders Clay Alluvium  Organics  Sall Delete
Cobbles Dolomite Boulders Clay Coal Loam Debris
Conglomerate Dglomlte & Clay & Boulders Peat Muck Granite
Limestone
Interval Not
Gravel Gypsum Clay & Cobbles Mud Sampled
Gravel & Limestone Clay & Gravel Topsoil  Iron Formation
Boulders
Gravel & Cobbles leestope & Clay &Sand Lithology
Dolomite Unknown
Gravel & Sand Limestone & Clay & Silt No thhol_ogy
Sandstone Information
Gravel & Silt  Limestone & Shale Clay & Stones No Log
Gravel & Stones Marl Clay Gravel Sanc Quartz
Gravel Sand Cla Sandstone Clay Gravebilt Quartzite
Sand Sa_ndstone & Clay Gravel Stone See Comments
Limestone

Sand & Boulders Sandstone & Shal
Sand & Cobbles Shale

Sand & Gravel Shale & Coal
Sand & Silt Shale & Limestone
Sand & Stones Shale & Sandston
Sand Gravel Silt Shal_e Sandstone
Limestone
Sand Silt Gravel
Silt
Silt & Gravel
Silt & Sand
Silt & Stones
Silt Sand Gravel
Stones

Clay Sand Grave
Clay Sand Silt

Clay SilGravel
Clay Silt Sand
Gravel & Clay

Gravel Clay Sanc

Sand & Clay
Sand Clagravel
Sand Clay Silt
Sand Gravel Clay
Sand Silt Clay
Silt & Clay
Silt Gravel Clay
Silt Sand Clay

20

Slate
Unidentified
Consolidated Fm
Unknown
Void
Hardpan
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4. Results and interpretation

4.1 Longitudinal Profile

Examination of the longitudinal profile suggests the presence ofrisaches with differentiver
gradients along the Gffig.4; Table 2 Thesereaches arel) the Upper Grand Rivel) the transition
zone from the Upper to Lowerr@nd River3) the Lower Grand River (through which part of the Glacial

Grand flowed)and 4) the relict channel of the Glacial Grand, no longeupied by the modern Grand

River
350
300 +
b Dimondale
Grand Ledge 9 \
250 ] Portland 7 8 \ Jackson
i 6
/ Eaton Rapids
lonia 3\ 4\5 /
— 4 Comstock Park Ada \ Lansing
-.g 200 - 2\ ’-.‘_lM
c 1 1N _ == i
© —-—— 7
e -
g | Lowell - = Lower Grand
QL 150 4 GrandRapids
= 1 ——Relict Channel
X Transition Zone
100
1 Upper Grand
50 +
O\ T T T T T [ T T T T [ T LI T T T T T [ T T T T [ T T T T T 1T 1
0 50 100 150 200 250 300 350 400 450

Distance from mouth (km)

Fig. 4 Longitudinal profile through the modern and glacial Grand Ri®®bannels are divided into four distinct
categories (different colored lines) based on gradient morphology. Major knickpoints are numb@red 1
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Table 2 Elevation rise, channel length, and slope of morphologically distinct channels in the Grand River.

Channel Rise (m) Run (km) Slope (m/m) Slope (ft/mi)
Lower Grand 15.9 135.1 0.00012 0.62
Transition Zone 8.2 28.8 0.00028 1.50
Relict Channel 6.22 20.4 0.00011 0.60
Upper Grand 107.4 241.1 0.00045 2.35
Modern River 130.8 404.5 0.00032 1.71

4.1.1Upper Grand River Reach

The Upper Grand Rivezachexhibited the steepest slope (0.00045 (2.35 feet/mil&))is
section of the GRerved as a tributary when the GRV was an active meltwater chéomarett and
Taylor, 1918)The largest change in river gradient ocaira series of knickpoints near the confluence
of the Upper and Lower Grand sections (knickpoirBs Big. 4; Table)3 The first of the three prominent
knickpoints (knickpoint 5) appears as a drop of sri@dersover a distance of 4.00 km (0.0010 slope). It
does not appear to correspond to any known anthropomorphic structure. Visual examination of this
location via aerial imagery does not provide any conclusive evidence regarding its origin or morphology.
We interpret this knickpoint to be the product of channel adjustment following dam construction. The
last two knickpoints along the Upper Grand (Knickp8id) occur at the Portland City and Weber Dams,
respectively. The knickpoint at the Weber dam exhibitslérgest change in gradienf all knickpoints

identified through the three different reaches. This knickpoint displays a slope of 0.0166.

4.1.2 Transition Reach
The abandonment of the Glacial Grand as a proglacial lake outlet in the Huron Basin marked the
establishment of the modern course of the @Rverett and Taylor, 1915)he transition reach between

the Upper and Lower GR sections exhibits this change in course, displaying a slope intermediate
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between the Upper and Lower sections (0.00028 (1.50 feet/mile)). Itagdat this section of the
river graded the Upper Grand (whielgain,historically served as a major tributary to the Glacial Grand
River) to the Lower Grand following the stoppage of eastern meltwater discharge (approximately 12 ka

Eschman and Farrand, 191Fig. 4) There does not appear to be any knickpoints along this section.

4.1.3 Lower Grand River Reach

The profile of the Lower Grand River, which flows through th¥ &Rl was used as a glacial
drainage pathway, suggests a shallow slope of 0.00012 (0.621 feet/mile). Two major knickpoints appear
along this section. The first (knickpoint 2) occurs near Ada, Michigan and dropa&é&i§over the
course of 500neters THs abrupt change in gradient does not correspond to any known current or
historic anthropogenic control. Examination of this location via aerial imagery does not provide any
conclusive evidence regarding its origin or morphology. The second knickpoimt @ndfile (knickpoint
1) corresponds with both known natural and anthasporphic hydraulic controls. This knickpoint is
located at the6™ street dan{s)in Grand Rapids, MAs previously described, this dam veasistructed

directly downstreanof a naturd bedrock control (limestone sill).

4.1.4 Glacial and Modern Grand River Gradient

The gradient of the entire river from headwaters to mouth was 0.00032 (1.71 feet/mile). A
longitudinal profile extending through the relict channel of the Grand Rivetti{eeGlacial Grand River)
suggests a gradient of 0.00014 (0.75 feet/mile). This gradient agrees with previously reported slopes of

0.00014 Q.74-0.75 feet/mile for the ancient river channgBretz, 1959; Eschman and Farrand, 1970)
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Table 3.Identification d numbered knickpoints in Fig. Hydraulic drops of each knickpoint are
compared to the height of the anthropomorphic hydraulic controls (where applicable).

Knickpoint Location Rise (m) Dam Height(m)  Slope (m/m)
1 6th street dam 3.81 ~3.96 0.0025
2 Near Ada, Ml 3.76 N/A 0.0025
3 Weber Dam 8.31 10.05 0.0166
4 Portland CityDam 3.36 3.35 0.0067
5 Near Portland, Ml 4.06 N/A 0.0010
6 Fitzgerald Dam 1.75 ~1.53 0.0035
7 North Lansing Dam 2.53 ~2.43 0.0051
8 Moores Park Dam 4.63 4.57 0.0093
9 Smithville Dam 3.01 3.96 0.0060

4.2 Bathymetric Data

The DEM produced as a result of bathymetric mapping from Lowell, Ml to Ad&igviib) had
an average root mean square error (RMSE) of h&iersbetween measured elevations. The
bathymetric DEM suggests an average slope of 0.00021 (1.11 feet/miteefeurveyed reachThis is
larger than the overall slope of the Lower Grand River section (in which this reach of river is contained).
The maximunRBEecorded was 185.9fheters The minimum RBE, 181.88ters was documented in
a deep hole just east ohe M-21 bridgecrossing in Ada, Michigan. Of the 5 outcroppings of substrate
identified on aerial photos, 3 caspond toRBE highs on the DEMid. B, Fig. 6. The maximum RBE at
these locations average 0.16eters(0.53 feet) higher than the average Rid&ng the entire reach
surveyed. Due to the unusually high river stage at the time of the bathymetric data collectiorheiver
substrate samples were not retrieved. Further characterization of bottom substrate at these locations is

needed in order to idntify the specific type and extent of hydraulic control present.

Bathymetric survey data through the city of Grand Rapids, M| was used to produce a DEM of the

river bed Fig. ). Elevation along this section ranged from a maximum ofmi&ters(623ft) to a
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minimum of 177meters(581 feet)above mean sea level (amshhe long profile suggests slope an order
of magnitude larger (0.0014 (7.42 feet/mile)) than that shown by the surveyed reach between Ada and
Lowell, Ml Fig. 7. The 8street dam appears othe profile as a 2.07 meter (6.80 foot) drop in elevation.
The limestone sill present behind the dam (described earlier) is interpreted to be shown on the long

stream profile as a 1.6 km lofsgction of significantly highéopography

J
s

r Bed Elevation §  River Bed Elevation
High : 190 m (623 feet) High : 190 m (623 feet)

Low : 177 m (581 feet)
0 0125 025 oskm QR

Fig. 5.Bathymetric DEMs produced for A) Grand Rapids (black dots represent dams); and B) This study (white outlines represent
potential exposed substrate). Rivbed elevation data for the city of Grand Rapids was provided by Grand Rapids Whitewater
(GRWwww.grandrapidswhitewater.org

Based on the slope of the river througte surveyed reach (0.00021) and the elevation of the
structures identified above the river bed (maximum elevations averageretérshigher than the
F SN IS w. 90z ¢S R2 y20 AYGSNLINBG GKS ok LIISR NRJS

influencesediment transport and flow dynamits the extent thatthe limestone sill present in Grand
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Rapids, Mboes(Figs. 67). However, the colletion of substrate samples at these locations, and
expanded bathymetric mapping, may show that these controls have a larger influence than interpreted
from the current slope and elevation data aloni¢is also possible that if removal of th& street dam
results in a modest lowering (0.Zb5m) of the WSE near Adsll, additional natural controls could be

exposed.

Fig. 6.Longstream profile of RBE from Ada to Lowell, MI. Elevation data was taken from this
d0dzReQa ol (KeYSiNK Odemifed oh Googldi Eayhindrial imagrgziralab®ddda A
1-5 from west to east (see Figs. 5 & 2).
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