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INTRODUCTION 

Saddle Lake (Lake) encompasses roughly 298 acres in the central part of Columbia 
Township, Van Buren County, Michigan.  There are over 200 parcels that border the Lake. 
The lake level control structure for Saddle Lake is owned by the Saddle Lake property 
owners and the Van Buren County Drain Commissioner (VBCDC) acts as the delegated 
authority.  
 
The Saddle Lake Intercounty Drain (Barber 
Creek) serves as the primary outlet for the Lake. 
Water levels in the Lake are regulated by the 
Saddle Lake Level Control Structure (Dam), 
located north of the Lake at the southwest 
corner of the intersection between Silver Lake 
Road and 51 1/2 Street. The sheeting on the 
Dam between the two spillways has corroded to 
the point of leaking and must be 
repaired/replaced. The Dam is regulated under 
Part 307, Inland Lake Levels, of the Natural 
Resources and Environmental Protection Act, 
(P.A. 451 of 1994, as amended).  
 

Purpose of Study 
The VBCDC was seeking qualifications for 
engineering services pertaining to the Saddle Lake Level Control Structure in December 
2023. LRE was selected by the VBCDC in January 2024 to conduct an engineering study 
of the Dam. Our project team includes Material Testing Consultants (MTC) to provide 
geotechnical analysis and provide structural engineering recommendations. 
 
The primary purpose of the study is to analyze the condition of the existing Dam, evaluate 
potential improvement alternatives, provide recommendations, obtain an EGLE permit 
under Part 301, Inland Lakes and Streams, of NREPA and prepare drawings and 
specifications for bidding. A dam inspection report conducted on November 15, 2023 by 
the VBCDC noted several deficiencies in the Dam warranting repair or replacement.  
 

DAM OVERVIEW 

 
Dam History 
On July 6, 1931, the Van Buren County Circuit Court (Court) established the legal level 
of the Lake, which is set at 668.00-feet USGS Datum. The initial Saddle Lake Dam, 
constructed in 1931 was a 24-foot, concrete spillway set at a height of 667.91-feet and 6-
foot-long return walls. Drawings for the first dam can be found in Appendix 3. 

The Dam was replaced in spring of 1983 by a steel sheet pile dam placed approximately 
14-feet upstream from the original concrete dam. The replacement was warranted 
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because the original dam settled and could no longer maintain the legal lake level of 668-
feet. Alpha Engineering of South Haven, MI provided the engineering analysis and design 
of the proposed sheet pile structure. The Dam was constructed with 8-foot tall sheets 
along the outer 4.5-feet and 6-foot tall sheets for the 24-foot spillway. The outer sections 
have a top elevation of 669.5, whereas the spillway elevation is 667.91.  The resulting 
embedment elevation would be approximately 661.5-feet.  A permit from the Department 
of Natural Resources was issued on September 8, 1982, to “construct 32-feet of 
interlocking sheet piling to maintain a lake level. Remove existing concrete control 
structure and deepen existing channel at the outlet of Saddle Lake.”  

On August 19, 1987 the Court (Order #:20-445) amended the Lake Level “to authorize 
the Drain Commissioner of Van Buren County to modify the control structure outlet by 
permanently lowering the fixed height of the control structure six (6) inches. Provided 
however, such modification shall include an adjustable section of the control structure 
capable of raising the level of the control structure from its fixed height up to 668 feet 
USGS Datum.” 

Merritt Engineering of Niles, MI designed and bid out the modifications to the existing 
sheet pile dam. Bids for the modifications on the Dam were received on August 28, 1987. 
The design consisted of lowering two (2) 6-foot sections from the original spillway 
elevation of 667.91 to 667.41 feet. Treated timbers were used within the newly 
constructed spillways for seasonal lake level adjustment.  

On April 12, 2012, Manning Enterprises replaced the angles on the existing frame work 
with stainless steel channels and repaired the stop log locking mechanism. 

 

ANALYSIS OF EXISTING CONDITIONS 

 

The VBCDC performed the required inspection of the Dam in October 2023 under Part 
307 of NREPA. Holes in the sheeting and leaks from the stop log were observed during 
this inspection. This prompted the VBCDC to pursue improvements to the Dam.  

Topographic Survey 

LRE conducted a topographic survey of the Saddle Lake Drain approximately 200-feet 
upstream and downstream of the Dam on February 9, 2024. A plan and profile of the 
topographic survey is provided in the enclosed Sheet C1. The crest of the Dam is 667.35-
feet (NAVD-88) for the summer level and 667.05-feet for the winter level.  

The historic Dam drawings and court order are established using the NGVD-29 datum. 
The recent elevation data collected was converted from NAVD-88 to NGVD-29 using the 
NGS Coordinate Conversion and Transformation Tool (NCAT). There is a difference of 
negative 0.447-feet between NGVD-29 and NAVD-88. Converting the survey data yields 
a dam crest elevation of 667.81 at the summer level and 667.49 at the winter level. The 
summer elevation is approximately 0.10-feet lower than the historic as built elevations 
and 0.08-feet higher than the winter crest elevation. 
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Geotechnical Investigation 

LRE subcontracted MTC to perform a geotechnical investigation for the Saddle Lake 
Level Control Structure. Soil borings were conducted by MTC on February 19, 2024. A 
copy of the Geotechnical Report prepared by MTC is included in Appendix 2 and is 
summarized below. 

The Saddle Lake Level Control Structure is located in an area of outwash and glacial 
channels associated with Barber Creek and Saddle Lake. Soil conditions are primarily 
granular in glacial outwash deposits with sorting of particle sizes with depth based on 
historic flow rates. The bedrock layer in this area is approximately 400-feet (NAVD-88), 
roughly 260-feet deeper than the existing grade.  

Two soil borings were conducted, one on the west (B-1) and one on the east (B-2) of the 
Saddle Lake Drain (Barber Creek). Both bores were taken to a depth of approximately 
20-feet below the ground surface. Soils consisted of 12-20 inches of topsoil at the ground 
surface over granular soil to the explored depth. Poorly graded sand with silt was 
encountered between 3-6-feet from the surface, grading to a medium dense to dense 
relative density that increased with depth. Poor sample recovery was noted at the ground 
surface in boring B-2, indicating the presence of coarse gravel or cobble. Groundwater 
was encountered during drilling activities between 4-4.5-feet from the surface, elevations 
665.8-666.4-feet (NAVD-88). 

MTC performed an overturning analysis for the existing and proposed sheet pile 
structures to evaluate the stability of the structure and anticipated later deflection at the 
top of sheeting. The overturning stability analysis confirmed the minimum sheet pile 
embedment depth and evaluated the minimum section modulus for the sheet pile to limit 
deflection and stresses. 

MTC performed a steady state seepage analysis of the existing Dam based on the 
observed soil conditions and water surface elevations. The purpose of the analysis was 
to evaluate the existing structure to evaluate downstream boiling and heaving resistance. 
Conditions for piping of in—situ soil develop when the hydraulic gradient occurring in the 
field exceeds the critical hydraulic gradient of soil to equal the ratio of the soil’s effective 
unit weight to the unit weight of water. 

MTC’s overturning and seepage analysis indicates that the existing structure is 
“borderline stable regarding the overturing stability with an estimated Factor of Safety of 
1.0 and exit gradient in excess of 0.5.” MTC recommends the sheeting be driven to a 
minimum elevation of 659.4-feet and have a section modulus of 15.3 cu.in/ft to provide 
suitable Factors of Safety.  
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EVALUATION OF ALTERNATIVES 

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

Do Nothing 
The existing sheet pile Dam has severe corrosion of the steel sheet pile above stream 
bed resulting in leaks developing through the Dam. The condition of sheeting below the 
bed of Barber Creek is unknown. The geotechnical analysis results indicate that the 
existing structure is borderline stable based on the overturning and seepage analysis 
performed. Additional corrosion of the steel sheeting will develop along the length of the 
Dam. 

Dam Replacement – Steel Sheet Pile (In-Kind) 
This alternative evaluates replacement of the dam with an “In-Kind” structure. The new 
structure would have sheeting driven to the recommended minimum embedment 
elevation of 659.4-feet (NAVD-88) to prevent overturning or seepage. This alternative 
will utilize a single timber stop log to maintain the summer and winter legal levels as 
ordered by the Court. The crest of the Dam will be set to match the existing structure 
elevations. This structure would otherwise appear and operate as the existing structure 
does. 

Dam Replacement – Steel Sheet Pile (Variations) 
Replacement of the Dam with a steel sheet pile structure similar to the in-kind structure 
was evaluated for this alternative. The 1987 Court Order states “to modify the control 
structure at the outlet of Saddle Lake by permanently lowering the fixed height of the 
control structure six (6) inches. Provided, however, such modification shall include an 
adjustable section of the control structure capable of raising the level of the control 
structure from its fixed height up to 668 feet USGS Datum.” The current Dam does not 
have a fixed elevation 6-inches lower than crest at the summer level. This alternative 
would provide an opening 6-inches lower than the fixed height of the structure and a 
combination of stop logs varying in height to effectively maintain the legal lake levels. 

RECOMMENDATION & IMPLEMENTATION 

LRE recommends replacing the control structure with a steel sheet pile weir with channel 
cap in-kind to the existing structure. After discussion with the VBCDC, there have been 
no complaints regarding the water level elevations in the Lake. Therefore, the in-kind 
replacement structure was selected. 

The estimated cost to implement the recommended Dam replacement is $146,000. An 
itemized estimate of project cost is provided in Appendix 1. The estimate does 
not include legal, court cost, administrative or finance costs. 

parmanj
Highlight

parmanj
Highlight
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Permitting 
The proposed Dam replacement will require a permit from the Michigan Department of 
Environment, Great Lakes and Energy pertaining to Part 301, Inland Lakes and Streams. 

Final Design and Construction 
Upon approval by the Van Buren County Drain Commissioner, LRE will establish a project 
schedule. 

Project Schedule 
A preliminary project timeline is provided in Table 1. The critical path will be obtaining an 
EGLE permit for construction; therefore, the actual project may vary.  

Table 1 – Project Timeline 

*Note – dark blue represents target schedule.

Task 
2024 2025 

Spring Summer Fall Winter Spring 

Engineering Report 

Engineering Design 

Permitting 

Bidding 

Construction 

Current Structure - Holes in Metal
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APPENDIX 1 – Preliminary Cost Estimate 



 No. Item Description Unit Cost Total Cost
1 Mobilization 1 LS 20,000.00$  20,000.00$   
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 2,500.00$   2,500.00$   
5 Steel Sheeting (Dam) 400 SF 100.00$   40,000.00$   
6 Channel Cap 40 LF 200.00$   8,000.00$   
7 Stop Logs and Locking Device 1 LS 4,000.00$   4,000.00$   
8 Rock Riprap 50 SY 100.00$   5,000.00$   
9 Final Site Restoration 1 LS 2,500.00$   2,500.00$   

Estimated Construction Total 87,000.00$   

Estimated Construction Cost 87,000.00$   
Estimated Engineering (Study though Construction) 40,000.00$   
Contingency to Cover Unanticipated Costs (~15%) 19,000.00$   

* Preliminary Estimate of Probable Project Cost 146,000.00$   

PRELIMINARY ESTIMATE OF PROJECT COST
SADDLE LAKE DAM - SHEET PILE IN-KIND
Date: May 7, 2024

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

Quantity
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APPENDIX 2 – Geotechnical Investigation Report 



March 18, 2024 

Project No. 241064 

Land & Resource Engineering 

2121 3 Mile Road NW 

Walker, Michigan 49544 

Attention: Andrew Stoffel, P.E. 

Senior Engineer 

Reference: Report of Geotechnical Investigation 

Saddle Lake Level Control Structure 

Columbia Township, Michigan 

Dear Mr. Stoffel: 

MATERIALS TESTING CONSULTANTS, INC. has completed a geotechnical investigation for the above-

referenced project.  The findings of the study along with recommendations for the design of a 

replacement steel sheet pile dam structure are presented in the attached report. 

Please contact our office should you have any questions or require further assistance. 

Sincerely, 

MATERIALS TESTING CONSULTANTS, INC. 

Adam L. DePoy, P.E. 

Project Manager 

Todd D. Munger, P.E. 

Vice President, Senior Project Manager 

att:  Report 
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REPORT OF GEOTECHNICAL INVESTIGATION 

SADDLE LAKE LEVEL CONTROL STRUCTURE 

1.0 INTRODUCTION 

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

planned replacement steel sheet pile dam structure, located within Barber Creek, southwest 

of the intersection of Silver Lake Road and 51 ½ Street in Columbia Township, Michigan, 

approximately ¼ mile north of Saddle Lake.  This work has been performed as described in 

our proposal, number 17889 and dated January 4, 2024.  Authorization to proceed was 

received from Land & Resource Engineering (LRE) through email on January 31, 2024. 

The scope of this study in general includes the following: 

• performance of a field investigation including soil test borings and field engineering

reconnaissance;

• review of recovered samples by one of our engineers and assignment of technical soil

classifications;

• performance of laboratory testing on selected soil samples;

• engineering evaluation of encountered conditions with respect to the proposed

construction; and

• preparation of this report.

Presented herein are descriptions of our understanding of the design considerations, the 

investigation program, encountered conditions and engineering recommendations.  The 

Appendix contains the report limitations, boring log terminology, soil classification chart, 

boring logs and laboratory test data. 
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2.0 DESIGN CONSIDERATIONS 

 

2.1 Available Information 

 

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

• Pictures of the existing sheet pile dam structure, received from Andrew Stoffel, P.E. of Land 

and Resource Engineering as part of a Request for Proposal email received on December 

29, 2023. 

• Plan and section drawings of the existing sheet pile dam structure, 3 sheets, prepared by 

Alpha Engineering, which we understand was prepared in 1980, received from Land and 

Resource Engineering through email on February 8, 2024. 

• A plan and profile sheet of the existing sheet pile dam structure, Sheet C1, prepared by 

Land and Resource Engineering, dated February 2024 and received through email on 

February 21, 2024. 

• Telephone and email correspondence with Mr. Andrew Stoffel, P.E. of Land and Resource 

Engineering regarding the type of construction, upstream lake/water levels for Saddle 

Lake, scour information, design elevations for the proposed replacement sheet pile dam 

structure, and project authorization. 

• AASHTO LRFD Bridge Design Specifications, Ninth Edition, 2020. 

 

2.2 Location and Type of Structure 

 

The proposed construction will be located in plan as shown on the attached Boring Location 

Plan, Figure No. 1.  The site is located immediately west of 51 ½ Street and immediately south 

of Silver Lake Road in Columbia Township.  The existing dam structure is located within Barber 

Creek, approximately ¼ mile north of Saddle Lake.  Barber Creek is approximately 10 to 12 ft 

wide in this area and flows from south to north within the project limits. 

 

The proposed project will involve replacement of the existing Saddle Lake Level Control 

Structure.  The existing structure is a steel sheet pile dam with wooden stop logs located within 

Barber Creek, with rip rap placed approximately 10 ft upstream and 10 ft downstream of the 

structure.  As-built drawings indicate the existing dam consists of a 6 to 8-ft long sheet pile 

with approximately 4 ft of embedment and 2 to 4 ft of stickup above the bottom of the creek.  

The far east and west ends of the sheet pile were 8 ft long and were embedded into the 
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creekbank, while the spillway portion of the dam was 6 ft long (2 ft of stickup relative to creek 

bottom) to allow for water to flow over this portion of the dam.  The plan and profile sheet 

received from LRE indicates the existing top of sheet is at el 667.35 (spillway portion) to 

669.43 (far east and west ends), with the existing tip of sheeting at approximately el 661.4.  

We have not been informed of any past performance issues with the existing dam structure, 

and the dam appeared to be functioning adequately at the time of our field study. 

 

We understand the proposed replacement dam structure will also consist of steel sheet piling 

and will be constructed in the same general location as the existing dam structure with the 

same approximate top of sheeting elevations (667.4 for spillway portion, 669.4 for far ends).  

We understand the court ordered Saddle Lake summer water level is el 668.0 and that no 

design scour is anticipated at the proposed structure.  MTC has been contracted to evaluate 

the soil conditions in the area of the proposed construction and provide minimum design 

parameters for the replacement steel sheet pile dam structure. 

 

We should be informed of any changes between the actual design conditions and those 

described herein as this information may affect our recommendations. 

 

 

3.0 INVESTIGATION METHODOLOGY 

 

3.1 Field Investigation 

 

Subsurface conditions were investigated by two conventional soil test borings, one on each 

side of Barber Creek, to a depth of 20 ft.  Boring locations are shown on the attached plan, 

Figure No. 1. 

 

One of our geologists staked the approximate boring locations in the field.  Boring elevations 

were approximated using a survey grade GPS unit.  The elevations used in this report are given 

in feet and are based on 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.  As an additional safety precaution, Ground Penetrating 

Radar (GPR) scanning was performed near proposed boring locations to explore for potentially 

unmarked underground utilities. 
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A right-of-way permit was obtained through the Van Buren County Road Commission in order 

to perform Boring B-2 within the 51 ½ Street right-of-way.  Traffic control consisted of a 

temporary shoulder closure with warning signs and cones along southbound 51 ½ Street.  The 

drilling was performed using conventional hollow-stem auger methods to advance the 

boreholes.  The boreholes were backfilled to the original ground surface after drilling 

completion using cement-bentonite grout. 

 

Soil samples were recovered on 2.5-ft intervals by means of the Standard Penetration Test 

(SPT), ASTM D1586.  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 an 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 sixty days 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 D2488 "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 D2488 group symbol names are 

provided in the Appendix. 

 

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. 

 

3.2 Laboratory 

 

A representative composite granular sample from both borings was subjected to the following 

laboratory tests: 
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• ASTM D1140 "Test Methods for Determining the Amount of Material Finer than 75-m 

(No. 200) Sieve in Soils by Washing” 

• ASTM D2434 "Test Methods for Measurement of Hydraulic Conductivity of Coarse-Grained 

Soils" 

• ASTM D6913 "Test Methods for Particle-Size Distribution (Gradation) of Soils Using Sieve 

Analysis" 

 

The samples subjected to grain-size testing were reclassified according to ASTM D2487 

procedures "Standard Test Method for Classifications of Soils for Engineering Purposes".  The 

ASTM D2487 and D2488 classifications are included on the boring logs.  Results of the 

laboratory tests have been summarized in a table provided in the Appendix. 

 

 

4.0 INVESTIGATION RESULTS 

 

4.1 Regional Geology 

 

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

State of Michigan, indicates the site is in an area of outwash and glacial channels associated 

with Barber Creek and Saddle Lake.  Soil conditions typically are found to be primarily granular 

in glacial outwash deposits with sorting of particle sizes with depth based on historic outwash 

flow rates, consistent with the conditions encountered during our field study. 

 

The Map of Bedrock Topography of the Southern Peninsula of Michigan indicates bedrock to 

be at approximately el 400, approximately 260 ft or deeper below existing site grades. 

 

4.2 Site Conditions 

 

At the time of our field work, the area west of Barber Creek (near Boring B-1) was covered with 

grass and fallen leaves while the area east of the creek (near Boring B-2) consisted of the 51 

½ Street gravel shoulder and grass west of the shoulder.  Trees and brush were observed 

along the shoreline of Barber Creek, while cobble and boulder were observed along the 

creekbank and creek bed downslope of the dam structure.  Site grades appeared to be 
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relatively flat in areas outside of the creek and creekbank, while grades appeared to drop 

approximately 5 ft from the top of creekbank to the bottom of the creek.   

 

The existing steel sheet pile dam structure appeared to be in fair condition with no obvious 

signs of structural distress, deflection, cracking or settlement.  Water was observed to be 

flowing overtop of the dam structure (south to north) as designed.  No obvious signs of heaving 

or boiling were observed on the downslope side of the dam structure.  A concrete box culvert 

was also observed north of the dam structure, below the Silver Lake Road roadway, and 

appeared to be in good condition with no obvious signs of structural distress or settlement. 

 

    
 Existing Dam Structure – Looking Southeast        Existing Box Culvert – Looking Northeast 

 

4.3 Subsurface Conditions 

 

The investigation, in general, encountered 12 to 20 inches of topsoil at the ground surface 

over granular soil to the explored depths of 20 ft.  The soil borings encountered loose poorly 

graded sand with silt (SP-SM) to depths of approximately 3 to 6 ft, grading to a medium dense 

to dense relative density and generally increasing in relative density with depth.  The relative 

density of granular soil is based on recorded SPT N-values. 

 

Poor sampler recovery was noted at the ground surface sample in Boring B-2, possibly 

indicating the presence of coarse gravel or cobble obstructions.  Boulder should be 

anticipated whenever cobble is noted. 

 

Groundwater was encountered during the drilling activities at depths of 4 to 4.5 ft, 

corresponding to els 665.8 to 666.4.  Groundwater levels will fluctuate due to seasonal 
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variations such as precipitation, snowmelt, the Barber Creek and Saddle Lake water level and 

other factors that may not be evident at the time of measurement.  Groundwater levels may 

be different at the time of construction. 

 

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 CONCLUSIONS AND RECOMMENDATIONS 

 

5.1 Analysis Basis of Design 

 

5.1.1 Overturning Analysis 

 

MTC performed an overturning analysis for the existing and proposed sheet pile dam 

structures to evaluate the overturning stability of the structures and the anticipated lateral 

deflection at the top of sheeting.  For our analysis, we considered a minimum factor of safety 

of 2.0 for bottom stability (piping/heaving) and 1.5 for overturning stability.  NAVFAC 7.01 

states that exit gradients exceeding 0.5 to 0.75 have the potential to cause unstable 

conditions.  MTC evaluated a minimum sheet pile section and embedment depth as part of a 

sheet pile design which satisfies the requirements for bottom stability (piping/heaving) and 

overturning stability and produces a sufficiently low exit gradient per NAVFAC 7.01.  The 

Contractor will be responsible for the appropriate installation of sheeting. 

 

MTC performed an overturning stability analysis of the sheet pile design using SupportIT 

software, estimates of soil internal friction angle and unit weight based on recorded SPT N-

values, resistance factors taken from Section 11 (Walls, Abutments and Piers) of the 2020 

AASHTO LRFD Bridge Design Specifications, with creek bottom and top of sheeting elevations 

provided by LRE (top of spillway at el 667.4, creek bottom at el 665.4).  The differential 

hydrostatic head between the upstream and downstream sides of the sheeting was assumed 

to be approximately 2.5 ft (el 668.0 upstream, el 665.5 downstream).  The overturning 

stability analysis was performed to verify the minimum sheet pile embedment depth, as well 
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as to evaluate a minimum section modulus for the steel sheeting required to limit sheet pile 

deflection and stresses. 

 

5.1.2 Seepage Analysis 

 

MTC performed a steady-state seepage analysis of the existing and proposed sheet pile dam 

structures to evaluate flow rates and hydraulic gradients below and downstream of the 

structure and determine a minimum sheet pile tip elevation to adequately resist heaving or 

boiling downstream of the structure.  An upstream creek water level at elevation 668.0 was 

considered in our analysis which corresponds to the court ordered summer lake level for 

Saddle Lake with top of sheeting elevations provided by LRE.  Laboratory and empirical 

estimates of soil permeability were utilized in conjunction with the software program SLIDE 

7.0 to perform a two-dimensional groundwater flow analysis to evaluate flow rates and 

hydraulic gradients. 

 

Estimated Permeability: 

 

Laboratory permeability testing was performed to approximate the in-situ permeability of the 

native granular soil.  Soil gradation testing was also performed on a composite sample of 

granular soil to evaluate the material’s particle size distribution, and empirical correlations 

relating gradation to permeability were utilized in our seepage analysis. 

 

Per Hazen (1892, 1900), the approximate coefficient of permeability can be empirically 

estimated per the following equation: 

 

k = C(D10)2 

 

where: 

 

• k = Approximate Coefficient of Permeability (cm/sec) 

• C = Calibration coefficient (typically assumed to be 100) 

• D10 = Particle size at which 10 percent of material is finer (cm), determined from soil 

gradation testing 
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An average soil permeability of 0.005 cm/second was considered for the poorly graded sand 

with silt (SP-SM) based on laboratory permeability testing, empirical correlations from 

gradation testing, and on correlations from visual classification per the NAVFAC Dewatering 

Manual. 

 

SLIDE Seepage Analysis: 

 

A two-dimensional groundwater flow net model was constructed using the seepage module of 

SLIDE 7.0 and utilizing estimated coefficients of permeability for the native poorly graded sand 

with silt (SP-SM) and considering an upstream creek water level at elevation 668.0 and a 

downslope end boundary condition at elevation 665.0.  A visual of the SLIDE seepage model 

is provided below. 

 

 

SLIDE Seepage Model – Looking West 

 

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 
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unit weight to the unit weight of water.  Assuming a total unit weight of 120 pcf for soil, the 

critical hydraulic gradient of the soil would approximately equal 0.9. 

 

5.2 Analysis Results 

 

The results of our analysis for overturning and bottom stability (piping/heaving), as well as 

minimum design parameters for the proposed sheet pile dam, are presented in Table 5.2.1. 

 

Table 5.2.1 – Sheet Pile Dam Design– Overturning and Bottom Stability Results 

Design Parameter 
Existing Sheet 

Pile Dam 

Proposed 

Sheet Pile 

Dam 

Approximate Upstream Groundwater Elevation (ft) 668.0 

Assumed Top of Sheeting Elevation (ft) 667.4 (Spillway), 669.4 (Ends) 

Assumed Bottom of Creek Elevation (ft) 665.4 

Sheeting Stickup Considered (ft) 2 (Spillway), 4 (Ends) 

Assumed Differential Head (ft) 2.5 

Sheeting Embedment Depth Considered (ft) 4 6 

Estimated Sheeting Length (ft) 
6 (Spillway), 

8 (Ends) 

8 (Spillway), 

10 (Ends) 

Sheeting Tip Elevation Considered (ft) 661.4 659.4 

Approximate Factor of Safety Against Bottom Instability 1.5 ≥ 2.0 

Exit Gradient 0.2 to 0.6 0.1 to 0.4 

Factor of Safety Against Overturning Stability 1.0 ≥ 1.5 

Sheeting Section Modulus Considered (in³/ft) 15.3 

Estimated Steel Sheeting Type PZ22 or approved equivalent 

Anticipated Deflection at Top of Sheeting (in) ≤ ¼ ≤ ¼ 

 

Our overturning and seepage analysis results indicate that the existing sheet pile dam 

structure is borderline stable in regards to overturning stability with an estimated Factor of 

Safety of 1.0 and an exit gradient in excess of 0.5.  A steel sheet pile dam structure with a 

minimum sheeting section modulus of 15.3 in3/ft and a minimum sheeting embedment depth 

of 6 ft (maximum sheeting tip elevation of 659.4) is anticipated to provide suitable Factors of 
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Safety against bottom stability and overturning stability failure while resulting in ¼ inch or less 

lateral deflection at the top of sheeting.  Our analysis considered sheeting section loss for a 

PZ22 sheet pile per the MDOT Bridge Design Manual Appendix 7.03.08D (nominal section 

modulus of 18.1 in3/ft, effective section modulus of 15.3 in3/ft). 

 

5.3 Sheetpile Wall Construction Considerations 

 

Steel sheeting for the new dam structure should avoid being driven within the alignment of 

existing sheets to avoid potential complications driving sheeting in disturbed/loosened 

ground or potentially encountering sheeting left in place from the original dam structure. 

 

Boring B-2 encountered poor sampler recovery at the ground surface sample, possibly 

indicating the presence of coarse gravel or cobble obstructions.  The Contractor should be 

prepared to remove obstructions as encountered to ensure sheets are appropriately 

embedded. 

 

The selected Contractor should have appropriate equipment to drive sheets to the required 

depths.  The selected Contractor should have at least 5 years of acceptable experience 

installing similar types of sheeting in similar subsurface conditions to this project, and should 

have worked on at least 5 past projects involving similar steel sheeting installation. The 

Contractor should thoroughly review the test boring data performed as part of this 

investigation prior to mobilization.   

 

 

6.0 CLOSURE 

 

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

recommendations for the design of a replacement steel sheet pile dam structure have been 

provided.  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.  

For that reason, among others, we strongly recommend that a qualified geotechnical firm be 
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retained to observe earthwork construction.  If variations or other latent conditions become 

evident during construction, it will be necessary for us to review these conditions and our 

recommendations as appropriate. 
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• Test Drilling and Sampling Procedures 

• Boring Log Terminology and Classification Outline 
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• Laboratory Test Results 



 
 

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, ASTM D6151 

 Mud rotary, ASTM D5783 

 Casing advancer, ASTM D5872 

 Rock coring, ASTM D2113 

 Core/Hand Auger 

 

Note: Cone penetration test data can be used to interpret subsurface stratigraphy and can 

provide data on engineering properties of soils.  The ASTM procedure does not include a 

procedure for determining soil classification from CPT testing. Soil classifications shown on 

CPT logs are based on published procedures and are not based on physical ASTM soil 

classification tests.   

 

Sampling Methods: 

X SPT, ASTM D1586, 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: 

X CME 55 (ATV) 

 Acker Renegade (ATV) 

 CME 45 Truck 

 Geoprobe 7822 (ATV) 

 Geoprobe Rotary Sonic 

  

Boreholes Backfilled With: 

 Excavated soil 

X Cement bentonite grout 

 Piezometer or Monitoring Well (see notes on logs) 

 Concrete or asphalt patch where appropriate 

  

Sample Handling and Disposition: 

X Samples labeled, placed in jars, returned to MTC Laboratory 

X Discard after 60 days  
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MTC SAMPLE NO.: 164125 TEST DATE: 2/29/2024 

SAMPLE LOCATION: B1 & B2 S-2 to S-8  SAMPLE DATE:  

DESCRIPTION OF SOIL: Grayish-Brown  USCS CLASSIFICATION: SP-SM 

SAMPLE CONDITION: Moderate Compaction PERMEANT: Tap Water 

SAMPLE DIAMETER (cm): 7.62 SOIL WEIGHT (g): 1313.72 

SAMPLE AREA (cm2): 45.756 SOIL HEIGHT (cm): 14.88 

DRY UNIT WEIGHT (PCF): 95.1 VOID RATIO: 0.74  

OVERSIZE PARTICLES (%): NA SPECIFIC GRAVITY (D854): 2.65 (Assumed) 

 
TEST DATA 

 
TEST 

NUMBER 

 
MANOMETERS, 

mm 

 
HEAD 

H, (CM) 

 
QUANTITY 
Q, (CM3) 

 
TIME 

T, (SEC) 

 
VELOCITY 

Q/At 

 
HYDRAULIC 
GRADIENT 

H/L 

 
TEMP 
(oC) 

 
COEFFICIENT OF 
PERMEABILITY  

(CM/SEC) H1 H2 

1 960 860 10.0 6.4 120 0.0012 1.31 14.4 1.03 x 10-3 

2 950 845 10.5 6.9 120 0.0013 1.38 14.4 1.06 x 10-3 

3 950 830 12.0 8.0 120 0.0015 1.57 14.4 1.07 x 10-3 

4 940 800 14.0 9.4 120 0.0017 1.84 14.4 1.08 x 10-3 

5 935 780 15.5 9.6 110 0.0019 2.03 14.4 1.09 x 10-3 

6 920 750 17.0 11.6 120 0.0021 2.23 14.4 1.10 x 10-3 

          

      AVERAGE: 1.07 x10-3 cm/sec 

 
REMARKS: Average Coefficient of Permeability (Hydraulic Conductivity) is taken from tests 1 thru 6 selected by charting 

the Velocity vs. Hydraulic Gradient data. 

 

  

  



Tested By: R. Davis Checked By: K. VanStrate

LL PL D85 D60 D50 D30 D15 D10 Cc Cu

Material Description USCS AASHTO

Project No. Client: Remarks:

Project:

Location: B-1 & B-2 S-2 to S-8 Depth: 0.0-20.0 ft Sample Number: 164125

MATERIALS TESTING CONSULTANTS, INC.

Grand Rapids, MI Figure

0.2941 0.2211 0.2019 0.1618 0.1146 0.0876 1.35 2.52

Brown Poorly Graded Sand with Silt SP-SM
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APPENDIX 3 – Historical Dam Drawings 
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