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INTRODUCTION

Gun Lake Overview

Gun Lake ( Lake) encompasses roughly
2,680 acres primarily within Yankee
Springs Township and Orangeville
Township, Barry County.  The southwest
corner of the Lake extends into Wayland
Township and Martin Township, Allegan
County. There are more than 1,700
parcels that either directly border or have
deeded access to the Lake.  The State of
Michigan also owns a significant amount
of land bordering the Lake and operates a
State Park on the northern peninsula that
separates the east and west sides of the
Lake.   

The Gun River serves as the primary outlet for the Lake.  Water levels in Gun Lake are
regulated by the Gun Lake Dam (Dam), located just north  (upstream) of Marsh Road in
Section 6 of Orangeville Township.  The Dam is owned by Barry County and regulated
under Part 307, Inland Lake Levels, of the Natural Resources and Environmental
Protection Act, P.A. 451 of 1994, as amended (NREPA).   

Purpose of Study

Barry County issued a request for qualifications for engineering services pertaining to the
Gun Lake Dam on June 15, 2016.    LRE was selected by Barry County in October 2016
to conduct an engineering study of the Dam.  Our project team includes Materials Testing
Consultants (MTC) and Tricon Engineering Group (TEG), which provide geotechnical and
structural engineering services respectively.   

The primary purpose of the study is to analyze the condition of the existing Dam, evaluate
potential improvement alternatives and develop an implementation strategy.  The
engineering study included a review of available resource information, field investigation
including topographic survey and geotechnical analysis, meetings with impacted
stakeholders, evaluation of alternatives, and preliminary recommendations with cost
estimates.   The findings of our engineering study are presented in this report. 

Gun Lake – North of Dam
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DAM OVERVIEW

Dam History

On December 10, 1921, the Barry County Circuit Court (Court) established the legal level
of the Lake, which is set at 744.32-feet NGVD-29 (roughly equivalent to 743.9-feet NAVD
88).  The Court also authorized the construction of the Gun Lake Dam near the outlet of
the Lake, upstream (north) of Marsh Road.   

While no formal construction drawings
exist, it is our understanding that the
current Dam was constructed in 1951 and
consists of a pile-supported concrete wall
approximately 6-feet deep and 72-feet
long.  It is our understanding that the Dam
historically operated such that the
downstream water level was
approximately 2- to 4-feet below the crest.  
Steel sheeting was installed along the east
side of the Dam in 2013 to prevent
flanking.   

The Dam is regulated under Part 307, Inland Lake Levels, of the NREPA and requires
engineering inspections to be performed and submitted to the Michigan Department of
Environmental Quality (MDEQ) every three years.  Copies of previous Dam inspection
reports, dating back to as early as 1995, are on-file with the Barry County Drain
Commissioner.     

Dam Ownership

A recent legal opinion by Clark Hill PLC to the Gun River Intercounty Drain Drainage
Board confirmed that the Dam is owned by Barry County.  Accordingly, Barry County is
responsible for any inspection, maintenance or improvements to the Dam.   

A warranty deed ( included in Appendix 2) from several landowners to and in favor of
Barry County was recorded on July 1, 1922 and provides: 

the right to build and erect and perpetually operate and maintain a dam across
Gun River, at the highway bridge ( Marsh Road), or above, on the northwest
fractional quarter of section number six, in the Township of Orangeville, Barry
County, Michigan, and the right to perpetually overflow to an unlimited height all of
said land north of the highway, running northwesterly and southwesterly across
said premises, and the perpetual right to go on said premises, north of said
highway to erect and maintain and operate said dam.” (Liber 522, Page 105, Barry
County Register of Deeds). 

Dam – Current Condition
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Recent Events

On May 27, 2015, seepage was observed
near the center of the Dam creating a boil
above the downstream water surface
which increased in diameter from a few
inches to several feet within hours.  A rod
was used to probe the area of the
observed boil where a 12-feet deep hole
below the Dam crest) was measured

indicating approximately 6-feet of scour
had occurred below the bottom of the
Dam.    

Emergency measures included placing
stone along the downstream side of the
Dam to fill the void; however, the lateral
force of the stone upon the Dam resulted
in the Dam bowing approximately 2-feet
towards the Lake, necessitating additional
stone placement upstream to stabilize the
Dam.  Geotextile fabric was also utilized
during stone placement.  A total of
approximately 200 tons of rock were
placed to stabilize the Dam. 

An after the fact permit pursuant to Part
301, Inland Lakes and Streams, of the
NREPA was issued by the MDEQ for the
emergency repairs to the Dam.  The
MDEQ permit provided for the installation
of 107 cubic yards of riprap and 22 cubic
yards of cobble on both sides of the Dam.  
A copy of the MDEQ permit and related
figures documenting the elements of work
are provided in Appendix 4.  

Emergency Repairs

Dam Seepage / Boil

Dam – Current Condition
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ANALYSIS OF EXISTING CONDITIONS

LRE performed a visual inspection of the Dam and recorded flow measurements on
November 9, 2016.  A subsequent topographic survey of the Dam and Gun River from
Marsh Road to Patterson Road was completed by LRE on December 8, 2016.  MTC
conducted a geotechnical investigation on January 5 and 6, 2017.  Below are detailed
accounts of the field reconnaissance and analysis of existing conditions conducted by the
project team.   

Visual Inspection

LRE conducted a visual inspection of the
Dam on November 9, 2016.  The length of
the Dam was inspected from the east
abutment to the west abutment.  
Riprap/cobble material was observed
along the north and south faces of the
Dam.  Geotextile fabric was exposed and
draping over the crest of the Dam on the
north (upstream) face of the Dam. Water
was spilling over the crest of the Dam with
approximately 1 to 2-feet of the concrete
face exposed on the downstream ( south) 
side.  A small leak was noticed at the
interface of the private sheet pile wall and
concrete abutment on the west side of the Dam and the eroded soil behind (upstream of) 
this area of the Dam may be indicative of some minor piping.  However, in general, no
significant signs of boiling or seepage were observed during our field reconnaissance.   

Topographic Survey

LRE conducted a topographic survey of the Dam and Gun River from Marsh Road to
Patterson Road on December 8, 2016.  A plan and profile of the topographic survey is
provided in the enclosed Sheet C1.  The
concrete crest of the Dam varies in
elevation from approximately 743.57-feet
to 743.87-feet ( NAVD 88).  There is
approximately 3-feet of head ( water
surface) difference between the Dam crest
legal lake level of 743.9-feet NAVD 88) to

the culvert invert at Marsh Road.  The
Marsh Road culvert is perched (elevated) 
approximately 1-foot above the normal
water level in the Gun River.  Therefore, 
the total fall from the Dam crest to the Gun
River is approximately 4-feet. 

West Side of Dam - Leak

Marsh Road - Downstream
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Water levels in the Gun River, 
downstream of Marsh Road, are regulated
by a steel sheet pile weir, located
upstream of Patterson Road, which has a
minimum crest opening elevation of
739.28-feet (NAVD 88).   

Flow Monitoring

LRE recorded flow measurements both
along the Dam crest and immediately
downstream ( south) of Marsh Road on
November 9, 2016.   The goal was to
determine if there was a measurable
difference in flow going over the Dam crest
versus the downstream flow in the Gun
River, which could be indicative of pipping

seepage beneath the Dam.  The results
were inconclusive, primarily because of
the difficulty in obtaining an accurate flow
measurement over the Dam crest due to
its variability in elevation.  In general, it
appears the majority of flow is going over
the Dam crest.     

It’s worth noting that water levels in the
Lake have historically dropped below the
Dam crest, particularly during the drier
summer months.  A surface water
fluctuation study conducted by the United
States Geological Survey in the mid
1940’s noted that “ on August 23, 1946, 
when the gages were installed, the water
surface above (upstream) of the Dam was
about 0.25-foot or 3-inches below the
crest of the Dam, thus there was no flow
out of the Lake.” ( Surface Water
Investigations – Gun Lake and Gun River, 
Barry and Allegan Counties.  By Arlington
D. Ash, Engineer in Charge, United States
Geological Survey, June 26, 1947)  

Patterson Road – Upstream Weir

Gun River – Downstream Marsh Rd. 

Dam – Current Condition
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Geotechnical Investigation

LRE subcontracted MTC to perform the geotechnical investigation for the Gun Lake Dam.  
Soil borings were conducted by MTC on January 5 and 6, 2017.  A copy of the
Geotechnical Report prepared by MTC is included in Appendix 5.  

The Gun Lake Dam is located in an area of former outwash and glacial channels, 
characterized by mostly granular soil, and bordered by moraines, characterized by
unsorted and over-consolidated clay and occasional granular formations.  The bedrock
layer in this area is located at an elevation of approximately 500-feet (NAVD 88), roughly
240-feet below the ground surface.     

Two soil borings were conducted, one on the west (B -1) and the other on the east (B-2) 
side of the Dam.  Both borings were taken to a depth of approximately 40 -feet below the
ground surface.  Soils consisted of poorly graded sands to depths of 12 -feet to 16-feet
below ground, overlying poorly graded sand with gravel to the explored depths.  A layer
of peat was encountered in boring B -1 from 4.7 to 6.3-feet below the ground surface, 
possibly the remnants of the former river bottom / marsh land.  A map of the soil boring
locations as well as copies of the soil boring logs are included in Appendix 5. 

MTC performed a seepage analysis of the existing Dam based on the observed soil
conditions and water surface elevations.  The purpose of the analysis was to determine
if the difference in hydraulic head between the upstream and downstream sides of the
Dam was great enough to cause soil piping, which is the erosion and migration of soil
particles beneath a dam structure.  Conditions for piping of in -situ soil develop when the
hydraulic gradient exceeds the critical hydraulic gradient of the in -situ soil.   

MTC’s seepage analysis results indicate that the loose subgrade beneath the existing 6-
feet deep Dam produces conditions for piping of saturated granular soil.  More
specifically, a head drop exceeding 2.5-feet between the upstream and downstream sides
of the Dam produce conditions for piping. Given that the existing Dam historically
operated with a 3-feet or higher head drop, it is logical to conclude that the seepage event
on May 27, 2015 was likely the result of progressive scour through years of operating
under conditions susceptible for piping.     

In short, the concrete weir wall that comprises the existing Dam does not extend deep
enough into the subgrade to prevent piping.  The concrete face of the Dam extends only
6-feet below the crest of the weir.  The bottom of the Dam must be extended another 7 to
9-feet deep ( to an elevation of approximately 730-feet NAVD 88) to provide proper
embedment into competent subgrade so that piping will not occur beneath the Dam.  
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EVALUATION OF ALTERNATIVES

LRE evaluated the following alternatives for Barry County to consider regarding the Dam.   

Do Nothing

The concrete Dam appears to have operated adequately over the almost 2 years since
the riprap stabilization measures were implemented following the seepage event on May
27, 2015.  It appears that the riprap / cobble over geotextile fabric has effectively plugged
the area of scour below the bottom of the Dam near it’s midpoint.  Given that the Dam is
currently operating with a head drop below 2-feet, the potential for piping may be greatly
reduced.   

No obvious signs of boiling or seepage were observed during our field investigation ; 
however, locals report witnessing spring-like bubbles downstream of the Dam during the
summer months, which may indicate minor amounts of seepage are still occurring through
the voids in the rock.  Furthermore, subgrade conditions below the concrete Dam are still
uncertain.  Loose granular soil or peat may be present along non-stabilized portions of
the Dam, which may result in new areas of future piping and substructure flow.     

Dam Repair

Several interested parties mentioned the idea of filling eroded areas beneath the Dam
with low-permeability grout, in attempt to “ seal” the soil matrix beneath the Dam and
prevent seepage.  A low-permeability grout option is typically performed when leakage is
occurring through a defined structure (i.e. a concrete wall), where grout can be injected
to fill cracks.  In this case, grouting eroded void spaces will not address the primary issue
of loose granular soil beneath the Dam.  Therefore, future piping areas may still develop
along the length of the Dam unless the grout curtain was extended deep enough
approximately 15-feet) to form a cut-off wall, which would be extremely costly.   

Dam Replacement

Replacement of the existing Dam with either a concrete or steel sheet pile structure was
evaluated.  Either replacement option requires that the cut-off wall of the Dam be
extended to a depth of at least 730 -feet (NAVD 88) to ensure proper embedment into
competent subgrade to prevent piping.  The most cost effective replacement option is to
construct a new Dam upstream of the current location (beyond the existing riprap / cobble) 
using steel sheet pile.     
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RECOMMENDATION

Based on our analysis of existing conditions, evaluation of alternatives and discussions
with impacted stakeholders, LRE recommends replacing the Gun Lake Dam.  While the
recent emergency measures appear to have stabilized the Dam structure, the potential
for piping and further reactive maintenance measures still exists given the fundamental
flaw in the Dam’s design.   

Specifically, LRE recommends constructing a new control structure (weir) composed of
steel sheet pile with channel cap, located approximately 10-feet upstream ( north) of the
current Dam to avoid existing riprap and cobble.  The toe of the sheet piling must extend
to an elevation of 730-feet (NAVD 88) or deeper, therefore, each steel sheet pile will be
driven approximately 15-feet below the crest height.  

The top 1 to 2-feet of the
existing concrete Dam should
be cut-down for aesthetic
purposes.  Assuming the
concrete is free of rebar, it could
be broken down into smaller
pieces and incorporated into the
downstream scour protection
end treatment.  Existing riprap
and cobble, placed during the
2015 emergency repair, should
be left in place and utilized as
an end treatment.          

The estimated cost to implement the recommended Dam replacement is approximately
300,000.  An itemized estimate of project cost is provided in Appendix 1. The estimate

does not include legal, permit, land acquisition, administrative or finance costs.  

Additional considerations and a preliminary timeline for implementing the recommended
Dam replacement are provided in the following section.   

Steel Sheet Pile Weir
Photo by FTC& H
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IMPLEMENTATION

Implementation of the recommended scope of improvements to the Gun Lake Dam, as
presented in this report, requires consideration of the following: 

County Board Approval

Recommended improvements to the Dam will require approval by the Barry County Board
of Commissioners (County Board) prior to moving forward with a construction project. In
addition, the County Board must determine under which statute it wishes to implement
and finance the project.       

Special Assessment District

A matrix summarizing the various public acts that may utilized to implement the Gun Lake
Dam project and establish a special assessment district was prepared by Clark Hill PLC
and can be found in Appendix 3. There are several statues that authorize the finance, 
acquisition, and construction of public improvements, and intergovernmental cooperation ; 
however, those most suited for the Gun Lake Dam project include: 

1. Part 307, Inland Lake Levels, of the NREPA:  The purpose of this statute is to
provide for the control and maintenance of inlands lake levels for the benefit and
welfare of the public.  The process requires County Board resolution, preliminary
study and a Circuit Court hearing. One of the major benefits is that the statute
provides for assessments to benefiting landowners ( including State owned lands) 
as well as at-large assessments against political subdivisions. In addition, the
County Board may, by resolution, consider designating the Barry County Drain
Commissioner as the delegated authority for the Dam.   

2. Part 309, Inland Lake Improvements, of the NREPA:  The purpose of this statue
is to establish a lake improvement board with the authority to undertake lake
improvements and the ability to assess lake properties.  The County Board, by
resolution, may petition the Gun Lake Improvement Board (GLIB) to conduct the
Dam improvements.  If approved, the GLIB must establish a special assessment
district; however, unlike Part 307 of the NREPA, State owned lands are exempt
from assessment. 

3. Act 185, County Department and Board of Public Works Act:  This statute
authorizes a county to enter into contracts with municipalities for the purposes of
acquiring, constructing or improving, among other things, lake improvements. 
Improvements to the Dam would be made through the Board of Public Works
BPW). Act 185 does not permit the BPW to impose at-large assessments against

public corporations as part of the special assessment process; however, contracts
between municipalities may be entered into, by agreement, for a municipality to
accept a portion of the project cost.   
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Regardless of which statue the County Board decides to undertake, we recommend
amending the Gun Lake Improvement Board special assessment district for weed control
for use in assessing the Dam project.  The proposed special assessment district would
be comprised of approximately 1,700 parcels that have either direct or deeded access to
Gun Lake. The State of Michigan, Allegan County, Barry County, Yankee Springs
Township, Orangeville Township, Martin Township and Wayland Township all benefit
from the Lake by virtue of direct property bordering the Lake, enhanced property values, 
public recreational uses and/or aesthetic value and should be considered for potential at-
large assessments, as allowed under the statute selected by the County Board.    

Easement Acquisition

The existing warranty deed as recorded in Liber 522, Page 105, Barry County Register
of Deeds, appears to provide sufficient width for maintaining the Dam.  If necessary, the
warranty deed may be conveyed by the County Board to the delegated authority for the
Dam.   Therefore, additional easement acquisition should not be necessary. 

Permitting

The proposed Dam replacement will require a permit from MDEQ pertaining to Part 301, 
Inland Lakes and Streams, of the NREPA.  A separate soil erosion and sedimentation
control permit pursuant to Part 91 of the NREPA will also be required.    

Funding

Several grants from the United States Fish and Wildlife Service (USFWS), and Michigan
Department of Natural Resources are available that could potentially help offset the cost
of the Dam replacement.  Many of these grants would require enhanced fish passage, 
which would increase the total project cost considerable.  LRE is ready to assist the
County Board in pursing potential grants, if desired.   

Final Design and Construction

Upon approval by the County Board, LRE will establish a project schedule, complete the
final design and prepare contract documents for bidding and construction.   

Project Schedule

A preliminary project timeline is provided in Table 1.  The critical path will be based on
establishment of the special assessment district as well as obtaining an MDEQ permit for
construction; therefore, the actual project timeline may vary.   
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Table 1 – Project Timeline

Task
2017 2018

Spring Summer Fall Winter Spring Summer Fall Winter

Engineering Report
Establish Special

Assessment District

Engineering Design

Permitting

Bidding

Construction
Note – dark blue represents target schedule. 
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No. Item Description Unit Cost Total Cost

1 Mobilization 1 LS 40,000.00$  40,000.00$     

2 Utility Coordination 1 LS 2,500.00$    2,500.00$       
3 Soil Erosion & Sedimentation Control 1 LS 2,500.00$    2,500.00$       

4 Demolition of Existing Dam 1 LS 20,000.00$  20,000.00$     
5 Steel Sheeting (Dam) 1200 SF 65.00$         78,000.00$     

6 Rock Riprap 100 SY 75.00$         7,500.00$       
7 Final Site Restoration 1 LS 5,000.00$    5,000.00$       

Estimated Construction Total 155,500.00$   

Estimated Construction Cost 155,500.00$   
Drain Commissioner Costs to Date (Emergency Repairs / Legal) 32,659.76$     

Barry County Costs to Date (Legal) 5,728.45$       
Estimated Engineering ( Study though Construction) 55,000.00$     
Contingency to Cover Unanticipated Costs (~20%) 51,111.79$     

Preliminary Estimate of Probable Project Cost 300,000.00$   

PRELIMINARY ESTIMATE OF PROJECT COST

GUN LAKE DAM - SHEET PILE ALTERNATIVE
Date: March 27, 2017

Does not include Legal, Administrative, Environmental Permitting, Wetland Mitigation, Floodplain Mitigation, Environmental
Remediation, Land Acquisition, Easement Acquisition, or Financing Costs.

Quantity
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February 6, 2017
Project No. 161496

Land & Resource Engineering, Inc. 
3800 West River Drive NE
Comstock Park, Michigan 49321

Attention: Mr. Dan Fredricks, P.E. 
Vice President/Project Manager

Reference: Geotechnical Study
Gun Lake Dam Repair/Replacement
Barry County, Michigan

Dear Mr. Fredricks: 

MATERIALS TESTING CONSULTANTS, INC. has completed a study phase geotechnical investigation
for the above-referenced project.  The purpose of this study has been to identify the general
subsurface conditions in the vicinity of the existing concrete dam, to analyze the dam cross section
for potential seepage conditions, and to provide potential design concepts to rehabilitate the dam
structure.  This work has been performed as described in our proposal dated November 2, 2016. 

We appreciate this opportunity to provide these services to you on this project.  Please contact our
office should you have any questions or require further assistance in the design phase. 

Sincerely, 

MATERIALS TESTING CONSULTANTS, INC. 

Adam L. DePoy, E.I.T. 
Assistant Project Engineer

Douglas W. Sabin, P.E. 
Senior Project Manager

att:  Report
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GEOTECHNICAL STUDY REPORT

GUN LAKE DAM REPAIR/REPLACEMENT

1.0 INTRODUCTION

MATERIALS TESTING CONSULTANTS, INC. ( MTC) has completed a geotechnical study for the

existing Gun Lake Dam, located along Marsh Road in Orangeville Township.  The scope of this

study was determined through email correspondence with Mr. Dan Fredricks and a kickoff

meeting between MTC, Land & Resource Engineering, and the Barry County Board of

Commissioners.  Site access and property owner notification was facilitated by Land & Resource

Engineering. 

The scope of this study, in-general, includes the following: 

Performance of a field investigation including test borings and field engineering; 

Review of recovered samples by one of our engineers and assignment of technical soil

classifications; 

Engineering evaluation of encountered conditions with respect to potential seepage flow

under the dam; 

Evaluation of concepts for dam repair or replacement; and

Preparation of this report. 

Presented herein are descriptions of our understanding of the proposed project, the investigation

program and rehabilitation options.  The Appendix contains the report limitations, boring log

terminology, soil classification charts, and boring logs. 
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2.0 BACKGROUND INFORMATION

2.1 Available Information

We have been provided the following documents and information for use in this investigation: 

A kickoff meeting between MTC, Land & Resource Engineering, and the Barry County

Board of Commissioners conducted on October 27th, 2016 in Hastings.  A history of the

existing dam was presented, as well as a discussion of potential remediation options. 

Review of the online blog Friends of the Cuddy Drain, specifically the article titled “Saving

the Lake” posted May 29, 2015, which provides a detailed account of the dam failure event

which occurred on May 27th, 2015 and subsequent remedial actions taken to stabilize the

dam. 

Telephone and email correspondence with Mr. Dan Fredricks of Land & Resource

Engineering regarding the project details and scope of work.  Mr Fredricks visited the MTC

Grand Rapids office on February 1, 2017 to discuss the results of the geotechnical study. 

2.2 Location and Type of Structure

The existing Gun Lake Dam, located north of Marsh Road and east of Patterson Road, was

constructed in 1951 and consists of a 6-ft high concrete weir wall supported by steel H-piles.  It

is our understanding that the dam historically has operated such that the downstream water level

was approximately 3 to 4 ft below the dam crest.  No elevation information or design drawings

for the existing dam were provided at the time of our investigation.  

We understand on May 27th, 2015, seepage was observed near the center of the dam creating a

boil above the downstream water surface.  The boil increased in diameter from 2 inches to 20

inches within hours, and the downstream water level subsequently rose approximately 2 ft.  A

probe rod was used to investigate the boil area, and encountered a hole on the downstream side

of the dam extending approximately 12 ft below the dam crest.  The probe rod investigation

revealed that approximately 6 ft of scour had occurred below a portion of the bottom of the dam

near its mid-point. 
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We understand cobble/rip-rap fill and geotextile fabric were placed on the upstream and

downstream sides of the dam as emergency measures to stabilize the dam and to fill in the scour

depression. 

3.0 INVESTIGATION METHODOLOGY

3.1 Field Investigation

Conventional soil test borings and sampling along with field engineering reconnaissance were

used to investigate the subsurface conditions.  Borings were drilled offset from the ends of the

existing dam to depths of approximately 40 ft.  Boring locations are shown on the attached plan, 

Figure No. 1.  Investigation procedures, soil classification information and boring logs are

provided in the Appendix. 

An MTC engineer staked the boring locations in the field.  The ground surface elevations at the

boring locations were approximated using a Trimble GPS unit.  The elevations used in this report

are given in feet and are based on the NAVD 88 datum.  If more precise location and elevation

data are desired, a registered professional land surveyor should be retained to locate the borings

and determine their ground elevations. 

The borings were performed using a CME 55 track mounted ATV drill rig and advanced using

conventional hollow-stem auger methods.  The boreholes were backfilled to the original ground

surface with compacted soil cuttings. 
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Soil samples were recovered on regular intervals by means of the Standard Penetration Test

SPT), ASTM D 1586.  The SPT test involves the use of a 140 lb hammer with a 30 inch drop to

drive a standard 2.0 inch O.D. split spoon sampler.  The number of hammer blows required to

drive the sampler 12 inches, after seating 6 inches, is termed the soil N-value and provides an

indication of the soil's relative density and strength parameters at the sample location.  SPT blow

counts in 6 inch increments are recorded on the boring logs.  The drill rig was equipped with a

CME automatic hammer system which delivers a more consistent driving energy to the sampler

compared to the rope and cathead system.  Recovered samples were sealed, labeled and

transported to our laboratory.  All soil samples will be discarded after one year unless a longer

hold time is specifically requested. 

The recovered soil samples were reviewed by an engineer and technically classified according to

the methods of ASTM D 2488 “ Standard Practice for Description and Identification of Soils

Visual-Manual Procedure)”.  A copy of the test boring logs along with a description of the

terminology used on the logs and a chart of the ASTM D 2488 group symbols names are

provided in the Appendix. 

Observations during the drilling were recorded in the “ Remarks” column of the boring logs.  If

difficult drilling through obstructions such as cobble, boulder, rubble, etc. are observed by our

field personnel, it is noted in the “ Remarks” column.  Both the “ Description” and “ Remarks” 

columns on the boring logs should be reviewed for an indication of the encountered subsurface

conditions. 

Borings were drilled and other sampling was conducted solely to obtain indications of subsurface

conditions as part of a geotechnical exploration program.  No services were performed to

evaluate subsurface environmental conditions. 
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4.0 INVESTIGATION DATA

4.1 Regional Geology

The Map of the Surface Formations of the Southern Peninsula of Michigan, published by the

State of Michigan, indicates the soil borings are in an area of former outwash and glacial

channels, characterized by mostly granular soil, bordered by moraines, characterized by unsorted

and overconsolidated clay and occasional granular formations.  The encountered soil strata are

generally consistent with outwash and glacial channel formations.  The Map of Bedrock

Topography of the Southern Peninsula of Michigan indicates bedrock in this area to be near el

500, approximately 240 ft below the existing ground surface. 

4.2 Site Conditions

At the time of our field work, the area of investigation was the existing concrete dam, as well as

the two adjacent parcels located at 12898 and 12892 Marsh Road.  Ground surface elevations at

the adjacent properties were relatively flat, with the ground surfaces covered by snow and topsoil. 

We understand the Gun River used to pass through the lake area with marsh land extending along

the sides of the river.  In circa 1921, provisions were secured to dam the river to create a

backwater pond which is now Gun Lake. 

The existing dam is approximately 72 ft wide and located 30 ft north of the Marsh Road north

shoulder.  The concrete weir wall appeared in good condition, with no visible signs of cracking or

distortion in observable areas.  Four circular culverts pass beneath Marsh Road, allowing water to

flow from Gun Lake into the Gun River.  Sheet piling has been installed along the east and west

shorelines upstream of the dam to serve as lake walls for the two adjacent properties. 

Stone cobble/rip-rap was observed along the north and south faces of the dam.  It appears

geotextile fabric was placed on the upstream (north) side of the dam prior to stone placement, and

allowed to drape over the dam crest.  Approximately 1 to 2 ft of the dam face was exposed during
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our field investigation, and approximately 6 inches of water was observed passing over the dam

crest.  No obvious signs of boiling or seepage were observed during our field investigation. 

4.3 Subsurface Conditions

The conventional soil borings generally encountered very loose to dense brown to gray poorly

graded sand ( SP) to depths of 12 to 16 ft (els 730.2 to 732.8), overlying gray medium dense

poorly graded sand with gravel (SP) to the explored depths. 

A layer of dark brown fibrous peat (PT) was encountered in Boring B-1 from a depth of 4.7 ft to

6.3 ft, possibly remnants of the former river bottom/marsh land.  Very loose soil conditions were

encountered in the upper 8 ft of Boring B-1.  Poor sample recovery was noted at the 13.5 ft, 18.5

ft, 23.5 ft, 28.5 ft, 33.5 ft, and 38.5 ft sample intervals of Boring B-1 within the stratum of poorly

graded sand with gravel (SP), possibly indicating the presence of coarse gravel or cobble type

obstructions.  Boulders may be present whenever cobble is noted. 

Loose soil conditions were encountered at the 1 ft sample interval of Boring B-2.  Poor sample

recovery was noted at the 1 ft, 13.5 ft, 18.5 ft, 23.5 ft, 28.5 ft, 33.5 ft, and 38.5 ft sample intervals

of Boring B-2 within the stratum of poorly graded sand with gravel (SP), possibly indicating the

presence of coarse gravel or cobble type obstructions.  Boulders may be present whenever cobble

is noted. 

Groundwater was encountered during the drilling of both borings.  Groundwater on the west side

of the dam ( Boring B-1) was measured at a depth of 1.8 ft below ground surface ( el 744.4), 

whereas groundwater on the east side of the dam (Boring B-2) was measured at a depth of 2.3 ft

below ground surface ( el 742.5).  Groundwater levels may fluctuate due to seasonal variations

such as precipitation, snowmelt, Gun Lake water levels and other factors that may not be evident

at the time of measurement.  Groundwater levels may be different at the time of construction. 
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This section has provided a generalized description of the encountered subsurface soil

conditions.  The boring logs located in the Appendix should be reviewed for detailed soil

descriptions.  Some variation between boring locations may be expected. 

5.0 STUDY FINDINGS

5.1 Dam Seepage Analysis

MTC performed a seepage analysis of the existing dam cross section using the software program

SLIDE version 6.026.  For our analyses, the dam crest was assumed to be at approximately el

743.3, and the upstream pool elevation was assumed to be approximately 0.1 ft higher than the

dam crest in order to facilitate a freeboard scenario.  We have considered the following

generalized soil profile at the dam: 

Generalized Subgrade Profile Beneath Gun Lake Dam

Soil

Layer
Soil Type

Elevation of

Top of

Stratum (ft) 

1 Medium to Fine Sand 737.3

2 Sand with Gravel 732.0

Steady-state groundwater ( seepage) analyses were performed considering two subgrade

conditions: Condition 1 considers loose granular soil above el 732 ft and reflects the subgrade

relative density results of Boring B-1, whereas Condition 2 considers medium dense granular soil

above el 732 ft and reflects Boring B-2.  Our initial seepage analyses were performed by

modifying the downstream pool elevation and evaluating its effects on the exit gradient at the

downstream toe of the dam.  Head drops of 2, 2.5, 3, 4 and 6 ft between the upstream and

downstream side of the dam were evaluated.   
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Hydraulic soil parameters were estimated based on grain size gradation and in-situ relative

density.  The following hydraulic properties were used for each analysis condition: 

Condition 1 – Boring B-1

Soil

Layer
Soil Type

Ks

inches/sec) 

Ks

cm/sec) 

K2/K1

degrees) 

K1

Angle

Unit Weight

lbs/ft3) 

1 M-F Sand 3.937e-4 1e-3 0.1 0 100

2 Sand with Gravel 3.937e-5 1e-4 0.1 0 120

Note: 0.3937 inches/sec = 1 cm/sec

Condition 2 – Boring B-2

Soil

Layer
Soil Type

Ks

inches/sec) 

Ks

cm/sec) 

K2/K1

degrees) 

K1

Angle

Unit Weight

lbs/ft3) 

1 M-F Sand 3.937e-5 1e-4 0.1 0 115

2 Sand with Gravel 3.937e-5 1e-4 0.1 0 120

Note: 0.3937 inches/sec = 1 cm/sec

The seepage results were analyzed using the Interpret View of SLIDE and reviewing the Total

Hydraulic Gradient occurring through the medium to fine sand stratum.  Soil piping, also known

as internal erosion, is the erosion and migration of soil particles beneath a dam structure caused

by a difference in hydraulic head between the upstream and downstream sides of the dam.  

Conditions for piping of in-situ soil develop when the hydraulic gradient occurring in the field

exceeds the critical hydraulic gradient of the in-situ soil.  We have considered the critical

hydraulic gradient of soil to equal the ratio of the soil’ s effective unit weight to the unit weight of

water.  Assuming a total unit weight of 115 pcf for soil, the critical hydraulic gradient of the soil

would approximately equal 0.8. 
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Our seepage results for various downstream pool elevations under both subgrade conditions are

presented in the following table. 

Initial Seepage Analysis Results

Subgrade

Condition1, 2

Head Drop from

Upstream to

Downstream (ft) 

Hydraulic

Gradient at

Downstream

Toe

Safety Factor

Against

Piping

1 2 0.66 0.91

1 2.5 0.75 0.80

1 3 0.90 0.67

1 4 1.2 0.50

1 6 3.6 0.17

2 2 0.66 1.3

2 2.5 0.75 1.1

2 3 0.9 0.94

2 4 > 1 < 1

2 6 > 1 < 1

1) Condition 1 = Loose granular soil above el 732 (Boring B-1) 

2) Condition 2 = Medium dense granular soil above el 732 (Boring B-2) 

Our seepage results indicate that the loose subgrade conditions simulated in Condition 1 produce

conditions for piping of saturated granular soil.  Under medium dense subgrade conditions

Condition 2), a head drop exceeding 2.5 ft between the upstream and downstream sides

produces conditions for piping.  Given the existing dam has historically operated with a 3 to 4 ft

head drop, Conditions 1 and 2 both produce conditions susceptible for piping when a head drop

of 3 ft or greater is considered. 



LAND & RESOURCE ENGINEERING, INC. 

PROJECT NO. 161496
FEBRUARY 6, 2017
PAGE NO. 10

5.2 Repair Options

Our initial seepage analysis indicated that loose subgrade beneath the existing dam produces

conditions for piping of saturated granular soil.  Additionally, a head drop exceeding 2.5 ft

between the upstream and downstream sides produces conditions for piping, regardless of

subgrade relative density.  Given the very loose soil conditions encountered in Boring B-1 and

considering the existing dam has historically operated with a 3 to 4 ft head drop, the seepage

event in May 2015 may have been a result of progressive scour through years of operating under

conditions susceptible for piping. 

Subsequent seepage analyses were performed to simulate remediation efforts to the dam.  

Seepage analyses were performed considering two remediation options: Remediation Option 1

considers driving steel sheet piling along the upstream ( north) side of the concrete dam to

approximately el 730, whereas Remediation Option 2 considers extending the concrete dam 2 ft

deeper to approximately el 735. 

Our final seepage results for both remediation options are presented in the following table. 

Final Seepage Analysis Results

Remediation

Option1,2

Head Drop from

Upstream to

Downstream (ft) 

Hydraulic

Gradient at

Downstream

Toe

Safety Factor

Against

Piping

1 2 0.333 2.5

1 4 0.625 1.3

1 6 0.917 0.92

2 2 1 0.8

2 4 > 1 < 1

2 6 > 1 < 1

1) Remediation Option 1 = Drive sheet piling to el 730

2) Remediation Option 2 = Extend concrete dam to el 735
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Our seepage results indicate that extending the dam base approximately 2 ft deeper to el 735 does

not decrease the hydraulic gradient at the downstream toe to prevent against piping.  However, 

the installation of steel sheet piling along the upstream side of the dam produces sufficiently-low

hydraulic gradients to support a 4 ft head drop condition.  This is accomplished because sheet

piling increases the flow path beneath the structure, thereby reducing the amount of head drop

per length under the dam. 

A repair option would consist of driving steel sheet piling adjacent to the upstream side of the

concrete dam, along the entire width of the dam.  Sheet piles should be driven to el 730 or

deeper, approximately 7 ft below the base of the dam, to ensure proper embedment into

competent subgrade.  Should this approach be chosen, cobble/rip-rap fill adjacent to the upstream

side of the dam will need to be removed prior to sheet pile installation.  Alternatively, sheet

piling may be installed upstream of the existing cobble/rip-rap fill to avoid removing the fill. 

5.3 Replacement Options

We have considered three replacement options to rehabilitate the dam structure.  These include a

grouting option, an option to leave the existing dam as-is with stone fill/rip-rap already placed

along the upstream and downstream sides, and an option to construct a completely new concrete

weir dam. 

Grouting Option: 

A grouting option could be utilized, whereas a low-permeability grout material is pumped into

the existing eroded areas and allowed to set, thereby filling existing voids in the soil matrix.  This

option is typically performed when leakage is occurring through a defined structure, where grout

can be injected to fill cracks.  This option is also generally expensive, and requires initial dye

testing in order to delineate the flow path and flow rate beneath the dam structure. 
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Grouting the existing eroded areas will not address the primary issue of loose granular soil

beneath the dam.  Should a grouting option be implemented in the scour area, future piping areas

may develop elsewhere along the dam length, creating new areas of substructure flow. 

Leave As-Is Option: 

Following the seepage event in May 2015, we understand cobble/rip-rap fill and geotextile fabric

were placed on the upstream and downstream sides of the dam as emergency measures to

stabilize the dam.  Stone cobble/rip-rap was observed along the north and south faces of the dam

during our field investigation.  Geotextile fabric was observed on the upstream (north) side of the

dam, presumably below the cobble/rip-rap fill, and was draped over the dam crest.  

Approximately 1 to 2 ft of the dam face was exposed during our field investigation.  No obvious

signs of boiling or seepage were observed during our field investigation, suggesting that the

seepage condition had stabilized. 

The concrete weir has operated adequately over the past 19 months following the May 2015

stabilization measures.  It appears that the stone cobble/rip-rap over geotextile fabric has

effectively plugged the area of scour below the bottom of the dam near its mid-point.  Our

seepage analyses indicate that, under medium dense subgrade conditions (Condition 2 of Initial

Seepage Analysis), a head drop of 2.5 ft or less between the upstream and downstream sides does

not produce conditions for piping.  Given that the dam is currently operating with an approximate

1 to 2 ft head drop, this suggests that the dam may be operating at a stable condition with

minimal piping potential.  Clearly, leaving the existing dam as-is would also be the most

economical replacement option. 

However, subgrade conditions directly below the concrete weir are uncertain.  Loose granular

soil or peat may be present away from the dam’s mid-point in areas not stabilized in May 2015.  

Future piping areas may develop elsewhere along the dam length, creating new areas of

substructure flow. 
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New Dam Option: 

The existing concrete weir wall may be completely removed and replaced if so desired.  If this

approach is chosen, the base of the replacement wall should be extended to el 730 or deeper, 

approximately 7 ft below the base of the existing wall, to ensure proper embedment into

competent subgrade.  However, this approach would likely be the most expensive replacement

option. 

6.0 CLOSURE

In this report, descriptions of the geotechnical study, encountered conditions and

recommendations for remedial action have been presented.  The limitations of this study are

described in the Appendix.  The recommendations presented in this report are based upon a

limited number of subsurface samples obtained from various sampling locations.  The samples

may not fully indicate the nature and extent of the variations that actually exist between sampling

locations. 
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LIMITATIONS

Soil Variations

The recommendations in this report are based upon the data obtained from the soil borings.  This
report does not reflect variations which may occur between these borings, and which would not
become evident until construction.  If variations then become evident, it would be necessary for a
re-evaluation of recommendations of this report, after performing on-site observations. 

Warranties

We have prepared this report in accordance with generally accepted soil and foundation
engineering practices.  We make no other warranties, either expressed or implied, as to the
professional advice provided under the terms of our agreement and included in this report.  This
report is prepared exclusively for our client and may not be relied upon by other parties without
written consent from our office. 

Boring Logs

In the process of obtaining and testing samples and preparing this report, we follow reasonable
and accepted practice in the field of soil engineering.  Field logs maintained during drilling
describe field occurrences, sampling locations, and other information.  The samples obtained in
the field are subjected to additional testing in the laboratory and differences may exist between the
field logs and the final logs.  The engineer reviews the field logs and laboratory test data, and then
prepares the final boring logs.  Our recommendations are based on the contents of the final logs. 

Review of Design Plans and Specifications

In the event that any changes in the design of the building or the location, however slight, are
planned, our recommendations shall not be considered valid unless modified or approved in
writing by our office.  We recommend that we be provided the opportunity to review the final
design and specifications in order to determine whether changes in the original concept may have
affected the validity of our recommendations, and whether our recommendations have, in fact, 
been implemented in the design and specifications. 



Test Drilling and Sampling Procedures

Test Drilling Methods: 
X Hollow stem auger

Mud rotary
Casing advancer

Rock coring

Sampling Methods: 
X SPT, ASTM D1586, CME Auto hammer ( 140 lb., 30" drop, 2" OD split spoon sampler) 

Thin-walled tube sampler (Shelby), ASTM D1587

Note:  The number of hammer blows required to drive the SPT sampler 12 inches, after seating 6 inches, is termed the
soil N-value and provides an indication of the soil's relative density and strength parameters at the sample location.  
SPT blow counts in 6 inch increments are recorded on the boring logs. 

Drill Rig: 
CME 45 Track (ATV) 
CME 45 Trailer (skid) 

X CME 55 (ATV) 

CME 750 Rubber tired (ATV) 
CME 850 Track ( ATV) 

CME 95 Truck

Boreholes Backfilled With: 
X Excavated soil

Cement bentonite grout
Piezometer or Monitoring Well ( see notes on logs) 

Concrete or asphalt patch where appropriate

Sample Handling and Disposition: 
X SPT samples labeled, placed in jars, returned to GR Laboratory

X Discard after 60 days



Boring Log Terminology

Soil Classification Systems: 
ASTM D2487 Standard Classification of Soils for Engineering Purposes (Unified Soil Classification System) 
ASTM D2488 Standard Practice for Description and Identifications of Soils (Visual -Manual Procedure) 

Minor Component Quantifying Terms: 
Trace (less than 5%);  Few (5 to 10%);  Little (15 to 25%);  Some (30 to 45%);  Mostly (50 to 100%) 

Sample Types and Numbering: 
S SPT, split-barrel sample, ASTM D1586 U Shelby tube sample, ASTM D1587

S Other than 2" split barrel sample A Auger cuttings
L SPT with liner, ASTM D1586 R Rock core run

G Geoprobe liner

Grain Size: 
Boulder > 12" 
Cobble 12" to 3" 
Coarse Gravel 3" to 0.75" 
Fine Gravel 0.75" to No. 4
Coarse Sand No. 4 to No. 10
Medium Sand No. 10 to No. 40
Fine Sand No. 40 to No. 200

Clay - Soil passing a No. 200 sieve that can be made to exhibit plasticity ( putty-like properties) and exhibits
considerable strength when air dry (ASTM D2487). 
Silt - Soil passing a No. 200 sieve that is nonplastic or very slightly plastic and exhibits little or no strength when air
dry (ASTM D2487). 
Peat - A soil composed of decomposed vegetable tissue with organic odor, dark brown to black color, spongy
consistency, and a fibrous to amorphous texture. 

Grades with" or "Grades without" may be used to describe soil when characteristics vary within a stratum. 

Moisture Condition:. Dry (absence of visible moist.);  Moist (damp but no visible water);  Wet (visible free water) 

Compactness ( Coarse Grained Soils) and Consistency (Fine Grained Soils): 

N-value Relative Density Compactness N-value
Approx. Shear
Strength, ksf Consistency

0 - 4 0 - 20% Very Loose 0 - 2 0.25 Very Soft
5 - 10 20 - 40% Loose 3 - 4 0.25 - 0.5 Soft

11 - 30 40 - 70% Med. Dense 5 - 8 0.5 - 1 Med. Stiff
31 - 50 70 - 90% Dense 9 - 16 1 - 2 Stiff

50 90 - 100% Very Dense 17 - 32 2 - 4 Very Stiff
32 > 4 Hard

Groundwater Observations: 
During - indicates water level encountered during the boring
End - indicates water level immediately after drilling
Date and Depth - Measurements at indicated date

Water observations in pervious soils are considered reliable for the date.  Water observations in impervious soils may
not be accurate groundwater measurements unless records are made over several days time.  Groundwater levels will
fluctuate for both pervious and impervious soils.  



ASTM D2488 Soil Classification Chart - Coarse Grained Soil: 

Primary
Soil Type Group Name and (Group Symbol) Criteria

GRAVEL Well-graded GRAVEL (GW) 

Poorly graded GRAVEL (GP) 

5% fines, <15% sand

Well-graded GRAVEL with sand (GW) 

Poorly-graded GRAVEL with sand (GP) 

5% fines, >15% sand

Well-graded GRAVEL with silt (GW-GM) 

Poorly graded GRAVEL with silt (GP-GM) 

Well-graded GRAVEL with clay (GW-GC) 

Poorly-graded GRAVEL with clay (GP-GC) 

10% fines, <15% sand

Well-graded GRAVEL with silt and sand (GW-GM) 

Poorly graded GRAVEL with silt and sand (GP-GM) 

Well-graded GRAVEL with clay and sand (GW-GC) 

Poorly graded GRAVEL with clay and sand (GP -GC) 

10% fines, >15% sand

Silty GRAVEL (GM) 

Clayey GRAVEL (GC) 

15% fines, <15% sand

Silty GRAVEL with sand (GM) 

Clayey GRAVEL with sand (GC) 

15% fines, >15% sand

SAND Well-graded SAND (SW) 

Poorly-graded SAND (SP) 

5% fines, <15% gravel

Well-graded SAND with gravel (SW) 

Poorly-graded SAND with gravel (SP) 

5% fines, >15% gravel

Well-graded SAND with silt (SW-SM) 

Poorly-graded SAND with silt (SP-SM) 

Well-graded SAND with clay (SW-SC) 

Poorly-graded SAND with clay (SP-SC) 

10% fines, <15% gravel

Well-graded SAND with silt and gravel (SW-SM) 

Poorly-graded SAND with silt and gravel (SP-SM) 

Well-graded SAND with clay and gravel (SW -SC) 

Poorly-graded SAND with clay and gravel (SP-SC) 

10% fines, >15% gravel

Silty SAND (SM) 

Clayey SAND (SC) 

15% fines, <15% gravel

Silty SAND with gravel

Clayey SAND with gravel

15% fines, >15% gravel



ASTM D2488 Soil Classification Outline - Fine Grained Soil: 

Primary
Soil Type Group Name and (Group Symbol) Criteria

SILT SILT (ML) 

Elastic SILT (MH) 

15% plus No. 200

SILT with sand (ML) 

Elastic SILT with sand (MH) 

15-25% plus No. 200, % sand > % gravel

SILT with gravel (ML) 

Elastic SILT with gravel (MH) 

15-25% plus No. 200, % gravel >% sand

Sandy SILT (ML) 

Sandy Elastic SILT (MH) 

30% plus No. 200, % sand > % gravel, <15% 
gravel

Sandy SILT with gravel (ML) 

Sandy Elastic SILT with gravel (MH) 

30% plus No. 200, % sand > % gravel, >15% 
gravel

Gravelly SILT (ML) 

Gravelly Elastic SILT (MH) 

30% plus No. 200, % gravel > % sand, <15% 
sand

Gravelly SILT with sand (ML) 

Gravelly Elastic SILT with sand (MH) 

30% plus No. 200, % gravel > % sand, >15% 
sand

CLAY Lean CLAY (CL) 

Fat CLAY (CH) 

15% plus No. 200

Lean CLAY with sand (CL) 

Fat CLAY with sand (CH) 

15-25% plus No. 200, % sand > % gravel

Lean CLAY with gravel (CL) 

Fat CLAY with gravel (CH) 

15-25% plus No. 200, % gravel >% sand

Sandy lean CLAY (CL) 

Sandy fat CLAY (CH) 

30% plus No. 200, % sand > % gravel, <15% 
gravel

Sandy lean CLAY with gravel (CL) 

Sandy fat CLAY with gravel (CH) 

30% plus No. 200, % sand > % gravel, >15% 
gravel

Gravelly lean CLAY (CL) 

Gravelly fat CLAY (CH) 

30% plus No. 200, % gravel > % sand, <15% 
sand

Gravelly lean CLAY with sand (CL) 

Gravelly fat CLAY with sand (CL) 

30% plus No. 200, % gravel > % sand, >15% 
sand

Note:  Percentages are based on estimated amounts of fines, sand and gravel to the nearest 5% 
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Charged augers with water
from 6.0'

S-5 through S-10: Poor
recovery; possible coarse
gravel/COBBLE

S-6: No recovery; drove
second SPT at 20.0'

S-9: Coarse gravel in split
spoon shoe

End of Boring: 40.0'

SP

PT

SP

SP

8" Brown Silty Topsoil

Brown poorly graded SAND; mostly
medium to fine sand, moist

Grades trace fine gravel

Dark brown fibrous PEAT

Gray poorly graded SAND; mostly medium
to fine sand, trace coarse sand and fine
gravel, wet

Gray poorly graded SAND with gravel;
mostly coarse to fine sand, some coarse to
fine gravel, wet

S-1

S-2

S-3

S-4

S-5

S-6

S-7

S-8

S-9

S-10

1-1-2
N=3

2-1-2
N=3

1-2-1
N=3
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N=14

7-13-12
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6-7-7
N=14

Component Percentages: Trace < 5%, Few 5-10%, Little 15-25%, Some 30-45%, Mostly 50-100% QP = Calibrated Penetrometer ( tons/ sq. ft.)

Seepage

Date Begin:

Core

CME 55

Rev. By:

N=399477. 9 E=1280729. 8 (MI South ift)

Depth Drilled: 40.0 ft.

Tube

3 1/4" During

DateElevation:

AD

NAVD 88 (GPS Observation)

Land & Resource Engineering, Inc.

Gun Lake Dam Geotechnical Study

Plugging Record: Backfilled borehole with compacted cuttings. Cave in at 3.0
ft.

Orangeville Twp., MI

Drill Type:

Crew Chief:

Project:

1/06/17

JC

Type

End

SPT Hammer

6.3

Sampler

Auto

HSA

2"

Location:

1.8

Dia. Groundwater, ft.

Depth, ft.

Notes:

Datum:

Date End: 1/06/17

Casing

Tooling

Coordinates:

Field Eng.:

746.2 ft

Client:

SPT

Depth

FT.

Elev.

FT.

Recov.

FT.

Boring No.:

REMARKS

LOG
OF

BORING Sheet: 1 of 1

B-1

161496ProjectNo.:

Visual estimate following ASTM D 2488 unless laboratory testing has been performed. Stratification changes are approximated between samples.

USCS

Group

Symbol

DESCRIPTION QP

tsf

DD

pcf

MST
Sample
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Penetration

Blows Per 6")

ASTM D 1586
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721.2

720.2

719.2
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716.2

715.2

714.2

713.2

712.2

711.2

710.2

709.2

708.2

707.2

706.2



0.5

1.2

1.4

1.5

0.6

0.7

1.0

0.3

1.0

0.5

1.0

12.0

40.0

S-1, S-5 through S-10:
Poor recovery; possible
coarse gravel/COBBLE

Charged augers with water
from 10.0'

S-6: No recovery. Drove
second SPT at 20.0'

S-8: Coarse gravel in split
spoon shoe

End of Boring: 40.0'

SP

SP

12" Dark Brown Silty Topsoil

Brown poorly graded SAND; mostly
medium to fine sand, moist

Grades gray, wet, trace silty fines

Grades trace coarse to fine gravel

Gray poorly graded SAND with gravel;
mostly coarse to fine sand, some coarse to
fine gravel, wet

S-1

S-2

S-3

S-4

S-5

S-6

S-7

S-8

S-9

S-10

1-3-2
N=5

3-7-6
N=13

3-6-9
N=15

5-9-12
N=21

7-11-9
N=20

10-9-9
N=18

4-11-11
N=22

8-10-17
N=27

3-8-10
N=18

4-6-8
N=14

Component Percentages: Trace < 5%, Few 5-10%, Little 15-25%, Some 30-45%, Mostly 50-100% QP = Calibrated Penetrometer ( tons/ sq. ft.)

Seepage

Date Begin:

Core

CME 55

Rev. By:

N=399410. 3 E=1280739. 8 (MI South ift)

Depth Drilled: 40.0 ft.

Tube

3 1/4" During

DateElevation:

AD

NAVD 88 (GPS Observation)

Land & Resource Engineering, Inc.

Gun Lake Dam Geotechnical Study

Plugging Record: Backfilled borehole with compacted cuttings. Cave in at 3.5
ft.

Orangeville Twp., MI

Drill Type:

Crew Chief:

Project:

1/05/17

ADJC

Type

End

SPT Hammer

3.0'±

Sampler

Auto

HSA

2"

Location:

2.3

Dia. Groundwater, ft.

Depth, ft.

Notes:

Datum:

Date End: 1/05/17

Casing

Tooling

Coordinates:

Field Eng.:

744.8 ft

Client:

SPT

Depth

FT.

Elev.

FT.

Recov.

FT.

Boring No.:

REMARKS

LOG
OF

BORING Sheet: 1 of 1

B-2

161496ProjectNo.:

Visual estimate following ASTM D 2488 unless laboratory testing has been performed. Stratification changes are approximated between samples.

USCS

Group

Symbol

DESCRIPTION QP

tsf

DD

pcf

MST
Sample

Number

Penetration

Blows Per 6")

ASTM D 1586

1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

26

27

28

29

30

31

32

33

34

35

36

37

38

39

40

743. 8

742.8

741.8

740. 8

739. 8

738.8

737. 8

736. 8

735.8

734.8

733. 8

732.8

731.8

730. 8

729. 8

728.8

727.8

726. 8

725.8

724.8

723.8

722.8

721.8

720.8

719.8

718.8

717.8

716.8

715.8

714.8

713.8

712.8

711.8

710.8

709.8

708.8

707.8

706.8

705.8

704.8






